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Macrophage Migration Inhibitory Factor Regulates
Glucose Metabolism in Skeletal Muscle
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Nobuharu L Fujii, Yasuko Manabe, Yasuro Furuichi
Department of Health Promotion Sciences,

Graduate School of Human Health Sciences, Tokyo Metropolitan University

ABSTRACT

We have found that macrophage migration inhibitory factor (MIF) is secreted from
C2C12 myotubes into culture media. In order to evaluate roles of MIF on glucose
metabolism in skeletal muscle, extensor digitorum longus and soleus muscles were
isolated from mice and treated with recombinant MIF in in vitro muscle incubation
system. MIF itself did not affect to glucose transport in both type of muscles. However,
glucose transport induced by half-max dose of insulin was diminished by co-existence
of MIF in the buffer of soleus muscle incubation. These results suggest that MIF is a
negative regulator of insulin-induced glucose transport in skeletal muscle. These results
show that MIF is a novel myokine contributing to glucose metabolism and can be a

new target molecule for prevention and treatment of diabetes.
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T LIRSS 5 20T O3 %475 72,
W% KR L7 % 1,000g C 5min L, —H
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MBI LSS THERLAL A, BERFMICK
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ZZT, EBRICEEKNTS FERICERT 25
MIF 235w SN TW B2 H LRI 572012,
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BRI L IUBENE O AT - T E 2R T, B0
TEABHT 2D, Ak, ISR R
DA VA VZFARO TG TR sAA % FET§
LEL B LT THLH. R IITIRENAERIL,
MIF 254 ¥ A YRl X » CER I NS B
5 OFERGA A % Ji 3 2 W FEE 2 TR L T\ 5.
Z 2 TI A HFFE L7z in vitro BEELA &Gl g %
VTS, =w 2 v 5 A H~OR R % HEE L7
ZOER, MIF (ZHEMTIIHEORY AR 2 A
G ZBGH, A YA IS K o TIRE L 72T
ABEIRT L2 EDHL PR o7z (H4).

K3k
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BRHREEA DY
N
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FFER MIF A2 AURUHF

4 EHH12RIET MIF D%
*p<0.05,** p<0.01

3. % =

RWFFENZ BT 2 ERFHFER LT D4 OT
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72 MIF I3AEBRIME I b A2 052 0&E1d D 7%
HOC - o ze@E 2o, (3) FEBEICMIF
BB SIERAL, Akt D) 2 EREZ 3] L,
cJun O VAL AT S, (4) MIF X4 > A
) & BHERGAR Z IS 5. TS OFRE
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5 BRI BIT B MIF DH 7 7 g

FLOONPRETHL. ThbE, MIFIZA
YA PN E o TRE S B HEDELY A& & HI]
THHFTHY, PERFOHREEL L UEORFED
BN T LR WEEET RS, 2020
MIFIZBHL CINFETHro T EH T4 <
(F1), BEBIZBTHEBITHSN TV Do
7oL, bBAAEDORATHA L ELTORED
RHTH - 72 RIFFEORFIEZF O —i % B & 2
ICT&7-2LThHA.
®1 IRFTIZHSN TV MIF O

e MIF (Z THIfE L3S NHH A b4 LT
RN

e 12kDa O/ & 722 47F-

e M OIIH R 0.2-0.5 nmol/l.
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%12 F7: MIF i, BRI =L D RERE 5
X7 B @ pllb A LA & 5 T hE
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Development of High-Pressure Apparel from The Viewpoint of The Universal
Specifications for Leg Compression Stockings

by

Harumi Morooka, Riho Sakashita, Yuhi Murasaki

Kyoto Women’s University

ABSTRACT

Leg compression stockings have been used to prevent deep vein thrombosis. On
the other hand, they often decrease blood flow in the skin and increase the mental
stress caused by high pressure. This study aimed to obtain fundamental data regarding
universal specifications for elastic leg compression stockings. The effects of pressure
applied on each part of the leg, i.e., foot, ankle, calf, and thigh; on the blood circulating
system; and the autonomic nerve response were determined. The results obtained were
as follows. In the sitting posture, the skin blood flow decreased with increase in the
leg pressure, in accordance with the distal end of the limb. In the sitting and supine
postures, the heart rate decreased greatly with increase in the pressure on the calf. This
indicates that the venous return improved. When pressure was applied on the calf, the
decrease in the LF/HF, that is the ratio of low frequency to high frequency of the R-R
interval, was greater than that seen in the others. Therefore, we concluded that pressure

on the calf is most effective in increasing venous return.
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Influence of Wearing Compression Tights During Prolonged Exercise on

Muscle Fatigue, Muscle Damage and Inflammatory Responses
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Graduate School of Sport and Health Science, Ritsumeikan University
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Research Fellow of the Japan Society for the Promotion of Science

ABSTRACT

The purpose of the present study was to determine the influence of wearing compression
garments (compression tights) with different pressure intensity on muscle function,
metabolite and endocrine responses, muscle damage and inflammatory responses to 120
min run at moderate intensity. Eight healthy young men conducted four trials on different
days, consisting of [1] trial with wearing compression garments of heavy pressure
intensity (approximately 40 hPa, High), [2] trial with wearing compression garments of
moderate pressure intensity (approximately 20 hPa, Middle), [3] trial with normal sport
garments (pressure intensity was set below 10 hPa, CON). Each trial was performed

with randomized orders, and four weeks of rest period were provided between the trials.
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Exercise consisted of 120 min of running on treadmill at 60% of maximal oxygen uptake
(VOZmax>-
jump height),

Time-courses of changes in power output for lower limb muscles (maximal
heart rate, ratings of perceived exertion (RPE), metabolic and endocrine
responses, muscle damage and inflammatory responses were evaluated.

Maximal jump height was decreased after 120 min of running in the High and CON
trials, whereas the Middle trial showed no significant reduction of maximal jump height.
Moreover, the maximal jump height immediately after the 120 min of running was
significantly higher in the Middle than in the High (P < 0.05). Average heart rate during
120 min of running was lowest in the Middle trial, with a significant difference from the
value of CON trial (P < 0.05).
was observed in RPE for leg muscles over 120 min of running, the RPE for respiration
was significantly lower in the Middle trial than in the CON trial (P < 0.05). A 120 min

of running increased serum cortisol, myoblogin and creatine kinase concentrations, with

Although no significant difference among three trials

no significant difference among three trials at any time points. In contrast, exercise-
induced elevation of plasma IL-6 concentration was significantly lower in the Middle
trial than in the CON trial (P < 0.05).
plasma IL-6 response between the High trial and CON trial. These results indicate that

However, there was no significant difference in

wearing compression garments with moderate pressure intensity (approximately 20 hPa)
attenuated exercise-induced fatigue of lower limb muscles and elevation of heart rate, and

inflammatory responses to prolonged (120 min) running at moderate intensity.

_ FRR - PRI SR B & OJR RUS 1B

- B MO 2L % ed T L7z,
REFFECIE |, ERREBIE L 5515 5 %0 R ZO#E, AWK BT EERORES
BAYTL vy s Ay OBEBRE - R WSO S AR e R LIRSS
WM B & OSSR BEO /< FL7 (P<005). 120 50 EB 251 5 0
DRI B AR T 2 LR B L, SO T LT AR bR AR L, 2>
RBYES 4R RS, B DME (4 RO — Ll R ORCA EESED B (P <

19

40hPa) DEENBEIN Ty T Ly arys A
v (GRS, @53 (K 20nPa) @ % 2% it
EhzarrFryvaryAy (FEEMDE), G
HIEZ S 72w (10hPa LLF) 44 (3 bu—
V&) owIhreEMlTLHEEZ, Zhth
BApDLHIZERLZ, KEHTOREETIE, &R
MBI ED 60% |ZHL T AEHETML Y F
IWVETO 12057507 =y 7 ERFER L7z,
B R OB T 1 R £ TRERERYLS, Fibkie,
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0.05). 72, 120 5B OEBAED MmEE 1 >~ & —
04 %6 (IL-6) EED FAHOREIZTEESLMN
WZBWTHRS/NS L, Ty ba—v&EfiziEL
THEIEMEZ R L (P<0.05).

D EDRERNS, 1205707 > = FRIZH
F559F (B 20hPa) il 7Ly a v
4 oFEMIL, SE (£ 40hPa) % fil L 72[AFk
DIAY FLFHEE SN TNV A V|2
BLC, FHRAEEOHIET OB O8O Ei



P, B X OIEUCOIHN AR TH B 2 £°
oML

&
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VAR, W TV R EDAR— Y OB
BWTC, a7V vyaryrx7 (Compression
garment; CG) ZEM T 57 A — b R—fKD A
RV EHFFELBICTAEI IR TET.
CGI3TtR, BRMICHGIESNAKIRTH Y, 1
BRIEE D BE (203 2 KRB O UGE R Bk & it
DOTLHEE HIIZFH &1 T &7 (Lawrence et al.
1980) V. 1990 4EFELARE, A K — v BRI B
VT BIFZEDS R AZAT DAL, BB O CG DFE IS
L0, P57 ORI R BN ARG R O UL K 72 &)
INT G =Y ADYEFEMRPHREIND L)1
757z (Kemmler et al. 20092 , Ali et al. 2011) ¥

BT B CG 75 H ORR & Wik L 725647
Whge 2Bl 2 &, [9y=0 7] #HV76h
%\, Kemmleretal. (2009) 2 (%, [i—o il
BREETTOT v = v VIO KERE S, THE
HBOIEBo/-ayTLyaryy s AxEN
T HGEMEIEHSGMETHIL TS, ZORHE,
HHEMEIEEREM & e L <, EREIEE
ICRKEWZ LS LR o7, F 72, Bringard
etal. (2005) ¥ 12, KBEE DA% BEo72a > T LY
Tary AV EERTLIEN, SESETw
GWE AV RERTLEM BEON=T8
VERERTZEMEOIFEMERT, 50T
Yo7 (RAKBEENE (VOumw) O 80% il
) oA F -t iR LR, 37
Ly ary Ay OEMEEIMD 2 50 & K
LC, @ omBEENESFEIRY (7=
VIO I—OUE) TEEBEHTVEL. FO
— T, EEHICBITS CG OEMIEE, ERH)
INT G =V ADWED IS N2 D - 121752 b 1F
f£% % (Al et al. 2007° , Sperlich et al. 20119
MacRae et al. 2012) 7. #1212, Alietal. (2007) ¥

1, 10km D ¥ £ &5 b F A4 TIVERIZBITFHCG(V v
7 A) BROMPEEBE LT EA5, EBINYES)
BREE R LB IE CG A& HICHE D 2 LiZ A b L7
Motz F72, ZOWRTIRIBELEORL: L CGHE
AOFMLRRT T LS, BEOHEIZ L BE
Lo LN TR, LaL, IS OREE
ME 2 ETiE, WFO3EIZOWTERESLE
Thb. 12OHIE, HEEM CELEIHK—I N
CC VLN TWARVWETHL, TNETICHE
i S NIRRT, BEREDEM TS CG Y A
AHBHIHEARPGEY b LiIcEsh Tl Y,
% DYt HREEOIEBH~OEEAHER S
TWZRWw, 207, WHEEHR TOHT DR
75 CG % ORI RN BB A BT L 7RI A oE
T&ERv, 22081, BREESHMARE S
TWiHTH L, TV I TIERBEB L OF
WESOFGHIBE SN L2020 b 5T, JLiThf
e0% 1%, KRR E 7213 FRRERO V¢ o
W20 L CHEE AT 2RO Y = 7 2 FvCw
L. 20D, KRB L OTRREOmEO A
WCHEEZMLZCG (4 14Y) HHOREE LD
THOLRIZT LUENH B, 3DHIE, CGHEH
12X BHESRER ST 4 — < Y ADUEMNEE
HES 5 LT, FHEOIREARE SN TWDH T
HDH. INFTICERMSNIIEDL  TIE, &
BED CG % H OB R % BRFRENGE R 0L, 1M
JE, fRIEE), SEN ComteBEREL L, B
bICEH B L ORI BT 2 IR & F 12 5H
ZLC&7 —hT, EHFFICBIT S CGHERN
R - NI BYRE BB I O FR S - SETRIE
W RAZ B A BRI BGET L 72iRiE S b T
v, B, w9V 0 k) R ERRED T E
BIGIZAE U B iR - RAESURDS TROHEEIZ B
D587 — DT (Del Coso et al. 2012) & %21 —
2 DT (Del Coso et al. 2013) ¥ # #5842 .
L7275 C, ERMEBFEIZHEITS CGAEMIZX
0 SEBE T E ORGSR SE UL F BT 5 &
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WTENL, FFIS, EERPEICBITEN 7+ —
YAQHLEICHBTE L EEZBND. LaL,
INFETICEM S N2WZE T, EEhRERH 2560
a2 5 &9 R ERHEERICS T 5 CG 7
HORRZ T3 IR S Twn v,
ZZTARIIETIE, 1200MIcBinT =
THIZB B EEDRLR LCCOEM DS, AH-
SIILENRE, RIS B X OV RIERUE, IR O/
Tl RITSE R BRI A2 LR BiNE L

1. B &

1.1 #WEE

R CIEBI 2 A B4 (CFigfl = &
MeEGE AR 232404 7%, HE 1705204
cm, KT : 626+0.7 kg, BMI : 21.6+0.3 kg/m?,
VOomax» 50.6 0.7 ml/kg/min) % kf R & L7z, B
BEIIFEROER, WEB L UEREIZOWTH
L LOFHE S, ZNS 2Tl L, [
BEL %%L?:J:“C“ Bz L 7. RFgeix
SEARRE R ER AR AL %ﬁ%%t’%hé
7.

1. 2 EBRTH¥1>
FWEEL, DT O 3&EMToOlEEL ZIEN
RebHICEBLE. 2B, ERIEFET V5L
E LT, AR 4 EH o R % R 72
OFRE 5

1205 M7 =y 7RI KE L OFRRIZ
40hPa DFEENEEN/zary Ty vary A
v wHMS D&M

@F5E St

120457 F = > RIS X OTTRIC
20hPa DEED S N/zay > FTLyary A
v &MY BN

@3 b o— L&
120507 =y 7RI KE L OFHRIZ
10hPa L FOFEDSisN/za T Ly a

FH Yk AR— Y FEE Vol. 37

21
A xBERT %M
FERHIM &8 LT, #ERE T AE 6 ISR
RELZ T, ROOREMRITIE, FEM7 IR
BT 2B EITY, HEENOFEL LR 2
[ HORETIE, K5MHTOEBERRFICHIT S
FEEIE Z PE S B 72012, VOoma ZHIEL 7. 3
I HORETIE, KM THEHT 2 CG OFE (K
JBRES, 2350, T RRATHR, #250) « HHOBF L v —
AHWCTHE L. 4~6RHEDRETIE, 345
HOHDOVT N DG TOREZ FhE L 7.
WIENOFEMFIZBWTYH, HEREIIRTH 22 K
DIRE I B 2 B L 2 WIRFEC, 2R 8 RIS FEER
BENEG L7z ZOH% 20 557 O ZH &k CHRIM
ATo 7. FRIMAZIE IS B O O BRI & 2 57l L
7. FOBICEEMIIBIT L CG 2B SE, 54
MOZFZRET, 1200807 = 7 %G L7
1200 Mos y=r 2712k, Ly K3
(E9%5Ta, 747 + 74 v A A - V¥ 8y HR&
) BEHLZ bLy FIvofsghd by A
7% \ZF&E L, 60%VOomax (A4 % 58 EE CTHE
i L7z, HHETZER L 72 VOomax DEIETIE, K
Bo bk » LR3IV (Valiant, 10— Ffb) 2 w7z
LERWi M T A MR ERB L. MLy F3
N OMESE BB T% \RE L, SEBIREEIE
4.0km/h A & 1 ~ 3 4342 0.6km/h ~ 1.0km/h @
HIPHCHEL W L, MEBNELTT P—%72
IHEDERE B TE R 25 T CTHEE%E
Mte L7z, sEBprpi, Ao HTER (AE300S,
I+ PEMFEHRNNEH) & H T, breath by
breath {12 & W BERBHGEZFHIL 72, &8, 15
N7 — 2L 30 ol E LTORLZ.

1. 3 BIEEB

120 b7z % T v = 7 o@sh;, EBd
BLOEBE THRICUTTOEA % L7

(1) TEHE kO BkEE =

JEERT I L OTEEBALG 120 25 GEBE T E



99
%) 1o, EERUBESE~YY PAS v T (R
FIXN T TARY =, RASHT A A A F)
T HWTlllE L7z

(2) OHA%E X O ERIER) R T

120 syl oG, MEBMHER N~ ML — FE
=% — (RCX3, FF—ih) %M TLIH

oA A micililE Lz, 72, 1058ICHE
& ORI 0 = A9 5 R (10 B) % 34 L 72100
(3) IR

JEBHT, BB LG 60 23k, EEEALG 120 25 (G
BT RR), EEHET 60 R ICHIEIR A 5 R
ML, M2 va—A, FLER, I e bk R 5 R
sYytua—), avFI—)nv, ZL7FrFS—
¥, 347y BLONMEES Sy —ufF 6
(IL-6) e % Hl5E L7z

1. 4 FEEHERAR

FTRNTOEEM L, Tl £ EiEEE (SE)
TR L7z EEROOBES, OB L0E
B E B O BE,  MLRHR AR o RE RTS8 12 BF 5 Py
EoZEOBEIZIE, KAENEIC X5 It E D
SETHT (two-way ANOVA) % HIVy, S8 HAFH
BIUFHE (M, WKH) OFELBE L
ANOVA 12 & ) SCHAFH 7213 ER RO b
72354 121&, Tukey-Kramer test |2 X 1) % 5 LB
WoEZ T o 72, £72, KIEEOEFHIZIZBITS
b (HxHiE) R E B ETF: 60 4B L Ok
60 732 BT 2 MO B, A E IS
£ —TREOTHGTTZ MV &b, AEk
DOWEIILERRE 5% LT 2 3R L7z

2. & R

2. 1 EERKUHES

B1i2iE, S5ticB ) 2EHE% ToORE
BRO Bk R 024 GEBYRT O3 2 AHRH)

Rl 1205 M0T =0 7 OER, WIE
FMEB LT O — VM CIE IR B OV

106 F
104 1
1021

o
o
|

98 1
96 1
941 @ BERM
go{ O BEXMH
004 O I>bO—xf4t

88

EHFIETOEILE (%

EHE EHEE
1 ek OBk A O 2L
SEE RS T P<0.05 vs. SRS
KT L7225, S9IESGMF TILEE R I2 31 5 BhiE
FOBRTIERRD b hodz. F7o, EEFE THE
HBICBWT, FSESMC BT 2 BB 3 08T St
IZBT ARSI L CREICEHEZ R L7
(P<0.05).

2. 2 DRSS UEERNERRE
B 2121F, K52 Bi) 5 EHO.OHHE,
i 60 43 B & O 60 4 o35l & LR
L7z, WINOFEHIIBWTY, 1205580 F ~
=V IR ABIE A EIC EA L 72 (P<0.05).
L L, ZOLEFOREIZIESMFICBVTIE
<, Wi 60 4B & O 60 4OV L B
LT, I b= U4RMICIE L THEICIRME
#RL7: (P<0.05).
M3 BLU4I2IE, EEMGICBITF2HE (X
3) BLOWME (K4) OEBREBREZ R L
T

185 4
180 4
175 T

R1701

g5E E doh-L BBE
AI604

BE a2 ha-)V
#%¥607H

B2 Hif - Be60 0 MIZ B B0
IO LEAERE T P<0.05
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TEESRE (H)

O = N W hH 00O N 0 ©
P N T TR S S TR N

g8E G&FE oV BBE BE 2o
AI607 8 #¥607MHE

M3 il - #6055 R B B o FERAER)

I R R
P=0.06
7 -
g °]
Bb
& 5/
m
& 41
Loy
R o2
14
8B5E RFE Iobo- BBE RRE a0
AT604 #%¥605 M
K4 i #6050 B 1) 2 W o F B EE) R
T AR

7o, BIOEEFREE 21, B 60 4, 2 60 4
HMOWTIUIBWTLEHMTOREREEITRED S
Nhholz, WkoEBINES)MREIL A 60

23

S TIESLMEICAEZEZIASN o 72085,
60 4 CIEEgESMED T > b u— VERICHE
gL CIREEE 2 R L7z (P=0.06).

2. 3 MKIEE

112, 12050 F > =¥ 7209 Mg
fE (&, M) OZA bR Lz, EBCtEii
O — ZEFEITAE BT L2 (P <0.05),
ZOEALOBREIC LB THESZIED SN L
Motz F7o, MhFLEE, LEEEEIRRE, 7Y
LU — VB LEB WA RIS LA LAY (P
<005), WFNOFHHIZBWTHLRMEBTLAE
EEIFEOLN o FERIC, VT
V= VIR S EENIENKRE C RF LAY,
NOREFIZBNTOEHMTOREEIIRD LN
ol HHRBORERECTHL 7 LT F o F
F—EBIUI A0V EEERICECEEC
FRLZD (P<005), WFROKEIZBWTH
FUHETHEERIIRRD N7z,

5121, M4 IL-6 iREDZbe R L7z,
BN IL-6 IREEAEIC LA LL 20
ZALOREEL T v PO — VEFTIRICRE L, &
B TEB L OTEBIE 60 4 OB T 2 50F
WL CEEE R L72A, SR cofEE

x1 IMEIREORRZ(L

Hi 60 47 120 45 58] 1% 60 55
b 9 +2 85 = 4 79 £6* 75 £ 4%
7V a—2A (mg/dl) 55 90 * 2 84 =1 79 * 4% 77+ 2%
gy ru—)b 90 *3 89 +3 79 £ 7% 74 * 4%
SR 18 =03 21 £04 29 =04 20 £ 0.1
FLEE (mmol/1) 591 16 =02 20 =04 23 05 21 03
arvho—) 1.2 £ 0.1 1.7 =03 22 *03* 20 £02%*
BRI 365 + 64 667 + 77 * 1477 = 131 % 1528 * 134 *
R (mmol/l) 591 343 * 44 547 = 80 1283 * 106 * 1320 * 163 *
arviro—) 352 = 74 803 * 143 1352 * 122 % 1337 = 188 *
SR 39 =04 205 28 466 * 39 145 = 2.1
7)) ta—)b (mg/dl) 591 50 2.1 186 =29 428 =39 141 =23
Jrha—) 4.0 + 0.6 207 * 3.2 414 * 4.1 132 =18
SR 142 £ 17 133 £ 23 302 = 2.1% 277 23 %
VTV = (ug/dl) 591 139 £ 1.2 122 26 245 = 1.7% 223 +24%
gy bu—n 16.8 £ 2.2 149 =27 40 =98 399 * 98
SR 142 = 17 170 += 19 * 196 + 23 * 193 * 22 *
s VTFrEF—F (UL §§5F 144 = 21 172 = 25% 198 + 27 * 195 + 25 *
o bhE—) 191 + 67 225 = 73 * 259 *+ 79 * 252 = 71%*
SR 31 =3 55 = 8 72 = 12% 106 = 14 *
147 0E Y (ng/ml) 55+ 32 x5 59 + 11°* 82 * 11% 106 * 12*
Jrbha—) 36 +8 66 + 18 92 + 17°* 131 + 23*

P+ BEEHERE *P<0.05 vs. Bl
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PR £ R % P <0.05 vs. SRSl

IEES o7, —HT, 120 4 o B
Bl % IL-6 OyEE 4R T A (Area under curve;
AUC) %5 L72AEE, 59523 O I fE %
RLa Y ba—VEHREOMICEEEN RO b
72 (P<005). (HA6)
T

800 I
700 |
600 -
5001
400 [
300
200+
1004

0

(pg/ml-120min)

=3
=

AR T E

=

£ SEE I hO—Jv
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3. £ =

INFETIZERmS N EBFIZBIT 5 CG A
DR Fx R L2WFETIlE, CG # HIRE I B
IR SN EEAEH SN TB ST, #EREMT
DFETEOFEDSTIEENIC B 2 ROAR— %5
ERITERNO—DOTHDLLEZOND. T2,
BEAEOWIZETIE, EEFED CG 25 H ORI R %041
e RRIEERE, T AL F R (BRIEN

, CEMbEE R A E), WS (A ER L),
MR RERE 2 & O - EERTEIE 2 H W

TEliL CT& 72, — /T, vV DL LhER
TR E) R I TR 12 B W T L W iRiRE R
FKIEIEVAEL, INHIETHHREICBIT M
)87 — DT (Del Coso et al. 2012) & L — %
%2 BI 2 HEOMET (Del Coso et al. 2013) ¥
RFRTDH, Lo C, BRNFHELEBFRIZB
% CG A HOFER, EENAE D WdEE R 40E FUL
RERT A 2 LT EIL, JEF ORI R E )
T =R ADYHRITRKECHMTE S LFHES
N2 INOLOHE ST AT, AMETIE ML Y
FINTOI1205HDT v = 7EICBIT 5 CG
DFERD, EEEFO R - N BIRER R -
AP, THAGRRIC B 2H5/87 — 12T T8
Bawmal Lc, £72, AREORR L 2HEO CG
A L RIS, S9EEM), BEOHED
BIZICRITTREIIOWTHME R L. 20
KR BEIC X D CG 2 L7224t (BESEM)
BEEEZBS 2 VWEEOY 2 T7E2EH L3> b
O — VERIZ IR LT, B o s L O
Wl BT 5 FHIRYEB) R O FAAE RIS S
Nz, F72, arbo—VEMtB X OTRESNGT
1 120 43 OB AN TEE PR OB E AT L
72— H T, SEEMCIEES DR T AR LT,
B A2 B 2 EIERE SR L THEIC
EEEZRLZZ. S5, FEMKCOFRETH S
IL-6 ¥ fine (i H i 2 A T Az S & 0 5Fil)
3, BTESMA T PO — VRIS HIER L TEE
IR R L7z, SIS ofFRIE, # 20hPa D5
M L7zary Ty yary 4y ERHER
BRICEM T2 2 8T, MEIHE ) R Tk
SERIBDEER SNAZ L2 RTHDOTH 5.
BESMICBWTE, 120080 = 7|2
PO EEB O OB R (VRO ST —ZiED
FRIE) OART AVEIE SR & i LT IS HIH)
SNz, ZoFRIE, B/ TO 10km D8 A 4k
TATNHOaYy T Ly varyyy s AFERIC
Py, SEEICPE S TR RE O /87 — O T 7
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BREACHHEI SN EATIRE L & —5T 5 (Aliet
al. 2011) ¥, ZoOWERTE, BEORLEDL Y
TLviaryy s AEROREYREIL, K
#IE (21 : 15mmHg, & : 12mmHg) 8 X U
MEOEE (LF : 2lmmHg, #%: 18mmHg) %
RAwvw7-&fid, meELE (BE @ 32mmHg,
23mmHg) BLUOar 7Ly yaryy s AEE
A (2% : OmmHg, M :0mmHg) Feff& il
T, 10km GEIZHE D FEE B OB S O T VA E
WCHI SN2 2 L Z2BOT D, RIFFEORE D
WEzrE EEEOT =2 ZEIOPRE (15
~ 25hPa f2J) OAEEZRL7- CG A2 EMT 52
Lld, TEEEEOH T — DT O AR T
HDHEEZLND.

FUELM BV, EEh oo EA
Y U= VG E LTRSS S 7
FO—FT, 10kmDF A LT A TIVEHN
Alietal. (2011) ¥ ORfZETIX, 2> 7L v s
YEA Y OFERLOBUHE L e o Tz F 72,
ZFOMDOEATHIEIC BT, FEEOHEH %
ENTWw 2 (Berry et al. 1990 'V, Duffield et al.
2007) 12 KWFFEIC B 2R L DR EL
TENE% 25T, CGEMIZLA.0HBOE
L3R SN h o 7o—HOWFETIE, FKEE
F 23RN TORBBRESH S5 N T
WA BT RETHDL. CCOFERVES)
B LB X5 E R E LT, MacRae et
al. (2012) 7 1z, WEBFH S OEIRBI O T
R T 20025 o 1 RHA = O BN % 56 L
TWh, F72, HEHHTORKR Y 71EHRZ1UC
PEO BIRBR L E B R OB & & b IZTnHET
LT EME, EEIFO CG % HOEIRERLE O
ISR 24000 - AHSERDAE, moRBE O EE) Tl
BHE I ZRRO H N Wi REMEASE V (Bringard et al.
2006) 9. RRFFEOEBTIL, RO
(60% VOoma) XHWVZ. 72, ZOBICIELED
A (7%) OERHEER LI Lh s, EME
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ZEHE (B 66201 km) Tdho7z. Lo
T, BHEETOT =V Z&HH LI ET, iF
B OfR Y 7EH L CG D& X ATEHAE
WRERGE DTN R L -CHINAY & 2 T 121
ML, E#ho o LSRR EShzbok
g &b, F 72, Miyamoto and Kawakami (2014)
1 X7 45 km ~ 12km T A FF 34550 b
Ly FINVTDT Y= v ZHifRIZBIT B T2 Mk
TG % 3P4l L 72455, RNdzm, KBRS
SOERBERICBI 5T v = v JEBO T2 Kk
FIEERL, 58 (4 33hPa) ZHW/-2 a— 1+ %
1Y (KEE oA F 725 4) 2B L4k
TS89 (#9 27hPa) D% A v & L 724012
HELCHBICREELRT I L 2RO TS, &
BT 2123B1F 5 T2 BRI O — @O,
HEIAC BT 2 R OBRE (R »ERKE
A4 ¥ 7 ¥) KW % (Cheng et al. 1995) 1.

L7245, 30hPa % LAl % K 9 75T % i L 72
CG %, EEIAEH N OBEREYET 2 D0
b Lz, BN CoREY o ERIL LR
ME D L5 7% & OO MAE IR E O TTHERC RIS & %
BCHET 2 2 & 25 (Boushel et al. 2010) 19,
AHFZE T I B N7 FHIE S F T O R R 0%
WA Ez 5 FTHREY, —FT, 8ESRMEH?HE
FESPRIC I LT, 557 0Bl 5V O SAE SUS
DN HRTH > 72HEIIERHEZR TS S,
COMIZEALTIE, 4% 5ICFHIIHE %l
B ENETHD.

Ko onmile s 258, KRR
DTy =V THEIIBIT A58 (8 20hPa) % i L
72 CG DFEMIE, ~F Vv EREMOESRIC
B D5 OB/ 8T + — < ¥ AD[ FIZAHR)
THoHEMFTES., Tz, REE (HH66=
0.1km) TOI>=rZHIZBITS CGHEHDOE
DR SN2 DS, by TLNVOFA
PAR=VHERIZBIT BB OATR L, TR
RITV YT rFIIRESND AR =Y EHFRIC



LARMEORREERILTELEEZOND. 5k
(L5 70 A5 E & WRGE S B FEBREE L~V T O SRR
AT, TV =A% I8 HER
& BGET 2 KB 7 BT e % T 5 2 &8
VETHH.

4. £&O

1205 MOy =y ZEIZBT55E (8
20hPa) ZfilL7za > 7Lyaryy A vnEH
(X, W (R 40nPa) % HE L 7z[RARD Y A v F 72
EHEEHE SN T Wny A VI L T, &EH)
288D RO IE 5 O LIRS LA
#ll, RIESUCOTFNHINTH 5.

#

A% FE2b 7272 & T LAMEE A AR &
T N AR = BFERE 2.0 5 Ol %
HLETES.
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Three Dimensional Motion Analysis of Upper Limb and Trunk With an
Electromagnetic Tracking Device:
Comparison of a Healthy Canoe Athlete and a Para Canoe Athlete

by

Hiroaki Kimura, Tetsuhiko Sakamitsu, Junpei Sasadai,
Kazuhiko Hirata, Yukio Mikami

Hiroshima University Hospital

ABSTRACT

Motion analysis is an important tool to accurately measure motion during sports
activity. Method of motion analysis so far are mainly two-dimensional, So was
insufficient. The purpose of this study is to analyze the movement of the upper
limbs and trunk of canoe athletes during upper limb elevation or paddling using
electromagnetic goniometer (three-dimensional motion analysis equipment). This
time, we compared healthy canoe athlete and para canoe athlete on upper limb and
trunk movement during paddling with an electromagnetic goniometer. Healthy canoe
athlete showed greater upper limb elevation movement, while para canoe athlete tend

to have greater scapula motion. Canoe competition requires trunk rotation movement,
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para canoe athlete with may be using more scapular motion to compensate for lack of

trunk rotation of. Our findings suggest that healthy canoe athlete demonstrate greater

trunk motion. Therefore, scapular flexibility and control are necessary in the para canoe

athlete who is hard to convey a power by kinetic chain from the trunk like healthy

canoe athlete. It was suggested that para canoe athlete receiving different training than

healthy canoe athlete.
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Pathological Analysis of Adaptive Sports and Study of Device Development

-Focused on Biomechanics-
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Hiromi Kuroki, Go Yamako

University of Miyazaki

ABSTRACT

As pathological analysis of adaptive sports, we focused on risk factors of injury in
wheelchair tennis and studied the characteristics of trunk movement and upper limb
movement during the serve motion. We also report our review of propulsion motion
and seat pressure distribution in wheelchair marathon for future device development.

The subjects of wheelchair tennis were two wheelchair tennis players and one normal
tennis player (Normal). One of the wheelchair tennis players had quadriplegia (Quad)
and the other had paraplegia (Para). The results with trunk movement demonstrated
that Quad showed right lateral bending at the maximum external rotation (MER) and
had decreased flexion and left rotation at the impact (IMP) compared to Normal. Para

showed left lateral bending, decreased right rotation and extension at the MER, and
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had left rotation and extension at the IMP compared to Normal. In regard to upper limb

movement, Quad showed increased shoulder extension and elbow flexion at the MER,

and had decreased shoulder flexion, and elbow flexion at the IMP compared to Normal.

Para showed decreased shoulder abduction and flexion, and increased elbow flexion
at the MER, and had decreased shoulder abduction and flexion at the IMP compared

to Normal. The results suggest the possibility that trunk movement affects upper limb

movement, and loss of the trunk function leads to more stress on the shoulder and

elbow, which may cause injury.

We also analyzed propulsion motion of wheelchair marathon athletes and measured

seat pressure distribution using the system. Motion analysis of wheelchair marathon

allowed individual check and helped improve the performance of athletes. We will

consider the implementation of analysis methods corresponding to faster motions.
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JE Al fE % 7% L 7. Para (%, MER K Normal & It
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i, SEHOMEIZL L, H— TEED R D % < A
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BIEIC BT 5 EOBEENL W LRI
T, F—7EHFEEIM T 5L, K=
Fr LB, Z7 v MEFHORF B R K
% (maximum external rotation of the racquet arm
yMER) 25 FCTxav ¥ 74, MER2H 7
Ty MER=AYI2D A 87 | (racket-ball
impact ; IMP) £ T% 74 7 — FNA A ¥ 7 H#,
IMP 75 Z 7y bsHIEIZ IR O LD E TR 7 4
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BERF IR A 2 R 2 A 0HH1E, MER 225 IMP %
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S ERIZLIry VEEERLTODDESE
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&L, FEBROBREREE I CERAT R B
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L exEMRT F, BERIIBWTIE, KTV A
TLAEFALT, 0y~ VEHHETORE)
T & — LD & B AT E R AT o 72,

FRETIE, BT 7 ZADRBERFAFERE LT,
BT 2 20— TEEICBIT 2 FEEE) & -
BEE) & OB EMEIZOWTOEE B~ T Y
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1. MEHE

1.1 BEW§F=X

HREFENT T ZAEF2HB LK T =
AEF1HE L &G E0F kT, Hwn
TTZAEFO) B 141 IPERRE T U BORE
2T 25%EF (Quad) THho7z. b 1HARE
AR TR R 2 23 2 % T (Para) Th o 7.
Quad & Para B L " —fk7 = Z#TF (Normal)
SICHHE LM T2 L L7 Quad i, F
i 13 7%, &% 158 cm, 1A 41.8kg, Para 1%, 4Ffiin 12
7%, & 150 cm, #45E 32.0kg TH - 72. Normal 1,
A 14 5%, B 166 om, /K 49.5kg TH - 72 (R
1).

TRPERBELETH L7720, HREOHRLE LT
PR, IREH AN B E NEICHE L T
L, ZINCEELE:.

R NRFOYHFEE

S Fin (%) HR(em) HHE(kg 77 MY S AL RS B (4F)
Quad 13 158 418 Ee] e T T 2
Para 12 150 320 ES] FROBIZE R 1200HE) (R i i ﬂnﬂ JETB 5
Normal 14 166 495 H — 6

a Quad : VUL FRE ; Para : xfFRE ; Normal : 5 &
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2.1 EBFT=X
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Quad (B k)

Para (XJFkfE)

Normal (fg#%&)

2 MER (maximum external rotation of the racquet arm) K§O{RiE, _F i {7 iE
Quad ¥ Normal (X VfEIC CHEDF ¥ 1) 71— 3 Y &G L7270 |, &80 MEEF VIS TR S LTV 5,
Para [ZWJEMICTHF v ) 7L — 2 a YR FER L 72720, TR EHE L7 Ly - Ao MEET VTRl s Twn s,

2 MERHFF OB fGE
SEQ/IMHERAET (° )

EIEES I BYET ()

x5

HIE (F3+) [l hE (/e s+) JiE i (+) Az (+) JiE it (+) JiE i (+)
Quad 0.2%£0.3 -36*14 1.0£05 69.3+54 -28.6+3.7 104.3+£6.2
Para -1.3+0.4 -16*+1.3 -4.0+0.1 19.1+£2.7 994+4.2 116419
Normal 6.7+x0.6 -40+09 0.3%+0.8 545+1.3 143.2+6.0 73.8+15.3

a MER : maximum external rotation of the raquet arm
b Quad: PU IR ; Para:klFRIE ; Normal:fé %
¢ Sk L

JE M 7R L, Para (XZEHJE - AR GE - R %2R
L7-. HEE T 3L dhMna R L7225, Para
{% Quad * Normal & IR L C, ffE % 7R3 H[12
Ho7z. F72, Para- Normal 2NEHi %R L7220
2R LT, Quad iZfileziR L7z IBIEIL 3 HE

Quad (PR fE)

Para (XdFksE)

Normal (&%)

E D2 7R U727, Normal iZ Quad - Para & It
BLT, iEZRSEmch o7 (FR2).
H—TEEICB S IMP RO A (K 3)
W, BOMERS SR T, Normal 23/ MIE - 45 Al b -
JE 2 7R L7212t LT, Quad (/I - /¢ [ e -

3 IMP (racket-ball impact) B ki, _FRRofriE
Quad ¥ Normal IE VIS THEDF v 1) 7L —3 3 v &L 72720, £HOMMEETFVIZTHILE T2,
Para [3MEMLIZCTH v ) 7L —Ya Y EFER L2720, TEH2EE L2 LY - ABO MEETVTHET ShTwn.
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B B BEFA A
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X4 JEFEY — N2 5 ORI OFHK R
FEMTEN R & RIEAD > TVW D I L Hb2D

E—varFy 7 Iy —OFHFERIZBWT,
BENS—FBELEDOL o720k, BEESOR
MAEICETLLOTHY), —HFIOBEE O

4B  £R
K5 t—YaryFy 7 Fy—T A7 A TRHIL 22
SEM L 728 O i E O ZALO RS
x> 7Y v =y B, SR o .
210 B & 37 A 0 FHRE R
MEXR 5 IZRT. N, HE & EROEM
FEDINTG Y APTEL, HEOHPKREL ZhoTw
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BEELAVPLEET L2 8128, EEDONT
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Fl& FIFAE SN Lzl EADINT VA
PR L O EFIE LIFAE SR RS S
VWD H B E AT 21T\, BIEX, 200
DYEEZE K 7253 OB L0720 OfE %=
froTwh,

3. % =

Hw§ 72 2A0MRIZBW T, F— 7HE
BB MRS, TEBEET, MBIETICAEH L,
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5, BT Z ZA0REFAZER L L TOREE
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REEE) IOV T, 4O R Tid Normal 13,
MER F§ - IMP & b Z2 g - 45 m16E - il % 7R
L, MER 7> 5 IMP |2 A Tl g o8 in % R L
72, 22Uk L€ Quad (&, MER B IR % 7R L
IMP I Normal & Hig L TR o4 B L OVER
JE % 7k L7z, Parald, MER [ Normal & M L
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g /e lml e - (R &R L7z,

FRGEB IO W, JH BIET T Normal (3,
MER I - IMP ¢ & & 444z - JRili 278 L, TR Ba &
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iR B L N BEEE ORI AR L, IMP K
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YT = AT VLAY —=DF—=TEHEIZONT, bR
T T 5 IMP I TR ENE, (% R
L, ZO#%IMP AN Tl &2 7R L7z & kT
BY, KEoLMEESX A V87 NEES, B
HETNE 5 7 v bR R — L OHEHESIZZ N F R
HMLTWAZ EZHMELTWVA.

INHDOZENL, 7 v MR- IVOHEEE
§l & M9 72912, Normal Tt MER %5 IMP |2
P COREE HEB) A5 Z 5 7%, Quad & Para
TIHEEEIZ XY o5z mlEE) 25547 T & 72
Wi, LREEBICE) ZnEHio T &
Zzohb, iz, A7 VEEBDLZDIZ,
Normal Tl& MER Ef, fRsg/c & B A5E 2 2 28,
Quad & Para TI3JEEIC X 0 457 LM EB)
WHEFTTE TRV, ZD7% MER I, Quad
TRFT2SY, 2Ol E2HFIZE I 7-B)fE, Para
TIEFNT2Y, 2ol EaiFIcZEE M L-8fEL
HhoTwbhbeEzZoND.
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The Actual Condition Survey for the Prevention of Elbow Injury in
Wheelchair Marathon Athletes (first report)

by

Takeshi Nakamura, Yukihide Nishimura, Hideki Arakawa,
Takahiro Ogawa, Toshihito Mitsui
Wakayama Medical University

ABSTRACT

There are not enough reports about elbow joint injury of disabled sports. In preset
study, we investigated about the observations of elbow joint in wheelchair marathon
athlete for the prevention of elbow joint injury. Thirty five wheelchair marathon
athletes, who participated in Oita international wheelchair marathon race, were
recruited for present research. Elbow pain on motion, tenderness, Tinel's sign, ulnar
nerve palsy and range of motion on elbow were investigated. Five athletes had elbow
pain on motion, and 15 athletes had tenderness. The tenderness parts of 14 athlete were
left lateral epicondyle of humerus. Seven athletes had left Tinel's sign and 6 athletes
had right Tinel's sign. Two athletes had left ulnar nerve palsy. These abnormal findings
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on left side elbow were more than right side. There were no limit of range of motion

on elbow. From present results, about half of wheelchair marathon athletes had some

abnormal findings on elbow, and the abnormal findings had laterality (left side > right

side). Moreover, the most high frequency parts of tenderness was lateral epicondyle of

humerus. We assumed that these results might be the one of important new findings for

the prevention of elbow joint injury.
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HEHICL D BT ONY B AZEBT 2, #n
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A Study of Body Temperature and
Sweat Measureable Functional Fiber

by

Yusuke Takei
Department of Mechano-Informatics,
Graduate School of Information Science and Technology,

The University of Tokyo,

ABSTRACT

We fabricated wearable flexible humidity sensor that can measure human sweat.
Our sensor is based on Ionic-liquid-Gel-coated Fabrics and Cloths (IG-Fabric/
Cloth). We use EMIMBF, as ionic liquid, which has a characteristic that it absorbs
Hy0 and changes its impedance. For the humidity sensor substrate, we use “Bemcot
TR-7F" (Asahi Kasei corp., Japan) and “Kimtowels” (NIPPON PAPER CRECIA
Co., LTD, Japan) as fabric and Cotton and Polyester as cloth. Fabrication steps of
ionic-liquid-gel-coated fabric and cloth are as follows. First, we prepare the mixture
of ionic liquid and PolyVinylidene DiFluoride (PVDF) and Dimethylacetamide
(DMAC) as ionic liquid gel solution. Then we dip the fabric and cloth into the ionic
liquid gel solution for 5 minutes. After picking up, we baked the fabric on the 80°C

hotplate for 30 minutes. To evaluate IG-Fabric/Cloth humidity sensor, examined the
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relation between relative humidity and IG-fabric impedance change. There is linearity

in humidity and resistance change. From the measurement data of sensor response

speed test, the response speed 7 g3 estimated as around 0.7 seconds. This is 10 times

faster than commercial CMOS humidity sensor. This is because IG-fabric has a large

surface area and high gas permeability, compare to silicon wafers. We also evaluated

the flexibility of our humidity sensor and showed high flexibility of our sensor. As

a demonstration, we fabricated IG-Cloth based humidity sensor on the surface of

polyester T-shirt and measured sweating of the human doing exercise and cooling

down. From the experiment, we observed the impedance change of IG-Cloth according

to the examinee’ s activity. This sensor has many applications such as flu-mask-type

human breath sensor that can monitor human breath, and wearable humidity sensor that

can measure human sweat to decrease the risk of heat stroke.
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Evaluation of Region and Extent of Muscle Damage after Marathon
Running by Using Ultrasound Shear-Wave Elastograph

by

Kosuke Hirata, Naokazu Miyamoto

National Institute of Fitness and Sports in Kanoya

ABSTRACT

Muscle damage induced by marathon running has been often evaluated by changes in
maximal voluntary contraction torque or blood creatine kinase activity. However, these
parameters cannot characterize the region and extent of muscle damage of individual
muscles. It was recently reported that individual muscle stiffness assessed by ultrasound
shear-wave elastography can quantify the extent of exercise-induced muscle damage.
The present study aimed to evaluate the extent of marathon running-induced muscle
damage of the lower limb, by using ultrasound shear-wave elastography. Twelve
college recreational runners participated in the present study. Muscle stiffness were
obtained from the vastus medialis, vastus lateralis, biceps femoris, semitendinosus,
semimembranosus, and medial gastrocnemius, before and 1-3 days after the marathon
running. Significant increase in muscle stiffness was observed only in the medial
gastrocnemius after 1 and 2 days after marathon running. These results indicate that,
in recreational runners, muscle damage induced by marathon running occurred in the
plantar flexor, not in the quadriceps femoris and hamstring. Moreover, it is suggested that

the muscle damage of the plantar flexor was recovered 3 days after the marathon running.
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ABSTRACT

Introduction: Postprandial abnormal glucose elevation (PPGE) is one of the risk
factors of cardiovascular disease (CVD) in both diabetes and nondiabetes groups.
Effective control of PPGE might prevent the chronic diseases such as CVD. However,
there is no consensus on optimal exercise timing to reduce PPGE. The purpose of this
study was to determine the most effective timing of exercise.

Method: Six participants completed the 4 different exercise patterns in random order,
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which were 1) no exercise, 2) pre-meal exercise (jogging), 3) post-meal exercise

(jogging) .
BST)
jogging and 30 second rest at the lactate threshold intensity of running (62.4 = 12.9%
VOsmax).

the patterns. Heart rate (HR) was measured after the first bout of exercise in a day.

4) breaking up sitting time (3sets of 1min jog+30sec rest, every 30min,

. Pre and post-meal exercise pattern was 20 sets of interval exercise: 1min
Blood glucose concentration was measured continuously during each of

Timing, order and composition of the meals was the same in each test

Result: Heart rate was significantly lower for BST than pre-and post-exercise patterns.
Peak blood glucose concentration attenuated in BST after breakfast was lower
After lunch BST glucose
concentration was lower than for post-exercise (p<0.05).

compared with pre (p=0.072) and post-exercise (p<0.05).
After dinner was no
significant differences between patterns. Area under curves of glucose concentration
during 24 hours and 2 h postprandial was not different for each pattern.

Conclusion: The results of the study suggest that BST was more effective than pre-

67

exercise and post exercise in preventing PPGE, especially in the morning.
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Effect of Water Immersion of Fingertip Somatic Sensation on
Quiet Bipedal Stance:
A Basic Study for Neurophysiological Effect of Water Exercise
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ABSTRACT

Studies have shown that a fingertip lightly touching a stable surface reduces postural
sway, by providing additional tactile feedback information to the postural control
system. In the present study, we examined whether or not water immersion of a
fingertip enhances the postural control system during quiet standing. Eight young and
nine elderly subjects maintained quiet standing for 40s with the index fingertip in the

water (water touch, WT) or on the stable surface (light touch, LT). The temperature
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of water in the WT condition was 20, 30, or 40C for young subjects and 30C for
elderly subjects. In the control condition (CON), a no touch trial, the subject quietly
stood on a force platform for 40s, with their arms by their sides. In the young subjects,
eight trials were conducted for each condition; while the elderly subjects completed
three trials for each condition. The results showed that, in the young subjects, the
mean velocities of the foot center of pressure (CoP) in the anteroposterior (AP)
direction was significantly reduced in the LT and WT at individual optimal temperature,
compared to that in the CON condition (P<0.05). On the other hand, in the elderly
subjects, the power of low-frequency CoP sway (below 1Hz) in the AP direction
significantly decreased at LT and WT conditions (P<0.05). These results indicate
that WT can enhance the postural control system, as well as the LT. This promises the

75

neurophysiogical effect of water exercise on the postural control system.
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1 Diagram of the experimental setup for
CON (left) and LT (right) conditions.
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2 Diagram of the experimental setup for WT condition.
The right illustration is anterior view of fingertip water immersion.

7229 (= 1).
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3 Example time series of foot center of pressure
(CoP), center of mass (CoM), and second derivative of
CoM (CoMACC) in a young subject.
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%1 Results of the postural sway measures at each condition in young subjects. Values are group mean (S.D).
CON LT WT20 WT30 WT40 ANOVA
Mean velocity CoP (cm/s) 0.681(0.181)  0.597(0.137)# 0.641(0.152) 0.663(0.157) 0.668(0.179) P<0.05
CoM _ (cm/s) 0.289(0.111)  0.249(0.0740)# 0.264(0.083) 0.274(0.088) 0.270(0.077) P<0.05
Mean Amplitude ~ CoP  (cm) 0.363(0.110)  0.323(0.077)  0.364(0.104) 0.363(0.105) 0.354(0.072) N.S.
CoM (cm) 0.402(0.167)  0.340(0.097)  0.387(0.130) 0.383(0.143) 0.369(0.092) N.S.
CoMace (m/s?) 0.010(0.003)  0.009(0.002)# 0.010(0.003) 0.010(0.003) 0.010(0.003) P<0.05
Peak-to-peak CoP  (cm) 2.253(0.739)  1.929(0.440)  2.168(0.560) 2.227(0.665) 2.083(0.399) N.S.
ampltiude CoM  (cm) 2.082(0.841)  1.753(0.528)  2.013(0.615) 2.011(0.722) 1.869(0.393) N.S.
CoMace (m/s?) 0.097(0.032)  0.082(0.022)# 0.088(0.030) 0.094(0.032) 0.092(0.028) P<0.05
Root mean CoP (cm) 0453(0.143)  0.396(0.092)  0.447(0.125) 0.451(0.130) 0.433(0.084) N.S.
square amplitude CoM  (cm) 0.489(0.202)  0.410(0.116)  0.469(0.156) 0.467(0.171) 0.443(0.103) N.S.
CoMace (m/s?) 0.013(0.004)  0.012(0.003)# 0.012(0.003) 0.013(0.004) 0.013(0.003) P<0.05
LF Power CoP (cm?/Hz) 1.393(0.989)  1.094(0.500)  1.276(0.568) 1.477(0.892) 1.260(0.580) N.S.
HF Power CoP  (ecm%Hz)  0.032(0.019)  0.024(0.014)  0.030(0.018) 0.029(0.013) 0.033(0.023) N.S.
Rxy_peak MG 0.269(0.137)  0.298(0.115)  0.257(0.139) 0.312(0.146) 0.329(0.148) N.S.
SOL 0.330(0.120)  0.283(0.068)  0.313(0.112) 0.320(0.107) 0.324(0.105) N.S.
TS MG (ms) -310(120) -275(100) -246(90) -275(79) -259(89) N.S.
SOL (ms) -333(123) -357(65) -394 (154) -396 (77) -353(70) N.S.
# Signficantly different from CON (P <0.05) .
52 Results of the postural sway measures at each condition in elderly subjects. Values are group mean (S.D) .
CON LT WT30 ANOVA
Mean velocity CoP (cm/s) 0.899 (0.459) 0.732 (0.358)# 0871 (0.502) P<0.05
CoM (cm/s) 0.260 (0.054) 0.219 (0.062) # 0.245 (0.084)  P<0.05
Mean Amplitude CoP (cm) 0.367 (0.095) 0.292 (0.095) # 0.319 (0.091)  P<0.05
CoM (cm) 0.371 (0.101) 0.299 (0.112)# 0.322 (0.083) P<0.05
CoMaee  (m/s?) 0.010 (0.002) 0.009 (0.002) # 0.010 (0.003)  P<0.05
Peak-to-peak ampltiude CoP (cm) 2.178 (0.525) 1.724 (0497)# 1986 (0.516) P<0.05
CoM (cm) 1.822 (0.410) 1.504 (0.484)# 1.694 (0.388)  P<0.05
CoMpee  (m/s?) 0.098 (0.028) 0.071 (0.020)# 0.093 (0.032)  P<0.05
Root mean square amplitude CoP (cm) 0.448 (0.111) 0.357 (0.112)#  0.393 (0.106) P<0.05
CoM (cm) 0.451 (0.116) 0.362 (0.13D)# 0.395 (0.097)  P<0.05
CoMace (m/§2) 0.013 (0.003) 0.011 (0.003)# 0.013 (0.004) P<0.05
LF Power CoP (cm?Hz) 1641 (0.950) 0.893 (0.580)# 1.023 (0.541)# P<0.05
HF Power CoP (cm?Hz)  0.061 (0.052) 0.030 (0.027)# 0.048 (0.057)  P<0.05
# Signficantly different from CON (P <0.05).
1
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BRI L7 (P<00B). Zh b DR s
Q
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¥ ATEHEREAT L L 72 2 £ 2R LT B, S
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0

IZBWTH, & TORETLT §41% CON &1
L WHEERBYER L (P<0.05). —J, WT30
S BT, CoP #25 RBP4 (LF K
) BB DD 5 (P<0.05), CoP @
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4  Group data for mean velocity of CoP (CoP total
path length/time) at the three conditions, including normal
standing (CON), light touch (LT) , and immersion into
water at optimal temperature (WT-O). * Significantly
different from CON (P<0.05). The results are expressed
as the mean and S.D.
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Auditory and Cognitive Functions during Heat Stress

by

Manabu Shibasaki, Mari Namba, Hiroki Nakata

Nara Women’s University

ABSTRACT

Excessive elevation of internal body temperature causes a significant strain on
either the brain function or the locomotive system. Although hyperthermia impairs
psychological and working memory performances, the effect of hyperthermia on
cognitive processing remains unknown. We hypothesized that a passive heat stress
impaired the cognitive function when the internal temperature was excessively
increased. sixteen healthy males performed an auditory oddball paradigm before and
after heat stress (Pre and Post) and when esophageal temperature was increased by
0.8 C and 2.0 T (Mild and Severe). The reaction time and event-related potentials
(ERPs) were recorded in these four sessions. As a countermeasure, subjects performed
the same sessions without heat stress (i.e. normothermic condition). The reaction
time was shortened while esophageal temperature was elevated relative to the Pre but
did not change in the normothermic trial. However the peak latency and amplitude
of N100 component did not change throughout the experiment. Although the latency
of P300 component was unaffected due to heat stress, the amplitude of P300 was

significantly reduced at the Severe and Post relative to at the Pre. These results suggest
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that excessive elevation of internal temperature impairs cognitive processing but not

auditory processing.
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One-Leg Stand Up Test as a Simple Assessment
Tool for Predicting Sarcopenia

by

Ryoko Kawakami
Waseda University
Haruka Murakami, Yuko Gando, Susumu S. Sawada
National Institutes of Biomedical Innovation,
Health and Nutrition
Kiyoshi Sanada

Ritsumeikan University

ABSTRACT

Purpose: This study aimed to examine the relationship between one-leg stand up
test results and muscle mass or strength. The possibility of using this test as a simple
assessment tool for predicting sarcopenia was also evaluated. Methods: A total of 575
men and women aged 30-89 years participated in this study. The ability to stand up on
one leg from a 40-cm-high seat was assessed. The appendicular skeletal muscle mass

was measured using dual-energy X-ray absorptiometry, and the skeletal muscle index
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was calculated by dividing the appendicular skeletal muscle mass by the square of the

height (kg-m'Z) . Hand-grip strength and leg-extension power were also evaluated.

Results: The subjects who could not stand up on one leg had significantly lower

hand-grip strength and leg-extension power (P < 0.05) , and they also had a higher

prevalence of low muscle mass (odds ratio: 2.79) or low muscle strength (odds ratio:

3.07) . Sensitivity and specificity of one-leg stand up test (for the low muscle mass or

low muscle strength) were 48-56% and 72-74%, respectively. Conclusion: Sarcopenia

could be partially predicted by the suggested one-leg stand up test.
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ABSTRACT

The purpose of this study was to clarify the possibility of intramuscular fat (IMF)
could be the risk factor of metabolic syndrome in obese children. Thirty-seven obese
boys and girls participated in this study (age, 104 * 2.1 year-old; height, 146.2 + 134
cm; weight, 56.1 + 16.5 kg; percentage of overweight, 41.1 + 16.8%). The subjects
were divided into three groups based on percentage of overweight, i.e. mild obesity
group, moderate obesity group, and sever obesity group. This study was conducted a
part of obesity treatment for the subjects and was approved by the institutional review

board of local committees. Computed tomography (CT) images were taken at the mid-
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thigh and umbilicus levels. Using the CT images, IMF index of the quadriceps femoris
(QF), hamstrings (HM) and adductor (AD) muscle groups based on mean grey scale
level of the interested muscle groups and visceral fat cross-sectional area (CSA) was
calculated. For the mid-thigh CT image, skeletal muscle CSA and subcutaneous fat was
also calculated. Plasma triglyceride, FFA, HDL-cholesterol, total-cholesterol, glucose,
and HbAlc were measured from fasting blood drop. IMF index of QF, HM and AD
was significantly different in all comparisons: HM was the lowest (1066 * 6 a.u.),
meaning largest IMF depot, and QF was the highest (1080 = 3 a.u.), meaning smallest
IMF depot. Stepwise multiple regression analysis revealed that none of independent
variables were extracted to predict IMF index in QF. For IMF index in HM, visceral
fat CSA per body weight and FFA were extracted (R=0.483,P <0.05). Interestingly,
visceral fat CSA per body weight was the only extracted variable to predict IMF index

in AD (R=0.531,P < 0.05). These results suggest that IMF in hamstring and adductor

could be a risk factor of metabolic syndrome in obese children.
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1 Representative computed tomography image of the
thigh in 10 year-old girl assigned to sever obesity group

QF, quadriceps femoris; HM, hamstrings; AD, adductors Arrows
represent intramuscular adipose tissue.
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% 1 Physical characteristics, body composition, and blood profile of subjects

Mild Obesity Moderate Obesity Severe Obesity
(B/G 7/2) (B/G 11/7) (B/G 7/3)

Number of subjects 9 18 10
Age (year-old) 102 £ 0.8 10.7 = 2.6 101 =19
Height (cm) 1412 = 7.7 1479 += 16.3 1477 = 11.3
Weight (kg) 432 + 85 570 * 16.9% 66.1 + 14.4%%
Percent of overweight (%) ) 21.1 £6.3 390 £567 630 £ 967
Quadrieps femoris CSA (em?) 423 £57 532 =50 55.1 =122
Hamstrings CSA (cm ) 121 =20 16.1 +53 16.0 £ 5.3
Adductors CSA (cm?) 276 £49 35.7 £ 11.1 38.5 £ 9.0*
Muscle CSA of the thigh (cm?) 820 £ 105 105.0 £ 299 109.5 + 26.0%*
Subcutaneous fat CSA of the thigh (cm?) 98.9 * 27.8 1174 = 234 155.1 = 3277
Subcutaneous fat CSA of the thigh/thigh CSA (%)  52.8 = 6.9 525 £ 6.5 576 = 44
Visceral fat CSA (cm?) 16.3 = 84 36.8 £ 1207 51.7 = 11.17F
Visceral fat CSA/weight (cm2/kg) 0.37 £ 0.17 0.67 + 0.21%* 084 £ 0287
Abdominal circumference (cm) 756 * 85 86.3 * 8.3%* 97.1 £ 737
Triglyceride (mg/dl) 76.6 * 30.5 102.0 + 58.1 1374 + 934
FFA (uEg/L) 570.8 * 363.7 4464 = 186.5 497.2 = 196.3
Total-cholesterol (mg/dl) 162.8 = 35.8 168.1 + 31.1 1734 + 318
HDL-cholesterol (mg/dl) 522 =94 483 =104 48.0 = 10.8
Plasma glucose (mg/dl) 864 £ 56 892 £ 76 879 £ 738
HbAlc (NGSP) (%) 54 £ 0.1 53 £03 54 £ 0.2
Uric acid (mg/dl) 48 £ 1.0 6.1 £1.8 59 +0.81
Values are means and SD. CSA, cross-sectional area; FFA, free fat acid. *, P < 0.05; **,P<0.01, T,P < 0.001 vs. Mild Obesity.
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- B ’ intensity of computed tomography imaging
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2  Stepwise multiple regression analysis as dependent variables of intramuscular fat index of quadriceps femoris,
hamstring, adductors and total thigh muscles

Selected variablesRegression coefficients ~ SE Standardlzed'regressmn P R Adjusted R?
coefficients
QF - - - - - - -
HM Visceral fat CSA/Wt -11.06 3.076 -0.612 P=0.002 0.693 0.423
FFA -0.01 0.004 -0.373 P=0.042
AD Visceral fat CSA/Wt -7.07 2.938 -0.483 P=0.026  0.483 0.193
Mean Visceral fat CSA/Wt -6.63 2425 -0.531 P=0.013 0.531 0.245

QF, quadriceps femoris; HM, hamstrings; AD, adductor muscles; CSA, cross-sectional area; Wt, weight
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Mechanism Underlying Performance Improvement Through Respiratory
Muscle Training: A Near-infrared Spectroscopy-based Study

by

Tomoharu Kitada, Sachio Kawai, Kazuhiko Sakuma,
Akira Nakamura, Hisashi Naito
Graduate School of Health and Sports Science,

Juntendo University

ABSTRACT

Previous studies have reported that respiratory muscle training improves performance
during prolonged high-intensity exercise; however, the mechanism remains unclear.
With an aim to gain insights into the underlying mechanism, we simultaneously
monitored respiratory and lower limb muscle oxygenation patterns using near-infrared
spectroscopy (NIRS) during high-intensity cycling exercise before and after 6 weeks
of inspiratory muscle training. Sixteen healthy young men were assigned to either
experimental (inspiratory muscle training : IMT) or sham (SHAM) training groups
and underwent inspiratory muscle training for more than 5 days per week for 6 weeks.

The subjects underwent constant load test at 90% VOZmaX on a cycle ergometer until
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exhaustion both before and after training. Oxygenation in both intercostal and vastus

lateralis muscles were measured using NIRS during the test. In addition, maximal

inspiratory pressure (MIP) was measured using spirometer every 2 weeks for the

duration of the training. After inspiratory muscle training, MIP increased significantly

in the IMT group but not in the SHAM group. Furthermore, time to the limit of

exercise tolerance prolonged significantly in the IMT group but not in the SHAM

group. However, no significant changes were found in oxygenation in both intercostal

and vastus lateralis muscles in both the groups. These findings suggest that inspiratory

muscle training improves high-intensity cycling exercise performance by factors other

than enhanced oxygenation in both respiratory and lower limb muscles.
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INFTOMRICBNT, HEHNL—=2 7
IS ER M ERIEEE O T 3 —< v A% A &
LI LEWRMESINTERLD, ZOXAHZALIZD
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6 EMOWEN b L —= v ZHi TR E
ZH )y LT 16 HOBELREERED, 2
NETITHEDBD SN TV LA CEMT 58
(inspiratory muscle training : IMT) & &)EAE 51
BWESNLAMTERT 58 (SHAM ) o
W e, A5 HUE, 6 HMIZHES
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90%VOomax HE CTHEHHMIZEL T TOHERHE
FEEMT A N2 b L— =Y FHith THERE L 7.
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L=y IR, ANI O A—=5%2 v
2 MR R AUE (MIP) A3ElE S vfz. 1k
Wb L —= v 7tk IMT BB\ Cid MIP 7F
BEICHINL 7278, SHAM B2 B W T E %
BIMIRo onerorz. F/2, EHREIZES

I COEBEMIE, IMTHIZBWTARICERL
7275, SHAM BEICB W TIIHELERIZZED SN
Lol Lo Lad s, WO L O
HLFC B DEEREIEICIE, AEREIERED
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IR B & OV RCE SR I BT B FRIRE)E
DYFHEL Y DMORTIZ L > T, HilEHEEHE
BN T =<V AR EESELTEERIET 5.

B

Jll]
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5 1 Physical characteristics of IMT and SHAM groups

Characteristics IMT group (n=8) SHAM group (n=38) p value
Age, years 193 = 1.0 195 = 1.1 n.s.
Height, cm 1725 = 8.7 1751 £ 55 n.s.
Weight, kg 64.4 = 8.7 66.9 £ 59 n.s.
Lean body mass, kg 564 £ 7.6 596 = 4.3 n.s.
Fat,% 124 = 36 108 = 3.7 n.s.
Skinfold thickness of intercostal, mm 43 £09 42 11 n.s.
Skinfold thickness of vastus lateralis, mm 51 18 48 =19 n.s.
VOomax, mLkg ! ‘min! 488 * 6.0 495 * 53 ns.
Power at 90% VOsmax, W 252 = 48 257 = 26 ns.
Values are mean = SD.
Abbreviation: VOypay» maximal oxygen uptake
N7 I 7T S, EB ST+ - U A | W

. W)
R ESELRENH LI ENRBEINT LD
DD, FORXHZALIONWTIE, RIZICAHZL 1.1 #HERE

BED%, R ML — =2 ZIC K o THEE S
T A=< VAPAETHUREEOH L AN =X L
DO—ok LT, MR B L O TREHHIC BT
LERFAAR B OWE, Thabb, R
WSS 5 2 LI L o T, M2 S IEEIH A~
MFAFHRSEARE 2D I ENTPEIND D,
LALARHS, FaxDHMARD TIE, MW b L —
=V T LD OIS & o T, HEB L O
TRCE AR BT B MR AE /R E B AT T
LpEN ;L L2gEIE A <, RGO
7z,

TNET, AWML —= 0 I LB TIER
MBI BBELL NN DEEIZONT, FTHRE
#53 t (near-infrared spectroscopy: NIRS) %
HAOTBETE 22 i shcwes Y L
o T, WL b L —= 2 202 & B IR e
DZEALIZDOWTH NIRS % iV 5 Z & T, 5 H
IZTEZ0d LNk, 22T, KWFZEIE NIRS
T, BERA L — = 2 FRI R SR EEE
AT L 5 FIREEEN - O AG 3B L OV R
MICB 2 MEHELE=5) /3T 5Z LT,
WG DB A B = R 2 % B AR B O I T 20> & 78
RpZEXHMBE LT
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KIFFETIE, FHAWRERZ I L TV 2w
ELZBFRFELIOBETRE L. B, %
5O BRI ETR IR L7z EBICETD,
MR BEY, WE, HEBLIUSMIL>TEL
FEBAFIRIZOVTHH 21TV, HOPSIIHDB
FUOFmIICREZF-ETEREERL. &K
Wizeid, NEREARFRFBEA R — 7 2t oE
FHEEME R R R OKRZ 2T 72 (55 26-106 7).

1. 2 ERBRFTY¥1>

WeBRE O 13, MitRAEMR A OWE BN S 72012,
REBRFNIIRE A N CTHE 1T 72, 72,
FORKBEENEL L OZNWELNLANE
R 272002, IRWiE AR 7 A & FERm L7
FTRCOWERE L, PR N L —F— % TR
SWbL—=r T ERFERLE ML —= v 7R
DFIERICIE, BARKT A MCLoTTFOREML
7o KBFRENEICE O X, EEANT A M2 E
L7z, BT A Mzl NIRS # W, J&
FHRBIZE S FTOMERB L OTMILHIC BT
HEEFEEAE L7z, FES, R0 51,
A AT % D TR = IR B 7 & o3
ST 239 XA=F 2R L7z E512E, KL
7 A% —)b (RPE) % HWTIPs X VT Z#1
ZIUCBITBEFEETML 72, 72, PL—=
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Y ZEARIHICIE, RS Bk —F & ik RE
B L OWRAGT % % L7z

1. 3 BHE&EWT X b

WA T A ME, BRI & A O
B SIFEG ML — = 72X BB ST o+ — <
¥ ZFHEO 720 DR E T A M2 HiT &
RET D708, RABERNE (VO %
WET B 72012, W ML — =2 7% AT 5
WA ek S 70, BEBRE I, PV ET3 s
BoOwERE, 22 X T60 ik / 50~ s
v 7% 35y AT o 7214, 1 53R 0.5kp 3O A
T SO RMICE S FCER L2 BIH
i, MR b L — = Ik BEE ST 4 —
VARG A0, ToWit AR T A M
Ko THI L 2R EIE L AW OEMEGRE b
12, 90%VOomax 58 EE 123 5E L 72 FE 2 & T 7 A
N EM LA BEERE L, WA A N L H
FRiCH Vv ET3THOZHY RS, BEET
60 [l#z / DR ) ¥ 7% 35T o 7214, 50%
VOomax BE TS5 DORETY » 7 &I, Fh
(ZHET T 90%VOomax 5 E THEFHMICESL F T
BE L7 &, REFZETIE 90%VO0oma I 12
e L 72K Rih S 57 REIC 2 B T BBz
(time to the limit of exercise tolerance: Tlim) % &
X7 =< ADI/IEL L7z, AT A M,
IS 61z 70E=% (AE-300S, X7 hMER
¥, HA) AHWC, BEENE (VOy),
fLikFHRTE (VCOy), srifsa (Vp), MHR
B E (Ve/ VOy), —HH&E (Ty), M
(RR) 3 & WAL (R) ASllsE Sz, F 72,
LEMER (DS-7210, 7 7 #E T, HA) ZHwWwT,
L& (ECG) 2SE=F — Sz,

1. 4 [itERE S £ UFFIRER )
S REMA X, A/%4 B X —% (Autospiro AS-
507, 3 F MEMFE, HAR) ZHWT, WAH b

V==V 7% BRT AR5 6 BMO L —=
Y T B F T2 MR L,
w (vital capacity: VC), % J) 1% fifi i & (forced
vital capacity: FVC), — #J & (forced expiratory
volume l-second: FEV 1.0), — # 2 (FEV 1.0/
FVC ratio: FEV 1.0%) $ & UM K#a5 5 (maximal
voluntary ventilation: MVV) % #ll%€ L 7z, 7z,
& AW A E  (maximal inspiratory pressure: MIP)
B LU AKIMEAE (maximal expiratory pressure:
MEP) &, Mtit¢sE0IHHE & FAERIC 2 98 [ 451238
7E S, MIP OfEIEZ DOHREEM 4 12358 L 725
i b L ==Y TORMBREDZOIZE v b
oo B, INLOBEMEE, 3HTO%ERL
LEDORNEERH L7

1. 5 @S S ONALERIC & 1) 2 Bk ENRE

g EE AT 7 A b, #5578 NIRS  (Pocket
NIRS Duo, #' 4+t > A, HA) #HWT, £
ORI B & OIMIE 2 B 5 B KB RE % R
FANEZOE Y - 35270 (oxyHb/Mb),
BEERILNEZ7 Oy - 32708~ (deoxyHb/
Mb) BLU¥AEZIOE Y I+ 7 BE Y
(totalHb/Mb) D ZAL i & L TEE O HAL (AU)
THllsE L7z, REE, KfkE2o070—77p
SERENTBY, 70— 7 O%NE L 2
D3 em THo72. ZOHEEIZBIT LHlE
WEHIL, ~15mBEETHLEINTNLEY. 7
O — 7%, BHHOWM S — )V CREIZEE S,
Z D L SHEED R E B C T DIl T AR D
WAMD D2 TRARL, & 5ICEEHFS X
P OHBEEZE L SELZ ER L, ZNHDT
NEWE T —EYrr (RVFET  ER
3M, HAR) ZEis 7z, SHMILFIZ B % HER
frid, MEFEG L& 5 KBE I 15em, S 512%
I HAMIIN3 - 5ecm & L, BIEEHIZBU S
SEFBALIESEATIIZE &7 1o THE TR & L7
INo oL, E§ZHEE (SSD-900, H 37
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TaHAT4 AN, BHE) AT, HEORE
WALz LogE s, [FREZ R T RIS A5
EENTZ 7B, NIRS V7 F L hbEHEES N
B, HTIEEOEELZ A2 Lhs, £
DF T TIIBHMBEILL NV 2 WERE R TR 5
ZEWTE R, TOw, FA X, Niwayama
etal.® o & TS DR T IR % #iiE
$T5ZET, HmEML ANV ERL L. B
FHlX, NIRS © 70— 7% OB & OYHl
IR D AR & 7z IREE T, IRAALIC & 2 2o
% 30 AR > 72, NIRS ¥ 7 F Vg, Lo,
ERWIREL L L2FTCPCABELTCE=SY Y V7S
n, oLzl EiEL Lz 4B, NIRS ¥
TFNDY T 7L, 10Hz TT o 72,

1. 6 Mg rL—=27

W b L— = > Z7020E, IR X B R
# kL —F — (POWERbreathe Plus; International
Ltd., UK) % w7z, #EE L, $RP2D 5
nNTwaEm (MIP O 50% 5 E) ThL—=
v 7 % FENi$ A% ([inspiratory muscle training :
IMT]) &, FEPESNEVIZEOEN (MIP
DI5%5RE) ThL—=rv 7% EHET 58
(SHAM #¥) ICHRARBRFENEDO L XV EEE L
Pl sn? 1H30M x2&y b, 25
AU EoWSR b L —= > 7% 6 B CHE M
L7,

111

1. 7 iREHIE
TRNTOMEPLHEIE, FEHRIrY 7 o7
SPSS (Ver.17.0; SPSS Inc, USA) # v, &—%
&, I £ i FETRL. BEICBTS
N—=2 T ¥ OfEiL, FIED %W t BE 2 v T
e L7z, 7z, WA ML —= 2 JHitkB
L UOWIMHIC X 2R o EICIE, ZeiiEO5s
Bt v, IO ORRICEEENTRD il
72354 121%, Bonferroni D EILELIZ L ) BE L
72. 728, RPE, NIRS B X U537 X — 41T,
P57 R BRE |2 B\ T e L7z, A EOKEE
5% i & L7z,

2. Eﬁ';%nn%

2. 1 [fitsEs LU HDZEIL

W ML — = A AL ZWMBEENENR
DOHERES & DM I 2R 2 1R L7z, A
b L == 7 A A OMiTEEE S X O T
2B B, HRICBVWTEEREWVIEFR
OOLNL oz Tz, MWE L MitkEoHH
(VC, FVC, FEV 1.0, FEV 1.0%, MVV) ® 9 b,
VC, FEV 1.0% B L UMVV 2BV, M#Ee
SIS L — =Y 7 A X D E R ZAIERE
DHNHP o7 FVCB LU FEV 10 1E, WA
b L —= v AT E R L CHERIKT 252
HHN7 MEP I, WA ML —= > 7 AT
EHELTC, FERENFRO N 51,

% 2 Changes in pulmonary function and respiratory muscle strength

IMT group (n=8)

SHAM group (n=38) Two-way ANOVA (p-value)

Owk 2wk 4wk 6wk Owk 2wk 4wk 6wk Time Group Interaction
VC,L 480£0.72 472065 472069 471070 474054 469+051 470+061 464063 ns. ns.  ns
FVC,L 465058 453+058 442%059  446+067 459+054 443050 4.38+054 443+063 <001 ns.  ns.
FEV1.0,L 413046 406=054 400+048 396061 411+054 395+054 393+055 394062 <00l ns.  ns.
FEV1.0%,%  8).74%6.76 8991855 9125908 89.28+9.58 9096+4.64 89.06+5.20 89.74+4.72 89.14+58) ns. ns.  ns.
MVV,L 1678224 1723+248 1702+242 1702+27.3 1679%252 171.1+31.5 1644+318 1716240 ns. ns.  ns.
MIP,cmH,O  1427+85 1640+199" 171.3+159" 181.9+18.1"" 1442+241 1434+176 142.7+184 1420+157 <005 <001 <0.05
MEP,cmH;0  1585%376 1562290 159.0+255 166.1+25.1 144.6+228 1606+25.7 164.1+273 1716240 <005 ns.  ns.

Values are mean = SD.

T Significant difference between IMT group and SHAM group (p < 0.05). T TSignificant difference between IMT group and SHAM group
(p<0.01). ““Significant difference from before training (p < 0.01) VC, vital capacity; FVC, forced vital capacity; FEV 1.0, forced expiratory
volume 1-second; FEV 1.0%, FEV 1.0/FVC; MVV, maximal voluntary ventilation; MIP, maximal inspiratory pressure; MEP, maximal

expiratory pressure.
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MIP I2B Wi, MIf ML —= > 7 AR &
L ¢, IMTEICOARSH ML —=2 74
ARIZE BRI S/,

2.2 BEREETEERT R MIS B ESH/N
T+ —< 2 ANEL

WSS N L — = 7 ARTO Tlim 1213,
WKCBWTHBEZEVWIIROON -7 638
BOWSM ML — =2 7/ Ak, SHAMEIZHE
W CHE Tm (S L5580 S Nk 20> 72— F T,
IMT #1238\ C Tlim 25FICIERE T 5 2 & %R
ooz (J1).

1207 OBefore W After

++ Time X Group :

1080 . p<0.01

% | sk Time :

- ,_l p <0.01

Group :

840 n.s.
720
26001

£
= 480 b
360
240 1
120 1
0

SHAM IMT

1 Changes in time to the limit of exercise tolerance
(Tlim) before and after imspiratory muscle training.

Data are presented as the mean+ SD.

“Significant difference from before the training (p < 0.01).

TTSigniﬁcant difference between groups after training (p <0.01).

2.3 MREML—Z > JRIBICH T 5 AEE
BEEERT X MRDOZINT X —2DEAL
P55 IR O B X VT IC BT % RPE 13,
WSS b L — =2 7 AR T IMT B8 192 8
L V201, SHAM #1928 £ 8201 T
HY, MABTIMTEA19+2 B L 1820+0,
SHAM #2519+ 1 B X 0" 201 TH - 72. WA
N L == IS X A, B R R O
RPEIZBWTHiAE L IR SN o7z. 72,
57 AR O Bh I B X OFMUERG 2 BT A k%
B JE (oxyHb/Mb, deoxyHb/Mb, totalHb/Mb),
FNSICMATHRE /S5 A —% (VO,, Vg, Vg/
VO, Ty, RR, R) I2BWTL, WA L —
SV E AR R L LIS SN0 7
(F3).

3. £ =

RAFFE D T2 5L, 90%VO0omay 50 BE T [ 5E
L7z HERHEEN 2 X 5 Tlim 725, #h809 72 WA
ML—=2 7% L7z IMT DA THEIZIE
BL7ZIZb b 5d, JEI7RER OGS X
OAMANA I BT 5 BRI R I IIA B2 L2 R
Shamolzl ETHD.

INFE TN, 85%VOomay HREELL 1D EE) 12
BOTHWRHETPEL DI EDREBEINTW

£ 3 Changes in NIRS and pulmonary gas exchange parameters at exhaustion during contant load cycling exercise at 90% VO

IMT group (n=38)

SHAM group (n=28)

Before (Owk)

After (6wk) Before (Owk) After (6wk)

VO,, mLkg! ‘min’! 493 + 3.3
Vi, L 1316 * 237
Vi/VO,, L 411 =55
Tidal volume, mL 2,108 = 154
Respiratory rate, breaths/min 628 = 115
Respiratory quotient 1.12 = 0.05
A oxyHb/Mb of intercostal, AU -0.23 = 0.12
A deoxyHb/Mb of intercostal, AU 0.44 = 0.18
A totalHb/MD of intercostal, AU 0.21 £ 0.19
A oxyHb/Mb of vastus lateralis, AU -0.23 = 0.19
A deoxyHb/Mb of vastus lateralis, AU 0.49 = 0.17
A totalHb/MD of vastus lateralis, AU 0.26 = 0.08

487 = 45 479 * 6.5 49.1 = 6.6
1314 = 256 1256 = 25.3 136.0 = 30.6
423 £ 46 393 £ 44 416 = 8.2
2,106 = 186 2,089 = 297 2,144 + 396
62.2 95 60.1 =55 642 = 11.8
1.11 = 0.06 1.11 = 0.07 1.14 = 0.09
-0.17 = 0.10 -0.19 = 0.06 -0.18 = 0.08
0.36 = 0.15 0.30 = 0.09 0.34 = 0.15
0.18 = 0.14 0.11 = 0.12 0.17 = 0.14
-0.24 = 0.13 -0.24 = 0.09 -0.14 = 0.09
049 = 0.17 049 = 0.11 046 = 0.11
0.25 = 0.10 0.25 = 0.10 0.32 = 0.09

Values are mean *= SD.

Abbreviation: oxyHb/Mb, oxygenated hemoglobin and myoglobin; deoxyHb/Mb, deoxygenated hemoglobin and myoglobin; total Hb/Mb, the

sum of oxyHb/Mb and deoxyHb/Mb.
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Motor Learning Enhancement by Self-control of Brain Activity
— Simultaneous Real-time Functional MRI/EEG Neurofeedback —
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ABSTRACT

It is unclear what brain status is appropriate for motor learning. More over, the
brain activity should extract from the brain activity during preparation to reveal the
appropriate brain status because the brain activity related to the motor execution
contaminates the brain activity related to preparation and planning during motor
learning.

The purpose of this study is to reveal the correlation between the good performance
of the motor learning task and brain activity using EEG or fMRI. Nine and five right-
handed healthy volunteers participated in the fMRI and EEG study, respectively. They
were asked to control the cursor using a joystick with non-dominant hand and follow
the random moving target. Brain activity was recorded by fMRI or EEG. There was the
significant correlation between the alpha and beta power in the left visual cortex during

preparation and the task performance in the fMRI. While, there was the significant
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correlation between the alpha and beta power in the left inferior frontal gyrus and the

alpha power in the left premotor cortex, and the task performance in the EEG result.

These results showed that low activity in the left visual cortex, high activity in the left

inferior frontal gyrus and the left premotor cortex cause the good performance of this

visuomotor target following task.
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ABSTRACT

Aim: Physical exercise is important for limiting fat mass and preventing obesity.
During the low temperature phase of the menstrual cycle, in women, aerobic exercise
before lunch is effective in helping maintain lipid consumption. This study aimed to
clarify the conditions under which body fat is easily consumed during aerobic exercise,
which can be easily performed. We also aimed to clarify the effect of supported pants
on consumption of body fat.

Methods: The subjects were eight young Japanese females aged 20s who were
slightly a slender to obese one (BMI: 18.7-24.5). They woke at 06:00 after 7 hours of
sleep and took the prescribed diet until 07:30. They then entered a climate-controlled
room (24.5C , 50.0%). Subjects were seated for one hour while wearing a short-

sleeved 100% cotton t-shirt and one of the following: 100% polyester running pants

T b AR—YEEFE Vol. 37
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(A), basic pants with 80D yarn (B), 80D yarn pants with a partial modification of
pressure with supporting material (C), or 110D yarn pants with the same design
as C (D) made from the preliminary experiment. They then engaged in aerobic
exercise with loads from 40% to 65% of the maximum heart rate and a total of 30
minutes exercise. Respiratory metabolism and heart rate were measured with a bicycle
ergometer. The amount of energy/adipose/carbohydrate was calculated from RQs and
oxygen intake.

Results/Findings/Conclusion: Total lipid consumption of aerobic exercise was
reduced 12.2-16.1 times larger than control at rest. Body fat was reduced significantly
larger (1.3 times) with C compared with A as control. C and D pants, which are
partial compression garments, helped to reduce body fat more efficiently than A (non-
compression garment) or B (constant compression garment). And if the same
exercise intensity, the heart rate was controlled, but oxygen intake increased, it then

was thought adipose consumption increased. Our findings show partial compression

garments may be most effective in reducing body fat.
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1. 1 EAREE

BIMKFEANTARFERY AT L% v, BER
BE:245+03C, MHxHEE 50£0.5%, &80+
0.lcm/s, P : 827+270Ix I27kE L7z ALK
SN E & AR S, WEEALC 1 KR %R
WIS WERESERBRE BN, FER
K CRT > vy M 100%, Ty =v o0y
RY L ATV 100%) (ZEFZ S BT
DERAE EXYT D0, ThESYY A RIE
THRRLE2 #BHE) L35,

FOWERE = L ARREE L7z, O 65% (140
~ 1504 /4) ® LEBRE L7z, HERILI A —
% — (STB-1400, HAGE) % w7z EB) &6
& ERRE OBRER 1 IIRT.

HHEFREH % 4 BB OAMMBE (Stepl ~ 4)
=07 yyy (Stepl LB 40%)
T ENENG6ME, T b5 30450 HEKS &
7. T BEBVERTHAIAS, HEBIETEEO T~

step: 1 2 3 4 1'
Hrmax: 40% 50% 55% 65% 40%

%
75

60
45
30
15

0

0 10 20 30 40
Time (min)

Exercise load (Watt)

1 Aerobic exercise loads for the subject

1 Physical constitution of subjects

Girth items
Subject Age Height Weight Waist Hip Tight Upper knee  Under knee  Body fat BMI
(Year) (cm) (kg) (cm) (cm) (cm) (cm) (cm) (%) (kg/m?)
@ 20 1.62 64.2 76.9 101.5 57.6 414 34.1 32.6 245
® 22 1.63 62.6 747 100.6 59.8 435 33.1 33.1 23.6
©) 22 152 53.5 66.9 96.7 514 39.9 33.7 29.8 23.2
@ 21 1.50 50.9 69.7 945 53.8 41.1 33 319 226
® 21 1.54 52.6 69.2 95.8 52.9 41.3 339 28.8 22.2
® 22 1.50 499 69.6 96.3 55.1 395 31.9 33.7 22.2
@ 21 1.62 49.3 65.2 884 47.2 36.6 31.6 24.2 18.8
22 1.63 49.6 63.0 89.1 50.5 39.0 319 15.8 18.7
Average 214  1.60 54.1 69.4 95.3 53.5 40.3 32.9 28.7 22.0
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M=V ESSRERE Lz 2 40 4 oI
fRHHE, IR (Vmax A7 b T 29C,
H A 6%, 7K 78 21500BZY00206000) % H v
T, BXBEIZ X o THlsE L7z, SR £12
&, mAETEREET MC-172L, + 20 >, F3GE
219AGBZX00041000) # v CLIME%E, F 72,
S E EAANRAHE S BN T 272005 KE L 1F
EIE, MEEFE (FV by 2) #HWTHEL
7z, e BIEBIBMGRE 2 RIA O, —HONTHRD
HRBE W2 %03 11 85 30 43 2 I2RksE L 7.

1. 2 HEEEER
FREEBREMEONT LR Z, LITIClR~ % 3 fEH
DAET/N VTR TER S, ERFER L K
Bt L7z, B, FEBRITSEERE R — A £
DOEIRIAAN DT EEZ R Y $tvs 4 HH % %5 L7z
FEERICHW Ny 2R 212RT. SV A
RIS = 78y (50D40 A< v F
T4 T A NREH, BEOTHE) Thb. Sy
B,C,D 3 E/ N>y, /28y B3R (I
L) DHRDOKE%E D THRLZL D, /8
v CliE, /XY BOOT 20NN EE
WML L7220, WERMOREHIC2 T T
RIZHEETBILLZZb D, Ny DIk YC
DOHFEAFE 110D ICEZ 725D TH o7z, D
)2 A TEFH OB LRGN CRRIABERD 3 % M L

7.
A B C D
Control Base pants  Partial compression Partial compression
(80D) (80D) (110D)

2 Four kinds of experimental pants

1. 3 EBRNCVOHBRERTE & % DEREE
Bl

FER Ny R OBARE N, T 7S
X BHIREFHIY 27 247 2T, YA b
0— T ALy T 1256 (BRI
LINEY Sem I ) QMM A OMMIF -
FLEERR - ERME %) LR - KB - 0T A
B 4 AL (BT IE PR & 7oA O PRl & D38 8)
DOFEH B IMOWRITZWE L7z, =B, X
ADBRRFEIRIZEALEEAEL TV Ehro7zDT,
g R B, b, BEEREVIA N, B—
XA N, R AR, OFaifey 7, B
KB, OTAHOL 6L Z0EE, LA

Ik R EN: (RRIEFIZ/ S B,C,D &
L7z) F28S 0 WIS, HEsRBECRpfli S 7 9.

NS OIFIIREEE, WIRTE & € DERE O
Fix, —ICRCE ST E W CE OB
M7z, scheffe Fix FvCHEZEME L7z

2. MRHER

IR ADBEIRIFEIZIZE A EFEL T ro
72OTHRE, SHEOFEBRAAEL N>y DRz,
HHHOWIRES A TR 3RS, Mol s
7 7EHER 2, BORWRkEeRT. £o
782 S EIRIEH#E XD S ARMHE ) ORER

3 Clothing pressure of three kinds of support pants
From B to D show experimental pants (See [X]2)
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B C D B C D

4 Average clothing pressure and its pressure feeling
From B to D show experimental pants (See [X]2)
MEOBIRE D N LB SN, TS DOfE
FEBNCTEICEEOLERE LS, FOEK
HERA4IRT., ERED, £y OBk
J£ 1& B #¥49*1.3hPa (Mean=SD), C 28 7.2=
2.4hPa, D 8.5+ 2.6hPa C,  #%|Z B<C<D T& -
7o, FOREOEEKEIL, b YRV Kr 1
ELEED "E&OW offild, “166*1.167, ‘@
LW OffIE 044%034" THoTz N2V A
1% 057022, B iF1.04+021, C i 1.46+0.69,
D13 183+1.19 T, AHEIZB<C<D THho7z. D
T, NV AIFIEIER WLV EFRIM S,
IRV BRI "BrH) ERW Sy CIE R
REOV XY DT EoWnT LS.
ATEFE DO/ NI BT EBHEHEDORQ # K 5
RS, EOBERE b SEB AR L o T
RQ VAL L7=DT, ZOEEHAVTY ¥y v a
YW G AT ORNS, EEIER T L ICRE

5 RQ of four steps in aerobic exercise
loads for all subjects
From A to D show experimental pants (See X2)
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6 Fat consumptions of four experimental pants
From A to D show experimental pants (See [X]2)

0.30
0.20
0.10

0.00
0.30

0.20

Body fat consumption (g/min)

0
BC1 2 3 4 1AC BC1 2 3 4 1'AC

7 Average of body fat consumption wearing
experimental pants under each exercise loads
From A to D show experimental pants (See ®2). BC (AC) :
before (after) control, 1tol” show aerobic exercise loads (See X 1)

HEEZROFHERLTEGIL, ChrTlok
WRARTIORYT. EOEBNVYTHoTH
EEIBAMGRI OO >~ b O —)VIC R, EEFOIRE
WEHEBEICHE SN2, LaL, #EEORO X
I IR EHE R OL WHERE L HEBRE®D L9 12
Dl WHEERE SN2 DT, Ty hu— )L Rk
L 72AHR AR B B IR L, Es Y TR
FLoZ(E8SM). §46L £/ VIZBNT
EEEAT O T > PO — VO % i
100% & L7-WEl2, 782y ATIZ 1231, /3>
v B TIZ 1224, /Sy CTik 161 % Sy
D TlZ 142R5T, 22280 AlZ~o3rw C
RO IT 1L.3HERIIE 272 (P<0.01).
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8 Relative fat consumptions of four experimental pants
From A to D show experimental pants (See [X]2)
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EL72AS, FEfiY A RFEER) O BRI OB
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BREEIZ A E HEIC L TV A 0T, EliEEE
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9 (BIZIE 60 DL MR H1F, FAEE)EMiH
B AR 10440/ e e D). F 72, REFZET
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DHGOFADBEEMIIEZ S Z LD HETH
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LEFEICHREL CWABDT, HEAEFEICBI L4
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FEHWREZRY R — bXV VIZDOWTIRIRTE 72,

4. £&O

B 3 A B 2 OB 4 R AE T &R
FTERO—>TH Y, BRI Z @RS 5255
TEHERY 22 A iG % 2 5 7200120, SEBFEIEZ 2o
J5ZENEETH L, HHELETITHRRTES)
TIZBWT, K, AR, FHofHic ko
THRENEENZILT L2 LML TVE.
CORBFETIE I NS Ml L7z T, XD AER;
RIRBES G DAL/ N Y OFEE BN E Lz B
B L 20 AT 8 44T, M & o BRI
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RRE (245C, RH50%) WTHllE L7z, FEBi
FIEPMT Y v v, 4EHEOER Y (A
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Are Effects of Acute Exercise on Cognitive Function Different
between Aerobic and Resistance Training?

by

Soichi Ando

The University of Electro-Communications

ABSTRACT

The purpose of this study was to examine effects of acute aerobic and resistance
exercise on cognitive function, plasma catecholamines (adrenaline, noradrenaline, and
dopamine), serum insulin-like growth factor 1 (IGF-1), and serum cortisol. Eight
participants (mean + SD, age = 21.6 + 0.5 yr; height = 1.75 = 0.04 m; body mass =
72.2 + 5.7 kg, peak oxygen uptake = 53.4 = 6.5 ml/kg/min) performed cognitive tasks
before and after either aerobic exercise corresponding to 40% of peak oxygen uptake
(98.8 = 124 W) or resistance exercise with a resistance tube. We measured plasma
catecholamines, serum IGF-1, serum cortisol, blood glucose and lactate concentration,
and ratings of perceived exertion (RPE) before and after exercise. Cognitive task was
a Go/No-Go task that requires response inhibition and selective attention. We did not
observe significant improvements in cognitive function after each exercise, probably
due to a low sample size. Nevertheless, we found that increases in plasma adrenaline,
noradrenaline, and dopamine following both aerobic and resistance exercise. Serum
IGF-1 increased after resistance exercise, while it did not change after aerobic exercise.
Similarly, blood lactate concentration also increased only after resistance exercise.

Serum cortisol tended to decrease after exercise. In the present study, we found no

T R AR =V FE Vol. 37



131

differences in RPE before and after exercise. These findings will help to understand the

effects of acute aerobic and resistance exercise on cognitive function. To understand

physiological mechanisms underlying improvements in cognitive function following

acute aerobic and resistance exercise, further studies are required with large sample

size.
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<0.05), I EB LM ICB W TOAREREZIC
IGF-1 O E MDA SNz (P<005). T

Oem=Es B EE
300 4 *
N
2 250
2
EB 200 1
10 " gmm  mme | mEE | @
30 1
_#
E o5 __#
2
P i i
N
S
2 15 1
2
10 " - . - —. pos L p
EHE] EH)E EHE] EENE

5 JEBIEIE TOIME IGF-13#1% (ng/mL)
BLOMBIVF V) — ViR (ug/mL)
#P<0.1, *P < 0.05

TV = AL (R AT T A A Sz (P =
0.08) 2%, EEFEAIC L 2 BENEA SN Lo 72 (P
=0.12).

2. 3 M#¥EE MmMAIERE, RPE, (A%

6 1222 oEE) % T O MmEE, [
FLERIEE, RPE OZA L% /R d . IMUHEAH (J & BhHr
BT AR ASN (P=0.06), k&
BCEWEAAS N (P=0.08). —77, Ik
FUBRIREE X, EE) & BB O M A B K HAE
HAH BTz (P<001). AERFEER)CTILEB)FT
B A LB IS E T AN o 72Dt (P =
0.28), IEPTVEER) TIREB) 2 1A Z I8N AT A
57z (P<001). RPE GIEB £ IZHMNATA S
n7z (P<001). LaL, BRI X Dt
AN ho7 (P=065).

KIFFRICBVWT, FEFEE) O 80E
107 = 1744Cdh H, HHUIHEES) O F3.0H15
12103 = 4HITH - 72, BHOHXOENIZ L -
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EE | EER | @B B

X6 EBEiE TOMAEE (mg/dL),
M FLERE S (mmol/L), RPE.
#P<0.1, **P<0.01

TR A SN o7z (P=064).
3. £ =

AR TlE, AR EE) & IEPridEs) & v 2
% AREROEFHIZ T, b P ORIMERES LD X
NS 2 DDA D WTHER T 2 7290 DL
MAEZH/ELZEEZHWE L. LAL, ABIZET
I N2 FBHGRRE D /8T + —~ ¥ ZADZEALIZHE
BICHEE T aholz. 202 L, ARFZETIR
EE L DOEB)E AT o T RBABKREAZAL L e\ 2
ERRLTBY, TMEE < DEATHIZEE —3 L
BWLDOTHD. KifgeIcBWT, IRz L 2
B HRERIE SN EHE LT, WEREHA 8 4
Lol l EBIFENE. LL, RO
IR, TN FE CTOEE) L BANKREIZBIT 5 AT
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Wige a2 BBICANSL &, Tkt v T A Xh
HAUTFTATIIGE & FBEOFERIH O N L DTIE R
WhrkEZHNA.

INFETOWNZENS, EHIZLLEEL XL
FADRRARERE O FICBIS-LT\n b Z EDURE
SRTEEY) HHMLAVE RS2 ER
WZOWTIE, BEW S o TuZew, L L
TRE DR E % & ORI 1S58 % 5- 2
BT Eps 261D = g DI LA ERE L N
NOZLZHBLTWE Z EBHEEERTND >
10,1415 RR7E12 5T b B F RS & 4R
EBEFHOLELOEHTL T FLF) Yy, JVT R
LFU Yy, F=33 Dol L gy 2,
HDHCITHEINT AEADS RSN LA T,
R CTH S N EHHOMSESL T35 I 0k
5L HEE L OV O 7 EFACBS-3  WTRE A
EZbNA. T, ZoORKRIE FEREREREIK
PUEEE O &8 5 OEEFRA T, EE)IC L Y FR
HIBEREDS A B35 &\ ) SEATIFGE DGR & b AHEE
NBLDTHAEEZLNS, LELENS, &
\EE L7z s 739 3 2 IdEIRMmA 532 L
72b0THY), EZTFTRHNTORELMEEL T
WAHDY, 52T E T T THMOMRRIGENIC S
ZH5AZTWADONPIIOVTRIREHPLETHS &
EZOND.

TR OB VI L ) ABASEIEND AR S
N7-DUF, 7 IGF-1 ) & b ALRRIRETH 5.
v B L UOEWE WA T S, —BEo
IRPUEE B IR PUEEE) b L — = RICIE
IGF-1 A8 5 2 L AVR ST 5 46719,
Z L C, I IGF-1 oA i Ak ne o 1 k12
DL B MREEARIE STV 6L 7
3o T, RHFSETHBUEER) 212 IGF-1 DN’
FRAIBERE DA FICEBL L 2T REME S B2 5B,
AHFZE CUERPUEER) 12 X 0 A FLERE R 3T
L7z, Aoz oty —ie LTH
WHENDZEHHSRTWS 820 Kifgkics
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W, IEHUEEB) 12 BV T ORI FLERIREE )
FRLEZERS, BTOZRNE—RRBIEH
FoEE R L KPUEEE & O TRV SR LND
WEEMEAEZ 5ND. & HIEE, —\rEoIKH
PEEEN 212 A 5 NS LG T VT — VOITFAYE
BEL VoL E b 726 L, BAEREE ) L X+
HlwH I rpEEsnsg Y KifgTd, &
BRI TV F ) = VDI TS 5722 &
5, IMiE T VT — b & RBAREREDBIFRIZ DOV T
TEHBET L WK RERH D L HEZ NS,
AWFFEIC BT, BRI AR A T
L, F-E8HRIc X > TOREBEHABASN
7278, FOEALZEFITNS VLD THHo72. L
72h o T, AMFROBEIIZITLE AL HELS 2
TWhRnbobEZ NS, T2 AWFZETIEW
S ODPDEFRYIGEIZENDRASN DD, T
Btk 0 RPE 3 A MRFES) & MPTMEEH) & D12
3%, FEBTOFIE AU L EITAS
Nhholz, TOT s, EEFREDENITK
EREI LB DEEZOND.

4. £&8

RIFZETlE, AMEFED) & IPIMER) & v ) 2
7 R OEBD N OIS RITTREY
ORI T 5700 BN MA /B2 L2 BN
L L72 AR T, 32 TV A AR +457 5
7272912, FNENOEEAFRAWERE % ) - S &
BEWI)REREZEESEL LI TE R 72,
RO 2B 726 TAENSEDEWN T
oML ZoRIE, B b oEE)
b ORRAERRIC KT THE LWL NI T 5720
DOERGARE LD LD ENS. Shi13E
BRBINE 2B 52 ETHI LRI ETF L A%k
WIT 2 EPRETHLLEFRD.

#

AWFFENRT L CBI 2 15 ) £ L7z AR

LT Y N AR = BHEARELY R R < ARLH
LETFES. 7, AR LZEITT2I2H7201E
R AR —  BHEEE OMGIEBIS, /NS
K, BERK, ARG —Ka & O EB) AL FART
FREOERE, ERRE R FERIE LA O
W, BRI, INEERA S 2K T
W2 EF LA ZZICRLT, LY EH
BEEERLET.
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Possible Factors Related to Lack of Hypertrophy of the Biarticular Muscles
Induced by Multi-joint Training:
Its Relation to Changes in Muscle Activation During the Training

by
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Graduate School of Engineering and Science,
Shibaura Institute of Technology
Takayuki Inami, Yasuo Kawakami

Faculty of Sport Sciences, Waseda University

ABSTRACT

The purpose of the present study was to examine the factors influencing previously
reported exercise-dependence in muscle hypertrophy of the biarticular thigh muscles
(i.e., single-joint training induces sizable hypertrophic response while multi-joint
training does not) , through measurement of muscle activation patterns during a multi-
joint exercise. Twelve healthy men performed leg press at a load corresponding to
80% of one repetition maximum (IRM) until exhaustion. Surface electromyographic
(EMG) signals were obtained from the quadriceps femoris (vastus lateralis,
vastus medialis, rectus femoris) and hamstrings (biceps femoris, semitendinosus,

semimembranosus) , and root mean square values of the EMG signals (RMS-EMG)
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during each repetition were determined (experiment 1). In the experiment 2, five
healthy men conducted leg press at a 40% of IRM (3 sets with 16 repetitions) and
an 80% of 1RM (6 sets with 4 repetitions) load on separate days (separated by one
week). In addition, transverse relaxation time (T2) -weighted magnetic resonance
images of the thigh were obtained before and immediately after the leg press. The T2
of each muscle at mid-thigh was calculated. In the experiment 1, significant increases
in the activation of the vastus lateralis and medialis were found following fatiguing leg
press, whereas those of the biarticular muscles did not change except for the biceps
femoris. In the experiment 2, the leg press exercise induced an increase in T2 of the
monoarticular muscles, but not of the biarticular muscles. The relative increase in T2 of
each muscle was similar between the two exercise intensities. These results suggest that
activation patterns of the thigh muscles differ between monoarticular and biarticular

muscles. These differences can explain the lack of hypertrophic response of the

139

biarticular muscles following multi-joint training found in previous studies.
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AWFFETIE, BATHIZRICBLWTHRE STV
T ORNERICBT S N L — = v TEIEK
FHE LT ERIZOWT, LHEENHEREO
GBI OB A S G L7z, FEEBR 1 T, 12
HOBEBEIIEFRBIZE L T TEBRETO
Ly 7TV ARERL, F0LEOKBEER
DO EE) % REHEXEIC LY g Lz, R
2128V, mAEBEGEIZLY, KAMEE
B OEMETTL Y V7L AR To 2R IC BT
B RKERERE A& 5 OB R (T2) 25 L7
(N=522005M% BIHIZHEM). FBR 1 ORE,
Wby & & O\ HBIERG T d B AMIIL R & PRIL
DORFIEEIEAIIN L 72, —7, ZBIERGICE L T
(&, KBRS % Br S 2L AR SN h ol FE
BR212BW\WC, Ly Z 7L A2, KERIUGHEY
RS B BB O T2 DS L 72 b Do,
RO T2 EIC B LA S N o7z Db
DGR, L BEREBR O FHIE B, HLRIET
e BERBOB CTREL L EREL TN,
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FIIABHTH 5. HEHHEIH & B & O T,
ARIEB RS 2 RGP EROEREY SR
AT ENREINTNS, LizdoT, kil
FERDH S UL, PL—Zr ZR YNy
)F—Ya v OBEBIIBWT, FRENOMBEIC
R N — = T ERBERLEBL T 720
DEBHRMAIEONL EEZ OIS,
TAEDHIEIC BT, KEOEE TH - Th
FESTRME F CEMT UL, BRI CER) % G L
7k & LRAREOBINAAEL S 2 EHHE SR
Tws Y ZOEEE LT, EHICEVETF L
AR % ARBE S 2 7200 2T 72 2 SE BN AL B B &
WCHIGBEIE AL, ARSI RICHE OO
VTSR S T2 Y. b LZEHITHS
7 H1E, WIPRES) 2 N TEBL L &,
HEAE & ROV IUIB W T, JETE
EHITHIEB RSS2 FHEINE. L
L, AH—iGs) s W PR %
EfiT 5 AL VHEEETR K- METICE
WT, ZHEEHICERRESBE SR TV AW S
0 e 2 #E3 2 &, WRREBIRIC ST 25
IHBE)E OZAURRAI, BB & B TR
LUREVEDS D B, 2 TARWFZEIE, RO
KISE BRI AE T A ER IOV T, &
BIHFIC B 2SS B L TR 4 2 &
AHIE L7

1. /7 &

AREFFEIL 2 DODOFEBRICE W SN T 5. %
Bl CiE, KEBmEN (EMG) #xHwT, 9%
57 R F CRIMHREE) & F2hE L 72 & & O KBRELH
HomimesELsHll L, o2 bEBE Lz %E
B8 2 TIE, $7e 2 @B 50 CRMMRED) % FE L
THIRICBWT, BREEEER (MR) HiI2XD
EARFIRER (T2) OZLEHINT 22 L %@L
TR B R A 5FG L 72 SEE) & 0 A4 U7
MOBERE) KGOBIN LY, BENRICEHE

D T2 HS—IREHIZHEM$ 5. 20 T2 ML
FH EMG #:ClllsE L 7= 51T B & M BIR I &
L rppiEsncey WV, EHCL L T2 0
IMEFES) & BT 2 L2 BNTWE. 207
W, WHOEATHRICBNT, EBIC LS T20
ZAL & BB OB OEBE L LTE 272K
HAfTbRTWwa P K, RAREAS
ZBFD TAEFRE T AR 2 HHEEE
KRS OERBRBOBIZER L.

1.1 EB&A1

1.1, 1 #EE

BE G NBE12% (Fim22+2K%, HE
1735 cm, AHE 66+7 kg) 2EBRIZSML 72
ShE I L CREBRO BN, WE, #2615
VAZIZOWCHHL, HFMIITHELBELZOL
2N L7z,

1.1, 2 ERtyv T 7&7—40M
WiBRE X, Ly 7 7L A< v (Nitro S3LP,
Nautilus) O~ 2 JEHFRBE T E
B) TOV vy 77V AER) (3 F0 0 o K0 U
BLOMRENHERE) 2 FEmL7 (1), &
B 1 Bk LEe (WBREHSOHT
1720 BB B & s P © & 2 Fqr, 1RM) O
80% DEMT & L7 EEBAMAIIZ BT 5 BB HET
FEEE 110 B (SEeMEAL % 0 B), MeBdfifmRE

B AWETEBLI LY 7T LA
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1% 130 EELC#E— L 72

K EMG %, MR (KRR O Az 50%
fr), PELRRS AL 90% fr), KERER (GEAZ
30% fi7), KRBRZBHARREE (EAL50% fn), Fh
BAG (IEAL 40% fi7) B X OPEERRT GEAL 70%
fr) » 5 L7 (The Bagnoli-8 EMG System,
DELSYS, 1x10 mm, Ag, % 1 i B #E 10 mm,
TEGEE T Vs, 20450 Hz). KBREIE KT
POBEHEH T TOES L L2 BEHrsD T
A M= OREERY R NS T D720, BE
WHWiEEE (SSD-900, ALOKA) % v THKH
DR LRI MR L, B ALE % e
L7z KBRS CB 0T 2 BARO B A 1,
M T TR S AR B2 R & Wi O & L7
EHY A TREEROMERBREL, TILa—
N THER o 72, 7 — AEML /S B K
FM IR L7z, BB O R BT A B 1L T =
A —% (SG150, Biometrics) % FHWTHUS L 7-.
EMG 7 — % B L OB M7 — 213, ADZ
1 #% (PowerLab/16SP, ADInstruments) % 41 L
TH > 7)) 7R IkHz CRETS &, 78—V
Far¥a—% EIZiesRL 7.

EMG 77— % 1IZB LT, &Ly SICBT5H
Hi kR D & R R I 2 & 12 root mean square
(RMS-EMG) =8l L, Z2ho6xFHL-b D
&Ly 7I2BTAHRMS-EMG & L7-. »wih
DFHIZBWT L, IRMEEOMETIERILL 72 #
B ORRINE L E R~ B 72012, I (1-3
Ly 7ONEME), i (5o 50% ORI
BT 2HIH3 Ly TOFHIME), BLORKE (K
BO3IL Y TOFHE) O3ODT 2 — RI5F
TIEBL L 72 RMS-EMG # & H L 7.

1. 2 B2

1. 2.1 #ER#E

EE N BYES & (Fi 21 £ 1%, & 173+4
cm, fAE 66+9kg) MWEBIISML 7. SNHE
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I L CARFERBRDOBER, NE, EA6h5) A7
[ZOWTHEBI L, M TRE A S0 BI25
L7,

1. 2. 2 ERtevT1>7

FEhR 1 LRI, BBREIEL Yy ST LAY Y Y
(Nitro S3LP, Nautilus) DX FIZFEY, A (5
) TOL v 7T L AER) (3R o JEE
B L OMRMENGER ) %% L 72, SR
X IRM @ 40% & %\ 1 80% D EfiT (40%1RM,
80%1RM) & L7z, BAfiH CEB)FEZ TZ LR
—H B0, A x B x Ly VR EA
27219 FHbh, 40%IRM &5 TIE 16 [ x3
+ v b, 80%IRM EfFTIZ4 1 x6+ v b (kv
FEREIZVERL 90F) & L7 2005EH)
X 1AM ORBEE S TR HICER L, NERIEH
[ ANV AN B DYl

Ly 77 L AHEE & B (10654 B0k, %
WERE BT, 2 &M TR Z —H S E7)
2BV, KE O T2 35 MR W% (= o —
BER 25, 50, 75, 100 ms, < V3% LR : 2000
ms, ¥ NV w7 A:256%x256, #IGE: 24 cm,
ATAAE :1em, Fvyv 7 :1lcem) ZHIEL7
(B 2). REBHOREYEET 5720, EHH
DIIGE 20 57 D LML OFRIZE L 72, K
B D 50% A7 2 B\ THMUE R, P A5,
TG, RBRES, KBRTHEE, RS &
OB Z ML — AL, /o T2 25l L7
AT, EiREANT Y 7 b (Imagel, National
Institute of Health, Bethesda) & ZD 75 7 f
v I AAVAR

1. 3 #kEHIE

FTARTOMEIEB L FHME + FEiEFEETEL
7. RCETALERIIL, mEEMENTY 7 by 27 (IBM
SPSS Statistics 22, IBM) % H w72, FEE 112
DV, ZOIEHEAL L 72 RMS-EMG 1281 %
7 x— X (W, R, ) OB ERNRD 20,
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—JCHLIE DT & 47 > 7.

X2

Ly 77 L AT BT B BRI ] 5 3R 1 15 0> 0.1 451
TRAREIZIE, R

0O #8A O+FE m&’
* *

Y7 zu—ZFERHW EEBR21I2O0T, Ly 120,
7TV AEBIC LY T2EAEL 7270 &9 2, 100 7
B LU T2 OZBALFRICAHHED D 5 5% W 5 H 8or
F B0, BHICBLWTY A LT LY YOGS ooy
BN AIRSE % 4T - 72, fabak 5% Fiflid & - C 40r
At AL L7z s %0
b i FEnm AL KRB
& 120 .
2.1 EEA1 %100- —_—
%72 —RZBF 5, IEHALL 72 RMS-EMG 80}
DFEREBE IR T. —ICEE 5 E T DA, 60 -
HBHEI T HAMIL T B & WML IC B a0t
T, 72— AOEHMEVHFETH Y, &5 M 20
IZPEVIEBE L 7 RMS-EMG A8l L 7z —77, O = e R

TR oW TE, KRBT o AIEBE L
72 RMS-EMG |[ZH B2 HINA A S 4, KERE,
PRERRA B L OB 2D W T b B &
oz,

2. 2 EB2

Ly 77 L AEBREIRICB 5 EHO T2 Off
FEEE412RT. 40%IRM SE12 BT, HE
Hifi Cd AWML B L OCFREIAGO T2 &
ZEEIN L 72 AMIE 512 o T, BEIMEIC & o
b ODOEBEKEIEL 2h o7 (P=0.068).
—7J7, ZBAHEIR T d A KBRS, KERTEERS,
TERERG B & OB O T2 1B bid A b

M3 EHWBECTL Yy 7TV AEER/LT:

& Z1ZB1F % root mean square (RMS-EMG)

RM: fek% B, * A% 7 = — AM%E (P<0.05)
o720 80%IRM FfE 12D T, AMUWA T &
WL O T2 3N L7278, WIS TIEE =K
HIEL Aoz (P=0.080). —BHEIHIZO W
T, 40%1RM Gt & FRIZ, WINOFHO T2
IZOWTHZEDR A LN o7z T2 DZEALE
WL T, WENOBHIZB T DA 70 5 M=
BB SN Lo

3. £ =

AWEo B, ZHEEEEZEBL 2L 2D
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PHSPITH L ThHorz KRFFETIE, £
EEBIE LCLy 7 L AR L, s Lt
TOEBEME CEBT 550 (FR1) &, &
By % 25 2 72 B2 BORAER] (RBREE & R 5mpE)
TEBT 240 (EB2) x#%E L, FKEMG
HB L OMR-T2 % Fi W CRBRIUSES & v 4 A
N YT ADREEZ R L. AROMSE
I U EL 75 % HE 15 % B BAT 2 07 TR & &
B AIIL, ML S EEZS
A7, BRI IS X S TR O EE 7R
L7z, #0O—FT, KERWUEGHENLANY) V7
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Changes In Skin-Gas Acetone Concentrations Following Exercise by Portable

Skin-Gas Acetone Analyzer Using Electrochemical Sensors
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Graduate School of Engineering,
Nagoya Institute of Technology
Takao Tsuda
Research Fellow, Nagoya Institute of Technology

ABSTRACT

We examined the changes in skin-gas acetone concentrations following the 60%
heart rates (HR) max cycle exercise by the portable skin-gas acetone analyzer using
electrochemical sensors.

The standard acetone gases significantly (r=0.992, p<0.05) related to the results of
same standard gas measurements by the portable skin-gas acetone analyzer. Thus, we
confirmed the reliability of acetone gas measurements by the portable skin-gas acetone
analyzer.

Six healthy male students (22.2 + 1.5 years; mean = SD) volunteered as the
subjects, and none of them were smokers. The subjects performed 60% HRmax cycle

exercise for 30 min. Skin-gas acetone concentrations of each subject were measured

T b AR—YEEFE Vol. 37
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from the first finger of right hand using a probe at rest, 5, 10, 15, 20, 30 min during,

and 5, 10, 20 min after the exercise. HR were also measured at same point using HR

monitor of the cycle ergometer.

Skin-gas acetone concentrations significantly increased 20 (p<0.01) and 30 (p<0.05)

min during exercise compared to the resting value, then returned to the resting value

after the exercise.

These results suggest that the skin-gas acetone concentrations increase following

60% HRmax cycle exercise for 30 min. Thus, the portable skin-gas acetone analyzer

using in this study is reliable and useful to measure skin-gas acetone concentrations

from the fingertip for only Zmin.
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ABSTRACT

Heavy priming exercise reduces the oxygen deficit during the subsequent heavy
exercise. Current theories for the etiology of the oxygen deficit following the onset of

exercise include increased bulk and local blood flow and O delivery (Q) via residual
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vasodilation and academia/temperature-induced rightward shift of the hemoglobin
(Hb) O dissociation curve. We used a method to quantify absolute [deoxy (Hb +
Mb), HHb] of superficial- and deeper regions of the rectus femoris (RF) muscle in
6 participants during cycle exercise, using time-resolved NIRS with adipose tissue
correction. HHb of the deeper RF for both the priming- and subsequent heavy exercise
showed steady state responses toward the end of exercise, suggesting matching of
oxygen consumption (Vg2) and Q kinetics. Compared with the superficial RF, peak
deoxygenation of the deep RF was not significantly different, however deoxygenation
kinetics were slower (mean response time, priming exercise, 35 11 s vs. 66+ 26 s;
subsequent exercise, 328 s vs. 44+22 s, p<0.05). These data revealed temporal
and spatial disparities in muscle deoxygenation responses to exercise and suggested
matching of Voy and Q kinetics, thus the oxygen deficit reduced in the deeper region
RF muscle, compared with the superficial RF. Further, these results suggest that deep
region muscle has a greater Q / VO, which led to improve matching of Q -to-Vop
thereby raising muscle and microvascular oxygen pressure and enhancing blood-

myocyte Oz flux.
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SN, BREARD L EHEM S NG,

FRRED Y 5 — A7 v 7 (W-up) % Fw
% &, W-up B4 0 EIREN B B B O BE
FWEE (VO OHMAEL 20, BERLA
WA 5. Rz Cid, REMHICMAZ TEEH
bEOIIEBHOMmKBEL L, SHED
W-up JEB)2SIEBY G OBE R B IC LT A
LA L7z, BRI - ARG E & v
T, WHEHIC BT ARRFEAET O Y + I
7uv¥y (HHb) #EHlIL7-. KIREFGEE SO
HHb (355 1 & 8) & % 2 B O MG HZ O 555 H
IZBWCERIRFEZ R L, VO, & Q gk iz
DY F Y ITRELIZZ EATRIBENTZ. S 512,
51 EB) & A5 2 B IC B CRBRE G IERE I B
\7 % HHb DI E L & PR E R 3 R I
RTHEIZED > 72, HHb 13 VO/Q % KW:§ 5
DT, REBMIZHNTREGHENLCETN, &
By oOfinss & ) mWiEES T, BRI
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DY+ — AT v 7 (W-up) EB % v
% &, W-up BB O EEB) I BT A IG B OfE
FHEE (VO OWIEEHE 2 ) (BHEAR
RO, EBOMGRER AR 25 (HHE,
20017 : HE 725, 20049). corH=ZAnk
LT, 1) 83 25 & i P 2 FLER 24 T
FREfREEA O T 7 b EIMEESR &, 5
BUMEBE L~V OBER G E (Q) 28T 5,2)
MR OB B INASE 2 0, IHE) O B
EAOBEE L AN L W RKEL o T, BE
DA E KD ATND, 3) 512,
DA X o THEfE oA MR E A ARAES 2
ZENEFLND (Kogaetal. 201310).
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FHHE VO, £ QDT ¥ ) ORY—1, &
CIZVOy & QOMIRED I A<y FIZk - T
EUD (HE, 20127). HEbiE, ERED
W-up EE)IZ L - T, REMHIIBITLHREFED
22 - R 2 AN — LT 5 2 L 230
727 (Fukuoka et al. 2015 % ; Koga et al. 2014 .
Spencer et al. 2014 )Y, B (v F—<v A
V) OERFEEEIZOVTIEAHTH S, FEREHIC
BN Z < EN, F-REHICHCGE
E¢@mm#ib%w@f,%ﬁ§wmp@ﬁ®
BRI S N TEREIEEH L CHY AT N
HEFHEIND.

VER DAV I E O FHANVE L5 W D 2R g
(RS 15-2em) IZROHNDL DT, HEFH -
Lk L= —tEoH D mL T, ®Es (%
SH 3-4em) DOERFEEEOMKIAEEH 2 T HEIC S
% e 53 - 3 ARhh o ot%éE (TRS-NIRS) % B
L7 (EMMAE &5 R % @8 5 2 T Rsh
FeDEEL & IO 2% % FMl 5 %) (Koga et al.
2015b ¥ :Okushima et al.2015'%). #AHfze0 H 1y
&, EREFISIMA TEBH b &0 /2B OMkE
BYREAFHI L, 5RO W-up 3EB)25IE B O Bk
FEBICRIZTRELHOPII T2 L TH D,
KIFZEIZ &> T, AERFMEEBEE) DM k& EH)
R EH O ME R % B 89 B LT O BAFEAN R S
n, BFROPREW

1. MRHE

TR MEEERIC L AEEERET, RAS
7% QL35 I[CHBRELRELZ:. SimE
DR LB (W-up, HEZBLEE)) (2BI1F5
EB OB EILANEZ O Y Vi (HHb:VO,
EQONT Y A%RY) &llE L. HHb M
WEEBOWEZ Z1F12< <, VO/Q% KT %
DT, HEEBIRIZ D 2 B MEBR OB FE S [PO2 (Q
NO2) | OEIRIIEE 2N T E % (Koga et al. 2012
9 2015a12).

WHEMH STV 2 EFE (CW) NIRS I,
SR % —5E & A7 L, HHb OAx 21k % il
SET 03, g 53 % - L ARAVs e (TRS-NIRS)
% v L HHb oAkt il (R1IE) % 5Tl © &
% (Kogaetal 2011%). ¥k b =2 20 TRS-
NIRS & H\WT, KBREFOEREE, b L OEE
B (—HowbE CiEhLmER—RT L&) O
HHb % el L7z, KBRIE R o 5z i R M Hb
DA 72 RN e v — DREEER & D
FdEA 3em (RREER), B L M6em (EREH) &
LT, MEEREITZENENH 1.5em, B LU 3em
EHEE L2

S5, BEW Ny 79 —%E (Yokogawa-GE
Medical, Logiqd00) % F\v>CRBRIE A5 10 OB T
WEWG)IE %81 », HHb Ofif % #fiF L7 (Adami et
al. 2015 V ; Bowen et al. 2013 2 ; Koga et al. 2011
8)>.

VO, OHIANAS Q DB & 1) b > & HHb A3
mL, MEARLLS., 2T, EHFICBITAS
GBS HERERL O HHb OIS E 2l ), BeE
IR % HEE L 72,

7, EEHEROBRENERE (VO,) %KX
W3 2 fififi L OV 0 VO, BiRE (45 241 & 45 3 41)
% TV ANA T L AOM A AR EREE (3
F MERE, AE-300S) TLGAIZHIE L7z

JERL LB BT, 20 M OLHE 4 55 H O
BiRE (0 watt) O HEEFEEZ 1TV, ETOE
HIZ6 MO ERE Wup (55 1) ), [
26 O EANES), LT 65 HOEmES
2By A B L7, SRR O B R L, W
MR (7> 7) BIREED (20watt 955 OB
$) WX BZHEFOMETRD 2 (FLERRME & s
BB DR 50% (25§ 5 IEBGRE) .

Gl — & O - BB RS & AEB R OIRE
B O BRI E TV & o THT L
7z.
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1 ERREEENRC B0 A IR LENRE (9575 :1st bout, FI#3 :2nd bout)

2. MREHER

2.1 1 EEEHE2FEHCH U

R W-up (85 1) (HE) & s A 2 Ml
B, KRER O EEH (RF-s) &R (RF-d)
o BilEFAL N E 7 0 ¥ Ui [HHD, deoxy
(Hb+Mb) | otk iz e ZeR iz m L 72 (=
1). 2%V, HHb I VO Q% KW¥ 5 DT, 4
1B & 45 2 EBOW I BT, EANEE )
SRR N ORITICE S T QIR VO, £ 1) b
B 722 LAVRENT:, FREER O T
FrRIZ BT, KIREFHZEEO HHb 1455 1 &
BhE g 25mE L b IS kil 2. —h, RRE
MgE O HHb (X1 7 OB O e 1 50128
WCERIREZ R L7

5 2 SEENC 51T 5 KR 22 5 HHb 0 < —
AT A v (EAREEIOM), IRIE GEBIK TR
—R—=Z2F4 ), BIOEFFHAGROERREN
CIRFTERULES BRI HART, FRAEE 0o
72 (FR1). LaL, FHSERRIZE2ESHO
Tt FEANC B 5 7z F 72, KBREAEE O
HHb T & & & FFROF R S 7z,

2. 2 KEREFHRERCRERRICH T3
5 1EE)TIE, RBRERBE & KBEIC B
% HHb OX—2F A > 4RiE, B X OHEEH G
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R EEESLEBINEIC BT B H BRI LB E O L

RF-s RF-d
1st bout
Baseline (uM) 53.8 £4.6 55 +8.0
Amplitude (M) 195 +£16.8 20.2 £15.8
Time delay (s) 70 £4.6 9.0 £7.0
Time constant (s) 284 +87 56.4 +23.7 *

Mean response time (s) 35.4 *11 65.5 £264 *
2nd bout

Baseline (uM) 55.5 +6.4 56.0 +6.8
Amplitude (uM) 21 £15.0 22.1 £18.7
Time delay (s) 51 %20 56 £4.7
Time constant (s) 272 £8.0 385 =189 *
Mean response time (s) 32.3 £8.1 T 44.0 £21.7 *F

*_ main effect for RF-s vs. RF-d, P<0.05
T, main effect for 1st vs. 2nd, P=0.06

AL, EEEIZHIT A HHb OREH & PIIn%E
BERIE KBS THEEICEL 72 (R1).
o512, H2EBIIBVTYH, KREMHRET L
HEERIZ BT A HHb ORX— 2T 4 », RIE, B
J OEE) B IGR OB ICE B 2 2 R o 72
B, EREEIC BT S HHb O E 5 & SE3 0 2
IR LN THEIED - 72

BB BENICEE R E I o7 (R1). L
&

3. % =

HIRHER) 2B\ C, GBI BAMmE L v o
QIR —I25 A LT DL DT, (&I &I
RARMET LM (B, KBRBIIRIMGT) & MM

BB AMBEOMETIZEZ 2 (Chin et al.2011



— 158 —

9 Kogaetal 2014 ). F7:, jE&hic@)E <
N DO TEIAIC £ > TR MR L FIH O
B (VO/Q) HEA Y, {EEN OBALIH AL
=B 2 LR ENS. SHOETIE, &
BHEE W-up (55 1) HEh & &R 2 EE)IC B W
T, KPR 5> HHD (238503 Btk iz B
L7207, AMIEE D S Bl R~ DORITIC
EoTQIE VO L) BB HIML 722 EAVRE
N7z 2 Ok F1E Fukuoka et al. (2015%) o
RE—HT 5. —F, SREEBOMK TS
W, KRIRE R EE RO HHb 1345 1 388 & 45 2
B & B WA RS . LA L, KBRS ERE
# > HHb (X )7 O EB FAG RO 5 40 HIZBW»
THEEREZRL, VO & QDHMEED < v
F U THE LT EASRIBE T

55 2 MBI BV 2 KBRIE  #E EF HHb 0~ —
AT Ay (WAFESOM), RIE GEB)E T
—R=2Z2 T4 V), BIOEEFIGAEEO R ENL
CEPERULE 1B IRT, AEAEE Lo
72 (FR1). LaL, PHRERRIZE2ESHO
T3 S ENEINC & o 72, KIBRE A7 18 kg 5 o HHb
THEBH L FAROKERSE S NIz EHRED
v —=AT v 7 (W-up) EHx V5L, W-up
BB TEE BT 2IEEHH O VO, O HNE
FEASHEL ), BERARSWALT S, Lizho
T, % 2EBI BT A KBRES HHb O PG %
BRI AYEE 1 BB AT, FANEIIC S - 725 A
LLT, FTHOAHZALNEZLNL. 1) i
B & M A U722 FLBR I & o CEE SRR iR
OEF Y7 b EIMEESR S, Bt MEER L
VOBEMREIIINT 2, 2) BHHEOBH
WANASEE 2 V), GBI O BN & i oS
GEEDPEDKREL oT, BEREIWMILIZE
WAENnsg, 3) 512, HREOLEFIZE-T
O BERERBPIET 2 2 LT o5
% (Kogaetal.2013'7).

8 1EB)CIE, KBREMEBE L KEEIcB

% HHb D=2 5 4, ikigE, B L OEEFLG
REORFLBENICA B 2= o7 (FR1). L
ML, EEEIZBIT S HHb O ER & SFIEn s
BERIE RIS R THEEICEL 72 (R 1),
BB, H2ERICBWTh, RMRERER
KBEIZBIT S HHb OX— 25 1 | RIE B
L ONEB BRI ORI E LA BT R o 72
M, RIBEIZ B 5 HHb OB E R & I35 4
I EE IR CTHBEIZED? - 72, EEHICIE
EFRMENZ G EN, FREHICHCGESR)
PO L D ENDT, EEIE W-up EE DR
R S N CTEERIRERICL Y AT NS

YORIE SN 5 (Koga et al. 2015b 1)) 2 4% 4 i
NENECEBESND &, HHH & VO, &
QDONT YA (VOQ) W asns & (W
RREOWA) BFEENn5.

W-up SEB)IZ & > TIHEIFH O Q % BN & & 723
G, EmsHEoB BRI Y, FEH ko
WHEAREEILHAL T 5, HHb ORI —HI3%
{L L7\ (Fukuoka et al. 2015%). —75, {&pEs
BEEIZB W TN EH &R OMEN 2= 33ms
%75, HHb O ZE M I 54 138 H OBRERERE X )
bL#5—127% % (Bowenetal. 2013%). Tk 12,
MEEROAY—EORE L IRENEEORRIC
OVTIEAAZL AL, 512, FEommRi
FRBHIZROND DT, BB &0 mEhh 4
ROBEZEREOSARIEDSH S I 2 UL, 1EH)
R OBEFZ AL DA & BB O L 7S
s h s,

BERL LTI, ORI X o T
B ORI OB RIS EIE R 5 (Koga et
al. 2014 V). HIGH O BRI, FHATEICER
% EAHAAETIX Q DBNEE A VO, D Z & D)
b, MESE (Pog) LT LIZC W, T/,
G DIENER YR < AR (BE 50 25w,
—J7, LR AT I VO 12t L T
QAAREL, POy A°E )3 AL F L CHMIE~D
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FEROWY ARDEND . L72>T, & MIB
WTh, HERHELSS K HENLEERH T, B
R DA T 5312 7% > THREAESEEIIR D,
PO, WA 2 L FRHENL. SHIOWIETIE,
5 1 EB) & 65 2 B, KBRE R RIS B
% HHb DR & IR A R R FFF 5
THEIZED > 7. HHb 13 VO/Q % W3 5 D
T, EfRMEDIS K EENDIEEH T, MR
KHH 3127 o TIHB 2D VO, & Q DN T
YADUE SN, BMEANEAD LIS
5.

3. 1 MRERROHZWERE :

1) 5RO W-up #EB) & 358 B) K 0 17 B 1k
FREEOMREIHS 22T IUL, EHGRMENS <
&I N DR OB BRI % e A R B L
ORI % h 5. & I, IWHHEfFOMRE
AROWD & EBFFRE R OIER ;R S, &
FARKE . 2) WEEED W-up B 235 B D
BIHEILIZ B A BRRA N TS B 2 LR
B2 L, FHRM L FHFERAEER) b L — =2 7k
DFFE, DF Y, HFEFAREI D LT O
ENTREE R, FERICEENGD 5.

4. ¥ @

EERED T+ — L7 v 7 (W-up) 1EB)Z v
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Exercise Training Regulates Adipose Tissue Homeostasis by Autophagy
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ABSTRACT

Animal studies have shown that regular exercise prevents high-fat diet-induced
obese. Autophagy has been functionally linked to adipogenesis, obesity and type II
diabetes. Here, we determined if regular exercise-induced autophagy activation is
sufficient to mitigate high-fat diet-induced obese. Male C57BL/6J mice were randomly
assigned into 4 groups: Sedentary normal chow (Sed-NC), Sedentary high-fat diet
(Sed-HF), Exercise normal chow (Ex-NC) and Exercise high-fat diet (Ex-HF). Mice
in exercise group were performed voluntary wheel-running exercise for 8 weeks. Mice
in high-fat diet group were fed 45% high-fat diet for 8 weeks. After exercise training
periods, epididymal white adipose tissue was harvested and analyzed autophagy
proteins by western blot. We showed that 8 weeks regular exercise prevented high-fat
diet-induced obese, inhibited adipocyte hypertrophy and improved glucose tolerance.
Autophagy flux (i.e., LC3-II protein) in Sed-HF mice was greater than Ex-NC and
Ex-HF mice. These results suggest that exercise training may regulate adipose tissue

homeostasis by autophagy.
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Effects of Wearing Compression Undershirts with
Carbon Microcoils on Muscle Pain,
Stiffness, Flexibility, and Strength in Lumbar Region

by

Norio Hotta, Hisako Urai
Chubu University
Takahiro Tatebe
Aichi Shukutoku University

ABSTRACT

The effects of wearing compression undershirts with carbon microcoils (CMC) on
muscle pain, stiffness/hardness, flexibility, and muscular strength in the lumbar region
were studied in eight male subjects complaining of general malaise in their lumbar
region. Subjects were studied before (Pre), 30 min after (30 min), and 10 days after
(10 d) starting to keep wearing compression undershirts with either CMC or control
material (BLK) according to a randomized, double-blind, cross-over design. Two-
way repeated ANOVAs were used (CMC vs BLK and Pre vs 30 min vs 10 d) with
significance accepted as P<0.05 and Bonferroni post hoc tests utilized as needed. No
significant trial-by-time interaction was detected in pressure pain threshold, the degree

of muscle pain, flexibility or muscular strength in the lumbar region (P>0.05). On
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the other hand, a significant interaction was observed in muscle stiffness/hardness

measured by the tissue hardness meter (P=0.02).

Although no significant difference

between trials was detected in each measurement point (P>0.05), it seemed that CMC

attenuated the increase in stiffness/hardness from 30 min to 10 d. These results suggest

that wearing the compression undershirts with CMC did not have any significant

impact on muscle pain, flexibility, or strength in the lumbar region; however it is

possible that CMC inhibits muscle stiffness/hardness from developing to some extent.
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Is Effective Strike Pattern in Distance Running Related to Mechanical
Properties of Muscle Tendon Systems?
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ABSTRACT

The purpose of the present work was to compare the ankle joint passive torque and
mechanical properties of muscle-tendon systems in the athletes of three groups with
Forefoot, Midfoot and Reaefoot strike pattern in distance running. Also, its relation
to athletic performance was investigated. From male subjects (71 in experimentl,
23 in experiment 2) with wide range performance level from world top class to
recreational runners, the ankle joint passive torque and stiffness index of both muscle

and tendon were measured using B mode ultrasound apparatus. The result of inter-
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group comparisons showed significant differences of performance between Rearfoot

group and both Forefoot and Midfoot groups, while no significant difference was

observed in ankle joint passive torque and mechanical properties of muscle and tendon.

The correlation analysis revealed that athletes with high performance tend to possess

high passive torque in observation of all subjects and even in that of each of Midfoot

and Rearfoot groups. Additionally, athletes with high performance tend to be with high

muscle stiffness index. These results suggest that high ankle joint passive torque and

muscle stiffness index would influence improvement of athletic performance in distance

running but the differences of effect in the variation of foot strike pattern were not clear.
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72%, 3 %\ & Forefoot % Midfoot TO#EHIIZ &
D BEE L EBEETFNT T AR R AL 7
DI L) 72 O FEEASR O & 1 2 W REME DS B
b, THRLABEOFHFEICE L TIE, Kubo
etal.y 12k, EHEERFRZIRE LoEs
RENTBY, BHIDPFEEL NV OEFMICE
W, B sy — 2 &7 L A stiffness &
IIEBREA W EATRENTWAE. —T, o
TR ISR 28575 5 NS, B OlEDs
KELBEMIBIT 2HEIHRLOMBED %
W

ZZC R TIE, AR~ O# A ¥
AW EBHRPMD I FI R BE S 5 & v ) IR
O, ooy, & 8 AR
L, 20, ZOBMIITHSR#EERLTWAS &
EROoNLELFEETFLET VT — (F=T7 %
EL Ny TTA) = ML —EFFET) Ext
RLLBES L.

1. MRHE

REFFETIE, DUT 020 DR % Fiti L 72, 5KER1)
PRy — 5, RESIOWEZE MV, 50
ZHEHIIN AT, RER2) Ha b N & — > DY
EMEDTIERENE, 7 5 NSRRI
BEREIC L > TTEFRIZ Ny 77 A0 — M)llELS
TEORTT RE 22 RER M S8 1) | A BkBRE 7> & i & I
DNFER T — 8 Rl 5 L3 L o7z £
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D720, KB L 2THERA RN R % 5.

.1 3 %

WRKSAEHEP ST v F—25LHED
PREETFZIRE L2 REB1IZIET4,
ER21E2BAVEMLZ. WIThoEFLHE
SHIPLED ML —= v 7 e L T\ ik
IR LT2HE T 0GR, EER 1 Tl Foretfoot #7°
7 %, Midfoot #f 2% 30 %4, Rearfoot #f 734 %4 T
Hotz. F7-, EB2 TIL, Foretfoot B2 3 4,
Midfoot 775 10 44, Rearfoot #7510 %4 Td - 7-.
MEERIZBIT D37 V=T O REEEZR 12
R EB1IIBWTIR, F£i#, FE K&
W27V — T ORI R B EE R P o7z, EER
212BWVTIHERG (p=0.047) @ &I Midfoot #f
& Rearfoot BT BAEMBIE S

T WEREORME FEER 2 © Midfoot #f & Rearfoot
B DOEFO ARF I R A BEDBE SN

FEhx 1 Forefoot # Midfoot #  Rearfoot #£
mean (SD) mean (SD) mean (SD)

NN 7 - 30 - 4 -

il ) 219 (7.7) 199 (49 191 (4.3)
g% (em) 1721 (59) 169.9 (64) 169.8 (5.9)
frE (kg) 547 (3.2) 55.1 (4.8) 548 (104)

FEER 2 Forefoot #f: Midfoot #  Rearfoot #f:
mean (SD) mean (SD) mean (SD)
A& (N) 3 - 10 - 10 -

il (%) 217 (2.1) 207 (600 170 (2.3)
& (em) 1734 (82) 1729 (6.1) 1694 (3.9)
fFE (kg) 539 (5.1) 575 (5.0) 547 (3.7)

3L AEDEFN000m HHN—-TTY v
FTHREME L72A, —&F, 1500m, 3000m [
TV VOBFEPGEND O, Re L
H 05471 % FEEALS TR % 729012 IAAF
SCORING TABLES OF ATHLETICS 2014 revised
edition (IAAF score) ¥ % f#f L7z, 4Wig d
IAAF score 1% F- 35 856.9+185.7 s (& PH 506 4
75 1287 ) TH Y, I OFIELERIE 5000m
HTUGMUBITHIGL, BOBE % b %
WL EINLWHBEH CTH - 72, WhrEIL, F
BICHEBRO BEIZOWTAL Y Y FESICHED
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W BV CREM 2 S & 520, RS
FE L7z F72, ZOWRITFARHEEESOK
AT CHEM S N

1. 2 EMNNE—"0OREETIV—-TH
Ty THOBMNY — R FRET HTD
T RNIIBTFET VT T AN, HHEWN
BRI B 2o 2 F L7z, WIEICIEE
HEH X5 (EX-100Pro, CASIO, Japan) % >,
120Hz (2 CRAREIC BT 2 EBERRE L. 7
Sy RIIBITAT =y 75 A MTIE, 1500m
& 5000m D L — A R— A2 BT B EBIMEAEHI
SNz EFIZI50m 2 L— A #EIZBITA L —
AN = AN CTHET S, 100m I B 1 5 EE)
e flsE L7z, F72, BHEAICBT5HETI,
10000 m L — A2 BT % 5000m 2* 5 6000 m D [X
BIZBWT LR L FBRICREE S X 7 2 72k
W EsEz s L 7.
BONTWGEH SHH Y — > 25 L7z 4
B IZ ST~ 7 b Image-J (NTH, USA) % H]
Wz o X 5o 5E L Hasegawa et al. (2007)
Nftotz. 3 b, WL EbHEHEE (Forefoot )
TS T 2 L0 RSB TERASHUIE 2B B
B PR (Midfoot ) (3JE & B T-ERE
MEFFICHERT 28, 2L C HEbd L VIdHE
JEHEHEE (Rearfoot #) (ZHEASIRANZHEHT 5
fELERSI N

TR EEHEEAT R O E O 2L L Ny — o
DEALD W BV & MGES 5 725, BBRE H o 37
ANDT—% &M L, 1500m & 5000m o ] 3£ &
AATICBI BNy — v R L8 2 A,
M85 — v 2B EELBTII W a o7z o
T, 5000 mDEREFATICE W TBIE S N72H
WXy — 2 % ZORFOHREMEITROR M
y—rE L THRAL.

1. 3 ZREHZEH LY &, BODZHE
MEDETE
1. 3. 1 EHEHSEICHISZTEH LY EHBE
HEROEE

DIFICR#ET 2 MBI 2w, EBR1 TlEZ
AV OMWEDH, REBE2TEETOLDE
it L7z

SRR A RO E L2 MV 7 DRSNS L

WZRRERT S - R BET R MoV 2 BRI (VINE,
J@m)%mw,ﬁﬁﬁ®iﬁbw7t%&%0
(BRI D J) A B R ASE I S 7z, BRE
JIRT DA | R B R R R AL T L, FE R
MEIZ R NEto 7 v 7L — MCEE Lz EH
HiOREIE 10 B2 WER AR & L, KEE 0 B (%
FIFRIEAL), HIE 10 B (22 0B, -10 B
L) W7y ML= EBEEL, TOBOR
vy 2l L7z, HAEICBWTE 2B E
EEDIRTEZ MR L, =8 MV 7 &2 %58 L7IRGE

DFLFF T 5372, TNENOAET 2 ML EoFH
ZFEML, 2 BOFHIMEIZ 10% DL EoEsBig S
N7 a3 3EEH OFHN 2 F 6 L 7. BERIET
WL 72HE121E, ZORMIEREO 7 — & & 3k
ﬁktf%ﬁﬁ%mtt WBRE ) T v
JAEEDEHITIRRL, BEEIGZ bV 7 S
BTWEHICRE L BoNnT— 513 ADa
> /N— % (Power Lab, AD Instruments, USA) %
AWV 100HZ I2Ta vy ¥a— 7 12itsk L7z,

F7., RBEIOZEINZEIEE FEHT 55
12, W oMELZ NS 5720, BEE G NS
DG 2 & F IEMERT IR O #E ¥ B mode T {5
(Prosound C3, Hitachi-Aloka, Japan) % 5l L 7-.
FHAL 7253 14Hz |2 TR IREE O X £ 1) 12
gk SN,

KA, WAL D T AR R R 52 0 7290 D FHI 2
Fh L7z, TR R K RALOREET, e
B % I 0 B TR DTS RS L7z, BRI S
BT — I VT Ty T LR C ORI A
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DBRD T2, PBE IR T O L BRI 0%
R D3 2 AT - 72, R 1L 4 B %
P CIEIE PV 7 iR E Tl S5 X9
fERE N7z, COMEITIRETD 2 % S,
2 M OFHIME LS 10% DL D7 5 S 75612
E3EHOFHM A T L 72, BT L 7258
21k, CORMEROT— 5 2 RFEME L TH
MR L7z, £/, 20, ERRoZETTE
REDHIE & [AFRLC, BE I B mode Hif§ % MU L
ALER L7z,

1. 3. 2 f stiffness index DEH

[ {ULEL > 7 b Tmage] (NIH, USA) % JH\W T,
B mode BTG4 6, WA O/ 5 & Z D7
T & O EEFE L, O MEAEE 5B
WIRF IR T RE)Z B L, BEEmoMER %
KD RIS, /oM ZE PV EHEOMEE
OO 7T a y b s, IR0 D S KT RO £
T (Fstiffness o) &, T HEOEE D S FE10E £ T
(Fstiffness_1op) O, T A FE M O EARRIFIZ BT 5
EExEHEHL, HED Imm RS 5 DICLER
MV 2 & L C stiffness index & EF L 7.

1. 3. 3 7 %L X[ stiffness index DEH

i stiffness index OF Y & FIARIZ, BEIE O
W ZOEAMEE L O SEFTE L, ZOHD%
R S ) OFEFICHE ) BB 2B L, TH L
ZMEOMER %Rz (Kubo et al. 20148 & [[]
FOFE) ., WRIZ, Hohl2B MV EHEO
MEEOMBOTO Y bb, MV ETF
L AJOMEEOBRO 77 7 2B L, AR
DES -HEKICBIZ V=7 —=Yar? T
DOEMEFIZ BT HEE2HENL, 7% L RS
Imm M ETZDOICLER Vs & LT stiffness

index & EF L 72

1. 4 #%Et4nsg
HWEE B IETFIEME « EiEFEETRLE. X
ER1 1B 5 3HEMOIICIE, —TChLE D5
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BT & I TITV, B R 2580 b8
AT Tukey HR1IC X 2 KM OFEROME %
To7:. E8 21285\ Tld, Forefoot HiAt3 4L
VDT OB L DFEOMEIITHOTSEME
LCME%xR L7 %L T, Midfoot & Rearfoot #f
DRI ATIRO 2w e () IS TERL
720 7z, FWEHE LHEUN T 4 —~ 2 A (IAAF
score) & OAHBAZHT % #ERE 2k & KN TIT-
72, ENENORBEIIBT % HEAKHEIL 5% Kin
L7

2. #& R

EER1:

RBHEIZE) bV 7 Idm AL b2, BEHICE
WOREIT B EEZ RS ah o/ (B, 0
p=0.116, -10 i : p=0.148). — 75, IAAF score
WX HUCEE L= DY) (p=0.040), LEL
4% F, Forefoot #f & Rearfoot # |2 7 A 2
& 1, Forefoot #: DB ) 5@ o 72 (K1,
p=0.037). F7z, FMEIEH & IAAF score & D
B OMEREZR 2 18T, HEREEEOY
&, 10 EORAT (r=0.38) & -10 FEDFAT (r=0.56)
WBWTHICHE MM Z R L. BT,
Midfoot # %% -10 £ @ #4712 5 > T (r=045),
Reaefoot # %0 & (r=0.35), — 10 & (r=0.61)
DFTEDITHE 72,

xR 2:

i DD FREEICIE, wThiZBW T
Frontfoot #f & Midfoot & & IZ DA LN o
72 (X 3, i stiffness o gz :p=0.15, i stiffness_jo
e :p=0.35, f# stiffness : p=0.77). — 75, IAAF
score |2 ITBE TR ENR 51 (p=0.039), Midfoot
DB DE o7z F72, FBIEEHE & IAAF
score & DAIBAIHT DOFER B 4 1R 9. kbR
F BT D1 stiffness_yg jir D A DRI H =7
EAHE 2 7R L7z (r=061).
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K2 FBRl=ZB) MLy (KEBOEEEHMI0E - ZNFN0MEE, — 105 & KiE) & IAAF score & OB GHT
AB: £#:E#¥%  C.D: Forefoot #, E.JF:Midfoot #, G,H: Rearfoot %

il D T AR AR B 2R A R v & v

3. £ = . . .
ILDTHo7. BHAY AL EER)E OBR
AW BUT B ERERIE, By 4 712 & 2BV, BiFTJI255 W & Forefoot %° Midfoot
DHEMNZE I 0EEIH LD OD, FEHMILVZ R TOEMMNE Y, B & Rearfoot
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IAAF score (points)
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o]
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Forefoot & Midfoot & Rearfoot &

K3 FER2 05 R BEO MO stiffness index & TAAF score
(RS 0 FE L3500 10 FEIZ 2 2L 0, — 10 JE & 350)

TOHEMPHEZ L WD DL ErMbILTY
%9 SEOKRIE, Zho0EREYIHIORL
725D TH Y, Forefoot #f & Rearfoot #f D IAAF
score D TF-IE D 1L 229% (EE 1), Midfoot
i & Rearfoot & D7E1x 14.3% (FER2) L k&
W DOTH o7,

—J7, ZE MV IIIHEM IR SNk 0o
7o, AGEORE SIZL ) BEREPRKE VD
FERTIC BT 2T A BRI R WAS, BHEH
W E T % R #E (Forefoot>Midfoot>Rearfoot)
E [ UNETZE) M v o o FIghm e En (EER
1) WZHbH T Lid, BTN E OBEIEL
MR TII WS &, R LZORBIIREL S
W2k (EER 1 O EU TR R 1 p=0.1-0.15 D
#iFH) ZRELTCVLEEZLNDL. ZOXH) b
V72T B ELILGEE O stiffness (2D BT F
4. O stiffness index OFIED K & X ORI
LB L, B RE2DbDE—F LT
LAaL, HfEEORE SICE )BT EEE
BN o7z, —J, B stiffness index (3#£ 12
LB EFIFMHEIZBNTH/AE 2> 72, Kubo et
al. (2015) ¥ FBHIN A VRF B2 R R
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b OB A KT UM stiffness (ZHEB O F=DS 7\
CErIEL WD, SEOWERE IR 5
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IR 2 A e o 72,
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) SN BEESH L 2 L R RIEL T
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23, [ CEMZ R THAMEBICB W Th RSN
(Midfoot #f & Rearfoot #). ©F 1), EHHBEEED
WA DG ETF LB O ZE) bV 2 DS R
MZdH ), ORI UMb ERTENICB Y
TOHD D WH) ZETHD, EHOZH MV
7R TEDEMEI T O L THR2AL X Y
7 WE\ L EE 7 BB 7 EBAERIECE NV 7 25§
C LT E B 7 ERIFHEE OB EISEF 2
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¥ 72, fi & o stiffness index [ZB8 L Tid, 4
WeERE 2ot R e LT LR 0 BRI BT
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FU B bDEERD. —), EBR1ICHA MR
B A R VERR 2 TR I AERR 1 &
D HIKLC, ZOMOKRIIFE L /232 L id
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RER 2 TR ENZHEIC X D W OLER O %
X, ¥ a2 = 7ETZH T Rearfoot 2 #h 0 3#
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FIE O B LI 10 BElZ 22 0B, — 10 B L %Kil
THHEIIDPENAINZ S 5 7225, Ziud, FEHEE
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MELTWw202b Lhkwv, EE #HEo
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DR, FHEHDOBmCEFIE, HxE by
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BRI e LN RE LGB VTR
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Effects of Gargling after Exercise Accompanied by

Rehydration on Intraoral Environment

by

Toshiyuki Takahashi, Mai Ikegawa, Toshiaki Ueno
Department of Sports Medicine/Dentistry,
Graduate School of Medical and Dental Sciences,
Tokyo Medical and Dental University

ABSTRACT

Researchers have reported that athletes have more dental caries than ordinary people.
Though exercise-induced dry mouth, rehydration with large consumption of sports
drink and food, and poor brushing of teeth are mentioned as causes for the higher risk
of dental caries in athletes, the details remain unclear. The aim of this study was to
investigate the influences of rehydration on salivary flow, pH and buffering capacity
during ergometer exercise in healthy volunteer participants. Ten healthy volunteers
(5 males and 5 females, Ave.22.4 yr old) performed bicycle ergometer exercise at
80% of the maximal heart rate for 30-min in the 4 conditions: 1) only a sports drink
for rehydration, (Aquarius, Coca-Cola & Co., Ltd., Tokyo, Japan) 2) sports drink
for rehydration and gargling immediately after exercise, 3) sports drink diluted two

times for rehydration, (diluted with mineral water; Evian, Danone Waters of J apan

T R AR =V FE Vol. 37
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Co., Ltd., Tokyo, J apan) and 4) sports drink diluted two times for rehydration and

gargling immediately after exercise. Participants consumed 150ml at one time, and

received hydration four times in all. Paraffin-stimulated whole saliva samples were

collected before, and right (Omin), 30min and 60min after exercise to measure the

salivary flow rate, pH and buffering capacity. The salivary flow was almost constant

throughout the experiment. The salivary pH decreased after exercise in condition 1.

The salivary buffering capacity decreased significantly after the exercise in conditions 1

and 2. Regarding the salivary flow, pH and buffering capacity, there were no significant

differences between before and after exercise in conditions 3 and 4. From these results,

it was suggested that adequate gargling immediately after taking a sports drink for

rehydration in association with sports and exercise was effective in oral health.

2 B

7 A1) — b DN MIREIE— I NI AR TE
W EAPRICHE SN TS, BB T,
AR=Y F1) v 7 OEFIEI, HELHAEORE
b, WIKIEFICL AT Ty vy 7 OREREDD
D) A7 ZR|SEITEEZLNTVDY, £
DFMIRIEAHTH 5. £ TR, HEB)
H O IR GTRRR SR s i, MR pH, W A
REIZG-Z B3 BIZDOWCTHHL NI T A2 L 2 HIY
L7 BERAR-YEFRI0H BHES %,
L5 %, PR 224 %) 1AL, EBIER
HEpA HIEHE TV T A— 72X D ERL 72 EE
(IR 80% DHFRFEEB) % 3047 & L, Ko
HFGIR & BB E A OEWIZOWTIE, (1) AKR—
v RY B, SWARL, (2) AR—=Y R ¥
L, EWbHY, 3) AR=Y FY 7 (34
TN — 8 — 2T 2 BEAHO AL Sk L, (4)
AR=Y F) 7 (IATNT+—F—I12CT2H
) B, EWDH D D45l Lz KO
w3 1 d 720 150ml & FEERA I 4 8], & 600ml
S W72 FEBRED, EBRIER, 30408, 605
RO 4 e PRI & 47\, WS W i, R
pH, MEAEMEZ HE L2, WIOLGTIC
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BWTH, MEEWEIIERTE L TITELE
ol Gt (1) 2B\ CES)H O MER pH
PET Lz &M 1), ©2) B TLERZD
WERREREDS A BIIKT L2, & 3), (4 12
BT, EEYET R CHEER W R, R pH,
HEREEO VTN S FRELLMIIAS N2 h -
7z, UEOfER LY, B ORI & B
RO 2 EWIE, TENRBEICEE TS5 252
EAURME ST

B

onji

FOEO Ny TT A — N DI AlEEERH L
E— AR TE N LRI RE STV 2
D FFSIck 28 200447 7 AEFLF ) Y E
7 RUT2006 4 R ) S A&FEF ) ¥y 7 OAARR,
TR T OWRBHREIRIS OWT, i E A D
IR 21211109, 105, HALE S fldEHIE
Fhen22 17 THho7 Y. 2005 40 sFE
BFEREA TIIALE T A ) Ta R 745, KL
HEIEHIE 1l THo2Z ens, ThHDOHIE
A LR RCTH o7V, COERE LT, EH-
AR =Y ER IS 178, REREFIZEDT Ty
Yy rORE AR—=y Ny OBFEI, M
ERHEOFER LAETFENE Y. b
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VS - AR =V FEROFETIZL Y, Bk 50
WZHEES LIS LITE L A2, 2 OB MER 5
WORKTEERL, HENOREEIEDIT, I
PER OB EFEH O TICX Y, O fggdEhito -5
WZEEN D FERE £ 0T A — MIBKTB,
BIFENT V ADBALZ ) ENT =< v A% W
HBIDLOOFRMEE LT, BRYIKS G
EATo TV5BAS, ZOKHRIEIENEZRE Y
3, R WRREOMERFIC O BT A EEZbND
O —, BB AR % 7R CR,
RN Ly FIWETH L 0IEZ T a7
BHICAR—=Y F) 7 2B 72568, 347
V7 — & — IR (2 P pH, M A
BEAMETT L, SEB)F 7213k HiRR S U T A
VA7 OEBHTE %0 D B REMEARIE S 7z
59)
TWAR—= KU 7121E, EHEIC L > Thb
NI ANF—RLEMELMGT L2012, TF
A, ToatE, EREL Vv R R, Nat, K
Ca?*, Mg b\ o 72 EIBE % i & %0 pH -
BETICHELZDOMRESINTEY, Ihb
DK TFi B L OB EIET OREO 720 12 HE
ThHorI b E®mEATws Y, chaegirT,
AR—=VEWRLT A — b BLOZORESE
2, FEENOREEmME D &, N7+ —< Y AIZE
FET B PHIKRR HIRIE T~ OR R & L TEBIFFOIK
SIRREC AR — 7 OB OB & FEAR Y 12T > T
LIlbtmicEzons, €0—k7T, Xi3&
PEFWMICHR2 L9 Z2dBx L wiRD, R
BIEDRNERLNT > ZADEH, THFLVF—D
HERTHIIENTHEIATOI TV 2 RO
B EICE o CTHRPIIEFICHET 5720, fH
DOHERE - 1 L& B & L 72 EHFEE Ch L EE)
BOAR=Y N 713 E LWL D IFAZIZ
IMENVE VI BREIZEZHZRE L Vo RLED
»2 10-13).

WIFNIZE L, AR=Y RV IPAR=Y®

NI =V RAHFGTHI L2 EALE, A
K=y FY 7 2B 255 OERNOBREY
YWET D HEREE LY, TOHROIES T2
BETHLENRD DL LV DLH, BRI T5He
IUET Y AIRIZREN TR, 2 2 CTRIfgE
TIE, SEATHIZeRE % 5 F 2 TR 2D &
T EE) 2 O EWATANENIRE 52 5 IO
T, KOMWAEFMEEZ S BT L2, 2
MZEh, 720 = bMEELAR— Y EFRIIHT
L, AR= Y7 28 -H%ORREN %1
Wi 7 HEOR-ETRe L 220, F 2 ERE%E
ERBHLETOHLNERRARLESL LN TE
LHEEbhs.

1. MRAHE

1.1 #HERE

DR FE DT L AR— Y & B DR H A4
N 10 44 (1% 5 44, 2214 5 44, 1940 224 %)
T, FAOMERICFRICRE D % <, WFIREA R
FHeRMRE Lz & BEFHGIEGRE TS OF LR
L7z, RHFRERICOWTIE, ERER RS
WG R RS ORI Y1572 (45899 5).
ETOWEE L, WROBREENELERB LV
MBS CTHadill e, CHEICLLAM 74—
ANavery bEERHLZETEBRICSMLZ.
Wit O &3 157 ~ 179cm (F34 166.0cm) £
13 53 ~ 80kg (*F35 60.3kg) TH 7.

1. 2 EFREFHER
BHR2BMMUEREBL, o7 Ivy Ikl
BRI DL A L 72T, o b o — VIR & R
WL EB AR fla L7z,

FEERIZ BT 5 EB AR, HEEo LT
A= (Z7U/)NA 7 ai: 37Tk AL
i) ZHWT, M550 +—I 07Ty
T D%, BERIED HE IR 80% & 7% 5 L X
VCHBEFRES) 30 4 & FE M L /2. AR T,
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BRI ENRIT £~ — 55 01 % 1)
TIVIA LTy Ea— S L, HBHIZNRS
VOB E Y ba—)b L CRERIMEIG U7z
HFMFEE 21T 2 LA TE L. HWEHE 2L,
TREA S 1 H LSO ThbEr.
FMEQD - AFE— B v 7 BEC - BB O S
%L
FME@ 1 AKR— B ¥ 7 EBE - BB RO &
»HY
M@ AR= F) 7 (332 TN T+ —5 —
(2T 2 REAmp) BRI Sk L
GO AR=Y R) 7 (I XTIV T — 5 —
(2T 2 R B Sk
IKATFEARIE 1 B & 72D 150ml 2 10 438 X 12,
EEIBIAGHT b FoRt 4 HAT o 72, EWI A RS E
BB O KRS HAEHEZIC, 1EH720 30ml % 112
GAE10BWHE DI LR ) A% 3EdT- 72

1. 3 KpHE#H

KIFFEDO KSR E LT, I 2TV 7 4 —
¥ — (pH75: 7™ ¥y —r—X
F TV oS W) LA R - F
Vrs (pHAO: 77T TA™ HARax-a-—
TR W) RV

1. 4 BRRE

RIFFETIEINT 7 4 27 v 7 ANAMEH 4 R
ERRILL 72, 1g EOMKRME D/8F 7 1 2Ty
o AR % 345 30 AN S 7. #1130 AR ol
WERLEIERI L, DB O 3 55 B ORI O 4
THaEFEAICER s, I L -2 % 5te L
7z (e ) . MR U E BT (2> o —
V), BE)E%, EB) 30 51%, EE) 60 5 OF
410772 (1), F&MHF@B L U@IZBWTI,
ETURAA BRI L 72 2 BN A O b D & L7z,

W pH 3 & OV A% T RE (L, #5778 pH X —
% — (LAQUAtwin - Jg35 B/ EAT 3 - 5046, X 1)
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1 LAQUAtwin - Y33 prir il

wHWCTHEL., 9. pHA—F—Dt 2 H—
RV ERICEE R 0.25ml {if F L, 2R S 17 pH fill (1
i pH) % G ALY | Z D%, BRAmR (FLER 0.25ml -
pH3) %t >4 — FOBURHEER 123 T L 20 7
RABICFR SN pHE (MERARERE) % Fidk
o7,

1. 5 IREIFRIRTE

FEEETE L N7 — Y IXEAL L 7otk FRTL
WEAITo72. od, FEECCERALL 72 50RHER 2 14
ZORTHE L7z, EB AR R BT 5
Wi, MEVE pH B L OMER T RE D 2Lz D
WC, =LA 5 #5HT & Bonferroni % 7z
HEAKEELp < 00125 & L7-.

2. MEHER

2. 1 ERHE

TR EM I L B M pH DL Z R 2 1278
WO ST b BB 12 | M3 3 R0 R0 ik
D & o lzb Do, FEhE L TRE %L
EALNT, BEMAIEORE, HEERIAD
Nixmproiz.

2. 2 IR pH
EENEM I X AR EOEL 2 B 3 127R
El



—192 —

(mi)

5

4

3 EEhaT
EHER

2 EEB0H %
EEHE0H#E

1

0

&1 &HF2 &3 &fHF4
M2 EBENTIC X B W D2l
72

6.8

6.6 EEET
6.4 BEEE
EE30 %
6.2
EEB0H %

5.8

5.6
1 M2 3 &4

|

3 EBHAMNIC K 2 EEE pH DL

ZHOIZBWTIE, EBEROMER pH 25K & <
T L, #atF e of R, )ik L a5
30 434, EENIE % & EB) 60 47 OMEWR pH TH
HENALNT

FHE@IZB VT, EEYE £ IR pH (XK T
Iz 0, EEYE % L EE 60 43 1% O BEE pH
WCHEBENALNIZ. &40, @IdhEL T, &
B2 O EB)E O pH XML L, EH)E %
726 8B 30 3%, TEB) 60 5142122 THEWL pH
AEEL, 605 %ICIEN—Z2F 4 VT TETS
MBS SNz 72721, EERIC W E L4k
@I L T, B Z OB pH O T 255
TEOIZERY 2 2 TH o 72.

AR=Y F) 7 OREEREHO LML
T, &0, QOIZI~GERNE % O MER pH DAL
THRIET 22 EATE, JEE) 30 51212 ITEER
pH 2SRN—A 5 4 v FCTHIE L.

FHOIZB VT, EBx il L TR pH 0%

7

6

5

4 XL
EEER

3 EH30H %
EHE07 4

2

1

0

M1 &F2 &3 &4
4 GEBEAMRIC X SRR

LIRS NPT

2. 3 ME&fRERE

BB IC X B AR RO 2L 2 B 4 1R
El

ZMO, @TIE, MEB)E K OBERARE R T
L, JBEYE %2 S EE) 30 47, EB) 60 57212 H
VTR A IR REOMEATEAE L, TEB) 60 4
BIZIZIZIEINR=AT AV FTET AEH@DA SN
7z, WETFIIBCEORR, O, @k iz, &
B & BB E %, EBYE % & ES) 30 40, EH)
B 14 & 3H B 60 43 14 DOMEEERE IS A BAEL A D
nrz:.

ZMEG), @TIE, EB)E R OMEREEREDR R
BETFEMICH 200, FEbR% i L CHERREEfE
DR ERZALIE R L, AEELALN Lo
7z.

3. #

i

3.1 EBHEMICHEERSBEDE(L

— SO O P 4 W S 16ml 43 & B
bILTWAEDS, SHOFERIZB W CIZEHERT
INETHAMHEE o7 1Y,

EEIEE ORI EFIIRITFT 5 2 L THRET ST
BY, EEEHICED BIFICL > TS, BRE
b, EHEFOTALVF—FHELTY V57
B Eshs D F7- EREIEHHICL
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BA5-3 5. SEBE T S0 B B AR L KR
BT ozt TOBBMBESLY YT ED
WL - TREEDEL, MEH OKSLMmE
BE (BMIIMAE) %38 ) LG M~ & B E L,
FRE LThkERET SRS Y. $7-EMW
BOARIZ L) HAEASHES N, X7+ —~7 >
ZOTRIBL L E 25N 10,

WS 5 D 99% DL E1doK 5 Td 5 28, MEH O
AR (MEERS) LB L b, F1UC
MBS AL A B L MR s s =L
F—RWEIKE BT D0, BRI M
BT B 7260, BB OB O A KON
LORMLEEZ LN, MR FAIIEEI
NOKRGBENC L BD, ZOAH=ALE LT,
BN COIMBEIERIC & b 7 > TR NTE 2
BEDRKGOEEIMEMESI ND Z &, F T
WIZFLER %% & OB BRI BA- L, Mg st
DRBETAMIC L T, KOHPHMBRIZHAT S
TENEZONDL Y. Liao T, EEEE
KGR EATH 2T, Bk 7r—< 0 2
OITZBGIES % & & B2, M A AL T O,
FER & L CHER s O T ORI T RE & 72 5
16-18)

RIFFEIZ BT, ETOEMFIZB VTR
WMEIT->TBY, EEBEOFIR CHESWEICRE
BREALIT A SN r otz — %I, EEH DK
AR 13 10 ~ 154 B X 12 100 ~ 200ml 7% 58 4]
rEnTws 9 22 TR B W TIEKS
HREEMHROI A IV T 2ffi—T 57201210
B EI2150ml, FH600ml EFREL. 2, #
FOWFETIE, KM EZEBREOLEL L2
H O IATVTF—I—LDHAR=Y N7
I, W E S VIS o7 E DS L 52 ).
ZIUE, AR—=Y R 27 DB T WERIZFEE
ENTVLZENHEE LTEIFONEDS, Hifh
EMNL D 2 82 L o TR pH X2 MR 8 HE
12, X525 RE TSI v, F
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72, BRIZBWCRBAETR & LTk
W LETH Y, EBRO LA S FHEBH, E
B HEOKS W EIT) 2 L OEEM % Bk
TRETHLLEORBOL NI L2, SEOE
BRI BT b EBI ORI TR & T 72
020 = k5 (BB AR O KGRI E T 4
WS T — U722 & T, BB OREEIC X 2 Mk
DRI 2 L EZBND,

L7275 T, SEBIRE I8 2 K 2475 &
Y CHER WS RE DI T 2 9109 2 2 L ST X,
ZORE, O MRIRAE S KO - AT A2
A MO—VTLIENTEDLEEZLNS.

3. 2 KPWRRMICL B3ER pH & EREE
BEDZAE

WEE O pH 35 & OMEEAR AR IS TS Mt O &
WEEA 4 > OB X2 X o TR ST 5 1617,
MO T2 X ) b BRI A 4 > 0% 5
WEND0, BEEAISTHCEH. 20700
AWFFETIE, MERERIUT MRS 7 24 % F > COfl
SO 2 BRI L, BRI O pH & AR EREIZ D
THET L7z 72, eSS & W pH 1213
BdhHsEShTwd 2, BEREEA + il
ST 23 WA TR FEE U 25 IR LTS B 72, W
SIEEEATH S & FAREEA 4 CREE LI L, MR
pH 1 B2 2 R HiG 2T h 1B L 72
S, W pH 2T R TSI 5 2 L id
AT RS DO NI o T DA, Ih
(BT & 0 FLEEAERE L CER ML 72 it
Wz 7V ) VRIS S 2 720 2L ) B R IR
A F ARSI, WU AI & N D TR
A4 VAT LTS &\ L 72 pH O
ThrEEZOND.

gL 3, —EORBHI L —EROME 7
7V A ) BINAZEZ pH OfES &0 X ) 1I2%
b4 27 %MET 22 L CREENICFHTZT .
IR ) BT, MR ORIC T T B R
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e MES H700, —EEOUERIZ—EEDOR T
WFL7cEEDOpH OZF 2 FET T LN &
245 ok REEREROMNEE, B
e L OV TR DL AT 20 5 pH a3 % pH
A= — B DHWIEERER T Gedh 7 pH R
Bk GREREZ M) v 7 A) & H72illsE 6l )55
EENTWED, BOHTHEZIT) bOTIIER
OB R CTHEAEIHE Ko7, HEREROME
KRBT OLFIZL > THEEIELDLoTLE)
7MY R FHEATE R BTl b ore Y,
K7 CTH 72 LAQUAtwin X, F = 7% 4 FT
O EEE L, HEEOFNZ L 1 HEICHH
TE5WaThY, W Lo EREDMEA 5.8 LL
FARIRTHAIE [E], 4.8 Dk 5.8 FKiii O
AT TR 48 KB & 1E [MERwvw] Lvo
ToRHMAHE R & o> TV 528, RIEREICIHE AR
FRELASND P

BTN & MR AR & OB LT, St
YD 12k ), BhEbLOWREHETY,
I FLER RSB A 2 (OBLA) M4 OB R b L v
R I OVEMEE) TG, MERAR SRR DA BIAR
THaILns, BEIFEMIME ) MHETT) 22
DEE D AREEATRIE SN TV D,
ZLDAR=Y FY Y 712IE 0 Tk & Ok
WEENTBY, KO pHIEBBLZ3~41C
FEENT WD, SRIOIFIE T A4 DI 72 f0E
DOpHIF4TH o7z, Fabom by, pH Ok
B HEHEI I L 203 5 BB 21T - 7235 h, &
BRI OMET pH P MEE R B Y RITT &
WA ZEIEFBRICHS I o TWARY, SED
FERZ BT, SO TEBE A & EE) 30 574,
JEBE % & HE) 60 45 O MEE pH 12 H B AEA A
LNz LIRETIIRDOE R EBRETLLDTH
5.

—7, GA@IZ OV TIZEBRO % THEE pH
B L OMEEREREO KR & 2288372 <, EB)EZ
DOWER pH 3 & OMEREAEEREOR T IZELTH -

7o, INLOFERNS, EEHFICERT 5 AK—
YR I ERFHRT A L, LENOBRERE %
555, BEROMEEEHME X 5 W EREEAED HT
TREEARIE S 4172,

3. 3 KAWEHEDOERIAES ER pH & 1R
REREDE(L

FHOIZB T, EB)E % & EH) 30 571%, &
BT 2 & BB 60 20 2 OMERE pH (2 A BEAED A S
N, SHIZ, EBhET & EBYE G, GEB)E A L EE)

Gk, EBYTE % L BB 60 43 1% 0 MEE M HE 1S
SHBEAENALNI, T, EBFRFIZ AR -
KU Y27 ®&) % pH OV ERE 2B 5 &
CIEN O pH 2ME T 9 5 721 T2 < REEH b K
TIHZ XY, pHOER—=AF 1 Y IZEfET
LOICKHHEZEZESTLZEEREL TS, L L,
FMHOIZHEROQ), FHGIZHR@O DR pH O
TAHER N T o7z,

SF ), EWETH LR, AR—YFY Y
L 722 & CTERRMEICEW 2 OEN R N— 2 5
A VICAE SR LM R EE 2o Tnd L%
Aohb. Fi AR=VF) 2@ Lz4%
H@OIZBWTh, FEipx L CEEREEOKE
BREALIEI R HEADAON o7z Lizho
T, KOMAEBOEWE, TFEN OB % 555,
WER DFREE DB & 5 VB E) I 2 & &
MEIZTAHLEEZLNS.

RIFZEIC BT, i LRG3
TINVTH—=F—DIET Y EAR=Y ) 7D
TOI)TADKRTH>12H, TOMAR—Y K
)27 OFEHRCAR—Y KV v 7 ORL L HHE
FEIZ X B, WE pH B & OMERRH RO T B &
UR=A T A I ~OREOREE - FBEEORESIZ &
0, KOHRGIRICBIT A & U B R RIE 8 A B
LRI L T ZE UG HOFEDO—DII R b L
Bbihs.
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3. 4 BHEEOLDHDIFR—YEFHBREND
SR G ORET 7 HiE

AR—= B ¥ 7 % {22 A% 5 358
TAHI LKLY, EEIBROMER S WL
b oo, MR pH 3B & OMEFE AR T L,
BEHION— AT 4 ZHET 5 £ T2 60 574
BEF 7213 N DL L OB A 0 % 720, TIER O
9 fill - BREVE D FSAE - AT A7 D3y ba— )
BEHELC, 20X BRRUTTEDLI BT T
O—FCHRETr 72 {To T REPLWVH T L
WEINFETOBRETH 7. Lo LARWITEH R
5, EEIEFICAR = R v 2 2ET 551
QEREICHRLzb0L L, FIEERICIEE
Wk 4T & T, MER pH B L O E RO N —
AT v~ DR RO L Z EDHfFcE sz L
DR E T

TEEIRE (C DN B KR EIRE, KA ORI
WFEBMIZH NN T + =<V ADE T O IED 720
W2 RPER. AR—Y %247 B FDIREE
FICH LT, AR=Y FY 72 BTLZ LD
Ay b FTA)y FERBERLTH 5, JEHE) -
BHBICEM AT S5, MATERDT T
U THEDF=FINT TR ARTWL X
9, HRHEM R A LR 24T 5 Tl 2
ENHEETH L.

& &

ARG3AAE % B ) B B 2 O S DS T RE Y R
252 23 BIZOWT, KOMRENREEZ BN
SILEHEN L7z, AD AR =Y BIFRE R
EEHT, EE G, SR 30 2, SR 60 5D
TR 2 PRI L, S B 0 Wk A M & 1)
WoriE, WERE pH, MERAREREIC SO XD R
BA G2 D00 %HE LR DT oM@mT S
7z.

1 BB AR O ) 22 K AR L, MR W
DT 29 L7z, BEYERRE AT 9 KGO
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b % &G THR— L2 LT, FAEOKRGT
HIUEI ATV T —F =L AR—Y )7L
DN WER W25 2 5 B EIE L v E

EDHLRE RS T

2. EENAMEED AR — B ¥ 7B, R
pH B L VMEEBHREEZ LT S8, X—=2F 1 ¥
AONIFIZEE) RS 60 5L A2 E L7

3 BN AR 2 AL AR —Y B v 7
AT 5 LICL Y, BEE pH B X ORI E
REDTRER ), "= T A4 Y ~OufE
BB S 30 ARETH - 72,

4 BB BRI AR —Y KV v 7 2L 72t
12, WY R EW AT 2 i, WEE pH B X ONE
THREEREO T 2 HH L, =2 T4 y~DnlE
FROLZEDPHLNER ST

i

ARWFZEI LB 2 5 1) £ L7 Bl N
AR T ¥ b AR = BRI 2 E < L
FLETET.
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Novel Strength Training Using Electrical Stimulation

by

Kei Masani
Rehabilitation Engineering Laboratory,
Toronto Rehabilitation Institute — University Health Network
Rehabilitation Engineering Laboratory,
Institute of Biomaterials and Biomedical Engineering,

University of Toronto

ABSTRACT

Muscle fatigue is a major limiting factor in the use of functional electrical stimulation
(FES) for strength training. FES induces rapid muscle fatigue because muscle fibres
have to be activated at unnaturally high frequencies to generate functional contractions.
To overcome this weakness, we have proposed a unique method called Spatially
Distributed Sequential Stimulation (SDSS), and tested its advantage in isometric
contractions for major leg muscles. The purpose of this project was to test if SDSS was
capable of reducing fatigue for isokinetic knee extension. Eleven healthy volunteers
participated. Intermittent stimulation (0.3-s on : 0.7-s off; 120-s total) was delivered
to the knee-extensors using the conventional method (Single-Electrode-Stimulation;
SES) (1 active electrode; 40 Hz) and SDSS (4 active electrodes, each stimulated at 10
Hz; composite 40 Hz stimulation) in separate trials, to generate isometric (0° /s) and

isokinetic (180 /s) torque. Measures of fatigability included fatigue index (FI, average

T b AR—YEEFE Vol. 37



—198 —

peak torque of last 10 contractions + average peak torque of initial 10 contractions)
and torque peak mean (TPM, average peak torque of all 120 contractions + average
peak torque of initial 10 contractions). FIs were significantly higher for SDSS than
SES during isometric (SES = 0.616*0.092; SDSS = 0.761 +0.165; p = 0.002) and
isokinetic (SES = 0.645+0.147; SDSS = 0.800+0.175; p = 0.002) contractions. TPM
values were significantly higher for SDSS than SES during isometric (SES = 0.781
+ 0.068; SDSS = 0.846 + 0.108; p = 0.022) and isokinetic (SES = 0.788 * 0.103;
SDSS =0.883 = 0.075; p = 0.014) contractions. We have reproduced previous findings
that SDSS reduces fatigability of isometric contractions compared to similar sized
contractions generated by SES. Further, we have extended these findings to isokinetic

conditions. The present findings are important for facilitating the utility of FES for use

in strength training.

L |

ERAEAE W 2m s L — =27 (FES
L —=v 78 &, REROH I ML —=>
Tk LCERIGD TV B, B OM IS H R
BMThD, Fr THWHIET %0 X, FES /)
ML= =7 % L) REALT B HEl s AR
TdHh5H SDSS HEEREL CTEz. RWfZETIE, %
TR R S R B VR 12 35\ T SDSS {E DRI % M
YA EEFAME L HEERE 11 4%k
G L L7-. SDSS B X OEREE VT 24
O FAERIE R O RYE B X OS5k REi R -
Vo mFHIIL7:. EofR, MESEEL b1,
SDSS #: D J7 HIER = ol LTI D 5 A
BRSNSz Ll XD, SDSSEIR I
T CEITTREMMEED 72D IV H N T & 25K
PEEE O M7 537, X0 FRRI 2 SR PR B 12 B
WCOLHMTH S Z & ERE72. SDSS 4 FES
BN V== 7w O B R SRIE S
nr.

i

jill]

% e 19 & & M % ¥ (Functional Electrical

Stimulation; FES) (&, #&520912RAE L 72 8 &
WAEAG S5 LT, M FHSS LB ICHE
REMYEF) 2 4 U &4 5 FE:TdH 5 (Masani and
Popovic 2012) V. ¥E4E, FES % V7257 k L —
o7 FESH ML —=v 7)) 2MEHE R
TWb, WMESEN 2B AN ETZ 5720,
—TRTZEDT A — N ORE RS - /8
T—TyTDOD ML —= Ve LTHWLR
TWwh, FETAY-MTIE, HlirL—=r 71
RNENLREREIIBNT, BELRENELELE
FUHE OMEFFE R MR L%y R % b 72
YLV N L —=v 7 LTHwsE DD
HoH. TOLHIZ, FESH N ML —=r 7L,
WERDH ML == ZEELTT A —
FET7A) = PEMDTERLIZLDH TN,

L L7%ads, FESH ML —= Y DR E
RS L L CRIES S, ML—=r
DOHE - mRIWIFARELGEELE L >TWS, #
B DR IIFEHECLI RO WA AT TR B %) % 2
WWLTHESNLDIIL, FESFHPL—=>
T IR Tl 2 BRE T ORRRMED A
—FIIE SN 2 &, BUESOFERTH
% (Bergquist et al. 2011) 2. % 72/ &4k Clx 22
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IR D T HRME D A Tl & MEFF 3 5 720121,
H RIS N R ML (10-20 Hz #21%) DL E oS 4EE (40
Hz /%) CTHMT 208250, Zhd REE
Fh 475 T EKTH S (Bergquist et al. 2011) 2.

C ORI AT B 726, S H B
REINTWD (Nguyenetal. 20093 ; Malesevié
et al. 2010 ¥ ; Decker et al. 2010 5 ; Sayenko et
al. 20149 ; Sayenko et al. 2015) 7. MaleSevié &
Popovi¢ (Malesevi¢ et al. 2010) ¥ 1%, 5% o #
BEFEAG B BT, KRR Y B 45 5 I )
(Botter et al. 2011) & % HIZHI#M T 5 = L T,
SRR IR B W CIRIRERN R YD B
Z & &FEL7. Decker 5 (Decker et al. 2010) ¥
(ERBR D F7 i % E i HUBRE 1 | 35 v TRREE L 72,
WIS, Fex 0 70— 738 HAE O —
T& % Spatially Distributed Sequential Stimulation
(SDSS) ##x % L (Nguyen et al. 2009), %57
{38 %) 5 % #eEE L C % 72 (Nguyen et al. 2009 %
; Sayenko et al. 2014 6, Sayenko et al. 2015) n.
SDSS T, MmN L E ISR (AT
i3 Single-Electrode-Stimulation; SES & i3 %)
EFLTHBAS, FlpEmE 4555 L, HHsh
7oA BN 2 B W S N HIBBHED 4 550
1 DMEETREICT 2 2 124D, LY RH
PH O i #HE 2 FE B RS CTECH SIS 2 2 &
BNTEL (B1)., \EEAEL&HE LI5S
w5 VA7 {, MaleSevié & Popovié %° Decker
5DIEIZHART, BRISHIZE D@L 7275k
LWz, RAEINET, TEFHBHGEE]
SO TR =S e W R & L 72T R T A
T (Nguyen et al. 2009) ®, f#% % © TR =5E5
Tz s R e U728 RYEEREES) (Sayenko et
al. 2014) O fEHE B L OFRS - ELTHIEGE
Fraxtg e LEREREE - 25 - Rk -
J Ji Bl E B (Sayenko et al. 2015) 7 12 B W\ T,
SDSS i3 EsRk: & i LT 30% 421, 957 = 1K
WIT LNENHDL L ERLTET.
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1 SDSS DM

TEnsHIZ SESEDEARALE, 41112 SDSS F D EMALE 2 7R 7.
Wig s M UAE S OEME T3 %25, SDSS TR E
WA 4538 ST b, SESHTIIMIIAER % 40 Hz THIES
LD L, SDSSHETIE&sr#E4 M % 10 Hz THhiAHZ 90 B3
5LTHET A, ZHUZ & D SDSS TIHAIES A T3,
BB ATBR T OMGAEIL 0 Hz TR E N A Z 124 5. Mk
(Sayenko et al. 2015) & ) 5[H.

ERCHFFRIE R THEATTREMMGEEZ HE9 & L T
W7o, AEEER DD AR EE) & v
7o, FERUEEE) T T, AR & SRS oA
BRI —ETH ), NHEMVEZ BB IS
SDSS DRI RS RKEVEEZEZ LML, LA L%
Bo, MEEEMELSES FES#Hil b L —=2 7k
T, HE) T & FERO N E ARSI AETH D,
T b HIEkOIEFEEME T L OFHt
HEXBB T 2NN S H728, SESTHEHL
72 SDSS O F SIS 22Tt 7 e,

Z ZTARWIZETIE, FESH ML —= > 7k
DEFIZI A EB) % HVC, SDSS D%
REMGET 52 & & L7z HISos R ap#EL, FES
il b L—= 2 RIS BT S B IREIE
HEREEE Lz, 2 E TOMZERE (Nguyen
etal. 2009% ; Sayenko et al. 2014 6, Sayenko et al.
2015) 7 X BT B 720, SRS b R
5E L7z

1. RAE

ek T EEINA 11 A Th o 72 (B 10 4,
FHn 32497 0%, FE172+10 cm, fAE 773+

138 kg). AWFZEIE LRI TEAT B 25 B & D KGR
T, MBI CHFIC L BREE B TIThNL.
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e E, EERREIC 2 BRI L2, AkEICE
VT, SES &%\ & SDSS v iuh % #H L
720 PN AR PR s By A, A S R
B ED) 2 T2, WL ONE B & OES)
TEREL, ELEEREZ W THIRER TS v ¥ A1
MLz

BT R AG T)E, #7144 +EF X — % (Biodex
System 3, Biodex Medical Systems, USA) %
TR LA CEHII L 72, SRR E BRI
PAET ML 8L B (CaMBEMZ 0 LT 5) 12
BWCENA L 7z, SR Bh R, IR B E A
075 8 ExTEEif & L, HF 185 oM
L LT M A A= DB b
Vo B XU AL E T sG]
ELTHE T ADZEHLE (PowerLab /30 Series,
ADInstruments, Colorado Springs) % I \» T &2 &k
L7z, ¥ 7OVREPEEIE 1000 Hz T - 7z

SDSS #: % fij 2B % 720, k4 1L SDSS
TETY %L (W2). BURTIZZEHH
Wik AEATO W h, SRORMT v v A VRS
LUHENH L (R2EH). Bz 1355 4 BHRE
RS 2121, 0 ESTOMHES S L2420
TMT v ANV E M) LEIH Y, ZEOHIK
Fx AN v, 7290 ERAHE T
LIRGERT AL\ ) T, TS ) ERIGH

(23 LT\, SDSS 7478 —id 1 Dol
Fr AV EADEL, VETSLZ4H
Tx BT DOTHS (H27KT).

BAHBIE R — % 7V FES 2 & (Compex
Motion II, Compex SA, Switzerland) % > CTHf7-
7o, RBRIE A LT A7 50 & R BRER & AL 12 2 T
F AR & A 2 BCiE L 7. SES (%8 H IR
V&, O 40 Hz % HVa 72, SDSS i F R 1,
R —% 7V FES % & (3R 40 Hz & 358 L,
SDSS 7878 — &\ 5 2 LT, 4rEl 4 BEO
2 A THIBAHEE 10 Hz (TRl S vz, il sy
AMEIE MR & b 250 us & V72, HoE
FEI R DS 2 9 A KEE T w2, B
1T o 72RO b v 712, 2B I2AT> 72
T O MV 7 2 5bE 52 LT, WED
WV DOV o SRR 72 B K H T L7, IR
300 ms, fREER 700 ms 240 K, 245D
PARRI S 217 72

WEITEL, JEY7TEAE (Fatigue Index; FI) & °F
¥ —2 FV 7 8% (Torque Peak Mean; TPM)
W CERSFM L 72 (Sayenko et al. 2015). FI
&, 25 Mo ERNEOH 10O Y -2 bL s
ST A 10 Mo ¥ — 2 bv s FIEHE
DFL LCHI L TPM I, 25O K
FEOE 10 BO Y =27 by 7 FHEICHT 54

X2 SDSS7 ¥ 74— (k) L5H (H)
XK OFINIA LS, 451, K—% 7IVFESEED 15 ¥ ¥ AWVl JASSDSS 74 7% —D ATk % b,
SDSS 7 %7 % — O A HIBC AN S L7258 4 BRI S N TV AR 2R T,
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120D ¥ —27 bV 7SIl E LTHH L. FI
IWBEMRE =2 MV OWAE, TPM Id &k
M=o bV o ORBDERRT.

W 57 O % IR Z 12 D v T, Kolmogorov-
Smirnov 7 A MZ X Y IEHMEZERE L 7212, EB)
TEREFE 2R O t 1252 % F v C SDSS % & SES
DHEBEATo 72, RTEM T E—2 v s
MR TH o722 L R FERT 5720, FIH10 [
DY =7 MV T P E RO REIC & o THE
L7z, SERMES) & FERIEEE TP E— 2 b
VY EAKIBIC R 5 DT, WFOBEFILEIZ
RNFEThRGEHW LIThRrolz. AEAKES %
THERTIIA =% KT L 72,

2. M7ERER

B 3 &R, EEE R, R E
BNV 7 BERFIOB % RS, —H LT, SES i
HTERDICE =27 PV 2D L TV A T T
H5HH, SDSS iz L FEEO Y -2 by
PEBTE CHBESN TV LTI bR L. b
OFEITOFI B LT TPM EHFIZRENRT WS
A, WIEEE & & SDSS LD Eh o 72,

B4 2 — 27+ vy EfE (R 4A), FI
(E4B), TPM (H4C) O 7N — T VMl % =
NEIRT. WIE =2 bV s FgHIzIE, #E

Ty
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M4 #MWE—27 b (A), FI (B), TPM (C) &
7V — 7l
BKL T —N— I RBEOBIERAZ RS, £70y MEMIZER

T, AN AEEMSEE MR LR Lz K p i, R0

THRE L7 O -BoERIR TS 5.

X3 HBEihRE NV ORERE]
JEFNC SES I, AFIC SDSS Hia Ry . £ ISR, TIREEEERMRENO L O TH 5.
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B Z NI\ THIE T B TE %
o7z (SERMEED)E p = 0.165, SFafikED)ig p
=0.143). FLI2I%, &EFELNZIIIBNT
R M CHEBERZ=N D) GERMEEE)NL p =
0.003, ZEMEEH)IL p = 0.002), Z1 21 SDSS
FEOFBRERMEERLIZ. TPMIZDOWT B [H
OMETH Y, FREPEZNLZNIIBNT
T EM CHEERED D) (FERMEES)Lp =
0.022, ZHPEEB) L p=0014), SDSS D))
KEREEZR L.

3. % =
SERIEDS & ORI RE Ei BB D V97

BWTH, SDSS D Ji7% SES B L TR E
HZFABLOTPMEZ R L. 2 ORI
MEBLAEDO VI B VTS, SDSS ST
R HH L 2RTLDOTH D

Fald, IhFCHERBEKEES (Nguyen
etal. 2009% ; Sayenko et al. 2014) ¢ B L %R
PEREIE - B, SR ERE R - JE il B
(Sayenko et al. 2015) 2B \\T, ZORH: % HiFE
LT &7 AWM RIE, CNEFORLTELE
RPEET O M7 S, FES i) b L —= > ZEfE
VAT VEETRPEEE) 1235\ C b SDSS 0 55 E ik
RN LZ LR TIOTHL, M- b
7B DS B 72 OFE R & SRS i
PRI T E s, MEHEEE & FRE 3
B FLIC L THERMET 301 %, ST 245

%, $BELUTPMIZL CTERMT 138 %, ik
T10.2 % DIEFARIESIEA D o 72, Sk EH)
TILIE IR D F AR T B B $840 & 7z 2,
FAE S L CEES MR b % R ES) & AR
DWHBEBMSESRH DL EEZONL. ZORE
&, BACRBEL L FESHhNL—=v270
1ty >a 2BV T10~30 % BEO ML —=
v AR E AN D Z MM L, FES i)
L=V FHFIIBWTERNR ML —= 2 70
FRREEMRSE DI REEEZOND. L
PLARDS, EBO ML —= v FRRIIESHROMR
FAEDSMLFE T B

SDSS DGR R OB IZB L T, #
HENE HAFE SN TV A, Malelevié & Popovié
(Malesevié et al. 2010) ¥ %> Decker & (Decker et
al. 2010) ¥ 1%, & HMEEB)E & AT 2 0
T, ERENBHHRAMESZEICBIE SN TwE Ik

IEHOL N THSB. LI L7%H6, SDSS #FEid
FRRICH O 5 S R B LTRSS S Iz729, B
%?mw%hékﬁb%ﬁﬁﬁ%~wmzﬂﬁ%
WAREL, i 458l Tn5b. K54
WA EDHIEDFH ML EH LTV B20IEHAT
EZev 7272 L VSR TIE, b T A ES)

4 538 L2 IER & B L 72 E12, eI
B CRRHEDSS R HAZE B 2 T W AR AYEIEE
BN T\ % (Sayenko et al. 2014) . Z L2,
MS5IRLZMERDL ) IZEZ LI ENTE
5. $hibb, BHIECIE Lo REESIEE T O

5 SDSSIEDHEF OB, HIIEATZIE
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MR AME RIS 5 &£ 2 5N, SDSS %0
BB\ IHRE S AR B % 7290 (2R 2 B e
ZZEHA\ B (§74 b5 10 Hz) TRl

LCWBIREETH B, T OWFEICHEZIE, HIEM
THLHATE WSS L FHER, &
BB & TS 5 SRR & v 2
5. FEBE, EEHER, ThabbFEE L CHIKE
IR A 47> 723612 h, SDSS Lo 51K
WA AR SN TV 5 (Sayenko et al. 2015) 7
KBRVUSESG I O L L W B CH Y, 558
4 EBENENDME ORHIAEEN R85 — v 2 H
L, #ERMCEL WM - s 38 HAZ AR
RS TIRIEENTWA EE 2L 505, KRN
SR O & 9 e LM AT 2356, &)
B EERET B HEICHANT, B b i
MEEICEIE T2 &) HTHEAL v, JEH
ICHIEICE T X B 720, BEDHER S T
RIGH EOFFIERKEVEZEZ HND.

K4 LRI EoR b B2 E %, FES
ORI 7R & L C SDSS A IR E L T
%. SDSS i BB & DSHE R L [ LT
D, MEICEMZEETE L. SHICHERICHIC
WLz hgkE T h 72002, SDSS 7 F T8 — %
JE L7z, SDSS 7 ¥ 7 ¥ —id, WO & il
BIZOFIHT A ENTE, 45E SN EBmRS
ZETIE, [EIC SDSS & RIS 5
ENTEDL. Sk, FOADESNEHDHE
THIEIZED, FRRTHIMEIZ SDSS % o
L O LB DRFEIIOBRITETFETH S,

4. £&8

AKWF5E L, FES @ BRI 57 2 Ik & & %
SDSS % FES i /1 b L — = > ZIZIs X<,
SRV R R R RIS B W ORI RREE 2 4T -
7o, FOKEH, SDSS {5 i B A R B
BV THIEFEBENED D B 2 Lhbhorz.
Z ORI, SDSS S, T THEATREMEM
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3, XVERRMNZFES B b L —= v 7I2Bw
THOHENTHAHILZRIEL TN,

TR A T ERIRIS ) % e85 12 FES 09 57 R %
L TWw5b. SDSS 2 ORI Ak & <,
SDSS 74 7% — LI T 5 2 & T, BEHIC
ML—=V 7B THHATE A HEETHY, FES
ML == TR THILT, AR
M=V 7 OFRREICKRECHBTE 2 RN
DTV 5,

B o

ABFFEI, LbFFEE B L5~k Vishvek Babbar
KoBtwmxo—&s L Clifrash7. F7z,
I 5EHE T H 5 UiFsE S H L 5RF7E B Austin
Bergquist RIZO W EEET 5. KifiE, A%
WEIFEAARRLE T > b AR =y B ERE
HIWF e Bl % 4 B & U Canadian Institutes of Health
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The Study on the Prevention of Heat Disorders Using the Salty Taste
Sensitivity During Exercise in the Heat Environment
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Sho Onodera
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ABSTRACT

The purpose of this study was to investigate the availability of salty taste sensitivity
during exercise for the prevention of heat disorders in the hot environment. Twelve
health young males were volunteered in this study. This study was consisted of two
investigations: the basic experiment (n=6) was to verify the changes of salty taste

during stay at rest for 30 minutes or exercise stress for 30 minutes (exercise intensity:
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50 % of predicted HRmax) in artificial weather room, and the other field investigation
(n=6) was to estimate during basketball games for twice (each game: 10 minutes)
under warm environment (Temperature: 26.5 C, Relative humidity: 72.2 %). The
salty taste sensitivity, body weight, sweat loss, urinary electrolyte, the degree of salty
appetite were measured before and after the game. Salty taste sensitivity and body
weight after the exercise were significantly lower than that of before in 25 C , 35 C and
the field investigation (p<0.05). There were no large changes of Na and Cl in urine
in the basic experiment. However, Na and Cl in urine after the game were significantly
lower than that of before in the field investigation (p<0.05). It may be suggested that
decrease of salty taste sensitivity and increase of salty appetite sensation were observed
at the different timing of Na increasing in sweat and Na decreasing in urine derived
from increase of sweat loss during exercise in hot environment. Measuring changes
salty taste sensitivity would objectively assess the condition in balance of body fluid
during exercise and may be original one of the suggestion for safe management and

conditioning during exercise in hot environment.

EB X OMEEDEH AL L THEIEK T L

=
=]

(p<0.05).

7 4 =)V FFAOEE) 5 OEACR T

BHBBET OB BT 2R OBIEL L%
et L, HEPROWREBIE % L 7 80 EF B o
OOF L VIBEICOWTERT LI L2 HW
L7 WRED, BEREFEREI2HE L.
ARFFEIL, BN BT 5 BEIBEE T OLEEER
B & U EB) RO SRR i O 2 AL & WREE S % LAl
M7 8 (n=6) L FEBOAR—-VBIFIIBITS
74 =) & (n=6) %1To7. ZNFEERTI,
SR 25°C - MR 50% & &R 35°C - AHRHERE
50% D BB T T 30 4 M QN L B & O HERE
EREh (PR IR 50%) %1T-72. 74 —
VERETIEIRAA 105 HONATr v b R—)
ORE T 2T o7z, WEHEE, MERREIME, &
o, RTE, WRPERE EERIN RS ORCKTE
B (Dik, ERFCRIBE LR T) L L, E£BRB
X ORAERIRO 2 FHIE L 72,

SENFERRO 25CHEE T 0B L 35CHRET O
BB LT 1 — L FIRETIE, EB)ROERE

BIIBEFICHWELZ R L. BENERTIE, 25C
BEBE N OB A O R A Mg - Ca 255 EBNETIZ I L C
BEIET LA OO, ¥H5% R4 Na® Cl D
KEBBIEASN o7, —F, 74—V F
MAEOHEE)FZ O Na, RH Cl B L PIRH Ca
(BT L CHE R RMEE R L7z (p<0.05).
74— R4 TIX, ENERL Y LEEENS
<, MEEPREZATE 720, FEITFEISEE ISR L
7z, 74— FIREOEE) %O IR Na HEilit & o
NI, FETE OIS T Na Hiik= o5
M X BEENEZ SN2 IRb0s, 288
i T OEBIE 2 BT B IERBIE O T R HE Aok
TREORIE, R RAICHRE S 1% Na % Cl
LEOBMEREOLILELT LOFE RS TEL
LHDTIE %L, ZNHPBIEIND URNIIES
THEMEASHESR S 7z SHIRBRE O LRI 5E 1 X
EWENFREE A E SERANDRIE N T » A DRI
BUICIUET 2 2 LW RERIRIE CH ), BEIR
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T OB O LGB L ORHEEO 2 0E
JHZ2 R 12 7 B A REME LIS WV & E SRR L o
TRa7z.

&

il

BZREOEEREIZ BT 5 P EFIA TR % M7
F, EEMER STV S, BYERET oS
Howizid, BEDTE 2 - 7288, BRE O
MEN, B RFEEB LGN DL, EEH
BClk, IBEERPSREEMEZT TR, EEHE
B L BYEE T 5 720 O RIHE L 72K
DXL A B L 2 17 1UE 7% 5 72,

EENEEIC B 2 RRRP TR, R ERESEO
AR IREE, (RERREKIREE (WBGT: Wet Bulb
Globe Temperature) D X 9 %R GIEEOZAL
&, B RERIE R TR T A 20 OF DN 1% D,
ZNOO|EELIER L, BhiETRICES T
BN NETIHE SN CE2L2Y L
LADS, INhSOfRICBI 2 TR, k&
DOPERHEKDO R b VIEEROFHN, BTREOH
e EEROEEIHY CIEFHE 200, EEHE
BEPHAOD T4 v a yEIEBT A 720121
P LB MR 2 13w 2 v, WBGT @ X
) RHEIIT D) R T WIRES, EEFEEE O
B RIG A DOZALE T ICEHMET & 7w,
ZITHAIE, BHTROLLZEATE, filifE
- REEICEN S IRIE L LR RICER L
729,

SR T OEEETIE, BiITEL L OEHE
WOV OF P T A% IE LD ET
DEMLIREAET 3 2. BEIRE T OEREIC
B LRI OZAL MG L 72iF 2813 S
TwBH 6D ERBEOZLABHA b L2
KEF 70D, EEJA b L AKELZ O, HE2T
E7%w,

Z ZTARIFETIE, BHIRET OMEBIEIZ BT
BIEROMMEZEALE L F 0 AR HEEL, &
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B OBHIET B O 720 OFi 72 RARE % 723
HOW|EZHME Lz, 200l 1. 2838
5 BT B LHHHAE R B X OEB)RE O IR B
DZALOBGREIZ B $ 5 FEBERIEZE, T, FEBED A
R— Y B BT 5 HEBEOIIZE TR O 2RO
AR ZWEES 5 720 OFEETZE, Zhb 20
DT —< 2DV THIE S 5.

1. MEHE

1.1 EAEER: BHIRETICH 5L
b LB DOIEKREEDOE L DIREE
(CRT 2 ERRRORR R

RET RS, BRBEOBARE SR

R NBEE 6 4 (4EHG: 26 = 4 7%, 1AHE : 668 =
108kg, H£ :1695 = 90cm) & L7 3HE(C
EromAEo B, HERORAICHED B, &
B IC OV T Rl AT, BINIR 5 [H
a2 KRB, WRILR A MR R &
DR AFTERL 72

FERIIK KRFNALARETITo 72 W5 #EH X
O 25C T 30 47 DAL 2 #F (L%, Rest 25
LRET), @FU 25C FICB 5 30 4 o Hiim
HBRE) (D%, Bx. 25 L2 9), &R 35C T 30
SRR (D4, Rest 35 £ 72¥), @4R
35C T IZBIT 5 30 4o HfsHERE) (DL# , Ex.
35 &fd), A& MoERICEBmLz. 445
PEOEBEOMIIRE L2 T50% 2% E L7z, H
BHL KB I3 = 7 1N 1~ (Aerobike 75XL I :
Combi #L#) # MW, 14721 60 HizD
HE T o 72, B IETF IR RO ELD 50% i
JEE L, BmERERITaNA 22 Ta s T3y
T ENTZNEIHEo CTHERM L7z, WIEEE X, 1
PRERME, A, Bk, =, RO REPE
fRE, TIEE, EBIR 25 ORCRIEE (Mt ,
HWRFORIEE L RT) & L7z YERBMEIE, 4
ez A L, 005% ~ 030% £ TO &K%
0.05% [E1 i CHEEAMREIZBR D b8, MR % &
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U72b 25 F THBHT S 27 KREOIO
MIZiE, KRCTHZENEL. FREIL, 7V5 VK
HEit (THD-650: ¥ = & #H81) % Fv>CEFifi L 72
BikEIZ, EBRAE D S EBRAE L WE L7
A EBRIAECRL22% 100 2 5F5H L CTko
7o BRI U oL, EERE
DOERFIKRGENEEZ R L, O S FEERBZED
REXHE L7 IRISUIMZ S RA L, Y158
BRI CRIN L 72, B fE I 15 R RIEHI L 720k
IS4 %2R L0 0R AL, JRiITKay 7
TEWML, 2095 10ml ZHHD AL v viFI2
A, R ERE % 3 % 720 ORI (Na, K,
Cl: s, Ca: 7Vt VI, Mg: BERE) %
3% (WLSI AT 4 v A) IZFF L7 JRHPE
fREIREE LT, 2L T7F=> (Cr), F YW
2 (Na), Za—) (Cl), #IVi L4 (Ca), <
7w A (Mg) AL, CricXo THIIES
N7 A REM Y L2 [1B&IE Roll ¥ okx
$RM L, Visual Analog Scale |2 C5F{fi L 72. 100
mm D A7 = )VOLEHIZ [4 v TW»Wawn ]
il [ETOMEDPBNT VD] EFRLENh, &
FENTR =R NZT, HEORREH LI~ —
7 L7 Kb~ —27 SNEiTE o
(mm) #FFAGIEIE & L7z MEBRAORIEE0IE, A
Wiz [F o722 RL L 2], Az T&Thak
L] 25 & A & € 100mm @ Visual Analog
Scale |2 T L, 18 REIRIER 120 G 11X BRAE
DRMEM LI~ — 7 872 FHEE, FEERE
BRI & VIR TERZIAT o 72,

1.2 74— IVRRE: REDIAKR- VR
IC & 1T B IRKRERBIRIRDE A4 & %35

T3 7= DERFEMIAT
HRE LGRS, BRESEORBEER DI i
RIEABYE6 % (GElG: 20 = 1, fKE : 721 +
103kg, £ :1743 = 74cem) & L7-. ®REHIC
ETOREOHE, EROHAEIHE) &R, &

BRPEICOW T Rl AT, SISk 5 [H
a2 KRB, WERILRA MR R &
DAERAEFTHERL 72

FAL, 2015 4E 7 AIC T REFHNEERE TiT-
7o WL 105 EONAr v FE-ILOR
GE2HAAITo 72, REMITIE 25 MO KER
MaZT72 FREE, HEOAE—Y FY
> (100 ml 2472 1) Na: 40 mg, K: 8 mg, Mg: 1.2
mg &) ZIEftL, REFHTwOTH RO 25 2
Ll L7z WEEE L, ERNEBRTHRALAEA
Otlz, KOTERGE, KOSBREERZMZ 2. Ky
I, R MVREZ /DB OFHEF (KD-174:
TANITA #H#) ZfH L CEHIIL, TOEE?H
WE L TRO 7z KGEBIERIL, #BKEINE %
BT ETHR L%, 100 28 L TRz 55
Elx, AEHB LURERIATo 72, YHOKE
fEN O WBGT 4 248 C, =iLi% 265 C, #Hxt
ML 722 % 72572, 1%, WBGT idk b OfR%
L BARORNGIR, MR, WEEEB L
LI EAREIIIMER L - RBEEO Z L THh 5.

1. 3 #hEHzE

BNEBRB L7 1+ -V FfiEE S, OEKE
BRACRIER I IMETRL, ZOMoHlEEH
T+ EREREECRLA. F7o, KRRk
B L ORAERHZOLEIL, [18&B X O RCk
5500 Wilcoxon D5 A IERLAIMRE, £ OB
HEE B EHEDH Y O ¢ HesE = FE L7

2. MRiER

R1ICENEBRTOEKRBME, KE RiTE,
IR¥EL, TR, SEMRACRIES, F2 ICHFEER
DIREB L CRTERE, R3IZ7 14— FH
TOMEKRBMME, AE R, R DEK
WAk, R4 CHALEORES L RSP
HIFEORMEE R L7

FENERIZBIT S Ex25 £ Ex3H BLUV 7 1 —

T v AR—=UEEE Vol. 37
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T OENER: JILOENC X 2 LR L OHEE) RO LA IRREOZ(L
Rest25 (25 - 30 5%:i)
k& (kg)  FEF= (kg) WRIAZ (A/5) 3ERBEIME (%) @K (mm)  IERGCRIEH (mm)
LRI 66.8+10.8 — 63+9 0.21£0.05 51 12
e 66.8+10.8 0.03+0.05 65=10 0.20+0.03 58 17
Ex.25 (25 - 30 4&H))
fkiE (kg) H:i (kg) MRFA%L Gr/4)  HEWRBEME (%) iR (mm)  JHRACRIER (mm)
0Ly 67.0111.0; 6387, 0.1910.04;_< 507 5 *
EE) % 66.8+11.00  0.15+0.14 84+67 0.17+0.051 63J 28J
Rest35 (35T - 30 5%cH)
fkE (kg) (‘F$ (kg) BRIa%e Gr/sr)  IEREIME (%) Mg (mm)  IEPRACKTEEC (mm)
B3 67.0x11.2 6710 0.21%=0.06 427 12
Ltz 66.8*11.0 0.22=0.26 69+9 0.18+0.03 59J 37
Ex.35 (35T - 30 53:EH))
E (kg) (:Fi (kg) MRda% Ga/ze)  HREIME (%) g (mm)  HHPRACKIERC (mm)
T B 66.9i11.07><.. 68"’77 0.2010.04;< 381 107.
EB) % 66.6+1087  0.22+0.21 85*'7J 0.15+0.037 624 324
R IRIEEL  SEPRBIE - Il = FROE(R
Friglk , SRR AR RS - it
#%p<0.05
F2 FENEER: JROEWIC L 2 EHNFE LU EERORE B X ORPEREEEOZL
Rest25 (25C - 30 53442
Jk& (ml) Na/Cr K/Cr CI/Cr Mg/Cr Ca/Cr
Sl 106.0i70.07><,. 145+0.79 0.43=0.19 1.57£0.85 0.05+0.03 0.08+0.05
iy 55.6*34.8 1 1.24+0.63 043=0.19 1.32+0.60 0.04+0.02 0.07+0.06
Ex.25 (25T - 30 5:EH))
pRi (ml) Na/Cr K/Cr Cl/Cr Mg/Cr Ca/Cr
) 94.7*43.6 1.49+1.08 043+0.23 % 1.59+1.03 0.04i0.027><,. 0.O7i0.047><,~
TR % 76.2+49.1 1.36+1.01 0.55*0.25 1.59+1.14 0.03*0.023 0.04 +£0.034
Rest35 (35T - 30 5 %:Hh)
PR (ml) Na/Cr K/Cr CI/Cr Mg/Cr Ca/Cr
AT 1563.1+136.1 1.69+1.09 0.60=0.41 1.68+1.12 0.05=0.01 0.08+0.05
R 62.3*£23.9 1.39£0.78 0.57+0.34 1.41=0.79 0.04£0.01 0.07+0.04
Ex.35 (35T - 30 75:EH))
R (ml) Na/Cr K/Cr CI/Cr Mg/Cr Ca/Cr
TE A 147.6 £98. 47 1.31+1.00 0.33£0.12 1.33+1.03 0.05+0.03 0.10+0.09
JEG 76.7+35.6 ¥ 1.52+0.88 040=0.17 1.47+0.87 0.04+0.02 0.07+0.05
Pl + fRAER
% p<0.05
F3 74—V A 20 SHONR T v bR VREEHII B L AR OZAL
B (kg)  FEITE (kg) MRIOEC (0/40)  MEMBIE (%)  11EK (mm)  IERACRIEEL (mm)
A 721%1037, - 64+3 % 0.20=0.03, 4lj><,. 20;,<
etk 718+1007  0.84+054 165+177 0.13=0.035 777 7141
R J8 |, IRIAE , SRPRBI - oM = k(R
FIE R, SRIRACRIEEL : hJufil
#%p<0.05
K4 T4 =V FRE 20 5EONATy R VEERIIBT 2 REB X ORI EREREOZL
pR: (ml) Na/Cr K/Cr Cl/Cr Mg/Cr Ca/Cr
AAH 100‘5i38‘17x= 1.57%0.597, 05=0.2 1.74+0.447, 0.05=0.02 0.10+0.05 3,
[ENeN 68.6+19.6 1 1.01£0297 0.46=0.18 1260247 0.04+0.02 0.05+0.02 3
I = B
¥ p<0.05
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VR CI, EEIR OB B L OEEAGE
BAfc L L THEEICIT L7z (p<0.05). ZEAE
BRIZBU B BiAKH#E I Rest 25: 0.05 = 0.08 %, Ex.
25:0.23 + 0.22 %, Rest 35: 0.30 = 0.35 %, Ex.
35:030 = 025% Tdh -7z, 74—V FFEICE
VB KA 510 + 240 ml, KA EEURIL
754 = 489 % TH Y, PiAK=1£041£058 % T
Hotz. BEEEIKVCENERTIE, ITED
PHE REINEA S NS, BAKREDKE (idhro
728, 74 =)V FIACTIIRHF= I3 L
7o T A=V RREONZT v P R=VOREHE
DOPRIAENE, TR AT D 80% RED b O
Tholz, BNEEREL 71—V FRAEIIBNT,
EEAB L OWEZO B (FHNFEER : Rest35,
Ex. 25, Ex. 35) B X UM okTgE (BPF8
Ex. 25, Ex. 35) \&EEHiIC I L CHE R EE 2 R
L7z (p<0.05). HEm#CRIEFoOBmER, 7 1 —
VRREOHFENERLY QB LICEL -
7z, SHENEEBRTIE, Ex2512BWVWTOA, EHE
DR K OFE BB X OJRF Mg &R} Ca
DA BT A SN0 (p<0.05), ZF Do
S CIFABEEIRO LN E Dol T4 =)L EF
A OER DR Na, SR Cl 3B X R Ca
(ZEEN RIS L CAERRMEE R L7 (p<0.05).

3. F =

ZHIEE T8 5 EE R OIERBE O L%
BGREd 5720, BNEBRB L7 4 — )L FifiEk%
iTo7z. ZO/R, HNFERTIE, Ex. 25 BLT
Ex. 35 O BB OIERBIE AT 71 b FEERHET O i
WCHLTHERRMEER LA 74—V P4
T, HEHENTRHRERM 10 58O/ v b
K=V ORE % 2 M L 7= A OERBIED R E
S L CHERRMEEZR L2, ENERBID
74 =)V FiAL S, EBROREHERE O
WCHLTHEBERRMEZ /R L7z, 35CREET O%H
G LB TIE, BITRICES RDo7b D

O, EBH ORI DRI AE D WD S DK
LN & > CEBIEMFICTREOFE R T A
Sz BT LAREBAD A S N BB AN A 2
T BB NT, OISR 2Rk N
L IERBEME T L2b0eEZ N 74—
)V R CTo WBGT B L ORI H: L CHWE
TIE o720, E5ICRIRSES VR TIEA
WLl LSRR, SEEBIMEOIR T 253 5
NHUREMEANE 2 SN D, BNFEBRIZB T 5L
SfECIRIERBIME, RE, Hosckigis b FER
Wit CHERERI P22 b, BHBRETO
THENREC BT 2 HRBUE DI T I8 A T LT
WHDIE, BEIZEBLAMLALDERICLS R
ML ADFAFRNZ EHEZ SN

o Zxb 3 BARNACR OBINE,  F8F & 38T
PO R B L IR EREIEEL L EE R
LzboeEZ b/, EEIFEHE, EEIHI
ALZv-TFrEEFF Yy -TIV AT VR
TLHEIZ L - T, B TO Na KO FIIAHE L
KHERHRE2 Y. 2070, EBKICHHIRE
B L OSRF Na DAL T L, JRAE TO Na
D FFILIL & 54T o3 S 7z R b K HREASHS
570, F72, FFEICIFRICE VT Na® Cl
SEOFWINDFTOI, KNG v AREZ AR
IEAFERET 2. EHZ L > TRKEDOFITAS
A U7:BE, FETFEE OB RICHEVIFIRTO Na
PRI L, B2 i 2 53 o Na % Cl
SpPHEASEINT 2 10 Zhesas, Kk
DT 4 =) FREEIZBVWT, HAEHEDIRT Na i
FERE BT L2 &, EEEMFE 0B
£k ST R OB X 27T Na JEl- &8I0
BAFRE LCEAONIZ. 2O AR
T AENRCR & N S &, SEBIE OYEREE % (K
TEEDD LIRS —T, BERFERTIL,
HERORF Na B LI ClEOFE R T IR
BHHENT, BCRETOEHEIZBVTOARIR
P K OFEREM Kb Mg BXLU CaDFRER
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BTARO 5N BTHERET OMEIZ BT
Bl ORI H =S A ON o/ L
&, T EOREAER L T AL H 575,
FLLEREHL2ICT LI LI TE arol.
LA L& s, EBROAR—YBBIZBIT LHHYE
RPREDO LD, FlRAGHED 50% DL Lo
HEREE D 5\ L E R O BB 2 1T o T\ 7o 8
&, RIFZEL EOFTRORINE L ORI o
BTFAEZONL. Zhohs, RREKIZE -
TH U HRBIME O T, TR R A I Bk &
% Na® ClEEORMBEBFEOLALELT LD
FCHSTELLHDOTIEIR L, TNHBIEES
NAHLENSEZ AR R Sz, T
WL C, MRS R A o 727 4 — )b FIATIE,
HRACRIEIER AR OB R AT OMIZIL LT
BFREEMEE R L, EBREIMRD o 7o BN FEER
TIIERFCRIE B OB LB E OB OFEE b
o7z, WEEBIME D 7 1+ — )V FIRETOR T o
FEIXENERLY SHORICKE D072 K
FEDORERN S, TR RIESFROZIE, FH
B2 R S N2 IRPRBIIE D 2L & Rk % 2L & R
SRR 2 Sz, SERREICR O8N R0 R
EOETOHRE N 2R THZ LIE, TIZEoT
BRI S 42 TR O BN R0 SR R R AT A
SNDHTOERE % JN D et R S, Hiek
B F B 2 38 BORASEE R BN AL S Bk
RPWNT P ADFEALZ NS E L 7T VIR
BB REMEATRIE S N7z

RIFZEIZ & o C, BB T OEERFICBIT 2
WEABEORTIZZE L ) BB L DL A ML AD
WERZRLZTTWDLZ EDEZ SN K%
BT LENERBI 74—V FAEE DL, &
BREAIEL Bho 720, BUKRIZMER S
LIKMEIZRE S e h o725, B TIEEAICRS
HE L&D, SHICRWRHICGERIZIThI
FOTEIMCLAEA NV AZRETLI LIRS,
L%, EOICHBICEDWZRETICBWT, B
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L 78 5i . (7 i R R E o 50% 2 1)
DLk oo s@ e % Be R (2R e L B B Bk & 20
$5Z&, LT, RPOEMERELZT TS
FhOERERZLWES 2 &, Dbk2 gz
R & T LB S L. b2 RMT 52
&T, HERBIMEE FIH L 72 E TR D 7260 O3E
FRELIRETE 2 WP S NS,

4. £EO

SZHIRETT OEBRGIZ BT DIERBHEOMT R
WO AR B OB, FEFEIICEE S T
Na % O B B e & o3k X OJR 7 Na
EPRREOMT X0 b B VBRI 54 L2 el
AR E NIz, TOFERTL LT, PEEDL
OEFRIE OEENZ L B A ML ADEIT S, 2
BN LA 1256, Z OEBRFERILEL
EEICRBLDOEEZ LN WREEOZLD
AEL, EBEME 2 EH SN NT v AD
R EREOICINET 5 2 L RELIEETH
D, F7z, EDSHEAE RIS EN SR
L LT, BEEETOERGOREEHE LUK
LD 7260 DA 70 7”12 7 B T REVEIZ N 2
EWAEMIEIZ L > THLE IR o 7.

I

AWFFEITxT L CE R E B ) £ LAl
B NAARL & T > b AR — B RE
JECHFLE L BT Ed. F72, FERB X ORI
THhv72s £ LR EDOERK, BEAEAER
FRFBEDOFRFIIUEHH L LT LT,

X

D pbak—, I, AR, ARG, HFARA.
JEBY RO FE &= & K RIE I R T R
(WBGT) D%, RI1AHE, 43:283-289(1994)

2) FA, I, FHFHEA, AR, B
BT BB BT R O FOKFTE) & AR RZE B O B
Fh. IR, 44: 357-364(1995)
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3) SR

4)

5)

6)

L EAKET, LT, WIS, AR
B, HHIEREE, SIEEETICB T 5 R A EES)
BRI O 8 - HE - TRE B LUK EBFREEN
B XTI - BRESHBERIENOEE -
EFIRVEE, 47 427-442(1998)

EIARHAY, BAFIRE, dbASHESE o NHILE LR
Témﬂi@ﬂ*"ﬁﬁﬂﬁwﬂimlﬁéT6%&%9’9%}%7&
UL EERZE, 18(1) @ 33-39(2015)

KEMGT, FRAESE BT TORNAR— VG
B SRR B 3
17(2) :59-66(2010)
JNEFIR, Pk, NEKET, HRER, =G
B AR—VEFIBIFLHEN N L —=2 7
HIREN T TIEIZONWT, Yy 7 A —

HAE R A AR,

¥, 2:6-11(2002)

7) Horio T., Kawamura Y. Influence of physical

8)

10)

exercise on human preferences for various taste
solutions. Chemical Senses, 23(4) : 417-421(1998)
Rolls B.J., Wood R.J., Rolls E.T., Lind H., Lind W.,
Ledingham J.G. Thirst folling water deprivation in
humans. Am. J. Physiol., 239: R476-R483(1980)
SARBCE. EE) AKR—VICBIT 5 EBHREANH.
IR AR — v BES:, 26 BT« 50-59 (2009)

IR, AARE], == EEROITS X
O b oo, A1) o s fklE O — 0%
BT B R DR, AR IhR
3%, 46(1) :39-46(1993)
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Metabolome Analysis of Muscle Atrophy

by

Yasuo Kitajima, Ryoichi Nagatomi

Tohoku university

ABSTRACT

It is known that muscle mass is determined by the balance between protein synthesis
and protein degradation. The ubiquitin-proteasome pathway is a major route of protein
degradation. Recently, we reported that the muscle-specific deletion of a crucial
proteasomal gene, Rpt3, in mice induced the muscle loss in mice. The purpose of
present study was to clarify the metabolomic profile in skeletal muscle of muscle-
specific proteasome dysfunction mice.

We crossed the Rpt3 floxed mice with a transgenic line expressing Cre recombinase
under the control of a myosin light chain 1 fast promoter to generate muscle-specific
Rpt3-knockout mice (KO mice). We evaluated the metabolomic profile in the skeletal
muscle of control mice and KO mice by using the metabolome analysis.

The appearance of skeletal muscle of KO mice was distinct from those of control mice.
The absolute weights of the tibialis anterior, gastrocnemius and soleus muscles were
smaller in KO mice (p<0.05). In the metabolome analyses of the 112 metabolites, 64
metabolites were significance in skeletal muscle of KO mice compared to control mice

(p<0.05). These results suggest that muscle-specific proteasome dysfunction may

T b AR—YEEFE Vol. 37
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induce metabolic disorders in the skeletal muscle. These findings will contribute to

further clarify the molecular mechanisms of muscle atrophy.

2 B

BREEINLS VNV BOERE FHEDOINT A
ZE o TIRESIN TS, i, FELITED
R TRPERNT AT TV — A OB
R ARHEMmE R Lo LR L7
BRHBRERN T O T 7Y — AR~ 2, 5
ALY, REERFLREIL, HEMIE-
7o & DR Z LTz, IRFBRRED 72012, FHE
RO TOT 7V — ARBEY T ZOEET 2R
2, A7 RO — LFHTIC X0 R O R H T —
Y A& HEREIICIERT 2 2 L2 HiE L7z

FHRGERN Ta 77V — 2 RE~ T R,
Micl (myosin light chain 1) Cre & 70277V —
LWIED 5T T 5 Rpt3 floxed 7 A DAERALIZ
Lo TR L7:, BRBRRY 70T TV — AR
HYvw2bEary bu— <7 ZOEKEMHEXTRIC
A& RO — LT R AT 7.

BRMIFRN 7T O 77V — LA KE~ Y ZAOBHE
W, BIESER, T AR, Ty hO— LT YA
DENS EHBLT, AEIZ/NSWEEZRLT:
(p<0.05). A& FRu—LfFHFCix, 2~ hu—)
TR LRGSR T O T T — AR Y A
ORBICEY), MHTEZ 12O B 64 0
R BEEREE R L (p<0.05). Lo
s, BREGEBRNTOT T Y — ARIEY T A
TIE, B OB EE D5 X TV 2L TREMEDR
X7z SR S o N T— 7 2 eIl il 4
DRHY OGN LEETDH 5.

B

i

T ENERAEER OB EERILZICBZAL T0 5.
T ETHEITT A ERILEEICBWT, Frax

=7 (IEZHE D BEEME) (PR EEHRRE LT 23
% O R AR, AEMEDET 5 2
LIEMETHH. I, ESELICHED iz
HEFHIRBEOMETH V), HEMROS THMED
fEBHASSRO HNT W5,

HERNOEE R 5 7 5l LTlE, K
XF o TUTT V- ARNETOND V. s
RO ITLHEIZE DRI EEZONE. Bz
X, 7y POBEMET NV THEAEINIZBEILE
52 54— 2D MAFbx % 55 Hli < 8 R 5
HEw2 L EmarEmy 22, Tur7y—
DIEHAEY OMBIZ BV CGHRE B L UEAO
WFRIZL AL TEY Y, ATP 2 BEET 5
IANVF KD S v A ch b, 70
FTV—AIE26S TUFTV—nEEIERY, 66
DY T2Zy PRORERENLIERGZEEAKTS
5. 28 7uF TV —aidTa Ty —YiEhir s
45208 7uF TV — L OWHIZ 19S FE KT
(19S regulatory particle) 253G L72bDTH 5.
19S @ #: %01 Rptl-6 & Rpnl-2 @ 8 > ¢ ATPase
Y7y FCHBR SRS Y. 198 T Ty —
LD TT T 5 Rpt3 D4 KIR TR
WS 5729 Rpt3 4 T IR AEFICUHED ST
LEZOLNA.

R, FEHE, FRHICBTL 70T T Y —
LOEEFWHS T B0, BRI
TOFT V= LAREERITIEDTE LHEET
KIB~ ™ 2N & BRI W L7 7. Bk
7077 — AR~ AT, SR To
TUT TV — AGROR BRI AR L, L
T, BB EROEHIC L) HEKT 5
DT ZRL, GLAHEMERI Lz, £72, %
NWY B L OGRAREILBEE Y 287 HD
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ERIMR L. INHoERICXY, TarT
V=R E DY Ry 8 R, b L AR
MW TH L LA ME LD, EES O
WL B EHERY 7O 7T V) — AR A
X, BHAICBITA a7 T Y — L 0%
BT CEAER Y —VTHY, ThIZXDH,
FHE, TR ZER O S TR OIS 28
HEEZTWE,
EHGERG 70T 7V — AR~ Y AT,
WEMEE L2 7077 Y — LI E OSSR
W70, RERY VX0 Ex5Fd 5 L FIFIC
Hizte 5 vy B R MR SR A SR L
TV EDHEbIH-TnEEEZLNSL. DOF
D, BHBERGTOTT Y — ARIEY Y A0
FEHEL72DIE, BRRAREDT0, BRHIZB
TRHBEFEEZRILTCVL EDRFETL T 2
O OHY) % MR I ZIER C S IURHZEME S T
BREOMIHIZ OB b EEZ, FHELHIIAIR
O — LSRN 2 FHE L7z, A R0 — L BN &1,
T3 &R R E 2 R RS S
CENTELFETH L. R E HERENIILE
FTHILDTELAY RO — AFHOFELZTY
ANT, BRI TaT T Y — AR~ A
DR ZEHERE O & MR IR T 5.
RFZE T, BRI 7 a7 7Y — LK
YA, HRHICBW TR ZREI L Tw
5 EDRFHERIET 5. 2 CHBIERY SO
FT V= LRBY T AR AT, EREE O A
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1. 1 EBREY

Rpt3 flox/flox (Rpt3 f/f) ~ =7 21X @ W28
DFEHKRFEL DG sz Rp3 U~ A &
Miclf (myosin light chain 1 fast promoter) Cre <
2 L OREET, BHEHERN T T
V= AR AEER LT S RTovy 2
(3, WAL B FEERIR S A5 S NZBIE T T,
AL KB FEER R 2BV, R, RENE
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OBOHOHT v TV EHCTEREITo 7.

1. 2 #ERPRARES
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fi, BRI Bz, 2ofk, S EE A
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TR 1R A >~ F 2X— b L7z, PBS THE#{%
VECTASHIELD (Vector Labs, Peterborough, UK)
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135mg), HFEI/NS Wiz R L7z (p<0.01,E2).
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A (453*44mg) LWL T, BRmHIFEN T
o7y —AKRET Y AT (127+9.1mg), A
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=1 A RO — LRI X BT RO
T=FVE-F NTF*E-F
Glycolic acid Gly
Lactic acid Putrescine
Lactic acid_m1 beta-Ala
3-Hydroxybutyric acid Ala
2-Hydroxybutyric acid Ala_ml
Fumaric acid Sarcosine
2-Oxoisovaleric acid GABA

2-Phosphoglyceric acid
Citric acid

Isocitric acid

Gluconic acid

Ribose 5-phosphate
Glucose 6-phosphate
Fructose 6-phosphate
Glucose 1-phosphate
6-Phosphogluconic acid
CMP

UMP

cAMP

Fructose 1,6-diphosphate
cGMP

IMP

GMP

PRPP

dTDP

UDP

Acetyl CoA_divalent
ADP

CTP

ATP

GTP

NAD+

NADP+

Succinic acid

Malic acid
Phosphoenolpyruvic acid
Dihydroxyacetone phosphate
Glycerol 3-phosphate
cis-Aconitic acid
3-Phosphoglyceric acid
Sedoheptulose 7-phosphate
dTMP

AMP

CDP

Malonyl CoA_divalent
GDP

dCTP

dTTP

UTP

dATP

Glyoxylic acid

Pyruvic acid
2-Oxoglutaric acid
Glyceraldehyde 3-phosphate
Erythrose 4-phosphate
Ribulose 5-phosphate
CoA_divalent
2-Hydroxyglutaric acid
Cysteinesulfinic acid
Cysteic acid

NADH
NADPH_divalent
Biotin

FAD_divalent
3-Indoxylsulfuric acid

N,N-Dimethylglycine
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Ser

Cytosine
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Creatinine
Pro
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Betaine
Homoserine
Thr

Betaine aldehyde_+H20
Cys

Thymine
Hydroxyproline
Creatine
Creatine_m1
Ile
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Ornithine
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Adenine
Hypoxanthine
Anthranilic acid
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Spermidine
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GIn_ml

Lys
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Glu
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Met

Guanine

His

Phe

Arg

Arg_ml
Citrulline

Tyr

Spermine

Trp
Carnosine
Thymidine
Cytidine
Uridine
Adenosine
Inosine
Guanosine

Glutathione (GSSG) _divalent

Glutathione (GSH)
S-Adenosylmethionine
Cysteamine
Homocysteine
Cys-Gly

Cystathionine

Cystine
gamma-Glu-Cys
S-Lactoylglutathione

S-Adenosylhomocysteine

hmGSH
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& o 7B AHEE G D55 B ARG T DSBS
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%. SR OB D B G D TR ORI 0 72
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R TIIABREEIRE TV REZRE L
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