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1. A gl KFak e B, KILATH R K A AR W P b 4 (0 R 30 T AW ST o0, I Wi S5 5 TR 5
1B, Wdt ®IL 430070;
2. Widb kil sz, W4 B 430070

BE: NRFTNETERXS = IR R M Kk O &5 (Micropterus salmoides)d= K A= P | JEACHFIIE T BR A A2 M, Bic
il SRR IR T A i 10.6%, XFIRZL ©). SRIAAEIIB T &/ 17.5%, mAg4 HF). Se1AAE+300 meg/ke TR
(HFB1). & 51#+600 mg/kg JHTHE (HFB2). & IR1R#EH+900 mg/kg IR AR (HEB3) 5 FIa kL, # 750 k0 H
BREALSY R S A, RAEIE 3 APATEL, BHED S0 R, HET 7 JEFRIE S A R S R AR AR T
A PERE, TS INAR R ST T AR R AR AR R T B A A K R B A R R B A A 0t 2 AN R R I = e
(TG) & B THE (P<0.05) . IRINAHIFERIG, AFAET TG & @ MK (P<0.05), T3 TG & 7e ARy B hi
N 900 mg/kg i 23 T (P<0.05) o JHFME AN I A B IR AR (TBA) 2k Bt % IF T AR VS ik 1) i3 T 2. 25 344 1 (P<0.05) o
JRVFER VRN E A 600 mg/kg B, AFMEAILJEmE X SZRIEH (Ao 2k i 1 (P<0.05), AT ER A U % iz AH DG 3
(cyp7al . bsep. asbt)¥JW.3E L IH(P<0.05), [FIBSXFREICEIAH S IE R R R IEATRIM, K fir BT shp FE, HH
JEREH srebpl KRG A H (fas . ace2)ZEik . BLAb, ARG I v i 105 43 A A B AUk G 3 R (Upl

hl. hsl. cptl. acox)MYFRILIKF-o L5 FRTIR, S BRIREE S IR R vl o ok O B B A K MR, 3840 FXR/SHP/
SREBP1 {5 i i 845 5 o AR, JH02 2EAR TR 5 mURAE IR, A58 A i — 25 W 58 BT R 7 fa 2 v (978 SR A 15 1
FHEEE T 5500

KB KRGS RRERL IRR, ARG ARVHRR & iits

FE S S: 5963 XHERARARED: A

TEIE B R, B iReL s D 5 T e Ak e
st B4 E A, I gk (high fat diet,
HFD) ¥ th 28 35 b (4 Ao i3z, sk i
IR SR RER TR . AR AL A
N HERR2) ) KGRI HFD 2R 354 5 1y 1
P, 5 1 TR 5 405 A 4 R D), ShAE e R
BHAS I35 AT ARG s oK AR S AR BT, R iE K A B
Y fa R, DA K FR A B 2 B A2 o

JHIT#R (bile acid, BA)ZEEM IS, &

K B H: 2023-03-29; f&ITHHA: 2023-05-24.
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BRI B 27-72 4L i (sterol 27A-hydroxlase,
CYP27AN)E Eh &A1, JBH R B AT IR SRS A T
FREM . PSRBT EALBE ST . 8T B oA
(P T, DRI A 1R B 2R g — bl 3R A
BRI Z 0 T & & FK - s, kb
Y MR RRA A TR H#H A RK LT . HE

EEWB: FZKE SV HE(2019YFD0900303); H 4 m A EEARI I 55 9% L 5% 4 91 H (2662019FW013).
TEE BT B3 (1998-), &, WiHMsA:, WF5 0 K =@ R FE54. E-mail: yingyang@webmail.hzau.edu.cn
BISIEE: IR, B, W10 Rk (@B F%78. E-mail: xuezhen@mail.hzau.edu.cn
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BERS U dERp R BRI RR A A takrh,
52 BAE XD AE £f.(Oreochromis niloticus)Fl K ff
(Larimichthys crocea) @t v i IAH I 12 AT sk /0 JH-
U R M A, e A KRR OV R AR R
PSRRI R, RTCE B Dl 3 A 7 e i fig
o3 3 B R AP ), R A
oA B, MR vl DL i s HAZz Rk e s X
Z 4K (farnesoid X receptor, FXR)JE T HLIAGAC 5
AR, FXR AT A b i/ 7 08— R ARG
(small heterodimer partner, SHP)JH#: A5 i 72
Hh YOG B A ok PR B R TS P A A R -1
(sterol-regulatory element binding protein 1,
SREBP1) K H T i A i G B A iy R 58, #ifil As
i B, U FEE i B 2 ), FXR R AT 34
FERRACH R, TR RS NS i,
Ak AR F- 1, FXR A0 CYPTAL
BB 120-#2 1L (sterol 12-a-hydroxylase, CYP8BI)
e S35k, A5 BA & M1 sl FXR
WIE LY BA Fz B H R IBR et BA 73
FHAMHIT IR -4 BT, IR H 5 (bile salt export
protein, BSEP) I T v £ 4 46 4 JH I 2 %% i 26 K
(apical sodium dependent transporter, ASBT)f1 77
FIELTT B A JHF U 0 Mg 1 2 ) g AR BT 3 B A i
A R AT 4 W e a8 A BE i (Epinephelus
fuscoguttatus Q*XE. lanceolatusd) Ik H AT R A
SR R R s SR, WA ST A b
Tk BA 1% 52 W S8 (Channa argus) BA W&
s, XAl RE S AN E g 2 FURTE B BA
A

BA AE A EEHE ISR E 32 W AE K 7 R Rk
o, LA B FEAER RA/E T SR, R RN 0.2k
Jig B A LA B s R 3 R A s ) /= AL AR 1 R
56 . AW LR 1R 6 (Micropterus
salmoides) 7 520 X %, W% = Ag Wl Rk i 8 i AR
TR K B R BE BRI R A e
1B M RE A, RIS IR R 52 i B A IR T 1R 1 gy
MTEALT, B7E+F & AR RRE T IR RE
FRAER AR RE IR, TR AEGE A T ER A 12K
AR TR P ML 85 S, I SR K 1 R B e g ]
LA R A AR

1 #MEEFE

1.1 s

ARSI B el FH A0 R 11 BRI [ o K R 2
e VLA =B 98 e, S50 55 50 A A8 h Aol K 2F oK
FREEBEIE A KSR R G Th AT . TEFRAH LI IR
ZHT, A K RBETEFRE R G SR 2 HLGE
MFEFEAE, 2 JEE, K 750 RO H B E5[(6.02+
0.28) glBEMLATECE] 15 Nk 5 4, M4l 3 AT
i, BEL 50 F)FRAH G . e ], EEHKIR
F1(24+0.6) C, ¥4 7.4~8.6 mg/L; pH6.7~7.5,
K2 WA EFME(9:00 FT 17:00),
1.2 LIgfas

AL e A 5 A AE AUk Ak e R
(Control 41, C 4, IEW& & 10.6%). =lg1iAE
(High fat 4, HF 41, BRI & & 17.5%) MR R &
Hr 90 300 mg/kg. 600 mg/kg. 900 mg/kg 1 3
FhE is kL (HFB1 . HFB2., HFB3), JLffifakl
E IR ERIEC T WL 1. IRFERIA H LR TE B 3h ¥
ER et N S 3/NEI IE R T8 = s e B3 W )
i« ROMLAEIARR - FEAHER=T7 : 2 1. W4IRbERE
St I 40 HE, B SRS TR DTS i A
R 2 55 10 SR AN IR 2, B Je I A A i i e
RS . FHR S sbs e B AR 2 mm A9 0RE,
WG I AEE—20 C,
1.3 HmEE&E

TE 7 JASFRFE IR A R, KR O R A
24 h, BAACFRAREHLEEEL 12 FEfa, ] MS-222
VSR RR B 5 PR B P 8 000 3 P — O 1 1 G 2
MR i K AR AT I 2 A B0 Y, AER TR ES O
HLHP s B .00 (4 °C, 4000 r/min, 12 min)AICEE I
K, B HAEAAAE-80 CHFA s o ;
SR, 43S P9 E RO SRR E . K R
HAEWRA TP TR, IFAE-80 C T, H
TREEE . BRI RA B AT FISE R 3K 0. W
TETEW A PRV R 5 R A T80 CHI T2k
KRBT B e s B ML a2, —E 4
WLA LA T80 CHI T8 IR 4347 o
1.4 XWHE
141 £ KMEESH  H F K (weight gain,
WG, %)=(A KR E-H IR R )/ 91 4R AR E < 100,
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x1 ZHEABEFRULFERT (% THR)
Tab.1 Formulation and proximate composition of
experimental diets (% dry matter)
%

215 grou
RHE R ingredient group

C HF
fa 8 fish meal 43 43
fi% FE 1 casein 15 15
KE /B M soy protein concentrate 10 10
/INZZ # wheat starch 8 8
i soybean oil 3 6.5
il fish oil 3 6.5
T KIEH corn starch 5 5
TR EF 4k 2 microcrystalline cellulose 7 0
SALJBT choline chloride 0.5 0.5
R — E%5 CaH,PO,, H,0 L5 1.5
B4 5 R #F mineral premix® 1 1
YA BUR K vitamin premix” 1 1
i %8 betaine 2 2

{24 .43 proximate composition

HZE A crude protein 49.5 49.5
LSRN crude lipid 10.6 17.5

FE: a. Y BHUR R (g/kg IREW): FLERES, 350.00; K,HPO,,
250.00; Ca(H,POy4),-H,0, 175.00; NaCl, 75.00; KI, 0.125; CuSO,4-5H,0,
37.50; MnSO,-H,0, 2.50; ZnSO,-H,0, 14.05; K,COs, 35.00; a-4f
4%, 60.825.

b. #iA R HUR R e/ke IREH): VA, 60.00; VBI, 8.00; VB2, 12.00;
VB3, 80.00, VBS5, 24.00; VB6, 12.00; VH, 0.40; VB12, 0.02; VC,
600.00; VD3, 0.04; VE, 96.00; VK3, 8.00; VM, 4.00; a-4F 4 &,
95.54.

Note: a. Mineral premix (g/kg product): calcium lactate, 350.00;
K,HPOy4, 250.00; Ca(H,PO4),-H,0, 175.00; NaCl, 75.00; KI, 0.125;
CuS04-5H,0, 37.50; MnSO,4-H,0, 2.50; ZnSO4 H>0, 14.05; K,COs,
35.00; a-cellulose, 60.825.

b. Vitamin premix (g/kg product): VA, 60.00; VBI1, 8.00; VB2,
12.00; VB3, 80.00; VBS, 24.00; VB6, 12.00; VH, 0.40; VBI12, 0.02;
VC, 600.00; VD3, 0.04; VE, 96.00; VK3, 8.00; VM, 4.00;
a-cellulose, 95.54.

i 8 A4 K K (specific growth rate, SGR, %)=(In
LR E —In WG TR )/ 100;

JIE3# JiE (condition factor, CF, g/cm’®)=4& KK &
(@AM *(em’)x100;

FF& 8 %4 (hepatosomatic index, HSI, %)=/
H (g)/AH (2)x100;

EAAFE %1 (viscerosomatic index, VSI, %)= It
i (g)/ A (g)x 100,
142 ALAEKXEFHSUE FEVRIILA G
A TR I AE S 2% AR S i 5 05 2P0 KR
BT LI E, MK R 550 CRIBEIE T,

FELRG 17 5 0 oR FH 2% QAP R 2R 1 3 ok
FHYLIGE AL
1.43 MRFAFREELIEFRNE K il 2K 5 i
R E T o H AR e 2R 3R /K (8.6 g/L
NaCl in dd H,O)H 23 3 min, #&FK 10 f5(W/v),
B0 15 min (4000 r/min, 4 C), ¥ FIE WA
TE-80 CH 2 4rHr o it R Mk 5] A i S H il
“FR(TG). RAAFEEL(TCHO) . &% B A 2 1 A &
Mi% (HDL-C) . Ik % J& i 45 1 (LDL-C) FlLE H 7 1R
(TBA)W & & (st B TREESR r,
Ao
1.4.4 BFAERERAERAX &> 434 JFBERR IR & =1
7 R AR 5k T, BARL IR o
FREL 200 mg FFAEAZURA B0 H, A 1 mL
AUI/HEEQ 1, VIVIRGWHETAR . Bo)E,
T 2 AN )2 ARG o BRI T 2k
RAPE D, HTAK, RTEMA 1.5 mL =
AL R B A BEQ - 1, VIV)RBRAE 100 TR
HEfE 1 he RS, A 0.5 mL {EFEEL KM
I mL IEC e, WIERAEHE D ZE, K L2k
W R HEAT AR, TS 4 L A L g E O
Bi o Hedn, B AL BT B RE R SO T A (5
GC-2010 plus, HAZRFOIHAT/HT. SRR RIKS
D25 (FID) R 23 | B 250 "CHi 260 °C
IREEFLF M 200 C (40 min)% 240 °C (15 min),
WK 4 C/min, & 2EASIERNA, Wi
# A 1 mL/min.
1.45 SER%EFEXEE PCR ffif] TRIZOL i{H|
(Aidlab, T EIJLF)FEHCE RNA, RNA #2007k
BHARTI BT HH ST R A HE KT
SEIF ¢ E i PCR (qQPCRKIN, i FH 9350 0 Ky
Hieff*qPCR“Green Master Mix ( [ 8 3% 2E YR}
AR B 2K A5 934 Primer 6.0
Wit 2) UMK T lo(efla) NS HNH, K
DA 171 B 5 I R i T 6 PR ) 63k . 4% IR Livak
2V 5 2 40 I8 L IR ) R S
1.5 SFitFESH

B AT £ 5441 L SPSS 19.0 (SPSS Inc., Chicago,
IL, USA)i#AT4t it 70 #Hr. 7351 Shapiro-Willks
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Tab. 2 Oligonucleotide primers for qPCR assays in the study

F[H gene 5| ¥ % (5'-3") primer sequence (5'-3") K /bp size KU source
F: GCGCAAGGAGGGTAATGCTA

efla 178 XM _038724777.1
R: CATACCGGGCTTCAGGACAC
F: CTGGGCTTCACAGGCTAACAC

cyp7al 153 Chen et al??!
R: TTCAGTGTGGGGTCGTTGGG
F: ATGCCCGTGTCACTGTTG

cyp27al 176 Chen et al'?
R: GTGCGGCTTGGACTTCTC
F: TAGACAGCGGCAACCAGGAG

cyp8bl 120 Chen et al'*?!
R: CCGTGCTTTTGTTTCATCCTAC
F: AGGAAATGCCAGGAGTGTCG

Sxr 137 XM_038705617.1
R: GCCTTGGTGTTCTTTCGCAG
F: CAGAGCCAGGACTTGCAGAA

Ixr 200 XM_038700505.1
R: TACCGCCGAGATGTTTCGAG
F: AGAGCTTGCTTGCATCTGCT

shp 99 XM _038724571.1
R: CAGTCCTTGAACAGCTGGGTT
F: TGCAGCTCTACGGGTCAAAG

srebpl 188 XM_038699585.1
R: TAGGTGTGCTGCGAATAGCC
F: CCCTCTGGAATCCTCGGGTA

angptl3 136 XM_038715308.1
R: AAGGAGGCCGTTTGCAAGTA
F: AGTCTCTGGGCACGACCTAT

acc2 140 XM_038709726.1
R: CAGCTCTGTGAAGGTGAGCA -
F: CTGAAAGCTTCCGTGTGCC

apoc?2 115 XM_038710946.1
R: ATCACTGGCAGAGTTGACGAA
F: CACGCCTCTTCTTGGAGAAC

dgact 126 XM_038724648.1
R: AATGGTACCCACAGCCAGAC
F: GACCCGACCACATGGAAGTT

ostf 149 XM_038702073.1
R: CTCTTCTGAGCCCTAGCAGC -
F: AACCCTGGGGCATCATCATC

asbt 152 XM_038719691.1
R: AATGTTGGAGCCGGAACCTC -
F: GACTGGAGTGCTGCTGTTGA

bsep 118 XM_038720465.1
R: GCATGTTGACTCATCTGCTCG
F: GTCAAATGTTCCCACGAGCG

Ipl 148 XM_038715978.1
R: GCTTGTTGCAGCGGTTCTTT
F: GGGCATCGTTAACCTGGACA

fas 164 XM_038735140.1
R: CATCGTAGTGGCGCTTTTCG
F: ATCAGAGCTGGAGCACCCTA

hsl 106 XM_038725628.1
R: GCAGAGGAGAGCAGAAAGGA
F: CCACCGCAATGGTCGATATG

ppara 144 XM_038705496.1
R: TGCTGTTGATGGACTGGGAAA
F: CCTGGTGGGTTTATGGTAGTG

eptl 200 XM_038705334.1
R: CGACAACAGGCACTTTAGGA
F: GGTGCAGTGACAAAAACGCT

hl 100 XM_038701258.1
R: CCACTGCGAACCCTCTTGAT
F: GCTATCGACCTGGTCAGAGC

acoxl 116 XM_038713843.1
R: AGGGTTGACAGCACTGAGTG -

{E: F 2R IEM G0, R FoR 54

Note: F indicates forward primer; R indicates reverse primer.
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test Fll Levene's test X486 E 47 1F 25 431 46 45 F1 J7
ZFPERLES . X R M IE A o34 H 7 25 55 M 09 B s
HE AT B A &R J7 22 53 AT (one-way  ANOVA) Jf LA
Duncan’s test #1TZH L, XTARMIES 5370
PR B 7 AN ST E 1T Kruskal-Wallis JE

TR )5, HFB1 Al HFB3 41K 11 B4 VST i 25 [5AI%
(P<0.05). CF &A7 32 3 /= A R IR Y1 R 1) 5% el
(P>0.05).
22 ALAEFES

k4 i, 5 C 1M, HF A9 HLRHLAE

SR 591 L Dunn-Bonferroni post-hoc test #F47
Z LR o AN S T A B 3 R R (AR v
R(X£SE), T4 RGEITrd P<0.05 i

Joi 5 i e B N (P<0.05) . 7E B Ag TR R s in BA
] I 2 R LA ELAR 5 & 12 (P<0.05). #&1M, HLA
o HA S TR R CHLER (. KA R A0 T8 B

AT b2 [ 45 SR (P0.05).
2 ER545H 2.3 I 3% F0 AT A o A R 836 4R F0 TBA 7K F

m=E s iR, 5 C diMtk, HF i TG
il LDL-C /K- 2 % 4 55 (P<0.05) . %5 il BA J&, Il
¥ TG il LDL-C & & i3 T F#(P<0.05). HF 4
HDL-C &5 (P<0.05); 1ifakl BA %A %
it HDL-C By & (P>0.05), HF 41 i 35 58 fin i ik
H1 TG & 5(P<0.05), FF H Ak BA BEARHIEH TG

2.1 AEKMHRE

M= 3w, 5 CAMLL, HF 41K R
FBW. WG il SGR & #[#K(P<0.05), #M7E BA
Ji, FBW. WG F1 SGR & & /1(P<0.05)., HF /7]
Bl 2 K O B HST, #MFE BA 53 &I HIS
(P<0.05), HF 21 VSI g ZE¥(P<0.05), #~7hH

®3 EABMSEAMTROBRSERERNZT

Tab. 3 Effects of bile acid on growth performance of Micropterus salmoides fed high-fat diet

n=12;x£SE
FEF5 index 4L group

C HF HFBI HFB2 HFB3
Wik 1K /g initial body weight 6.03+0.08 6.07+0.05 5.93+0.10 5.94+0.11 6.08+0.11
LR {KHE /g final body weight 27.05+0.48° 24.4740.43° 27.55+0.59% 28.99+0.86" 27.67+0.70%
W R /% WG 334.39+10.04% 302.83+6.08° 365.71£13.566"  379.04+5.65° 359.86+16.09%
FEE A KR /% SGR 2.99+0.04° 2.84+0.03¢ 3.13£0.06™ 3.19+0.02° 3.10+0.07%
ATl 1% /(g/cm®) CF 2.19+0.04 2.18+0.03 2.21£0.03 2.29+0.03 2.19£0.01
AR FE /% VST 8.44+0.23" 9.61+0.22° 8.73+0.13" 9.32+0.15° 7.87+0.19¢
JFAA He /% HST 1.44+0.11% 1.97£0.11° 1.54+0.13° 1.18+0.07° 1.29+0.06"

TE: [ —A7 A TR B _E AR 7 RE 2R Ab BE A W] A7 76 12 35 28 5:(P<0.05). C: XfIR4H; HF: & lIE4; HFB1: & J+300 mg/kg fH VR4, HFB2:
B 18+600 mg/kg HITERAL; HFB3: 75 18+900 mg/kg HITERAL. T .

Note: In the same row, different small letter superscripts indicate significant difference among groups (P<0.05). C: control group; HF: High
fat diet group; HFB1: high fat diet + 300 mg/kg bile acid; HFB2: high fat diet + 600 mg/kg bile acid; HFB3: high fat diet + 900 mg/kg bile
acid. The same below.

x4 BEHBRNSEAMTRKOZRSINAERRSHMN

Tab. 4 Effects of bile acid on muscle nutritional composition of Micropterus salmoides fed high-fat diet (wet weight %)

n=9;xxSE; %
Hobi index 13| group
C HF HFBI HFB2 HFB3
HMLFE I crude protein 19.58+0.35 19.25+0.35 19.21+0.13 19.28+0.42 19.31£0.19
HIEN crude lipid 1.04+0.05¢ 1.40+0.03" 1.18+0.02° 1.14£0.03" 1.10£0.03"
7K 43 moisture 78.74+0.20 78.52+0.41 78.39+0.06 78.10+0.20 78.22+0.18
K4y ash 1.15+0.01 1.19+0.03 1.23+0.02 1.22+0.05 1.16+0.02

T [F—A7 AR 4 _E bR 77 B 27 Ab BE A 18] 77 76 2 35 25 5 (P<0.05).

Note: In the same row, different small letter superscripts indicate significant difference among groups (P<0.05).
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Tab. S5 Effects of bile acid on biochemical parameters of plasma and liver of Micropterus salmoides fed high-fat diet
n=9;xxSE
15| group
FEF5 index
C HF HFB1 HFB2 HFB3

1.3 plasma
H il =/mmol TG
5 8% % R 8 IR [ % /mmol HDL-C
%% B 5 2 11 I [E B /mmol LDL-C
FFNE liver
“H ¥ =T8/(mmol/g prot) TG
R %5 16 7R 141 H [ 852/ (mmol/g prot) LDL-C

1.893+0.091°
0.264+0.064°
0.949+0.150°

0.116+0.005"
0.035+0.006

3.917+0.474%
3.51940.249*
1.9224+0.323*

0.175+0.019*
0.026+0.003

2.825+0.738"
3.317+0.339°
0.672+0.072°

4.089+0.291°
3.507+0.281°
0.511+0.125°

3.632+0.301™
3.183+0.254°
0.779+0.072°

0.11240.012°
0.034+0.004

0.073+0.028"
0.033+0.007

0.109+0.020°
0.031+0.003

W Wl — AT TR Y AR R 28 7R Ak 32 8] 477 B 35 2% 5 (P<0.05).

Note: In the same row, different small letter superscripts indicate significant difference among groups (P<0.05).

FH(P<0.05), JFME LDL-C & #7648 Ab FE2H v e
B FAAR(P>0.05).

mE 1 PR, 5 C @Mk, HF 4k
TCHO & W EWIN(P<0.05), B BA #iNE14
Jin, mM3EH TCHO & & F&{R(P<0.05). &1 HTFAE

a
E <101 n=9; ¥+SE
358l 8
E<8 b
=3

24
8
229
EE
(¢} & ‘§$\ §W é&
£ %] group

20} n=9;7+SE
=¥
aﬁl.S
VQ
~ O
w210
ﬁv—'
=50
=T ke
%
E 0

FEE§

#4051 group

1 TCHO 7£ 4% 4l Z [ ok 8L 48 11 2% 22 =7 (P>
0.05). HF 4l 2% FFAE TBA 7K VA2 g i K-
S (P>0.05), #hFEAHRIFERSS, 13K TBA 7K
SN, I TBA /K-S B0E LT+ 3
(P<0.05).

e
o o
= &

e
S
&

A AE [ B/ (mmol/g prot)
TCHO level in the liver
=
%)

0.01
0 < ~§ N\ Vv >
Q> &
& &8
20351 group
2 6f
ai—t
§§40
=~
t<
Zf
¢ ® & &L
¢ & & §
2} 5] group

P B % e B TS T A 0 PR B 1 R R [ P RS R 3 R A T 1 5 )

a. Ifi3% TCHO; b. JFFHE TCHO; c. i3 TBA; d. JIFAE TBA. A[R/NG FREF /R AL B4 [A]47 45 i 35 22 5 (P<0.05). C: %FHA4;
HF: #JR41: HFB1: #JK+300 mg/kg R4 HFB2: #)i5+600 me/kg M THIRAL; HFB3: Fifi§+900 mg/kg MUITRAL. T Il
Fig. 1 Effects of bile acid on the total cholesterol (TCHO) and total bile acid (TBA) level in
plasma and liver of Micropterus salmoides fed high-fat diet
a. TCHO in plasma; b. TCHO in liver; c. TBA in plasma; d. TBA in liver. Different small
letters indicate significant difference among groups (P<0.05). C: control group; HF: High fat diet group; HFB1: high fat diet + 300
mg/kg bile acid; HFB2: high fat diet + 600 mg/kg bile acid; HFB3: high fat diet + 900 mg/kg bile acid. The same below.
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2.4 BTRERS BAER 28 BY 5 1

R 6 fis, HE AU FEH C16 : 0 f1 C22 : 0
& i E N (P<0.05), MRk BA FEAR
C16 : 0 FE(P<0.05), HF 21 [T A 5 2
(SFA)& i [ f(P<0.05), T BA [ NFEAR
JFHEH SEA ()55 12:(P<0.05)(F 2), #M3E BA W%
P2 55 BN G 7 R (MUFA) & 12 (P<0.05)(1&] 2).
HF 2 C14 : 1. Cl16 : 1 F1 C18 : 1 /K B ERE

f(P<0.05), BA MIHINIFE C14 : 1 F1 C18 : 1
e B 5L E N 34 (P<0.05), H C16 : 1 &
FREK(P<0.05), 5 C 4L, HF HZ A0 ik
iR (PUFA) 7 £ it E &A%, {B1EL BA $ i HFB1
ZH F1 HFB2 4 WP AP PUFA % 5 (P<0.05)( 2),
HF ZH7F C18 : 2n-6 F1 C20 : 2n-6 1 F[#(P<0.05),
M C22 : 6n-3 W T+ 5 (P<0.05). 24 BA W&
900 mg/kg B, C22 : 6n-3 & & [&{K(P<0.05),
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Tab. 6 Effect of BA on fatty acid composition (% identified fatty acids) in liver of Micropterus salmoides fed high-fat diet

n=9;xxSE
251 grou
fE Wi R fatty acid gomp
C HF HFBI HFB2 HFB3

Cl4:0 0.43+0.03° 0.37+0.01° 0.46+0.01% 0.47+0.01° 0.48+0.01°
Cl4: 1 1.49+0.08" 1.16+0.05° 1.48+0.05° 1.54+0.11° 1.47+0.06°
Cl16: 0 11.10+0.69° 16.29+0.67* 10.24+0.70° 9.88+0.35" 9.72+0.38"
Cl6 : 1 5.2440.20° 4.38+0.08° 3.47+0.13° 3.2440.27° 3.69+0.30°
C18: 0 4.91+0.17 4.73£0.13 4.92+0.21 5.33+0.34 5.43+0.26
Ci8:1 12.74+0.14° 11.1940.62° 13.9240.12° 14.05+0.43% 14.13+0.08°
C18 : 2n-6 16.13+0.28° 14.48+0.72° 18.15+0.27° 18.19+0.84° 18.44+0.59°
C18 : 3n-6 0.87+0.08" 0.97+0.17* 0.73+0.14® 0.39+0.08° 0.94+0.06"
C18 : 3n-3 0.50+0.04° 0.69+0.10% 1.20+0.21° 0.98+0.13% 0.73+0.08"
C18 : 4n-3 0.70£0.10* 0.34+0.06" 0.54+0.03™ 0.35+0.09" 0.47+0.03*
C20:0 1.17+0.18* 0.75+0.03¢ 1.08+0.08" 0.90+£0.09% 1.48+0.11°
C20 : In-11 5.25+0.42 5.74%1.05 5.64+0.92 5.40+0.98 6.81+0.81
C20 : 2n-6 3.84+0.26" 2.66+0.12° 1.47+0.32¢ 0.92+0.24¢ 0.61x0.13¢
C20 : 3n-3 0.98+0.06 0.58+0.10 0.91+0.24 0.70+0.20 0.94+0.02
C20 : 4n-6 1.72+0.11° 1.35+0.03° 1.58+0.06° 1.55+0.06% 1.65+0.05°
C20 : 4n-3 0.85+0.12 0.71+0.26 1.08+0.26 1.45+0.38 0.75+0.12
C20 : 5n-3 2.42+0.08" 1.59+0.28° 1.77£0.41% 1.78+0.39" 1.31+0.23°
C22:0 1.69+0.34" 2.25+0.32% 1.18+0.13° 2.60+0.65" 2.60+0.35°
C22 : In-11 1.05+0.08° 0.84+0.07° 1.09+0.05° 1.09+0.02° 1.17+0.06°
C22 : 5n-3 2.09+0.07° 2.14+0.20% 2.81+0.37% 2.94+0.21° 2.58+0.11%¢
C22 : 6n-3 24.71+0.53° 26.68+0.87° 26.17+0.53% 26.14+0.38% 24.51+£0.27°
Y n-3PUFA 32.28+0.47% 32.76£1.21% 34.52+1.31° 34.36+0.44" 31.32+0.17°
Y n-6PUFA 22.58+0.49" 19.47+0.86" 21.96+0.22° 21.07+0.83* 21.65+0.68"
n-3/n-6PUFA 1.4340.02° 1.69+0.26* 1.57+0.04% 1.63+0.07% 1.45+0.04°

e F—ATHOR R Y AR o2 3R 7R b BELAH () 77 75 18 35 22 57(P<0.05). PUFA i Z AN F IS I R

Note: In the same row, different small letter superscripts indicate significant difference among groups (P<0.05). PUFA is polyunsaturated fatty acid.
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A 3 fTR, 5 C 4L, HF 41 fior ki %
S GITF7 L(P>0.05) 24 BA KF-TFHEHt, fir
() 23K /K 235 H2 75 (P<0.05) . cyp27al Fl cyp7al
(1) 22 3K 7K V- A A2 1 g T L 52 10 (P>0.05) o cyp 7al
(135 7KF-BE BA 7K1 34 I Tt 5 (P<0.05) . 28

1M, cyp27al (NFRIKMEE BA UK 38 i F
f&(P<0.05). JFHE X SZARELFH (Ixr)Fl cyp8b1 K-
TEPT A B th e Ge 1 2 L (P>0.05),

WE 4 PR, bsep FENFAEH KKV B
BA ZAN/K SR 3G A0 F 38 (P<0.05). 24 BA BN
JKFH9 600 mg/kg Fl 900 mg/kg I, Wi T asbt
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Fig. 2 Effects of bile acid on composition of SFA, MUFA and PUFA in liver of Micropterus salmoides fed high-fat diet

Different small letter indicate significant difference among groups (P<0.05). SFA: saturated
fatty acid; MUFA: monounsaturated fatty acid; PUFA: polyunsaturated fatty acid.
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Fig. 3 Effects of bile acid on the relative expression of bile acid receptors and biosynthesis markers
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Fig. 6 Effects of bile acid on the relative expression of lipolysis and fatty acids B oxidation
related mRNAs in liver of Micropterus salmoides fed high-fat diet
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Effects of dietary bile acid on growth performance, bile acid
metabolism and lipid metabolism in largemouth bass (Micropterus
salmoides) fed high-fat diets
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Abstract: Bile acids (BAs) are important amphipathic biomolecules that play a key role in the emulsification of
lipids and consumption of other fat-soluble nutrients. While fat is an essential energy source for fish growth,
excessive dietary fat induces degradation of growth performance, metabolic disorders, and fat accumulation. There
is evidence that BAs can promote growth, accelerate lipid breakdown, and maintain bile acid homeostasis in fish
fed high-fat diets (HFDs). However, the regulatory mechanisms remain unclear. This study aimed to explore the
effects of dietary BA supplementation on BA homeostasis and lipid metabolism in juvenile largemouth bass
(Micropterus salmoides) fed HFDs. Five isonitrogenous diets were prepared: a control diet (10.6% lipid, C),
high-fat diet (17.53% lipid, HF), and HF diets supplemented with 300, 600, and 900 mg/kg BA (HFB1, HFB2, and
HFB3). A 7-week feeding trial was performed, and all the fish were fed to satiety twice daily. Samples were taken
at the end of the trial to detect growth and plasma biochemical parameters as well as lipid and BA
metabolism-related gene expression levels. The results showed that HF diet significantly decreased final body
weight (FBW), specific growth rate (SGR), and weight gain (WG) (P<0.05). In contrast, the addition of BAs to the
HF diets improved growth performance, with the growth of largemouth bass significantly increased when
supplement with 600 mg/kg BAs (P<0.05). Moreover, the lipid content in muscle was increased by the HF diet
(P<0.05) and was decreased by supplementation with BAs (P<0.05). The HF diet increased the triglyceride (TG)
contents in the plasma and liver (P<0.05), while BA supplementation decreased both (P<0.05). Furthermore, the
addition of BAs significantly decreased the expressions of sterol-regulatory element binding protein 1 (srebpl),
fatty acid synthase (fas), and acetyl-CoA carboxylase 2 (acc2) and increased the expressions of lipoprotein lipase
(Ipl), hormone sensitive lipase (As/), and hepatic lipase (hl) (P<0.05). Additionally, BA supplementation increased
the expressions of carnitine palmitoyltransferase 1 (cptl) and acyl-CoA oxidase 1 (acoxl) (P<0.05), yet had no
effect on expression of peroxisome proliferator-activated receptor a (ppara) (P>0.05). These results indicate that
BAs increase lipolysis and fatty acid PB-oxidation, while decreasing lipogenesis. Moreover, fish fed a BA
supplemented-diet showed increased total bile acid (TBA) levels in the liver and plasma (P<0.05). When 600
mg/kg BA was added, the expression of farnesoid X receptor (fxr) was also increased (P<0.05). Therefore, BA
supplementation increased the expressions of cholesterol 7 alpha-hydroxylase (cyp7al), bile salt export protein
(bsep), and apical sodium dependent transporter (asbt) via activating fxr (P<0.05). In conclusion, dietary BA
supplementation improved growth performance, lipid digestion and absorption, and bile acid metabolism by
activating the bile acid nuclear receptor FXR. The effects and possible mechanisms of BAs on lipid and bile acid
metabolism were also preliminarily revealed. This study contributes to our understanding of the role of BAs in
lipid metabolism in teleosts and enriches our knowledge of bile acid homeostasis under different conditions.
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