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rubripes)m]\ 18 T 85 (Cynoglossus Semilaevis)[18]
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Fig. 1 Bile acid classification relationship diagram
Fz 1 SNEREER X a2 RIFMERR AN EER N
Tab. 1 Main effects of exogenous bile acids on energy metabolism and health status of fish
REER A YTl iyl ] MRS T (&) YEH E = BN
Bile acid Species Level (mg/kg) Feeding time (week) Effect Reference
70.9% F Wit S HH IR | K Bty 350 8 B, S E AT EN [10]
8.0% & N F1120.2%35 YA}
Jit SRR R
AR R T i 2000 7 RN [11]
FE ) AR K 150—450 10 iﬁ%%ﬂ%&iﬁ’fﬂ%ﬁéﬁ, FEARAT [12]
A
BRIEN Fifh 80—320 7 B KR iE Rk TRe [13]
i 8 A A
69.9% %% i S I | JEEZEZE ) 50—1350 9 B, fRHEAR A [14]
18.9%35 it A AR AN
7.8% K4 IR
70.9% A fit EUIH R « fi% 900 8 WA, PRERATIE R LI RE [15]
Eﬁ%}?ﬁggﬁﬁfﬁnzo.z%&% 71, BRI IR, oo Wi T R
SRS
T EER %&igﬁﬂaﬁ 300—1500 8 Jr)ag//l\ﬂfrﬂ&ﬂ‘éﬁm I, TR S [16]
H AVA
T E R AN Ryag il 200 8 FEARTNE M B A R L Iy = Be e [17]
Ve A0 L P K S
69.9% % it S2UH | a3 o 5 300—900 8 WhE, REEER. EhUEN [18]
18.9% 3% it 42 HH % AN RE IR0 I% 7, D W T TR A

7.8%JE HER
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REER SR BR - 4% Wi S H R (Hyodeoxycholic acid,
HDCA). HCAK I HRAMR S 4 IR A & 4
GREABRHEEEER. HEEMEMNER. 46
FENHER AR i S IHR) o LI 90%, ZR T X L4 /1H
HHRRAE N (8%)FIK B (2%) H i ELAR AN,

JEBR 1) B 43 7R AN [R] 8 2 ) A7 AE 5 LK 22
F (R 2)o FERE Y, CA5CDCAHS 2 T %
AR R %5, GCA. TCA. GCDCA K TCDCAHY,
TEf R 2 0 A, B2 A K 3% 8 (Scophthalmus
maximus)~ 8 (Cyprinus carpio) &l 2] T 5 IH
BRI REY . BT BRI R Ay, B iR
FEA-fih BE I S IHER(Tauroursodeoxycholic acid, TUD-
CA). 4 Tk [l %5 JH B2 (Tauroursodeoxycholic acid,

TDCA)FI 2 fifi #7 JH # (Taurolic acid, TLCA)%5 ™,
RFZE W AR 4G I ) T H 20CA R (Glycoli-
thocholic acid, GLCA)F H % J#& I I (Glycohyocho-
lic acid, GHCA)Zs ** >, il 1 1 % B 4 i 1, 45
GLCA. HDCAF7,12- 4 fHEZ(7,12-diketolitho-
cholic acid, 7,12-KLCA)2 7, J& % % 4k f i 0 v
R il 70 A 5% A1 BHER (Isolithocholic acid, isoLCA). )
47 HE 2 (Allolithocholic acid, ALCA). % iH /2 (Allo-
cholic acid, ACA). 7,12-KLCAR1fiit 5 fHEZ(Nor cho-
lic acid, NCA)Z,

2 PEHERZF
HEI B A2 — A S R SR [ 9 (K SR, el i

®2 AMFEELMEHERR R

Tab. 2 Bile acid composition of five cultured fish species

I Kby i
HE/T@Zﬁﬁ Scophthalmus Ctenopharyngodon
Bile acid o ; i
maximus idellus

Oncorhynchus

ﬁlﬁg QE [27] Fb I&I [pes] Z”:E [78]
mykiss Cyprinus carpio Oreochromis nilotica

CA J S
CDCA
GCA
GCDCA
TCA
TCDCA
UDCA
GUDCA
TUDCA \
DCA

GDCA

TDCA \
HCA

GHCA N

THCA

HDCA

GHDCA

THDCA

©MCA J

BMCA

TBMCA J

ToMCA J

LCA \
TLCA \
GLCA J

7,12-KLCA

isoLCA

ALCA

ACA

NCA

< 2 2 2 =2
< 2 2 2 2

N N

2 2 2 2 =2
22 2 2 2 =2
2 2 2 2 =2

2 2 2 2 2

< 2 2 2 2
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L AR 2R G A R R DRe . Wi 2
() HE A R 0SS A 2 1 R BEX 2 AR (FXR) M G EE
B BE 32 1 5 (TGR5/GPBARY1), ‘& 111 2 4 IH V1 2 1
o A A2 AR, 2H R I IS BE 52 AR (CAR) T
X5 4K (LXRs) 22 fE X5 /& (PXR) 1% 52 Ryt
(RORyt) |- B2 i 20 B 52 A4 2 (S1PR2)FN 4 2k 3%
DR (VDR)EE, B T Re#E A BRI, & KA HAth
JEFEVE S AR I N TR PE RO AR . X R 32 AR A
BN &AM, 11 H RIS H R AR Z 7GR 3).
21 BEHERARF K

;% JE B2 X5 & (Farnesoid X receptor, FXR)

FXR/E 2 R TR R 2 —. 5T

Z %2R —FF, FXREE — " DNA4E & (DBD).
— AN A 5 B SR (LBD) A A 805 4™ . FXRJEE
B 18 i B R IA B AZ S AR, IR SR FXR I A YA
PEBCAAR, TV IR B A% IR A3 2 i A R (1) 5 i,
WETTVE RS . I8 0 A0 B AR i s 2,

JH 7 R B0E FXRE ] DA 1) JH 7 R 1R 1
3 Wb B R R s R TR 1A B 3, FE MELYE IR 1 B
W RE R R4S B 4 40 0% AT e OC B i 4% 4
F o 5 E 3 155 5005 TR FXCRBE 0 8] JHTF 248 ff v I 3] it
To-F2 A B FE K] (cyp7al)FN S B 12B-F2 44 i 5L
(cyp8b D 3%, A1 R 1T RE BRI A A, 4E+FIH
TERFEAS o FXRICEG th ] g i3k B i i £F 24 41 i
KA F15/19 (FGF15/19) Alfigir MbE 2 RE k-1 (GLP-
DR, BT A 516 T 58 2 HoAth =2 14
(1) L H2 A F A A2 — 2, 0 19 I ol 0 28] B AR
. BB AR G S R S 7 e Y,

JHF R ot 2 5 R AR R TR . G 8 IROBL A G
e R, B9 B, FXR G4 B IS AL
I 3-B Il (PI3K)/ 22 Z R /77 = IR - B I B B (AK T

S, & E f(Megalobrama amblycephala)-
% ¥ 81 (Paralichthys adspersus) % ¥ Bk e B A7 BE
(e A DA Q> e IE A B £ )R o A ) 32 2238
B, WO IIAKTER HMERE A SIS R E
E W1 (mTORC O, T 3H T Ui [ B 755 oo
145 & 5 E (SREBP ) A S A0 W i 4 35 B 1) 05
52 & (PPARs)IH i (1) 3, P A I 5 & B il 2 ]
(fas)ft) 721654 [ e, FXRAE it i # PIRK/AKT/
mTORAE 518 #% 7] 57 [7] 1 15 2h 4 19 i Joia A i At
A, FXRER = a0 1) £ 5 SO I AN L H ik =
liE (Triglycerides, TG)¥ B Tt i, 1M £ FXRELS) AI1E
FH R AT A A R 51, A AE g B AR
T, 75 0 2R ) S8 I N R FXR W K 15 35 B B4R A
FEB BRI NE A BT A8 S B A 23, FXRIE IR 1) 54
= B, BRAC TR R0 R 1, an s SR A0 R 1o
(Tumor necrosis factor o, TNF-a). 41 ffii /> % -1
(Interleukin-1pB, IL-1P)F1 FH 41 ffl /1 2 -6 (Interleukin
6, IL-6) 1R IE KT, R BHFXR A 42 2 Tk e IH A7 BE
TR ST SN, FE T 15 32 2Rl IH A B £ ) G928 s
o] B k4 AR

HRZZHR PXRE 5 5 ] B 24 4
15 W 16a-1% JiE (PCN) 173 538 i, AT LCA B H:3-
P AR s, LCATE A — MR IR IR, BA
i, RIGERIESUEY), T PXREIE AT LS
FRLCASIERI™ BB . VDRI AT LU/ENLCA
(32 4, I LCAB4E A4 K DIsE VDR ] 7 40 i
4, 3P4SO 5 K] (cyp3a) ¥ 1 A R 1k, CYP3AT] 7E
FFHE AN 8 AR LC AR ER 0, (R HLIA S 3242 E D,
H § 7E BE I f1 (Danio rerio)” Eifa™ Fiwisic
L] T PXRAE IR S 20 1A TSN
PEAPEFN SRR ) G 5, {(H X VDRAE £ 28 H4E H

R 3 TRERAETERSZARIARTER B BN R RIEHR

Tab. 3 Bile acid agonists and expression tissues of different bile acid receptors

F M Type 2Kk Receptor JH7T R Bile acid ik H 4 Expression tissue
W5 15 JEBEX 32 AR (FXR) CDCA>CA>LCA>DA FFRE. /Mg, B8R40, BRGNSl
HE4E ZDZ R (VDR) LCA N BERYIML. NS, BE. ik
F X Z R (PXR) 3-one LCA. LCA. CDCA. JERE N
CDA. CA
MRS e 2 K(CAR)  CA. 6-one LCA JHHE
JFX 524K (LXRs) Hyo-CDA FERE. Sz an i/ EWEgn i, g i 4n i
PH% 2 Ayt (ROR y 1) 3, 12-0x0-LCA T ELT it
JEESZ 1 GEE RIS AAS LCA>CDA>CDCA>UCDA>CA AN BEREM. BFRE. RN, EE.
(TGR5/GPBAR1) W4 R4
VEGF% 1k CDCA 5 e RN 485 i e 4 L 2R
FEIL 22 4R 1 (FMLP) CDCAFEHLH B 40 i
FEHAZ AM2/M3 CDA. LCA OofIE XA RS
1B TR % 2 %244 2 (S1PR2) GCA. TCA. GCDCA. JFF

TCDCA. GCDA. TCDA
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V%Y =
2.2 FETEGREZ 1R

GZE B {88 % 15 (G protein-coupled bile acid
receptor 1) JE TR ) 3 20 P i sz A GER
B2 RS (TGRS, X F#XGPBARI), TGRS A] #f fii 4,
NHFR A7 RHER B H 5 H 20 IR A 2R R R 1R 2 6 W B
WO, A RE R RN 2 st I A L I Ath R A R X
TGRSEA H = MBEGE /1. TGRSER . 45
(b R 4R B A 4y WA 2 B Sl pi 42 oT) HIE R4
(MEE4NAR). REZE. JA AL A0 IR T2 9 AL AR ke 28 B
HR R IA, RN E A MR ThEE, 6140,
TERAZ A M, TGRSHNHINF-xBA 5 1) 9 5, 1 7E
B, eI S, I EBA i, e gk
B BV FE AR 2 ZHHURMEY . TGRSIBAE Ak #i 28
RGN R4 #& I AR T4 &
TR RG0S AR A0 2T W) B e 4 28 e b K &
#EM M, TGRS S 5402 24819375, Wi
B AR, TGRS I FH W #2870 o 40 28 JTR R RE TR, 411
WA AT ™Y, TGRSWTE £ Fh e s il iy b %635,
55 B A L R e R T v 4 P 1 R
[FPRES T MG AR, HE i O 1138 28, IR el
FEo TGRS N Y F5 A0 738 S s B as B
T B R AR 22 5 i AT ) S R B
BT 4R i E LIRS .

3 REAERAERERR T RYER

3.1 FEHER7AERR ISP AUIER

JE R AE i o A vh ke A B AR, A BT R
QARG L AL Z A AT, 4EFF
G B EEARA . FEIE D, IHA R BEBURFXR, 2
1M 75 5 432 5 (1 (BSEP/ABCB11). (MDR3/MDR2/
ABCB4)MI(ABCG5/ABCGS) 3K ik, Xtz M
Gy TR ISR B AR RN JE [ A HE B R N
o, I, 405 2 B I R S 535 B 1 (NTCP) %
ik, AT BR i JE A B AN ML N R4 B . BTt
IEFXR IS BE A3k JE 5 A, R B ok BE Y R 1)
A B A B IR P A IR B o X e A £ 3 [i] 4
I3 N ANl T I SRS R R 7K, RN R
i) 7 A ERAERTHE P IR, 7 1B IR R e 2

R BR AN AT DA 25 42 v £ 28 T A0 1 ) 3 12
fERENR AR, T H AT Pt A K, Bt mf
SEHLP 5T, B A U, Verdegem A+
WHRRY], IR EERE 7 RO Ry, M
(Rachycentron canadum)FVIL 5 [ A1 iz 38 A g 105
Bl AU, (LR A R D AR, AT e 1 f AL
P 2 TS BRI . ZhangZ5 T ROBT AT R I,

FE R S 2 4 v T S o foor R R O R K K F, A
M5 F /N RARLEAR (shp) 3Rk L 1H, i srebplt)
Fak, YD R AR BTG B ERA, BRI BRI Tt
FXRIH 4215 T pparsFih 1A, (238 N8 Wi & ) Ak .
SREBPHIPPARs 73 il 72 i 2 15 A % 5 A (faas) F11 AT
5B AR e 3 Rl (cpe ) 5 < 15 R T, srebp i
JasHImRNAJK - 2 3 (£ 1K, pparsMept] FImRNAZK
2 T, S EUH I IR RS R, R,
JEA 2 AT DA E sk BOE FXR KA 1 15 7 5 SRR (i i3k
fRi Ak, AT BRI o I Bk
A BRI S0 R D, AR R kD 1 FHHIE w52 10
MR, B 7R FEIR DG, BEAS 1 RLIR D7 K1, T
Higm Tkl s, AimSF. BKERE4EKE
b, i E S T A (e LA 3 e A . Lisg™
AT S0t A IR R S 35 v 1 - o 5 P A
T8 AR W TR 7 A R Bl A, R TR
B K. SR, Peng®E ' M T K B RO HE
RGBT AR, s, BB Bk,
WHE AR K XA R R, EEN
JEY TR e Y 3 PRG3R AR S 1 JHE T IR T AR, 2
HE IR, dEfr FIREAa A, fedt 2R KoK
3.2 FEHERERER S P HIER

JEH TR AN Z 5 AR A I, 2 5
AT HEACE RS, R AR S TR E &L
PR 22 B R R LA (3 ik R 1 I (G -
cogen phosphorylase, GP){ 4 J&7 73+ i 2 il % % (1) e
J1o B4, Fang O KT U, BV A (2
1B )5 A i (Glycogen synthase, GS)/ 5 14 Ji &
B, 33— 20 SRR BR W] REAERE AR 4% AR
HIEUEH. R, TGS 5HEEG K, TGP
BRI 70 e, DAL RE Y MR 1 A X ) AR LR 10 A
Ryt — BRI

GLP- 12 — e 2 1 I 21 7 VA R e A1 LI P
ek i 2R, FEREARE R AR . GLP-1/E
P4 AL R ) 3K 4 WA F 2 TGRS RIFXR™
KPR R 2 AR R . AE M A oy WA LA, IH
IR FHITGRS(E S AL HE 7 GLP-1#) 70, 1
JIEF 2 5 5 WO FXRAE 5 3 B 40 ) 17 R v LK 3R 9
e S RGLP-1 (9777 A, T 5 i B s, A
ARl A I B SAU  mT P T et o e R s
GuoZ"F K 11 2 f PRI BT th 2 B, BN KAk
EY R 3 B MO A AR, TR IRV R S
S SO R R ) MR K, 1 B IE R BE A 2K
ORI R A ) A e A, 2 R R B AR A
[, R T DA S s 14 3 0 1 I KR, 2%
AR IR B0t 20 P A P R 1 B i 1
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4 PEHERFERTRAS R R N EVER

FIELT R EL AT B R P T A b, T 40 ot 4 o 6
J52 T I G 4 A A, 7 Y R e A A i
HEAEH . AT I 7 A AMA ] ¥ (Complement,
C). 21 & A (Acute phase protein, APP). 41 fig
- (Cytokine, CK)#1# 1k [A] - (Chemokines) 5% it
PE RGBT, R WU G52 10 sl i 40 o AR 175
KB SO BRI, LCAR PR A 548 4
72 3-48 A8 E 2 (3-oxoLCA)AIT 57 J1) 44 H iR (Isoal-
ToLCA) T 8 5 /) T4 i 3 6", 189 3 470 4 14 T4
i 43 5%, 3-oxoLCAT fgif it 5 RORythH B 1E
FH, P i P TR T 1 7402 534K Tsoallo-
LCAM T 1 M R B AAROS= 5 . 14 il foxp3 )5 21 F
[X KT H3K27 Z B AL SR A2 2 T ML 73 4E o T2
ff 3 B WA BT A SR IR, R B G A Y A
H1, B s 0 Dh e Tl 74 RS A4 R PR 1
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RESEARCH PROGRESS ON THE REGULATION OF FISH GLYCOLIPID
METABOLISM, IMMUNITY AND INTESTINAL FLORA BY BILE ACIDS

ZHOU Qian', ZHANG Jun-Wei">, WANG Sheng-Peng’, LI Chao-Wei"* and CHEN Song-Lin'

(1. State Key Laboratory of Mariculture Biobreeding and Sustainable Goods, Yellow Sea Fisheries Research Institute, Chinese
Academy of Fishery Sciences, Shandong 266071, China; 2. School of Life Sciences, Hebei University, Baoding 071000,
China; 3. Shandong Longchang Animal Health Products Co., Ltd., Dezhou 253000, China; 4. Institute of
Aquatic Economic Animals & Guangdong Provincial Key Laboratory for Aquatic Economic
Animals, Sun Yat-sen University, Guangzhou 510275, China)

Abstract: Bile acids (BAs) constitute a class of amphipathic sterol compounds, categorized into primary and secondary
bile acids based on their origins. Primary bile acids are synthesized from cholesterol in the liver and subsequently enter
the intestine. In the intestine, primary bile acids undergo conversion into secondary bile acids by the intestinal flora,

primarily in the terminal ileum and upper colon. The majority of bile acids in the intestine are returned to the liver
through enterohepatic circulation in the ileum, while the remaining bile acids are excreted with feces. Research shows
the significant role of bile acids in maintaining glycolipid homeostasis, improving immune function, and reshaping
intestinal flora in fish. However, the composition, classification, and functions of bile acids in different fish species

remain poorly understood. This article provides a comprehensive summary of bile acid composition, classification,
main receptors, biological functions, and the current state of research and challenges in understanding bile acids in fish.
The aim is to offer insights for further investigation into fish bile acids and their efficient utilization in aquaculture prac-
tices.

Key words: Bile acids; Glycolipid metabolism; Immune regulation; Intestinal flora; Fish breeding
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