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Abstract

The aim of this study was to investigate the hepatoprotecive effect of silk protein hydrolysates (SDH), which was
prepared by acid hydrolysis, in rats. SDH itself did not exhibit any cytotoxic effect on hepatic tissues. SDH showed
a protective effect on tert-butyl hydroperoxide (~BHP)-induced hepatotoxicity and liver damage. SDH effectively
reduced AST (aspartate aminotransferase) and ALT (alanine aminotransferase), which are biomarkers for liver damage,
in a dose-dependent manner. Malondialdehyde (MDA), a lipid peroxidation product, was significantly reduced by
SDH. A high dose of SDH (2 g/kg) reduced +~BHP-induced MDA production by 40%. Glutathione (GSH), which
is an endogenous antioxidant molecule, was effectively increased by SDH treatment. GSH content was enhanced
by around 2.5-fold, compared with ~-BHP control, upon SDH (2 g/kg) treatment. Lactate dehydrogenase (LDH),
which is an enzyme released by cell cytotoxicity, was greatly increased by ~BHP, but significantly decreased by
SDH treatment. Furthermore, hematoxylin and eosin (H&E) staining showed that SDH suppressed +~-BHP-induced
lesions in liver tissue. Taken together, SDH might be used as a protective agent against liver damage.
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Follo] nAHE 100 g& A3 27|34 ecm)E A3t
. Na,CO;5(0. 5%)3-0“ oA 30%E3E o] nAFEe BEE
= AAsH %Ol Xﬂﬂﬂ Tl L2 Hwang 5(8)
o] w0 u}a} /\L 7R S AT Tl x] 9} 2
N HCl &5 3 1:509] ngi Ho1A 48413HE<T 100°C 1A

sl & % 5% NaOH £ 7lsled Z3x 7L} 33}
] *ﬂ*él:t]_ H q_o_ O]Q—E}oq 21]7"10}}1\_1‘ =4 Zﬂf:’:’c-?]'o:]

AEE ARSI

SE4AY

AT 2Fe FAS FEH g8 £ 8F% SD rat
sukEld e7fe 2 ERelslth *“ﬁtﬁiie AT 5
U3t ~EY 25 F7] 98l A ArE AT Folg dix
=, A2 Azl A it reEsE
2 gkg)Rt Mg o, A A DG Fof § sBHPE Fo ¢
T, AEE 05 gkgs =2 Foig 5 ¢BHP & FoI3 &,
AEE | gkge=2 FoIgt 7 ¢BHP & T E, ANES
2 ghkgFEE Fo3 § BHPES T3t o7 ERFIIGTt
12. AR BHL A e H2E wet AR ?04%}912
o, FoI7172 19 18] 79 B wHE Fosigint 7 A
7V A gete o] Hit A VTR 1w et
ol s AelAdgel AdEdS &AAA nteld
2 mL/day® 7T FoI8tith12). ¥ AFS mevstn
SEAE &8sy AYE ol ST
(KUIACUC-2010-141).

UM ZAL

tBHPE A3t &, A 2lelA] &2 o &5 BHPE Foigt
2] 18417t FHoll Ag-E& APt 4 T35 A H A

2A1ZF AN 7] A8 TE5S ethyl ether® WA A :54/13
A & 7S o dlsdolA S AF st dRE
Al ddl] o 308 H 47T, 3,000 xgoll A 10%7F °J*‘-‘?‘4FJ
Sta ARl 3-8 #2]3te] total protein(T. Protein),
albumin, total bilirubin, Alkaline phosphatase(ALP), Aspartate
Aminotransferase(AST), Alanine Aminotransferase(ALT),
total cholesterol(T. Chol), glucose®] 4= ETAIF 7]1E
(Roche Diagnostics GmbH, USA)<} Fuji Dri-Chem 3500(Fuji
Photo Film Co., Osaka, Japan)= ©|-83}o] #4135} ch

sty =3 He|sta ZHAL
eBHPE A|2] ¢ i, A2|alA] e o B ¢BHPE 7o
gk2] 18411 H ] é_l'ﬁ = Al ?%‘ O}Oﬂ"/} Na T5 AACIA
12417 AAA 7 A FE5S ethyl etherZ PIIA|A 3]AY
A F FS G el ddE AHst] dFE
EDTA”} A28 A Hol Yol & £3sla A5
WAgE 7 SA2F o sAT A PR W EF(WBC,
white blood cell count), & T4~[RBC, red blood cell count),
Al A2 (Hb, hemoglobin concentration), &|VFEIE] EX]|
(HCt,hematocrit), 371238 7-82(MCV, mean corpuscular
hemoglobin volume), 2 & 8 4E = (MCHC, mean
corpuscular hemoglobin concentration), & 2~ZHPLT, platelet)
o S & oslstant 22 Weerd HAE flal A
A% 1, Y AZhe] TAT ZHeAT S50 B0
s} 1S E5 delalol= Solol Hol 14 H T
A2 25 gulste]l =2 wetste] FE3] A7)
2 =

A2 B9 AA sek o), vl
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t}. 7+e] 7499l += hematoxylin & eosin(H&E) 345 o]
Z2-g 3% dv]7d(Olympus BX51 microscope, Olympus
America Inc., Center Valley, PA, USA) ©.2 #2359 o
A1#Fe] 7 $-ol| = periodic acid 42(PAS)S dho] dn|F o
2 24Z AT 2HE MicroFire 2.2 digital
camera(Optronics, Goleta, CA, USA)E Al-&3lo] =
300 dpi ©]gellA o|nx] S A vlwstAe) Aol A
ol = periodic acid 942 st 22 HAFSIS

HPLCE o[8%t GSH &4

2rz274 1 g 50 mM Nethylmaleimide(NNEM) £-9 9 mL
7Fsted ®lvgstoll A vt R AS AL, 4C, 600 xgoll
A 1027 DAl ste] 8 gl nekd] R AAS S
A& ATk NEM 1 mLel 459 100 ulLE 2o 42
PCA(perchloric acid) 60% &2 E527} 5% =5 7}
gk 5 5 5ol WA £ 1,000 xgoll Al 121 AR
sho] A=l | mL= 3 Th o171 50 mM iodoacetate
IAA)E9 100 iLE 7tete] & 43 gikes Z25(0M
potassium hydrogen carbonate)A] 2FS 7 Fo] A7|A] &
W 7bA] ZbetelE F Aol A 2087t WA T AR
25te] A& FEdo) F&2] 3% Fluoro-2,4-dinitrobenzene
(FDNB)E 7I5to] 42| aoA st 5§ o3d 94
2] slo] ATt X0 A28 th13). GSHS}F GSSG2]
FTEAZE sigmaitoll A FY ek Al 9FE AHE-SHo] standard
curves 2, A3 TE T 224E SAl BA5] 9l
EAZzAL 53 2 v 52 41(viv) 2 233
41l A®} sodium acetate trihydrate(272 g) <} 122 mL<]
S 2elaL 378 mLe] glacial acetic acid’} &3%1¥ £
200 mLe]l &vl A 800 mL& &33t &v BEA S 717}
95% N4 70%, 5%~ 30%% F=7|27|5 A43t] 60
et Mgt ol A2 OptimaPak NH; 5 1
m4.6x250 mm)E Ah&silen Sujsd Sw |
mL/min, GSHS| #HZ374-L 365 nm, Y& 100 pLo]th

Malonaldehyde (MDA) &4

221 g9 115% KCI8-< 9 mLE 7}ste] ®wstolA
nh gk 7 AS Alom, 4T, 600 xgoll A 107 4l
st & 9 mjupy FES A A FESAS dAuh
’3ZN 0.1 mLel 8.1% SDSE9-2 0.2 mL 7}kl 20%
acetic acid solutions 1.5 mLZ 7}3} 0.8% thiobarbituric
acid(TBA)Z 1.5 mL 7}3+ & % 4 mLo] HES @& 5
95T A 60E3F HFgAIZIth WHg-o] & WYZhA|7] L
THTE 1 mL 718k 5 mLe] butanol:pyridine=15:12] &
B-G 7}sto] 2 Aol F 2000 xgoll A 1027 94 Fels)
o] H2]% 2592 Excitation 515 nm/Emission 552 nmel|
Al S8 Th14).

ol MEEA ZHAL

23 A Al R BT A 2lek Folae] g A
3l A& HATH vlasiA vS3 23S Jehfol
A3 T A 7SR A EE] U 54E R
3 Bzhg-0 ol Aoz ek WriTable 1). 28uh A
9 2F 7159 43 A3 e o] AR ENAM BHPE
A2l g ol A FeHQl W8yt #EE A TK(Table 2).
Ao M T2 AFEH BHPE o8] ATFollA A
Y SAS gtz AX | Wiay s e u
AHEEE YA Q SRHERE I A JTK15). ASTS} ALT
N E FEEAR MM 2] At} 7F 22 9] w37}
Yol mel 47 Aoz felEo] Yehra 1t
A ATt &85 31 9Tk16). LBHPS A28 Tl &
FAES] 75 S YeRle AREY ASTZF AT
(146.4+6.63 ULyl ®lal foAoz Z7K196.2+16.99
U/L)3F 2 ALT 9A] 45.2+1.71 U/Lo|A 83.0+3.91 ULZE
Z7Fehe Aol HAF AL o= BHP/L A8 FE] 11
& 7193 5E BTt BHPE= AX U] Uil 5
DANARE vE3 oY g 5o S EXIgo =
AEZ Y Absl 2B AE S7MA TFAIEY S4E fd
A7 Aoz AgHETK16). eBHPO 23 AST/ALTS] =
7P A8 A A T A 7Bl sl frejdes
A TH(Table 2). 35 =2] A 2|A (2 gkg) ASTE 26%,
ALTE 39% aste] Aa o 4k 71428 & o
71 M B SIS T3 Al E4S JER
= T OE A3 shRI LDH 9] A% % drol| Hla)
£BHP®| ool A 28 HA A Sk on A4 o
A Ak 7hrel g Folol o8 LDHS| |7t frol A o
Z Zr2siith LDHE a8l EamA Aol 2t 24

]

Jit e orle

N

Table 1. Blood biochemical test on administration of silk protein
hydrolysates

Silk protein hydrolysates (gfkg)

Item

0 05 1 2
T Protein” (gdl) 6040117 61:0.00°  61:004  60:0.06"
Albumin (gd)  38:009" 38007  39:0M4™  38:004"
ALP (UL)  2728:3410°  278:1599™  2975:3778"  270:41.85"

AST (UL)  1464£1063™  1580:947°  160.01838™ 1718+1634™
ALT (UL)  452447°  425:70° 4758391 460:341"

LDH (UL)  1990.0£12061"™ 18143+224.08" 1765.3:102.68" 1888.5:237.01"
T Chol” ngdL) 516:564™  565:420°  4875:440°  60.5:148"
Glucose (gdL) — 788:9.73™  6525¢7.19™  70:1081™  935:7.45"

"T. Protein, total protein.

T, Chol, total cholesterol.

15, MeanstSD (n=5) within each column followed are not significantly different
(p<0.05).
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de] FxHo] lom, 59] A%, 1, A 2 250
Za1slH FA447t9 5014 AST, ALTS} A M| L2 HH
] vkebr] SRR S e e E dEA itk
(17). ol2jgt A= »t— £BHPo|| ©Jgh 7to] &Aoo 2 HE A3
cha e Ak 7} el o] WA EHVt lEe BoFrh 1
gl ii’ﬂ*Eﬂ% SEN, o, Tl 5o Rl AT
kel o ARl atol& gidla, A T Ak 7iEslE
= Fo3t & ¢BHPFI g -9 ek HARE ¥ WBC,
RBC Hb, HCt, MCV, MCHC, PLTS3] 9| & +BHPY Fo]

3k 3} B w3l S wf MCV, MCH, MCHC |4 +3t¢]

"4{*«1 el ARl Aol 7t et Ao R = F Apol 7t
UA] %Skth(Table 3). A2 @il d 7l &9 71573
g A= HlwA Bol o] Fo] Atk & HZ A= A4
A TR Eo] T 2F (dbdb mouse) oA E
< SFa F7ge] wgA 2o Z7)9F Qlede] EHlE 31
A7l Ao ' B sttK18). AA| 2 A ol

o

314 A24A A1ZE (2017)

A 7leEdee SR Axd F5E Al
v 229 e f34 2HE oA ste A
F2E 2 TH19). Zouh 5(20)< alcalase® *2]E A=
A 7kl eRiE 3 18y & Felsiilen
o % AAFe sl Agiotensin-converting enzyme
(ACE)®] AsjAl=A] Hete] =5 Eeiditt. o8 AT&
oA T sheRel g B e/ IME B
ZF 71573l B3 AnpEo] Has 3 9t Chiang &
A2 Frefste HEe| =/77F AAEA ol =R fi=
HE 7R o] IALE oAEhE AL Basll oM 21) o]
) AR AE el ”“’"E‘rolﬁ/l TEE 75 mgked] BER
= AgolAe] da dd ke e AMsE (12
gkg)st 2 ApolE Heled AAHre fElel=e 54 7}
e EQl WhA B Ate] Al A VREERA ole
Fno) AEAQl ThEEa 7t “erﬁz—i‘ﬂ Ak Zhr el Bk
&g fetel=e] e 7S 7ol e AL

Table 2. Blood biochemical test on administration with silk protein hydrolysates and #BHP (0.1mM/kg)

em No t-BHP Silk protein hydrolysates (g/kg)+t-BHP (0.1 mMkg)
0 2 05 1 2
T. Protein” (g/dL) 6.0£0.11™ 6.0£0.06" 5.940.12" 6.0£0,05" 6.0£007" 6.210.11™
Albumin (g/dL) 3.8:0,09™ 3.840.04" 3.8£0,06" 3.9:0,05" 3.8£0.00" 39+0.1™
ALP (UL) 272.8434.10" 270446.85™ 2753 £27.0" 281.6+16.42" 272.0£10.85™ 252.4+4.93"
AST (ULL) 136.4+6.63% 141.8+6.34 196.2+6.99" 173.0+8.10° 158.0+7.41° 145.8+4.61%
ALT (UL) 4524171° 460+1.41° 83.0£391° 7244452 60.2+1.83° 50.243.73°
LDH (UL) 1,990.0120.61° 1,888.5+25.01° 4,348.6+593.09" 3286.2+362.84° 3,051.4+43049° 3,068.6+220.84°
T. Chol” (mg/dL) 51.6£5.64" 60.5£1.48" 43.8:1.66" 5124381™ 464216 504£341™
Glucose (g/dL) 78.8£9.73" 93,547.45" 95.2£10.07" 71.6£14.06" 66+16.63" 1062+15.73"

)T Protein, total protein.
PT. Chol, total cholesterol.
Jns, not significant.

Values are expressed as meanstSD for 5 rats. Values not sharing the same letter are significantly different, p<0.05.

Table 3. Hematologic test on administration with silk protein hydrolysates and £BHP (0.1 mM/kg)

e No #BHP Silk protein hydrolysates (g/kg)+#BHP (0.1 mMkg)
em
0 2 0.5 1 2
RBC (10%mm’) 7.440,09™ 7.240.04" 6.9+0.08" 7.12016™ 7240.19" 7240.17"
WBC (10%mm’) 7.1£1.16" 6.94033" 5.240.56" 4.1£033" 7.1£1.00" 442072"
HCt (%) 5130.77" 50.7+1.95" 50240.81" 51.0£0.87° 53.6+0.90° 523+1.18"
Hb (g/dL) 14.4%0.13" 14.620.19® 13.620.14" 14.0£032" 143024 14.0:0.30™
MCV (fL) 69.2+1.09" 70.240.81° 72.4%0.85% 72.4+1,08" 744+1.09" 72.340.94®
MCH (pg) 19.4240.16" 203+021° 19.7:0.13" 19.9+0.07° 19.8+026* 19.3+0.19®
MCHC (g/dL) 28.16+0.26° 28.9+0.28" 2724021° 27.540.40" 26.620.29" 26.7+012%
PLT (10°/mm’) 658.2+128.00" 540+103.93" 833.5426.31" 814.8+51.33" 836.4+120.05™ 862436.08™

YRBC, red blood cell count; WBC, white blood cell count; HCt, hematocrit; Hb, hemoglobin concentration; MCV, mean corpuscular hemoglobin volume; MCH, mean corpuscular

hemoglobin; MCHC, mean corpuscular hemoglobin concentration; PLT, platelet.
)ns not significant.

MWalues are expressed as means+SD for 5 rats. Values not sharing the same letter are significantly different, p<0.05.
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ALEETH2D). Chung 5-E(2) 55 frof T2 7he
Ao 7 BE ENE BaAGEy ol 1 BYE o
22 Agsgom ASE S5 2 Buld SRR

O

& Aelel 13% 7] el 53, 3% S
el Tl Ee] Fo2 daEulAl &491 alcohol
dehydrogenase(ALD)2] &/J¢] 20% <713 ¥, &3E&
2 %"éq}’\}g 1229] 3139l acetaldehyde2] E= s=7}
60% Hadti e HAThR2). & A7elre] 43 T
7VFE3H€—4 7 B Ee e ATl s HuA
F& 8FoEA O FHE WIshe AR e B
AFA R A v wAT7E st shllch Ee, B

AFoAe A 7t el Es ARRst] A skaA
ofg] EaE AMgstel AE ZheddiEd] e AT

293 Aow AzdL.

IMEE malondialdehyde(MDA) oIl CHSE Al EIEHA]
& JleE2AlES I
A d iksts AACA Add ez dAE e

1

superoxide anion radical 258 23t ZF2] free radical
o oal] Alxzute] iy} Bxsixihite] Bks} H= A
A% ch23). olw] ExspA ke 2Hiks) 2 & Bal
ol ¥lo] MDAZLL sk A& #ikskES At o=
AE Y 2Bt AEd 2o e A ERZ o]go] Hr} A=
whil ] AF 7Rl R RS 73 APE A o= whalst
= MDAFA| & &7 142(~20%) A7) A= Bz Hnt
(Fig. 1). £BHPRF A 2]3-& 725 Aol vls] MDA
Adel oF 37% S7HEAN w2 MDAS| S7h= A=
T Ak 7R E Al o8 Ao w A
ok A3 Tl vl E A2t eBHP A2l HlE]
MDA /3% F 45% FH2AZIL (2 ghy), B3 T
A TRl =Y wEite] Aol fIAAT 1 gkgH 2
glkgoll Al 34<1 Bl91e] MDA +2]& HSthFg. 1). ©]
= A A Ak 7kl Eo] At aEd 2o o)A
FrE s Ao S Foldom AA TS Bl

AFto|tt. sfA|NE Ao x| o] MDA A A = A=A
ﬂ:f“} Bda3e] o] A<l Apol= HolA] eskrh(Fig.
2). ol= #BHP7} Aol F5lo] HAS wf ¢4l s =3}7]
el F2 to 7 o] Fste] ol A A akstE B
= Aoz AlsEth MDA thet B4 AAIE-8-2& 7=
Tl A2 Aol Fakso] oA glom o] AEak
ol @ild FYo] oA or £BHPY| od =¥
MDA®| A4S AAlgte] BuH et ojuf FEHF A
AHgE A 7RSS 0.52 g/mLE mass spectrometer2}
HPLCE &A1gh A3} #27ke] 700 Da o8k}l Ao U
Fch4). wepa] & dAFolxe] A e A 7Rl E
< ez 7t E:é‘_iﬂrg Holz £8& w4 st HEt
ol=o] A E ol Aol st floA dxdxel

A =
F3 o]’ MDA A4 AAIZHE-S 7R Ao E%X%
ded ol AT FEEL 05-1 gkeol n&FL o
Tt BaE o % 0&%94 Ay Ak 7k l‘%shA
S A°oH in virroo| A= 0.5 mg/mL
4 %J_Oﬂ/\i mﬂi 141 ww 2ROS)°] A= 50% ©]%
HaATE ASRE BIEATHR2S).

Malondialdehyde (mM, per liver 100 mg)

NC NC-2 TC 0.5 1 2
+-BHP (g/kg)
Fig. 1. Effect of silk protein hydrolysate on MDA production in
tBHP-treated SD rat liver.

NC, normal control (no treatment); NC-2, normal control+2 g of silk protein hydrolysate;
TC, t-BHP treated control.

Values are expressed as means+SD for 5 rats. Different letters indicate significant
differences at p<0.05.

60

w0l L

30 |
20

10 |

Malondialdehyde (mM, per blood 100 mL)

NC NC-2 TC 0.5 1 2

t-BHP (g/kg)
Fig. 2. Effect of silk protein hydrolysate on MDA production in
tBHP-treated SD rat blood.
NC, normal control (no treatment); NC-2, normal control+2 g of silk protein hydrolysate;
TC, t-BHP treated control.

Values are expressed as meanstSD for 5 rats. Different letters indicate significant
differences at p<0.05.

| ZFEtx|20]| Cist A3CEE A Je2allEe dF
GSH= AUolA dl57]%, Wd7s, datst 7 °
A9l ke S QAN = v 83 d S5A 0|
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Ef)

= 6000 - . .
S a

S 4000 |

p

£ 2000 |

b=

=

b=

© o

NC NC2 TC 05 1 2
t-BHP (gkg)

Fig. 3. Effect of silk protein hydrolysate on glutathione content in
tBHP-treated SD rat liver.

NC, normal control (no treatment); NC-2, normal control+2 g of silk protein hydrolysate;
TC, t-BHP treated control.

Values are expressed as meanstSD for 5 rats. Different letters indicate significant
differences at p<0.05.

w3t A 82 gkl ARE A PS W sBHPT
A2 g ol vla] 3u P = GSHY 9ol Z7}ald th(Fig.
3). ol gt Ayte A=A w4 7Rl Eo| ~BHPO
°]g GSHY| #AaZ a8 o7 JAgttes AL HoF
t} 43 chilF o) o|g GSHe| 7HA9iA|E= Fig. 104 Ho]
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Fig. 4. Effects of silk protein hydrolysate on liver histology in rats treated with zer£butyl hydroperoxide (#BHP). Liver sections were
stained with hematoxylin and eosin (H&E) and examined under a microscope.

A, normal control (untreated) group, B, normal control+2 g of silk protein hydrolysate; C, #BHP-treated group; D, silk protein hydrolysate (0.5 gfkg) pretreated group; E, silk
protein hydrolysate (1.0 g/kg) pretreated group; F, silk protein hydrolysate (2.0 glkg) pretreated group.
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Fig. 5. Effects of silk protein hydrolysate on kidney histology in rats treated with fer¢butyl hydroperoxide («.BHP). Kidney sections were

stained with periodic acid and examined under a microscope.

A, normal control (untreated) group, B, normal control+2 g of silk protein hydrolysate; C, #BHP-treated group; D, silk protein hydrolysate (0.5 g/kg) pretreated group; E, silk
protein hydrolysate (1.0 g/kg) pretreated group; F, silk protein hydrolysate (2.0 g/kg) pretreated group.



114 Sk A F B SR Al24d Al1S (2017)

_l

o o]
I =

TEAYAA dadd A JeEaled Folsta
¢BHPFoI et o] @9 AYsiebs] AL At (BHPY F
3 w7} W watd-S w] AST, ALT ~12]31 LDHV} A Ae)
A A Tl el Fof it mopda s A AhAs
= Aoz Yeyta Al 27t &3 Al S71ehs MDAS
b 2AE dde s S A Ak b el
o FE7b Eobda s A ) A AR A
she AoR Hof Zb 4o fojste Eho FE A
I} ' AR Atadrh HPLCE 7 2224 2] GSH
278747 ¢BHPRE Tl w3} HlwellE o frolH o
7kl =484 3AF A3t eBHPRE Foi gt w3} Bl
sols o Aaed AVl Es T o] tlat
I 7hE Beg Hole Ao dEHo] dadwd At
ZhriEel el Atehd AEfARREH] I B a3t
e Aoz Almdn mEpA AdAdnd A 7heiel
o] 7154 2ARAMG o] 87t ol dlE AR Al
.

References

1. Abdel-Misih SRZ, Bloomston M (2010) Liver Anatomy.
Surg Clin North Am, 90, 643-653

2. Davis GL, Albright JE, Cook SF, Rosenberg DM (2003)
Projecting future complications of chronic hepatitis C in
the United States. Liver Transpl, 9, 331-338

3. Cesaratto L, Vascotto C, Calligaris S, Tell G (2004) The
importance of redox state in liver damage. Ann Hepatol,
3, 86-92

4. Baud L, Ardaillou R (1993) Involvement of reactive
oxygen species in kidney damage. Br Med Bull, 49,
621-629

5. Griffiths HR, Dowling EJ, Sahinoglu T, Blake DR,
Parnham M, Lunec J (1992) The selective protection
afforded by ebselen against lipid peroxidation in an
ROS-dependent model of inflammation. Agents Actions,
36, 107-111

6. Lee KG, Yeo JH, Lee YW, Kweon HY, Woo SO, Han
SM, Kim JH (2003) Studies on industrial utilization of

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

silk protein. Food Science and Industry, 36, 25-37

. Lee SH, Cho BN, Han CK, Joo SS (2002) Physiologic

functionality of silk peptides- focus on antioxidant and
immune function. Food Science and Industry, 35, 57-61

. Hwang EH, Kang BG, Kim BR, Lee HJ (2001) Protein

Quality Evaluation and Effect of Plasma Lipid Contents
of Acid Hydrolysates of Cocoon in Rats Fed by High
Cholesterol, High Triglyceride and High Sucrose Diet.
J Korean Soc Food Sci Nutr, 30, 1004-1009

. Lee JS, Kim DI, Kim JM, Park SH, Choi JH, Lee KG,

Yeo JH, Lee YW (2000) Effects of silk fibroin on
oxidative stress and membrane fluidity in brain of SD
Rats. Kor Soc Life Sci, 29, 106-106

Kim, AJ, Kim, SY, Choi MK, Kim MH, Han MR, Chung
KS (2005) Effects of mulberry leaves powder on lipid
metabolism in high cholesterol-fed rats. Korean J Food
Sci Technol, 37, 636-641

Park, IK, Lee JO, Lee HS, Seol KY, Ahn YJ (1988)
Cytotoxic Activity of Bombyx mori and Morus alba
Derived Materials against Human Tumor Cell Lines.
Agric Chem Biotech, 41, 187-190

Wang CJ, Wang JM, Lin WL, Chu CY, Chou FP, Tseng
TH (2000). Protective effect of Hibiscus anthocyanins
against fert-butyl hydroperoxide-induced hepatic toxicity
in rats. Food Chem Toxicol, 38, 411-416

Reed DJ (1986) Regulation of reductive processes by
glutathione. Biochem Pharmacol, 35, 7-13

Lee HS, Won NH, Kim KH, Lee HJ, Jun WJ, Lee KW
(2005) Antioxidant effects of aqueous extract of
Terminalia chebula in vivo and in vitro. Biol Pharm Bull,
28, 1639-1644

Davies MJ (1989) Detection of peroxyl and alkoxyl
radicals produced by reaction of hydroperoxides with rat
liver microsomal fractions. Biochem J, 257, 603-606
Kucera O, Endlicher R, Rousar T, Lotkova H, Garnol
T, Drahota Z, Cervinkova Z (2014) The effect of
tert-butyl hydroperoxide-induced oxidative stress on lean
and steatotic rat hepatocytes in vitro. Oxid Med Cell
Longev, 2014, 752506

Cassidy WM, Reynolds TB (1994) Serum lactic
dehydrogenase in the differential diagnosis of acute
hepatocellular injury. J Clin Gastroenterol, 19, 118-121
Do SG, Park JH, Nam HJ, Kim JB, Lee JY, Oh YS,
Suh JG (2012) Silk fibroin hydrolysate exerts an
anti-diabetic effect by increasing pancreatic 3 cell mass
in C57BL/KsJ-db/db mice. J Vet Sci, 13, 339-344
Lee HS, Lee HJ, Suh HJ (2011) Silk protein hydrolysate



20.

21.

22.

23.

24.

25.

Protective effect of silk protein hydrolysates against fer#BHP induced liver damage

increases glucose uptake through up-regulation of GLUT
4 and reduces the expression of leptin in 3T3-L1
fibroblast. Nutr Res, 31, 937-943

Zhou F, Xue Z, Wang J (2010) Antihypertensive effects
of silk fibroin hydrolysate by alcalase and purification
of an ACE inhibitory dipeptide. J Agric Food Chem,
58, 6735-6740

Chiang WD, Huang CY, Paul CR, Lee ZY, Lin WT
(2016) Lipolysis stimulating peptides of potato protein
hydrolysate effectively suppresses high-fat-diet-induced
hepatocyte apoptosis and fibrosis in aging rats. Food Nutr
Res, 60, 31417

Chung YI, Bae IY, Lee JY, Chun HS, Lee HG (2009)
Protective effects
(BCAA)-enriched

ethanol-induced hepatic injury in rats. Korean J Food
Sci Technol, 41, 706-711

HH, Hadley M (1990) Malondialdehyde
determination as index of lipid Peroxidation. Methods
Enzymol, 186, 421 -431

Han BK, Park YH, Choi HS, Suh HJ (2016)
Hepatoprotective effects of soluble rice protein in primary
hepatocytes and in mice. J Sci Food Agric, 96, 685-694
Kim EY, Hong KB, Suh HJ, Choi HS (2015) Protective

of branched-chain amino acid

corn gluten hydrolysates on

Draper

26.

27.

28.

29.

30.

115

effects of germinated and fermented soybean extract
against fertbutyl hydroperoxide-induced hepatotoxicity
in HepG2 cells and in rats. Food Funct, 6, 3512-3521
Lushchak VI (2012) Glutathione homeostasis and
functions: potential targets for medical interventions. J
Amino Acids, 2012, 736837

Nasri R, Abdelhedi O, Jemil I, Daoued I, Hamden K,
Kallel C, Elfeki A, Lamri-Senhadji M, Boualga A, Nasri
M, Karra-Chaabouni M (2015) Ameliorating effects of
goby fish protein hydrolysates on high-fat-high-fructose
diet-induced hyperglycemia, oxidative stress and
deterioration of kidney function in rats. Chem Biol
Interact, 242, 71-80

Han CH, Lin YF, Lin YS, Lee TL, Huang WJ, Lin SY,
Hou WC (2014) Effects of yam tuber protein, dioscorin,
on attenuating oxidative status and learning dysfunction
in d-galactose-induced BALB/c mice. Food Chem
Toxicol, 65, 356-363

Cho JM, Kim KY, Ji SD, Kim EH (2016) Protective
Effect of Boiled and Freeze-dried Mature Silkworm
Larval Powder Against Diethylnitrosamine-induced
Hepatotoxicity in Mice. J Cancer Prev, 21, 173-181
Slack A, Yeoman A, Wendon J (2010) Renal dysfunction
in chronic liver disease. Critical Care, 14, 214-223



