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W OE AR A MABLIK I B (Feruloyl oligosaccharides, FOs) 3 X B AF ik 20 28 30 B AL o 48 69 % vé , 2 IR 40
RAEREM 0 KR, A5 A 5 M, e O B (ALK, M REA(w(Ve) =100 mg/kg) A& 7 & 4
(w(FOs) =20 mg/kg) . ¥ 7 & 4L (w(FOs) =40 mg/kg) o & # & 4 (w(FOs) =80 mg/kg) . K¥HMA 21 d.H B &
BER . RS RGBT IR L, 38 3 B IR 0% R X 38 ik ) 8 L4 A Al £ 35 AR L AL RT-PCR A= Western
Blot H R o Al oA A X AR mRNAFE G AEF., ERAW: DA FOs 7l 3 4n, 5 B H Ik E AL
# 8 (Glutathione peroxidase, GSH-Px) #= #8 AL #7344 B (Superoxide dismutase, SOD) & M, & & B -F b R B &
B M 4L T XX (Glutamate cysteine ligase catalytie subunit, GCLC). B & 4 & & 8 1 (NAD (P)
Hquinoneoxidoreductasel, NQOI),CAT,SOD.,GSH-Px #= # B -+ E2 # % B F 2 (Nuclear factor erythroid 2
p45-related factor 2, Nrf2)# mRNA & & K-F =k 7 3&m,Nrf2 & & £ ik KT L M3 (P<0.05), M 8-# KWL
A5 3 (8-hydroxy deoxyguanosine, 8-OHdG) 4 E & Mfe — R 7B 2 F F H(P<<0.01), 2)5 Vcaanik KA &
29 69 GSH-Px &M A 8-OHdG 4 M 2 F KK (P<<0.01),@ CAT #) mRNA % kK F 2 F 38 hm(P<0.05); P
24 f a3 A AL AL A (Total antioxidant capacity, T-AOC) . it &AL & 8 (Catalase, CAT) &M 4 8-OHIG 4%
B F AL (P<<0.05) % GCLC.NQOI ,CAT.SOD .GSH-Px #= Nrf2 # mRNA % ik K-F 2 %3 (P<0.05); 3
FMF 4P e SOD ## GSH-Px #F Ao 8-OHAG 4% 2 F B4 (P<T0.05), % L ,FOs 7T 3§ 3% I Ik 3 A AL B 7 1, 8
" DNA AL, B TR & Nrf2 B L F#R AL E 9 mRNA £ A KT, LA P H & 40 mg/kg BW #54& A 7
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Effects of wheat bran feruloylated oligosaccharides on
antioxidant capacity in rat liver
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Abstract To investigate the effects of wheat bran feruloylated oligosaccharides (FOs) on the antioxidant capacity in
rat liver, forty healthy weaned rats were randomly assigned to five groups, including control (normal saline), positive
control (w(Ve) =100 mg/kg) » low-dose (w(FOs) =20 mg/kg) ,» medium-dose (w (Fos) =40 mg/kg) » and high-dose
(w(FOs) =80 mg/kg) FOs groups. The experiment duration was 21 d. The normal saline, Vc and FOs were given by
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gavage every day. At the end of the experiment, the liver tissues were collected to measure antioxidant related
indexes by ELISA. The mRNA expression of antioxidant related genes and the protein expression of Nrf2 were
determined using RT-PCR and Western Blot, respectively. The results showed that: 1) With the increase of FOs
dosage, the SOD and GSH-Px activitiess GCLC, NQOT, CAT, SOD, GSH-Px and Nrf2 mRNA expression level were
increased quadratically, the protein expression level of Nrf2 was increased linearly (P<C0.05), whereas 8-OHdG
concentrations was decreased linearly and quadratically (P <C0.01). 2) Compared with Vc, low-dose group had
greater CAT mRNA expression level (P<C0.05), and lower GSH-Px activity and 8-OHdG concentrations (P<C0.01);
medium-dose group had greater GCLC, NQOT1, CAT, SOD. GSH-Px and Nrf2 mRNA expression level (P<C0.05),
and lower T-AOC, CAT activity and 8-OHdG concentrations ( P<C0.05)); high-dose group had lower GSH-Px activity
and 8-OHdG concentrations ( P<C0.05). In conclusion, FOs could increase antioxidant enzymes activity, decrease

DNA oxidative damage, and increase mRNA expression level of Nrf2 and downstream antioxidant genes. The suitable

2021 4F 55 26 %

dietary supplemental level of FOs is 40 mg/kg BW.
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PR ) 2 7= 4 B B 3k (Reactive oxygen species,
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FT ARGy 7 A E A . WESE R IR AR
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BIHLRIE# A B Re B gt . b, FFIEAE o B i
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FHH &t 22 &k BT B E AR 3R B (Feruloyl
oligosaccharides,FOs) , A7 K i B9 $1 A AL SR,
Zhao S ARSI 45 R & B, /N ZE K o il 45
4 FOR TR R A B FOs, ¥ B A 3 By DPPH (1, 1-
diphenyl-2-picrylhydrazyl) A f % B &L B A &
A MR EAMER. Wang 57 #F 55 45 £ % 0. H
FOs 4k B {4 S0 55 37 09 ik T 48 Jf . 7T 2% fif 20 i o 1
DNA AR 3 15 . A 2R 8041 1 B BF 5% 45 2R 3%
W, R 2R ) R e i T 46 1 FOs A R A AR Sh 4t
AALThfE. T A R0 B DPPH A i & M3 H
FE BRI, B SET FOs BT & AL 1E T 9% £ 4
AR N N Wl = o A O R 7 N D 7 = W = =
PR RS A R TE . PR ASIE ST DL SD R B O AR
AL, 53 FOs X H e 8 AL B I 7 50 A 1k 9 o
A e H Bk (Reduced glutathione, GSH) . & AL AX 5 7=
Yy 8- K I A 2 F (8-hydroxy deoxyguanosine,

feruloylated oligosaccharide (FOs) ; rat; liver; antioxidant capacity;

8-OHdG) B a1k A 5¢ [ mRNA £ ik K ¥ K&
F 2235 7K 7 /Y 52w, DL O 02ROk I v A Y
FOs £ 304 A= 77 v (8 i B 3% JHF Ik e 480 4k AL 61
WF T R AL RS AR I

1 RS

1.1 R
1.1.1 k& FOs 094 &

Z: B Ay SR 0 Iy ik il 45 22 8k FOs, DUNEE Bk
Jz2 oM RCRE, B AL B SERORT B (Bacillus subtilis) (Hb
K ZEHFFE D3 (Bacillus licheni formis D3) 1R
B2+t (Saccharomyces cerevisiae ) IFATIR B KW, &
WSS R o ofF & AR T R L 2 ad KR R
F BB TUAS — R R 3] FOs MY . i
KALWBE Amberlite XAD-2 X% FOs 4L #2 #) #E 17 53
BEalifh AR5 FOs IO 2 668. 34 nmol/g,
O 20 T2 O B A B R R B L T 2R 1T 3h
AN
1.2 RWHE
1.2.1 X%t

RIS P 40 HAg FE b 7 i v SD KB, 1 T b
B4R R A E (F YRR A IE S
1100111911029973) » 4% /R 2 AH T 19 J5E ] € 4= B ML 1%
TR 5 AN, IEH X R AH L AR BRER K 5 BH M X B4 .
w(Ve) =100 mg/ kg I & 41 . b 57 & A 5] i 21
S E FOs W55 5N :w(FOs) =20 mg/kg,
w(FOs) =40 mg/kg,w(FOs) =80 mg/kg, A Vc
L FOs 197 & ¥ DL & kg /K & 9 5L ah, L rp
w(Ve) =100 mg/kg £~ A kg KT A Ve 17
O 100 mg, BEAAREE 8 HSD K.
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1.2.2 HAREE

AW FEAE N 5T Al K2 S Rl 7 2 B 6 AT
WHEFEER, AmRE ROK, WIRM 21 d. 5 H
S I A AR K (Ve B2 FOs KW 1 mL, KR
Lt i) K UL I b ) B2 2 AR ) T AR PR )
1.3 HmRE&E

IS5 R CBEBCE T IT I R AT I A
21, W ECE R 5 B R A T — 80 “CURAE R .
1.4 MEIBIHRRTE
1.4.1 iz s imn 2

WOE 5 1T IR 4 2L, wE R 22 b i (PBS,
0.01 mol/L., pH 7. 4) il #& 1004 (BT &) L4151 %,
3000 r/min B0 10 min, B3 WO T T &AL A
KAG bR 5 . &P AL BB ) (Total antioxidant
capacity, T-AOC) . it % fb & B (Catalase, CAT) .
20 H K i & k9 B (Glutathione peroxidase,
GSH-Px) K # & 1k ¥ i f& B ( Superoxide
dismutase, SOD) i #£ Wl i & Db & & Bt H ik
(Reduced glutathione, GSH) Hl 8- 3 i 42 ¥ 4
(8-hydroxy deoxyguanosine, 8-OHdG) & &= i &

Y B RO R A YR A R A A . AR e
UL A AT
1.4.2 mRNA #F & K-F &4

K H Trizol 3542 BUH IEA 218 RNA, 254l
M43 66 BE 11 I £ A260 nm F1 A280 nm L {EH Ky
1. 8~2. 0, J5 i 0 B e o VK 25 A RNA i, &
M8 FastQant RT Kit(with gDNase) 1 B - 43 51 B¢
F AR YR RNA JE 17300 5% 5% & il cDNA, JF LI ik
A A, R 1 A 5 W, # B SuperReal
PreMix Plus (SYBR Green) ¥t B 5 #f Real-time
PCR A&, LA B-HLBNE 1 (Bactin) HNS . 5 R FR-
2 B & TR & 4% B 4L I 3£ (Glutamate cysteine
ligase catalytie subunit, GCLC) . it & 1k it J& i 1
(NAD(P) Hquinoneoxidoreductasel, NQOI ) . &,
PR - e 2 R 3% 2 Bl A 5 W7 JE (Glutamate cysteine
ligase modifiersubunit, GCLM) . Ifil £ & & & [
(Hemeoxygenasel, HO-1),CAT, SOD, GSH-Px
K Nrf2 BRI Rk R 2 2%kt 5 . 5l
Yy 2k AR CRTD By A BR 2 w6 8 TS B
W1,

F1 HELEEBSIYFEIER

Table 1 Information of primer sequences of antioxidant genes
FEH LRSI G ~3") Jr B RN/ bp HH P S
Gene Nucleotide sequences (5'—3") Size GenBank No.
) F:CCTAAGGCCAACCGTGAAAA 103 NM_031144., 2
Pactin R:CAGAGGCATACAGGGACAACAC
N F: TTGGCAGAGACATTCCCATTTGTA 116 NM_031789. 2
R:GAGCTATCGAGTGACTGAGCCTGA
GCLC F:GTGGACACCCGATGCAGTATTC 87 NM_012815. 2
R:CATCCACCTGGCAACAGTCATTAG
GCLM F: AGACCGGGAACCTGCTCAAC 113 NM_017305. 2
R:GATTTGGGAGCTCCATTCATTCA
HOI F:AGGTGCACATCCGTGCAGAG 120 NM_012580. 2
R:CTTCCAGGGCCGTATAGATATGGTA
NQOIL F: TGGAAGCTGCAGACCTGGTG 133 NM_017000. 3
R:CCCTTGTCATACATGGTGGCATAC
CAT F:GAACATTGCCAACCACCTGAAAG 85 NM_012520. 2
R:GTAGTCAGGGTGGACGTCAGTGAA
SOD F:GGCAAAGGTGGAAATGAAGAAA 136 NM_017050. 1
R:CAGTTTAGCAGGACAGCAGATGAG
GSHPa F:AGGAGAATGGCAAGAATGAAGAGA 135 NM_030826. 3

R:GGAAGGTAAAGAGCGGGTGAG
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1.4.3 &G RZBEAKFGAEN

FH AR 24 ik i 24 0 TP 0E 21 20 )5, B 3 W
BCA % H iR # & (Thermo, % E) I & - 1 &
PEEASEVRIGTE 100 ‘C FEW 5 min AL 5
B AR PE  RERE R B IR A B A g R
PR B e B I v L L R 30 pg BB . 80 VIHE
FL K B 43 B T 3 . 120V 1E T H ik 2= R I8 5 30
SERKT. AESBS B ENEAST., M5 AE
4°C.100 V EZMTNHEAHEBIHRTgERE L,
i NEMA 1 h SRS P Nrf2 HUiR R B-actin 41
(1 1 000, Biorbyt, % ) & —#i 1 “EHi % 1gG
HEL H& (1 : 10 000, Abcam) B &F 5 . Fl ECL i
R HE AT 28O0 6, BT 8 B IR A (GE
Healthcare, € [E) T Bif% , # F Image ] B AF#47H
A R & 20 B . 79 20T IEZH 20 Nrf2 1 B-actin
HHREE,
1.5 SHita

B I RE R FH SAS 9. 2 Seit ik GLM i
BEAT G40 AT . 25 P AR B4 FUAS [A) 31 4 FOs Ak B 41
Gy HEAT B R O 25 (AR E B o, [ B
HH contrasts ) #E4T AN [] 4b 21 E] Y P9 P HL AR . i
5 25 35 LUV BE A bR i IR 7R, P<<0. 05 £/R 2%
S E . P<0.01 RANEFNBE.

2 HEREHW

2.1 AEFIE FOs 3t X RAFERELIBRAZM

FE 2 Al A, R R &0 FOs ¥ 0 i) i
R SOD Ml GSH-Px 3t (P<<0. 01) , i &
FW K 8-OHAG & # (P<<0. 01), fH X T-AOC,
CAT F1 GSH %4t E Ak AH 5 48 b5 0 8 52 i (P>
0.05), B FOs fl &35, SOD il GSH-Px i 1
BRI BN, i 8-OHAG & & S 4k A ik oy
TRE(P<<0.01), S5XF B4, Ve 4 K BT E
) CAT,SOD F1 GSH-Px 7 ¥ il 8-OHdG 1) % &
B ER & (P<<0.05) ., 5 Ve M L, FOs20 41K
FUIFIE 59 GSH-Px 1% T 1 8-OHdG 7 & # % [%
(P <C0.01); FOs40 41 K B AF IE A T-AOC.
CAT & PEH1 8-OHAG & it i FE K (P<<0. 05) ;
FOs80 4 K K JF M A9 SOD Fl GSH-Px i 14
8-OHdG W F AL (P<<0.05), B4R £
B, R JA] 5] 4 09 FOs ¥ 07 $2 w8 K BUT IE 41 21
SOD F1 GSH-Px 1 1% 4 , 35 7T B AR S Ak AC 33 =
8-OHdG i & &,

2.2 AEFIE FOs 3F X R B BE 1 &4 E B mRNA

e 3ey: b=l

M 2% 3 Tl HE B ORI A 9 FOs AT 42 & i ik
GCLC.CAT.SOD Hl GSH-Px ] mRNA 8% % ik
K (P<<0. 05), fHXF GCLM, HO-1 1 NQOI #y
mRNA k7K F T FH M (P>>0.05), KE# FOs
FIH B, GCLC, NQOI . CAT.SOD fl GSH-Px
1 mRNA ik K5 R p#mP<<o. o, 5
XTREZAAH LG . Ve R RFIER) CAT #GSH-Px 1
mRNA Fik KB EFH G (P<<0.05), 5 Ve 414
L FOs20 AR BUFAE CAT 8 mRNA 35K F B
EWA; FOs40 4 R R IFAE GCLC, NQOI1 , CAT,
SOD 1 GSH-Px # mRNA 2 ik /K F & 35 1
(P<C0.05), W45 RFEW] ARG &= FOs ¥ 0] 1
T A AL Y mRNA kK,
2.3 AEFIE FOs 3F X B AFAE Nrf2 mRNA & ik

5 i

M 1 Ca) T AT, 5 % B4 A1 HE . 40 mg/kg FOs
AR P R BUIFIE N2 B mRNA 3£ ik K F
(P<<0.05), Fi# FOs Fl w0, Nrf2 ) mRNA
RIBKPFRLEM R m(P<<o. 0. 5 Ve
AL, FOs40 K ERMFIE Nrf2 #9 mRNA £k
K R (P<<0.01), L& 7R, 40 mg/kg
FOs ¥4It A A5 538 B 1 Nrf2 B mRNA %
KK,
2.4 FAEFE FOs 3 KBRIFE Nef2 EAFRIEHW

A

HE 1 b e fr s, 5% B4l ML, HEH
80 mg/kg FOs 7] i} 2 $2 & K BUIFAE Nrf2 B8 A &
KK (P<<0.05), B#E FOs Fl @35, Nrf2 1%
2835 K S 5 R PE B i (P <<0. 05) ., 5 X B2 40
e, Ve g b K BUIFIE Nrf2 19 28 1 36 38 K OF B 3% 42
R (P<<0.05), L&A .80 mg/kg FOs Al 34 i
YA S Sl g Nrf2 i E A £k KF,

3 #

JHE 2 23 S B AR AR B 5 2 3 ROS 1Y
Yok, pe e A . HLAR RT DL 3 & 2% 1 B Ak
TR R (R 2 FAERE R 20 R 5 BR ROS., 28 fift A AL Rf
B, WK R 445 GSH-Px. CAT K& SOD &0,
SOD Al i g 4 4k ®y 1) H, O, %4k, i GSH-Px il
CAT 7 5t¥ H. O, 54k hK. FOs J& H b 8 g 52
5 {1 R 55 3 P K T G 1 — o BT SR R AT
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T
= *j 0.5
<
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Control Ve FOs20 FOs40 FOs80 P <0.05
 <0.
(b) 200 (© If}<g-(7)i
& <0.
2 1.8F * v
216
Ve/(mglkg) - 100 - - - jiﬂ =, .
FOs/(mghkg) - - 20 40 80 ;éi
£12 I
g
% %06 M
Z z 04f
< 02}
= 0
Conirol Ve F0s20 FOs40 FOs80
P AEFRELR 5 Py R PERIN 5 Po » RN 5 * , P<<0. 05
P, treatment effect; Py, linear effect; Pq, quadratic effect; * , P<C0.05
B 1 FREFE FOs 3 KB Nrf2 EERIE (a)FIEBFREHIFM(b)FA (c)

Fig. 1

A= ) sF B A ] 0 TR 0 AIG SR W 1) A B T g L 4R
b R T G RE VR T B O B R R 2% R Y. Wang
SRR R B, AR AL FE 2R 52 25 A HOR P AR N 100 ~
200 mg/kg FOs A #&m Him 3K i GSH-Px.CAT K&
SOD & J1. 5 Bk B 45 RARRL, AR TF 58 R0,
T AN TR ) & 9 FOs 40T 48 = 1R 20 22 SOD Al
GSH-Px B 1 , [8] B A7 85 i CAT . SOD 1 GSH-
Pax 1) mRNA A7k, H o 5 & 4 A oK BT E
CAT.SOD #l GSH-Px ) mRNA FRik /K& T
Ve @, HHICHERT . FOs RT3 ik BRUTFIE 4T 420 4k il 76
PR E PR AALRE ). H 40 mg/kg FOs BIHL A
WHCRIET Ve, FOs BHT A AAE T R 2 i T H
A BT B S5 P R IG 2R OB 3k A, 3 2 I A i iE B L
BYCRARRE Y RIS Ve dUAH B HE B &R
# (w(FOS) =80 mg/kg) 1) FOs £ K i, %t Hpt &
RSB mRNA ik & TR m, M &
R FOs ] B 23 6 K B IE 09 Bt S04k 2 fig = A=
TR . A, Maurya 2854 51 9% & SR 56 45
BT IR = BT B A R 47 By B SR AR R T e R
M ELA e A A AR

AR B 2R A 55 A B H K (Reduced glutathione,

Effect of FOs on the mRNA expression level (a) and protein expression (b) and (¢) of Nrf2 in rat liver

GSH) 4R C AR EKHE MR NEIR 2%
BN I ZT 2 K T E A AE . GSH 2 AE AT IE
A s BT LA BRIt T, B E BR OROS, AT RN
GSH-Px MJE YW H. O, F4b Rk, AREF5E
B, R R0 B FOs — 5 B2 B34 1 BT e
GSH 14 B, 2 B I n] 58 i 3 in GSH 19 & i =
HUAHLEALAE J7. 8-OHAG J& DNA %& 4= 451 5 15 7=
EHIVE R S Y W' | Wasly/ IS R E iR/ NS R R i = W A
WAEARY . WP R L FOs T itk H,O, S0
NI B 4 S fk I 3 PR P DNA B 32 S804k I 3 46t
Bt AL, 5 Ve M, AR FOs
Y af @ RRAR R BUIFIE b 8-OHAG i & &, 2B
A S — Bl A AR 2% ft DNA SR R i i . mh
BEAEI , FOs AT 38 5 3% in Ak i b /17 GSH /9 &
B FEAR A AL 9 8-OHAG 7= A 32 5 7P I 3t
AfLRET) .

Nrf2 f& B i i 5% e 2 09 P18 A A5 5 3 oG 4
22— AT a4 b A AL il 1 %k . Y E A
KR N2 2Bl v A 40 % 5 i A Ak I R e
ff (Antioxidant response element, ARE) %54, 12
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