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The effects of administration of collagen peptides and exercise
in obese mice fed a high-fat diet.
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Summary

Collagen peptides (CP) are functional peptides known to have various biological effects. In the present study, we
investigated the effect of CP derived from chicken type I collagen on the obesity of mice induced by a high fat diet
(HFD). Male ddY mice were fed a HFD for 3 weeks and divided into four groups: HFD with no exercise (H), HFD
with exercise (H+Ex), HFD with exercise and CP (H+Ex+CP), and HFD with exercise and branched chain amino
acid (H+Ex+BC). Mice in the H+Ex, H+Ex+CP, and H+Ex+BC groups were administered experimental diets sup-
plemented with 20 mg/g of casein, CP, or branched chain amino acid, respectively, for an additional three weeks and
forced to perform a low-intensity activity by wheel running thrice in a week. As a reference group, mice in the
normal diet (N) group were maintained with a normal chow diet throughout the experimental period. The body fat
mass of the mice in the H group was significantly higher than that in the N group mice, and the mesenteric fat
mass was significantly decreased in the H+Ex and H+Ex+BC groups as compared to that in the H group.
Administration of CP did not exert any effect on the body weight and body fat mass but decreased the expression
of genes involved in de novo fat synthesis. Additionally, CP showed a suppressive effect on food intake in the obese
mice fed the HFD. Further clarification is required to determine the effectiveness of CP on obesity induced by a
HFD.

as—rriz7raFF sy h vkl IS N v
AR T HEESY YT HESTHY, BE, M, R
AR, B, KB EOMESE LT, Bk y Xy
Bo1/3 % 5DTw5, HERPERLEIEHEN5
FG=r FIMas -7y UPRRLTHY, KEFTIIIA
AT UPERSTH DI, 3 T7—F 2L, Tu) v
(Pro) &1V (Lys) »KELZZ /e Fufxs ru

)Y (Hyp) RO FurFYY T Y Hyl) Ok b
W7 KBALEET 7 I VBAZ S EENTBY, Ihbok
BALT 3 VBT —F V D=ZFE S AMEDREILITEH
HGLTwh, a9—7r V2R TATIJBRIZT) DV
(Gly) 25811/3TH b, ZOMhiZPro, 75=> (Ala),

Hyp % EWE L& FENDH, FMET I /B KIBH T
HY, LWEHTIJEBTHLMN) TN 77 (Trp) %I3E

SAEHL : FHE TR 7 #1471 (T 950-8680)
*FEHL - SR CZHR E A 1-1-1 (F305-8574)
o EAEHD ¢ R A KT 713-20-1 (F424-8610)

T4 (Corresponding Author), Tel: 025-368-8269, E-mail: kammy@unii.ac.jp



AEEGTERVD, TIBAaATII¥al/ReIhTwn
5o 25— YR GlyXY XY : HEOTIHE) O
V7L MCE2#DELAETHE SN TEY, FHiC
Gly-ProHyp ® bV 7L v F 2% EATHSY,
IEMRED 35— 7 VMK ETH 255, Ik
LCEREERL0BEIF U THY, EtFE LTAL
WHNTW5D, B4R, ¥5F v EEELBL TR L T
KT L, Kty znbsgias—rox7
F F (collagen peptides, CP) 2S#&fetE R 7F F & LT
HFHEINTWwS, CPldPro@AENEL, HypD X IH %
BB BHiT I BEELI 00, HLBEERMIBA R
TF =B L TP E R L, BIHERL 72 CP o—
W7 IV EEE CTHME Y, Pro-Hyp % Hyp-Gly @ &
) A ) IRTF FORTHRINE N T HFET S 2
SR STV BEY KEIZ Pro-Hyp (213 K2 B8 w354
Ha D W45 - 3 OMEY, B3I O (LAY, g
TORIIGEY, 7 Ve vBBEO 7Y a¥I ) 7y %
OB Y, XE ST AEEESHE STV,
CP OBEREME L L CIdB e, BIE oREE R =
DI % HUISAFZE ST X 7245, JLAE TR A 2
WORBMEHTY 2, 7U VAT VY UERBROME
EMESRER™ ", SR ALOSBEERY 2y, &
TR ME SN TV D, BCHTEEICE LT,
CPICX B4 v A VRPUEOSHEHY Y 12z, CP 2%
B o Llaz L <A 2 LF > Thb GLP-1 D4
WERRHET L &L DI, WX N7 CP 2% GLP-1 & ARG
PALT BIE#E TdHh %5 DPP4 Off) X % BLE 5 5 /EH A3 HEER
ENhTwaY, CPIZXBIRERHF~OEME LTI, ¥
rFROZ V< ARk CP BB KRS T v Mgk
WL TG @ ERMHIER 2R3 2 L 38 ShTw
W, 2512, CPEIMAICHLTOENEZRTZ &
PHEINTEBY, FL—=r 7L CPEROMIZLDY,
B IR T EEREIC BT B ERRS %, AT
AVA YTy PR—VBFIIBIA ML —= I HomE
WML O N L —= o Z# T % OB IR R 7 & h3iis
ENTwaY, F72, Hyp-Gly (& C2C12 5 3l o 5 45
Mg~ L BRZMAE L, ZOFLIEERETIZ S ~
N7 EAWIZE D B PI3K/mTOR ¥ 7 F VIR T H
BT EARBER TV,
WRERLEIHASEIS X - TSR S N5 0mIE, &
RWERI, NER SR EOETGEER 2R A5, o
UFIILEBARRTH D & ShTwb, fEk, EE)C
X B - BRI UGS R ALK SGE 355 5 R ARk
e LT 7 3/ (Branched chain amino acids,
BCAA) #HISNTHEY, MR R #TEEH
FRTZEDPWPSNER TS, Lo k)12, CP I
T - BEEBOREREN R IEEH O AR 53,
WA R T ouss, IRERBTEIERN T2 2
ELIMEINTEY, BCAA LHEML-HEEZ AL TV
%o AWfFETIE, BIRAICE Y EGRELFR S~

T AZBWT, BRI L CP EIO M HIC X 2 AR5
MR T A LICX Y, ZOERHIHI & AEEERE T RIS
JelZ 358 2 BCAA DIFH E I L 223 bkt L7z £
XD, EHEAM L CP RO EREIED L)
GRBE RIET0EHLNMITHZEEANE LTTo 7,

KERTTE

KERENY & KEREE

Sle:ddY ~ 7 A 4 i HE 25 IE (HA T X )b ¥ —
&) AEREE CE2 (HAZ L7 HRat) < 1EM
FiFfE L, Sz @% A (N) #& L TCE2THt
B E L, %0 O 20 PLIFARE = 4 L F — HEE 60 % O &5 i
IR E R (HFD32, HARZ L 7#kalatt) % 3EME
BT FR Sz, 20K I % BRI &Ik
(H) #, SIEIEESR (H+Ex) B, CP R e; s
By (H+Ex+CP) #, BCAA R N & Mg W & & 3
(H+Ex+BC) #t @ 4% (n=5 124}, H+Ex #
H+Ex+CP #, H+Ex+BC M2 135 )E 84m/ 4)
DRA — VEITEE) 2 AN S 70, EEIEMIE, EEIBIG
1EHE30%  HZE3M, 28HIZ30% H%HES5 I,
SHHIX60%  HAEMBETHE TV, &4 —)VEEIE
Fa—7u—5—%— (TR350, 7 A7 kX&) 2H
WCHELZ b0 &R L 72

T/, EBHEMBHICHFEL H+ExHII A LA
H+Ex+CP # X CP, H+Ex+BC # 12 BCAA (/% V)
viag vy rvigvuafLir=1:2:11) ELERER
5L, #EBIIES M H 1213 HFD32 (H #, H+Ex #,
H+Ex+CP#, H+Ex+BCH#) ##HAEI ¢, BEN
BEEHORGEREIRT 74 =T 4 v 7b L, HETLHAMN
DBRBEARIENELZWI ) ITHE L, NEIZ
EEMM % L C CE-2 % HHHIE R 372, EBRIME X
HARZIGT L L LI, FHHEICBITAHRELIEL .
FEERRIED S 6 BRI AR WE L, BIIRM, R,
Wik, W IBNRIG, EFEPRARIG, EHE PR, KRR
BERERG 2 BRI L CEN PR OEEZHE L. KB &8
WREIFARICOWTIE, BEFRAZROWED/-OICEHE
WE, BWHIZ-80TC TR L7z, s, Briglkisr
KEFEOBYERTRZORBEZF, BWERTA KI5 4
VRS LTI 72,

EEBREOHRER

CPiZ, =7 MUJKEHED I M CP (C-LAP, HAN 2k
AXath) 2@ L7, BCAAW, N r:af v A
yuAf Ty =1:2:10HETRAELZbDE Wz, %
BEOIANVF—H—D7zonay va—y v gk
LT, #¥A4 Y (B4 nvava—rIantt) #H
W7z,

EERGE2 5 3HEE F CoORBHEEAR N 5g/ H
Thollz, EEEIZSgIZHEAL Y, CP, BCAAD



Table 1 Primers used in this study.

Gene Forward primer (5" - 3) Reverse primer (5" - 3)) Accession number
f-actin cttgggtatggaatectgtgg gtacttgegetcaggaggag NM_007393
ACC1 gcaactgacagaggaagatgg tggaaggggaatccatagtg NM_133360
Aktl ctgececttctacaaccagga catacacatcctgecacacg NM_009652
Akt2 cttcggcaaggtcattctgg ttgagggctgtaaggaaggg NM_001110208
AMPKal ctcagttcctggagaaagatgg ctgeeggttgagtatetteac NM_001013367
AMPKa2 catggctgagaagcagaagcac cttaactgccactttatggectg NM_178143
ATGL caacgccactcacatctacg accaggttgaaggagggatg NM_001163689
CD36 gtgcaaaacccagatgacgt tccaacagacagtgaaggcet NM_001159558
CPT1b atctgggctatctgtgteeg tecttggecaatgtetecat NM_009948
FAS tctgtgecegtegtetatac ggaggtatgctegcettetet NM_007988
GLUT4 gtaacttcattgtcggcatgg agctgagatctggtcaaacg NM_009204
HSL tgagattgaggtgctgtegt gtaccttgetgtectgteet NM_010719
PGC-1a agcctctttgeccagatcett ggcaatcegtcttcatecac NM_008904
PPAR-a cacagacaccctctctccag agcccttacagecttcacat NM_011144
PPAR - agggcgatcttgacaggaaa cgaaactggcacccttgaaa NM_001127330
SREBP-1c cccacctcaaacctggatet aagcagcaagatgtcctect NM_011480
UCP2 agaccattgcacgagaggaa agaagtgaagtggcaaggga NM_011671
UCP3 gccattgtcaactgtgetga tcctgagecaccatcttcag NM_009464
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Fig. 1 Cumulative food intake of the mice in each group during
experimental periods.
Cumulative food intake was determined from daily food
intake. Values obtained from 5 mice are shown as
mean * SEM. The first (1) and the last (6) week of the
experimental period correspond to 6 and 11 weeks of
age, respectively.
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Fig. 2 Body weight changes of the mice in each group during
experimental periods.
Values obtained from 5 mice are shown as mean + SEM.
The initial (0) and the last (6) week of the experimental
period correspond to 5 and 11 weeks of age, respectively.
“"Mean values indicated by dissimilar letters are signifi-
cantly different (p < 0.05).
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Table 2 Body weight and organ weights of the mice in each group.

N H H+Ex H+Ex+CP H+Ex+BC
Body weight (g) 438 = 1.10 52.0 = 2.06 489 = 1.81 499 = 141 481 + 311
Liver (g) 1.82 = 0.08 200 = 0.10 173 £ 024 1.83 = 0.08 1.82 £ 0.16
Kidney (g) 0.67 = 004 0.61 = 0.02 0.60 = 0.03 0.60 = 0.05 0.63 = 0.04
Testicular fat (g) 101 £011° 233 £013° 2.10 = 029 ° 256 = 0.39 " 190 = 021 ™
Mesenteric fat (g) 073 £0.10° 140 = 010° 0.75 £ 016 * 084 = 024 ™ 0.64 = 008 °
Perirenal fat (g) 0.35 = 0.04 087 = 0.05°" 067 = 015 076 = 0.18 ® 057 = 0.10 ®
Total visceral fat (g) 208 +£021° 460 = 017 ° 352 = 058 ™ 415 =079 ° 311 =038
Femoral muscle (g) 057 £ 0.02 053 = 0.02 057 = 0.02 0.56 = 0.03 0.55 = 0.02
Gastrocnemius muscle (g) 0.34 = 003 * 0.36 = 0.03 ™ 046 = 002 ™ 047 = 001 ° 043 = 0.02 **

Values obtained from 5 mice are shown as mean + SEM.

~b¢Mean values indicated by dissimilar letters are significantly different (p < 0.05).



Table 3 The concentrations of blood glucose, plasma lipids, and liver triglyceride of the mice in each group.

N H H+Ex H+Ex+CP H+Ex+BC
Blood glucose (mg/dL) 91 +14* 150 £9° 121 £ 14 ™ 122 + 8% 126 = 13 ™
Free fatty acid (mEq/L) 051 = 0.04 * 046 + 001 *° 057 = 0.04 * 0.60 = 002" 054 + 003 *
Triglyceride (mg/dL) 99 + 16 130 £ 8 121 £ 16 101 £ 2 108 + 11
Total cholesterol (mg/dL) 9% = 10° 167 =20 ™ 192 £ 17° 203 +15° 171 £ 23°
HDL cholesterol (mg/dL) 80 +7° 143 = 17° 160 + 13° 170 = 10° 139 + 17°
Liver triglyceride (mg/g) 202 £ 17® 248 £13° 224 £ 25° 190 + 23 134 = 23"
Values obtained from 5 mice are shown as mean £ SEM.
~>¢Mean values indicated by dissimilar letters are significantly different (p < 0.05).
Table 4 The expression levels of genes for lipid metabolism in adipose tissue of the mice in each group.
N H H+Ex H+Ex+CP H+Ex+BC
SREBP-1¢ 1.00 = 0.18 0.36 = 0.05 091 = 0.26 040 = 0.19 0.78 = 0.33
FAS 100 = 0.19 ™ 053 =010 ™ 111 £ 027 ° 0.30 = 0.13° 052 = 021"
ACC-1 1.00 = 0.19 054 = 0.09 1.05 = 0.26 0.32 = 0.03 0.78 = 0.26
PPAR - 1.00 = 0.19 1.16 = 0.16 151 £ 025 1.02 £ 0.16 1.13 = 0.15
CD36 1.00 = 0.18 154 £ 014 1.80 = 0.28 112 £ 0.14 1.05 = 0.16
HSL 1.00 = 0.19 050 = 0.16 1.18 = 037 050 = 0.14 1.23 = 053
ATGL 1.00 = 0.16 0.84 = 0.09 168 = 044 051 =012 1.15 = 041
UCP2 1.00 = 0.14 153 £ 0.19 148 = 0.08 1.10 = 0.09 1.86 + 042

Values obtained from 5 mice are shown as mean + SEM. The relative amounts of transcripts were normalized with f-actin tran-
scripts present in the same cDNA and values obtained for the N group are presented as 1.
“>¢\Mean values indicated by dissimilar letters are significantly different (p < 0.05).
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Table 5 The expression levels of genes for f-oxidation and glucose metabolism in skeletal muscle of the mice in each group.

N H H+Ex H+Ex+CP H+Ex+BC
PPAR-a 1.00 = 037 * 026 = 004" 0.34 = 009 * 026 = 003" 020 = 004"
CD36 1.00 = 0.12° 056 = 0.06 " 062 = 012" 050 = 002" 039 = 004"
CPT1b 1.00 = 0.16 117 = 0.10 0.99 = 0.08 097 = 015 1.08 = 0.05
PGC-la 1.00 = 0.17 1.34 + 0.32 2.03 = 0.53 1.36 = 0.15 146 + 0.16
GLUT4 1.00 = 0.16 0.90 = 0.05 0.87 = 0.05 1.11 + 0.08 0.86 = 0.12
Aktl 1.00 = 0.11 122 + 0.22 0.90 = 0.05 1.06 += 0.13 0.79 = 0.07
Akt2 1.00 = 0.04* 084 = 010 063 = 005" 065 = 0.07 " 063 = 010"
AMPKla 1.00 = 0.04 098 = 0.11 091 = 0.06 0.87 = 0.09 0.83 = 0.05
AMPK2a 1.00 += 0.18 142 += 017 1.14 = 013 0.86 = 0.08 094 = 012
UCP3 1.00 = 0.20 098 = 0.10 1.14 + 0.16 0.89 = 0.13 0.85 = 0.09

Values obtained from 5 mice are shown as mean = SEM. The relative amounts of transcripts were normalized with f-actin tran-
scripts present in the same ¢cDNA and values obtained for the N group are presented as 1.
“bc\ean values indicated by dissimilar letters are significantly different (p < 0.05).
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