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Exercise-Induced Glucose Metabolism in Middle-Aged to Elderly People
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Kyoto Prefectural University

ABSTRACT

Growing evidence has shown that certain biogenics produced during fermentation
of milk could have physiological benefits. In a placebo-controlled double blind
experimental design, we investigated the effect of a biogenic factor, milk casein
hydrolysate, derived from lactobacillus fermented milk on muscle damage and glucose
metabolism after exercise in middle-aged to elderly people. Ten middle-aged to
elderly subjects (49 + 2 yr) participated in each of two trials of the study: exercise
with placebo (placebo trial) and exercise with milk casein hydrolysate (active trial) .
Participants carried out downhill walking (decline grade: -5%, speed: 5 km/h, time: 30
min) . Test tablet (placebo or active) was taken before and after exercise in double-
blind method. On the next day of exercise, muscle damage and metabolic parameters
were measured. Although muscle soreness was not difference between trials, plasma

creatine kinase was significantly lower in the active trial than the placebo trial. In
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addition, carbohydrate oxidation after glucose administration was significantly higher

in the active trial than the placebo trial. These observations suggested that intake of

milk casein hydrolysate before and after low intensity exercise could improve glucose

metabolism associated with suppressing delayed-onset muscle damage.

L |

HOFEBHEBTEREINDINA TV 2=y 7 R
ORBEMEIER SN TS, AR TIE, TEk
BERRNRLE LT, EBEOMHEES L ORERHIC
BLIZTAMAREAHRNA AP 2=y 7 X,
A LMK IR DFEEN OV THGE L7z, 3
BrSS L b REYA S LV ERS X 10 4
(49+27%) #®REL, 77 RN BM_EEFK
I UAF—N—RER A To 7. "WRBELEEMN, &
BRI 7 T R A BT 550 (7T 2 R5AMF)
B L OEE) & BRI B A 2 HR S EY % B
T2&M (T2 74 7%M%) %75 A%liFET
fTo7-. EEE, Ly FINVEHOLT Y ESE
ATHE®) (R 5km, T ) AJAC 5%, 30 47H) %=
i L7z, EEhRHIC, MR iees, (CHHEREE 4 )
E L HAREEMM CHEE R R Do 7208,
M4 7 L7 v+ —VigEx 77 v et
MLTT7 774 786 CHBICRETH- 72, £
7z, WEARAORKCIBRILE L, 7771 75
BV THBICEETH > 72 DEORRE LY,
SRS 2B 2 KR EB I IS B A0 ¥
A YIRG R OB, il 2 RRT 52 &
THERH 2 s 5 2 LAVRIBE L7,

&

Inji

HEMERL A > 2 VM2 S0, R
DT - WECHEGT LI EDELAMSN TV,
COEB ORI, EBF 72T T % EBR LIE
52 2B T O O TTHED S < B5-3
5. —7, WEOREVESPLEHEEO RV EB) O

7 N AR—VEE Vol. 38

BLIEL BT B &, BHEMMEER~O MO
B & LIS OREISEZ ), Wby
BRUEGHRESFR I V. BRESHEEOT
SERDHRAR CTHAHZ LIXEH) FTHRVD, Z
MDA b B I B AU B, EBRPEAEDS
bbb ZePbroTE/z, ITRETICHKA
i, EBROMIBERICITERGO A A LK
FHRERHPIETT 2 2 L 42072 fiHaEE,
T RE R0 S AR | AR A L TSR D i o

SO (Vafyrry, mr—Fr k) 128
WCHELBZERS, A¥KY) v 7 e
JRIROF - g x By L L72@BicB v, M
BEICL D %) BB OWE KT 22 L5 T
ST, EEIRERERRENIIBEL N TES L
EIOND.

INAF T =y 7 ATEMMNLOBRETER S
NHWGORHTH Y, Z ORI >V TR
ENTWAD, FURRRESEREFLP I3 2 7 AR TG 1%
RSN DG % & 0hs, T hFEREEFE CTE
BENDLHEA 7 R ERRORTF LT
I BRI, BEREMER BRI E LTE2 NS Y,
KL, EBFEEHBGOFREA =L L L
Y ZDOHITIZ D WTHISEZ D T X 72T,
Lactobacillus helveticus (L. helveticus) ZSFE#FL 12
EHEENDINAFT 229 7 AN T v NEKTHO
PURALBE R PR R T 2 R S8, EE)IC &
B 0iE0 - SE E BT B & v ) BRIV AL A
WY S50, BREBEHRE LRBRICBY
T, L. helveticus Z&EFL O E UL W E) %55 1815
BFOBEA ML ABLOHER#ZUET S 2%
Sz L72Y. LiedioT, SMILisko A



— 166 —

TV =y A, ERHOUEE B L L7oE
R rE0 L ECEATH L WEENDH D,
DL BERDS, KFETIE, HElE z g
LT, FYHARSTEEZOFEG B L OB
HCB TR EREILERD A ¥ A ks
R DRZENOWTHIRGRES A 2 L 2 HIE L7z,

1. MRAE

1.1 WEE
TEENEEAEE, EESRED L 2 REERE S
RCHEIRBE L 104 (BT % AR 50 =3 %
B 172+ 2cm, K3 72+2kg, W 3% @ Fk
46+17/%, HF153+1cm, AE 49+1kg) Zx%
L7z oREEBICHES X OHERICT, B
OHMEESE Hik FHShLERE T4
Ny —BFB LT — 7 OB REIZOWTT
B EAT, IS CREZ S, AR,
T RFAREE B R OB [R b/

1.2 HEFIE

TR EER S 0 At — N B e L
Tiibhiz. dREEED, EBREIRICT T 2R
REIT A5 (792 REM) B X OEBFR
WZFLA A ARG R & B % & (T 0
T4 TEME) D2 5% T V¥ ARIAFETITo 72,
B HH, xSRI EB) LG 2 AT 8
LAERLZ. ZOBRMEREIREL THEA
(F 7Ly F2HR) RKEELHIZERL, 20
304 %75 b L v F 3L (My Mountain 5050,
TOBEONE, #[E) % Hv 7284788 (T 0 Ak
5%) % 30 7 MAT - 7z, 34T Tl & & Rk
S5km F TLUF, @EET F T 5km % o 72,
TEE L 3 A I FBINEEEE RV 71550
DFHli AT o 72, EEIFET 30 5 RICHEBE (¥
TLvy b2k RENL. 2otk #BHETHK
LWiEEj 2 P2 THEHB T3 2 &, ARG
TNAY NOERMB L OHIEZIEZ 52 & 2 xR

HIIRR L, 5 10 BEDLRR G K DAL o B % 25
L7

AEX2HHE, 11 EEMOMAIRE TR L, §
HAZ > 5 OAEEIREE 2 HEFRF L 72 F £ ITWF9E=1R
FE L, WHFICEENT 10 0 2eEc L7z 10 90
JERLLEC L7215, ME B X OWRIEIEERE 2 3
L7 ZVva—x50g (ML —F > Gh0g, B
OFRERASM) 2BWL, 20 305%LD
TEAAL TIPS A O FHIl &2 30 73 AT - 72, B
060 73 e\ M &2 BRAC L, L4, MAE A > 2
VIREB LMY LT ¥ —EREOWIE
W7 TR L OB B 2 5 RRRRE
DFHii AT o 72, WIEICK T 2ENDNL T 2%
L, &I R LD 2 ML EZET 7z,
HEE 1 HHOEFHNEIZOWTH SR 2470,
EFE CNEOEFZEINT 5 L )R L7,

1.3 #HEBRR

MERE L LT, IR, skEBICH—DT 7 T4
TBLIOTIERY Ty N (TSN —T
R—=IT 4 v 7 AR Az AR
YA 2y oy BRI XY Ko
L, 7Ly MRIZLAEDDET 7714 7K
(FL7 A > o 186me ke h) & L7z i
KGR EITHO TR WXL V& F T Ly MIRIC
Lcboa 7T RE (LS F ) oA
186mg/ K& ) & L7-.

1.4 BIEIEH

1.4.1 BEENIILF—H

M8 A W4 (Aeromonitor AE310S, I+ b
EFR) = HvT, #EEST 30 4 5 30 40,
MRFARAGE & TRRAURFERE 2 W L7, R
BIE & TR LR PR R O fED S IFRRG B L O
AR b 2 A L7z

T2 b AR =Y FEF Vol. 38



V7 A NT—=AR, HRAKHE=ALAMTER) %
FIVCHRGE L7z, BRILEE, 3 Clam.OoriE% LT
M4 %4572, IMAEIZHE £ T -80C TIRIEEL, #
HEORETHLIMEES LT T X —EigE%x
enzyme-linked immuno-sorbent assay (ELISA)
(BioAssay Systems, USA) (2L Dillsg L7z F
7z, M%EA > A) Vg% ELISA i (Mercodia,
Sweden) 124k 0 llsE L7

1.4.3 BRAKBEE

JEAREIVERE (2 351F 2 KIRIUEESS, Kiofss & O
KIERORATRFEEEIZ D\ T, visual analog scale
% IV CEHIE L 7z

1.4.4 ME DA SLUREEERE

LRMER (EW3100, B FELEkASH) %
AV, AL TR, SRR B & OV
R OBEZITo 72, MERWEHRERE (FORM
BP-203PRE I, #+ 2 10>a—1 »#k&H) %
FAV, ARAAZ S CHRBE AR 2 5 L 72,

1.5 #EtETE

FERITFIGMHE + RS TIOR L7z, WET —
FIZIEBMED S G, MIGOH L tHEL, 1E
W EENGA, ANV a s YA IERLAI
xRV, FEKEL 5% & L7

2. Eﬁ%nn%

2.1 EFhOTENESEE

EE O EBINERRE L, EB 35 TSI
REME83E07, 7774 754 88+08, )
305 CT7T I REM115£07, 7774 754
12509 CTH Y, EHIZL > THEICEA L
(P<0.001). W HOEERFERIZBWTYH, &M
MCTHEEREIAON D72

7 N AR—VEE Vol. 38

167

2.2 HHiBIEIEE

EEFRHoMmiES L7 F v - —VIREX, 7
TERGEMHERBELTT 774 7560 THEI
BETHo72 (P=0.017) (K1), FHAREREL,
KBRAG, THESS, BB L O3 EMOAFHED
FTIUZBWTHMEH THEERZTAL N>
7o (F1).

80+ P=0.017
60+
S 401
20+
0 TR 7717

1 Mgy L7y — iR

Values are mean = S.E.. (n=10)

=1 HARE

TR TIrT47T P
KRR (score) 1.1£0.7 1.0£0.6 0.36
THES (score) 0.6*x0.2 0.6x0.2 0.34
KEH (score) 0.7%0.3 04%0.1 0.29
3 AEME (score)  25%1.0 19+09 0.34

Values are mean = S.E..(n = 10)

2.3 BHRENE, WWES L CRKIEHE
1tE
EEIBH B 5 ERREIES X O (30
SHEEAE) X SEHTEIR RS e o7 (K
2A,B). L2L%&ad5, RAKMYBRILEIZT I &
REMEWRLTT 774 78 THEICEMT
»H-o7z (P=0.048) (F2C).

2.4 MiEESLUCMmMES R VEE
JEEEH I BT B AR 60 77 R o MAEE, 1
AR VigER, RMETHEELREIALON
Lotz (R2).



— 168 —

1.007

P=0.10

0.901

0.801

Respiratory quotient

0.70.

M2 FRFEEGE(A), IR (B) 35 & UKL B L (C)

Values are mean = S.E..(n = 10)

A
5-
P=0.17

4
c 31
£
®
3y 27
[S

1 4

0

C
4 P=0.048
3-
I

£
1S
9 7]
®
1S

14

0 _ S

75K TIT47
R2 MKER X OUEEA > 2 ¥ (FEET605)
TR TIrT47T P
ILHEE (mg/dL) 1561 +11 158 £10 0.22
MmiE4 > 29 » (mUL) 15=3 17+4 0.14

Values are mean+ S.E..(n = 10)

2.5 ME DRSS UIREERRE
YEENEH, PO XM CHEZIT RS
Neo 78, JRMIMEE 77 2R EM & ik
LCT 274 756HICBVWTHEICEETH 572
(P=0.020) (=3). —7, LH%IE, 77 K%
LB LCT 7 74 75RMICB W T RICRME
L7z (P=0.030). MRIE(ZIEHEL L, ST
EhEER LN o7

=3 ML, DHIEB K OIREAEREE

TR TITA4T P

IR MU (mmHg) 126 £6 129 £6 0.15
PLpRIIME (mmHg) 81 +4 87 +5 0.02
L% (beats/min) 70 =4 67 3 0.03
DRV fu3 B (cm/s) 1242 £72 1225 =50 0.31

Values are mean =S .E..(n = 10)

3. &

AWFEIC BT, T ) ARBITEBRIRIC B
LI XA YIRS OEROE, HEYEH O
W LF ¥ — B0 LR 2 IE 5 &
EBIZ, RARMERALEZRAE S D 2 LAVRS
Nz, INFTICTTRAIE, ERELI RS v A5
BEi 212 L. helveticus ZEEFLB L LA ¥ 1“0
KM H BT 5 2 212X - T, BHOHEG
A S A, BERHDSET S 2 A AIEICB
WTHERELCE 7248, kB 2B b KR
BRI BV MO A T 5 2 L8
TRIE STz,

B IENRKOER#IESETH L Z L h
5, HEMEBEELSHEIRIE, X5 K v 7 ik
HEOTF - D00 E 7 b 2 LA 7R
ENTVD. THEFICHHEIZBNT, VR
) KB X IR D ¥ 7 F VAR R AN

T v AR—=UEEE Vol. 38



HALE N, 7V a— ZEEdEEk 4 oMK b 5 >~
AU —a ypEmL, fiRRA~NO 7V a— A
HLY SAH AT 2 2 L IHT 2 67, —aik
TEBILC K 2 5 AR AR 3 o0 (e | L Bh 3 o Rt
Wfil 22 120 L 228, EEjh B L OE®ZZT TR

CEF) 24-48 Wi 4 F TR 2 S L ISR T
Wno —, WG E &L R ) EBICB VT,
Vo9 L O OEH LTS 59, & LA%Y
REIVETTA2ZELE N, T AIZBWTH
HEXRTNnD 289,

B Lo cld, AifioREicE b2
S, BEA ML ASERSRS DO Stk
A NHARTENA v, IR SR
DA ¥ A MARFFERERL) AR ZLT S S 2 L
A5, IS DR T A E B % O B RS
CBS B Z e AR E R Cw B 2% s
FRALA b L AR SEER T2 635 2 A5 T &
R, RGO T 2 132 2 & 25T
EpLE2ZoND. D, 4 3EWERICBW
C, L. helveticus ZEFEFLAVE R 12 BT 5 HLlEkAL
BEEFLETHILICL T, HIRGRSEER
FBLOBLA ML AOHKEIHT2 2 L& R
HL7zY. Z20tzb, ¥ A 2K %5
% & CHBUEER OFE % 4 L RGBT
HITEH, S HITIIHEACEHITIE (R R 2 ZehE L 727
REMED D 5 .

BRI RO IR IE, EER OB T 7220
Th, BRAT 4 v 7AAD LRHEZF| &R T
CEDFEERTWDE Y coRF 4 v TRAL
i, BRI E D o TEAE L - EER 128
TERPICHEYBLIILERTHLEELLN
TV, MEAT A4 v 73 AD LFIGOIMEEE
DM L7 fEf A Th HA%, HEMISHEB 2T
HTETIMEAT A v TAAPBETT L2 L, F
c B O WR BB ZIIBNTHIMEART 1 v
T A AT N5 2 LA s I, &S
L2 LMEREFHO—HE 22 2 EATRIES L

FH 2k AR— Y FEE Vol. 38

169

Twa BW Lyl miEme L b2 EH)C
BOWTIIEICMEAT 4 v 7R AZEHD DL ED
5, ESL ) D7d0E L CIEA#EYTH
LT ENEZONL. RIFFRIZBWT, EE)EH
DOIRBIEIERIL T 7T b REh L LTT 2
TATEETRRMMETH 720 DD, ARELAE
FA SN Aol EEROHWFEED T
EREL LeholZ bmt, BTEBIO X Zil
JEOERVEE TIIME A T 4 v 7 AR E R
BrBLZEShholldbEZON5.

LA XA MRS OVERFEE IR TS %
AN r—Tayr-sa)r fvaf -
Ty y-Jn) y i ERREICER S NLRT
F ROWEReE A SEHE L 22 REEDS D B T Id,
MG R FiE 2 RS 5%, TEEREEE & ik
TrIETHORTEY 510 KEFRIZBLT,
B H ORI T 2 7 1 74 BW
TERMETH 72281, NSDOHEE2FHT 5
LA EZOND. EHIIRE, IhH5D YRS
F BRI 2 AT 5 2 & b HAERC B
ERIIBOTHESL WS M 48 kA
W 2 S5 2MEDPLETH L.

HHBEOWKALR HE GG EIZ O & b
7 ) RGO A7 O EHDIEE 2o T
BIRATE T, PR 24 4EIC [21 WAL BT 246
ZRERAEED < ) EB) (lEEEH A 21 GEZR))
9 % SR 25 4RI TREEED < D 0720 0 Sk
ByAEiE 2013) 20 T a4 L, HEEFBICBT
5B OFELZ R THY MADITbI TG &
AHTHAH. EBRIA L LGB L, B
Rt rmos 2 Lid, EErBEIELL, EBRIR
EEOLIOO—MIhbEEZLN, XA
MRS D < ) D720 OTEE) & 1T 9 B
IZZDOHERAMEPHEE NS,

" 1

3

e

AWFFETIE, Pl 2RI, EEEIROL

=



—170 —

7B A KGR A H oA, FEAE
B LIETHEL ST RHRZEGEHR 7 0 X
F—N—RBRICBWTRE L7z, Zo#R, L7
YA KRG REYEIIC L T, T ) ARSAITE
B HOFRGIPEH I NS & & ITHERH UL
BHHRONTZ AR RICED, PEEE s
JAEES D ERIZ BT, EFHYREED D
—BrE UCEERAHRNA AT 2=y 7 A5
A CMORGIEDDER T 5 2 EHIRIBE T

#H O

KWIZEDZATICH Y, W alB ) L7z
AW EBENAARTLE T 2 b AR — Y FHARE
WENZE R L RiFE 3. $72, SBRoZET
V2 T ) % TR 72 ORI ST R AR T 2 = O
B RABREEREtVZZv T e s v—7
F=VT 4 v 7 ARASHICEHOBEEZELL £
3

X ®|

1) Aoi W., Naito Y., Takanami Y., Kawai Y., Sakuma
K., Ichikawa H., Yoshida N., Yoshikawa T.:
Oxidative stress and delayed-onset muscle damage
after exercise. Free. Radic. Biol. Med., 37 (4) 480-7
(2004)

2) Aoi W., Naito Y., Tokuda H., Tanimura Y., Oya-Ito
T., Yoshikawa T.: Exercise-induced muscle damage
impairs insulin signaling pathway associated with
IRS-1 oxidative modification. Physiol. Res., 61 (1)
81-8 (2012)

3) MRHE: TunNA F 7 1 7 AOFER LA H
ARFLEEH 43Rk, 22 (1) 26-37 (2011)

4) Aoi W., Naito Y., Nakamura T., Akagiri S.,
Masuyama A., Takano T., Mizushima K., Yoshikawa
T.: Inhibitory effect of fermented milk on delayed-
onset muscle damage after exercise. J. Nutr.
Biochem., 18 (2) 140-5 (2007)

5) Iwasa M., Aoi W., Mune K., Yamauchi H., Furuta
K., Sasaki S., Takeda K., Harada K., Wada S.,
Nakamura Y., Sato K., Higashi A.: Fermented milk
improves glucose metabolism in exercise-induced

muscle damage in young healthy men. Nuzr. J., 12

6)

7)

10)

11)

12)

13)

14)

15)

16)

83 (2013)

Wojtaszewski J.F., Hansen B.F., Gade Kiens B.,
Markuns J.F., Goodyear L.J., Richter E.A.: Insulin
signaling and insulin sensitivity after exercise in
human skeletal muscle. Diabetes, 49(3) 325-31
(2000)

Rockl K.S., Witczak C.A., Goodyear L.J.: Signaling
mechanisms in skeletal muscle: acute responses and
chronic adaptations to exercise. [UBMB Life, 60 (3)
145-53 (2008)

Asp S., Watkinson A., Oakes N.D., Kraegen E.W.:
Prior eccentric contractions impair maximal insulin
action on muscle glucose uptake in the conscious
rat. J. Appl. Physiol., 82 (4) 1327-32 (1997)

Del Aguila L.F., Krishnan R.K., Ulbrecht J.S.,
Farrell P.A., Correll P.H., Lang C.H., Zierath
J.R., Kirwan J.P.: Muscle damage impairs insulin
stimulation of IRS-1, PI 3-kinase, and Akt-kinase in
human skeletal muscle. Am. J. Physiol. Endocrinol.
Metab., 279 (1) E206-12 (2000)

Wang H.J., Pan Y.X., Wang W.Z., Zucker I.H.,
Wang W.: NADPH oxidase-derived reactive oxygen
species in skeletal muscle modulates the exercise
pressor reflex. J. Appl. Physiol., 107 (2) 450-9
(2009)

Aoi W., Naito Y., Yoshikawa T.: Role of oxidative
stress in impaired insulin signaling associated with
exercise-induced muscle damage. Free Radic. Biol.
Med., 65 1265-72 (2013)

Barnes J.N., Trombold J.R., Dhindsa M., Lin H.F.,
Tanaka H.: Arterial stiffening following eccentric
exercise-induced muscle damage. J. Appl. Physiol.,
(1985) 109(4) 1102-8 (2010)

Cameron J.D., Dart A.M.: Exercise training
increases total systemic arterial compliance in
humans. Am. J. Physiol., 266 (2) H693-701 (1994)
Tanaka H., Dinenno F.A., Monahan K.D., Clevenger
C.M., DeSouza C.A., Seals D.R.: Aging, habitual
exercise, and dynamic arterial compliance.
Circulation, 102 (11) 1270-75 (2000)

Siltari A., Kivimiki A.S., Ehlers P.I., Korpela
R., Vapaatalo H.: Effects of milk casein derived
tripeptides on endothelial enzymes in vitro; a study
with synthetic tripeptides. Arzneimittelforschung, 62
(10) 477-81 (2012)

Nonaka A., Nakamura T., Hirota T., Matsushita
A., Asakura M., Ohki K., Kitakaze M.: The milk-

T v AR—=UEEE Vol. 38



derived peptides Val-Pro-Pro and Ile-Pro-Pro
attenuate arterial dysfunction in L-NAME-treated
rats. Hypertens. Res., 37 (8) 703-7 (2014)

17) Chakrabarti S Wu J. Milk-derived tripeptides IPP

18)

(Ile-Pro-Pro) and VPP (Val-Pro-Pro) promote
adipocyte differentiation and inhibit inflammation
in 3T3-F442A cells. PLoS One, 10(2) e0117492
(2015)

Sawada Y., Sakamoto Y., Toh M., Ohara N.,
Hatanaka Y., Naka A., Kishimoto Y., Kondo K.,
lida K.: Milk-derived peptide Val-Pro-Pro (VPP)

7 N AR—VEE Vol. 38

19)

20)

171

inhibits obesity-induced adipose inflammation via an
angiotensin-converting enzyme (ACE) dependent
cascade. Mol. Nutr. Food Res., 59 (12) 2502-10
(2015)

AT - EEREH A 21 (B8 20K) . http://www.
mhlw.go.jp/stf/seisakunitsuite/bunya/kenkou_iryou/
kenkou/kenkounippon21.html

JEAETHEE - [MEHED <D D720 0 S ARGHE AR
2013] K OTHERED < D) D723 O B REEIEE (7
ITATIHAR) L IZowT .
20.jp/stt/houdou/2r9852000002xple.html

http://www.mhlw.



