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Abstract: Circadian rhythm is an internal regulatory mechanism that allows organisms to adapt to circadian
changes in the external environment, and can regulate the body's steady state by affecting the metabolic pathways
of multiple organs. When exogenous factors such as eating time, worktime changes, and sleep disturbances cause
the body's circadian rhythm to be disrupted, the risk of developing metabolic syndrome is significantly increased.
This article explores the relationship between circadian rhythm and body metabolism and summarizes the molecular
mechanisms by which circadian rhythm regulates the digestive system, liver and bile acid production, and kidney
function. We review research progress on intervention in the circadian rhythm by traditional Chinese medicine and
provide a reasonable and valuable basis for follow-up studies on the role of traditional Chinese medicine in
research on the molecular mechanisms of regulation of circadian rhythm.
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HiER [ B AR A e 2 5] RS P 1) 4R AR 1 AN R AR
Al THAR B AE B BT B M AR B AR
S T BB 19 9% R 1 AR A 5 S0 A 4 B s L I R AN I
JESEIEN IR . ST IE N IR EE X AR, 4K 2
AV OFEEY) SR B SR T BT R
ARG . 1ZAY) R GUE TR0 AR A L K
7 A A v 7L 0 4 D P R R T A T A0 PRLAR
W BVREIBSE A AT o BB B AR A 3R AT B 3 S 1) 1
o BRI SRR T BT i “circadian”, &2
“RH—R”. BRTTEMEMRYERE & RAMERS
R R LA B A R TS AR R 0 A il A R A
S SHAEMRN R RS R G RGN R
W, R T R % R AR SR A AE L SE AR U S A
FEIE SR o DRI, BT A R A AR ) A B AN RS
A #H WAEA T 2R ATEF
1 BRTENSEMBERSFILS

BRI = AR T AR B S A R4
DA B s 5k D] 2 S8 T 5 4k 190 R 428 X 8%, 7 12 D) 4% ) 1
P T AR A L 9 24 h RS % . XA
BRI KRNV R G A% O TR R ) %
SRR BT A 0 B, [ B A 4 A 4 e 8 1 A4
1) P T Ui 2 DR 1) 308 DA f — S B LI BB ) R 1IN B AR
SRR AR, AT A B LR R AR AR R S
MIVER o X FPAT AP AR AL I 4l 5E, & BRSE A iR A
Ve ZE TG IZ . P B RGALT R T
AL AE X _E#% (superchiasmatic nucleus, SCN), ifi #h &
A VD RGAFAE T O B RN S AN A 2
o HINE S AL T PR (retinal hypothalamus
tract, RHT) 143 4 SCN, 7& SCN i o 1 44 A= 47 et 22 [A]

BRI T R R 0 AR, P AR T RS S

H AT T B 1 KT B A F4E R AL )
CAREAIA BN, W 1A W sk, T 7L
BRI I IR Bh 32 B — R A = A8 I 1E AU
YA FTALE, ZALR AT F EARE A EE RO R
T 6] % E M T (E-box). D B 7t 4+ (D-box) Al
ROR % 7ot (RORE). # J 3 145 4 3 [H] 2 A7 )
B B 4 5 48 A 45 2% (circadian locomoter output cycles
kaput, CLOCK). LN 75 F J& 2 s i fe s R A R 1 1
(brain and muscle ARNT-like 1, Bmall). B & 5 1] 3£
(clock-control genes, CCGs). 4k F iR AH < AL JL 32 44
(retinoic acid-related orphan receptors, RORs). 9 JL #%
2 & REV-erbs.D-box 45 & & 1 (D-box binding protein,
Dbp). I 75 E4 J3 3l 1 45 & & H 4 (E4-binding protein
4, E4BP4) %5681, Horbi[A] % —: CLOCK il Bmall /%,
IR R AR I E-box [B] 0T CCGs 1 4% 5%, 55
5 3 KB 7 45 B A (period circadian protein, per) Al
Faft 2 (cryptochrome, cry) %5 St % 2 i i 117
SRR 5 T R DA 1 ek I AR R IR Y, BB A per
Al cry 78 28 Jfa 51 Hh 1) 238 I 38 i 18 W2 A S 1) 24 JH A% 1)
R %, cry fl per 25 1 2401 CLOCK Fl Bmall £ &
VORI R CCGs [R5, [ #% . ROR a.fy Hl
REV-erb o/ {3 CLOCK Fl Bmall 5 — 44 [t # p17,
CLOCK A1 Bmall 5 — ZE 4K 380 RORs #% 3%, 1M REV-
erbs il i 15 RORE 45 & 47 S 45 1 5% Bmall (5% 3% ; [al
% =: Dbp il E4BP4 & (4l i D-box i 45 (45 Per 7£ 14
MR R Rk . BT A T TR IR 8 5T 2% 1) AR ) e i
AT A0 425 ke A1 1190 T2 8 FRD I 28 (0O 8 i 428 T, s A T A
PR RE G, B A AR RS .
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Figure 1 Molecular mechanism of circadian rhythm. CLOCK: Clock circadian regulator; Bmall: Brain and muscle ARNT-like 1; Dbp:

D-box binding protein; E4BP4: E4 binding protein 4; per: Period circadian protein; cry: Cryptochrome; RORs: Retinoic acid-related orphan

receptors; CK1: Casein kinases
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2 BRTEMNRERIEE

IR, BRI 252 5HUA S #
G EIE . 2012 4%, Eckel-Mahan 517 B
i 600 FhFAEAC U =4 5 1A AE W R M, 3R B AR Bl
ARG5S BAFAAEEIETEERN KRR, ZFZE0]
REIE L — R A AT RS2 d5 AH e, X S8R AZ 45 7T e
FLFE: SE AR R B A2 35 W AMP/ATP LLESZ 2% L IRV IR I
S22 AU AN IR AU B 2 38 . Kruppel £ 51+ 10
(Kriippel-like factor 10, KLF-10). it % 4k ¥ il 44 184 5
Y 5% 4K (peroxisome proliferator-activated receptor,
PPAR) Al Rev-erb jii it 5 Bmall Ji 27 o () AR B2 R 51
Fr 344 K Bmall&ik . NADHI/KFL ik
{5 B85 K ¥ 1 (silent mating type information regula-
tion 1 homolog 1, SIRT1) 117 14, fif Bmall. per2 fl i
AL W Il A G BE ) 52 AR 3L B0 T e (peroxisome
proliferator-activated receptor y coactivator-1a, PGC-1a)
TEEM W, X FEPGC-1a /T Bmall & 1A 5 ROR
RIS . B OB per2 UL -5 S EE M A E M
(B-transducin repeat containing protein, 8-TrCP) & = [%
fi#, Wi AL A Bmall 5 E-box 45 & 858 ) B, T
5 IR -F- PPARL 52 31 2K 1 A 2R (1) 7, 38 i Ao A4 1
45 CLOCK. 4 AMP/ATP Lt {5138 in i, FT i B (liver
kinase B, LKB) fif AMP 35 4t 25 [ ¥ /i (AMP-activated
protein kinase, AMPK) % fg &, % B2 £ J5 (1) AMPK {1
cry i BR 4k I 4§ ) B fi# F-box & R AR E R HH 3
(F-box and leucine rich repeat protein 3, FBXL3)F, 4=
FER B H AT I S5 SRR 71X — W Ao AR A B K]
BESk o M R R 206 15% 1L DR R I H T IR
T 3K 26 5 R m 1) 24 K 22 H002 2 i B 7K A & 40 S IR Joi A
JOEL ] A ) B SR Y ), AR E AL A R A
TX G L B v L AIE B AR D A e i R O T I e S IR
T ZL A5 : Dbp. E4BP4. ¥ 5 3 5% [K ¥ (transcriptional
enhancer factor, TEF). AT 1 IfiL 3 K] F (hepatic leukemia
factor, HLF).KLF10 Al KLF15 2100, >4 A= 4 1y 35 4 o
A AR, 22 51U & A AH LA AL . BF L IR
71N, R B T R RS B A AR B B3] 55 AR R 2 51 I
BT R R 5 R AR R S AR SR R 3R o BRI
) 247 L (5 P45 5] A i B TS A R L S5 IR A7 AE IEAH
RN o A IR ST ) 208 J6 -5 A1 59 1) AE SR 58 07
T, — 0 LA 785 451 ) L2 Ay it T %t G it 96 A B, e IR
V) &4 9 5 B 2 TB) B A DG 1 2 TR AT i 7 B T &
SR s B IR 5k = 5 B P 2[RI AE T 4 SG BRI 2D e
IR Fof ) 93 2> T 453 5 Tk I 2 4 B P R ke, PR 30K
SRR E B LR ER 3w, TS M AR I A, (2 ke
JHER A

TEWEFLEN W, LR [ B T A7 2 A I Bl R
41, X LN ) [ 25 R T R T SCN, SCN A T+ AR 4
TR GE R T, 78 2 AR B g AL AR, KL
PRI BRI 4 W R LR IF 8 112 3h A o 5 22 )
ER . —REN N, BRI 240081 SCN & H I R4
ANENE JE L 2E 23 (358 2 71 4 R 9 A SR 5 T LA T R
AR 4L . Kornmann Z2081F) F #% 9K )L 52 & Rev-erba
BE % 4 S 1k O 4041 Bmall (22 3%, 3£ T Rev-erba i U
A0 5 A 2 T U A 2 e T B ) /S SRS AR AR 7Y
3 4 3 R 413 R, 350 N B R E B
TR B EER, b AT 100 RILH TR
FLIRME R o I 3 I -9 R 2 DR 60 1 T 4 i o
A HLFR a8, AR KT SCN RAMIGE S . HR
LR % mRNA B kW HFr 42 %, M4 IRTE IS T
B S % B0, IR U IR AT A A2 SCN X I 92, F 5 R A
S A A T AN I O AZ O b S IR, 2 5 I A T A
PR . SR SCN 1E N EA A%k R SE 11 3 [H) 20 2%,
{E B W 5 55 N T A 40 ] e b e 25 SCIN 4% il o ik
U E BB () 3R VB IR A (BB RR A BE SE) T ek
A% SCN Y Hh O I b 5 0 L T 252 A0 ) 88 B DA B K ik
PR A R SCIR A 5 fid 4 2 b ) R A 2 TR PR AR A
KR, TR 51 2 ST R 0 A= e, SR
B . X3 B BT A AR R AR
Ak 2 B AP BT DA R U AR AR 2
SR A ) R AR G P O B R R R R T R T i AR
Ak, X AR A ok 2B B A 0 3 R 5 A% SCIN Ak B 2 157
S MLAR TR AR T8 52 28 56 FH S 1 A AR T . BRIk
Gb, AR R G AR A A LR A8 B TR A
B AR T A
21 BRHEMNEREBIZENS TS £ AL
W S, TE R e B K TR A2 A BT KR 3
Al AW 2R A R A PE R . AR M O R IR K
ST B R PR BT A U I AT A P A7 A P 9 R A AR
WA X AR AR s B S AR AR
b 51 R 1) R 28 W R R AR AR X 2. JE HAF ALK
P, F ARG SCN [X 5 o 35 [R5 1 A= 0 i 2k (R 45 5
% 70 B AR 8 9 25 EL; CLOCK 2748 /)N B v JFF 0 5 /K
B R O RGP DA R A R 1 R A Y A L R O
5504 £ SCN 45144 . CLOCK Z& 4% Al Bmald &k [ /)N il
GRS S L i S 0 N
()40 85 B AEAE A M AR W RE 5 A%, X AR M T R
T o ot A PR A MO R R R . B, FE AR AR
e TR S T S 2R ) R TSR e R A MR AR S, T AR
WO SO 3 R % PR S A ok R R AT T 52 . R W 4n
i 2B P B AN B R e R A R e S, (R AT RS R R
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i S0 A7 PR A AR T R0 R TR R A o

H A 9% A e o A 116 R 2 Lk B 9 T AR
o TR S K P R RE AR oG B g ) T R M AR L B AE
CLOCK g [ 19 /)5 BB A rr e £ B S A 119 O PR 1ok
Mg — T IR I I TN I 1% 2 WS (phosphoenolpyruvate
carboxykinase, PEPCK) (1) 1A 75 AT [T A1 3= 5 fik v 52 91
BT, A2 B NE 2RI B KA R I
SR RIS X — 46 B3R ] PEPCK (1) 34 52 B AE W ph 5
AR R B BRA — el e e, WS, R
4 R S 1 1Y) BmalL R R/ B bk — 2B 45 BIHIESE
Zhang &5 L VAN A5 2% T JHIE cAMP SN SR A
4k & % A (CAMP response element binding protein,
Creb) ¥ 14 {75 4 1 25 SR R BH, i @ ik 1 755 Creb Al
Crtc2 v 14 S 1 i) B e A i 2 rp (10 O B 2 R 4 A A
i -6- Tk BRI (glucose-6-phosphatase, G6Pase) i 3k
BB A B RE SR AL, H Creb 14k Y B ER AL B AT i 4
Yo b4k, Creb B IR AL Kk 5 I 4% i) B K] CCGs A
A IR A O
22 BRTEMNBRAHIBIENS FHLE B
A e e U VI A ) DG B AE IR (B o )
RAFFAVER . RBARE HA 1R 2 S R R 5 TR,
£ 4% Rev-erb ROR £ [ . % }.3Z & (testicular receptor,
TR).PPARa.PPARy fll PPARS %% D) K¢ i & [X] - 2 55 (]
VA IR 5T A SRR AU (1 S B 4 S A, A9 e e R
To 4545 A (sterol regulatory element binding protein,
SREBP). Z, i % li§ A 2 i o (acetyl-CoA carboxylase
alpha, ACCa) &5 . X S8 i 5[5 A 5 J5 2R T iz A7 1E
THENE B AR R 223, 2 B AW ek R Ge 1 I 2
LA R IL . b Rev-erb f1ROR J& HL#: % 5 #
A P R S AR U I R A% O A el i 4, A8 4 per2.
cry T X 3244 (liver X receptor, LXR) 13 JE iE X 3244
(farnesoid X receptor, FXR) 7F X /> i #2 Hp 3 ik ) 4 5%
b o F RO = A R B W E A . BERT AR AR A2
AR AN R 177 240 B P 23 A ok 45 B AR A AR A, SORT B4
il 2 NE B [ C M RIA SR B AR i R 2 IR S 1 i
KF. Rev-erba il i /5 5 A Rt B v ) 5G B 1 15 JiR
1, 55 SREBP J¢ H#EJL IR I 7 2 & 6 L ACCo 55K 1
RGBT A S XS R AR R AR R AR DT T, 5
JUE 7 7K A A D% ) H il =158 1 1D B (adlipose triglyceride
lipase, ATGL) #1132 # K fii 1D I (hormone-sensitive
lipase, HSL). 5 ig 17 IR B- S8 A0 AT 55 11 PR Bl A AR 15k 2 #%
fig 1 (carnitine palmitoyltransferase 1, CPT1) Al F 8% i Ik
i A LA (medium-chain acyl-CoA dehydrogenase,
MCAD) f£ % it 2H 23 rf 1) 25k PR S0 7K1 B2 308 7 7 7
PR, 8 Bmal i B /N B B EUIR 197, ATGL Al

HSL 1477 4 1 e 2 3 38 3% W A Joi 10 7K At 52 42 1 A= 4 el
RGO T N 20, 3k e hIT 5 2% W R R 1) A T
FAC 5 8 52 2805 Bmall (9915, JF H =2 il
Rev-erb.PPAR Fll ROR Fr /i 5 1) — & 41 B 43 32 [A] 1)
SRR A R SR e . (BT X g AR U 9 A 0 LA 43
T S ARt R i) T (1) B S D] 7 A2 i) ) 9 Y
JE A CA B At AT 2 18 A7 6 B A B4R RS A3 5 R A
B KR M TR 5 S IR SRR B

3 BRTEEM. B GENXRS TR P IEE
B4 FHLE

31 BRTEIMBEURSWMIERE EWehiEd Xk
RGP AN S 5 3 I 4% SE UG LA B8 A
(R A, X T U 42 1 S AR T P 3o g A% 2 4 B IR
IR AR G E A4S . SIRTLZTEM ALY
Hh i S ACEIL U ERAS SR 1 Rl 2 AH G (silent mating
type information regulation 2 homolog 2, SIRT2) ¥ A
P51 7 B 4 A 2 Th e AR o A A A
e i e (AR U AN A BT FE . SIRT L J8 i ff 5 4
FEH 1 )i 3l 7 4b 1 4R (1 HS 2R 9 7 8 2 R Bk 2 2
14k (his H3 Lys 9 acetylation, H3K9ac) #1141 & 1 H3
55 14 7 # BR 7k 3L 2R AL (his H3 Lys 14 acetylation,
H3K14ac) FdFE2H & 1 8 1 AP Bh 15 A% 0 B 1 Bmall
Hiper2 £ SR T ER 7. CLOCK H1Bmall &
H W5 SIRT LA BAF FH 4 H A h B R R W 5 3+
W FERE S A R D BL Sk . 7E NADT 2 T, SIRT1
RE 4% 40 2 1 H3 A1 Bmall Bt fb . AMPK {E A HLAA
1) it B K AZ 2%, AMPK 32 AMP/ATP 1) 520, 451 21 46k I,
a4 L AL SR T S B AMPIATP i, IR OE
AMPK, AMPK 1305 F DL 32 ATP 195 it AR 3 72 R,
5 A ATP 3 #E 1 R, BF 58 R I, AMPK (1) 3000 2>
53 NAD /K 1 F+ =7 o Stk AT BAHE BT H AMPK Al
SIRTL [ Rk FL AT SRBEHL I, HL A RE AR (1 1 F2 52
LB RGN .

WEFLF B, AP0 Bh 3 G0 e B 45 5 IR AT LIRS 448 (1 3R
FEHLAAE R0 5 B AR, B0 A 1R AR A X B T 1k
REMRWEA —2 MR . a0 25 & KR K
PR E R BT BLR R, HLAR A7 TE IRV
BFEE A T AR I A, Ak R g .
B ER N KSR R B MR, T AGE SRR
IHREMCH T AL R G b K I . {8 JE F W AL 3h 4
TEIE f= AN B 5 10 i 38 6% ) fo oy 41 2 T 7 7 M AR S
T 7 6 Bl A 2 Ak TR A, X 3 15 WA Y 1k R G v 1k ) e
B SEE 5 B IR R AAAE A S . Maouyo 250 7 Kk
I, K BRI R R 23 A 5 /0 g () e S A AR B T A
EPE T HAEAEAN RS, N b e s H iR 5
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JIkH%15 55 14 1 (peptide transporter 1, PEPT1) ) mRNA %
I8 R AE R E B RS TR A — s R, L g
TR A 22 JOAC P R AT A+ 0 9, 52 BB TS AR R R . Bl
WD ORI, KRB A R s E 2
(glucose transporter 2, GLUT2) Fl % & b f iz 5 4 5
(glucose transporter 2, GLUT5) mRNA ] ik A5 B &
H A o 0 BB s B TR PR I R, R PR ()
TRITERAL T T B AN . BRI R BB B A
5Ly b ARIETE (y epithelial sodium channel, y ENAC).
¥ iz B A A A SE R T T (Nat/H exchanger
regulating factor 1, NHERF1) mRNA ] % it £ 3l B &K
ARy 28,

WEFLR B, HRZ5Y) B AR R Al 52 B 7T
AT . 1981 4F Clench Z P GIERH T BT
e o W5 56 < A R FH BE AN 250 L B — s I
P H & 1 (P-glycoprotein, P-gp) +& — Fli#3z & 1 IF th
£ 241t 24 (multi-drug resistance, Mdr) J£ K 4% 5. Ando
F1 Murakami ZEB03U5E 5 % B Mdrla mRNA F1 P-gp &
HAE /N SR8 ) Rk BB 5, H P-gp ik
A Bl T30 B AR R R Wk v S o AL TR B, P-gp
) 22 34 8 3 AR P b &R 4 R R HLF R E4BP4
Bmall 4% 77 4= . 2% b, AEWEh R 408 ik AMPK il
SIRT1 )Rk IX, 5 Dbp . i & Hi ¥ is & A .PEPT1
ST RE ER A BOE T R Y AL R e Re =AU A
IR 254 B R A
32 BRTEMNMRASHBEZEER HIEENS
PR i BB AR 8 B, R IH S dERE A A I EE IR
TEAR N AL il A7 00 5 R0 20 A 1 2 I A R 0
A 4, Radzialowski 25032 75 1968 4F & X iE T
KB RH /I BRI 25 0 AU 1) B T A AR A, i H
EUAAR St i 22 2R R T R O R L Db 22 7 RO o g A il
5 ][] AR AT AR AL, d5e KA I ) S % = 2:00, 852/
AU 18] 4 R 7F 2:000 UESE 1R A AR 52 215 4
A ), JF48 s KA Y Al BRIRIWT R, &
TR A3 72 A0 T s e O ) O AR, ER R IR R B
VA 1) 4 T B .

AEWBRTE R G0 B D-box 7= AR A Bh i L A 2%
1K Dbp 88 A5 I RSB/ R RIS B A IER
B R FLE 1999 4F Lavery 256815 11 7 Dbp /& 4%
il 41 Ay £ 2% P450 2A4 (Cytochrome P450 2A4, Cyp2a4)
Hl Cyp2a5 (Cytochrome P450 2A45, Cyp2a5) it [X] 7t /s
SR P JE o R T A R IA ) LR & BE Al Cyp2ad Al
Cyp2a5 [ JE 21345 5 Dbp I Esi Al 145 607 11, IF
H I T Dbp [R5 500N B R =57 7 1) A
&M, BE S Gachon ZEMOKHIF 75 3IESE 73X —M 5. Zhao

B 78 2 B Dbp Xt Cyp2ad/5 1) #% 5 B A7 $ il 1
T4 Dbp Al EABP4 £ D-box i 7 [0l i Hh /& 75 4+ 1 45 Bt
)% %, B E4BP4 [¥1/E H 5 Dbp #H /2 - [A] I Zhao %519
WH9E KB CLOCK £ il JH 211 X 3 ¥) E-box 7t = F
St PR ] Cyp2ad/5 (1) B R 3Rk . Zhao ZEEOF 77 i i
JF J v 52 44 HAF & 1 (receptor-interacting protein 140,
RIP140) 5 Cyp2b10 )& ik S I fiMH ki 2, H AA
B AT . FI 2 B D-box Al RORE #2 1 i 1 i 4
41, 1514 DbpE4BP4 .Rev-erb a/f Al RORa 1) 5 1
T RIP140, SR 78340 A L =3¢ R -7 KLFO 78 Tk o
BA SRR R G, I e 3 -T2 S0t e i 0 S At
Dbp ()3 &, i i 5 K 4 4 M7 ik 3R 31 KLF9 5 perl.
per3. Dbp. Tef. — F Bl P - 02 Jie - 34 - Bl 14 1) %% 56 R T
(basic-helix-loop-helix transcriptional factor E40/41,
Bhlhe40/41) 1 Rev-erb B A A 5¢ 1, ¥t 8 KLF9 Ky
CLOCK H1 Bmall [ 78 45 & 32 s, [RlI, s R 1
KLF13 %t CLOCK 1 Bmall 5 — % fA& % 5% Dbp H 4 4
il 1 FH @8, 15 B KLF13 5 Dbp 2 [8] 4745 £ & 451 15 HL
. 2R b, B R GeAR T A S (181 2) kg T B
il Cyp2ad/5 Fil Cyp2b10 [ 15 1 R 1A, 1M Cyp2ad/s Al
Cyp2b10 [#] % % % ¥ Dbp.E4BP4.RIP140 Fl KLF9/13
S 455 B NV s IR 7 JE i D-box A E-box (5] i 11 1/
Mo AT BEIL AT AE HoAth O B g AR X R
Z ISR BAIE -

33 BRTEMNEBHRAZHEEER BoREZ
W, BT A B IE R G B AR,
B IR AE 2590 B AR 37 B AR 7= 4 ) i i e R
HEEEMIERN, F 2 BN IR BN 5 &
B /N R S A 58 A A YD BRI B o ATE S R,
SNV PR pH B SR 3 B & & B /N BRI 20 I
A B R R 040 R AR P T e T A
PEARL R B0 S I Dh e 2 AE Wi R R . 1995 4F,
White ££ 1 B2 R 15 5 R AE KRB /NVE HEM 0B
R, IG5 3020 24 1 B S ok 3 o 4 24 ) P A
KUY AR FACETE R R R T ER. BIEAAAER) T
L R 3 45 per1/2/3.Bmall.Dbp.P-gp- A HLEH/FH &
THIZEANZIERSRAES, XEIREIEE AL
B 2 RO R I . ISR, W TR B B AR A
(solute carrier, Slc) < J%& H 1) Slc9a3 F1 Na*/H* 48 4+
(Na*/H* exchanger 3, Nhe3) 7E 14 347 H R I BT
AL, 7E Bmal1 5 Rl B/ B e 2k 25 el 78 AR
BN AR ARV R NIDURE 1 ' 2 1 W] RE AR T Slc22a2
H1 OCT2 (recombinant octamer binding transcription
factor 2) 7E & JIE () B % R k14, Oda Z5E I 58 K&
B, B A 4 1) (1 A% 52 & PPARGa 1 1T Slc22a2 ) %
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Figure 2 The molecular mechanism of circadian rhythm regulating the liver system; RIP140: Coregulator, receptor-interacting protein

140; KLF13: Krippel-like factor 13; PPAR-y: Peroxisome proliferator-activated receptor-y; SHP: Small heterodimer partner gene; Cyp2a4/5/

10: Cytochrome P450 2A4/5/10; PPAR: Peroxisome proliferator-activated receptor; PPRE: Peroxisome proliferator response element

S, AT SEIE BT ARG 4% . BB T K B, 7E PAR
bZip B 1/ B, Mrpa A1 Slc22a7 [ 1 1 2% 3 1 i B
iCo DRIk, B 0T U 28 4 1 1 42 W] e di i E-box
1 D-box [E] # 1 5 #% 52 #& PPARa X Slc22a2 [ # 5% |
Slc9a3 HI Slc22a7 45 HAth Ty G 11 8 1 1) % 3¢ & B 75
B AT AR A

34 BRTEXETEASOTN T ERZHIT
MELER T, NS5 2 MR &S, N EFImE
KPRV B B BRI — s DA
&1, #3244k (nuclear receptors, NRs) /& — 4176 fH i B AL
i b B AR H R RO B0 B s R, it e X 2 A
(pregnane X receptor, PXR) Fl14E 4= % D % & (Vitamin
D receptor, VDR)™ 1, H. rf FXR 7 fH VT BR £ 45 1 1 4%
B AR AL T ER K T 24 /N B AR
PEAR {b A0 G4 i Cyp7al (193RG8 76 N R G o5 2R 304
AR, Kovar L8R 55 | Cyp7al i 11 1 & 4 A2 4k,
Cyp7al (15 AR £ CA (194 5 7E g JE 2 Bl
W5 B AR 1h . Falvey ZHIRE 58 &k 1L Cyp7al 76 hik
RN FRIE A [F T NS, U B R R ) T
ERILAFEDFNE (% 57 . FGFL15/19 X fH T B & A
FA I 5 1 I A7 95B9, 5 Cyp7al mRNA RIE A EL,
SR R ARAK A JE IR (small heterodimer partner gene,
SHP) mRNA 5 FXR/SHP i&42 %} Cyp7al () fuiff#4H —
o BOHWE YR I, N T PR Rk B
B, BE J5 H 30 A2 4 41 i A= K X+ (fibroblast growth
factor 19, FGF19) Jt & IRV BR 73 Wb /b o R AEdEIL
BOREIT R R W 22 3 5 FGFL9 UM etk . X — IR %
B FXR TE R R (1 A i RN 2 i 7 THD RS 31 2 00 B 2L (1)

PEH, T IR 2 835 51 FXR mRNA [ 3Rk K
KU FXR 5 B2 2 8] 0] B AF 7 B S A 1AL 2
I A KLF15 5 0t 7853 A 9 FGFL19 1) A I 1% 471
45 R T R R BB R A WA AR . 45 b, RTHIR
{0 =5 AR AT Al E B 5 TR U Y, — O T B FXR
MRNA i i ¥ 5 FGF19 (1) & 3A 47 5 15t 1 755 JIH v 1R 1)
AR, 55— 5 T SHP mRNA JE ik FXR/SHP i 12 71 i 4%
Cyp7al 28 W 42 IH v 8 (o AR 5 4 o
4 HEATFTHERTEMR

48 T R 2B X TR B R HIAGR, GEr N
)P IR VA H A, CRAR RS — H 28 8 Y
B Yz “FF A VE A KU &, SRR H L, AT
2o VL—Hor RNE, &, HdoaE, BN,
B RAT A FER ) TR FENG, SkE R L H L BT
AT H A RS, e TR T H A, X
o “RBEI, ARARA, I ELE A b7 “BH BA I AR AR, A
2 b7, RELT BRI RIE TR T . SR
= AN AT BETE Bl i BEAR AL 52 H SR S AR AL
) 5 5 i T 2 I — 58 AR, AR X P A, PRI
Y TE T, W] AR BT %, DR B H 7 TR B
WG AR e 257 VRS . AR 4H 2% 2 £ Nicholson
I, NERLZAE N —A B RGO AL, BL%
FH AT 2 25 R0 4 THI 1 2R 0 542 s ok 2 A A A 1) 95 ik
2. Langley S50 #r UM ik 5 0F A2 A7 S5 A0 T2 3 1
T 200 22 57, R I 35 TR g 17 TR 3 i A 484K B T
AR T BRI PR 8 B A A B RN TE], AN AR 5 AR
AN PEA S 9T« Kinross AT Nicholson 2405556152 FH A it
WP ITE R T AR R B3 AR R A (meta-
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bolic phenotyping), SZHIL Sz AN P4k 2 7, T3 2
W AIVE ST B FEPE o AR I DL AN A S T IR A 5T
HB e R G EY) AR R Y Rk, 5 R BRE A R
PRI FHEIE 1 v B4k 7 AR AR AL

R EH 2 MR G Y, O
DRI FH Iy g 2 1 I R B A P AR i e o IR AR
K, BE X 2 R AR T T TR E R AT .
Chen &5 738 i ik PR 3 55 73 A1 I 85 A b 1) o R 35 2
Rev-erba [ HUA, LB BT A1 7 2027/ B i (R
R Bz R AE o H B ARAE AL #1 A £ R A BIE 5K o
Yang S8 i 3Bt - 0 JUE 5 M B A BT A,
DA Sk B IR 2 S AN 5 Sk Jal ) B P O, i
Bmall 1) 7 fil 2 K ik B 72 B AR i =5 A 1k .
Bianl>*i i i 7t & A B 2R R A A B T A
FIOK BRI A X AN e = AU (R A8 A, AT 2 v B R
Jii B . WenlUHt 5t B, /N BRZE B S (il 2 R A%
R 3L K] eryd . cry2.PPARa 11 per2 f#) 2 5 7K ~F- B
R S o 11 O w0 = e A R AN R ey
F8 B A0 B T R O R TR E AN A R IR K P . 3K
TRE F R0 1 i 2 2 Re s 1T A W B ph i R R R
ik, AHE ARG TAE A ALHNIE G R AWEFL . SunlUfF
FUR I A2 7 I AT DO G S SIRTL [ 15 4 1t Rk
3% CLOCK . Bmall (3% ik, B ig A i B 15 43
. Zhul2R) F & 77 ot AR g J7 - A 4 15 4 % 1
BT SOpE M AR 13 25 AL /N BB B R I, 07 iR G 77 B
% B AR R /N BRI AR 7K, 360 R 5 2R R U, I
W 5 BT UE cryl. PPARa % [F ) 32 35 5 1 . Zhang
203G B 2 B A U7 il ik iR A 2L R eryl. Dbp ) # ik
YA R A DA VS IR 0 3R AR 20 b, R A A B A
FazS B A 2 BORE FR% . Han S5O0 F 0 4800 i v BH %
8 7 VA T RO e L SR YR T ALK Bh A i R 4
EER A AR TR A ERARETTRT T
A A B BH . Meng SR T 1 R 24 1 2 B 318
PRI AS AT F5 0 P R 3 (CUMS) AR K B el 22 3 St AT
BT IR TE R, 45 R R DRZ SR I
AJ B 55 5-% 4 % (5-hydroxytryptamine, 5-HT) 4 i} i
12, AT CBERRRE -2 U R RAS 5 AR BAE A L&
S HE R A 4 3 T LU A ) S Al TR T R R R Al
perl.per2.per3.Nrldl (1] 1A K F, Tk CUMS
KR T S B TR 3R EL . Zhang® R I A 2K
U B R PR i BROIE 1) AR AL ) AT A 2l i B Bmall
FERM R, BB EL.
5 RE

BRTHRSIAERE IR E VIS, 254N 2
NEE HAREIES) . T LA AW Bl R G A AL )

AT TR ARG, A8l T CLOCK.Bmall.Rev-erba %
AR S s B IR . BRI
L5 75 L o IS B PR I JRERE S5 4 1 22 5 1
KA R, A WEh R S 9T O 1K R R VA T SRt
T AR, T LS RIS R R R T SR AR A
HIAE R o (T HLE R R A A 7E R R B B,
Z ) B AR A R . B, AMPK 5 SIRTL BE & i 4%
TE AR ) BRI AT . FFAE R SR Cyp R I
ST A HAREG S 5 AU 0 U 42 S LA L
Wil B AEH Sle R P DR AR I AH TR AL 55
HHRAAGHTENE, HRE 0+ . EMRY
MR R RS AR SR A . 2L R
A KRS EYI R, S AL I R B S
BET KBRS H T o 25 2 B DL AR 53 TR 1
AH EL AR AR T o AL IR & R T IR A .
AFAE TR AR I 58 b, 3 2 ) ST 425 08 20 15 Bl o

B TIRR: RIR LD 51 5T SCHR A 3R 5 8 B DL S 38 SCHI AR
RI43E 5 42 I 2 8 0018 5O I HEAT M08 SO S0 2 5 BB 9)
Hr 5 fif ke e SOk SUE B /NI R RAE Be S e s
HARAFAD £ AR, AR RS SRS ek
R, X8 SRR B 2R ) AT A, IF e 4 1R) B8 S0
Mk BrtasiA N w FeoTik b, (R s 0 7 TAE & J7 1
FRIAS 170 A 1 5

FFE S PrA 1 275 A FEAE R 28 7 R

References

[1] Hastings MH, Reddy AB, Maywood ES. A clockwork web:
circadian timing in brain and periphery, in health and disease [J].
Nat Rev Neurosci, 2003, 4: 649-661.

[2] Panda S. Multiple photopigments entrain the mammalian
circadian oscillator [J]. Neuron, 2007, 53: 619-621.

[3] Albrecht U. Timing to perfection: the biology of central and
peripheral circadian clocks [J]. Neuron, 2012, 74: 246-260.

[4] Mohawk JA, Green CB, Takahashi JS. Central and peripheral
circadian clocks in mammals [J]. Annu Rev Neurosci, 2012, 35:
445-462.

[5] Cermakian N, Sassone-Corsi P. Multilevel regulation of the
circadian clock [J]. Nat Rev Mol Cell Biol, 2000, 1: 59-67.

[6] Preitner N, Damiola F, Lopez-Molina L, et al. The orphan nuclear
receptor Rev-erba controls circadian transcription within the
positive limb of the mammalian circadian oscillator [J]. Cell,
2002, 110: 251-260.

[71 Yamajuku D, Shibata Y, Kitazawa M, et al. Cellular Dbp and
E4BP4 proteins are critical for determining the period length of
the circadian oscillator [J]. FEBS Lett, 2011, 585: 2217-2222.

[8] Eckel-Mahan KL, Patel VR, Mohney RP, et al. Coordination of

the transcriptome and metabolome by the circadian clock [J].



BRIR LA AP Bh 2 SR LA R A 23T B R b 245 TU et e

2825

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

(17]

(18]

(19]

[20]

[21]

[22]

[23]

[24]

Proc Natl Acad U S A, 2012, 109: 5541-5546.

Gad A, Ueli S. Crosstalk between components of circadian and
metabolic cycles in mammals [J]. Cell Metab, 2011, 13: 125-137.
Gachon F, Olela FF, Schaad O, et al. The circadian PAR-domain
basic leucine zipper transcription factors Dbp, Tef, and HLF
modulate basal and inducible xenobiotic detoxification [J]. Cell
Metab, 2006, 4: 25-36.

Lumeng JC, Somashekar D, Appugliese D, et al. Shorter sleep
duration is associated with increased risk for being overweight at
ages 9 to 12 years [J]. Pediatrics, 2007, 120: 1020-1029.
Cappuccio FP, Taggart FM, Ngianga-Bakwin K, et al. Meta-
analysis of short sleep duration and obesity in children and
adults [J]. Sleep, 2008, 5: 619-626.

Kornmann B, Schaad O, Bujard H, et al. System-driven and
oscillator-dependent circadian transcription in mice with a condi-
tionally active liver clock [J]. PLoS Biol, 2007, 5: e34.

Fleur SEL, Kalsbeek A, Wortel J. A daily rhythm in glucose
tolerance a role for the suprachiasmatic nucleus [J]. Diabetes,
2001, 50: 1237-1243.

Kalsbeek A, La FS, Fliers E. Circadian control of glucose metab-
olism [J]. Mol Metab, 2014, 3: 372-383.

Rudic RD, McNamara P, Curtis AM, et al. Bmall and CLOCK,
two essential components of the circadian clock, are involved in
glucose homeostasis [J]. PLoS Biol, 2004, 2: e377.

Zhang EE, Liu Y, Dentin R, et al. Cryptochrome mediates circa-
dian regulation of cAMP signaling and hepatic gluconeogenesis
[J]. Nat Med, 2010, 16: 1152-1156.

Filiano AN, Telisha MS, Russell J, et al. Chronic ethanol con-
sumption disrupts the core molecular clock and diurnal rhythms
of metabolic genes in the liver without affecting the suprachias-
matic nucleus [J]. PLoS One, 2013, 8: e71684.

Clara BP, Alison HA, Kathryn MR, et al. Circadian clock NAD*
cycle drives mitochondrial oxidative metabolism in mice [J].
Science, 2013, 342: 1243417.

Fontaine C, Dubois G, Duguay Y, et al. The orphan nuclear
receptor Rev-erba is a peroxisome proliferator-activated receptor
(PPAR) y target gene and promotes PPARy -induced adipocyte
differentiation [J]. J Biol Chem, 2003, 278: 37672-37680.

Cheng HL, Mostoslavsky R, Saito S, et al. Developmental
defects and p53 hyperacetylation in Sir2 homolog (SIRT1)-defi-
cient mice [J]. Proc Natl Acad Sci U S A, 2003, 100: 10794-
10799.

Hardie DG. AMP-activated/SNF1 protein Kinases: conserved
guardians of cellular energy [J]. Nat Rev Mol Cell Biol, 2007, 8:
774-785.

Calvo JA, Daniels TG, Wang X, et al. Muscle-specific expres-
sion of PPARy coactivator-la. improves exercise performance
and increases peak oxygen uptake [J]. J Appl Physiol, 2008, 104:
1304-1312.

La FSE, Kalsheek A, Wortel J, et al. A daily rhythm in glucose

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

tolerance: a role for the suprachiasmatic nucleus [J]. Diabetes,
2001, 50: 1237-1243.

Maouyo D, Sarfati P, Guan D, et al. Circadian rhythm of exo-
crine pancreatic secretion in rats: major and minor cycles [J].
Am J Physiol, 1993, 264: G792-G800.

Saito H, Terada T, Shimakura J, et al. Regulatory mechanism
governing the diurnal rhythm of intestinal H*/peptide cotrans-
porter 1 (PEPT1) [J]. Am J Physiol Gastrointest Liver Physiol,
2008, 295: G395-G402.

Pan XY, Terada T, Irie M, et al. Diurnal rhythm of H*-peptide
cotransporter in rat small intestine [J]. Am J Physiol: Gastroen-
terol Liver Physiol, 2002, 283: G57-G64.

Sot KM, Polidarov L, Muslkov J, et al. Circadian regulation of
electrolyte absorption in the rat colon [J]. Am J Physiol Gastroin-
test Liver Physiol, 2011, 301: G1066-G1074.

Clench J, Reinberg A, Dziewanowska Z, et al. Circadian changes
in the bioavailability and effects of indomethacin in healthy
subjects [J]. Eur J Clin Pharmacol, 1981, 20: 359-369.

Ando H, Yanagihara H, Sugimoto K, et al. Daily rhythms of P-
glycoprotein expression in mice [J]. Chronobiol Int, 2005, 22:
655-665.

Murakami Y, Higashi Y, Matsunaga N, et al. Circadian clock-
controlled intestinal expression of the multidrug-resistance gene
mdrla in mice [J]. Gastroenterol, 2008, 135: 1636-1644.
Radzialowski, FM, Bousquet WF. Daily rhythmic variation in
hepatic drug metabolism in the rat and mouse [J]. J Pharmacol
Exp Ther, 1968, 163: 229-238.

Lavery DJ, Lopez-Molina L, Margueron R, et al. Circadian
expression of the steroid 15 o-hydroxylase (Cyp2a4) and coumarin
7-hydroxylase (Cyp2a5) genes in mouse liver is regulated by the
PAR leucine zipper transcription factor Dbp [J]. Mol Cell Biol,
1999, 19: 6488-6499.

Zhao M, Zhang T, Yu F, et al. E4bp4 regulates carboxylesterase
2 enzymes through repression of the nuclear receptor Rev-erbo
in mice [J]. Biochem Pharmacol, 2018, 152: 293-301.

Zhao M, Zhao H, Deng J, et al. Role of the CLOCK protein in
liver detoxification [J]. Br J Pharmacol, 2019, 176: 4639-4652.
Zhao M, Zhao H, Lin LM, et al. Nuclear receptor co-repressor
RIP140 regulates diurnal expression of cytochrome P450 2b10
in mouse liver [J]. Xenobiotica, 2020. DOI: 10.1080/00498254.
2020.1751342.

Knoedler JR, Jose VM, Subramani A, et al. The paralogous
Krippel-like factors 9 and 13 regulate the mammalian cellular
circadian clock output gene Dbp [J]. J Biol Rhythms, 2020, 35:
257-274.

Zhang T, Guo L, Yu F, et al. The nuclear receptor Rev-erba
participates in circadian regulation of Ugt2b enzymes in mice
[J]. Biochem Pharmacol, 2019, 161: 89-97.

Pons M, Forpomes O, Espagnet S, et al. Relationship between

circadian changes in renal hemodynamics and circadian changes



2826

24224 Acta Pharmaceutica Sinica 2020, 55(12): 2818 —2826

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

in urinary glycosaminoglycan excretion in normal rats [J]. Chro-
nobiol Int, 1996, 13: 349-358.

Rackley RJ, Meyer MC, Straughn AB. Circadian rhythms in
theophylline disposition: simulations and observations in the dog
[J]. J Pharm Sci, 1991, 80: 824-829.

White CA, Pardue R, Huang C, et al. Chronobiological evalua-
tion of the active biliary and renal secretion of ampicillin [J].
Chronobiol Int, 1995, 12: 410-418.

Rohman MS, Emoto N, Nonaka H, et al. Circadian clock genes
directly regulate expression of the Na*/H* exchanger NHE3 in
the kidney [J]. Kidney Int, 2005, 67: 1410-1419.

Boughattas NA, Levi F, Fournier C, et al. Stable circadian
mechanisms of toxicity of two platinum analogs (cisplatin and
carboplatin) despite repeated dosages in mice [J]. J Pharmacol
Exp Ther, 1990, 255: 672-679.

Lévi F, Benavides M, Chevelle C, et al. Chemotherapy of
advanced ovarian cancer with 4'-O-tetrahydropyranyl doxorubicin
and cisplatin: a randomized phase Il trial with an evaluation of
circadian timing and dose-intensity [J]. J Clin Oncol, 1990, 8:
705-714.

Oda M, Koyanagi S, Tsurudome Y, et al. Renal circadian clock
regulates the dosing-time dependency of cisplatin-induced neph-
rotoxicity in mice [J]. Mol Pharmacol, 2014, 85: 715-722.

Li T, Chiang JYL. Bile acid signaling in metabolic disease and
drug therapy [J]. Pharmacolo Rev, 2014, 66: 948-983.

Stanimirov B, Stankov K, Mikov M. Bile acid signaling through
farnesoid X and TGRS5 receptors in hepatobiliary and intestinal
diseases [J]. Hepatobiliary Pancreatic Dis Int, 2015, 14: 18-33.
Kovar J, Lenicek M, Zimolova M, et al. Regulation of diurnal
variation of cholesterol 7a -hydroxylase (Cyp7al) activity in
healthy subjects [J]. Physiol Res, 2009, 59: 233-238.

Falvey E, Fleury-Olela F, Schibler U. The rat hepatic leukemia
factor (HLF) gene encodes two transcriptional activators with
distinct circadian rhythms, tissue distributions and target prefer-
ences [J]. EMBO J, 1995, 14: 4307-4317.

Amani AK, Sara S, Veronika V, et al. Asynchronous rhythms of
circulating conjugated and unconjugated bile acids in the modu-
lation of human metabolism [J]. J Int Med, 2018, 284: 546-559.
Jennifer YK, Guo GL, Klaassen CD, et al. Diurnal variations of
mouse plasma and hepatic bile acid concentrations as well as
expression of biosynthetic enzymes and transporters [J]. PLoS
One, 2011, 6: e16683.

Han S, Zhang R, Jain R, et al. Circadian control of bile acid
synthesis by a KLF15-Fgfl5 axis [J]. Nat Commun, 2015, 6:
7231.

Jeyaraj D, Scheer FJL, Ripperger JA, et al. KIf15 orchestrates
circadian nitrogen homeostasis [J]. Cell Metab, 2012, 15: 311-
323.

Langley RJ, Tsalik EL, Velkinburgh JCV, et al. An integrated

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

clinico-metabolomic model improves prediction of death in
sepsis [J]. Sci Transl Med, 2013, 5: 700-708.

Kinross JM, Holmes E. Metabolic phenotyping for monitoring
surgical patients [J]. Lancet, 2011, 377: 1817-1819.

Nicholson JK, Elaine H, Kinross JM, et al. Metabolic phenotyping
in clinical and surgical environments [J]. Nature, 2012, 491: 384-
392.

Chen M, Zhou C, Xu HM, et al. Chronopharmacological targeting
of Rev-erba by puerarin alleviates hyperhomocysteinemia in
mice [J]. Biomed Pharmacother, 2020, 125: 109936.

Yang ZM, Lin YK, Gao L, et al. Circadian clock regulates metab-
olism and toxicity of Fuzi (lateral root of Aconitum carmichaeli
Debx) in mice [J]. Phytomedicine, 2020, 67: 153161.

Bian HS. Study on the Effect of Circadian Rhythm on Sleep
Pattern and Energy Metabolism in Rats and the Intervention
Effect of Melatonin (/8- 7 1 4 S K Bt At B B ASE 201 A6 4 34
1) R W % 4R B 2% 1 F TRAE A F 78) [D]. Harbin: Heilongjiang
University of Traditional Chinese Medicine, 2015.

Wen M. Effects of Sea Cucumber Saponins on Mouse Biological
Clock and Lipid Metabolism Gene Rhythm (iff 2 %2 1 it /N i
A2 W) Bh T Big AR 3 DR 43 1 52 ) [D]. Qingdao: Ocean
University of China, 2014.

Sun LJ. Resveratrol Regulates Biological Rhythm and Intervenes
Lipid Metabolism in Mice with High Fat Diet (19 22 % /i iff 1
A W 7 A v IR R £ BUAE AR 3T 1 B AT [D]. Zhenjiang:
Jiangnan University, 2015.

Zhu CS. Study on the Intervention Effect and Mechanism of
Fufang Zhenzhu Tiaozhi Decoction on Mouse Model of Glucose
and Lipid Metabolism Disturbance Caused by Circadian Rhythm
(575 TR IR 7 o /2 15 A6 2k U Jofe 808 I AR89 25 L /S BB
B FL/E F K ML 7T) [D]. Guangzhou: Guangdong Phar-
maceutical University, 2016.

Zhang XY, Chao J, Wang HT, et al. Effect of Shengi Fufang on
circadian rhythm of type 2 diabetic GK rats [J]. J Pract Med (3£
B2 2%35), 2020, 36: 874-879.

Han YN, Lu B, Long M, et al. Effects of Huoxue Qianyang
Qutan recipe on ambulatory blood pressure, blood pressure
variability and blood pressure circadian rhythm in obese hyper-
tensive patients [J]. Chin J Integr Med Cardio-Cerebrovasc Dis
(v 7 2 5 0 i UL P93 A ), 2020, 181 41-44,

Meng MD, Feng Y, Wang P, et al. Regulatory effect of polar
extract of Poria cocos on neurotransmitter and circadian rhythm
disorder in CUMS rats [J]. Chin Tradit Herb Drugs (1 % 24),
2020, 51: 118-126.

Zhang MY. Based on the Regulation of Circadian Clock Genes
on Inflammatory Factors, the Intervention Effect of Huitang on
Alzheimer's Disease (i T~ 4 1) i 5 BRI %t 48 i D5+ 17 1/ 4%
FC A T 0 B R PR i BR % B9 T BU/E ) [D]. Wuhan: Hubei
University of Traditional Chinese Medicine, 2019.



