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FRBEN T SR MTENLER
HT BEE B Ry X 18 B9 52 i

Zkl' AR sk A BRTOR NP xRSt sk T R
(LSRR K 2= S B2 R 24 B, W R 7 & L A E P W R BH b, K VP 4101285270 B4 B
A ARl AR S A ST BT, v LR 2 B A ol AR B R T N SN0 = IR B S SR TR AR BRI
KV 410125;3. fiEgll TR 2B sh PRk A3 R #6E, 7H 510225;4. 7 £ BB REE KR, T % 410600)

2:1,2,3 %
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 E. KRB S ESRAAAR T R ¥ B3t T 5 8 e i A AL AT A AT IR R By XG0 e
BRE A FHREL43.0kg TSR 30 & My A28, HFASAETL, HEAELS3 kL,
<t R LA A R AR B A AR R IR 2R A AR AR AR s e 80 mg/kg F BB RIEH S AL, R A1)
Lttt XM AFFPHEHBELSETRGT 21.91%(P<0.01) KB EKEEGLERST
26.22% (P<0.01), %2 B B4 FR 5T 9.75% (P<0.10) , k Z R A T %K T 14.14% ( P<
0.05), 2) 5 xR LaARrL X I L0 AT Bk b 40 Aw B 5 BR P ) 2R BR AR AR BR A 6 A BR A F 5 A K
T 72.09% ( P<0.01) .13.12% ( P<0.05) #= 71.13% ( P<0.01) , T LB 2 2R 5 7 11.77% ( P<
0.10) ;2 Riaf s R 5 F 75 T 40.37% (P<0.01) , L+ 5 ik & FHAK T 85.90% ( P<
0.01),WE4ER ST 55.80%(P<0.01); % Riafelg R 42 HEAKT 7.56% (P<0.05) , P
LihER A5 FBRIKT 18.56% (P<0.01) , —t+ =8 <~ W (DHA) fe —+ B =B 2T 52N RS T
96.13% #2 37.99% ( P<0.01) . 3) 5 3T BB L1AR b | 3K 3o 20 it B AL M B 39 78 4K 33 7E 2 4K o ( PPARw)
KK FREWM(P<0.05), ZL BT SHIEHE HAAMR T RmFE AR ST IE T DHA 64
=, T A8 ST 38 At B 32 AT MR B X R B PPAR« %9 & iA | 3 M 3% v BULAR 649 g B KGR

KR FRRE, T S8, i iE A ARIS AR S B BR 2R . ; IR B AR AT

FE453%ES.8816.7 X HkARINAD : A M ERHS:1006-267X(2017)11-3987-07

e (cysteamine, CS) X 44 B-Fidk LM, 2 fig'T . FATHTHIMBF SR 4R KW, CS A T S

ST A B L RGES o, SR e I 1 £ 1 I 2
PR, PR A T Y S R R T A 3 R ) R
AR BEE I W A | G IR A A A 2 Bl A
FIRENT . CS MR =TT I A PR | Py R i
W AAC AR PRI HOEAR 270 (B T 4% b F T2
b T HRBRIRE R A Z —  HAE
N o A A R SR A I A R (B R
R 2 HOIR A TR A T R . A WESE R A
T RIL T R WA I CS Al R e H AR =
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NEB R A A A — bk IR 2 43 kg BT
SN 30 3k BEPLA R 2 4L, 43 B35k X HE 4 AN
I, B 5 MEE,BIHEE 3 3k,
1.2 REARRAFEE

Z I NRC (2012) J 456 7 £ %4 B9 1A R BC 7
e, o A X i T e, LA R RS FR K LR 1,
PRI 21 7 FE Atk 4R AL P4 in 80 mg/kg CS (2l K
64.5% , )N KEBHED R A BRA AR L) o 3K
WAE M T 2 Ko & WP A IR A R AT, e
18 JH ., eI, A H 4 3 ¥ (08:00.,12:00
F118.00) , T4 75 Al G 8 4 B4 R S Ry A T

®1 ERARAMRERKE(TORER)

Table 1 Composition and nutrient levels of the
basal diet (DM basis) %
i H Ttems #r & Content
JE Bl Ingredients
FK Corn 65.5
EHH Soybean meal 6.5
%k JZ Wheat bran 24.0
R K Premix" 4.0
&1l Total 100.0

EF27KF Nutrient levels?

H1LAE DE/(MI/kg) 12.49
AT CP 11.91
HLARW EE 3.35
HK 53 Ash 4.94
5 Ca 0.66
B AP 0.25
MW TP 0.50
R Lys 0.73
&R Thr 0.45
HAR Met 0.18
HEAR+E M E R Met+Cys 0.39

VR R A T 5E B AR 42 it The premix provided the
following per kg of the diet: VA 1 300 IU, VD, 150 IU, VE
11 IU, VK, 0.5 mg, VB, 1.2 mg, VB, 2 mg, VB, 1.3 mg,
VB, 5 pg, M E folic acid 0.3 mg, JZ FR pantothenic acid
7 mg,Cu 3.3 mg,10.14 mg,Se 0.15 mg,Zn 50 mg,Fe 40 g,
Mn 2 mg,

DAL RE AT SAE , AR N SN . DE was a calcu-

lated value, while the others were measured values.
1.3 HFRRXEREREN

1.3.1  IfiL i A=A $8 bR il 2
MLIE W R0 25 R f > 2 Pk 1 kg

HEAT R #R KR I 10 mL F 55045 = % S
1 hJF 4 C .3 000 r/min &0 15 min, Y I 75 43
EF 1.5 mL BOE R, -20 CTHRAF., RHARLRE
A i3 PR 2 A (UN) | Fii 25 B (GLU) | & [
BE(TC) Hh=M& (TG) =% FEE & 1 (HDL) Al
R NG # H (LDL) & &t
1.3.2  ZHEURE N R4

TR A A A5 | 24 h, A RTROK, B4
FEE ML 1 LG AT RS BUF Pk F 8 fE 4t
SEUF AR, R 5 5% 2 -80 CvKAH HIRAE
1.3.3  JHFME AR BE AR D7 R & 2 D

FEFRERE S R T8 5, FR 0.5 ¢ e 4, Kbt
i Py P 0 5 2 WG SCHE 450 FH AR SR — £ 1% — I
T v ERL A B AR A AR SIS S
HAT
1.3.4 JHFME v i 5 A A DG 35 PR 2 306 o 0

K H Trizol ( Invitrogen 23 Al , 32 ) 74 #& B4l
41 G RNA, BLAREEE 775 2 B Simms 45100, 4%
J5 K RNA 3k B 8 57 — 2, B 1 000 ng ¥E 17 /2 %
S, R R & T TaKaRa A A, BAK 7 k4%
Vi 47, P A H Real-Time PCR J7 72 £ il
mRNA 58, 51 & TAY TR EE) K
WHRAFEB (B FFII %K 2), UL g-Hlah &
H (B-actin) NS L, LLBEIR H i il & B ( GD-
PH) it ALY B3 58 AR BTG 2K o ( PPARa) (1
=G BE D7 B (ATGL) | 2 Bt %G B A R AL o
(ACCa) M X Z K o (LXRa) F1 i U5 B2 & B il
(FASN) J B i B R AT AR E f o By LRk it
1.4 Sitoth

7 56 B HE 48 Excel 2010 #1 A4 2 H 5, i
SPSS 21.0 Geitk {4 i ST AEAS ¢ RUKS 36 E AT
2 ) 22 55 W M LR A A SR DL S M bR IR R
R, P<0.01 HEFREE, P<0.05 N ER T
F 0L P<0.10 HES BEMEAT

2 &% B
2.1 CSXTgREMBFLENIBRNZN

F % 3 Al AL, 50 IR 4L A He, 3 56 41 i 3
TC .GLU ,HDL F1 LDL & & 43l #2 % T 9.75%
(P<0.10) .21.91% ( P<0.01) .23.53% ( P>0.10)
f126.22% (P<0.01) ,UN &K T 14.14% ( P<
0.05) .
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Table 2 Primer sequences

H:H Genes 5|#) 751 Primer sequences

F.5'-CTGGCTCTGATGGTCTACGC-3'
R:5'-TAGGTCAGGTTGTCGGGGTA-3'

F.5'-GCTATCATTTGGTGCGGAGAC-3’
R:5'-GGAGTTTGGGGAAGAGAAAGAC-3'

F.5'-~ATGGTGCCCTACACGCTG-3'
R:5'-GCCTGTCTGCTCCTTTATCC-3'

F.5'-TCCCAGTGCAAGCAGTATG-3'
R:5'-TGCCAATCCACACGAAGAC-3’

F.5'-GTCCTGCTGAAGCCTAACTC-3’
R:5'-TCCTTGGAACCGTCTGTG-3’

F.5'-GTAGATGGCTGAGGCGTGAC-3’

WL H i i M GDPH

i A ALY RS LA G 32K o PPARa

Him =ERAg il ATGL

LT A R o« ACCa

JiF X Z4K o LXRa

BN R & Bl FASN
ARV 1A FAS R:5'-TTCCCAACCCTTTGACTCTTT-3’
R3 CSHTHHEMBENLIERHZM
Table 3 Effects of CS on serum biochemical indices of Ningxiang pigs mmol/L

Wi H Ttems X &40 Control group 44 Experimental group P {H P-value
JRZ A UN 4.8120.20" 4.13%0.18" 0.033
ik —EE TG 0.44+0.01 0.43+0.03 0.616
SHFEEE TC 3.18+0.12 3.49+0.07 0.058
% b GLU 3.56x0.06" 4.340.07% <0.001
I E R H HDL 0.68+0.05 0.84+0.07 0.108

R ENR#E 1 LDL 1.64+0.09" 2.07+0.05" 0.003

AT Jede SR A TG 7B B RN P R R R 22 58 .3 (P>0.05) , AN RVING TR R 22 53 B3 (P<0.05) , R IRIR S 5
BN ZER N (P<0.01) o FER[H

In the same row, values with no letter or the same letter superscripts mean no significant difference ( P>0.05), while with
different small letter superscripts mean significant difference ( P<0.05), and with different capital letter superscripts mean signifi-

cant difference ( P<0.01). The same as below.

2.2 CSXTHREMAEPREBMERSENZI 23 CSHTLHEMRBEFEMRBFEXE

2% 4 RIS 060 R A 156 20 1 Fn g
M2 ( saturated fatty acids, SFA) 7[R &5 iR | A i) 12
FAEE R % 8 43 AR T 72.09% (P<0.01) |
13.12% ( P<0.05) Fl 71.13% ( P<0.01) , £ ki
SEEE T 11.77% (P<0.10) ; 3R 1 F IS 1 iR
( monounsaturated fatty acids, MUFA ) & & #& & T
40.37% (P<0.01) , H:r SR % 2 P4 T 85.90%
(P<0.01) HR &4 E T 55.80% (P<0.01) ; £
A #1188 W5 B2 ( polyunsaturated fatty acids, PUFA)
SRR T 7.56% (P<0.05) , b7 il iR & 5 [
T 18.56% (P<0.01) , — -+ —#k /N ¥ 2 ( DHA)
Mtk =W a8 E T 96. 13% M
37.99% ( P<0.01) .

RiZEM M

A1 AT, 5 X AR A A E, 358 2
GAPH ,PPARa ATGL Ml LXRo Fik 550 W4 T
41.00% ( P>0.05) .89.00% ( P<0.05) .25.00% ( P>
0.05) f1 16.00% ( P>0.05) ,ACCa Fl FASN Fikt
SRR T 37.00% 1 25.00% ( P>0.05)

3 i 8
31 CSHTLEMBFENIERNE I

IR 25 A A 8 A3 2 B A A i 1 B
Jo St A AR Ak B e 3l W ML AR BT R A 3 RN
BRY BT EE AR b, H 3222 AR 3R K
S B K R E B BORT P A Wtk O A TR R R
mi " g TG TC F1 HDL J2 52 e iin B8 4% 355 4
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s AR ARG BT 9T 45 R WoR IR E g R
RN CS BB ML TC M3 i, X 5 /A it 56
GEIRU s 0 R A SRR 2 B A
A IR it 52 AR B2 R A R 2 A s
FODR IR 22 332 -3 — 1 3 I — 1R BA It A i A
(HMG-CoA ) i 5 il 11 IEL [ s 1) 2 i, i s i 1L
2B Bz T 2SI K ) HMG-CoA 38 5 (1) £E
B0 TC 1A 8, CS — 77 T8 i W) AR K %
R RE R | fifk 153 L Jle B2 28 R HROIR IR 2R B 9461 5 O —
7 11 30 2 WA A (A R R AL A4 A [
B AL, T I35 TC & 2 5 17 UN &
I B4 R B s AL B A R

SR R SR AR AR B4 R &
IS ZH i3 UN % 2 FEAG, SR WA AR 7S I CS i
HE TR PR BT, 2 i R R X 5 R
TSR B A A g R — S, A
¥ 25 W LDL 7E 1 & e 2152 i i 28 0 H 2 AN [ i
FIVERT FE R s €S A R AR UL 7 TG A
TC Frm S TR A a i CS X i
AR AR IV F 22 Sk, v BB S5 0 1 A R A4
AR AL 5, AR & B, R TP CS
AR T M3 b UN & &, & 7 GLU M LDL &%
i, R CS AT RER 3 1 5 AR

x4 CSHTLHEFEFKERBHESEMNHM

Table 4 Effects of CS on liver long-chain fatty acid contents of Ningxiang pigs %
i H Items X H82f] Control group J 554 Experimental group P {H P-value
WG RERR C14:0 0.369+0.006" 0.103+0.013" <0.001
FEHEER C16:0 18.311+0.352" 15.908+0.723" 0.017
+L5iik C17:0 0.586x0.022 0.655+0.028 0.093
i 5L C18:0 30.248+0.297 31.027+0.419 0.168
AR C20:0 0.142+0.006" 0.041+0.003" <0.001
FEMIAER Cl6:1 0.490+0.019 0.561+0.036 0.118
SMER C18:1n9¢ 1.085%0.096* 0.153+0.003" 0.001
AR C18:1n9¢ 10.186+0.139" 15.870+0.167* <0.001
Wl ER C18:2n6¢ 17.030+0.463% 13.870+0.459" 0.001
a—#REE C18:3n3 0.100£0.002 0.106+0.011 0.627
y—IVFRAR C18:3n6 0.142+0.018 0.109+0.006 0.122
A6 TR C20:4n6 19.606+0.597 18.865+0.862 0.500
ME—=11-—ABRIFHER c11 C20:1 0.185+0.017 0.185+0.013 0.995
Z Ak =R C20:3n6 0.745+0.048" 1.028+0.010* <0.001
TP TROSNETR C22:6n3 0.775+0.068" 1.520+0.136" 0.001
TANEIR SFA 49.656+0.459 47.734%1.111 0.149
R AAR IR MUFA 11.946+0.209" 16.769+0.148* <0.001
Z AN g iR PUFA 38.398+0.587* 35.497+1.061° 0.044

3.2 CSMTEIBAPKERIERSEMNHNT
JI 1l B2 7] 43 & SFA  MUFA #l PUFA?'! | 7
IR 25 SRR, 5% RALA e, 56 4 MUFA &5 i
et 4R R, SFA SR E 25 HE, K
SFA H A TR R il i AN AL A R 1 i 35 PR AIK
+ERBR T EA RN, AR RN EE
iR T DB 5 I35 T TC &5 i, A R BE I A1 1M 375 v
TC W& & A K RATFFE & B, B8 A5 R % A%
TC WU AL AE T HFRAK T TC B3 i, [R B X
JIEL P A A A R YTl R A R AR A A DU

P& | I3E TC AL B2 A 2 11 S OR3P AR A R 1Y
fEAI . PUFA Hh G Sl AR T LA B IS i 3§ TG A
LDL 4, # % HDL & ™', DHA 1 [ % i i
TG .TC Ml LDL & &, 48 & HDL & &, i o 35 1fiL
TAEIR , R AR M ZE 20 X R W F v SFA |
MUFA 1 — 26 g fifj 1% 1) ¢ I 7T R 2 CS 76 e b
REAK TC B, 516 s 7 R 7 & 1 A8 4k, 2L iR i 1R
FABLENA FE ik — B R AR ST . A ik, 556 41 i 3
TC & &2 m 1Y, X Al B2 i R JE 1 Ve .
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Xt #E4H Control group
M {58 4 Experimental group

1.5
0

R SENMY B ZBE jemiE BFX
Bl B =B WA SEF ke
AR AETE FEEE Bk
2k a B o
GDPH PPARo ATGL ACCa FASN LXRo

FIEE Expression levels
S

o

HETEARTE = Ron 5 X LA 25 57 .35 (P<0.05)
Columns with * superscripts mean significantly different
compared with the control group ( P<0.05).
B 1 CSxtT % 5%ATAE A AR A 51
HEXEEREEHFME
Fig.1 Effects of CS on the expression levels of
genes involved in lipid metabolism in liver of

Ningxiang pigs

3.3 CSXTSHEARERRSEEXERRIEEN
=AU

JF I 2 i A5 1 32 2237 BT, 76 g 5 AR 1 2ot
Ferp, 56 B #Y B8 /5 GAPH., PPARa, ATGL
ACCa ,FASN 5 LXRa %, HH ATGL ,PPARa 5
LXRov A2 7 WE rfv B B 53 i A% 355 19 5C 4 il , ACCar
FASN J& g iR A U S g . Al 25 R R
Lt AL AR E , IR AU I AE P PPARa 3535 1 10 3%
AN, PPARe TE 40 M 3% 35 %55, 3 3k X Ik i
AR A G 3k PR SR AKOF IR 4%, 2 5 s T R B
fift A B AT AR IR B AR B
734k, PPAR« Z: 55 I [ B AR A QI 0 5 S A2
PR AR AR AR AR RS CS Al 4
R RS MmO R e 00 A T 3R
e I M R S A A f R Y
PPARa, A58 W, PPARa F A 3k F R AT L)
TEERE MR Y Stk 72, 9 3 5 DHA B& ™,
IEAh , ATGL J& TG 7K i 1) FR 3 i, GAPH /& TG X,
i — AR B R ARG R R, CS R E
JUE 1R I e 1 44, B3 T LR RR i AR

4 45 it
HET S HIEEHBER I IN CS RE#2 & fF ik

T DHA B& &, Al RE 2 i ik J8142 I JOE 64 s 07 4 Qa5
FEIN PPARa YRI5, BE T 52 WAL A A4 i 17 X385 o
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Effects of Cysteamine on Serum Biochemical Indices and
Liver Lipid Metabolism of Ningxiang Pigs

QIN Longshan' XING Yueteng'> ZHANG Yang' CHEN Yuguang' SHU Xugang®
LIU Xingliang® ZHANG Bin'® WU Xin"*?"

(1. Hunan Co-Innovation Center of Safety Animal Production, College of Animal Science and Technology, Hunan
Agricultural University, Changsha 410128, China; 2. Research Center of Healthy Breeding of Livestock and
Poultry, Hunan Engineering and Research Center of Animal and Poultry Science, Key Laboratory of
Agro-Ecological Processes in Subtropical Region, Institute of Subtropical Agriculture ,
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Abstract; This study was conducted to explore the effects of cysteamine ( CS) on serum biochemical indices
and lipid metabolism in liver of Ningxiang pigs. Thirty Ningxiang barrows with an average initial weight of 43
kg were randomly allocated into 2 groups (each group had 5 replicates with 3 pigs each). Pigs in the control
group were fed a basal diet, and in the experimental group were fed the basal diet supplemented with 80 mg/kg
CS. The trial lasted for 8 weeks. The results were showed as follows: 1) compared with the control group, di-
etary supplementation with CS increased serum contents of glucose, low density lipoprotein and total cholesterol
by 21.91% (P<0.01), 26.22% (P<0.01) and 9.75% (P<0.10) , but significantly decreased serum urea ni-
trogen content by 14.14% ( P<0.05). 2) Compared with the control group, dietary supplementation with CS
significantly decreased the contents of saturated fatty acids such as C14:0, C16:0 and C20:0 by 72.09% ( P<
0.01), 13.12% (P<0.05) and 71.13% ( P<0.01), but increased C17:0 content by 11.77% (P<0.10) ; and
increased the monounsaturated fatty acid content by 40.37% (P<0.01) in which C18:1n9c content was in-
creased by 55.80% (P<0.01), but C18:1n9¢ content was decreased by 85.90% ( P<0.01) ; while decreased
the polyunsaturated fatty acid content by 7.56% (P<0.05) in which C18:2n6¢ content was decreased by
18.56% (P<0.01) , while contents of C22:6n3 (DHA) and C20:3n6 were increased by 96.13% and 37.99%
(P<0.01) in liver. 3) Compared with the control group, dietary supplementation with CS significantly raised
the gene expression level of peroxisome proliferator-activated receptor-a ( PPARa) ( P<0.05). It is concluded
that diet supplementation with CS can increase the DHA content in liver, which may be related to the regulation
of the expression of PPAR« in liver tissue, and then affects the liver lipid metabolism. [ Chinese Journal of An-
imal Nutrition, 2017, 29(11) .3987-3993 |

Key words: cysteamine; Ningxiang pig; serum biochemical indices; fatty acid composition; lipid metabolism

# Corresponding authors; ZHANG Bin, professor, E-mail: zhb8236 @ 126.com; WU Xin, associate professor, E-mail; wuxin@ isa.ac.cn

(RAEHmE WHA)



3994 EZ/|

i

P 29 &




