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2. HFSEKEMARAF,HFS 266555)

B RARGEAREARTERI MK PFFARBMALLEELTAMXARALIG R, &
F 160 RN EARUG) 3 AR ALY A 48 FHAONEL AAEAL] R L, 4
LA S B AR R A AR B R R e O (PR (40,80 Fr 120 mg/kg 4% ( VARRBR 4F 09 X) 4949
AR, FUKHA 7 d, EiXHE 49 d, BR BT SR AAR L, AR F R Ae 40 F2 80 mg/kg £ B R
HEEFEREZIEG(P<0.05), WA P Fm 120 mg/kg HEX W et £ EFELRE LA (P>
0.05), Lt aAgrt 44 P R Ae 40 42 80 mg/kg 4F B X3 T Wit 25 5% G (Noggin)
AT RE F(P<0.05), RFEART BH S L ALK G 4(BMPA) KA R oy Aaxt Rk & (P<
0.05) , A RSP KR & & % ¥ (Versican) BB B (ALP) M@ £ K W T (HGF) BB A X
A A 2(BMP2) Fe ik By FAF A KR F-1(IGF-1) AR ey Aasr L X XA L F ¥ a(P>0.05),
tx LR ABRBR A XA 3~5 A% A KM A F 7 hm 40 3 80 mg/kg 4 AF, 7T id iE ki
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B, I FE A LIRS B R A K, T
PR S RE U N e I 5 1 S A i i
HEAE o, B UL E T B A R R B
=SS B URR SR A SR £Y 2 7/ R i s bR 2
X 19 2R M A e A R A L (RO T
XF BB K H A FEALE R AN T, ST, AR
0 108 3k 7 R A )RR S I AN [ K B B T S ) R
HREFER IR X B0 B A R T SO SR R R TR Y
SR, LI ) D 4] R e B 0 4 R 5 B R R
BLH

1 #MR5FZE
1.1 R HARIAFERE

T SR S0 AE LU AR AR Ml R 27 7 e DR 1 4
AT, BEHL 160 H 3 % i fil B o , R FH SR IR R

BEALIX 2301, Bl s i e B AL 43 4 41, 40 40
ANEE BAEE 1 H 7R LA R T LU R B
(A B T ) B S I A e, 4 A G o i) R
WANKFH 0,40 80,120 mg/kg FY i 36 1) K, ]
M B S i SO A 4 Wi 9.7,49.4,87.0 Al
127.4 mg/kg, FEMLFEM S I NRC(1977) M A K
G i 5 b o TC T I R, ) ek 2 B 3R KT L
1, FERHE AR P IR & N S5 O B R R K
Oy BB SR E R (2007 AR5 18 ) ) 1 4% 4kt
JEORL B R O T AR A, i ik i e A B
WIRTEVETH T, R H e FE 7 | 50 4 B 8 ]
I, WA RR F ARG Gl XL, 0730 FT 1630 4547
1R, AR EMROK, W3R R B B
2017410 H 9o HE 2017412 H 4 A ,3: 56 d,
HAp w7 d, 1B 49 d,

®1 EREARARMREFKT (RTFEM)

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

JE Bl Ingredients & Content

B K Nutrient levels®

% Content

EK Corn 14.00
M1 Soybean meal 17.00
FEKHEZEHT Corn germ meal 19.00
/N #REZ Wheat bran 13.00
FE5e# Husk powder 10.00
R K Soybean stem meal 7.00
1§ Alfalfa 10.00
ZZERA Malt sprout flour 5.00
FHEEHN Artemisia apiacea flour 3.50
TR A} Premix " 1.50
41t Total 100.00

W 1kAE DE/(MI/kg) 10.06
T¥ i DM 88.64
HE A CP 17.04
HLIK > Ash 10.45
HLAE T EE 3.34
T4k CF 18.78
& Ca 0.72
P 0.55
AR Lys 0.55
HER+EDEEFR Met+Cys 0.66

1) FiR AR A AT 5 iR B 32 41t 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, 22 Lys 500 mg, & ALHHHH choline chloride 250 mg, £1 43}

limestone 750 mg,NaCl 2 500 mg,

2) {H LR N SE R S T, FA S SEE , T ARRETH A  TH AR RE = TR A B RE SR8, TR SRAE 1Y SE IR T
P AR 4 A 3 A 5 A 34790 % . Digestible energy (DE) and amino acids were calculate values, while the others

were measured values. The calculation formula of DE was: DE=gross energy intake ( GEI) —fecal energy ( FE). The gross energy

of diet and feces were measured using automatic hot oxygen bomb test apparatus in the form of air-dry matter.

1.2 HEmRERH&E

TEfR IR I 25 S, AL BE L e B 8 H a5
Yoo TEIRIRINE 7 AL 73 3R 4R B IR 2R
i, — B AL BVE TR P IR AE T TR SR A 1y
Mg ; —F BT ZRPBERRTEE, 1T 5%
W 8 B ME) BIE

1.3 EEZENE

W R 4B 1 Jz Bk 2 SRR R B R R ORS - D4
(HE) Jetayk g e A s bl 51 IR e B Alse T
PTG B 50 Hr T B R
1.4 2 RNA HIRIEERERIE

Bz W ZH 4URE (1 RNA SR Trizol #:1 $2 5



3534 o ¥ B F

S

AR T B 258 P A0 A 0 0 D' ' B T St 4
il RNA {5 MR, 2 EG 3 st R & ks
RIS RNA 56 5% cDNA, I sk 2
K2 ”, R H SYBR ® Green 1 & & 2¢ 1
(SYBR ® Green Premix Pro Taq HS gPCR Kit, i#
3B E AR W) TR A R 2>\, £ Fi & Roche
LightCycler96 52 I 55t & &t PCR X b H Y A& [l

TP R WK Z W F . 2xSYBR ® Green Pro
Taq HS Premix 10 pL . 42 100 ng. iF [ 5| ¥
(10 pmol/pL ) 1 pL | JZ 1) 51 ¥ (10 pmol/pL)
1 pL .ROX Reference Dye 1 pL,#XJ5 HiJC RNA fiff
KAN & 2 20 wL, PhH b - 3 - 0 R i = i
(GAPDH)fE A2 BEIL N, ] 27 2k 70 i1 B 1Y %
BRIAR X 63k 5, 3 3 AR 5 741

x2 REFRERAN
Table 2 Composition of RT system wL

{77 Reagents

WS Adding quantity

WiF% S Transcriptor reverse transcriptase 0.5

W5 S 2% WK Transcriptor RT reaction buffer (5x) 4.0

RNase 157 Protector RNase inhibitor 0.5

Wt SAAZ FE R 1R A W Deoxynucleotide mix 2.0
Bl /S AR 514 Random hexamer primer 2.0

1 RNA Total RNA V, =1 000 ng/RNA i ¥
X HR RNA Control RNA V,=11-V,

41t Total 20.0

3 HXEEHNSIWFT
Table 3 Primer sequences of related genes

A GenBank % 3 5 51973 e
Genes GenBank accession No. Primer sequences (5'—3") Product size/bp
I — 3 — T R N F:TGCCACCCACTCCTCTACCTTCG

GAPDH NM_001082253 R:CCGGTGGTTTGAGGGCTCTTACT 163
M REA F:CCAGCACTACCTCCACATCC

Noggin XM_002719279 R:GCGTCTCGTTCAGATCCTTC 123
Tl T Tl P . F:TGCACAGAGCAAGAGAAGGA
ALP XM_017346489.1 R:TCTCCCAGGAACAGGATGAC 125
M A5 5T 2 1 2 F: AGGTCAGCCCTCTCAAGACA

Versican XM_017344567 R: TCTGTTCTTCCCGAGTGGTC 119
JEL I RS U

BIESKEEN 4 F:ACCTCAACTCCACCAACCAC

M 11 2: 12

BMP4 NM_001195723 R:.CATCCAGGTACAGCATGGAG 0
JH- 20 g A= 4 X F:TTGTCCTCTTGCTCGTTGTG

HGF NM_001168707 R:TCTGTTCTTCCCGAGTGGTC 120
JBL IS A 2

I, Rack: = ) F:GGTTTGTGGTGGAAGTGACC

BMP2 NM_001082650 R:AGTTACGAGCAAAGGCCTGA 19
RS BER AR T -1 F:GTGGAGACAGGGGCTTTTAT

IGF-1 XM_008256718.1 R. TTTTCTTGTTGGTAGATGGAGG 234

1.5 BESEITHH
B 1 SF S48 2 5 MR 22 RR, R ] SAS
9.1.38 11 41 ANOVA T T T B & 5 2443

M7, R Duncan KL 172 & L, P<0.05 h 2
E‘E%o
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2 HBRE5HH
2.1 {ARABEERMKEX E KM EEZE ERN
Hi 4], 550 IRAUAH LG, 4R R P s 4o Al

80 mg/kg FEMf Wi i B RFEE R EH ™ (P<
0.05) , FA AR AN 120 mg/kg 4 %G ) 6 42 %%
JE TG 5 (P>0.05)

x4 ARPESIMAKENERBEEEZENIZM
Table 4 Effects of dietary zinc supplemental level on hair follicle density of growing Rex rabbits (n=8) #/mm’

- TR R S K S “ -

H Dietary zinc supplemental level/( mg/kg) REA P

Item R-MSE P-value
0 40 80 120

BEWE Hair follicle density 128.50° 145.29* 149.66° 132.87° 6.54 <0.01

[RIAT 558 I8 A5 e T B B A [F] R R 2 B A 3 (P>0.05) , ANEV/INE FHFRR 2 5 B3 (P<0.05) . %A,

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). The same as below.

2.2 ARPERNKEGERBEERLTHEX
BEREFRIEHFMm

H1 2% 5 FIAT, 5 AT AH Eb ARDRR P B S ik
SN 40 A1 80 mg/kg A G ) AR 22 A S A
( Noggin) 5 K i AH XF 2% 35 i 1 3 I+ sy ( P<0.05) ,
B LA E I 4( BMPA) 5 B A X 2234 2 0
FHIEAK (P <0.05), 1t AR H B 9 K R

120 mg/kgM Wit i Noggin & K (1) AH XF e 3k & 6
WAL (P>0.05) , BMP4 F R i A X 26 35 & i
F T (P<0.05) o TR RIS IR [R] K SF- B %0 8 e
[ Bl A1 € B 8 2 B ( Versican ) | B8 1% B B2 Tl
(ALP) JF#AK K F (HGF) BB & kA&
M 2(BMP2) RS RZFEAEK K F-1(IGF-1) J K
() AR Rk B AT W E F2 W (P>0.05)

RS ARPERFMKENERMEERLFHEXERREHNZM

Table 5 Effects of dietary zinc supplemental level on expression of hair follicle development-related

genes of growing Rex rabbits (n=8)

FapRR TR BRI i K -
HH Dietary zinc supplemental level/( mg/kg) BRI P
Items R-MSE P-value
0 40 80 120

AP FE M Noggin 1.00° 2.61° 2.58° 1.17° 0.70 <0.01
B PERERR B ALP 1.00 1.04 1.23 0.98 0.28 0.41
MEANIE AR I 2 M Versican 1.00 1.00 1.00 1.00 0.49 1.00
BIESKAEN 4 BMPA 1.00° 0.65° 0.70° 1.41° 0.23 <0.01
fran A & N HGF 1.00 0.96 0.87 0.90 0.38 0.93
HIES KA HEH 2 BMP2 1.00 1.21 1.37 1.31 0.42 0.47
R EREA K EF-1 IGF-1 1.00 0.87 0.95 1.31 0.42 0.32

B AT A ) 3% 3k A AL s W ML AR B 2 A=
3 i K, NmEEs B AR EF" B R
3.1 ARPERIMAENERKBMEEETEN R, TEM G o) R TR S N AR TR B R 0 4 R e

A1)

EA WIS R UL, B Al AR SOKF B HE
A T 25 D3 4 R 1, DA T R 4 R AT 1 R S
Fk FESY B AR G R B i A

BB B Bl B e, AN DR AL T AT 5 45 2R
QR 7 A R G T AR v AR R B 1 XS i
BEME TR B AR IR B A
TR b A AU S50 AN TSR 3 R
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S 33 &

TR B a, T g AR, %
PR R AT B G0 Kt B R R A
NI 7K - B 48 5 1 A5 BT 3% 0, Plonka %6 1|
C57BL/6 /MR A WF 58 B R AT 0 5 A B0, K
Fla H REERR e B E RN B RAERK ., AR
AR5 AT WA FE 45 R — 3, 3R A BN a0y B
Rt EELT, XS T SCHR 2
T8 ECR) A ) B R e B kA G I T R
A,
3.2 (ARBERMKENERKMEEEZELZETHEX
BEREREH M

Versican FEAF7E TN, B —Fh K
Oy TR B AR 2R A 20, TE AN I L
B s Ao e rp i mEAEN Y AR,
Versican 2 5 B RIES M &L B EAE KM YERF
TR LG EHETRE Soma 55 W5 &
Versican 75 B#E B 7 L3k (R [A] 4R K By B R ik &
R, A 4 33k 2 3 m 7 3R 1k 0 26 3k &=
BRI RS B 2R IR IR 1 iR Versican
E=E SEAE O/ RRTE R Y R =Y e
K ALP W BEL KA T B R IE BUEE 1Y
—IEE S AR, AR, N RE KBRSk
M Ik ALP fE A S TR HEEE ) 4
J= ALP {EPE O A B 4, IS 5 ALP 1
W AR BN IS B B T O 5
g 00 i 7 o ALP 5936 1, 7E 300,500,800 mg/kg
() = BT TR DY B AL A i ALP 3 P A5 3
BERESD ) HGF BR—MZ K0 4 K W7, B
55 W] HGF figg W] WAL ARSNGB AERK K
F 7, Jindo 2 W B 5T K PR, AE AR ARG 5 /N R
il 251 & 4 (356 P 10 peg/mL HGF X /NRB & A
KA W S 4 JE4E FH , DNA & i RE Jrbsam 3%
ik HGF By 3R/ B s S 00 & 4,
TR TR, B B R Y A, 1A
RPN A [) 7K B 6T A2 KR Versican (ALP
HGF FE DR (A0 X 3% 1K 8 1 0 Wl 38 R i), 3 b 3L [
W HERAERK T SR, %45 E U
REHE K T v RE I A Sl i Versican . ALP . HGF
FEPR T VE R SE B, IGF-1 #% 1k BH B %
S HEE A A AR 2 ) R A, 4
TR MPIIIA K WA 43.57 mg/kg £F
JF TS TR ER T IGF-1 R ESET
FNFEFLIR S A R i T IGF-1 3L 1) 335

RS AR R R A IR [R] K P
XA KA IGF-1 JE R AR X 3k 8% A 7= A
FRW X5 LR ar AR A R —B, gy
XEASTRVEE DR 1) A 24 R RS TR, E AN R 41 81 p
P8 T A MR A 355 R A A AR A 2 5 7 AR e )
LT 55 765 % I 43, 2 52 T AL AR K g R i 3
A S AR T 4 AN — A SRR A X R ]
P (0 0 ) 3 e AL S ), LR W) A 40 i) B 3
HEEERE A B A K AL R £ R B
PRI it — B4R, BIEA R AEE A (BMP)
550 M BRIE S KA & A el R o ke 41 ol 1
F B0 B R AE KW 2 i i 700 322 5
0 ) 7 5 AR 1) I S e A AR AT ) AR 1k
BEALL D WESE R B, BMP2 JE DR LR B 6 25 1
Ha i F Ik W T R R R mi K
1B RS0 2 B K B % R BMP2 JEH Y R A 2
MY 27.8 % BMP2 RE 51161 N 52 7 4L o
BRARE, FEAEGIFE KR BRI E T A
FEVER™ . BT 0, BMP2 16 B 5 4 K R 0T Y
AN BRE S 2e3k  BES HE R B AR A TR 1R,
MR e B 2 28 & 28 . BMPA SERFE A R
ERRF R BRI G B R g0HR
FEAE PR 1309 0 5 S 72 T BMPA JE R X 6 4% 441 g
AR Noggin & H AT B BN 12 5 #
ZIOLF AN EEEA, T LUIE ST A",
Botchkarev %5/ B 5% 2 B | Noggin 7 HLAA IR i it
WM R B BRL kb RE, BB B4 L
M 5E , 5 S B R AEK . Noggin IR 2
kTR R A K R YR D B T
Noggin/& BMP W #5iHit{k, 7 LI 5 BMP2 Fl BMP4
gh4 N0l BMP {553 %00 7E R Y
EHEIE AT, Noggin HE % fift bk T 9% 5 4 20 il
BMP XJ 548 (1) & % | K 40 it b Wt {5 5 #9417 i
VER, 08 T 38 7% B 2 5L B 1 B 40 i A 3
Noggin %F BMP [ 7 JZ 3 ¥ 5 15 1 5 5 T I i 199
BRI RIS i B AR A R IR
IneE B ¥ fig i 3 B /D BRUSCE 40 i BMP2 SR
IR AR IR 45 R R, X AR KO B
Perp BMP2 SEHBIHIRT RA B LR E R, X5
MAMFRGRAN -, KWUSHEELEN
BMP2 FEPRI AT I AN 2 B A6 A v R A HH iy 3 3
B8 it 88 BMPA 5 Noggin 3 R X M 2 &
RRFHATREN 25 LTk, #4538 i
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G B R MR AL AT e 238 0 T R BMPA 3
PRI A 2Rk | 2 ATl 20 X6 B AR A i B, L B
i Noggin K 3% 3K , Noggin 43 b 3 41 i /Y B 4
R A, I1 5 BMP4 45 G, N3G B4 T
A A G B

4 &%

DV IR BFIE XA 3 ~5 H A K S 1 KR vp 78
Jim 40 3 80 mg/kg FERT, AT i i I8 Noggin F:H
(2235, FIE BMPA FER ) 3RIK /DX B AE K
B 3G B A b R A I R A, T A i R
I RAAE .
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Effects of Dietary Zinc Supplemental Level on Hair Follicle Development and
Related Gene Expression of Growing Rex Rabbits

ZHAO Man' YANG Guoyu' LIU Yongxu® LIU Lei'* LI Fuchang'®
(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., Lid., Qingdao 266555, China)

Abstract; The aim of this study was to investigate the effects of dietary zinc supplemental level on hair follicle
development and related gene expression of growing Rex rabbits. One hundred and sixty 3-month-old Rex rab-
bits with similar body weight were selected and randomly divided into 4 groups with 40 replicates in each group
and 1 rabbit in each replicate. Rex rabbits in the 4 groups were fed diets supplemented with O ( control group) ,
40, 80 and 120 mg/kg zinc (in the form of zinc sulfate) , respectively. The pre-experimental period lasted for
7 days, and the experimental period lasted for 49 days. The results showed as follows: compared with the con-
trol group, diets supplemented with 40 and 80 mg/kg zinc could significantly increase the hair follicle density
of Rex rabbits ( P<0.05) , but diets supplemented with 120 mg/kg zinc had no significant influence on the hair
follicle density ( P>0.05). Compared with the control group, diets supplemented with 40 and 80 mg/kg zinc
could significantly increase the relative expression level of noggin protein ( Noggin) gene of Rex rabbits ( P<
0.05) , but significantly decrease the relative expression level of bone morphogenetic protein 4 ( BMP4) gene
(P<0.05). The relative expression levels of extracellular matrix proteoglycans ( Versican) , alkaline phospha-
tase (ALP), hepatocyte growth factor ( HGF ), bone morphogenetic protein 2 ( BMP2) and insulin-like
growth factor-1 (IGF-1) genes were not significantly affected by dietary zinc supplemental level ( P>0.05). In
summary, adding 40 or 80 mg/kg zinc in the form of zinc sulfate to the diet of 3- to 5-month-old growing Rex
rabbits can promote the formation and development of hair follicles by up-regulating the expression of Noggin
gene and down-regulating the expression of BMP4 gene, reduce the inhibitory effect on hair follicle growth and
activate the proliferation of hair follicle epithelial cells, and then promote the formation and development of hair
follicle. [ Chinese Journal of Animal Nutrition, 2021, 33(6) :3532-3541 ]
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