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Effect of hesperidin on the antioxidant activity and
antioxidant enzyme gene expression in mice
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[ Abstract] Objective The aim of this study was to investigate the effects of hesperidin (HDN) on antioxidant ac-
tivity in mice. Methods  HDN scavenging free radicals was detected by spectrophotometry, inhibition of mitochondrial
swelling was detected by pyrogallol autoxidation, and erythrocyte hemolysis was detected by Fe’* phenanthroline. The mice
were fed with HDN at different concentrations (0, 80, 160, 320 mg/kg) by gastric gavage for 12 days. ELISA and spec-
trophotometric methods were used to assay the amount of MDA in mouse liver and kidney tissues and the activity of antioxi-
dant enzymes (SOD, CAT, GSH-PX) , and the antioxidant enzyme gene mRNA expression was analyzed by RT-PCR. Re-
sults Compared with the control group, the radical (+OH, O, -, DPPH-) clearance rate was significantly increased in
the HDN groups. There was a significant decrease of oxidative hemolysis of erythrocytes and mitochondrial swelling in vitro.
MDA content in the mouse liver and kidney tissues and serum showed a decrease, and the activity of antioxidant enzymes
(SOD, CAT, GSH-PX) in the HDN group was significantly higher than that in the control group. There was an up-regula-
tion of mRNA expression of antioxidant enzyme in mouse liver and kidney tissues. Conclusions  The results showed that
HDN can eliminate free radicals, reduce cell oxidative damage caused by free radicals, inhibit superoxide production, up-
regulate antioxidant enzyme gene expression and enhance their enzyme activity, thus showing a good antioxidant effect.
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L, TSI HLR 9 DNA R 20 40 M 3 i — o 2
FEB G, 5 EIUR SR R N, A o R R &
e Xt 9 FE T2 B LRI AR - B iR 45 A, 2
AT I s G — A L LA
WAL FIRR IR , F R JE T /E T B
Ty ¥ UL 20 MR S A 01 40 30 3 PR 1 K 4 b A M
FEEES A 4T AN A 2 P ) 2 A )
QUPIENE IR SUG DO N E N B S TEuS - A UES S TRENI
WP IR % A P T8, S S i Ak i

B K (HDN) 2 —Fp KR BB AL 59, B
KISz, AT H SR SR A R R 4R
B BIRSE B4 R R A A W RS 2 R A
A EA RAF B BRAE T, anxd R AR R I 22
HJE(DPPH- ) A EFHBIE(-0° ) F¥EE A H
H(-OH) H B EEMIERS 7 . Naveen Tirkey 25
WF5E & B, VUM nT 80K R St 5 R KR
JFAT3 TR 23 e H K (GSH) | A4k 157 fL i ( SOD )
P Rt B A & ( CAT) /K SF- T B, 1 48 R 1 ] LB
AR AR A R I W BT AR AR E R ARSE
U A P AN SZ B KGN HDN X A bl LT B B4
LW (SOD CAT .GSH-PX) i 1 Je HFE R ik 45
T HDN B4t 8-

1 MR5AE

L1 #

¥ Hz 1 (HDN) . DPPH , B 7 B B ( DTT) B
A Z W2 (TBA) 19 A 35 18 Sigma 24 A, N %
(MDA) .SOD . CAT, GSH-PX #5371 £ W A 74 ¢
B TR T, SR8 =19 B R P2k L 28 —
A %ﬂﬁ%iﬁ%ﬂJ—,TUREscript 1st Strand cD-
NA Synthesis Kit 1 F b5t 33 A YR A BR A
F],SYBR® Premix Ex Taq' ( Tli RNaseH Plus)
(RR420A) g 4 H A TaKaRa 23], B FHS 9 2k
BHE A FEIA B, PCR AU H 26 [# Applied Biosystems
NS

6 ~8 JEIE KM /N 40 H R HE 20 ~22 g, 75 T%
90, W T 425 e 2 B 2 BE SE 58 sl ) vl [ SCXK -
(%2)2012 -0004] . Jow T ARTEIL 50 4R 2% B 5% 5 5l
YiRiErhL BB SIS I E AT [ SYXK (52)2010

-0003] , -4 S g sh Wy fd H G 3R TR 45 3 NGB Y
1.2 FHik
1.2.1 3hyabe

BUNE 40 HEEHLAPUZH , B4 10 H 25 X IR
2 /N FRVRE R e A R /K HDN 4 /0N BRURE R IRAS
[Fi] )4 HDN (80,160 320 mg/kg) , ELLHEMR 12 d.
1.2.2  HHEMIERR P

(1) Fe** S AR EALIEDE - OH H 1Y
e

HANSHE (A,) FINA 1 mL 48 —FAEE W
(0.75 mmol/L) 0.2 mol/L BfRELZZ bl (pH 7. 4)
2 mL 7&K 1 mL.1 mL FeSO, & (7.5 mmol/L)
A1 mL0.1% H,0,,I1R21)5 37°C K 90 min, B
W T AL, 22586 EE I 536 nm WO
FEE (A) ; BUR TR £ HDN (10,20 .40 .80 160 ng/
mL)1 mL IIABEA 4 mL Z2E K008 Nl 4%
FEMS A (Ay) 55 mL RN IR RIS 31 50 14 2R
ZAE (A,) s FER ROV (A, TPRAUR 2 e IR &R
Y H,0, Hoh R EHE HDN, M4 A X E R A
HIEIERR RS OH MHRRR (%) = (A, A, - 4,)/
(A5 —Ay) x 100% ,FHor A, —FF i 52N 45 i e G
1H ;A —HFE S U IO EEA s A, — IOVAR R 1Y
W SR 5 A, — R A B G R

(2) 4B2K =y A & ALENE 0, - H HILTERR

FESH SV (A,) A PBS 2 (pH 8.3)5
mL,50 wL AN[A]HEJE HDN,25°C {6 iR /KB iR E 20
min, X J5 A 25 mmol/L 434 =} 40 wL,iR21)5
AkSE 25°CAE IR MERE S 3 min , BREEIRE N 50
wL TR IR B R (50 mg/mL DTT) £ 1EJ2 B, 57
BIYRA), & IR B 5 min, FIEWAE 322 nm K A
B2 HS A (A) ¥ LR R d R TR ¥R HDN
FAE A = W 4 o0 S5 KB PBS 28 vhif, il 2 L
(A,) TILKEAR 28 =4 A S5 R FH PBS 22 i, AR 4l 2
B AR TR0, - ERE(%) =
(A, A, + A)) /A, x 100% ,A,—25 A S WO
(B A, —HE S S LU WO G RE(H A, — SO A IO
JE(H,

(3) 236G EE R E DPPH - [ h R Ay T R

RSBV A HP im0, 2 mmol/L. DPPH-Z, 5 1%
W 1.2 mL AFHSEE HDN 0.5 mL, il A 2.3 mL #(
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NN RN R AR BRI N 4 mL, FEA0TR AT FE 5
SHAE TP INARTFEHEE HDN 0.5 mL 5 3.5 mL XY
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15% =% M1 mL 0.6% TBA, R4 5 LEHE K
96 55 15 min, ¥ H1)5 3000 t/min &0 10 min, B
FIHRONA A AN R EETHIE 532 nm A
1B, 4% A 35 MDA AR 4 il %, MDA 1 i %
(%) =(1=A,/A,) x 100% ,FoH A, —FE & 5
WA A, — Xt HRAE AR (L,
12,4 FFRAAR ik k4G

SRR 2% - i A /N BUF A1, 4°C 3000
r/min B0 15 min, [7] PLHE FOMA TR 51 KA TTHE
B5(0.25 mol/L) Yk 3 Wk, B O RIEW AT
4910 000 r/min B> 20 min, FFERR AR 3E 4
Tris-HCI ZZ W (10 mol/L) fhil sk A Bl |

FEM A (A) A 3 mL BT8R AR B #E .50
pL FeSO, (0.1 mmol/L) .50 wnl. H,0, (0.1 mmol/
L) .1 mL A[EH P HDN; 25 X B8 (A,) IMA 3
ml PRI 1 mL Tris-HCI 22 WP 5 BH A4 %) 1R
B (Ay) A 3 mL FFZRL IR R .50 wl FeSO, .50
pL H,0, .1 mL Tris-HCl 2% #h ¥ ; R 21 S, 554153
JECEE T E 520 nm A {H, He A GBI HIR (% )
=[A, - (A, =A,) ]/A, x 100% .
1.2.5 2120 S A0 I i AS )

2T M = R S BN BRI T 4°C 2500 1/min
B0 10 min, 7 VARG A SR8 A BRER K PRI 41
A 3 WK, B A 1% L1 AN BT, B 1 mL 41
AN BT 4 mL AR BRER K I A 25 A IR (A,)

FHMEXTBEAS (A,) b 1 mL 2040 i B A 4 mL A B
7K 2L K 50 wL 100 mmol/L H,0, (100 mmol/L) ; k£
SN (A DA T mL £ 20 8 R 50 pl AT
WeE HDN J% 3. 950 mL A= HER K ; 16] Bl 448 A
50 pL H,0, 4], BT 37°C/KIEHMNIET 1 h, A%
J& 2000 r/min B.0> 5 min, 2N 6O EE I 415
nm At A ﬁ,?ﬂé&fﬁfr%ﬁéﬂiﬂ@/ﬁ{ﬂlﬁ( % ) =A,/A,
x 100% )| BHE T HEZH A BN 100% 21 40 i 3% 1f
HOA, Ay A3 AR SO A NS O IR A A
1.2.6  /NERALZURNIALTE H MDA 55 ARG

FARKEL 2 24 h J5 AbFE/NE, BRAE SR 1, BN
FUFRINE , 100 PBS Hide 257 i, S8 4RECT, AR
1 g ZHZIH 9 AR SV AR BT AR B K B T4
WAL ,4°C3000 r/min B0 10 min, WHE FIFHR
L M T B0 48 2000 ©/min B0 15 min, 4355
LIRS

A3 SIEL0. 1 mLL L35 A 3 50 5 4 i B
AR HM TR 532 nm MDA F i,
1.2.7  /NRALZUh BT A A R A I

TP B P 2 250 30 i 4 iR G Ul B A L AR
A IHE SOD . CAT .GSH-PX ¥ /1 .

1.2.8 2GR PCR KT AL Y BESE N 5k

(1) B RNA $2HCH 100 mg /NEUIT B 414880
& A 1 mL Trizol W7 B BT EEVR B A EP & & S
min, X5 4°C12 000 t/min &0 10 min, B EER T
EP & HHMA 0.2 mL 805, %% 15 s #E 2 min,
4°C12 000 r/min Z5.0> 15 min, W F I BOT 0 A%
R N R A2 IR 2], S 10 min J5 4°C 12 000 1/
min 5.0 10 min, 3% E¥E 1 mL 75% & B, 4C
12000 r/min &> 3 min, T 2 K, EEFHE BT
RNA JG A DEPC 7K 20 pL 327, il A, Fl A,
B, B RNA 4, - 80°CIRfFAAH .

(2) cDNA B8 B >R H R 5% s 177 & TURE-
script 1st Strand ¢DNA Synthesis Kit, JZ I & & 20
pL, A& RNA 3 pL.Oligo(dT) 1 pL.5 x RT Reac-
tion Mix 4 pL TUREscript H- RTase 0. 8 pL,RNase
free H,0 10.2 pL, 121 E T PCR L, 42CH:E 1 h,
65°CIHEE 15 min, S 55 5 BI75 ¢DNA, - 20°C {774
Mo

(3) PCR K3 543 M7 . 76 0. 2 mL ) PCR JHREG
HidE s, PCR SN . SRR 20 wl, 4 eDNA 2 plL,
544 1 pL.SYBR Premix Ex Taq(2 x )10 pL,
ROX Reference Dye (50 x ) 0.4 pL KFHZ&H/KS5.6
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pL;PCR S 4 1F 3 95°C 30 5,95°C5 5,55 ~59°C
(W EE IR E )30 $,95°C 15 5,60°C 1 min,95°C 15
s, 340 MEI; e )7 R H 590 & PCR (UL E
0] Step One Software v2. 1 Sy Hr PCR $3E . SCU6

1.2.9 Sitsadr
BARVISEYE « bR 22308 R ¢ K206 L3
E5,

JEIRFFIRE L, 2 H#R
%1 SYBR real-time PCR 2151 #))55] e
Tab.1 Sequences of the primers in SYBR real-time PCR 2.1 HDN Sk iEH
I ST 2.1.1 HDN X H H1 55k
Genes Sequences of the primers HDN ﬁgﬁl\ ?%3% A SR ILE 1 , 55X e
FP 5’ -GCCTTCCGTGTTCCTACC-3’ - B "
CADPH - gp 5’ -CTTCACCACCTTCTTGATGT-3’ WA HDN AE 0 ~ 160 pue/mlL 554 [ P14 - OH F
= AL B EL st
50D FP 5’ -ATGGCGATGAAAGCGGTGT-3’ H AT PR e i, LRI AOC R (] 1A) ;HDN
' RP 5° -CCTTGTGTATTGTCCCCATACTG-3 HA B HITHERVE , HDN 7£ 0 ~ 80 wg/mL 7 H0
FP 5’ -CAAGACCTGCCTTACGACTATG-3’ Tt -, Y I ] B 4 T
SOD, - pp 5" -CTGAAGAGCGACCTGAGTTG-3 FRT 0,7 - 1 2R ER 1] Eﬁf/’\go pe/mL I 37
32E =) N 327
car PP 5’ -GTGTTGAACGAGGAGGAGAG-3’ BRAIE B FRAH, 160 pg/mL AL ERRAT TR RE (A
RP 5’ -CTGCGTGTAGGTGTGAATTG-3’ 1]3) ;HDN ;(qL DPPH - g FH %{%%% % HDN fﬂj% i
. FP 5’ -GGGACACCGCTTACTTTCTC-3’ T O 2 i L 1
CSH-Px - pp 5’ -AATCTCTTCATTCTTGCCATTCTC-3" IR AW 5 (T 1C)
0F A 00F g . or .
S wh sor z 60 F -
H# E - Ll %
& 3 60 | +x
E g 40 B * 40 i %
£3 40
S 20r wpo A Tk
=4
0 L L L L L J 0 L L L 1 J n L L L L L 1
0 10 20 40 80 160 0 10 20 40 80 160 0 1020 40 80 160 (pg/mL)

1 HDN X F i SEE BRI 2M ( ABC 4358 -OH 0, ~ + \DPPH- [ H3k)
Fig.1 Effect of HDN on free radical scavenging ( ABC indicate OH, O, ", DPPH free radical, respectively)

2.1.2  HDN XFZRi AR i i F 21 20 A S A0 3% 1 i 0
HlYEM

55X B A A8, HDN 20 21 240 it 48 Ak v 1. i
A, ELBE HDN F5) £ 38 i 21 200 i 7 1t 28 3T R A1
T B EROCR (K 2) . B HDN &30, HDN
L JF B A A e JH 0 751 23 B S8 348, BB e o i
JE O 0 AN ; LB 5 R R 5 HDN AE FH s ] 42
o, FFZRL AR B kA 1 R B B4 3 (D 3)
2.1.3  HDN X5 Bl S Ak ry il 75

HDN ZHAN[A]ZH 21 MDA $ il 2 501G T PH A X B
4 (HREZE HDN 57 38 i il % 2 7 e 4, 6
H 2 MDA Az BFEAG, b FZH 20 MDA il 58 42
f i, HDN 24 80 pg/mL i ATF41Z1 MDA #iii 3
B K, HDN 7E 40 F1 80 wg/mL B PR KA MDA 17
il AL = s HDN 2 20 ~80 wg/mL I MDA 4]
RBWHE R, 40 pg/mL Bf MDA 1 % &% % ; HDN

100 [ —
9
= g0k
3
E
Wi
% 60}
°
2 a0
B
="l [l
10 20 40 80 160 (ug/mL)
w® ‘
@ﬁf o“\‘O\@fm“\{o
R

B2 HDN 2T A0 A i 52 )
Fig.2 Effects of HDN on hemolysis of erythrocytes
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Fig.5 Effects of HDN on the MDA production in the liver,

kidney and serum

2.2.2 HDN Xp/NEUE PR ARG IS ) S Rk
Al

/NERY ' 2H 2 B AL (SOD |, CAT, GSH-
PX) i 1 M BRI E5 R WK 6 -8, MKl 6 A,
HDN ZH/NEUE SOD {5 J1 B HDN 5] 2 44 e 34 ¥ 3
58 e ) e 2 A I A A 2 T X R (TR 6A) S PT-
PCR ;] SOD ( SOD, .SOD, ) & K % ik, 45 R bl &
HDN FH 55 SOD, 1 SOD, £ mRNA AH X} 31k
=M, SOD, Fika & T SOD, (E 6B) , HXFHEA
FL#, HDN =/~ 50 i 40 /N BUEF 20 20 CAT 36 135 5
FE TR, R AL CAT 36 e (B 7A)
CAT ZEN mRNA Fik/K-F-5 8 H &Ik —2, AR
H HDN 41 CAT mRNA AH XT3k 5 35 & F X6 B2
PLrh i 4 4 3k & e (181 7B) . HDN 2/ BUE
GSH-PX 76 771 ¥ & T XF B 4, H v 7 7 41 GSH-PX
6 i (B 8A) s Hh sl 4 CAT 35 PR A X 2 3k
T T R (E 8B)

80 160 (mg/kg)
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=
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Fig.6 Effects of HDN on the SOD activity and its gene mRNA expression in the kidneys
(A. SOD activity; B. SOD mRNA expression)
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Fig.7 Effects of HDN on the CAT activity and its gene mRNA expression in the kidneys
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Fig.8 Effects of HDN on the GSH-PX activity and its gene mRNA expression in the kidneys
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A BE% HDN 74 2 w5 T SOD 1% J13& i o | v ) 42

INEUFPLEALEE (CAT . GSH-PX . SOD) 1§ J145 Al o3 m T X4 (K’ 9C) , Pria fhg 3t
FOLE 9, X BRZH A AN[FIFI R HDN 48T CAT SRk 5 & 11— 3, = Fh 1 A 1L B ( CAT ., GSH-
1% 7 ¥ U S v T R L R A e, HOAR PX) & A mRNA 3 3k A 6 2 3 38 3 5 T 5% B4
B TX R4 (8 9A) ; HDN ZH i GSH-PX i /) (K 10),

60 A *%
L | #
I |
0 80 160

320 0 80 160 320 0 80 160 320 (mg/kg)

00r B

=

=]
1

9]

LE]

o
[=1

Y
=

CATHEH (U/mg prot)
CAT activity (U/mg prot)
[ i
(=] <o

=

GSH-PXi% 77 (U)
GSH-PX activity (L)
—_ —_ )
o (%) oo —
= & S & S
SOD#E #1 (U/mg prot)
SOD activity (U/mg prot)
= (=] = = (=] =
*
*

=

9 HDN Xt ARG E MBI J10520 (ABC 43514 CAT GSH-PX (SOD)
Fig.9 Effects of HDN on the activity of antioxidant enzymes in the livers. A; GSH-PX. B. SOD. C. CAT.
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Fig.10 Effects of HDN on the antioxidant enzyme gene mRNA expression in the livers
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EN B = A (IR (YR o W i S v
79% % 2~z 5 g A B — Bk, p A
3 1 T B AR 5 174 410 1) 21 490 i AT 3 1
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R A —E R ER
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B, PR AR KR 0, ™ - 1 OH 59, 512 40 i 2h
REZEAk B R Z R . BFIEIA R, ORI
PR LI Y 58 TR ORT 5 | L A b i, R4k
LA ' B AR AT, 388 Ao A 000 0 s B RT3 BT A
LRRLURIR K EE ) B X A R AR A
ST, fr i BB X VC-FeSO, 2 405 S 1Y Tk ki
AR A AR A A T AR R ROC R | e/ NI
JCEEAETE 0.2 i, ARSLE 45 R HDN BeBAr G b
—FrHHEFE(O, -.-OH fl DPPH-) , i HDN 5| &
P& 1 RN 5 2R AR AE HT I R RE K, HDN g 2 00 i) 4 bt
ik , PR HA 32 B i B

B A AL IS = 9 85 (MDA ) & i
B RO AR SZ H i S 0 RE B S —Fp T T A

AR AR AR, SR AR RE
SR FH R G e B AR A 2 B0y oS p R AL S8 45 21
L HDN AT i 52 F L3 H MDA F1 NO A= j, EI-
Sayed 45033 i3 45 BUAT M BRI IR D45 ( CAN)
Py SR AL IR B TR ARG %% B HDN A BE2H B K B2
Zlrh MDA 75 i B B B A%, GSH-PX A1 SOD 74 718
Pm, AWK HDN AE R I 2% fif Fk &2 i X
ST K W K BTG BT 44k (LPO) 3 2 Hi ik
T4 e H K ( GSH) 320 1 SOD 37 g A 4517
2010 4F Chen %5 #f5¢ % ¥ HDN fit . 35 B A% AT
2 i AR U R T i A KT
AL E I (CAT) EZYREE S 5T
i, E5 SOD POD A K T — i Bk A H 31 9
BRSO AR ZR 7RI bR B o 38R R LR o 32 B4 5
A REEAER . ALY E L (SoD) &
— R &R, ARG g5 A AR B AR,
SOD FE 5 Cu/Zn-SOD F1 Mn-SOD #35 | & REME
AR E B T R AR A RN, T2t CAT 15
FHEEAL AR, AT I8 B8 BB S B 5 1 H
FAE R A RS E ALY (GSH-PX) fiE
AL D H IRVE B A iR N A (2R
S 5L ) sl BT A, AT B R SR AR
B2 RS2 B HDN AR B RS 4140 h MDA
IKAF, i B B it Y = R R AL ) i (SOD)
CAT .GSH-PX) i 77, #4~F 8 2 #F 78 K & 5 ¥ il
( GEN) X6 g 2 31 PR A% 15 UL S GSH-PX. 521
S5 R PR BB WLAH MG SR s N GEN J= , 40 i
YL RE 18 5E 40+ GSH-PX mRNA Fik b,
BHIE P BT & B0, A AR U e s B = Ll 2 LA
JL i A AL ( GSH-PX  CAT H1 SOD) KK 3k, 1M
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ARSI AR I I 2 2T SR A Tl R PR 3 1k K
b3 AR SR RGE — 2

Li ERTA AR FE SRR HDN fE R & THFR A
H S, 00 2140 I A2 AR i K, [ 2 2R o
AL PR AR LIRS 3 A PR3- IK 4R
HDN HAT RLAF AT rE A, FoAE AL AT e i
SUR/TSE N A2 SIS Lkt A (T
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