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(R R Rk AR AR AS A fE 2 5
LR ST 095 PPARYy, 7618 J5 iz S A AR it
EHEEZERAD W PPARY G T K& 5647 1R
T AW ORI R AR DG B SR BRI , AR
TRE RS N B HE TS & 1P i (RDA) 1) 2
£, AR LA N A R 105 7 23 1, X2 R ok B
PR W DR, B T i W A i i B L sh
BRI 2 ) 35 A 0 A UL R R D A B Y
iz, HLAO 1 25 4 10 Ab B BE 1 T B, S 8008 W 4 fif
ARG I, Ak 22 BRI T U 2
T B0 T O s e e A 1 R (SCD) 1Y
FEALTEE , LA 0B 5 A= 4 A RN R RS R 3
R B R AW R S R (1 e [ e = S
BRI, BEEREANT RIS RS
DR P TR P R A 38 A% A 28I e B R T rh
O AR — ORG24 35
77 b 040 D)2 388 0 BT 40 6L 1, S T A 9 AR
W RO RS B, A A IR R R

AR 1M DR A TR R BRI A ) B A8 A, ik
s 7O A AR S SR AU AL, A
Weigand 452" {1 BfF 5 J0) 3 B e BE sl B S o8 v i
TR R ST JUE i 7 25 2 0 7 PR 2 i, 4% LAl
PR ess Akmik7 L IREN:U) )i R AW IR R R LS A T )
B A WA, 45T, AN DL A= RO A Sy B 5
XFGE WESE AR R o BRI B % R 17 0 RR DL KNG Wiy
PRI 3 I Rk iy 2w, LR R 352 5 IR Wi 1Q
AR B

1 #MHR5FZE
1.1 KXIE4AR

FERB AR R 2 I NRC (2012) B 5278 37 A i A
oA B P IERE I R G B IR B, A R
FRAE- DL 1, FEFE Al AR 09 EL Al A3 S0Es i o
40 .80 F1 120 mg/kg MIEF (BREREHIE ) | BCH 4 Fp
TR AR T R B B 0 SR A3 9.7
49.4..87.0 M1 127.4 mg/kg,

®1 ERARAMREFRKE (RTFEM)

Table 1 Composition and nutrient levels of the basal diet (air-dry basis) %

JEUB} Ingredients & Content H /K Nutrient levels® & Content
E K Corn 14.00 HifLiE DE/(MJ/kg) 10.06
/NFZER B Wheat bran 13.00 +T#15t DM 88.64
S Soybean meal 17.00 M8 EE 3.34

T KHEZEHT Corn germ meal 19.00 MUK Ash 10.45
EE Alfalfa 10.00 HLEE H i CP 17.04
724 Husk powder 10.00 L4k CF 18.78
TR Soybean stem meal 7.00 45 Ca 0.72

T & Bk Artemisia annua powder 3.50 W P 0.55

Z ZEMR K Malt sprout flour 5.00 FEHZ R Met 0.23
TiIEA} Premix" 1.50 AR Lys 0.55
41T Total 100.00

1) R A 4T s fa AR $2fIk The premix provided the following per kg of the diet: VA 12 000 IU, VB, 5 mg, VB, 10 mg,
VB,, 2 mg,VB,, 0.01 mg, VD, 900 IU, VE 50 mg, VK, 1.5 mg,Cu (as copper sulfate) 27 mg,Fe (as ferrous sulfate) 50 mg,
Mn (as manganese sulfate) 4 mg,Met 1 000 mg, CaHPO, 750 mg, #1Z #R Lys 500 mg , & fLHEHH choline chloride 250 mg , £1 4}
limestone 750 mg,NaCl 2 500 mg,

2) WAL RE i EE , HoAth 5L {E . DE was a calculated value, while the others were measured values.

1.2 Rz RIAFER

PEHI 160 H 3 A PR (1 908+105) g,
T FRER I B 1 2B R G, e (R B B AL 53 1 4 4,
Rrdl 40 H RO 1 ANEE S 4 AU % 5 i e

IO (X RRE) 40 .80 1120 mg/ke®F (Hi R Y
) PR AR RR SR A R AT )RS 4 TR O O B
W B R 5, A Bk, g R T oR
HUE TR AT, R B AR ROGAE X, 3~5 d 1H
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FoRE 1R, WA 7 d, 153 49 d, 45 %
Je B FEALI 8 F 50 e, SR FH SUME 55 1 75 Bt
J BB 52 K JE IR 107 LB R B 7 0 B8 0F RR O OF R
R T WA, MG 3 -80 TR, T
JI M A QA 6 5 PR Rk A 5
1.3 BEBIRBEEXEERENIE

K H Trizol 5 $2 BURS i 240 204 i 5. RNA, Fl
FH BN A5 s rL K R TR 43 Y6 BE T A % RNA

B R IR B 42 IR TaKaRa RNA 2% 5] &
Wi IA 43 1 17 I e 5%, SR )5 #2 IR Roche %¢ 6 5E Tt iR
R e AE , 7626 H AB7500 F 552N 28658 & PCR
X F HEAT SISO B PCR, 2R Livak 252y
F L B-WL3h & A ( B-actin) fE M NS A, H
274 g i H AR FE K ) mRNA A X Rk i, #
KEHMG YT 2,

®2 WEXEEBSIWF

Table 2 Primer sequences of related genes

FEH GenBank & 55 519 751 YK
Genes GenBank accession number Primer sequences (5'—3") Product size/bp
B—HJI.KJJE = NM_001101683.1 F.CGCAGAAACGAGACGAGATT 168
B-actin R:GCAGAACTTTGGGGACTTTG

LT A RACHE F.GTGGTCTTCGTGTGAACTGG
ACC XM_002719077.2 R.TTCTTCTGCTGCCTTTAGCC 122

B G A i .
HE W5 R & Wi B KF201299.1 F.ACCACGTCCAAGGAGAGCA 112
FAS R:AGTTCTGCACCGAGTTGAGC

i E AL Y A 1 5 ) TR AR .
i3 E AL W TR B W 0 Ay NM_001082148.1 F.GGAGCAGAGCAAAGAAGTCG "
PPARy R:CTCACAAAGCCAGGGATGTT
i A ALY B AR FE Y 0SSR o N F.AGGCCCTCTTCAGAACCTGT
PPARa XM_002723354 R:GTGGCTTTCTGTTCCCAGAG 122

= A7 Wik

TR B I EBE 5 A% il 1 XM_002724002.2 F.ATTCTCACCGCTTTGGGAGG 196
CPT1 R:ACGGGGTTTTCTAGGAGCAC
TR U T F.CCAGGCTAAACTCGCATCCA
HSL XM_008249691.2 R:ATTTGGCTCTCTGGACTGGC 119
g 2 1 B g F.TTCAACCACAGCAGCAAGAC
LPL NM_001177330.1 R:TAACAGCCAGTCCACCACAA 141
Ne Wi R iz A F.GGCCTACCTCTCTGGTGATG
FATP XM_002722970 R:TCAGTGGTGGACACGTTCTC 11

| =Y Ryt I\

BT 4E A HE A F.:AGCTGGTGGACAGCAAGAAT
FABP XM_002716060 R:TCAGGGTGATGATGTCTCCA 129
1.4 Zitoh 22 RABBFEMABKESEXNEKHE B R

RIEHE T SAS 9.2 AT 2208,
Duncan [G¥% 47T 2 5 LA, $04 FH P 34908 #1355
ik 2% (R-MSE) £ 75, P<0.05 Bn 2 H B E,
0.05<P<0.10 £/RA L FHEH,

2 &% B
2.1 {AH PR E K SR A K 5 % B AR
TARHI R

H1 % 3 A0, AR R S AN R K OF B A
M s s B DU A 52 (P>0.05) ,{H
A BEAR B R R B OB A 34 (P=0.095 3) ,

BE R AR AR ST X B E RER &

B 1 57, AR A s A (6] K P B X AR K
8 G U 1 PPARy .FATP (FAS . ACC mRNA
X R IR A B (P>0.05) 5 X HUZH A
Lo, Wi 40 mg/kg B 418 MG Wi H FABP mRNA
A RIK 1 I 35 15 fin ( P<0.05) , LPL mRNA #H
Xf ik E AR (P<0.05) ; #1120 mg/kg £¥
HJE I Ag Wi s FABP .CPT1 .HSL mRNA A X ik
w R EW N (P<0.05) , B, T 120 me/kg £F
20 Ji5 IS i PPARe mRNA H % 3 35 1 i 2 55
FUM 40 mg/kg B4 (P<0.05) , FABP . CPT1
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HSL mRNA #H X} £ 58 B & TR M 80 mg/kg  LPL mRNA AH X} 3£ 58 B 3 5 T %I 40 mg/kg
AL (P<0.05) ; #1180 mg/kg AR IR $E41(P<0.05),

x3 AR AR B 7k T8 X A 4K 3 2 B B T AR B R

Table 3 Effects of dietary different addition levels of zinc on fat deposition of growing Rex rabbits (n=8) g
T H T L& VR SN 7K F- Dietary zine addition levels/ (mg/kg) )7 AR iR P4
Items 0 40 30 120 R-MSE P-value
JE MG Scapular fat weight 12.63 12.96 16.36 12.37 4.16 0.207 9
' JE Ji5 15 B Perirenal fat weight 75.88 56.19 69.17 49.46 22.24 0.095 3

[A7 8 8 AR B R [R/NE SRR 22 R .35 (P>0.05) ARG SF R R 22 55 B3 (P<0.05)
In the same row, values with no letter or the same small letter superscripts mean no significant difference ( P>0.05) , while

with different small letter superscripts mean significant difference ( P<0.05).

PRREE I KT
13 1 Dietary zinc addition levels/(mg/kg)
12 Jo a
1y 40
101 EEso
9 M2

mRNAMI X Rk E

mRNA relative expression level

SHNWE T -1

PPARa PPARy FATP FABP CPT1 FAS ACC  HSL LPL

PPAR« ; it A YIRS SIS 524K o s PPARYy <3 S8 AL W) B VR 39 B8 ) G 52 4K y s FATP IR Wi R e iz 8 11 ; FABP i
WiBR4S £+ 81 ; CPTL : N AR BEAE B W8 15 FAS : NEWTR & WM s ACC : ARG A B ALNG s HSL - P SO g s LPL - R 26 1R
Bl o BCHEAERRTEA [F/ING F-RER IR 22 53 W35 (P<0.05) . [&] 2 [F]

PPAR«; peroxisome proliferator-activated receptor ao; PPARy. peroxisome proliferator-activated receptor y; FATP. fatty
acid transport protein; FABP . fatty acid binding protein; CPT1 . carnitine acyl transferase 1; FAS. fatty acid synthetase; ACC: a-
cetyl-CoA carboxylase; HSL: hormone sensitive lipase; LPL: lipoprotein lipase. Value columns with different small letters mean

significant difference ( P<0.05). The same as Fig.2.
1 ER AR AR E KT X A A 5 8 IR AE B T B B 4X 15T 48 5 B H) mRNA 8%t &% 2/ 20

Fig.1 Effects of dietary different addition levels of zinc on mRNA relative expression levels of

fat metabolism related genes in scapular fat of growing Rex rabbits (n=28)

23 ARPRIMARKFEENERMEER

g 1 o g A (X151 4 S B B R B R 3 %W
P2 S, GRDRR HR S 0 AN () 7K P A X AR WFSE A B, IR B v b 58 v B T B 3 B AR TR

S S NG i PPARa . PPARy (FATP FABP \FAS.,  “EBRVEMEHREBEEREA SR, frld £
ACC mRNA X RBREA BEL (P>0.05),  BAHIE NG b % 1 25 50 25 16 F o 4n
5 BRAH AR L, WS N 80 mg/kg BEALE TR U A W RBE I, 2% AR S0 EF 40 AR b B 1 TR, HL
HSL mRNA FIX} A B 05 (P<0.05) s IR S I0RIEARBUEON 2, F 2 2 0F 18 1 2 K R 2
120 mg/kg $FAH B JH RGN CPT1 . HSL mRNA M 885 , {288 T 08 W 2 i, 30 il 1 8 W5 G Bk, A T 0
Xf ek i i 2 B 5, LPL mRNA X 3235 i i 3% T EIERG W UTRR P ARBR IR 45 R BN f R
[ (P<0.05) , TR INEEA 5 R s i OB B AR R g, 5 Bk
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WEFEAS R AR AL, Ui W1 B B4 95 0 BE 3 AR LA v i

6.0, (AREERIAT
55 Dietary zinc addition levels/(mg/kg)

mRNAMINT RIEE

mRNA relative expression level

0
PPARo. PPARy FATP FABP

W5 DT

CPT1  FAS ACC HSL LPL

2 AR AR NS Bk T R A K I S 1 B B i v B X 16H4E X B B mRNA X RIAE R T

Fig.2 Effects of dietary different addition levels of zinc on mRNA relative expression levels of fat

metabolism related genes in shoulder fat of growing Rex rabbits (n=8)

HE W7 A B = Bk AR R R R R B R B A
b, FE M R i S R TR S A A R AL iE A SR
BRI I, AL AR B 2 G G R AL B, CPT
i 355 R Bk 7 3 It R R A Tk B2 1 2 (CPT2) X 3
T2 11 A A1) PR WA A TR e B TG ( CPT) R &
KA k3L B A T 2RO IR S T Y B BT
CPT1 4 € fELRLIR M - | 5 50K It SE R B A 7%
b A RS PR, 3 ok 5% 2 i o o R AR I, E A B
FALZ BT LR R 9 i CPT2 BF Bt 5 1A Bl 74 5 4
LA A CPT1 ®A MR R B Ak
(1% R G, 2 4 R 5 A R 5 1 A b Rl AR Y
T A VE S 4R HE B D5 R AR 5T 5 1% 5C B A
AL, HSL J2 g W 43 AR i o AR b A B
it , LA 4 Il = T8 7K g 1 H i RS U R, A
PUARBERED™ . WIS £ W], FAS 5 HSL ik &R 1
{E55 LPA AR 7 o v A 42 8 0 IE A E Y LPL
JENLN G W T2 B AU B 0 b B vE B AL 8 T RS
il 18 22 1t , 2 R U7 At A o3 A i — A R AR R W, 7R
AR T UL I R A DR, B VR B AR
ZH 2V i T RS 0 T A5 AR X, B E T B T AR i Y
J7 1), M HLAA G BRI B 7 A AR

A WF 5T I, b 75 B R B e /0 B 3h ik
PPARa mRNA X} ik & 25 T 5, i 156 B A b EF
ATREIE i b VA 1A PPARa Y 2 35 R 3% i AR Wi
R AL, DRI D H i = ey = A2 AR 6 2%
WER, WA PRI 120 me/kg B LI T A K
A B R W5 A0 A RS B PPARa mRNA A X} 26
ki, WFSE R AR R A A T RS

JHEREH FAS A1 LPL 175 ¥ #1165 ' LPL mRNA
FAXH kB R AR B 1R T B E
CPT1 W3k, FiE T UL CPTY R3L™ i
AT 25 A 7 )RR S A R KPR X A K
W o IR i AV R IR i vh FAS MR8 A 7= A
W, N T LPL Bk, LA T CPTI %
K, ST AR RA—, X e T AR
Fi AN 22 18], B 0 e 1 SR Ak oy i e T A R
[ A S e P 0 25 R4 DU, = 5 08 Wi & i)
FAS 3K o] BB RN 2 FE AR SR ], A58
G AR AN 120 mg/kg B AR Kt I IS
[ AU A s B e HSL 1Y 3% 35 L, FAS 5 HSL
mRNA AHXF 2R 35 5 1 H AT %, 100 B i 7 40 ik 334
i, AT A5 B I TOAR sk 2

4 &

TR AR 120 me/kg 5% (BRIRAFIE )
TR RN i 53 i ok R b G R IR A 3R Gk 1
Y Re W7 4 £ R s 7 R A Ak 2R AR DT A s i DE
FUR AR,

SEH
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Effects of Dietary Different Addition Levels of Zinc on Fat
Deposition and Fat Metabolism Related Genes Expression of
Growing Rex Rabbits
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(1. Shandong Provincial Key Laboratory of Animal Biotechnology and Disease Control and Prevention, College of Animal
Science and Technology, Shandong Agricultural University, Tai’ an 271018, China; 2. Qingdao Kangda
Food Co., Ltd., Qingdao 266555, China; 3. Shandong Rehabilitation Hospital, Ji’ nan 250109, China;
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Sciences, Ji’ nan 250100, China)

Abstract: The aim of this study was to investigate the effects of dietary with different addition levels of zinc on
fat deposition and fat metabolism related genes expression of growing Rex rabbits. One hundred and sixty 3-
month-old Rex rabbits with similar body weight were selected and randomly divided into 4 groups (40 repli-
cates per group and 1 rabbit per replicate ) . Rabbits in the 4 groups were fed diets supplemented with 0 ( control
group) , 40, 80 and 120 mg/kg zinc (in the form of zinc sulfate) based on a basal diet, respectively. The pre-
liminary feeding period sustained for 7 days, and the experimental feeding period sustained for 49 days. The re-
sults showed as follows: 1) with the increase of zinc addition level in diet, there was no significant change in
the scapular fat deposition of growing Rex rabbits ( P>0.05) , but the perirenal fat deposition showed a decrea-
sing trend ( P=0.095 3). 2) Dietary with different addition levels of zinc had no significant effects on the
mRNA expression levels of acetyl-CoA carboxylase (ACC) , fatty acid synthase ( FAS) , peroxisome prolifera-
tor-activated receptor y ( PPARy) and fatty acid transporter ( FATP) in scapular fat and perirenal fat and per-
oxisome proliferator-activated receptor o ( PPARa) and fatty acid binding protein ( FABP) in perirenal fat
(P>0.05). Compared with the control group, added with 120 mg/kg zinc in the diet significantly increased
the mRNA expression levels of carnitine palmitoyl transferase 1 ( CPT1) and hormone sensitive lipase ( HSL)
in scapular fat and perirenal fat and FABP in scapular fat ( P<0.05), and significantly decreased the mRNA
expression levels of LPL in scapular fat and perirenal fat ( P<0.05). In conclusion, dietary added with
120 mg/kg zinc (in the form of zinc sulfate) can enhance the expression of related genes in the process of lip-
id decomposition, increase the process of lipolysis and fatty acids oxidation, so that the fat deposition has a ten-
dence to decrease. [ Chinese Journal of Animal Nutrition, 2021, 33(4) :2245-2252]
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