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1.1 SCIG R LAY 25

{8 FE Wistar[ K FLU(Rattus norregicus)i¥)—4™ i
Z, W IEE Wistarfiff 7% B & BCHEME R R, W HEIL
o2 A R Zh A s AR T B (fa Al
YEIN TR P29 i 5 B2 T L Alcalasefi
P2 1A (6% 10° U/g)l F-NovoA 7] ;. D-2FFL B (D-
Gal), &8 KT99.0%, mm kXY ARA
FRAFIRAE; ALY B LR (SOD) . 4+ H Ak
i E AL (GSH-Px) . i AL A (CAT)., N
% (MDA) . — % LA (NO)FIH i A L i (MAO)i
&M [ R Rt AR Y TR T SRR
fiti(AST). & N M ALTIRF & K&EIL 4k
PR A RS ml Bt BRR SN . f R A A
R AT, T R e AR A AR A

Model 680/#R1X, Biorad/\#; AL-104%1k5
WHT RV, LRI R 2R
BRA A mIE R KR, L YT R
J7; pHS-2SHIFR T, LR #INAY) s &
X E A RE O, FEB I /RBHE AR B
KR o N Wi N = I o i o A ES o S )
J75 WONRAR, DIBRGAHE TR UV-2401PC
SHMIOETT, BARERA R XHF-Im#5r
B, TUHZ AR YR R A PR A
1.2 BESDRe RSB &

SEZHBE T, RIRGE S . A
PROK B B A S Bt i, R TS B IR AR A
e WS T PR S BY AT emx0.5 em ) £
B 1 Fr — 6175 1A B AU NaOH (0.2%) 1 15 #1150 min
— KV 2 T E I 6fE AR L H,SO4(0.2%) 7 i 2
50 min—7K Pk 2 H -2 O 10f5 R B 2518
7K)—HIKHEHL12 h(50 °C)—6000 r/minf L>20 min
EW LER B HE TR >R RIEENR. 7
pH#8.0, HRE H50°C, MEFE3%M&MET, H
Alcalasefiff /K f#6 h, FH 1F14 kol 38 B K i 2
WK ES, WS F 7 1~4 kuf Fraction 1T , % T
i T ah e 8 925

1.3 D-GaM=EHRB KRAET

HiE R Wistar KB, HEME, 864, 3R,
PRI 260~300 go K R BRGNP 1R 57 18 dE s
iR, WAL, mAEHI10HE , BEIL N

641 . MIEH X IR ; @D-Galtbi U BH 1 xF 4
B Gal+ Va1 XT R 4H ; @D-Gal+Fraction IT {5
H4l; ®D-Gal+Fractionl |84 ; ©®D-
Gal+Fraction Tl Al &4 . OHKBEIEHLL T
A A B R KAE M IE R IR, @, @, @,
& . @4 T EHSD-LFL (120 mg/kg), #ELETE
G7REE AR, K, @, @, &,
©. QAKX THE2JHFHIEXLLE, & H 50
TEMLS50 mg/kgMFE K . 50 mg/kg Ve &50, 100,
200 mg/kg Fraction Il .

14 MEMALSRMHESEANE

STIRFLLTRE G, KRR . B AR
BIWKWIER . WRRERBG0, 1fRE T4 °CUKAE
WCE 12 h, LL1800xg, 4°C, B5.0010 min, HU VG
W, BN I

B SUAR % R B br S A 6, B
JUE 2= R BRI E I R 46 4 dH 4, FH AR B R K vk
H TS fE IR AR T, HL0.5 g, B TS mL/NVEERR
Hr, RO BEER K, DUIR R 5 R 8T A 2 41
P, K213, HA1K W LLI2000% g 0210 min,
RIS, H s 10%40 208 .

H B I 10% 20 2L B O B Vs W, R
AN STE DN E 35 W AE 280 nmik B WOGAE, LA
M A bR, THREA S =
1.5 E{IsfRNE

AST. ALT. MAO/K- M HF4 21 5)4 i SOD
GSH-Px. CATiIHE, NOFIMDA S 2 146 7
Fie B0 2 d B B A

1.6 BHALAREFEME

KA Y R g B AR AL, UK B A2
, REIRZ42.0 cmx2.0 emx0.3 em,, 22 Y [
SE, 80%. 90%. 95%. 100%7% kB LB K |
A MR R . AR R — ek g
o B R ELREIRY R, 7E R WA
WAL
1.7 BB\ 9

LW ERIR, 4R FE/R HmeantSD,
% FExcel 6.0F1Sigmaplot 12.0/FE &, % H Statistix
S A AL T AR, St Paul, MN)H Linear Models

PP AT Seit, 25 B E N P<0.05, Al
Tukey HSDFE ¥ .
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2.1 BELDteE i WK Fraction [ 37 K5
MM3EAST. ALTSE M AN

ALT. ASTE THEFE SR M N e, fe
E— B T W A Az B R T 5 IR R
MR AH EL, D-GalB P X BEALAST . ALTYE 4
TS T 650.2451778.03 U/L, 56 B K KUAT I 45

——50 mg/kg
w100 mg/kg
1200 aq === 200 mg/kg
1000 b
=
5 800 c
He
v 600
g<
g 400+ g d
< 200 H e
0 []
1 2 3 Fraction II
R
different groups

(a)

Y™ 8, D-Galif 5 b by S i oy (B 1), 85
SO P A AR K Fraction 1T 4% 3 1 4H & PH 4
Xof BRZH 19 AST/K - I 25 {1 T B4 X B 2H (P<0.05),
H:rpFraction IT /& ) i 2H I AST/KFE 51K . =
ZH A EE 2 BIRRAR T 69.66%H173.65%, H ALT/KF
5%, Rl A LA IR T 56.51%F170.52%,
L, 200 mg/kghY Fraction I %8R e f4

——50 mg/kg

1000 100 mg/kg
q == 200 mg/kg b
g 800 r C
2
%5 600
X
w400
S d d
< 200 t ’_Y_‘
[S]
0 [
1 2 3 Fraction Il

R[]
different groups

(b)

1 ERDERE K S LK Fraction [ Xt D-Galiff S AT 1545 K B MBAST (a). ALT (b)7k F IS M
LIEF I, 2 B, 3 B PEXT I, B T RO A B RN 7 R R (P<0.05), T
Fig. 1 The effect of S. niphonius skin hydrolysates (Fraction I ) on AST (a), ALT (b) level in R. norregicus plasma in
a model of D-Gal induced hepatotoxicity

1. normal control, 2. negative control, 3. positive control, column values with different superscripts indicate significant difference (P<0.05),

the same below

22 ELOENEKFinE WA Fraction I 37 X5
M EMAORY S

MAOTE Jy & K R HE S A% A MR i, J2 24
b 5B 2 g o A R N SR R R R4
B, PUAMAOTEES BT, WL E &2—
20 27 ke 20 Ak A B Y . R 2K
HMAO 743 ] 475.93F180.06 U/mg prot, 3
AR T B A o HE AR 57) /2 4H (P<0.05)(F12),, X &
Fraction Il A9+ | /& 7 = 41 A #HI MAOT &1 O AE
FH, AESECR AR B 1E 5 % B8 R BH A4 X6 BE 20 (P>0.05).,
23 ELRD®REFE WA Fraction [l 3 KR
BF AR S AL ER TR M ANMDA & £ A2

SOD. GSH-PxZEfk #4540 1Ml, FractionIl &
Al AR B, 508, bl 2R B EP<
0.05), FractionIl & & 2 CATIH W& = T
I . 3 4 (P<0.05), {HLAS 20 BH P Xof 1R 2 4%
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Fig.2 The effect of S. niphonius skin hydrolysates
(Fraction II) on MAO activity in R. norregicus plasma in

a model of D-Gal induced hepatotoxicity
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#-(P<0.05). Fraction II /&7 f 2H MDAZK F 5 1F %
X HRZH TG B 35 25 5(P>0.05), JF H A% . h) &
4H 4> MIREAR T 141.00F1118.81 nmol/mg (P<0.05)

(FED. ULHPLE AL IKFraction T %7 32 5 1T 40 il B¢
S Ak T T A RN O IR B AR A A B RO, IF
EEUKICR .

xR 1 ESDREFEITE WK Fraction [ 33 X R AT AL 1 & L EEE 4 FIMDA S £ 8IS0
Tab.1 Effects of S. niphonius skin hydrolysates (Fraction Il ) on SOD, GSH-Px, CAT activity and MDA

level in R. norregicus liver in a model of D-Gal induced hepatotoxicity

5 A AL E/ (Umg) ABH KIS A i/ (Umg) i F AR/ (U/mg) 7 % /(nmol/mg)

group SOD GSH-Px CAT MDA
IEHXIHR4]  normal control 225.97+4.76" 175.63+3.69° 391.63+8.87° 137.23+2.55¢
BT IZH  negative control 152.00+3.72° 117.00+£2.91° 230.27+4.56 350.93+5.40°
50 mg/kg Fraction II 195.43+3.05¢ 127.40+1.85° 260.00+7.84° 279.8343.09"
100 mg/kg Fraction 11 207.1743.05° 142.00+4.70° 349.17+6.36° 257.64+6.12°
200 mg/kg Fraction 1I 236.27+3.09" 182.23+3.78" 477.90+9.81° 138.83+5.78"
B HRZL  positive control 244.97+6.08" 190.73+5.23" 564.77+£5.61° 117.30+4.23°

W AT R AR BER R 2 7 1 (P<0.05)

Notes: different superscripts letters in the same line means significant difference (P<0.05)

2.4 ESOEE KIS WK Fraction I 37 X R
BFEE T-AOCHY 220

ST AL RE 11 (T-AOO) R L AL T E AL il &
R IE (NSO I N R 3N R N |
AR N A BE G PR R S A A, R R LR
ZUARPT AL DI RE AT R, BH X B 5 I R
W2 bt Ak e ) ek, W 5O T Lt Ak 2
(P<0.05). & &5 Sy fa jz Hi A AL K Fraction ITAIG |
L E R A T-AOC/K 43 5] }92.05, 2.16,
2.45U/mL, #PLT B X 2 (P<0.05)(#13).

35 ¢
—50 mg/kg
s 3.0 } |00 mg/kg a
= a = 200 mg/kg T
g 2 5 | —T— b
2920+
=9 d
dz <€
R
= 10t
= 0s
0
1 2 3 Fraction Il
FNREIL]
different group
E 3 ESDERE RS A Fraction T XF

D-Galif5 & BT #5145 X R T-AOCHI 2 11
Fig. 3 The effect of S. niphonius skin hydrolysates
(Fraction 1) on T-AOC (U/mg) in R. norregicus liver in a
model of D-Gal induced hepatotoxicity

2.5 ERDfEFinE WK Fraction I 37 X5
BT AENORY 22 M

NO A= Wy 1 PN — ol 52 07 M W 5 1) 1 g i
FEMLAAR 4y 125 A BRI B A0 00 A (6 BH
X HRAH NO R it I 35 5 T HAth 4% b #H 20 (P<0.05),
1E % B8 5 BH PR X BRI NOTE I AE o i 5 i A
i, EJCEFM 2R P>0.05), 5 HAb& b5
21 25 5% I 3 (P<0.05). FHPEXTREAL . IE & X B2
BT E AL K Bt Fraction 1T 75 77 4 41 H A X IR 40
Iy AR 24% . 21% M1 14%(E4). DL 45570
B, BT R 22 B S A B S BINO % i

60 —50 mg/kg
s 100 mg/kg
50 | q (=200 mg/kg
—_ —T b bC
o d ¢
S 40
2 ot 4
=
B % 30
x
w 20
I
10 +
0
1 2 3 Fraction Il
AR
different group
B4 &S5 E TS WK Fraction 1T Xt

D-Galif5 5 BT #5145 K & AT 4H ANOIK F B F2 i
Fig. 4 The effect of S. niphonius skin hydrolysates
(Fraction I) on NO level in R. norregicus plasma in a

model of D-Gal induced hepatotoxicity
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Jt i, Fraction T 455 & 41 AR A M HINOTF &1 4
FH L e DL 50 4 B RO et
2.6 BTREALATRIBZYIA

H.E Y O3k BIE A2 b iecw FH B e 0576,
AR S TE H X B4 55 BH M 25 ) 4 2 () TG B I 25
5, KEMAZUNT S Em . s E . I
SRR 5 A0 3R DL e ER K O o, B

25 um 4| 25um
[S— —_

RHES, R BB AL © oK I e R A0 R o [
X HE PR IO A DX B BN L T2 K
LI B AR G . AR K, 0 T 4 i A P B
WRAE (IR ) o W i 5 7 Bt 84k Ik Fraction 11
L AR ATE S E A G, R B R,
{GRUE PN 3 s A AR 2 1 O L N U8 TR
WA, JCHIR AR . i,

5 25um ” o3

Eh BLBAKRFEREZIR
1. IEE XA, 2. D-Galf % 4l , 3. 44 ZE4L, 4~6. Fraction [ k. . mAIE4A

Plate Histopathology of liver tissues

1. the control group, 2. the group treated with D-Gal only, 3. vitamin E, 4-6. low, middle and high dose of Fraction Il respectively

3 TR

JFEREE ML R R E R, HARE
M A e, — T o o A T A R R R AR
A I U B P 1 A DB fe A T 4
JEGE SRR, A ALTRA UL, 4 T4
Mg e E I, ASTHRECALL, ik, MiEALT,
ASTVE MU 2 D fig sz Bt iy < e e, B
A AR P T BE A 9 5 AT LA G 3 R AIG IL HH ALT
ASTH . AWK, H5D-GalPIHExt BAH L,
3 = Y 0 R S Bt T 4 K ik Fraction 1T fE
FREACIMIEALT . AST/K Y-, %KW Fraction Il fE A
BT WD-Gal i SUF- A0 5, I HA s KR
JFThREMPER, mH2 —ENER LR, MAO
RN B AT A A W R i A, T DU AR AR
b B R 2 o e AR A B B, AR R AR e 2
P, GRS UM, AL, Bt
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AALIK A B IEMAO S S /EH , (HACRA K
IEH X R, 3k nT BB S O MAOAE AL ™= A4 T i
AL, PRI S i A A & kA B
FE, MM EMAOIE M F AR A A

P A AL R G RAUADT A i B0 1
Bififk %, HHSOD. GSH-Px. CATIX3%KHI4A
T 53 ) 388 o Ak 4B B 1 B (0, ) R
b A Sz o U BT B B e AR B s L
L0, - Ak 5 SOD Y FIAE Y™, FEAR N & 44 0
% A B T2 T-AOCTK - 4 [ 2 o B
RS E BRI, ZHLARTE M KT 5 iy &
BERAEY, AL, ISP MDA & 5 AL RE fz e
JHF- 240 M FEE g Jo o 4R A R R ) e I, TG EL T ) 4
BB R S AR A R S, SR,
HIEFE XA, BT B4 K BRJFAESOD .
CAT., GSH-PxiGPEMT-AOCHE 1 3 F %, g
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Fiid A AL PIMDA B i B s 3G i, R D-Galf
SURMLAR ™ A KR H l 3, A&k S b E
Jfi, RIAWHEE AR EER R —BUWRAE, UL
A AR Ty o A LA 0 7 B A Ak K Fraction 1T
AR fEHE H SOD . CAT. GSH-Pxi&
T-AOCHE /1, FRMCMDAS &, Hohim i 4154
AU, $E78 Fraction 11 78 3 58 g 4201k B2 19 1%
PEFIYE R B b 3k 0 T8 AT R R AR H

NO K 2 IR 7E 45t A — A b A & 1
(cNOS)E( 75 3 A — AL A A W (INOS) Y AL T 2E
B IEFABRE T, D ENOX A —E M
B PE R s T BIRZS I, INOSHEBU A ik
HANOMY, 33 T NOJZ i B U Th N S 05 1) 32 2L
PR, WS RW, D-Gal% s A5 5k U 4H
ZUPNOF 2 1 1 28 1 T 1E 5 6 IR BH X B R
Fraction Il 47 & 41, 3% 7 fEJ& A D-Gal5 | 2 1
JF# 0 2 S BGNOSE H By K& &k, Rif T
NOIJ A i o Fraction I 455 & 21 K FINO A A
FREE )R R, H A 28 31 1 5 X BR Az BH 4 X ]
IKOF, o DL R A RO R A, Ui
Fraction IT 7] 38 3 Y8/ NORY & 0 T V8 B v ke |
NO5 &M EEPE . HELY]F LY WIESS, Fraction Il
AE ML 3% D-Gal 5 | S A FF AL 21840, ikl Tk
BRI 20 2 725

A, &EKMEZRGERN . R AE
Ui 5 A S RA R . JP 5. ek, LR
% YA S LA B A BESE PP, W Chang 46
KB, MEE(Elaeis guineensis) /N3 kuf) IKBLA
BRI ABTS H H 3L FRAE 1. ChifE Pl 4k o
1 i (Navodon septentrionalis)k /K fit 5158 T 43
FHE4269.33 uft) Bk B¢ Gly-Pro-Pro, %Ik B
TR DPPHA L . %A A MABTSA H
FIHBRAE S . Ktari® " 2B, &M 1300 ku
1) B I 65 7 11K A 22 IR B LA B Ar i B i SR
B BE 1, 1 EL A A% A S50 R AW BR G /N BRI Y
RS L Z 8 2 W ) (TBARs) K-, 4% 25 SODF
CATHE . ARWEART R TN, »FiEH
1~4 kuf) i i B 85 £a 17 41 %A1k 22 Bk Fraction 1T H A
AP A m SRR AR ™Y, i EL AT DU A
H,0,1% 5 1Y & AL it /5 Caco-241 Jfd HLDH, SOD.
GSH-Px. CATHIIGPEIFFEIKMDA S &, LIEH]
PRI A A 40 B VR R, AR 5256 v Fraction 1T
XA A 3 R B o A i ORI S, U
ST B K AR R oy R R 1~4 kuZ KR 2 S

PR AL . ARBE B KN . HEZI ¥ S B, 1A
A B R B EACRCR

b prA, WS T R i % AL K Fraction 1T
(1~4 ku)%F D-Gal i BUE AL 145 K R PR 1E T,
XA RS i 2R RERANEE AR
Ko BRERI A AMISOD. CAT. T-AOCH!
GSH-PxI%E, FEMEMAO. NOUEME M MDA %
i I H R BRI # 2 U] A W iiESZ, Fraction I
D — B AR R SR L, HT
A AL Z ik Fraction I 7£ %E 2% D-Gal5 | 2 A% FF #2405 &
T T R ) KPR
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Protective effects of Spanish mackerel (Scomberomorous niphonius) skin
peptides against D-Gal-induced liver damage in rats

ZHANG Yu, PENG Xinyan ', HUANG Pingping, ZHANG Cuiyun, ZHANG Leyi
(College of Food Engineering, Ludong University, Yantai 264025, China)

Abstract: Epidemiological studies consistently show that excessive amounts of reactive oxygen species (ROS) is
an important underlying cause of the initiation of oxidative stress in various tissue injuries as well as cell death and
several chronic diseases. Several compounds, such as D-Galactose (D-Gal), bromobenzene, carbon tetrachloride
(CCly), acetaminophen, and ethanol have been implicated in the etiology of liver diseases. D-Gal is commonly
used as a toxin to induce reactive oxygen species and hepatic disorders, which has been extensively used in
oxidative damage animal models to evaluate the therapeutic potential of drugs and dietary antioxidants. Due to the
risks of synthetic antioxidants, there is a growing interest in the use of natural antioxidants to prevent ROS related
liver pathologies. Therefore, during the past several decades, human nutrition and biochemistry research focused
on antioxidants derived from foods that could prevent or diminish ROS-induced damage. More recently, there is
growing interest in natural hydrolysed protein antioxidants from many plant and animal sources. So, we
hypothesized that the administration of antioxidant peptides might be useful for preventing various types of
oxidative stress in vivo. In our previous experimental studies, Fraction I (MW <1 ku), Fraction I (MW 1-4 ku) and
Fraction III (MW >4 ku) were isolated from the hydrolysates of Scomberomorous niphonius skin through
ultrafiltration membrane with the cutoff of 1 and 4 ku, respectively. Among them, the Fraction (1-4 ku) exhibited
the highest radical scavenging activity, inhibiting both lipid and protein oxidation of cooked patties during
refrigerated storage, and protecting Caco-2 cells against the toxicity caused by H,0O,. Therefore, the aim of this
study was to evaluate the antioxidant effects of Fraction II on D-Gal-induced liver damage in rats. Wistar rats were
randomly divided into 6 groups, which were normal control, negative control, D-Gal+Low-dose of Fraction II, D-
Gal+Middle-dose of Fraction II, D-Gal+High-dose of Fraction II, and D-Gal +Vy, as positive control for seven
weeks. The activities of serum asparate aminotransferase (AST), alanine aminotransferase (ALT), monoamine
oxidase (MAO) and antioxidant enzyme activities including superoxide dismutase (SOD), glutathione peroxidase
(GSH-Px), catalase (CAT), total antioxidant capacity (T-AOC), nitric oxide (NO) and malondialdehyde (MDA)
contents in liver were determined. The result showed that all doses of Fraction II could significantly reduce the
ALT and AST level in serum of the rat, while M-dose and H-dose of Fraction could sharply decrease the MAO
level. Compared with negative control group, SOD, GSH-Px, CAT activity and T-AOC of liver of the rats were
increased significantly. the MDA and NO contents in liver of the rats were reduced when treated with all doses of
Fraction. Treatment with high dose Fraction (200 mg/kg) could increase the SOD, GSH-Px activity to 236.27 and
182.23 U/mg protein, which could reach the level of normal and positive control, decrease the contents of AST,
ALT and MDA to 302.47 U/L, 220.43 U/L and 138.83 nmol/mg protein, which was close to the level of normal
control. Moreover, Fraction II could significantly reduce the injury score of prominent nucleus, visible central veins

and necrosis in rats. These data indicate that Fraction II can protect the liver against D-Gal induced oxidative damage.

Key words: Scomberomorus niphonius; antioxidant peptides of skin (Fraction); D-Gal; oxidative stress;

hepatoprotective effect
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