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Effect of Low—-Molecular-Weight Collagen Peptide Extract Isolated

from Scales of the Flathead Mullet (Mugil cephalus) on Lipid
Metabolism in Hyperlipidemic Rats
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Woo-Seok Choi, Su-Ha Kim and Ho-Dong Yoon'

Department of Food Science & Technology, Pusan National University, Miryang 627-706, Korea,
'Food & Safety Research Center, National Fisheries Research & Development Institute, Busan 619-902, Korea

Abstract

The objective of this study was to investigate the effects of ingestion of low-molecular-weight collagen peptides
on lipid composition, blood glucose level,and enzyme activities in the serum ofhypedipidemic rats fed experimental
diets for 5 weeks. Concentrations of total cholesterol, low-density lipoprotein (LDL)-cholesterol, free cholesterol,
triglyceride (TG), phospholipid (PL), and blood glucose, the atherosclerotic index, and the cholesteryl ester ratio
were higher in serum of the hypedipidemic group (CW group), and the cholesterol-plus-collagen peptides extract
group (CCP group) than in the control group (BG group basal diet plus water). However, the concentrations of
total cholesterol, LDL~cholesterol, free cholesterol, TG, PL, and blood glucose, the atherosclerotic index, and the
cholesteryl ester ratio in serum were lower in the CCP group than in the CW group. By contrast, the ratio of
HDL-cholesterol to total cholesterol and the absolute HDL-cholesterol level in the CCP group were higher than
in the CW group. The activities of alkaline phosphatase (ALP) and aminotransferases (AST, ALT) in serum were
lower in the CCP group than in the hypedipidemic CW group. The results indicate that an extract of
low-molecular-weight collagen peptides effectively inhibited increases in lipid elevation, blood glucose level, and
enzyme activities, in the serum of hypedipidemic rats.
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ATHT-10). T3, B FAES AH]skaL Sl
Me oAFF{ 7he Al osf of v, OH, 01“1, Hg B
A5 22 {7 IAHIZ AR 7 SbekaL o
(11,12). 7} F4H=¢) o /9 Hls Foll EAst= S2H
< A Az A(13), o5 F B 9l wWE Aol
25 Az A ARo® 7)d dulde] g A
ol g2l oz dEA qUvh14). $H, dele] A
W& A OZRE FET A /A FEHS I,

4 H|E 3 tyrosinase 2 elastase 52 A3l EAJo]
S-S R s QiY(1s).
AT, AL Foe) wsle} thakd AR FEA AF

9 A 3 7 A Y AFEe] S71el wet 1A
&% (hyperlipidemia) & A &5 a4 o] F&3HA 7151

Atk LAPZ WA 97 ke oPFADEZFT 22 (16)
g Fo ZH=HEFE T4 B A D (lipoprotein),

24 trombonane 28] 4 ol 44512 SIek17). e}
A B Qe 24 7EE L F QolAs o f s
0T BEA0R 8T B0 AR ALE

AR g Beto = FEFe] TAVFE FED
9719 AU} o ol SJalA WA E AV
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E2A HElo|=9| M=
b A Al FUSE 50l (gray mullet, Mugil
cephalu) ZH-H ¥le5 23 ths, wrb7|7h F2E Al
710l ¥ol FAE 53] gt ?‘ 1422l sted Ak
As ZeH Jetol= A28 A 82 ARSI o FH|
= Sl Alx= Ogawa (18)4 PHE AFst A
stk A8 HIsS 1081%9] 0.1 N FAIUER &9
o F<isted 24A17P Whﬂ % QA% pHY} A0
2 7pA] A v, AR S 10817 05 M 24T
£l 0.1% (wiv) ZA(EC 34231 Showa, Japan)= 7}3}
o 2U7F wukste] ZREES3E 3 25,000 g ol A 3087t
AR5t} e 397 0.02 M Na,HPO, (pH 7.2)
A FAM% & T4 Azt Fehll dEs Ak
Z

Az e gl distd 108 429 & 71skal
Shuld Bl 490 alcalaseS F718lod 60°Coll 4] 484171

7RIS §, AaliElste] FALE Al AL gheloj et
(ultrafiltration; Sigma, St. Louis, USA)S- |83} 413] 2 2]
be BEEES AR oH, g9 w55 st o
A] nano membrane filtration (Sigma, St. Louis, USA)S A}
st At &, T4 Xt HFH R Hit 373% 9
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470 & ALl viA= dF 939

o &, &E FFeE 30 mgE = FepAl
tubeol] #3}3L B-mercaptoethanol 0.04%ZS $Hr
= AR} 1,0008) ol 7hetal A 7RE 8
Zste] ©@7]1A17] the, 110T sand bath’goll ] 24A17F 7=
Fa)et 3, 55 74318}e] FAFS 02 N sodium citrate buffer
(pH 2-2)i’3"1 50 mLE A-&3to, ofr=qb ApFE47]
(Hitachi model 835, Japan)Z #233}%T}. tryptophan<
Hugli®} More(19)9] ®Hol| oJste] ¢z 7t o=
W3 AIA, 550 nmol| A B A st
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Ectd HElo|=e| Xl Bx 24

3£ A ©K(polyethylene glycol kit, type PEG-10; Sigma,
St. Louis, USA) 2 A28 Ze}Al HEfo]= AR 001 g&
B3] &l SHTOW), cHIEHEZ(ACN) 3 E
EFZZAHTFA) 9] &3 -87i(D.W..ACN:TFA=55:45:0.1,
Vvl S3AA Aol SR AR ¥, 045 m
membrane filter (Sigma, St. Louis, USA)Z. &35k 7,&8 XF
W Agaeo R ALEST FEAHS HPLCS] F33)
of AFHS AT 43, AA] sl TSK Gel
G2500PWx column (@ 7.8x300 mm, TOSOH C0O.)< A}&
3} size exclusion chromatography (SEC) ¥l whe}l 734
o] BxgF B ¥ E GPC program Water 510 (Waters Co.,
Ltd, Boston, Massachusetts, USA)2- ©]-&-5}o] {2435}t

dEHSE
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Table 1. Experimental groups and compositions of experimental
diet

(g/kg diet)

Ingredient Basal diet ~ Cholesterol diet Experimental diet
Casein 200 200 200
DL-methionine 3 3 3
Corn starch 150 150 150
Sucrose 500 490 390
Cellulose powder 50 50 50
Mineral mixture” 35 35 35
Vitamin mixture” 10 10 10
Choline bitartrate 2 2 2
Corn oil 50
Lard - 50 50
Cholesterol - 15 15
Sodium cholate - 25 25
Collagen peptide - - 100

Group BG: Basal diet+Water (control group). CW: Cholesterol diet+Water, CCP:
Cholesterol diet+Fish Scale Collagen Peptide 10%+Water.

DAIN-76™ mineral mixture contained (in gkg mixture) calcium phosphate, dibasic,
500.0 ; sodium chloride, 74.0 ; potassium citrate, monohydrate, 220.0 ; potassium
sulfate, 52,0 : magnesium oxide, 24.0 ; maganous carbonate, 3.5 ; fetric citrate,
6.0 ; zinc carbonate, 1.6 ; cupric carbonate, 0.3 ; potassium iodate, 0.01 ; sodium

lemte 0.01 ; chrormmn potassium  sulfate, 055 ; sucrose, 118.03.

PAIN-76™ vitamin mixture contained (in g/kg mixture) thiamine Hel, 0.6 ; riboflavin,
0.6 ; pyridoxine Hel, 0.7 ; niacin, 3.0 ; D- calcmm pamothenate 16 folic
acid, 0.2 ; biotin, 0.02 ; Vilamin Bn, l.0 ; vitamin A palmitate, 0.8 ; vitamin
E acetate, 10.0 ; vitamin D3, 0.25 ; menadione sodium bisulfite, 0.15 ; sucrose,
981.08.
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9o F FY2HE TEE F ZUHE SHE
kit A] 2F(Cholestezyme -V, Eiken, Tokyo, Japan), HDL -Z |
2HE ¥5E HDL-Z2HE =48 kit A°HHDL-
C555, Eiken, Tokyo, Japan), €% LDLS] ¥%+ LDL =74
£ kit 2] 2K lipoprotein C -Test, Wako, Osaka, Japan) > 2
SAs3len, IDL -8 &HE $5< LDLEE 0355
#3 o2 FABIAYE frE] FUSEHE vEE 78 2

d2HE Z3-& kit A 2F(Free cholestezyme -V555, Eiken,

N

337 A168 A6F (2009)

Tokyo, Japan) 0.2 Z=A3}R oM, ZF1H|E od2HEZE &
e F FU2HE R4 2 SE2HE 2w
HiHoZ FA] etk €4 59 A sEE T4
A& =44 kit A K (Triglyzyme -V, Eiken, Tokyo, Japan) 2
2 ZAsAom, JdAd sE= JIAE S48 kit Al 'lk

(PLzyme, Eiken, Tokyo, Japan) 2.2 =43}t 89 &%
+ 89 S48 kit A 2HGLzyme, Eiken, Tokyo, Japan) 2.2
A3

1% % alkaline phosphatase (ALP, EC 3.1.3.1) &4-&
=R ALP%XJ% kit A]2KNEW K PHOS, Eiken, Tokyo,
Japan) AH&-8te] S48 0m, 4 1 mLF Unit2 A
3}tk aminotransferase2] 24-& Reitman} Frankel 2] W
HRo)oll =3l Z=AE kit A12H(E A transaminase 7 A F,
Eiken, Tokyo, Japan)= Al&3ld &3 F  aspartate
aminotransferase (AST, EC 2.6.1.1) ¥ alanine aminotransferase
(ALT, EC 2.6.12) @4 A3t oH @9= % 1 mL
o UnitZ ¥4 3ok

S Mz
-'?'"9' Ate] TA Ae AP a9 A
A2FFHF L #7F] =}o]= One-way analysis of variance
(ANOVA, ver. 12.0) ¥4 % p<0.05 =54 Duncan’s
multiple range testol] 2J3te] ZF A3t 7He] F A4S AS

AT
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Epal r.ﬂlElol':Q-I olo|=ft =Y H EApE

<ol HlsS 84 Agsto] Axg F2HA Seto] =9
opw] =4t Z*é% Table 20 YERAIT. 24 23, F8
o}u) = akL- glycine (23.50 g/100 g), proline (12.00 /100
g), alanine (10.90 g/100 g), glutamic acid (9.16 g/100 g)
9 arginine (7.61 g/100 g)S T --3kaL, REHO| cystine,
cysteine¥} #-2 ojm|inito] Ao, E3] tryptophan©]
SHE A 42 o] Aol

FZ A7l oJahd, drpdo] 5 A4 gelatin®] 8
ofu At ZAJo] glycine (25.48%), proline (13.47%), alanine
(11.14%), glutamic acid (11.07%) SO LFEbg o (21),
7P A ARpE Tt alEe] oprlieit 249 glycine,
alanine, proline, hydroxyproline, serine 5 T3-S W= o}v]
=4k ghero] A ofn|i=ite] 57%5 7<l7<l AT Bl
22)9F fFrAKEE A3E AT
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Table 2. Amino acid compositions of fish scale collagen peptide

(unit: gf100 g)
. ) Fish Scale Collagen Peptide
Amino Acids (A.A.)
Composition % to Total A.A.
Arginine 7.61 8.57
Lysine 348 392
Histidine 1.09 123
Phenylalanine 1.92 2.16
Tyrosine 0.60 0.67
Leucine 223 251
Isoleucine 1.07 120
Methionine 207 2.33
Valine 22 2.50
Alanine 10.90 12.28
Glycine 2350 2647
Proline 12.00 13.52
Glutamic acid 9.16 1032
Serine 3.07 346
Threonine 2.69 3.03
Aspartic acid 5.10 574
Tryptophan ND#*
Cystine 0.05 0.06
Total AA. (TAA) 88.76 99.97
EAA’ 15.68
EAAITAA (%) 17.66

"Essential amino acids ; valine, leucine, isoleucine, threonine, methionine, lysine,
phenylalanine.**Not detected.
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o|ER AXAIZ], oF Hls FeHl JEo|=9] EAbE
£ 3435171 %’48}04 %X}ﬁ HFEH NS &4 A=Zm
Z AIHe] AHEAE EA% E
7}, A= 10,000 OI*JOl 0%, E-A=F 5,000~10,0007}A]
0.1%, 2} 1,000~5,0007H4] 35.9% 2 E=}=F 500~
LO007}A] 559% 12)3l BA1EF 500 o|sh= 8.1%9] EX =
e don, B BA RS 9897 UhEktth
73] E collagenase 2 7Hri-afi A1 7HriEaf &2
AFFS 10~20 kDa H 993l pronaseZ 2|3 A2
kDa J=7} F+F& o] FAL2, collagenase = 1A -3l
Z pronase 2 THA] 3A17F 82171 AL 7~10 kDa WSS
om, g4 ot 7l R AR 7 FAEo] Zhe
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Table 3. Molecular weight distribution of fish scale collagen
peptide treated by enzyme

Range of Molecular Weight (M.W.)

Distribution Ratio (%)

More than 10,000 0
5,000 ~ 10,000 0.1
1,000 ~5,000 359
500 ~1,000 559
Less than 500 8.1
Average molecular weight 989
HE B71¢ A Mojg8

1%&01011 VS Foig 27 BG), HA 71E %
cholesterol 7.5 g/kg dietg -3+ 2lo|& Foste] 1A d
F& TEAZ W H IA PSS et Fe e

o] 10%E H7hek CCPol] YoIA 5577k 27 ALga
A7 AT F7HE 2 Aol dHZ, 2ol 52 Table
48} 2t} AF S/ BGEY 1385 goll BIste] 1Ad
S el CWato] 1521 go 2 E9kom el SlEto]
T 10%S 37138 FHCCPH)©] 1554 g & YElstth CW
T B CCPo] AT 7t 1AEF T o] A
o W& Ao E AtRHH, FoFQ Wsle #FL 5
AUk 2o] HHF & 2o] &8-S BGwoll Bls) CWr}
CCPo] F7t ko), 2 AgeAs Al w7t #2914
§l zpol= HolA] ekttt

Table 4. Body weight gain, food intake and FER of the
hyperlipidemic rats

Group  Body weight gain (g) Food intake (g) FER™
BG 138.5£14.2"" 456.0+16.7" 0.30
W 152.1+15.4" 464.8+17.2° 0.33
CCP 155.4+13.8" 471.1+188" 0.33

kGroups are the same as in Table 1.

FER food efficiency ratio.

“"MeantS.D. (n=6). Means in the same colunn not sharing common superscript letters
are significantly different (p<0.05).
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Table 5. Weights of liver, brain, heart, lung, kidney and spleen
of the hyperlipidemic rats

(/100 g BW)

Group  Liver Brain Heart Lung Kidney Spleen

BG  312¢006" 0512000 037:001° 055001 060:002° 025:001°

CW  367:010°  056:001° 036:000 04700 061002  023:001°

CCP 346:012°  050:001° 038:001' 053:003° 067:001° 022+001°

igroups are the same as in Table 1.

“Mean£S.D. (n=6). Means in the same column not sharing common superscript letters
are significantly different (p<0.05).

& Zo|AHE, HDL 2BEAHE s ¥ SHHSX[
g3 F9 &+ ZY2HE, HDL-SH2HE 59 1
& % 343 A G+ Table 63} 2t}

g3 ZF = FY2HE = 7180w FoI3 BGT
2] 86.4 mg/dLol| sl M AF oA A UeRAT
SH2HER dd 1XES AFLCWHE 1338
mg/dLell B8] ZetA Flelol=2 F43F CCPFo] 99.7
mg/dLE o)A o2 7HAsl3it). 4, HDL S8 2H &
FEE CWTH (204 mg/dL)ol vls] ZebA Helo|=E A3
go g4 CCPol 225 mg/dLE 712 3tk & Fd
H 2o tj3t HDL 28| ~HE % HlE CWIH(152%) 1
o F2hA Felo|l= FoiFQl CCPT(22.6%) M4 =& H
&5 JehlSla, W8RG CWH(5.6)90 HlEl CCP
T34°] A YeEl oy, gz BGT(2.5)2] =9
+ "X A Zt 1Y 2EHE 2ol ot X AAL
Follol] w2} F Fe|2HE TEE 718k, HDL-Zd 2
HE 75 Al 22 48R Arh26,27). offF 2t
FaollA F=3 784 Sl A8 ELL 754
213 AR o]H28), Al A Eeg 7EaE AR
2t 712 FEZEHE w5 As Sk oA 1A
2 224 sterol®] FTE AFoZA dojdrtar st
(2930). WebA B AF da, axEF 2F e gk Ze
selol=o] HHAZE g A F FHU2HE TE9 A3},
HDL F|2HE 59| 45 B sHASAF] A3t 5
o= wFo] Hol A AA Aol Bt YS A=
F4 €t

)

Table 6. Effects of fish scale collagen peptide on concentrations
of total cholesterol, HDL-cholesterol and atherosclerotic index in
serum of the hyperlipidemic rats

(mg/dL)
« Total HDL- B)(A) ¥100 -
Group cholesterol (A)  cholesterol (B) (%) Al
BG 846132 238+12° 28.1 25
cw 133.8+4.2° 204+0.8" 152 56
Ccp 99.742.8" 225+1.8" 26 34

:Qroups are the same as in Table 1.
W{%therosclerotic index; (Total chol. - HDL-chol.)/HDL-chol.
" MeantS.D. (n=6).

Means in the same column not sharing common superscript letters are significantly
different (p<0.05).

Low Density Lipoprotein
=T

g3 $9] LDL ¥ LDL-Z8|~HE X+ Table 794
o} o], LDL TE+ ZYU2HE F97(CWT)2] 2334
mg/dL Bt} FEH Eel= AFHT CCP(207.7
mg/dL)ol A F9FQ ZTAE HYPo, BGTY 1246
mg/dLe] FFoll= PIAA] Zatt. LDL-ZH 2HE 5
T ZF 77 QlojA LDL H59F 28 AES JER
. LDL Z#2HE2 S 2HEY T8 SHlgo2 5
o Tz FY2HES R SHAIHOZH
SRS ZA)7)E Axteta Rud vt Qok3l). wet
A F5H ol =8 FF o224 LDL-FH2HE F

S A3 AoZ mjFo] Hol, ix¥8F o fdd
= T3} T o 2 el At s Ae=E
L=

(LDL) % LDL-EYyAEHZE

i
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Table 7. Effects of fish scale collagen peptide on concentrations
of lipid and Blood glucose in serum of the hyperlipidemic rats

(mg/dL)

Group BG cw ccp
Low density lipoprotein 1246:80°"  2334#5T  207.7+49°
LDL-cholesterol 86228 81700 RIET
Free cholesterol 172¢10°  275¢10° 249+12°
Cholesteryl ester 674:22"  106332° 74816
Cholesteryl ester ratio %" 79.7 794 75.0
Triglyceride 754422 1177221 89727
Phospholipid 98917 1BBLI®G  1220:2.1°
Blood glucose 118652"  1673t3.1° 150739

:Qroups are the same as in Table 1.
_Cholesteryl ester/Total cholesterol x 100.

MeantS.D. (n=6). Means in the same column not sharing common superscript letters
are significantly different (p<0.05).
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ekl Ao =2, e FHUzEHEY FHZEE odZHEs
FAEZ AP FEHCWH)O Blste] Z2H4 Sefo|= A
FQ1 CCPollA] B 7S B, Fe2EH S o2
2 1] w3} 2 FElo| = Fo T (CCP)NA e vl&
o] HYE #AFT 5 Stk FH2HE o ~H = v+
DAEF D OZ 3 dHFY o) FeE, 1 A3
AT AR2Z AMEHTE SHH32).

=
=2 o
A3} Q1A F% & Table 7914} 2o,
= 37 AFHCWT, CCP)ol SlojA, thxTel
A UeRgo, A8 F1kll
kel
=

o 53], @3 F4AE 5 Fae 7EAA AR
Ztste Zebd Setel= HHAE 85 AW lipoprotein
lipaseol] ©]3} chylomicron & VLDL2] Eajo]] &3 Aoz
FAHTH33).
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g sk

2Pl sleto| =] uAES A tet
U A& P Table 73 Zrh

ZH2HES T TE(CWT, CCPD)lA 284l
e = FATCCPT)0l €9 T/t Hase FFe
2 o] Kol =2l flete]=o] A= st d7
TFia ARl Ao yestTh Al 3lojA tiA A
A2EY 7zl ARt 71 AR
g9 T/t fosl gagths Rux Ith34).

T FL
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i (

Alkaline Phosphatase (ALP)2| &

3 ALPO] &4 Wizl Hg 13 Zth 7]2240]9} Bk
T3 th%7¢] BG*(18.8 UnitymL)°] B3] A AF
oA oA A E=A UERE oY, SHSEHER T
H aAES 37 A2 CWH(29.4 Unit/mL)ol H 3]
FeH sgfol =& AJFHAIZ] CCP+(25.2 UniymL)ol A
o)Al TAE BT aAEFH FHF ¢ 1 2F oy
2] #HH Fol oA ALPY EA4¢] SUlE= o=
deiA ATH32).

tlo

Aminotransferase (AST, ALT)Q| &M

IAES FF ) tig b Jelo]=2] 3 F AST
2 ALT 248 Fig 29} 2t} 8% AST 442 Ze|2HE
< Fo3 CWA(81.4 Unit/mL)o] thZE¢l BGT-(64.5

Unit/mL)l] Bl3te] fojx o2 EA vehgton, Fep
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Fig.1. Effects of fish scale collagen peptide on alkaline phosphatase
(ALP, EC 3. 1. 3. 1) activities in serum of the hyperlipidemic rats
“Groups are the same as in Table 1.

“MeanS.D. (n=6). Means in the same column not sharing common superscript letters
are significantly different (p<0.03).
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Fig. 2. Effects of fish scale collagen peptide on aspartate and
alanine aminotransferase (AST, EC 2. 6. 1. 1 ; ALT, EC 2. 6. 1.
2) activities in serum of the hyperlipidemic rats

ig}roups are the same as in Table 1.
Mean+S.D. (n=6). Means in the same column not sharing common superscript letters
are significantly different (p<0.03).
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