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SR R R 3 A BB Rl AR KGRI 28 H S IERE H KR R R BUA Y 20 K, BELS K5t R ( control, CON) |
F BiEaAb FRZH (CORT) s MAB IR I B AL BE R 10 Hi% Sy J2 B i + I 3 AR 41 ( CORT+BA) . CON ZHL K 2 T i 4 2 1t
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Effect of dietary bile acids supplementation on alleviating fatty
liver syndrome induced by corticosterone in broilers

HU Dan,HAO Yanging, CHEN Qu, WU Xiaoting,, NI Yingdong *

(College of Veterinary Medicine/Key Laboratory of Animal Physiologic and Biochemistry , Ministry of
Agriculture and Rural Affairs,Nanjing Agricultural University ,Nanjing,210095, China)

Abstract ; [ Objectives ] This study aimed to investigate the effect of dietary bile acids( BA ) supplementation on alleviating fatty liver
syndrome ( FLS) induced by corticosterone ( CORT) in broilers ,and the mechanism involving in this process. [ Methods]One hundred
and twenty 1-day-old AA male broilers were randomly divided into two groups and fed a basal diet or a BA containing diet
respectively. BA were periodically added to the diet using the dose-escalation strategy including early ,middle and late stages. At 28
days of age,twenty broilers were randomly selected from the basal diet group and divided into control group( CON) and corticosterone
treatment group( CORT). Ten broilers fed BA were randomly picked up and set as corticosterone plus bile acids group( CORT+BA).
The broilers were slaughtered at 40 days of age. The weight of organs and tissues was recorded. The serum and liver tissues were
sampled for biochemical analysis and hepatic genes or proteins expression analysis. [ Results] BA treatment significantly alleviated
the deposition of abdominal fat and the decrease of leg muscle weight induced by CORT injection, and also increased leg muscle
percentage ( P<0.05). The results of biochemical analysis showed that CORT treatment significantly decreased serum high-density

lipoprotein ( HDLC) concentration, but increased serum non-esterified fatty acid (NEFA ) level, while BA significantly increased the
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level of serum HDLC(P<0.05). The level of hepatic triglyceride( TG ) was significantly increased by CORT( P<0.01) and the lipid
droplets in liver were significantly enriched and vacuolated. However, these changes were markedly alleviated by BA treatment( P<
0.05). Compared to the CON group, CORT significantly up-regulated the mRNA expression of stearoyl-CoA desaturase 1(scdl)and
acetyl CoA carboxylase ( acc) genes, and also significantly up-regulated the protein expression of ACC and fatty acid synthase ( FASN)
but down-regulated peroxisome proliferator activated receptor alpha ( PPARa) protein expression in the liver (P <0.05). BA
supplementation ameliorated the disorders of hepatic lipid metabolism caused by CORT and increased the mRNA expression of
carnitine palmitoyl-transferase 1A ( ¢ptla) and decreased protein expression of fatty acid translocase (CD36) (P < 0.05).
[ Conclusions ] Dietary BA supplementation can significantly alleviate hepatic TG deposition induced by CORT through decreasing
hepatic TG synthesis, promoting fatty acid decomposition,as well as inhibiting hepatic fatty acids uptake in broilers.
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WS P45 26 fatty Liver syndrome , FLS) R TLHG 5 & ACHHEEBERG , JUAR RS HLR S5 R B R S0
FLah AR RS RS B4 BE9 ( non-alcoholic fatty liver disease, NAFLD) T AR SR T B A PR A K
REFNIFRFE AN 4t , 4R PO XS T b AR TS i A G ka3, S8 5 i AR AR I AT 2B ik RE XX O o B ™
(R TR, 3 SSUFF A A 24 13 aft , DT R B2 SRPET- B ) R 5 5 i E R 8 3700 Al ke M B T
M FRERHZ —, 490 15% M EFRAASFET- 5 FLS 7 . Bk, 5 & I5 D5 I A B0 L A1 5 16 £ R BF
FEMA R Z —

B2 JEH ( corticosterone , CORT) J2& & A& P —Fh A 1 14 (B B2 BT 3 & ( glucocorticoid , GC) . GC /K-
o T AL 2L, A4 1L BURE PR L i LIAL 2%  I 0SS 1o Co P S PR AR TR o il = Piied B2 TR
2L M AL IE RIS Y B R CORT 3 Jo 4 J Ji 8% 25 22 1A ( glucocorticoid receptors, GR) 3 1
BN LA BRI , K0 &M EAG R T iy e 29 i K -1 o R DR824I a3l =T 7Y
B, AR BT A NG IAT o AS MR EC I K- CORT %82 5 i 15 3 A S E S 1 % D)
IS

BT (bile acid, BA) J2& i FIE G UG 73 W B ALIE T g —28W Bt , 72+ 48 b A2 SRR 269 Bt L i
WA Z I, EAh, BA 1E RG-S4 F i S5k JE fR X 24K (farnesoid X receptor, FXR) F1 G & H
BERRE TR ZAK 1 (G protein-coupled bile acid receptor 1, GPBAR1/TGRS ) 3k ¥ 55 #1144 %5 2 4% A1 Big Joa A
P I PRAFSE R B NAFLD 4 % A ARl 5 A R AR 25 B AR DA 530 It (0 25 L 3 e I ) i
TR, MR AR R B, S BA AR SCRE Bl A SR YT IR FL 34 NAFLD AHE A
UTAEA X G & TSR B, GRS i BA AT A 3k A X8 AR, AT RE -5 b e 20 I3 A T 1) 36 1k T v AT
FT R AR RN RE K H AR AYTE BT, (R0 BA B S 25 R A WS R . L, AR o 375 v H v = g7k
S I GEIFRE T IR FIBARES L SR, H AT SRR T R XF 5 & FLS 2 A F 5 LI A B 5 1 oK
JLARGE o PRI, ARWFTELL AA PIAS SRl i i 5T CORT 543 FLS, IR ARSI BA XF FLS #)
Ve LB HL R BRI L3 B BTSSR iR #2275 |
1 #MRET*

1.1 Xt

L1 RBEEH MEI R i L 2R T B Sl W R A BORAT BR2 W AR 7 A SRy R A AR R
(70.67%) &L AAFR (19.61% ) FSEHLAER (8% )1 20 LV H il = FeAG M2t 30) 6 ) T b 5 34 1) 396 32 R 4
ARAT RS w5 I AE A ARG I 3R] 6 0 T 2 B AR R B 03 A IR ) 5 4% 22 58 W IR ) 1 v o A R AT PR
N3 TRIzol BRI T A6 5t SRV E MR A FR/A H 5 RT-qPCR 3300 85 F1 B Sl ) 0 1 i DL T
AR BRA ) 5 5 [ i U R A IR BRA W6 18 4 I ZH 2 RIPA 24 553 40 ECL fb7%
RGN 50 X 0 T i 28 v AR MR BRA W) 5 BCA A ARG IR & 0 T b s R AR
B PR A S SRR LT 4 R B0 T e 5 2 T E )RR FRA ]

1.1.2 iR RS 4 A A/ AT (7020, HITACHI) ; 22 K 2 DI REREHR X ( Synergy 2,
BioTek) ; 4 H s b2 & UL /BT R 58 (5200, Tanon ) ; fofim 42 R A M A ( Nanodrop 2000, Thermo ) ; 5% Fif %€
YexE & PCR X ( QuantStudio 6 Flex, Applied Biosystems) ; Y627 i ##/5% ( Olympus-BX53)

1.2 KRt 5 ER

1.2.1 HWAFREEE KRR 120 2 1 HEBHEME AA XS, BEHL O 2 21, 735 1] SR HOHFTES
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BA B H R, B RREGERINS h 3 BB 3~7 HES (R , Fi (4 H38) y 4.7.10.13.16 mg-d ™' ;17 ~
21 H& () FE ok 18.19.20.21.22 mg-d™';31~35 Hik (JFH1) , 74K 28.29.30.31 .32 mg-d™', K
SRR 1~3 B, IAFE5 PIIREE N 32~34 °C, BJG LA R 2~ 3 °C (19 B WA I JEE , T 465 35 K
1 21~22 °C, $&H BT HAT e el . 2FOEH, A R POKALRE

1.2.2 FERERALIE 28 H iy AT LA FOAR A XS h EEALZEI 20 2, AL %) BRZH (CON) |, B¢ J5t i
FESTZH (CORT) s BT PR BEHLIEER 10 R AT E Bl 355 (CORT+BA) . CORT ZHF CORT+BA ZH %Y
B RS 4 mg-kg ™ B RER (% T8 15% LR PBS ISR ) |, 204 7 d, CON HiEH %R & 15% 4
B PBS IR, T 40 HIBFZS A AT RAE

#1 BREFHS

Table 1 The nutrient component of the diet gkg!
AU Ingredients H#% Days of age - ';ﬁ?%ﬁiﬁ - H#% Days of age
1~21d 2240 d Nutrition composition 1~21d 2240 d
Tk Comn 559.6 613.7 FHJF Dry matter 909.70 889.80
T Soybean meal 374.0 324.0 HIFE H Crude protein 227.20 194.80
M Soybean oil 25.0 25.0 BB Total fat 55.90 58.10
R & Dicalcium phosphate 13.0 12.4 K4y Ash 64.10 55.80
RFE4EY Calcium carbonate 11.5 11.2 {CIHHE Metabolic energy3) 12.36 12.58
SULH Sodium chloride 2.3 2.2
WRARE4M Sodium bicarbonate 1.3 1.5
DL-T %M. DL-methionine 3.9 2.5
LR L-lysine 2.0
L-J7& R L-threonine 0.8 1.1
AT R KL Starter premix! 5.0
FALAFE Choline chloride? 0.4 0.2
JE TR AL Finisher premix 5.0

T 1) B TR (45 T BUR R BB KT ) 44 F A 3 500 000 1U; 4542 % E 6 000 1U; 425 % K, 1 000 mg; 4k Z B1 600 mg; 2
% B2 1200 mg; 4E2E K B6 500 mg; 4i2E K B12 6 mg; AW E 40 mg; IZ RS 4 000 mg; MR 150 mg; 4843 C 1 500 mg; 4L % B3
8 000 mg; ¥ 1 500 mg; 2k 15 800 mg; 4 : 14 230 mg; 4 5 500 mg; il 185 mg; %k 70 mg; M 54 mg; 4 40 mg; AR 25 000 mg; T FEH 4
25 000 mg, 2) JEWIHHRA (B T s BHRE HE FRKF) (4B 3K A 2 500 000 1U; 4423 D3 1000 000 1U; 4E4: 3 E 10 000 1U; 4EA:= 3R
K3 700 mg; 44 % B1 400 mg; 454 % B2 800 mg; 4E4: % B6 400 mg; 454 % B12 4 mg; 2EME 30 mg; 12 BR4S 2 800 mg; 1112 100 mg;
A C 15000 mg; 4E4: Z B3 5 600 mg; #F 10 500 mg; £k 10 920 mg;4f 9 950 mg; 4 3 550l 137 mg; % 70 mg; fili 70 mg; 4 30 mg;
JHEE 25 000 mg; T I A 25 000 mg, 3) FCHIRESAAT & M) kg ™!,

Note: 1) Starter premix ( nutrient level per kilogram) :3 500 000 IU of vitamin A ;6 000 IU of vitamin E;1 000 mg of vitamin K; ;600 mg of vitamin
B1;1 200 mg of vitamin B2 ;500 mg of vitamin B6;6 mg of vitamin B12 ;40 mg of biotin ;4 000 mg of Ca pantothenate acid ;150 mg of folic
acid;1 500 mg of vitamin C;8 000 mg of vitamin B3;1 500 mg of Zn, 15 800 mg of Fe;14 230 mg of Mn;5 500 mg of Cu;185 mg of I;
70 mg of Co;54 mg of Se;40 mg of Mo;25 000 mg of choline;25 000 mg butylated hydroxytoluene. 2) Finisher premix ( nutrient level per
kilogram) :2 500 000 IU of vitamin A ;1 000 000 IU of vitamin D3;10 000 IU of vitamin E ;700 mg of vitamin K3;400 mg of vitamin B1;
800 mg of vitamin B2 ;400 mg of vitamin B6;4 mg of vitamin B12;30 mg of biotin;2 800 mg of Ca pantothenate acid ;100 mg of folic acid;
15 000 mg of vitamin C;5 600 mg of vitamin B3 ;10 500 mg of Zn, 10 920 mg of Fe;9 950 mg of Mn;3 550 mg of Cu;137 mg of I;70 mg of
Co0;70 mg of Se;30 mg of Mo;25 000 mg of choline;25 000 mg of butylated hydroxytoluene. 3) The unit of metabolic energy is MJ-kg™".

1.3 MEIEBIRESF*E

1.3.1 ERKBEREERRE RIEEAT(40 ) RAXGKRE T 12 h 5B R, RESTFIFHIKIE G
W, 7E 4 C MR 3 500 remin™' B5.0 20 min K53 B WIS & T EP &, F 20 CUKFENEAE. RENNE
P LRE T oy FFE 8 4% 22 5 B R % il 1 2 2L 2R o0 FRERGE A TR, RFESS RS e 2 -80 C
R URIRAT

132 HALAR/EELT RESTCENITFNEFRE , DI E H & ARG E A SRR R H (g ke ™) .
RAE TR AR L2 BRI ZURR T, LAZH 2R | RS TG PR F A AR i R FOR L8V E A3 L (%)
1.3.3 MIMEERIERREN 03 DA N E M (ALT) 4 505 5 1 (AST) 3 4588 (GLU) | A fH [ i
(TCHO) . % FZ g4 1 (HDLC ) K% R4 11 (LDLC) (i B I iR (NEFA) H il =8 (TG) f 14 F 3l
HEAR AT B A LA B AR 7 R30S A

1.3.4 HE $&BMMLI O L XHIFNEHLUL 4% 2 R P vp R A7 E 2, U R, #5147 HE Fivh
21 0 Jetn Bl 6 A, [l DGR WX U] E A TR A AR A ZUR 38 5 e 2 A AR/

1.3.5 & RNA 2B $RIUAXSAFIEZA 215 RNA K -8 — Wk B J5 R 58 ¢ DNA 3l 3 52 B 56 ' o
PCR(RT-qPCR ) R JFFE o B 15 5 1L 40 A G2 AH DG mRNA BUARXS Rk &, 5I9F 5 LE 2,
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Fz2 WHEEPCRIIYFET
Table 2 Sequence used for real-time PCR

H I HE K Target genes J¥%1]%5 GenBank number J¥31 Sequences(5'—3")
sedl NM_204890.1 F:TCAGCGTCAGCCCAATAAT/R : CAAGCCCCCTCTGCGATA
acc NM_205505.2 F:CACCTCCCACCCAAACAGAA/R:TACGTGGACCATCCCGTAGT
Sasn NM_205155.4 F:CAAGCAAACGTGACTGCGAA/R : ACACTGAGCGAATCCTGGTG
srebf1 NM_204126.3 F:CTACCGCTCATCCATCAACG/R : CTGCTTCAGCTTCTGGTTGC
ppara NM_001001464.1 F:TAGTAAGCTCTCAGAAACTTTGTTG/R : GCTGGTTTTCAGTGTCCACC
eptla XM_040700879.1 F:AGCCGTAATGCACTCCCAAA/R:TACAAGCTGACCACCACGTC
Ipl XM_046934870.1 F:GACAGCTTGGCACAGTGCAA/R : CACCCATGGATCACCACAAA
ppia NM_001166326.2 F:GTGACTTTACGCGCCACAAC/R : TTGCTCGTCTTGCCGTCTTT

H sed ] AFRRTEAHES A LI FNEEILE Stearoyl-CoA desaturase 1 gene;ace: LTEFF A JRALEEFIEF Acetyl CoA carboxylase gene ;fasn : i i
B2 EEHE R Fatty acid synthase gene ; srebf1 : [ £ 35 TC 1 25 5 5% 5 Rl 7B FL Sterol regulatory element binding transcription factor 1
gene ; ppara; 13 FAL P HEFHE % SZ AR L K] Peroxisome proliferator activated receptor alpha gene; cptla: AT DR AE AR BE 3L 55 F0 B 1A £
Carnitine palmitoyl-transferase 1A gene; Ipl: Jif & [ B8 Wi i 3£ X Lipoprotein lipase gene; ppia : KM 20 BE S A8 Al A J£ 5 Peptidylprolyl

isomerase A gene.

1.3.6 Western blot #ill  FRIEUHMERE 524 30 mg, 4% 1:10 M ELBIINA RIPA 2R 0PRS 219K . 23K
JEFERAE 4 CZ&AF T 12 000 remin™ .0 20 min, W8 RIS, (8] Pierce BCA i 1 12077 & I 7 2R
W, YRR R (30 wg ) 22+ The R AR N — 2R PN M IO e B M P PRGN B o 2 1 A B R
YR, L)L 50 g- L7 AWk 2 IR B 2 b, —$1 4 CHFREAR, I TBST YIRS 5 —HU i 2 h, ¥
VS, (0 5 Ak 2 KOG U, LI B S A 4 A S ik KOG EE o B &R g i AT AR CR B LU
GAPDH fEHNZ: . FIH] Image J AR 200 KB HEAT REAL 204 . BUIRME B 3,
%3 Western blot #illFT AEER
Table 3 Information of antibody used for Western bolt

k4 B Antibody KI5 Source ie=2 Catalogue No. B4 B Antibody K5 Source ie=2 Catalogue No.
FASN Proteintech 10624-2-AP CD36 Bioworld BS7861
CPTla Proteintech 15184-1-AP GAPDH Bioworld MBOO1H
PPAR«x Proteintech 15540-1-AP

¥ :FASN: Ig I l2 5 W Fatty acid synthase ; CPT1a; A FERSAAMIBEILFSF2HE 1A Carnitine palmitoyl-transferase 1A ; PPARa ;11 58 AL 4 18 5
%52 {& Peroxisome proliferator activated receptor alpha; CD36: Jig i B2 %% {3/ B fatty acid translocase; GAPDH : H Vi /¥ — 3 — 4 R i & 1
Glyceraldehyde-3-phosphate dehydrogenase.

1.3.7 BIBESEITS SR A SR EEE bR E IR RN 4540 0] 3 22 5 R SPASS 19.0 R4 E1 T
K 2 7 (One-Way ANOVA) 434, R H LSD Wil f7 2 B L #

2 ZEREHSMH

21 ABEKE FBEERFEIEHTH
R 4 A 500 RRZH AR bE , CORT i % P XS (A o JH 5 A0 I8 2070 35 52 0 ( P>0.05) , B R 35 &
R A RS R BE LER , S & T IR NS = M B IS R (P<0.05) . BA fEZEfiftH CORT 5|38 1 /R JULEE A vsi 2L il i
RS T B ( P<0.01) |, [R] 0 S A AR L (P<0.05) . 457~ BA A2kt 3% CORT 512 4 A il 3 i TT A
FBRFS L R
F*4 FAEVEABEE FEEMREHEHTL

Table 4 Changes of body weight,organ weight and organ index in broilers under different treatments

T H Trems %} & CON J% J5ifi CORT J R+ 72 CORT+BA

{AH /g Body weight 1 817.00+53.48 1 765.00+49.52 1 826.00+117.89

JF /g Liver weight 38.20+2.57 37.27+1.92 39.69+1.75
JFHR%/ (g-kg™") Liver index 20.95+1.04 22.24+1.01 21.96+1.02
BEWLE /g Leg muscle weight 60.13+2.95° 50.47+1.68" 59.46+2.55"
BEALH /% Percentage of leg muscle 3.27+0.13% 2.84+0.12" 3.30+0.17®
N5 E /¢ Abdominal fat weight 6.18+1.44" 15.59+1.86* 11.74£1.57*

& A8/ % Percentage of abdominal fat 0.34+0.08° 0.92+0.10° 0.64+0.07"

¥ :1) CON: Control ; CORT ; Corticosterone ; BA ; Bile acid. 2) AN [Rl/NEZER: R 41 7] 25 5 8. 3 (P<0.05) , Different lowercase letters indicate
significant differences between groups( P<0.05). T[i], The same below.

2.2 ABMmMFRHEEXELIERTL
HZE 5 Al 20, X7 B 41 A8 [, CORT 41 N A Il 3% o ALT 3% 14 . GLU. TCHO #1 TG 7K -3 76 i & 25 1k
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(P>0.05) ,{H HDLC F1 LDLC 7K -5 2[4, T NEFA 7KF 58 27455 (P<0.05) . BA AbFR 245 25 7 1
HDLC 7K (P<0.05) . VA L2500 CORT ZbFEE EHLAAS B 926l , i BA AbFE ] 2 AR 1L
F5 FEAIE G MERHEEELIERITL

Table 5 Changes of biochemical indexes in serum of broilers under different treatments

Wi H Ttems %t CON J¢ 5B CORT % JGEHR -+ A 7% CORT+BA
B EEG T/ (U-L7) ALT activity 9.50+1.04 10.29+0.64 9.50+0.50
WK/ (mmol - L™ ) GLU level 7.29+2.31 9.66+0.62 10.22+0.22
JH [ 8% 7K S/ (mmol - L™ ) TCHO level 3.06+0.57 2.92+0.17 3.06+0.14
F BB SR 1K F/ (mmol + L1 ) HDLC Tevel 2.58+0.04* 1.99+0.16" 2.41£0.02*
IR %8 BE RS 36 H 7K/ (mmol - L™ ) LDLC level 1.22+0.09° 0.72+0.04" 0.71+0.06"
W B NG R 7K -/ (mmol - L™ ) NEFA level 0.34+0.07" 0.66+0.08" 0.71+0.06*
il = A5 K/ (mmol - L™ ) TG level 0.49+0.07 0.55+0.04 0.52+0.02

Note: ALT: Alanine transaminase; GLU: Glucose; TCHO:; Total cholesterol ; HDLC : High-density lipoprotein; LDLC: Low-density lipoprotein;
NEFA ; Non-esterified fatty acid; TG ; Triglyceride.

2.3 HIBRTRE TG 2%

H L 1 AT HE YLt 25 536 B CORT Ab B2 R XS 2 RN, A7 BH S ) B 2 360 5 T2 e e g 1
#E—20 W78 CORT AbBE L W P9 A3 1 AR B 43 A0, A A i 285 3R g 7 JFE TG /K- 8. % B FH(P<
0.01) , 1M BA MR E AL T HEAEH TG /K-, oests T HFIEAS BT LA (P<0.05) o FBA MR R T 22
B TR 5 | 1 PRI XS g s I S AE IR R

A CON CORT CORT+BA 0.15 B

010} - i -

0.05 -

HEJL
HE staining

TG/KF-/(mmol-g™)
TG level

1
CON CORT CORT+BA
44 Group

(0)
Oil red O staining

E1 FEALEAGITAE R M= EEKFREL
Fig.1 HE and oil red O staining of liver tissue and hepatic TG level in broilers under different treatments

2.4 PISRTRERE I XEERAEN
HITE 2 W0 CORT 225 B9 P S JHFJUE v s 1y 4
B IO B i AR TR G A S ARG (edl) T2 THE
T A RALEE (ace) BYFEH Fi8 (P<0.05) , BA &%
TGN T sedl J ace WFEFFKH (P<0.05) , H
REEHIN T ARITR B 4A T 5C B il PA) 25 ol e ot ik
RS (cptla) FEPAFiK T (P<0.05) 54 BRZHAH
Ft,CORT FI CORT +BA 41t i i 105 AR & B i

[ CON;
a O CORT;
@ CORT+BA

AHX IR AL
Relative expression level

(fasn) N @?ﬁﬁ%‘fﬁ'f#é%%% KT 1 (srebf] ) N o 0 scdl  acc  fasn  srebfl ppara cptla  Ipl
SPGB A2 AR (pparad) KRR EE AR TG (Ipl) JEIH Gene

) mRNA ik R B3 5 (P>0.05) . HLR bkt 2 APERABHIRCHRRER R
HRAT BA 2SI CORT 7 S MU FFAE TG 2. Fig.2 Changes. of g.ene ex.pression invol.ving in hepatic lipid
25 HBEFEIEREHEEESELT metabolism in broilers under different treatments

HIPE 3 nI 1. BA W35 22 1 1 CORT 51E B9 FHENR 5 & B G HH FASN R ACC Y3k 1A, UK
PR SE AL M AR S SR I T PPARa SR 1K /KF T 8 (P<0.05) 555 CORT 41AH L, CORT+BA 41T
HE R0 54 A2 il (CD36 ) 19 A R 3 FRAR (P<0.05) o 4271 : CORT Ak BHLE i PAY RS JFFJFE v fig 117 22
KA AR 3k IR IR Y B 484k, AR T AR AL PRAEFRST CORT 1y b3RAE T, JE 4kl T X A1 J
T B N TR 1 WAL
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Fig.3 Changes of protein expression involving in hepatic lipid metabolism
in broilers under different treatments
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