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Akeld ~E |2~ reactive oxygen species (ROS) 2! re-
active nitrogen species (RNS) 59| radicalo] Io}siAl A443

Objectives: To investigate the protective effect of hesperidin and hesperetin against oxi—
dative stress in 2,2'-azobis (2-aminopropane) dihydrochloride (AAPH)-induced liver tox-
icity in rats.

Methods: Hesperidin or hesperetin (200 mg/kg/day, respectively) was orally administered
for 7 days once daily in rats. Subsequently, AAPH (50 mg/kg/day) was administered
intraperitoneally. Lipid peroxidation, nitric oxide production, catalase activity, and protein
expressions of nuclear factor-kappa B (NF-kB) and inducible nitric oxide synthase (iNOS)
in the liver tissues were measured.

Results: Administration of hesperidin and hesperetin significantly decreased serum as—
partate transaminase and alanine transaminase levels in AAPH-induced oxidative stress
liver tissues compared with control group. Lipid peroxidation and nitric oxide (NO) production
were also significantly reduced by hesperidin and hesperetin in AAPH-induced oxidative
stress liver tissues. In particular, lipid peroxidation levels of hesperetin—administered
group significantly decreased to 5.02 nmole/mg protein in oxidative stress rats. Hesperidin
and hesperetin significantly increased antioxidant activity, such as that of catalase.
Furthermore, administration of hesperidin and hesperetin substantially down-regulated
the expression of NF-xB and iNOS in liver tissues. Administration of hesperidin reduced
NO levels and iNOS expression more than in the hesperetin—administered group.
Conclusions: Administration of hesperidin and hesperetin led to a reduction in AAPH-in-
duced liver toxicity by regulating oxidative stress.
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A BAE v/l 2 k= ROS S} nitric oxide (NO), perox-
ynitrite 5%} o] A EAE v/ 2 = RNSE A<
AR AT A AR e AP SHoltH.
T2t olgo] Ao R AAE A9 A W XE A4S vt

HHEA AW ARslAksl AAZE ool A &< fr=ske] DNA, RNA, A28t 5 Tefgk AA £2=
Superoxide, hydroxyl radicals, hydrogen peroxide 53} 74| EANTNE A g RuFHJTP, Hhd A Yol EA5t=
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superoxide dismutase (SOD), catalase®} 3-8 &Aksl E4
= B3AR] thAg el A A3 ROS B RNSE A7}
of Al W Atslaatst AAE FAsk AP, 18y &
2bsl &4 ZFgo] Ao ROS ¥ RNS7|F &A 3] A A
A X & Aol Aslaitsr AAZE gk = o] 4kstA

Hesperidin (C13H34015, Molecular weight: 610.57)2 &
Ry o)t Al 43+ flavanone BIEAZ -7, T4
g T citrusAl A Fo] FHEIA Eolnem 53] 219
T ek Fo AFEFARE dEA YT, Hesperidin
2] o}= ] el hesperetin (C6H140s, Molecular weight:
30227)2 A AAAA A Zeld =42 3
A5, AEHES N B F uFe A W g8 s
UEMY o] bioflavonoid A2 & A AW, HZ o] &
< A58 AAZ 2-83t7] f18] =2 ol A hesperidin
7} hesperetin®] 44l AL, G, i &5 Hlno
W3 A7 EEs] o] FolA AL YO AR AFE F
3l hesperidin®} hesperetin< in vitro| 4] radical &7 5
B3 sl B0l des Rl en, Akskd ~Ed

£ FE8 LLC-PK; AlZollA Nz AEE I 55
2 3t BE G35 RISHATHM, o]
& S 2] A hesperidin B2 hesper-
etinZ2+e] 7+ H& a3 Rag vl Qo492 hesper-
idin¥} hesperetin®] in vivoollAl &4ksl &4 =4S 3

BT G5 Blalel] A3 A B3 Aot
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w2k B Ao A= 2,2'-azobis (2-aminopropane) di-
hydrochloride (AAPH)Z It 2219] 41815 ~Eg 25 %
3t 55 2 dollA hesperidin® hesperetins F3+ F 3t
ZZ A 4slA ~Ed 2 #YE A FE Z43+ hesper-
idin®} hesperetin®] 4F8}2 ~Eg 2ol Ui 7 RS &%

< vlwstazt s

Tz 2 Y

1. A=

B Ao AM8-3F AAPH, hesperetin, hesperidin, ma-
londialdehyde (MDA), bicinchoninic acid (BCA) assay kit
9 skim milks= Sigma-Aldrich Co. (St. Louis, MO, USA)°l|
A TAste] A3 TE Griess reagent= Invitrogen Co.
(Carlsbad, CA, USA)°llA 7433, aspartate aminotransferase
(AST) ¥ alanine aminotransferase (ALT) &40l A& 74
Fg kite o HAI2K(Seoul, Korea)oll A TU3HM 2™, n-bu-
tanol, NaNO, 2 H,0,= Wako Pure Chemical Industries
Ltd. (Osaka, Japan)oll A F-ate] A&ol AMgsith o
A 2y B A 12} 32 AR nuclear factor-kappa B
(NF-kB; Cat. No. sc-8008), inducible nitric oxide synthase
(iNOS; Cat. No. sc-7271), B-actin (Cat. No. sc-47778)= Santa Cruz
Biotechnology (Santa Cruz, CA, USA)AFlA] A3 T

oot

2. MSE 3 M 4"

Sprague-Dawley (SD)A| rat (553, 57, 150 g 2 3)2
22 FE(Seoul, Korea)oll A R34t AL 717 &%
£ 2312°CE, AUIEE 60£5%2, 12413 ZFH 22 light-dark
cycles YASHA AT 2lolet & AHEA A
SIEE s, AF2 o8 Y SAsIATE IF
U7t ALS A0l HEAIZ F rat] Aol et Gy
o oJ3l Z} 7 6vtel F 4719] o= LRItk Normal
T3} control2 0.5% carboxyl methyl cellulose (CMC)E,
hesperidini ¥} hesperetini™< hesperidin¥} hespereting 2}
7} 0.5% CMC®l 200 mg/kg body weighte] == 834
21 solutionS 73t ¢ U FoI3tAtE 1 F, normalT-oll
= AP EFE, YA Foll slE= = controli, hesper-
idinT 2 hesperetin2 AAPHE A 2|2 d ol £3)A11
solution (50 mg/kg body weight)S E7}Foiste] Al5}2]
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st} S Eelstaorn, 4L -80°ColA W B
of Aol AHg3ITE @73 F ALT 9 AST 842 84
of o3 AER kit (Cat. No. AM102, AM103; oF4HA)
o]-g&te] =3tk ALT 2 AST7| 2N FHS
AR 5 A kS YA 505 nmol A FRTE 2R
= =43 Ath ALT 2L ASTE 39L& 0]8-3}
EETAS T8 ALT 9 AST s AHE3tth
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225 A A
1% Q14+ Z12]31 0.67% thiobarbituric acid 2} ?E?J‘SM 95°C
o A1 45%-3F boilinggt ¥ coolingA1Z] ¥ n-butanol-S 7}
3] 3,000 rpmoll A 10E3F YA 1 H, 45
NS 535 nm, 520 nmoll A FFEE S35t AAAHE A
AA4eE2 MDAS] SO & SHtate] AFEstith 22
W ©hilE $Feke povine serum albumin® A FHSF¥{ L, &
S MDA v=HE A8l 18 MDA e
=3 TP,

r

5. ZX| L NO M4z =d

23S A AdeE FA3AZ1 5 3,000 rpmol] A
1083 A B2k & A5 150 L 5575 130 pb2
stk 1 H, EFEN Griess reagentES €0 A2
A 3087 HES-AIZ] H 540 nmoll A S EE S8 A,
AAE NO T3S NaN0,2o| ooz 3ilste] 2&3519
ol NaNO,= SERE ZA8le] £F234& 18 NO &+
< A=A

.°’

ZX| LY catalase 84 EMH =4
7t 224 1% Triton X-1002 F23A121 5 3,000 rpm
oA 10427t ¥4 21 3 459 100 uLell 50 mM phos-
phate buffer 2 ml< H7Fstich 1 5, ¥H&=°l 30 mM
H,0, €95 A7k 240 nmoll A &9 Az W 35
W3S =73t catalase 84S SA3FATP.

MEIE AEY A0 UfE 7t HE F1f

b 2212 lysis buffer= @371 & A4 7|7
|ote] 22 Y xS EEa7)aL 3574 ) e
Z3F9 ). BCA assay kitE ©]-83Fo] thil 2

steon, el M-S sodium dodecyl sulfate-poly-

acrylamide gel A719 52 &3 & 9 duds

rﬂ
ru_
off
b g
i
o

3H3-3)F acrylamide gel<- nitrocellulose membrane &2 electro
blotting®ll &J3ll Zo|AIF T} ©] ¥ membranes 5% skim
milkE $H+3F PBS-T (0.1% tween 20 in phosphate buffer)ol
1AIZE 5<F incubationd}HA] B E-0]2 ] Thulld Sof gk
blockingS 2 A5+ th 1 % NF-xB, iNOS & B-actin &
AE Z4ZF membraneol] H-EAIA S A HESS doF]
2 PBS-TEZ AMojUa
hanced chemiluminosence 842 283 T2 X-ray filmol

ARAA 2 g wde BAsA. 7 g ud

ol% A WL FED F en-

452 Image J® software (National Institutes of Health,

Bethesda, MD, USA)E ©]&3}le] 4F&319H)

analysis of variance) = AA|3}3L, P<
Institute Inc., Cary, NC, USA) F7 1"55/91 ZEIHS
3}e] Duncan’s multiple range testS 5

folge BAlsAT:

it
1. ME ¥ 2 2% 2HY Ol &3t

7t 29 20 A% AW E8 A A% AT L 0
27) 5/ 243 23S Table 10 UehAITE 94 =
7 A%F AY B2 A AF D AF L BE FoA
o8 AholE LiehiA) shgith. 7k 22 24 A3, nor-

mali2 12.240.6 gl H'H AAPHE *12]¢F controli2]
74 9.240.3 g& VER O] normaliol| Hl3l f-2lFo= 3t
22 FAZ A4aE AE & F A}k ¥4 hesperidin
9 hesperetine 217t Fogk o] A9 242 05403 g &
9.6+0.4 g¢] 5215 YEFHO] controlizell H& 3t =
A7} Z718F 2 controloll gk BAIA 24
ERA] 3t

E_
U

rlo o
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Table 1. Effects of Hesperidin and Hesperetin on Body and Liver Weights in AAPH-Induced Rats

Group Initial body weight (g) Final body weight (g) Weight gain (g) Liver weight (g)
Normal 166.86£5.58" 185.2316.58"° 18.37+1.51N 12.2+0.6°
Control 166.20+6.06 186.22+6.57 20.02+3.31 9.240.3°
Hesperidin 166.46+5.32 187.67+4.80 21.21#4.54 9.5+0.3°
Hesperetin 166.42+5.91 186.13+9.28 19.71£4.18 9.6+0.4°

Values are meantstandard deviation.
AAPH: 2,2'-azobis (2-aminopropane) dihydrochloride.
NSMeans not significant by statistical analysis. Different letters (a-b) are significantly different (P<0.05) among groups by Duncan’s

multiple range test.

(A) (B)
¢ a 200 ¢ 2
40 160 |
b
33 b L
=
£ 20 I
<
10 + I
0 L L 1 L )
Normal Control  Hesperidin Hesperetin Normal Control  Hesperidin Hesperetin

Fig. 1. Effects of hesperidin and hesperetin on serum ALT (A) and AST (B) levels in AAPH-induced rats. Values are meantstandard
deviation. Different letters (a—c) are significantly different (P{0.05) among groups by Duncan’s multiple range test. ALT: alanine
aminotransferase, AST: aspartate aminotransferase, AAPH: 2,2'-azobis (2-aminopropane) dihydrochloride.

2. 3 ALT ¥ AST s&0f 0jxl= &1t
7t 8 3 ALT % AST 5% =4 ZHE Fig. 19 10 ¢

AT WA ALT 24 A normalde) 7% 25.63+ g st

1.07 IULY] 25 YeriA oW AAPHE F &4 = ;E? 6

g+ controli9] 73§ 44.63+2.08 IU/LS] 435 YER] o] § 4

ALT 727} oA 02 718t WHH hesperidin} hes- é . g

pereting Fo33 79 2+ 26.77+1.88 1U/L H 26.61+2.09 ﬂ _
TU/LS] $%E YERN O] controlol H]3l folHoz e T Nemd | Couol Hesperidin _ Hosperctin

ALT X5 YEISE AST 24 23} normal2] 72-% Fig. 2. Effects of hesperidin and hesperetin on lipid peroxidation
S in liver of AAPH-induced rats. Values are meantstandard deviation.
125.43+4.11 UL 7315 YERA NHd AAPHE 1+ &4 Different letters (a—d) are significantly different (P<0.05) among

T3} control S 191.64+£824 TU/L X2 Yehyo] & groups by Duncan’'s multiple range test. MDA: malondialdehyde, AAPH:
2,2'-azobis (2-aminopropane) dihydrochloride.
9]14'_0_; AST 27} E7FeH& g<lsksith. ¥HA hesper-
idin¥+ h tine T3k 749 22 120.21£9.12 1U/L 2
idin} hesperetin 2 _';O:] e - MDA X]& YER A normalT 2.42+0.13 nmole/mg pro-
° A=A 5]
108232083 IU/Le] 5218 Lehfo] control 2ol WISHAST L0 o oo o ms) shero] 2719 RS o
T 7} A F2lskHTh
TAY dauE St T 013’1‘:} HFH hesperidin®} hesperetins F3F 2] 73
- Z¥7} 7.45+0.63 nmole/mg protein® 5.02+0.56 nmole/mg

X[Eatrtst elol| OXl= &2
3. XIRihl=} 230l Olxk= S protein®] $X15 YER O] controlT-oll HIE| fo]F oz %]

2l o] =213
& EAelA e gE SAT DA D s gl 1432 HARAT 9] hesperctin®od
AAPHE F3%t controli2 9.45+0.50 nmole/mg protein®] 26] hesperidin Eol 2ol W8] SojF o2 o we A}
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F= AT AaFig.
3), AAPHE FoI31A] %% rmalis 23.25+3.09 pmole/
mg protein®] NO X5 YERH ¥ AAPHE % con-
troli™2 67.46+12.27 pmole/mg protein®] XS UER] o]
controli | A] normal-el| HI3) Fo]H & NO FX]7} F
71k AL & = AR WA hesperidind hesperetine &
3t 9] 749 ZFZF 42.97+7.57 pmole/mg protein®! 51.55+
67 pumole/mg protein®] 2|5 YERNJ] controlaoll Hl
3 @2 NO S st

=22

100

60

40

20
0

Normal

NO (pmole/mg protein)

Control Hesperidin Hesperetin

Fig. 3. Effects of hesperidin and hesperetin on NO production
in liver of AAPH-induced rats. Values are meanztstandard deviation.
Different letters (a—c) are significantly different (P<0.05) among
groups by Duncan’s multiple range test. NO: nitric oxide, AAPH:

2,2'-azobis (2-aminopropane) dihydrochloride.

120 ¢
~ 100 | -
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E g0 b
o
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=2 60
2 40|
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0 1 L

Normal  Control Hesperidin Hesperetin

MEIE AEY A0 UfE 7t HE F1f

5. Catalase &4 240 OXl= &2t

AEETES 1+ =4 01]/‘1 catalase E4-& =73 A7 (Fig.
4), AAPHE 7t 4% o] A5
100.00£2.56% tHB] 81.70+2.55%% 7HA3}] catalase T4 0]
AAE RS o AT WA hesperidind hesperetinS
247 Bk 9] 749 91.9042.55% 2 92.50+2.57%2] cat-
alase FAS JER o] AAPHE 7F €48 553} control

o] Hla] catalase A FAo] 271 AL &+ ATk

%3} control i normali

LY CHHE] HE5) 2
Z)of| 4] NF-kB 2! iNOS Thla wrsle =43 2
7= Fig. 59 YERAITE ZolA NF-«B =% A3}, AAPH

100 + T
R0
60

40

Catalase level (% of normal)

Normal Control Hesperidin Hesperetin
Fig. 4. Effects of hesperidin and hesperetin on catalase activity
in liver of AAPH-induced rats. Values are meantstandard deviation.
Different letters (a—c) are significantly different (P{0.05) among
groups by Duncan’s multiple range test. AAPH: 2,2'-azobis (2—

aminopropane) dihydrochloride.

(B)
iINOS

B-actin

120

iNOS (% of control)

E o = o

= = = =
o

b
=]
T

Normal  Control Hesperidin Hesperetin

Fig. 5. Effects of hesperidin and hesperetin on protein expressions of NF-kB (A) and iNOS (B) in liver of AAPH-induced rats. Values
are meantstandard deviation. Different letters (a—d) are significantly different (P{0.05) among groups by Duncan’s multiple range test.
NF-kB: nuclear factor-kappa B, iNOS: inducible nitric oxide synthase, AAPH: 2,2'-azobis (2-aminopropane) dihydrochloride.
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< normalioll HI3] o] & S 2 NF-x

S ¢ AU ¥HA hesperidin? hes-
pereting F4g 9] 79~ controlT 100.00+£0.50% THH]
217} 64.2140.82% 2 28.65+0.61%2] 435 YERN o] F
o]F o8 NF-kB ¥do] 74 AS & F A%oH, &
3] hesperetin Tl A B 2 NF«B Td &S e
ATk 3+ 2A 4] INOS T B 27 A3 AAPHE
FEo3A] &2 normal-2 control 100.00+0.91% THH]
60.04£0.50% 215 YEFH O] Fo]H o= iNOS T
Aol A%k Z1& & 7 AU BFA hesperidin 2 hesper-
eting FoI3F 72| 79 controli 100.00+0.90% thH] Z}
7} 48%+0.51%, 62%+1.02%= control-ll BI3} iNOS THY

A ddo] FolHo=w 7HAsglon, 53] hesperidin F

£ 53} control
B @do] F7igk

c

N

r—u

ool A © e iNOS wd e JeRUth
it

AAPHE 4FSHA &8 do7|& dEHR] E-HEZA,
A Wl A carbon radical 7&5\_ B2 BajEo, E35)

A ZEo] Al 7F A of| 4ks}
A EE frEdhe Zﬂii Eilﬂ AT, K37 ghefAy
o] 8 FAEAI hesperiding o2 2] e hesper-
etin®] 4ksl &4 FH A7 Rud vF Qlou AAPH

& 2ol 7+ e adel ¢
H AT A5 AA o). ¥Rt ol g} hesperidin?} hes-
peretin Zt7+8] dH4ksl &4 #H AdFE o RaEQS
U, o] & &Y st a5 9 V1S vast A7

H 53 A o|nh0), ks B Aol A AAPHE I &

A& =% in vivo E Z 2ol A hesperidinT} hesperitin

o] 45l ~EH 2~ S G558 gl o]59 it
-

3} 5% B 71dE vt STk

AST+E aspartic acid®] ©}1|x=7]Z a-ketoglutaric acid®l|
Zol3ted glutamic acidE A4 sh= Eao|H, ALTE ala-
nine®] °}¥|=7]& a-ketoglutaric acid®ll Zo]3}d glutaric
acidE A SHE EA0|TP9. AST 2 ALTE A%, 242
o AAIRE, 53] 3 220l Hol L E 3
7

=HS W olE &7}

i

o B
A

e ol

b

ESBERNE
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esperidin 2! hesperetins 22} T gk ol A
S8 AST 9 ALT 84 &4o] AAHASE &
t}. E3] ALT £4 €42 hesperidin 3 hesperetin F

EF 7Y FF0 2 AAI HkH AST &4 &4

speridin o3l Y13} hesperetin FolToll A o &
7‘<] £ YEM AT} wWEFA hesperidin 2 hesperetin®]
o= AAPHE QI%H 3 22 9] 4k} &7 s ALT

3@ X

r—LI

AST &4 84 =4S 53 1t 54 235 92 JEet
< AT dslom, hesperetin BEojFoA AST &

\->u£>i&—1mr[or[o_&;gﬁm_o£omﬂ

gt
o
12
2
fo
o
N
in)
i
n[o

2 sl

£3] MDAE

Fo3% control™ AAPH
& FolshA &2 normal:r“)ﬂ Hlsl {1212 22 MDA 4
grFo] F7ksted b 22 W 48k B4l FEEHUSS
313t H Y. WA hesperidin®} hesperetine ZHZF o
A3}, controlTol] B3 FH o R e MDA %
Effjo] 2+ 22 W A Ast A AAE 3
2EH 2N a5 & F A0S 53] 5L
EoJg)S | hesperetin F7-©] hesperidin F&+ol] H]
3 Frod o R o ¥ MDA X5 YUEFH ] hesperetin
©] hesperidin®l| BI3] A+l 5‘“—”01 =8 oA AA
kst A oA &5l o =
ol AFellA AAPHE 4HshH
oll A hesperidin F4°] hesperetin Fo9-o] H
Ao Al7o| Aol MDA ko] v
oFY, whebA] AAPHE 4F8HA &48 = 5
A hesperidin F= A% BE a7} 43 dtH, &
Aol A= hesperetin 597} hesperidin ool Bl3] 7F &
s AWt s o 7 Atk

NO= NOSOll 9jaff e+ =d=H 84220 AH

it
Mo 2% oot ru

do 2
B

L= o



ZXIE 2 Hesperidindt Hesperetin?|

oA A 217

& 7se Fds= A

A=l ofsll NO7F #ohstAl B2 79 4] ~Ed)
2, QEHEE, 83 S 55 Bl 229 &4 doT)
T 22 BEITP. ¥5t oyt NOE AW free radi-
cal¥} ¥Hg-3to] 4keh2] &8 TS otEkA717] wiZoll NO
28& B9 AsE 2EdH 2 A Sl tis ATt
Gks] o] Ry A AL ek, B AFolA 1F 22 ) NO
A EFS =% A3} normaloll ¥IS)] controlT*2] NO

o
Aol Frkste] 7k 229 4ksld ~EH 2V FEES
3135k th. T3 hesperidin®} hesperetin®] NO &4 &3}
£ QI3 A3}, AAPHE F43 controloll Y13l hesper-
idin?} hesperetin F-oJ-oll A fo]2 08 o NO A =
S Uehdlo] NO B4 dAE 58 1k 239 41517 &

ol thk HE 35 81T 5 AUt 53] hesperetin
Tl H]3)| hesperidin FolTo] FoH o2 22 NO
A5 YEFN O] hesperidin®©] hesperetinl] H&| -3t

a7 B35 Uehi= 2o g2 Azt

i] Ulolli= SOD, glutathione, catalase®} 22 aH4ksl &
AE {3 JP?. 53| catalase= H,0,& H,0Z 3
AAA A HrtetEo] FHHA] BEF st 4TS F
sYaim, iEHQ 4kt EAE G A AP, 4kl
el tigk s a5 Ueille HAE fH &A4E
NS Y3 Aol A catalase A 4 =4S 55

AQE frof 2 A ATIF B3] o] FolH 1 TP,

O

o

}.

O_L,

A& &olslr] Yl 7+ 2 o)A catalase E4 AL =
gk A3, controloll B3| hesperidin 2 hesperetin 5
T2 controliol] HIS] #-2]2 O F catalase E4 FAjo]
F7FtR oH, o] 5 AR A& YRS whebA
B A}E 53| hesperidin Z hesperetine IF F2|of| A
H,0, A4S AAAF]= catalase 4 A S71E 530
b 22 W 4EE &4 tigk RE a8 JEd S &
T AATE A Yol A= catalase 2Joll = SOD, glutathione}
2o 4ksl &4 9 nuclear factor E2-related factor 2
(Nrf-2) signalingS "i7) 2 4 =]= heme oxygenase-1 (HO-1),
NADPH quinone oxidoreductase-1 52| &4ks}t Q1A-E0]
A Arslakitst AAY #&-e FASkL e, o)A
Aol o3t 4kshA Ee] FEE KA A hes-
peridin #] 2]7-©] hesperetin ] 2]oll HI3] FoZ o2 &

N

&Y SS2E0M Mty AEAN et 7F B 21t

2 glutathione &4~ TA4-& YEPHo] Bag ul glom, o]
2o = hesperidin®} hespereting Z}2F 2] A] SOD, glu-
tathione & &4+el 4 S FVIAA 4 25
e o7 BaH uf JYope, w3} AkshA E4go)
=4 Ao} A] hesperidin 2 hesperetin *]2]i= Nrf-2/
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