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Abstract : The purpose of this study was to investigate the effect of skate skin collagen peptide
(SCP) according to its molecular weight ({1,000 Da or »>1,000 Da) which was divided using the
ultrafilatration method. The 200 mg/kg collagen peptide was administrated to obesity—induced db/db
mice for 8 weeks. As the results, in collagen peptide—treated groups, body weight gain was decreased,
the plasma and hepatic concentration of reactive oxygen species decreased and oxidative stress was
alleviated. In addition, SCP—treated group showed the significant reduction of the protein expressions
of nuclear transcription factors(NF- k B), enzymes(COX2, iNOS), and inflammatory cytokine(IL-6) in
hepatic tissue, compared with those of the obese control group. There was a slight difference
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depending on the molecular weight of collagen peptide, but overall it was not significant. Therefore,

SCP effectively inhibited the obesity—induced inflammatory response through attenuation of oxidative

stress in the liver.

Keywords = Skate collagen peptide, obesity, reactive oxygen species, oxidative Stress,

anti—inflammatory effect
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peptide (SCP)Z rgste] Ao ARE35IATE Al
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2.4, ROS % peroxynitrite radical

@7 @ gEAe] ROS ZHE Al 5o
o8  SFITHISL Alget 2 mM
2", 7 =dichlorofluorescein  diacetate (Molecular
Probes, Eugene, OR, USA)E =33t &, 33
TAFELUOstar OPTIMA, BMG  Labtech,
Ortenberg, Germany)E ©]-&sto] 02FE Hj 5

o o
1o 02
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ool

B 3087F emission 530 nm%}t excitation 485
nmol|A Z7gste] AAEH FHS Astsalet
Peroxynitritite radical> Zt ME& pH 4.79]
rhodamin buffer®t 5 mM dihydrorhodamine
1233} 412 F 583 37CA &5
B4 30E7F emission 535 nm} excitation 480
nme|A SAste] 4EE g AdberitH19].

355

2.,5. TBARS ¥ GSH &3

7rz2 o 24 Iitet e A9 HF: It
A8H291 malondialdehyde (MDA)E Ohkawa
512019] thiobarbituric acid reactive substances
(TBARS)H-Z ©]&st] ZAstoTt. 1+ 2R
10% @& 0.1 mL, sodium deoxyl sulfate-&H
0.2 mL, 20% acetic acid (pH 3.5) 1.5 mL%}
0.8% TBA £ 1.5 mLE &&ste] 95CoA 1
A EAE ] o EA =N B A N E I
n-butanol¥}t pyridine 28 (15:1, v/v)& 7t
Sto] vortexE ol-&sto] 187F 24X o5 ¢
AEZ (4,000 rpm, 108)ste] dL F5H9 T
FLE microplate reader (M200PRO; Tecan,
Salzburg, Austria)& ©]85t% 532 nmolA &%
Stglal, MDA BEH=FAo=R Aot

Glutathione (GSH)= 7+ A M9l 10% o4
B 0.2 mLefl $74 0.3 mL, 4% sulfosalicyclic
acid€ 0.5 mLE ¥ 4o] & F, 3,000 rpm
oA 1587 YAEFstAH. 45 0.3 mLo
0.1 mM 5, 5 -dithio—bis(2—nitrobenzoic acid)
HEAACE 2.7 mLE Y1l A4 2087 ]
g 412 nmollA FHEE SHstEeH, 24
gd GSHO| 5Z+ GSH ZEHHAES o] 8ot
st at.

2.6, Western blot

Western blot assay A]l&Z whole cell F&5&
S AgatAth. & b xAe|  nonidet-P40
(NP-40) lysis buffer [50 mM Tris (pH 8.0), 5
mM ethylenediaminetertraacetic acid (pH 8.0),
150 mM NaCl, 1% NP-40, 1 mM
D,L—dithiothreitol, 1 mM phenylmethylsufonyl
fluoride]®t  protease inhibitor cocktail
(Sigma—Aldrich Co., St. Louis, MO, USA,
100:1, v/v)& &dtstol H7F & +ASpsHnh
AAS IATE FRF Aol A T 4TofA
12,000 rpmo2 2087F YRSt 42 A4S

ge 27 gwy Fzo

[e3
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gy s owEd ARFA9R(Bio-Rad,
Hercules, CA, USA)e®R ZH3d1 B
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ool BAS Belse BaE WA
mtrocellulose membrane (0.45 um pore size,
Whatman, Dassel, Germany)22 ©o]FA|7l &
5% skim milk (w/v)olA 1AIZF F<F blocking
stk 12k @AYl NF-«B, iNOS, COX2,
TNF-a, IL-6, a-tubulin® 5% skim milko]
5143t &  membraneo]| 55l 4ToA
over—nightA]Z1 & TBST bufferg °©]&stod A
Aot1, 27 PAE WA T oh A

= 1 O
o =EH =S F42 enhanced
chemiluminescence foio HRA A A
CAS-400SM  (Davinch-K, Seoul, Korea)© 2
oty dd Id HE= Image |

software (Image ], National Institutes of
Health, Bethesda, MD, USA)E A}&slo] =4
S, a—tubulin®] tigt H| &2 HASF] FA
St

2.7. SAIXz=

E A¥ Ay g2 SPSS/PC package 20
(IBM, New York, NY, USA)S ARgsle] Hat
I BEWEAE FoF, one-way ANOVA
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analysis& AAJgF & Duncan’s multiple range
test® AlZ]pE2 X0.059014 FoJ2kE AS5H
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w
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71 A%, 85 T AT A=,
ASS7rE W AoldF a&2 Table 1o Ue
Wt 27 AFNME db/db orgAs OF T
ool uEhdA ggtewr HE AFelAMe
NOR#ZETH CONTA 48.8% w94 F717t
LieRLt HlRk °EE gl 4 AATHA0.05).
JEM i eF B TEA folAe
ASFA, é’a‘rﬂl A g ztole U
E‘rurﬂ 22U
Hgtel] ogt 29 W Endll db/db vk
AL dE 2849 & 421 Holg ol3] Ala<o]
AS50] older W

HolHHz gk 3
Fgo] s, oﬂo—ﬂ% AHBF 1147

ikt

SHO

dZo] et ol&=d AJPAo] £ EAL 7}
212 21l B A Ay, db/db vrAE 8
7

Z7F AFSE A AAZEINOR) Q] A|EZ71ERe
H l“ HEZZ(CON)AE 4.5 ¢ &

Hlsl] 158] =2 ASS7t @E
= Q(ﬂﬁ}ﬁDHKO.OS). Jzy FHE Foigt
T(LCP, HCP, SCP)ollA tizxol Hls| AFZE

Table 1. Effect of skate collagen peptide on body weight gain and food efficiency ratio in obese

db/db mice
Group” Initial body weight (g) Final body weight (g) Body weight gain (g/8 weeks)
NOR 25.3£3.0° 27.3+0.8° 0.3+0.6°
CON 45.0%1.1° 53.3£3.0° 4.5+3.3°
LCP 43.7+3.4° 49.842.2° 23427
HCP 443+2.3° 47.4+2.6° 0.6+2.1°
SCp 44.2+6.9° 49.7+3.5° 1.6+1.9%

NOR, m/m mice; CON,

vehicle—treated db/db mice; LCP,

low—molecular  weight

collagen—treated db/db mice; HCP, high—molecular weight collagen—treated db/db mice; SCP,
skate collagen peptide—treated db/db mice. Data are mean+SD (n=10 each group). *“Data with
different letters are significantly different according to one-way ANOVA, followed by Duncan’s

multiple-range test at /X0.05.
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H|5f 2.78) A= foldo=r Frlste], vl ©
s ROS Aol 34 S7otdas 11 4= 3
ATH0.05). Fepll-E Foigh Aut Eafefo] &
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FelA 92 ZEHE Fogh SCP FelA
27t qojHo 2 60.4%9} 57.4% Ax WolHrct
(#0.05, Fig. 1. E§ FHo DAdHALFQ
ONOO 9] sLE =43 Ad v zFtoA
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&Skt
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=oll, oldd APA|ze] Estabges NADPH
Asla 49t e oxidant enzyme®] wdo] &7}
st EHo] FGHAFTROSES Aot 4tekH
2E A7 fsHA "Hoba geA H22]. o]
et Fg4tagol FUKeHA =W oheE WA
2| AFASHEE A 9 DNA Holg 9o 13}
2 ¢h wHdgS fIA7IA "oH23). 2 A
o] Axt vgHFoA AAFe] Hlsf ROS ¥
ONOO™9] k7t I3A F7tste] 45d AEH
27 f8E Aor yeigon, el A4E
oz o AT L7t Faste], §of

=

ROS

T 1000 a
E
] ab
§ s00 o b b
8
RGN B
£ 0 - ‘ —hesl

NOR CON LCP HCP SCP

=il

Helo|C o] Astd AEHA o351

(fluorescence/min)

Febl wefol = wjate] o
%o 5mg AnHoE Wit

3.3. E0{ A =2t HElo|=2| ROt
ZtX ®19| oxidative stress Zt& QIX}oi

TxA ] Atetd AEFA T IRl
ROS 9 peroxynitrite, A|Z&34F5HE(TBARS)
FAreHEARl GSHY F=E& Z45to] Fig. 29
eSSt ROS ¥ peroxynitrite, TBARSE®
L Akt Hls| B RtolA] folHow
A E7REFTHXK0.05). E3], ROS H
peroxynitrite ‘=7t FeHllE Fogh HE 7
A oA om FASHATHA0.05). Al2e] it
st 247 g7l GSH =& A4l vls o
ZAA 56.5% FAsIAoL, Zekae Foigt
oA izl Hlal] F7Fskdar, LCP 174,
HCP 1.58] F7Fskieh(X0.05).

GSHE  glutathione  peroxidase®t &7
superoxide radical©] superoxide dismutase®] <]
sto] ghlEo] AdE HOF H,02 AZA7
=0 Zag 4= i FoA9 rd=
o §HTH24]. ey A ES AlxE U &
ArtaFol Frot STFSHA =W Alxere] 4
ARl tREEIAAte]l R Zlo=w
GSHeF A AMAsHE2 Ao Atal-gH4tstA 9]
2852 2 geA] Qrt25]. o A=l sl A
4" ROSE thRExspxiits FAste] 24
HelkeS s, o2 A wdliEd

=21
aldehyde, ketone ¥ alcohol® 5= A/Adste] <l

Peroxynitrite

600
a
ab a
400 o ab
200 f—‘ % %
0 T T T

T
NOR CON LCP HCP SCP

Fig. 1. Effect of collagen peptide of skate skin on serum ROS and peroxynitrite levels.
NOR, m/m mice; CON, vehicle-treated db/db mice; LCP, low—molecular

weight

collagen—treated  db/db  mice;

HCP, high-molecular  weight

collagen—treated db/db mice; SCP, skate collagen peptide—treated db/db mice.
Data are mean+SD (n=10 each group). *Data with different letters are
significantly different according to one—way ANOVA, followed by Duncan’s

multiple-range test at £<0.05.
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Peroxynitrite

NOR CON LCP HCP 5CP

GSH
3.0
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a
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0.0\ T T T I%

NOR CON LCP HCP SCP

g. 2. Effect of collagen peptide of skate skin on oxidative stress—related factors

NOR, m/m mice; CON, vehicle—treated db/db mice; LCP, low—molecular

weight

collagen—treated db/db mice;

HCP, high—-molecular weight

collagen—treated db/db mice; SCP, skate collagen peptide—treated db/dk
mice. Data are mean+SD (n=10 each group). **“Data with different letters

are significantly

different according to one-way ANOVA, followed by

Duncan’s multiple-range test at /X0.05.
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TNF-a, IL-63 HIAES]
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webd £ A7, gol Fep Weo
AFEol Hlgte] ofs) SuE 7t
2 g2 anHoR RS Aoz
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—_ L=

2 TR

%e) e Wetol=8

I B Weel= RolZeld HE
uEr 2] s wgron), A%
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Hejotel 1 avks Hwsta shgick
Ag
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NF-KB [ wimy o gy s |
INOS [e e s~ o |
COX2 | o st e v s |
S Re———— .2 J
IL-6 [ G = G
a-tubulin |-----‘

ONOR mCON
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BLCP EHCP 0OSCP

NF-xB

iNOS

CcOoXz2 TNF-«

Fig. 3. Effect of collagen peptide of skate skin on inflammatory factors

in the hepatic tissue.

NOR, m/m mice; CON, vehicle—treated db/db mice; LCP,

low—molecular weight collagen—treated db/db mice;

HCP,

high—molecular weight collagen—treated db/db mice; SCP, skate
collagen peptide—treated db/db mice. Data are mean+SD (n=10
each group). *“Data with different letters are significantly
different according to one-way ANOVA, followed by Duncan’s
multiple-range test at 2<0.05.
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