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Alterations in bile acid levels in metabolic diseases and related treatment strategies
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[Abstract] Bile acid as a signaling molecule can specifically bind to bile acid receptors (such as farnesoid X-receptor and G-protein-coupled bile acid
receptor) to mediate a series of biological regulation reactions. In recent years, it has been found that bile acids are widely involved in glucose metabolism,
lipid metabolism and energy metabolism. The development of metabolic diseases is usually accompanied by the changes of bile acid profiles and receptors,
and thus bile acids may be applied as potential biomarkers for clinical diagnosis, prediction, and evaluation of therapeutic effects. This article reviews the
relationship between bile acids and metabolic diseases, and the treatment of metabolic diseases based on the regulation of bile acid metabolism.
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AE SR BT A BB IR AE ARG e K A e Je ke 21 1
HEMEN, B LUMEAE S B RZE, ke
i X = {k (farnesoid X receptor, FXR). G & 4 {BIFENRH
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B o/B-MCA 23 55 H 2 B 8 b T R 45 & A= &5 A R it
We, RS 25 A IR (taurine chenodeoxycholic acid,
TCDCA), H & #% 2 % JJH I8 (glycine chenodeoxycholic
acid, GCDCA). i JlHf® (taurocholic acid, TCA). H
AJHER (glycocholic acid, GCA) %, ix LEJIH TR {ENTIE
LR AL S (bile salt export pump, BSEP) 4%/
ANEH T, B AR T, gt T R S W i
Apie ¥, A FUE AR AR R e Y, AN E
MBI RRAENDE R RFRE I T, PR AEZ AR, 1
TE B A I EL Kk iR s (bile salt hydrolase, BSH) ®]LJ,
48 A RN ot 2 55 A VR PG 1L S i B BB TR
[ & B R — D B BB H R CA. CDCA, H:At ik g
JIE it e —— Wi (deoxy-cholic acid, DCA), filIHfz
(lithocholic acid, LCA) “, #zi&r 90% ~ 95% fiH i ik
il mA AR s BRI R f4 iz & (apical sodium-
dependent bile salt transporter, ASBT) Wik A% Iz
iR, SRIGZ I - R am M JEC MU b A LI T
iafk (organic solute transporter o/, OSTa/B) FEAFINFI]
Felicrb ), ki T D IR IR, AR T — AN e
NI RS TR

TENLER N, MR ERAY & BAFCE fUR S L, 2400
TREANNGE, BEENE FXR, /N LT 4e4n i
H KK+ 15 (fibroblast growth factor 15, FGF15) #ifF A
R E A RE S T FGF19 3k, 3F i 5 4niE g ef 4
LA H 752k 4 (FGFR4) £54&, il CYP741 R A
(s, M 2n e b A BB TR A o R AR
WG 32 /Ny F 57— B R {E (small heterodimer partner,
SHP) FyIR™T, NFIE FXR %5 SHP 1y3%ik, i SHP /r &
CYP7AI BRI R, M Bt EAm SRR & B o

FEIE W AEBR AT, MAHRR ] DA RE i 4 RN g
T MR A R A0 7B N T T W, 6 81 A R A T 350
TERT RN RHRRIEAE 50+, ATLABEGE R )z
HOEITER s Pk A2 o 4n FXR, TGRS 2, Mt s2mm H- 8+

A& 1 ARSI b L R R 1 S

Tab 1 Alterations in serum bile acids profile in metabolic diseases

AR B LT B KT8 AL B R S TR 9T S s | 679

Wik, BN ARI R G R4 . LA TR
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(multidrug resistance associated protein 2/3, MRP2/3) #EA
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THRRA AR B2, DR ol e T O v g AL+ I i T LA e ke
13 $5 R R LA R T IIE 5 AT BRIV RE ), B T LAY
h I Ko Moo i S RE S 1 A iy

ULAEMIRESE U ARIE, BERIE . B, AR YRR
PERT & (nonalcoholic steatohepatitis, NASH) % {8 it 4 5
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ENERe i SuR L b et R Al el (DN (S G o ety i}
TR, 2 ROWE w1 H R RRAS A R ER " A R
g AR T Y IR T R R, LA
CA JkF Mk 3%, H CDCA 1 CA 5 & Hkhi 2
EARSE ", 76 NASH B, (il S nvtmik g L7k,
(el SR AR b T ™, ek L A A 7k
BBTFER % ", NAFLD/NASH 3 % 50 48 I i g
KT T 5 2 8RR 2 NASH = o f B A ¢ ™, i
ML 2 AL R ARG 5 i 75 65 & RUNBY R KPR EE

BUEK A 22 WEa ERRE L s 5%k
T IS BllEHEA 2l M IR SR RS (BMI) I 8]
A . 251 SRPRALAL, SN 1
2 BRI IS GIfgREA =i, &) IG5, SAIEgAEE, MR 1. TCA 1. TCDCA 1. GCA 1. DCA 1. UDCA 1 1]
. 200 GBS E . 2 TR RIRTEEG T, 120 BIUIRTFER /A 120 B LIRS T
2 TUBEIRA T Wad RS 120 FAEAHES / 4 120 BILITHHG 1 [0l
2. Syt e e S
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HLAR AR A POpEEiER BERE I3 B R R JEE A A BHE IR

2 BB IR I95 62 il N I SxHRALARLL, AR LE A AR TR 1 [12]

ARG . 5X AL, s S Nni -z 1
NASH 15 iR N =i B . SRR 1 [13]

#Jr: CDCA 1, DCA 1, UDCA 1, HHEHAZI#EL

) e JELrdeft . SNTHER | HEERE AR | . REER LS A AR 1

NAFLD 105 FIRREEA =M FAEfe, RITHER 1 [14]
NASH 24 f5ilfe e N 2 WA 1. RPN | G54 AEITHER (GCA, TCA., GCDCA, TCDCA) 1 [15]
NASH 11 Gl A o Sxt A, SARVFER T KRBT/ g iR 1. CA 1. CDCA 1. [16]

DCA 1. UDCA 1

. UDCA AR5 HfEZ (ursodeoxycholic acid) ,

3 RiERmRETRASMIRENE

UCLEAE AT " R B AR Ak R AR . e
Jf. NAFLD) wr, Jfi i R 7R 1 A A2 B 25 0, AR (ERY
AT ER T wT LA W A 8, TR, B 55 40 2 b FXR FI
TGRS WYL, Ml IZ LIk RER fCI, S5 E
B R, xR USRI DA, #0E FXR 5 TGRS
SRR A S, ATDGR SR R ke, TRt =
W, SR SN B SFARBUAI TR, AT it e R 2 200k A
JERE BRI AL, A4k LSRR &S
/N rR AR A (8 I 1 TR A 1S A A PN AR 2 A
SRR R

3.1 JH{HE—FXR 55t
JBIHR 5 FXR L SHME 5@ 22 ShE e

SheE i, BaEmE N i L 4Hi Ay FXR A
firFnms R AL A R BT, & R ATEEE, AT AR =
AR DA B i B 5 AE K -1 (glucagon-like peptide-1,
GLP-1) Fsyis ™, e B 4, s FEXR wTLAEbE:
B EM W6, MRS ™ s LIRS A Zs AL 2ndid Bl
SRR ERAY A o B, WERZNE FXR A S0 5 B A
BFEyw ™, ERERAIM i, FXR AT (e gt E it
Wy I (A BEGH Wy i iE =% & v (peroxisomal proliferators-activated
receptor y, PPAR-y) i 4 F1T$ Wnt/B-catenin i 14 % U 17

BlAni s A ThEE ™, AR B, FXR 43h)5 &
5 PR L 155 AL [ B =t H R AR, X S AT DA K
A BRI AE T R B A8, HOnhi S i T k45 &
I4 Ic (sterol regulatory element binding protein Ic, SREBP-1c)
DA Bz FXR (il 15 S A9 PPAR-y P2t 45 5%, M/ g i
FEIFIEAAR R o, A 9l ™ W, #dE FXR wlLLiE it
FNHIREIG R B, W87 U T O T I SR S FR 2T 4 T ke i b
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W UUARER (obeticholic acid, OCA) & 0L A B
fid:dy, & FXR ZRM5REEh 71, CAEIRIT NASH &
23t NG RIRGE . NASH ff: 2 U IR 95 2.5 H OCA
IBIT 6 8, AT LA 25 52 o 2B 2 TR ) 38 S0 Mk o Ak o
B, BRI, SRR SR OCA VAT 5 B B ik
BAELA RN R (FELMEEREAT &, &%
FERRE ABEAR) ", I AERIALEI AT REA 2 B O
THER A 1 25 HE N FE A Fp G B 2 i, T S PRI
JENRE AZARIZRS, B SFEIER RSP IRE ENEEA
MHE R %, QFFEICENRER AL, BhnigE Rk Bl i
J1EL i 7 P A B 1 ) 20K i BTG 20 v o R R 1 I [
PEAR. Ba T I E B A Oh, anmi ATk, OCA 4
i FXR, SREBP-lc il FGF15/19 2 5 =ttt *,
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OB B PR IpTET T T 25, 2Rl AMP i
I (408G [adenosine 5-monophosphate (AMP) -activated
protein kinase, AMPK] ik A il T e S 2b ke 21 e I b %
Ho Blrhige ™ e, HORIGHE S s Il B T 1
AR . Ehi s R, (e IR S/ D RURRE
B, HORUNAE et AR S ALAAR G (RS sk
L BRI SARERE) GRS 0D BN
1% & B RBE Akkermansia muciniphila 0 Clostridium cocleatum
MIEEE, WiERvERE T 18 R R 52 R A Bk 15
(Kyoto Encyclopedia of Genes and Genomes, KEGG) Hifjft:
itz (RAEEIEFIRIRR AR GLER) £ I
3% BV, Sun 25 ™ XTSI N 2 RUBE AR B AT T
Sy 3 d T HORGATT , A B T SEREA AT TR
AR F b, S5 o B E N8 N e 55 40UAT B b,
HRAAELFANER (glycoursodeoxycholic acid, GUDCA) #
Jn, 1 GUDCA mILAHHI%E FXR 26k Mm-S — 2751
HIABRAR L, X SERFSE A fa SRR FFNTE KR T AR
S0P STR WK 5 SR DN N

4.3 Tl

MR E A (A% RdEt) JRTRIAEZ, HIRMEA
WA, Toa B, SR AT IR SR . A
NEREAAE, MEITERES & AT LASR & 2 2 PR A5 R
B MUY, HZERGEICIRTT AR R /N, i
IR o, FTRENLAIAN T . © TGRS Jr3iniE L
aniE sy W GLP-1, @ i B s B BRI %R s ™, ik
2 FhpLI 2 il FXR S-S5 Sl ek g3y, ik,
AR B & FIAE AR FTREMATRTT 2 BB BRI 254 .

4.4 Totvi e B B E I £ 5% ia s Jnh 55l

T it B9 6 8 12 AEL R %% iz & 4100 ] 71 (apical sodium-
dependent bile salt transporter inhibitor, ASBT-T) wJLLj/b
HE 3R A5 ] i FE W e AT i BE A7 IR M FE B b HE . 1
Wk, ASBT-I [ LA i 4 /b FGF15 938 sk AR UE A o
B & Bl CYPTAL, CYPSBI [FRik, Mmi{EE TR
e %, BT R WIERE R IR IR S B R
ST ASBT-T AT LA i e 1 R 08, PRARILBE IE T 1%
ek &2 32k °F-. 24 NAFLD #7 E JR, ASBT nJLAH4
JFF TP L 3 T 4 B TR0 mRNA 223Kk, FF WA 10 i oy I i
FiR A A R s AT R F- FGFLS (7K SF, BHFR 1S & A B
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Wokds, FEbr FXR gk PRI ER /L, BEh FXR f9fR
R ™, Bribz A, ASBT-I Al 5 bifiit &, PEARHTE
AP =k H RS IR B K, ks /B NAFLD {544
PRy . 5k, B ASBT-1{EYT B J# 9% Al NAFLD HA
Al ZARIEEAE IR R A

4.5 UDCA K A=W

UDCA {EA—FpiRi AR, FHEARZEHT . PiElt
b g TR, B TRIT IS, B A&
BIT NASH (e )57 ™, RUS CaAE sl kgt i T
TIZ B, I RG24k ™, Fell — 5
AR AL B E A2 BoR, ERIETARAT 3 %A
3% UDCA20 mg/ (kg - d) 1VRIT, S5 ABLER MIKIEER
FGF19 /KA FTEAR, x4/~ UDCA Rl RE(EA NS T
FEPL FXR IEA ., (EfHEENZE, UDCA (AT 24- %
HAEXLZENNER (norUDCA) HA MBI, CHEIE
W norUDCA A77 fii NASH 7GRl 13 51 A .ok 35 7,

5 BFETEKENIEFERENIFEY

JE R A5 A IR I R A R e vh ke B SRR
VL AR KRB0 B R T TRk 5 AR R IR &
SEAH S AR IR Y Z 56 &, ARSI S 25 T i
JETAR S 25496 T o IfL 75 AR I R g s O (B
22) LISk i A bn b T T, Lei 55 ™ A
FRES 1] AR 7 AR I 1 175 A3 PR e % 85 M i 7k ~F
KB F DCA k5 & -v- WWHElR (dihigh-y-linolenic
acid, DGLA) R:AftH3%, i HAfE MG DCA K FREME X
oy NEREHE PR FIAERE JRps 4, B4R ) DGLA 1 DCA
HILLIE AT RERA & BRI B2 AR S B A bt . B
bbZ4h, MR K E o] CAVE A PR FARTMIS AL A 57 3%
B, Bl ERTFr s iE AR S BMIL 2 C ik,
BEfLMsIE ) (HbAle) %%, HWFFE K IUMRER: 2 B R
B (ML CDCAY% (IfiLi CDCA £ SRR AT o5 b))
 TIEF IR, HABLEAE TR AT A % ML CDCA kP
HY 3% T8 45 W] BE AT Roux-en-Y H 2%% K (Roux-en-Y gastric
bypass, RYGB), ARJ5 2 fEikFIZEfE "™, Ik, CDCA%
A[RER A RYGB RJg#iiilfatrd. 28 b, MMIERAERA
PR oK mT R B A MR AR B 2 9 A R D8N A T i ) —
FhA:Pobrabdy, ARRER A TIGIR, 8 nT CASE A i 5 1)
W B FADBSIR A, NI AT Mg Sl R R 5 T
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2 RUHEB BT 5 I i AR TR
Tab 2 Alterations in serum bile acids proﬁle after treatment of metabolic diseases
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HZ 2 AR 1
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2 RUWE BRI SR — 44 H [37]
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