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K R
1 MEEIrE
1.1 MRk ARFIRI R

Sy PSR RIS BN B4Ry 04 5 A1 10 mg/kg G 12 FJa B ae iR, /MO ERRE T
B, AHTEREHAEEN. 27 2 3 RS S Wistar KR (W T A sfi A7 A TR
ANF), SRR, BEER3R) T, HIXHEE (5522) %, HBoK. #e, ERNAEE 7 d
Je s TR IE AR - 2 B (AST) . B Il (ALT) . JRERZE (UND. 15 % (MDAD.
A BALEE (SOD). Hil = (TG). EPsELAES) (T-AOC). Bt HL (GSH).
BRCH ISR (GST) W& B M st AEY TAEWE AL, BRI B 1(NQO1)
AN B EEE R AR BT E2 K 2 (Nrf2) F1 NQO1 514, &I, Jefesk
AR 8 AR I ) RARAE A BRA ] s HAhR7 352 4 4t

ALK& CEEBEIEAFD: B R RO R & 5 88 A5 A
(ICP - MS, 7500a, 3 [E AT, Jolif X <)/ 7o 2 (1 2Rk FH A Ms——1012 g/L
Li. Y. Ce. TI Al Co ] 2% HNOg i 5 UM A a5 RBBUE (Lis Y A1 TD . ALK (CeO/Ce)
XA (Ce2/Ce) AT BEbniX (£ Thermo 2] SE %% & & PCR (C1000,
A SRR BR A D
1.2 Bl

B AR LUK VE Ry . BTk N BRI AR, HAEEA . SRR HIENIKE SR
Imura S 0%E, AR, 4E4 3 DL PRS2 2% Reeves Z58, Tl sk, 758
RKERMG o FER IR R E 77K 3R L

F1 SERERALR S E T (AR

Table 1 Composition and nutrient levels of the basal diet (as fed-basis) a/kg

WiH Items & Content

JERL Ingredients

FKVER Corn starch 215.00
fi%Z H Casein 50.00
E N Egg yolk powder 600.00
Wik Dextrin 10.00
JERE Saccharose 3.20
F%k Wheat bran 30.00
LYEF CMC-Na 49.00
WIRES CaCOs 1.50
WY FEIERL Mineral premix?’ 24.00

HeAE R TIREL Vitamin premix®’ 13.00



L -t L-Cys 0.80

DL - Z%fR DL-Met 1.00
SALEH Choline chloride 2.50
&1t Total 1000.00

B 75K Nutrient levels?

HBE GE/(MJ/kg) 21.11
ML CF 51.00
5 Ca 7.90
Bk AP 5.70
HER Met 7.40
2 ER Cys 3.90
HEA CP 210.70
KRR EE 301.20

L ek T TE AR R 4L The premix provided the following per kg of the diet: Cu 6 mg,Fe 35 mg,Mn 11
mg,Zn 35 mg,Se 0.17 mg,l 0.21 mg,Na 1.3 g,VA 10 000 IU,vDs 3 000 1U,VE 22.5 IU,VK 3 mg,VB:1 3 mg,VB:
7.5 mg,VBs 4.5 mg,VBu12 30 pg JHEE niacin 300 mg, ¥ZER4S calcium pantothenate 15 mg, ™E& folic acid 1.5
mg, ¥ % biotin 120 pg, F4ALFI antioxidant 60 pg.

2 A A AL Sl , A it Ml . CP and EE were measured values, while the others were

calculated values.
1.3 Wit

R ERREG B 3 AL B, 435l 78 K B Sl PRI N 600 g/kg 3 RIS S E0R, KA
ACER 1, 2 H0 3, sl 3 AR AR5 Ay 0.006. 0.053 F10.080 mg/kg, FIT At iR 46 FAlAR
35441 0,107, 0.137 A1 0.164 mg/kg.
1.4 iz 5EH

WIREH 21 HEg Wy Wistar K 27 A, B REFET 20 em>15 cm>20 cm 2kl %8,
HHEREAYOK, W7 d 5, AR EICZE TR 3 ANAERE, 7 mlang 3 MHtEe fa .
TERRR BRI R 2903 1 IR (VIR RE RO A, SR RRIKTE B IRAS ZORS ok« i
5HA 35 d.
1.5 FEilREE S E

WRIGZET, BT KRR E S, @ M IRERR L, U 2 mL MRS 0.2%HT 481
PR T, VR4, 4RJ5 3500 r/min B0 10 min, WeEE BIEW, 3T 200 L EP R
T—20 CUKFEP AR R LG, 4 R SR BE L F AL SE, SR 5 HXZ) 0.2 g FFAE T KB 1 1.5 mL
EP &, fRAFT—80 CHUKIRIKF T, HTRFWE. BUFIE. BUE. Bk BRAECL RO
JEREATFRE, 3 At AR S B4R, tHR AN

FETRE (%) =100 X HHL ) &5 B /RIS A E &



B 172 FFIE B BEE T T 4% 2 SRR, TS SR SR TRINFNE.
BESEEE, TRAFE—20 CUKFET, HTHURMSE b DL AR B I E .
1.5.1 M AAFERRI 2

W RAT (0 LA TR B 2 M A5 L S AR I, 42 P e i AR AR AT A0 P 26 Rt & i
W FREAT FRARIE o M3 ALT WS PR B R EIVED E . AST TG VR Bz /732 5E , UN
Er R FINREEE D, MDA &8 RHAC L 2R (TBA) VEIIE, TG &= RA et
ENE .
152 JHBE. BRI E

U AT B A ZH 2395 1.0 g T UK A BR 2K R, il B 10%4H 2R 2] %, 3 500 r/min &5.C» 10 min,
W BB T DA T b 0 I E o

JFFAE B E SOD ¥ 14 R F B S AL B E I 8, MDA & &K H TBA 7:ll5E, T-AOC
KIHIEJEEM E; FTIE TG &8 M ALT. AST iGN 5 7k M, ik GSH & &R Al 1%
HREFRENE, GST KA EEBiEIE, NQOL K B Ik 4 % 73 ik (ELISA) I ZE -
153 FHIE. BIEHLD) g

W TBAE 4% 2 TR T BITHLY, WK, AR, Mk, Ak - e
MG, R T EIFIL R B 2R A
1.54 JHIE. BN E

FREL— 5 f2 O B 0 JUE AT S R ot BEAT IR VA AR LS, AR 5 SR P P SRR 5 56 B 1A o i
(ICP-MS) F ik 1 2277 e 1l & ZH 2 Frg i 7 el
155 JHEEEEE

WA T —80 CUKFAT I FFIERE B, AT TR LB RNA BEIAFEREEZE,
NIRRT, SRR RNA, 3211 RNA 3HT S, ISV T 7ok e &,
DTE Nrf2 5 NQO1 mRNA 7EJHEH AR FiA & . Nrf2 5%27% Habeos £¢11, NQO1 3]
YK H] Primer Premier 6.0 #1112 (£ 2) . RNA $2HL. 3w bR Seist 9 58 B PCR i %
B BRIRADRANEHAT, FEH AN RIEFH 2-0aCT HEIS,

* 2 FTRGER PCR 5

Table 2 Primers for real-time quantitative PCR

1Bk AN

HFER Target genes S|¥F%)] Primer sequences (5°—3°)
Tm/'C Size/bp

] ) AGACAAACATTCAAGCCGATTAG
A7 E2 MR AT 2 Nrf2 59.0 196
TTTATTCTTCCCTCTCCTGCG

JEURN CGGTGAGAAGAGCCCTGATTG
fi A L IE 5 g 1 NQO1 62.0 174
GCTCCCCTGTGATGTCGTTTC

B ) GGAATTCTATGGAATCCTGTGGCATCC
B-lshE&E A B-actin 60.1 90
GCTCTAGAGCACTGTGTTGGCATAGAGG

16 ikt



HARBIRFHSAS 9.0G0 MR HEAT Geit, A hT 4 R L E A S bR iR R R . (R
T 2 W i — AR AR (GLMD I REREAT 204, HLADuncan VAT 2 B LA, 45
P LAP<0.05J9 B MEbRvE, P<0.10478 &M% R .

2 4 R
2.1 AKERE

MBI 1, RIG ARSI KRR E ., A, SR E., AAAERaE LA
BHEAL 2350 2 3 72 57 (P>0.05) .

#3  HHURERH XK R KR

Table 3  Effects of egg yolk powder including vanadium on growth of rats

AR E R
e WIE RE A MEEE &= TR
Items Initial weight/g Final weight/g BWG/g Total feed intake/g  Feed intake for FCR
unit weight/g
oSkl
94.4 188.4 94.0 323.6 3.44 0.29
Treatment 1
Q32
96.6 196.1 99.5 317.2 3.19 0.32
Treatment 2
Ab¥E3
93.6 184.3 90.7 318.5 351 0.24
Treatment 3
EL iR
4.40 6.36 6.30 10.10 0.25 0.02
Pooled SEM
P{H P-value 0.88 0.43 0.61 0.89 0.74 0.46

[F B ER 8 b AN [N 78 RO 2 7t (.35 (P<0.05),  #HRIBTG# B KR 2 e AN .3 (P>0.05). N[,
In the same column, values with different small letter superscripts mean significant difference (P<0.05), while

with the same or no letter superscripts mean no significant difference (P>0.05). The same as below.

22 WERH
MEEART G, I IR 3N A B U« B MOE L BRI RO I i BTG (2 3 22
(P>0.05).
x4 SPETORN KR A B R E S
Table 4 Effects of egg yolk powder including vanadium on organ indices of rats %

IiH Items FERE Liver 'BHE Kidney fitifiE Lung AT Spleen LfIE Heart
AbFE1 Treatment 1 3.48 1.02 0.72 0.37 0.50
AEHE2 Treatment 2 3.68 0.95 0.72 0.31 0.49
QbFE3 Treatment 3 3.54 0.85 0.62 0.33 0.46
AR

0.15 0.07 0.03 0.04 0.04
Pooled SEM
P{E P-value 0.64 0.23 0.09 0.64 0.75

2.3 IMRAEIRRS



MESTTULEH, 3PN KRIMFAST. ALTiHE MDA, UN. TG ELEZE R
(P>0.05).
F5 AR R BRI A AR b S

Table 5 Effects of egg yolk powder including vanadium on plasma biochemical indices of rats

TH Items B BN AN St RER H =g
AST/(U/L) ALT/(U/L)  MDA/(nmol/mL)  UN/(mmol/L)  TG/(mmol/L)

AbFE1 Treatment 1 16.98 11.84 15.07 14.77 2.78

AL FE2 Treatment 2 17.18 12.63 15.86 1450 2.74

AL FE3 Treatment 3 17.33 12.45 15.59 15.58 2.57

B A bRt 0.36 0.51 0.49 0.90 0.12
Pooled SEM

P{E P-value 0.79 0.53 0.52 0.67 0.42

2.4 FFRE. EAEELER
MEEHTLLEH, HAEIMLL, AF2. SAFME. B ATHLIR B = (I IRl B % % 7
(P>0.05), {HALFH2ANIZ [FFFEELYR B B A7 AE 3% 2 % (P<0.05) »
#6  SPUEBORXICRUITE. USRS B (R A

Table 6 Effects of egg yolk powder including vanadium on liver and kidney vanadium residual of rats (based on

fresh weight) Lo/kg

OiH ltems FEAE Liver B HE Kidney
ALPEL Treatment 1 24.40% 63.98
AbFE2 Treatment 2 18.540 71.02
Ab¥E3 Treatment 3 37.222 55.97

& S UANGES 4.79 7.40
Pooled SEM

P{i P-value 0.04 0.38

2.5 JHAE. BERRAZRY) R

MELATLLE 1, EL - ARDUH TR R, I, 40z es, dmtaiet: K1-B
R FREERE, TR, Wb B 2R B B R i v B - Cnf
DIWLSE 30 M S B 2, S P P LASC 2 A 1 E M AT — 26 L 4

Kl1-D. El1-E. E1-FABEMERREH, FTEUEH, 3MMEHME NERTD R34
MMEL-G. E1-H. E1-I1FLEH, 3MEEKENESRTHEZR. BERU3N b
BT R E A, TRAR RIS KA .
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A. B. CHHI AL, 2. 3MIIFIEDIF: Dy E. FARIALTEL, 2. 3B/NERYIA, G. H. 195N
AL, 2. 3E/NEDIR . A B, and C were liver slices of treatments 1, 2 and 3, respectively. D, E and F were

glomerular slices and G, H, and | were kidney tubular slice of treatments 1, 2 and 3, respectively. (400>
BIL S LR TR B T A 2 255 B AR A1 [ 5
Fig.1 Effects of egg yolk powder including vanadium on liver and kidney tissue pathological changes of rats
2.6 JHE. BEIEE LTRSS
MRTHIRSAT LLE ), 3 AR RUTAE . B IESODIE . MDA EAIT-AOCLA LTt
ALT. AST. GSTiETERIGSHE & 0 i3 % 57 (P>0.05). {H5ALBIAHLL, AbFE2. 335 [AAK
T KB IENQOLIE 4 (P<0.05)
KT EYPUERTOR R BT B IS BCR S H S

Table 7  Effects of egg yolk powder including vanadium on liver and kidney oxidative stress status of rats

BFRE Liver B AE Kidney

5iH [t L SPUEARE [ BRI ISE=R A
ltems MDA/(nmol/mg BiAk g VAl MDA/(nmol/mg B AL i yal
prot) SOD/(U/mg  T-AOC/(U/mg prot) SOD/(U/mg  T-AOC/(U/mg
prot) prot) prot) prot)
AbEEL 5.86 213.7 1.18 1.43 82.87 112
Treatment 1
AEFE2 6.24 205.5 1.14 1.46 79.10 1.04

Treatment 2
b33 6.23 195.9 1.02 1.56 75.00 0.99




Treatment 3

LA PRER 0.40 21.33 0.11 0.07 3.64 0.09
Pooled SEM
P{E P-value 0.75 0.84 0.54 0.36 0.32 0.60
8 U W K BT ACTR b OB
Table 8 Effects of egg yolk powder including vanadium on liver biochemical indices of rats
RHEEN AR Hili = A e H IR BRCHIRE  BREE )

5H ltems AST/(U/g i TG/(mmol/lg  GSH/(nmollg  FEE:Fs 1

prot) ALT/(U/g prot) prot) GST/(Ulg  NQO/(ug/mL)

prot) prot)

AbFH1 27.52 53.99 3.20 2.93 191.1 9.452
Treatment 1
AbFE2 26.86 52.72 3.26 3.01 192.9 8.36°
Treatment 2
b33 26.87 51.45 3.33 3.11 193.6 8.69°
Treatment 3
EAPRER

127 2.82 0.15 0.29 2.21 0.23
Pooled SEM
P{H P-value 0.92 0.81 0.82 0.91 0.73 0.01

2.7 FFHE NQO1. Nrf2 mRNA Fik

MEIRTLAE Y, SACFEIMEL, AbFE2. 38 FiH 7 ATHENQOLIFINI2 mRNAK)# ik

(P<0.05).

3 it

K9 FHLEEMATFIENQOL, Nrf2 mRNA X 2 ik & i) 5 i
Table 9 Effects of egg yolk powder including vanadium on mRNA relative expression levels of NQO1 and Nrf2

in liver of rats

WiH Items FREALIT 1 M FE2FH K F-2
NQO1 Nrf2

Qb3 1 Treatment 1 1.008 1.002

AL FE2 Treatment 2 0.79° 0.75°

AL FE3 Treatment 3 0.94° 0.73°

FAbrER 0.13 0.08

Pooled SEM

P{E P-value 0.05 0.05

3.1 EREBCE KRR RE R R
AR AL TR TCR M, ARG RN AT LS A K 5% BM. Daniel 550

Wroeda, AL E B T23 mo/kgit, KERAAERAREA

25
&7

Mo T ABTFLRM, 5l

e 7L B4 v 2 (R AURR 6 77 8917 markg BWESY, T B IR B0t oK B FRK) 2 7708 11.2 mglkg
BW, B A 7= A 1495 3 9 i S 93 mo/dltl. ARG 34 A BRI B B G IR 00.107



0.137#10.164 mg/kg, & EAREUR , iR 56 & D3N AL FE K RS #oR S L2 1L, KA EIES,
IS AR K AR B S AR I IO R 35 22 5 . AN 3 Ak T v K B B o B AL AR N B B v
0.38 mg/kg, HIHUIRANEAE N1.49x103 mg/d, /T rhadmleE, B HEE AR
A KRS P A AR 0 o AR B R XS S S B 10 mg/kg AR T - i d it &, BN H
MO E (60g) , JTTEEEEAZ10.000 mgil, WAk T 728 S04 55 (1 i FHAE

3.2 VAR K R AERE IR

W E TRERE B R I IR LR A B AR RR S, RSN (K etk . Faulkner 25081
e (AR RS Bl K B P B KRS BN 11.2~16.8 mg/kg. Domingo &5 7% 45 H
PR A I I BE7E 50 malkg LA, WRERMIFIE. BFIE. RRAE. GO ESERS B AR AR A
S . AREG: 3 AN AL EE K R ML S B AR VO 0,107, 0.137. 0.164 mg/kg TR, S RFAE
BEE S RRUE. GO UEL AERY TC RS, 45 RS R0 ANIRIE — B gl R A 45 B T R
5 1 10 mg/kg FRKR, HATAR RGO G B TR R B ALK, A2 PSR KRR AR E AR AL
11K, o

M AST A ALT 5 PEAE AL, AT DL BB AR ST A48 BER G, T UN 25 2224 AT A
RECENESE AL, TG & &G R WS AT AR B AT AE, MDA & =21k A3
PR i o Jo S8 RO o 0 2R 34 S 2005 K R AR T U R AR 5 mgrkg 1 I IR B0
KEIEH ALT. AST i SxH 4L 2 5. Liu 2425 1 B AR5 5 mg/kg fafR
HE 42 HEE, RIERGS 14, 28 1 42 KIS SOD k. T-AOC. MDA S &R
ENERA . ARG ORI ALT. AST 3&E LI TG UN. MDA & &L REEZ R,
S AR — .

LA PP IR R B PR AR A S RARLLE ZH 23 ) T AR DA S U BB A, WT AR A= AR AR
IS % abr, MHSTEARER N GE B T IEHAZ T RS, IR H L))
e84k . Daniel SIS 78 3 B K BRAR N BASAI R ML (RERPOKIRA 1 mo/L IRIALER B
XK BRI ZH Sk B G 2 S o A 225 B IR 3 o B R S K BRUFF IR AN S AR
HELRELER.

Liu Z5M25 XS TR N 5 mo/kg 81, WUEERING SR B INAHSUEA, RIS B AL

AR, T B AR AU SR (VB 250 TE B R R o ARG 3 AN BRI BT D) v
AT DA, AbEE 2. 3 X6 RRFATE S B AT (40 245 44 0 B R A5 A 5, T B A2 AL A,
ARG REHLGERGA . B SRR AR b R WU X BTN R RE 1. GSH
GST &P R G I FE B 5, GSH 2 &R GST % 14 it S WA LR P4 Mk BE 7111145 1K . SOD
W T-AOC LLJ MDA & i i Hi A bR 1) B B A (4R b o i 1 OB RE 51 S LA TR S8 A IR,
SR FFE UL AR 0 Y, AT I R B 4545 . Liu 2514025 1 HES XSRS 8 5 mo/kg 1]
F, IESEERIG S 14, 28 A1 42 KANYATHE SOD &%, T-AOC. GSH. MDA & &L E %
P . AREE 3 ANEEIRIATAE. B HE MDA 4 & . SOD G MRl T-AOC AL ITHE GSH.



GST VR R EZ R, U HO T AL AL 25 K BRSNS IR AR AL A8 BRI 7K P
L8N ER 2B AT (0 3 A AA 0 R R BRI S T 4T 5 SR PR B A /g bR
A S RO E A B 2 N2 & — AN EEAR IR L e E RN e R, = HLAARE
PESCPET I OB R 7 NQOL J& T ITAHAREERE, 52 3 Nrf2 )i 4%, 7RSI T,
HIG SR, BRI (NHVO3) REFFIR A4 (HepG2 F1 Hepa 1c1c7) H
NQO1 mRNA [{i%, IKEA 22, Nrf2 i 2 A AL B R % A1, SOD. NQO1.
GST G PERSZ AT . ARIG AL 2, 3 W FEAC T JHHIE NQOL JiE M, B&AIC T Nrf2 1 NQO1
MRNA [k &, HAYEE SCEREE— Do,
4 45 %
P EHLETOR K RAKERE . MR AEARFR ST B R B R e 2 2 5, (HEHL
0.13710.164 mg/kg Al & 3 B AT AENQOLYE M,  FHIKAFIENQOLFINIT2 mRNA [ HH X 2=

5
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Effects of Egg Yolk Powder Including Vanadium on Growth, Oxidative Stress Status and Its
Related Gene Expression of Wistar Rats
CUI Renyong WANG Jianping ZHANG Keying* DING Xuemei ZENG Qiufeng BAI
Shiping LUO Yuheng
(Key Laboratory of Animal Disease-Resistance of China Ministry of Education, Institute of Animal

Nutrition, Sichuan Agricultural University, Ya 'an 625014, China)
Abstract: As a kind of heavy metal, excessive intake of vanadium can cause oxidative stress to
laying hens, reduce egg quality and make residue in eggs, which affects the safety of eggs. The
objective of this study was to study the effects of feeding egg yolk powder including vanadium to
Wistar rats on their growth, oxidative stress status and its related gene expression, and to evaluate
the biosecurity of organic vanadium. A total of 27 female Wistar rats (4 weeks old) were allocated
to 3 treatments with 9 rats each, and fed three kinds of diets supplemented with 600 g/kg egg yolk
powders which were prepared with eggs from laying hens fed diets containing 0, 5 and 10 mg/kg
vanadium, respectively. The three diets actually contained 0.107, 0.137 and 0.164 mg/kg
vanadium. The experiment lasted for 35 d. The results showed that, there were no significant
differences on growth performance, organ indices, contents of plasma triglyceride, malonaldehyde
(MDA) and urea nitrogen, activities of plasma alanine aminotransferase (ALT) and aspartate
aminotransferase (AST), liver and kidney superoxide dismutase (SOD) activity, MDA content, and
total antioxidant capacity (T-AOC), activities of liver ALT and AST, liver glutathione content, and
liver glutathione S-transferase activity, as well as histomorphology of liver and kidney and
vanadium residual in kidney of rats among 3 treatments (P>0.05). However, compared with
treatment 1, liver quinone oxidoreductase 1 (NQO1) activity of rats in treatments 2 and 3 was
significantly decreased (P<0.05), and the relative expression levels of liver NQO1 and nuclear
factor erythroid 2-related factor 2 (Nrf2) mRNA were significantly decreased (P<0.05), too. The
results indicate that the dietary supplementation of 600 mg/kg egg yolk powders with 0.107, 0.137
and 0.164 mg/kg vanadium has no significantly different effects on growth performance and
oxidation-reduction state of Wistar rats. However, the NQO1 activity, mRNA expression of

NQO1 and Nrf2 are down-regulated as the vanadium content increasing (0.137 and 0.164 mg/kg).
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