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Development of Measurement and Evaluation Method for Quantization of
Suit’s Clothing Comfort

by

Toyonori Nishimatsu, Hiroyuki Kanai

Shinshu University

ABSTRACT

The purpose of this study was to measure and evaluate the clothing comfort of
jackets with different length of arm hole and slacks with different hip shape using a
sensory test, a clothing pressure measurement and EMG (electromyogram). We
proposed four experimental motions to measure and evaluate the clothing comfort
of jacket and slacks adequately. Healthy males evaluated the clothing comfort of
five jackets and three slacks by four proposed experimental motions using the paired
comparison method and their clothing pressures between their bodies and wears and
EMG values were measured during those motions. As the length of arm hole was
bigger, the clothing comfort of jacket became better, and the values of the clothing
pressure and EMG were smaller. And they evaluated the slacks with the forming
processing and the long raise length the good clothing comfort. Then the values of the
clothing pressures between their bodies and slacks were smaller. These results indicate
that the clothing comfort of jacket and slacks could be measured and evaluated by four

experimental motions, the clothing pressure and EMG.
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Effect of Habitual Exercise and Nutritional Intervention
on Brown Adipose Tissue

by

Takafumi Hamaoka, Yuko Kurosawa,
Toshiyuki Homma, Shinsuke Nirengi
Ritsumeikan University
Masayuki Saito
Hokkaido University

ABSTRACT

[Background] Brown adipose tissue (BAT) is a type of fat that serves as a site of
non-shivering thermogenesis during cold exposure. It has been reported that higher
BAT activity is related to lower whole body adiposity and accelerated glucose
metabolism. Thus, BAT attracts much attention as a countermeasure to obesity
and obesity-induced metabolic diseases. Muscle contractions modulates muscular
environment and increases circulating myokines such as irisin and meteorin-like
substance, resulting in the increase in BAT activity or browning of white adipose tissue.

It is also reported that some kinds of functional food supplement increase cold-induced

T b AR—YEEFE Vol. 36

13



thermogenesis (CIT) through upregulating uncoupling protein 1 (UCP1) in BAT
deposits. [Purpose] The purpose of this study was to elucidate whether habitual exercise
training was associated with increased BAT content and whether supplementation of
grains of paradise (GP), a West African spice in the ginger family, increased BAT
content and CIT. [Methods] We measured BAT parameters (tissue total-hemoglobin)
at the supraclavicular region using near-infrared time-resolved spectroscopy in 7
collegiate healthy non-athletic individuals, 8 swimmers, and 8 triathletes. BAT content
was higher in swimmers and triathletes than in healthy non-athletic individuals. The
effects of GP intake (40mg/day for 4 weeks) were examined in a double-blind placebo-
controlled design in 18 healthy individuals. We did not find any significant effects
of GP intake on any parameters. However, individuals with the lower BAT content
and blunted CIT response pre-intervention showed a greater increase in BAT content
and CIT post-intervention. The results of this study indicate that habitual exercise
training and adequate functional food intake, specifically for individuals with the lower
BAT content and blunted CIT response, could increase BAT content and enhance
thermogenesis, presumably reducing risk factors for developing life-style related

diseases.
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BEATHHIBORHEIL N 2EH, IE
IR ER OB 5 7L A v F 785 54 A (GP)
Pe5-75, 1Bl s & O SEG R EEE 2 B
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A AN

bk k5 ize b oB a3 55
A7 WELHIZ, FDG-PET/CT |2 X % FDG HiA
AHMEA e Me TR FHE S 2 A 8 5 —
R FETH L2 0b 5T, PET/CT & Hw
7o Re R AR O 9t 5 A% 2009 4 A A Bk
FoZENNTHLIENETONS. EHI121F,
PET #1255l (20 ML) Thh, #HEx
vy, 2SR RESAMPLETH D, k&
DR EHZ ORI Z W CTE 72,

wE PR IE, BRI B L <, IR
A% EAL - N L CB Y, B EEAS
B, I bV TOEE CHEENERTH
D, IF7UCYSERT HIREEDSEAERE S
nhcwz? #z<C, ~AEruvlréitrsol
v OEEFEALEIRE & IRRERYITNE T X 2 e 55
ARG (NIRTRS) #iE %2 W52 & & L
728 REEEHGIUS, SO MK - R
EEILT A ENEETH L. BOIRTHED
TS F DSV & 13T % b b JLEk i &
(T-Hb i) OE S T, MEAETE 5 L2 5N,

LA OREOWIETIE, BRBETICBVT
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AT AU REMED & A 3AL) @ T-Hb 1 & 18
RGO IRIE C & % 98w B T
@ FDG HUY) A& i & ORI BIF 2B (1=0.73,
p<001) w71 5% #4180 T-Hb
URIE A AL, BRI & AT &
5T L EHELT.

UboZ &R NZETIE, Mkt 2 E a8 E
AT HH B BRI E T AT, AL
B - PHRREOD L5 7)) A2 M5, CIT
RWIMEEDEER, & 512 CIT OE/HH
RS OZLE) & BES L Gz il 5 2
L HmBE L7

1. MEHE

1.1 "EBLUNMA
EER1ICBWT, HEMIZMN L —= 27 (A
S5ELLE, 1R 2KEMUE) 247> Twa B
FIAT AT YEFSYL (Film21+25%, &
F1729+54 cm, 1A 63.1+54 kg, A =%
104*24 %, ¥ ik 3 18 & 58.8 3.6 mL/kg/
min) & FBUWAKKEF 8L FFR 2015, &
£ 172049 cm, K 674+56 kg, 1KF =%
131%4.3 %, i i Bk 3 & 55.0+4.7 mL/kg/
min), W ONIC— M RFEET S (FFli 232 5%,
£ 171359 cm, 1A 67.8+56 kg, MHNE N
212034 %, WS FRIEIGE 49.7 4.7 mL/kg/
min) A% E L7z (R1). VavfiAs BKC 4
MR HFEERESOERKE (KBEFES - BKC-
IRB-2012-021-1) #12, ®REFE LT, [TEHIC
TWIZED B, Kk WE, ZoCICERTIES
D9 BfEktEE T L, BIRICEmT 52
L OREES. Wi
LA AT o1,
EER212BWTIE, EHEEO KB
KFEWBHIIN LTI LA VX TINT T A A
(GP : ERAT 1L 5 6-paradol) (F 4 KR 71L
ESmALE) % 40 mg/day, 4ERFRG A9



R1 KEEICBU 5 SRR

— R AT AT Y ET KikET
Fim (%) 229=19 21 £19 20.1£0.8
g% (cm) 171.3£59 172.9 £54 172 £4.9
R (kg) 67.8£56 631 £54 67456
IR (%) 120+34 104 £2.5% 13.1£4.3
KR FIRAGE  (mL/kg/min) 49.7£4.7 58.8 +3.6% 55.0 £4.7%
T-Hb (uM) 86.6=19.5 111.0 £24.9% 117.9 £25.9*
(*: P<0.05 ; —fEREE & D)

160 7 *

(FElE 202 7%, B 169.0+49 cm, A 69.3+
121 kg, IR 17186 %) & 77t Rx 4%
G¥zarro— VBN (ER20:1mE &
£ 169.0+6.2 cm, 1A% 69.1+87 kg, 1K=
16888 %) &wxli7:.

1. 2 EBR1ICHT3EE

R, RE, ZEIAVE— XTI E
(DXA: GE Bl X 74 #IVAE) BLOAS v E—
5 > ik (Biospace fH#) &V -CHEIRIGE, &
Hehhise, BRRRRGfARE % Hi5%E L 7. NIRTRS £ (&
At =7 Z%#) 2HWT, $#HE EEIZBw
TR BRI ALRR R B O TR EE T d 5 T-Hb Ol E %
Fio72 10,

1. 3 EBR2(CHFBHE

KB 1 OBPEHEB I Z T, B I (5 &
(GE~NVAr 7H#HE, 157 2A5—) #HWTHE
PERRRRERE 2 A AR CllE L7z, 72, T A
MEICBNT, B (T rvy, ARY) 12T,
il 19C, 2 BEOEGEHETV Y, 20kKo
TR A & MR A AT € (AE-310s: 3 F
N ERFEALE) & O TRIE L7z, SRS L
FEAE b EIM BB GE A & D7 R SIS B
. (CIT, kecal/day) &5EFRL 72,

1. 4 fhEHIE

T=HIE, TRTPIME £ B REETE L
2 BRI DFEDOKE L ttest & V72, GPEEB LU
77 RO ARIRO TR O L EIREO

- o
100+ [ l J
80 - J

60 -

[T-Hb] (UM

40

20+

0

1

—mEE FIATIOr K K
X1 85 EETCOMBRATEs O Y (T-Hb) EED
—fEEE L NI4T AT VERTR L UUKKGET & oIt
(*: P<0.05 ; vs. —#%H A

I, DR L0d DL IehE S EOEEIZ LY
g L7z, SIREMoOMRZ €7 Y v OMBIRET
W& o THGET L, BRI X 0 YR B % ko 72,
fEREI% 5% Him x A EoKi#E S L7z,

2. Eﬁ%llﬂ%

2.1 EB1OEFICH TS T-HbfE

—fEREFEE N T AT AT VEFR X OUKKGE
FOHE EEO THb HICOWTE 1 IR T. b
FTAT AU Y FEFLKKEFO T-Hb flid, —#%
KFAEIZHRTHERICEMELZ R L7 (p<0.05).

2. 2 EBR2OBHICHIBZINTARBOEE
REDE
FEER212BWT, MEIZBIT 50 ARiIRO KT
BOMEEZR2I18T. WINOREIZBEWTD
AHHRICB W THEEITRBO O N o7,
GPHTIX, MARIZBWT DR, FEHLHHE
BOEAE RN ERLHNPEERE L) SARITEV

T v AR—= VRS Vol. 36



®2 WEIZB SN ATIROKIREOMH

17

GP #: 75 b R

DN N I KHii N
SEW () 204+24 - 202+1.2 -
BE (cm) 169.0+4.9 - 169.0+6.2 -
fAE (kg) 69.3+12.1 69.6+11.9 69.1+8.7 68.8+828
IR (%) 17.1+86 174=86 16.8+838 165=86
PIEREBA T RS (cm?) 204+13.2 267+95 349+19.8 34.2+205
Kz FIEMT G (cm?) 112.2+70.3 116.8+755 109.8+75.0 111.8+69.4
FEEEUREIAME  (mmHg) 123.6+10.5 121.1+6.7 1243+74 1229+157
L EHERIIT  (mmHg) 69.3+6.7 67.8+6.4 67.1+7.1 68.3+11,0
LA (rpm) 65.1+9.3 65.1+828 63.0%11.0 617+114
EIRLG R PGEE S (keal/day) 16024+2858  1558.7+237.6 1705.1 +192.7 1599.4 2453
FEG LA B E B (keal/day) 1661.1+315.0  1704.6+215.9% 1818.6+144.8%  1762.2+258.2%
FE TSGR (keal/day) 587+1845 1315+1235 113.4+169.8 164.9+212.2
T-Hb (uM) 780*14.6 86.1+12.3 83.1+19.9 90.2+18.6

(*: P<0.05 ; ZimEFHRFAGEEE S & O )

xR L7z (2 F ) AREL CIT AR S v7z)
(p<0.05). 7F RETIE, MARIB LM AE
2B\, SR ARG B AR ) S SR I i R A
EEIDDEEICE» 72 (AL, AFEZ% CIT
HEhNASHEE S 7z) (p<0.05).

2. 3 EE20T-Ho & EIBEEDREEMS

FEER212B W, T-Hb & KiRIE L OB #E % A
b, AARIIHBWT, T-Hb & CIT £ DMIZAH
R AR SN (n=18: 1=0.64 , p<0.05) (X
2). FAHIHROZELEIZOWTIX, GP G-I

5007
y = 6.5233x438.59 °
4001 R2 = 0.4171
>
I3

3001
= 200+ o O
(o)
N o
T 1001 %0 /%
= o <
= 0 T r !
o 0 50 <© 100 150

-100 &

S . &
-200

®2 AHARICBT B85 LETOMBRAE O Y
7 (T-Hb) & FE i F B E A B (CIT) & OF 3572 B3
BLTOHAT-Hb & biE & CIT Z{bE L ORIH
B EMA RO SN (0=9: r=0.64 ,p=0.05). &
FiiFge 1V 2 L7z25w, T-Hb i iC X 0 %8 g
MR A DSBEE e WBRE, BaiEie (+) 6
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%) LR TR IR A AT & 22T 2 WRBRE,
WAk ) @) 125058, BaElRk
Mk (+) BLBORME () Bo T o
AIIBWTHERERA (p=0.059) 723& b7
F 72, T-Hb % CIT D4 ARIMEAMK S DT &,
S A% D T-Hb % CIT O¥MEAKE L, S AHi
i L M= OB A B 2B EA A 57 (T-Hb:
r=0.67, p<0.05 B X ¥ CIT: r=0.77, p<0.05) .

2. 4 BBBHENEIZOVT

GP ¥ GHEZ BT DA, i ARTO P g I
FRAE & A AR O NIEIET T E D2 e & D
WICEOMBEAA S 7z (1=0.73, p<0.05). T hF
JHZOWTIE Z OBfRIZEED S o 7z,

Z =

AR, Wb % P RTHIIL O RIS (TR
RSN 13, BESEN L L oRll (BMo%s
TR ST 12 & ), SR o R
B ML (N=v k) L)% RIS T
VB D T B L7 R b 18 o g
2L L ) 2 d HAHDS, RIZZDAN =K
LIRHTHD W

EHHN D B ERO—>TH ), EBHHE
TE B IO S 5 2 B B D\ T OFF
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FOHEATVD, fiilt, BRMEET VE v
TPME TS 50, HIEHICHEVEART <A
F A 2T irisin & FEREGIRMIE L O
BRI H ST 5. FEAE f R,
B\ Z B AE$ B & 2% 27 ' fibrone ctin type
IT domain containging 5 ® —# T & 4 irisin |2k}
L CORZWEAIFRIZEH N LB L T b
5 EB)E, A O peroxisome proliferator-
activated receptor gamma (PPAR y ) #x 5 3L 7%
T (PGC-la) ZiGMALL, Mlagis > /87 THh
% FNDC5 % #Jjl & & %. irisin (& FNDC5 0 —
HTHY, MBI A A4 oYWz & vk
Bt s, BEEMICEST 5. ZORR,
PGC-la /L CI ba >y KUY 7 L BGEAKN
B (UCP1) ® mRNA ZHijns+, Hfalifii
* FERR BRI BT 5 L ST b,
LAL, £7Ze MIBWT, irisin 25 FE A
MM 2 B o5 A IMREE S LTV v, —
F, BN L == ) B RIS T S
HHOBNT 7V Th%HPCG-la 74V —
20 PCG-1a 4™ 7] & 72 1) meteorin B4 &
DHNNT 2 2 L HHES TS Y. Z 0 meteorin
BEAS, R IR (@) & ) TEGE
HEEEIFTIELGroTE 2F ), EHH
WOEEED I 3 ) TR, AV F—H
B OWANZ DR H W REEDRIZ SN T W5,
AWRIZB VT, EEEEOR L 5 5%E T
E, BE BRSBTS THD ICEFDH 2 2 &A%
SAC&E 12720, — ke KRFED T-Hb EIZ DWW T,
WERBE DR ONTnwE 2 Db, —#ILTE 5
MEWOMEE B, TNFE TOFRMERO B
DOWPERRERA S, 71 %12 B1F 5 T-Hb OFfl =
ZiHERAIE, 886+320uM THDL I Enb, &
MW7 1E, FEmoB 2R sMHEE
EATIVWERDNG.

EEEE O D B WERHE O T-Hb 737 W il 2 7R
L7zZ eid, R8BI X 2405 5 ol i

(irisin %° meteorin FEPYEARHH L T 55 b L1t
) HEEERE MR (O moE
WEHZZHTILEERRTLLDOTHL. BYE
TIIBWTIE, 1H94, #5ME, 9MHo b
Ly FIVEDIZ X o TRl < UCPL
DEBINET S 2 L OfiEhd s Y. —7, 5
HABGEEZRI S WX ) HEMIZT1HG0
Gy, HAS5ME, 6HMOKIKN L —= 2 T RITH L
ORI AL AT L 72 & oS D 5 16,
Al N T AT AT VEF D KGETF OB ENEN
MRS —MERFAE LD b EVRER & 7o 7228,
BYETVTOMRESEZIITH L, BEH K
WOEBIEMICE b EZONDL. FIA
T AU EFIZBWTE, AR T =
FRHEREEH ML — = 7 5 ToTWADT,
FEE R IR AL E ORI A RN B 72
THEED B 5.

F72, SROERIE, HHOML—=2 TIE
ROXBLEZONL, KIKGETF»HAE 20, 1M
LIEHBREO KRB N L —=2 T %1T>C
Wz R, FIA T AU VEFOHRETOHiiE
B L —= 0 ZOBRIZIE, TR ERE O/ IHE
b o TWAHIREMS 5. S HIHIERS )
LN oo, RHEREERFOBENRIMEME
DUEERATZINE, EDF A T OEEH R AR
WIHNCE B 2 OO e v 55 N5 W REMED
HoH. bHrA, FMEMHEICIE, 3> ba—n
EN/ b L -V TERET) T EPUHATH
5.

LkIE, KIKEFR M IAT ATV ETFOD
irisin %° meteorin ¥ E D MR E % FH-XC, 15
R ORI D X 51 = X 5 O— %2 B S IS
HUENRH DL, SHIZIE, M- v 7D
irisin %> meteorin £ & O BE & T-Hb |2 & V) 5F
fili L 718 o g itk & ORIz o » T b Mt §
LUENRHDLEEZEND.
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A7z GP (45 (& 2 BR B 45 6-paradol)
OHRIZDONTE, BWET VB L MIBw
THRENTVE 1T FEF VIZB T
X, GP ¥ (10mg/kg, 30mgkg) B X VZD
Fpi5TH A 6-paradol (1 ~ 10mg/kg) O HPIH
GAZX D, BB R MEE B O & 18
BEBAALHR O BREEAEIN L, W12 1dm — SUGE
BAHDEHMEINTHE T, S5121, WK
FRFEEIINT I & 0 B OIS 5 2 & bR
ENTW5. & MIXT 52 R E WGE L 7210
e T, BRI EL L CEYT ARG (B
PRIGHLEE (+)) 2BV T oA, GPHIHEY 40mg
OGN LD BIRZEREBGEENEMT 52 &
EMRLTwL Y. 251013, e My o8
PERY S % MGE L 72 F9E ¢, 48R o GP i
mg 512k, ETREViEB L2 hEI=
I L 2 \v2s, WBEIEFRORT A LN, =

I 2R BEA S BINS 5 2 L SRR S LT B
18)

AWFFETlE, 4 AR O GP HiH Y 40 mg/day #%
Lok, BEEAGOIREL CITICEE LR E
BIB 768 edolz. 2T, FATHIE CHGE
ENTwa LI, Bk (1) LBh
PR () (2 CHgIT 21T o 72, Z 0k
R, AT OBEIEIAAE (+) B CIT EA
B e isak ) BLY @ (p=0.059)
WaLNz, oz Lk, BRI RE =
A WHEBRE O DS FES AR 10T B B B AT
WIEERTHDOTHY, FATHIZEOM R & —3K
T2 AAHIZBWT T-Hb & & CIT L ORI

BLEERAONZEEHDbETEZL L,
NIRTRS 2 & V) §# i L 72 T-Hb &1, B mlghii
WEX M 210EL LCOZYEIEHNC L %
IRLTWA.

%72, T-Hb % CIT D ARIELME VS DT L,
GP #5-1£® T-Hb % CIT OB HEICKE
WEEPHER SN, T2 kiE, HMARNICER
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b e EEEAML, BUEA DR HEERE DS
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T, CIT »HhnL 7275, GP#ETIX, M ARIICE
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9B RS Er 22 ENEZLNE. L
L, GP#5#%121%, B2 56 {BORIitEkED
BN AR - TG IR T 2B ARSI L 72 b
DEEZLND. KB, GPH5I2ME) T-Hb
D& & CIT OINE & OMIZITH BKELZ
ZEL 2 ho72b 0o OB A Sz (n=9:
r=0.64 , p=0.05). SRIDOWFFETHIF A L LT, 7
ORAF—NWN—FEE2FH L ho/zZ LA, 50
REAMHTE Lo HRELEZOLND,

PR AR G T AR B & OF FRRIHHIFE 122w Tl
GP#HGo%REIALN Lo, L2 L, GP
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B Y 525286 TwS. L, 4
[ 72 BB O SE R o R T RRIE 13 <
—fE KA, I AT AT VETF, KEGEFICE
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D — M KFEEDTD, EEHEF L) LR EWHE
Tho7z. bLb, ETIEHETTHb iy
B I, —ERFE L EBRTE 0EITE 512
KEL DML D, Lch > T, SRR
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The Effect of Compression to the Calf Muscle on Muscle Performance

by

Yasuhide Yoshitake, Naokazu Miyamoto, Hiroaki Kanehisa
Laboratory of Muscle Performance
Department of Sports and Life Sciences,

National Institute of Fitness and Sports in Kanoya

ABSTRACT

The purpose of this study is to examine the effect of compression to the calf
muscle on 1) plantar flexion force evoked by electrical stimulations involved single
or repetitive stimulations (20 Hz), 2) jump performance, and 3) muscle fatigue
during intermittent isometric contractions at a submaximal load. The results showed
that 1) twitch force decreased by compression whereas plantar flexion force during
electrical stimulations at 20 Hz with compression at 150mmHg was significantly
higher compared with that without compression, 2) the jump height and rebound jump
index during rebound jump with compression tended to be higher compared with that
without compression, and 3) the slope of electromyographic activities with contraction
repetitions at constant load with compression was higher compared with that without
compression. These results indicate that ballistic muscle contractions would be

improved by compression at relatively higher intensity.
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RIFFEIZ BT, FROLED /ST + — <
AT T HEEHOPIZT L2 HME
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1. MEHE

1.1 MR1) THHECEUIEERELE
SRIBFERG N & DRk

1.1.1 A &

FiR o X512, ABFFETIE, KHEEL Lo
BREBRET 72012, BRMBEH I % 5
AL, HEBICE DK () LXVOARDRIRE
Rk L7z, d &, RELZBFRFEE64TH
D, X 22104 5%, B R 168.3+04cm,
R $63.1+1.3kg (FIfi + HHERE) TH o 7z,
FERIL, WREICEBRANY - BMEEZHHL, WX
iH/z ETiTo 7.

ARITHRTIRE L, SR KR % 5
L L7z o REITERBE L b CTHEAE
LB E 22 ), HAREZ T — Ft (LUR-A-
1KSNAL) OB Y fFIFshz7y b7 L— M
B 90 B CREE L7z,

BRI BERFEIGHE X, 75 ICEE % 20 v GE
EEEM) A e, WMEE (Ea%kt) %2
T2 5&METITo 7o, BEIRIIE 21T ) 27z o
T, UA—3YI7T v TRIRIEEHZIEEIZL S
—B A N REOWROBEY 2T TR
F9 5720, RAMERT) (Maximum Voluntary
Contraction : MVC) @ 80% DUk % HAb 47T H+H
721k, oF D, SR EOTEE AR T A
LTWBIRIIZ L TAS, BRI i L 72,

fl#EeE (SEN-3301, HAGEME) 2267
4 v L —% (DS7A, Digitimer #t#) %4 L T,
AR5 B S A 2 AT, IR 2 RE S8 L 72,
HIE, 7%V A8 0.2ms DM & L, HleaE
(LI B T B X OB SRk & 7 A EIE L
& L7z HOTEE, BRI CRIEAS 1 [l72
\F) & 20Hz i (1 FPRIC 20 W oRlE) @ 2 4
Rl L7z, fldig, HIUHER R L 10 [, 20Hz
HECIE 1RV HAT - 72, R0 R 8 i BB
AP 72K BRE - Tl L, BT

50, 100, 150, 200mmHg (272 % & 9 fE L 72,
FEATIE, HUHE LR 1, 10 18 o> B )
FHMEE, 20Hz Rl X, f 1 BB O bk
010 [A145 (11-20 [7) OFIHE D T F350E % FH
L, FEEpLay va— VEETHREL 7.
HUHE 7] B & O 20Hz FUBAEE O 1%, HEIEBREE
RERET D0 R L DB L —ICEE OG5 HGHT
BiTo7z. HHETHo 72K, Dunnet %% v,
FHEMEMF L DB EITo72. b, HEKIE
5% & L7z, fRiE, SOhiETy + i,
BHE Yy + BRI TR L 7.
1.1.2 #& B
BRI, FREES L B L T, TFIEI
TRTOEELEAETTE Y, 100, 150, 200mmHg
Rl oA B> 72 (P<005). —77, 20Hz 4l
BEroJ31x, 150mmHg 1[2B W CIEFEBESEMA LY
bHEICE-72 (B1, P<005). 0oL
HEEREE IS BV CIE, FRHEESA & I L CTED
oz (P>005E1).

1. 2 HR2) TEHICHEIIEBEY v~
TINT  —< > DR
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W5E 1 DR A IS, BB ORI 2 I 5siE %
179 ¥4%, 150mmHg TOEHEBIZ/ST7 + —<
AR LSS LWEEEARIEE NS, Z T,

|

[ | | | |
0 50 100 150 200
E8#EE (mmHg)
X1 HaHGEE & 20Hz SO O ) O B FR.
T = Z3EHER LEZ 100% 125 LT\ 5.
*P<0.05.
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WIE2CTld, Vv v 787 3 =<V ABIZBW T
BFEHAIST F —< v A% L &5 HEEL 7.
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209+05 /%, HE 1724*6.3cm, {AH 684 = 8.2kg
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PR (F) CHRLCHEBLZ R, Zh
ZNOZEMRZ 2 B ORBE TV, KEMRO
B O NY v KU v TR BT 2 3
Bz w7,

BESB LU N Y RV v v THREICBW
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MNYD 284 THoiz. ZD2/D) N7 P v
YTREL, 20m/ BLLFCH Y, tADY v v
TRNDP B R RETH 72 7B, 20
245 LA, RKBESB L) Ny vk
U v 7RI, RO ) IS IRE R &
D yEho7 (P<0.05).

1. 3 THEEICH T 3EE EHES & D%

1. 3.1 A &
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57\ BT3RS O W CIRE L 72, W57 1
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IS L 72 B O ARIEM & 1 34 L 72
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L, R IHMEMTXEE L, HiENOFGHR
MM (RMS) 28 L7z B, WiESTOES
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The Establishment of Clothing Pressure Evaluation Method
Using the Walking Soft Dummy

by

Hiroko Sugatani, Kenji Iwasaki
Tokyo Metropolitan

Industrial Technology Research Institute

ABSTRACT

Clothing pressure evaluation for product development and quality control is
primarily performed by methods involving the use of hard dummies in a stationary
state. However, such methods do not provide sufficient evaluations if it is assumed
that people will be subject to a variety of dynamic effects while wearing the clothing.
Therefore, in this study, we developed soft-waisted walking-type dummies to simulate
the softness distribution of the human body and examined their potential use in a new
method of clothing pressure evaluation.

Two types of long girdles were used as specimens, and the clothing pressure
measurements were taken at 11 locations on the waist and leg sections, using an
air pack system. Static measurements were taken to examine the stationary upright
condition with the legs held together as well as with the legs spread apart, while
dynamic measurements were taken with the stride and speed varied in stages for

examination.
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The trends in the measured values were approximately the same for the soft and

hard dummies in the static measurements, although the levels of the measured values

differed depending on the measurement locations. Differences in the measured values

were observed between the stationary upright position with the legs spread apart and

the stationary upright position with the legs held together in locations such as the groin

and gluteal fold. The dynamic measurements also indicated that larger strides resulted

in greater amplitude of the clothing pressure, and as the speed increased, a constant

clothing pressure was applied, which reduced the fluctuation. The fact that time-series

variation existed with movements, as described above, implies that it is necessary to

change the stationary methods used for clothing pressure evaluation.
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Athletic Physique Research:
Towards Ideal Athletic Wear for Various Competitors

by

Mariko Sato, Tomoko Koshiba

Bunka Gakuen University

ABSTRACT

This study measures the body shape of competitive athletes in four different sports
(kendo, tennis, track and field (short-distance running) , and soccer) in order to
identify their specific physical characteristics and help create better-fitting athletic
wear for each group. It was found that compared to the body shape of a normal adult
male, kendo, tennis, and track and field (short-distance running) athletes had large or
extra-large development in the upper body. This trend was particularly pronounced in
the short-distance runners, who had a difference in chest and waist measurements that
was outside the standard sizing classifications created for adult males. All four types
of athletes were larger than average around the base of the neck, and had a tendency
towards sloped shoulders based on shoulder angle measurements. These results indicate
that particular attention must be paid to the neck, shoulder, and chest area when
designing their clothing. Measuring the shape of the back of the body, it was found that
tennis players tended to have rounded backs, while sprinters had pronounced buttocks.
All four groups have outstanding physical characteristics under the Heath-Carter

method of somatotyping based on their mesoderm score. Kendo players and sprinters
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have developed muscles and physical builds with no excess fat, while tennis players are

muscular and carry some subcutaneous fat. Soccer players are also developed in turns

of muscularity, but tend to be ectomorphic with a thin physique.
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Effects of Restricted Meal Schedule on
Human Circadian Rhythm and Energy Metabolism

by

Yujiro Yamanaka, Satoko Hashimoto,
Yoshiko Yamada, Ken-ichi Honma

Hokkaido University

ABSTRACT

The aim of the present study is to examine whether appearance of pre-meal
anticipatory hormone peak and entrainability to daily restricted meal schedule under
temporal isolation facility in adult male subjects. Ten subjects were participated in the
present study. The subjects stayed in the facility for 15 days. From day 1 to day 2, 3
meals were provided at fixed time (8:00, 12:00, 18:00). Afterwards, meal was provided
once a day for 8 days from day 4 to day 11 (restricted meal schedule). During this
restricted meal schedule, the subjects were divided into two groups. One group took
the meal at fixed time at 18:00. In another group, the time of meal was decided by
the subjects themselves. As a result, the pre-meal peak was not detected in plasma
melatonin, cortisol, insulin, ghrelin, and leptin in the both two groups. On the other

hand, the sleep-wake cycle was entrained to the daily restricted meal schedule with a

T R AR — VR Vol. 36
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period of 24 h, whereas circadian rhythm of plasma melatonin was significantly phase-

delayed. These finding indicated that the so-called food entrainable circadian rhythm

failed to appear in humans under the present conditions, but the meal schedule act as a

potent zeitgeber for the sleep-wake cycle but not for the circadian pacemaker.
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11 H B3 — o pERE TIIMEIRE (2R EE DTS
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i, 7= EMTTHHICHMED ST 24 I
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Effects of Co-administration of Carbohydrate and Fat on Insulin Secretion
and Muscle Glycogen Resynthesis after Exercise in Mice

by

Shin Terada
Graduate School of Arts and Sciences,

The University of Tokyo

ABSTRACT

For the purpose of developing a novel method to promote muscle glycogen
recovery, we examined the effects of co-administration of carbohydrate and fat on
insulin secretion and muscle glycogen resynthesis after exercise in C57BL/6J mice.
In Experiment 1, non-exercised mice were orally administered solution containing
either glucose alone (2 mg/g BW) (CHO group) or glucose plus rapeseed oil (2 mg/
g BW) (CHO-FAT group). Blood sample were collected from tail vein and plasma
glucose, insulin and glucose-dependent insulinotropic polypeptide (GIP) levels were
determined. Compared with the CHO group, the CHO-FAT group had significantly
higher plasma insulin and lower glucose levels after the administration (p<0.05).
Furthermore, Plasma GIP concentration was significantly higher in the CHO-FAT
than CHO group (p<0.001) and was significantly associated with plasma insulin
concentration (p<0.001). In Experiment 2, mice performed an acute bout of 30-min
swimming exercise and were then orally administered as in the Experiment 1. At 1 h
after the administration, muscle glycogen content in hindlimb muscle was significantly
higher in the CHO-FAT than CHO group. These results suggest that co-ingestion of
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carbohydrate and fat stimulates insulin secretion via gut-derived GIP and promotes

muscle glycogen resynthesis after exercise in mice.

L |

AWFFETIX, #icEBROf 7 ) 3 -7
Lo BigE LT, HE L IRE O FREHE
IS CS57BL/6) =7 AZBIIT A A VA VB &
O 7 ) 3= VIREC AT REII OV TRES
L7z, FEBR1 T, Lo~y 2L, H
' (2mg/g BW, CHO#E) & L < 3¥E - MRER
& (FN 2N 2mg/g BW, CHO-FAT #) %%
LS L, MgEs o2y, ZVva—ABLY
741L% 7 )L E ~ Glucose-dependent insulinotropic
polypeptide (GIP) DAL Miaf L7z, £ 0
W F CHO #E 2L -X T, CHO-FAT #t T3 i 4
A VA VIREFAEEICEWER R L (p<0.05),
—7J7, M7V T — ZEEITH IR NEE R L
72 (p<0.05). F 72, A ¥ A VAT MEERE &
b D GIP O, CHO # 12 It~ C CHO-FAT
HIZBWTHREIZEWEEZ R L (p<0.001), &5
12, IM¥EGIPHEE L A A1) ViR L OIZIE
EWIEOMBBER B 517z (p<0.001). E
BR2TlL, 3045 o—@MEoKIKES) & 1T - 72
YRR L, FEER] L FEERICHERS L <13h -
PREIRAW 2 P51, §27) a—7 Y afE~D
BEWET L7z, %5 1 MR8 2 RECE%
D7) a— Vg, CHO #:12 1k-_ T CHO-
FAT BBV CH BB WEE R L7 (p<0.05).
DLEofERnr s, HE L REOFFEIUL, #Hib
BEARVEYGIPZALTA v A oW a it
L, EBROM ) 3 -7 v E % Eo e
AR S T

&

Jll]

A, WRZ Y —ARL, ZHo~vI Y
TohlBhoTwh., PHBETOALLT, W

FrF—llloThH, MBBOENETH L TH
LS WL HIZLZ), NI r—< A% AL
RN TH720121E, HEBLOL—ARIE
FaRERPIHY B ZEAEE L 2 5. KRR
TN L BIEFORNO—2IZH 7)) a—7r v d
WEHZEFoN, H7) a—7r e nwplli gt
DIRTEIZR T T I BN TEEL 2 5.
BELOM ) 3 -7 Y RGICELTE, I
F CTICHE C OWFREDATONTE Y, EBE T 1%,
TELZTREVEMICAE 1 kgdh72) 1 ~15
gD E AR T 22 LRI hCcna b2,
B, MEERZTTIE RS Y7 B RIS
e 22 LT, WHOARZEBIL 25T
A YA YW ML, EEROm ) a—
FUBENREL IV MESATVE Y. 7
=7 OEFEN BRI ClE RS YN B R
WTFrZlilkaZ0k) 7)) a—rrom
R ERD R 121, glucose-dependent insulinotropic
polypeptide (GIP)
(GLP-1) &MHINZHALE IV E G LT
WhEEZBLNTWS, GIP % GLP-1 1%, {H1k
BIZRBIEVID AT NBC, FNEIVNGD
Kififgs X O LMifg2 65w s b RVE ST
HY, FIFEREC BV TR S DA 2 A1) V455
WERRT 2 EAZ > Y. £72, GIP % GLP-1
&, A ERLZBRICRD S Ehs 2 L
DPEHRESNTVS Y, LedsoT, WHEICRE %
HAEDELEEITA v A Vb d iy b Bimd
LIENTE, fr)a—7r v afEE &SI g
TELWREENIEZONSL. L2LEYS, KE
OFIUIMERHIAF F L Wil e RIZT LW
HIAEBDH Y, BRI ZIGE % Ak CIEI L
72BEO 7 ) 3= v MEEN R R R S Tw
v, FIT, AWFRTIE, BEE & PRE ORI FHE

%> glucagon-like peptide-1
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1.1 EEREM)
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17—V T OfF Lz, #iic kBRI
FEN L7012, FEHRETIZ 1AM OThHfdE
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WoFEEE (CE2, HAZ L T7H) Lfpe
LCKEAREY BB S, 2B, K%,
HE KRB A ST FERE - Fhasasil JEERE)
MEBSOAR R TITbN

1. 2 EE&A1

EE1 T, FIREIREBICBWTHEY L
BRFEEICERTAZ LT, 4 YA Y0
(R SN2 head L7z, — (16 BEf) o
%, ~w A% CHO # & CHO-FAT # o 2 # |2 I
EA 240\ 72, CHO #1213, 50mg/ml & FE 0 7
VI — AERERE 1gH72 0 40uL T2 (7
I—A%MERE1gH72 0 2mg) FHZEG Lz —
75, CHO-FAT B:i21%, 7 Vva— 2B X OEHE
(Fx /=, HELAVF TV —T4E) hie
12 50mg/ml B & 7 B L) ITHE L -5
%, CHO B & FFRICAAE 1g $72 0 40uL $2 (7
Va—A, JRELHIZHREIgHD 2mg) £
45 L7:. 7+3, CHO-FAT Bof5ii, K&
L Fy (FDGHigER) % 2mg/ml OEIEG THN
L, 15 MoEE e (TAITEC #3845
HEEE) & 1B oK S BIZHRAZL DS 5
Al#EY RS ETTHoIcHILLzb0x HEL
7. CHO HOFGHIZHHEORT LV F %
WL, BARMLZD 0% L7
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Establishment of an Eccentric Training Modality without Muscle Damage

by

Sumiaki Maeo,
Masayoshi Yamamoto, Hiroaki Kanehisa

National Institute of Fitness and Sports in Kanoya

ABSTRACT

Downhill walking (DW) is a representative exercise that predominantly involves
submaximal eccentric contractions of knee extensors, and has been shown to be
effective in improving knee extensor strength with relatively short-term and low-
training frequency. However, DW induces muscle damage when performed
unaccustomedly. This study examined whether muscle damage can be avoided
by gradually increasing exercise duration in DW training, and whether avoiding/
experiencing muscle damage influences training-induced strength gain. Healthy young
males performed treadmill DW (gradient: -28%, velocity: 5 km/h, load: 10% of body
mass) 1 session/week for 4 weeks with either ramp-up (R-UP: n = 10) ; gradually
increasing exercise duration from 10 to, 30, 50, and 70 min from the Ist to 4th session
to avoid muscle damage, or constant (CON: n = 12) protocol; 40 min for 4 sessions
to induce muscle damage at the 1st session. Total exercise duration was 160 min for
both groups. Muscle damage markers were measured before and for 72 h following

each session. Before and after the intervention, maximal knee extension torques in

T v AR—= VRS Vol. 36
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eccentric (-60°/s), isometric (0°/s), and concentric (60°/s) conditions were measured.

R-UP group showed no indications of muscle damage throughout the training period

while muscle damage was evident after the 1st session in CON group. Both groups

significantly increased maximal knee extension torques at all angular velocities with
greater gain in eccentric (R-UP: +19%, CON: +24%) than isometric (+14%, +13%)
and concentric (+10%, +12%) strength without significant group-difference. The

current results suggest that muscle damage can be avoided by R-UP protocol, and is not

a major determinant of the training-induced strength gain.
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ABSTRACT

Near-infrared spectroscopy (NIRS) is less restrictive for examinees than other
brain function imaging methods such as positron emission tomography or functional
magnetic resonance imaging. In addition, fixation of the head and recumbence on

a special device during measurement are unnecessary with NIRS. Biofeedback
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training (BFT) elucidates the importance of mental training, and monitors and

encourages the learning of psycho-physiological control necessary for muscle

performance. Electromyography of examinees’ rectus femoris muscles and near-

infrared spectroscopy were simultaneously conducted to investigate the relationship

between BFT and local cerebral blood flow. The influence of a kicking motion on brain

functioning was confirmed. These findings suggest that BFT is effective in activating

working memory.
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HIZEE, EIEH], mUER], fReEi s
2, &F % YAV D Co OFHME, HilERE B
L FORMOEE, REZFBLZ (FR1-4).
BEIZVFNIR I O 70— 7 ORFNIGE - 72,
T, INLORIIBITLAMICTHRE ML 7.
AT 0 Th o 72 Co 1d, #EMEET
FHIRERINZ I E WS O FHIEAL (ch) 128 W T D,
B mM - em] ICHRLTWD (R1)., woF
D REIZ X AUE, FIGEIIC BT 5 Co (LRI
FHICEBT S Co LT 2L, WIFhD ch 2B
WTHEEICHAL T (Rba). t9finH
FHIEE I 643, A HEAKHE 0.05 O t BEFE (i HIE)
131.96 TH -7z

WIS, ATEE, EEE, HITGEY, R
T BRI B OIS BT B 0 DI b HERR
L7z, MAEIBIZR4I12RT. EEBLIORED
IR (R34) oL ) DD DDS, K

WIIEB A A & A% b D0, BFT
BRI L SN0 A R B etk & 70 5 B DWSER
Ranz (M4). SMoOFYE 1, EiEfFEE o
VT (R1-2), £ Co 05 A A IEH 534
N (u,02) EaiEd0% g2 BOEICTHRET L
7Ll h, Lo aSmEH I EM T SN
(52 5b-5¢). BULHELIIZ BV TIZ4TD ch TIE
HWAHEIARLTIENTERD-72 (R 50).

3. F =

ARHFFETIL BFT OEE) ¥ A 7 AYHiSHRTEF O JF
FTBM I DAL AT AR L2, W
N ch IZBWTh, HIGEINIZBIT 2 C, 1XRI%E
HlCBU 2N T 5L, FEICHALT
Wiz (p<0.05). Bty FITEIED B RE £ £ L &
5 I EEMEATRIE S 7z,

Co DIFADEES L OREIZOWTIE, WL
BBV TOfEffEICH D, IERSAOMEE%E
RLTW2 b0, FiEERTTFOIEFHTHM TIX 2
DOUWEIEA LN (R 33, 4a). BFT FHZBW
TIAEE %5 ch HFHEZ o (% 3b, 3c, 4b,
40), IERGAOMHEER L T, FEE,
PN L S i R et L 7 5 b D
A (B 4b). A<, FHOFIHE u,
iR o VT (R1-2), £ C, 05
MAERSAN (1,02 EARREDLDE 2B
EIWTHET L, BHEL 9, HREKHEZ 0.05 &
Lok, xlHEREIZ1902 THL. HEATHO
FEBHTAMITIE, AILEIC BT IEH A & A
BT ENTERVChDIRETH -7 (R 5b).

Al L 72X 912, NIRS 12 & %51l Tl neuro-
vascular coupling #E L T 5. MMz T, CW
ETHOAEHEET L GATH) Oflfh s,
DT ARET 22 Licks W,

1) Hb OZALIIEN DA TEL TV D. EFRILD

WAL 2 5] &8 25 W RIE M IZ 81T 5 Oxy-

Hb & Deoxy-Hb DA TH 5.
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&1 COFE.
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HIE (a), HEM (b), BED (o), ZREE (d) 1280 AMiiE D2t [mM - cm] 25547 L 72,
BAHIIR 3D 70— 7 ORFNIE - 72 AEIZIETTHREZREL 7.

(a) 0.11 .18 .09 .09 [0.06 .07 .00 06 .08 .08
0.05 [0.22 .18 .15 .14 (0.02 16 .08 10 .06 .02 (0.07
0.28 .23 .28 .16 [0.26 26 .23 .15 .12 .12
0.14 [0.20 .21 .13 .10 [0.14 18 .12 .12 .11 .08 .04
0.15 .14 .06 .10 (0.10 06 .06 .07 .07 .06

(b) 2.89 .42 .42 11 12,42 .21 .14 .94 .32 .63

2.98 |2.02 .16 .51 .03 12.19 .72 .72 .72 .70 .94 .28
2.29 .78 .57 .13 12.65 .34 .13 .01 .60 .65

1.93 |1.64 .43 .95 .28 |1.17 .26 .20 .05 .44 .07 .35
1.46 .13 .58 .59 10.63 .54 .58 .96 .84 .94

(c) 6.51 .11 .26 .26 |6.71 .82 .26 .86 .15 .19

8.69 |6.11 .61 .85 .52 |5.56 .06 .02 .02 .05 .88 .44
6.08 .68 .80 .43 16.05 .05 .72 .97 .26 .31

5.25 |13.92 .32 .17 .78 |2.27 .53 .29 .47 .51 .23 .45
3.67 .24 .45 .18 |1.35 .99 .10 .68 .46 .83

(d) 1.45 .51 .08 .96 |1.65 .07 .66 .14 .19 .90

3.12 |2.57 .80 .47 .13 12.06 .37 .88 .62 .72 .93 .77
2.24 .01 .69 .11 |12.43 .24 .38 .20 .32 .95

1.67 |1.76 .68 .79 .83 10.89 .10 .95 .23 .58 .62 .29
0.77 .64 .32 .41 |0.52 .36 .36 .50 .37 .44
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R2 CoDfEdRA.

BN (), BIEH (b), Bl (o), REHE (1) 1280 2R DZt [mM - cm] 27547 L 72,

(a) 0.25 (0.26 [0.32 .32 10.28 .25 .20 .22 ]0.21 .24

0.22 |0.19 |0.27 |0.21 .25 10.29 .22 .18 .18 10.20 .26 .37
0.22 10.22 |0.27 .23 10.28 .24 .24 .24 10.19 .20

0.19 |0.22 |0.18 |0.21 .23 ]0.19 .21 .21 .20 [0.21 .18 .23
0.20 |0.21 |0.18 .19 10.19 .18 .18 .20 10.19 .21

(b) 0.94 10.72 |0.73 .97 10.81 .72 .69 .67 10.97 .35

1.65 |0.78 [0.64 [0.39 .63 10.72 .45 .46 .53 10.69 .15 .57
0.78 |0.50 [{0.73 .60 |0.72 .57 .44 .48 10.45 .62

0.86 |0.47 [0.50 [0.30 .34 10.31 .33 .30 .30 10.40 .93 .85
0.50 |0.31 |0.25 .22 10.23 .23 .22 .24 10.28 .29

(c) 1.11 |1]0.86 |0.93 .11 11.44 .13 17 .76 [0.91 .69

1.23 |1.31 |1.18 |1.00 .31 |1.21 .95 .81 .36 [0.98 .78 .44
1.05 ]|1.01 |1.35 .00 ]0.86 .75 .93 .82 10.97 .61

0.78 |0.79 |[1.09 |[0.48 .46 10.36 .42 .39 .97 10.72 .60 .26
0.78 |0.43 |0.45 .34 10.34 .26 .27 .31 10.24 .25

(d) 1.61 |1.43 |1.60 .54 11.86 .71 .56 .21 11.43 .95

2.11 |1.56 [1.47 |1.06 .98 |1.71 .08 .02 .42 11.10 .24 .36
1.37 |1.11 |1.67 .43 11.38 .25 .15 .01 J1.03 .94

1.16 {0.93 [1.13 |0.57 .69 10.58 .57 .51 .64 10.89 .83 .78
0.96 [0.62 |0.47 .37 10.40 .30 .32 .45 [0.36 .47
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#PEH (b)),

fEE (o), fReill (d

£33 CynTENE.

\/
I
[

¥ A g

85

FEOZA[mM - cm] % 0HF L 72,

(a) 1.32 |1.02 (0.44 (0.28 |0.58 |0.86 [1.08 |1.04 |0.81 (0.27
0.37 10.38 |0.42 |0.66 |[0.39 |0.41 |0.43 |[0.54 [0.32 [0.32 |0.21 [0.69
0.79 ]0.52 |0.92 |0.82 |0.88 |0.97 |0.99 |[1.25 [0.51 |0.18
0.30 (0.32 (0.09 |0.12 |(0.45 |0.22 |0.36 [0.565 [0.22 |0.66 |0.26 |0.07
0.17 10.29 |0.06 |0.11 |0.02 |0.12 |0.10 (0.07 [0.16 |0.67

(b) 0.8110.32 |0.47 |0.58 |{0.94 |(0.83 |0.72 (0.70 (0.73 |1.16

1.27 (0.62 |0.49 |0.30 (0.70 (0.79 |0.40 |0.31 (0.07 |0.76 [1.16 |1.34
0.74 10.33 |0.58 |0.57 |0.42 |0.34 |0.15 (0.57 [0.03 |1.06

1.06 (0.35 |0.54 (0.15 |0.22 |0.33 |0.00 |0.31 |0.21 |0.54 (0.93 |1.40
0.77 j0.02 |0.17 |0.07 |0.04 |0.10 |0.23 [0.08 [0.06 |0.56

(c) 0.03 /0.04 |0.08 |0.00 |0.01 |0.08 |0.04 (0.20 [0.14 |0.43

0.36 {0.03 |{0.22 |0.05 |0.07 |0.01 |0.04 |0.22 |0.16 [0.00 |0.60 [1.13
0.07 (0.01 |0.16 |{0.20 {0.20 |(0.14 |0.19 (0.19 [0.26 |0.17

0.25 |0.02 |0.06 [0.06 |0.08 |0.02 |0.19 [0.19 [0.24 |0.18 |0.06 |0.45
0.06 |0.05 |0.08 |0.20 |(0.02 (0.02 |0.10 (0.22 (0.11 |0.51

(d) 2.35 12.52 |2.66 (2.47 (2.37 |2.41 |2.55 |2.45 |1.88 |1.66

1.48 (1.72 |2.20 |2.16 |1.74 |1.47 |1.73 |1.86 [1.58 |1.75 |[1.19 |[1.00
2.20 ]2.18 |1.96 |1.69 |1.83 |1.88 [2.03 [2.09 [1.89 |1.57

2.08 |1.87 |2.05 |1.93 |1.78 |1.62 |2.05 [2.07 [1.59 [1.98 |1.36 [0.99
2.63 |2.14 |1.85 |1.52 (1.47 |1.13 |1.53 |2.12 [2.03 |2.04
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F4 CoDLE.

BN (), BIEH (b), Bl (o), ®EHE (1) 1280 2MmiE D2t [mM - cm] 27547 L 72,
(a) 2.58 [1.93 [0.20 .02 |0.31 .03 .04 .52 |1.47 .45
0.27 |0.33 |[0.23 |1.46 .04 10.04 .26 .80 .36 [0.11 10 39
1.37 10.01 |1.30 .03 10.74 .58 .54 .48 10.66 15

0.36 |0.55 |0.47 [0.33 .25 (0.31 10 .90 13 [1.45 26 59
0.19 |0.35 |0.42 .25 10.06 .23 .05 09 [0.34 .42

(b) 0.81 |0.32 |0.47 .58 10.94 .83 .72 .70 10.73 16

1.27 10.62 (0.49 [0.30 .70 10.79 .40 .31 .07 10.76 16 .34
0.74 |0.33 [0.58 .57 10.42 .34 .15 .57 10.03 .06

1.06 [0.35 (0.54 [0.15 .22 10.33 .00 .31 .21 10.54 93 .40
0.77 10.02 |0.17 .07 10.04 10 .23 |0.08 [0.06 56

(c) 1.29 |10.60 |0.33 .13 |1.05 .00 .73 77 10.82 09

1.09 (1.20 |1.07 |1.20 .17 |1.35 .21 .05 .14 |0.89 .39 .11
1.02 |1.05 |1.09 .03 10.81 .60 .85 .74 10.73 .01

1.17 j1.29 (1.14 (0.89 .93 10.70 .77 .70 .85 10.86 .69 .47
1.17 |1.05 |1.00 .86 [0.95 .18 .38 .53 [0.36 .29

(d) 5.37 |6.17 |6.73 .97 15.20 .30 .15 .73 13.45 .53

1.73 |2.81 (4.46 [4.32 .48 11.38 .13 .87 .01 13.12 .32 .53
4.54 |4.44 |3.46 .45 12.94 .96 .45 .18 [3.49 .47

4.29 |3.18 |4.25 |[3.82 .99 12.26 .10 .27 .44 13.75 .78 .56
6.88 [4.49 |3.65 79 12.27 .96 .08 .14 15.19 .61
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R5 CollB¥ pftrtiEs.
Y VFOUREIZBIT A HE (a) *. B (b) BXOWIGEE (o) 2B 2 x 2l

(a) |53 55 55 53 52 56 56 53 42 35

33 42 54 57 52 52 59 62 54 43 30 27

47 53 55 58 58 63 71 65 57 44

38 51 43 42 54 54 53 55 49 55 33 238

46 50 32 31 34 30 34 54 43 47

IR B0 B Co lFRILFHINCIL L TR L7222 7 = VT D tRIE IS TGS L7z,
WENDchDHES thifHE % Ral>Tw 5 (a).

(b) |314 |196 |33 37 24 66 232 1104 [108 |20

13 10 16 147 |16 23 24 23 12 12 12 92

58 22 68 63 55 80 113 [302 |32 9

15 11 5 15 27 9 16 54 7 156 |12 13

4 20 14 6 11 7 9 7 3 74

(c) 103 |93 110 (114 |145 [174 |84 66 67 63

152 |45 61 595 105 [101 |84 61 87 39 79 155

70 70 67 795 60 81 338 61 37 31

78 60 60 26 37 17 39 16 30 44 13 17

85 59 36 40 34 21 9 15 6 25

ik y CHOEIC BT A ER AR OB, 1KEDH 72 ) OBIIEABL TH LI L b,
AH =T L ADRIHENT0 & L7z,

2) REATVNHET 28R 7 7 7 & I3RS Fi2, D 2o B BT HRE IZE ) BE S
AL 220, WHBIOBALE L B &) s A7 %, BB TEE)

3) MLB #1251 2 EHUIH (HfLIZ X 2 BOLE) VZPE D) RO B S LD &) %y A
&, FHHIE—E L A D, 71&, CW 22T TR, SOtk z v 5
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(a)

—e—ch-30

-0.5 0 0.5 1 1.5
Co

B4 C, D557 DI,

FHIlOX R &7 67, EEEEIIREL NV T
DEHILEERT H DA TR L, BB RE
BRI OIS X ) AISERTE PR T A /L C
W RS IGRICVE § 2 W R AVR ST H

D BRI A2 R RHENC X 2 M — A
A& TH 5. i)y, BFT O X9 RS
N7 EH L NIRS OBIEIZH L TWB EEZ 5N
5.

HE, CESERZL S EEZ L5 NAHEAMOFHI
EIZFEIAIZ R TE 2w, L L, SRR
L W L LT, BEHEEHEHERO
FHUE L A TRGRIEZEIRE L, AUEISHIG L 72 IR
HOFMAEBRET 2 HEIMLNL T D 5%
FHLE I~ E TV (GLM) 2 HTHBY,
MOBRIGILDSH - 72 B2, FDEF IV L D00
TR L RBEOBRIERTEIND Z L R EL
TWh, AETHS LI/ k912, By 2
7 BFIZ BT BRIt O ZAIZB 3 2 FERFI 2 5
EIEH A 22 5K & TelE L 72 0 A Al 2 v T
BY, TOERTFOBMELEE I CERTLIL
MRS,

L151, 3) BV TEHII S Nz KRR &,
2 4) 12 B TEHM S 4172 Oxy-Hb, Deoxy-
Hb 5 & U Total-Hb @ i FEZALIZ B3 2 KR 51

1201
1004

80

40/ \

20. /

3 5 7

i (), B (b)

F=FII LTI — Ly A2 %2 T
ELTWAE,

4. ¥ &

AKNF9ETid BFT OEH) ¥ X 7 25FiSHATE O J5)
A I DA KT B AR L7z i
UHEIZ 31T B Oxy-Hb D2 LIL R ZeE# 2
BIFLZNEMBT L EWKRT LI ENHLNIZ
otz BD _BITEIEARRE A AL S 9 5 T RE
HWABURIE S, B2y —% v 7 X ®)) 2iEMHL
TAHLZENWREENS. F7-, EE Y AVEICE
1T % I DAL B 5 FR 5 2 5 1 TEHL G
oK E TRt L7z masBlill S SR
ZOERT O L ANIER L2 ET, B
HEFVZHS.

#H O

AWFFENR LB E 5 ) £ L 72 A% FE AN
Rl TH v b AR =y BHEIREL 2 < AL
HLETES. F72, MHTI21E Prince of Songkla
University DR B ICZ K12 TH 2.
EEH N LET
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Impact of Low Intensity Resistance Training
with Blood Flow Restriction on Vascular Function

-The Relation between Endothelial Function and Arteriosclerosis-

by

Masahiro Horiuchi, Junko Endo
Mt. Fuji Research Institute
Koichi Okita
Hokusho University

ABSTRACT

This study investigated impact of low intensity resistance training with blood flow
restriction (BFR) on vascular function. In total, 20 healthy male subjects participated in
this study and they were divided into two groups, i.e., high intensity resistance training
group without BFR (HIT) and low intensity resistance training with BFR group.
Each group performed resistance training, i.e., double leg extension, for three days/
week, and it lasted for four weeks. The training of HIT consisted of 10 reps*3sets at
the intensity of 75% of maximal voluntary contraction (MVC), and that of BFR was
30 reps+15 reps*3 sets at 30%MVC. After four weeks training period, muscle strength

was significantly increased in both groups (p<0.05, respectively) with no differences in

T R AR — VR Vol. 36



changing rate between groups. An indicator of arteriosclerosis assessed by cardio ankle
vascular index (CAVI) was significantly improved in only BFR group (p<0.05) but
no changes in HIT. Ankle systolic blood pressure (aSBP) was significantly decreased
improved after training period in only BFR group (p<0.05), while blood pressure at
arm remained unchanged in both groups. In addition, changes in aSBP was related to
changes in CAVI (r=0.685, n=20, p<0.05).

evaluated by flow mediate dilation slightly improved in BFR without no significant

Endothelial function at popliteal artery

improvement. In addition, basal diameter and peak diameter during reactive hyperemia
in BFR group were also slightly increased with no significant difference, but, it did
not change in HIT training group These results suggested that low intensity resistance

training with BFR may improve vascular function, and this improvement may be partly

91

depend on changes in aSBP.

L |

BRI HIR T oML L —= > 7psimE
BRIC RIZTHEB IOV TR AR 2 0 R
L7 EdEmEHERZ Lo ML —= 2 7
(HIT #, n=10) &AKBREEMGEHIRS Y O b L —
=7 (BFR¥, n=10) 1383 HOMET, 4
T R TR R B & 1T > 72 HIT #EIER KA o
T5%5RET10 M 3+ v M %, BFR B, 30%4h
BT, 300 +15 [ x3 4ty b (FEH75H) o
e 2T, The lHD ML —=2 7k
L7, WfEE b FL—= U ZAAIZE D, R
TNIAEFITHR L7228, BEHOZEIR»ro72 B
B OWGERIIT B X CBIRFE(LIEREO—>THh %
LB B M HEE (CAVI) X BFR O AHE 74
EREDRD SN S5, EE OGN
JEDZEALE & CAVI OZAbE O WA 3 7 AH B B
RARRO bz, —, BEEIRCEHE S 7z i
HNEERRIL, 2SoBRE(LIERE oS R %
—HEFT DI EE o D EoZ Ens, K
SEEMRHIR N Coml b L —= 7%, MmERE
REA UUE SE L ReMAVRIZ S L7z, S 512, )
RAT 4 7 A ADUEEEIL, REDIMEOK I
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HAF L T BT REMEAVRIR S 7z

&
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WA, BT 2 & 5F5 Eih ADL O
TEPCHOIHN N L—= v ZFP s T &
TWa V. 720 h AR— Y EHAHIRET 5
JITE)_FAZ T e BT SR R X R ARG ) 70% DL
L, REBmEGIRENSSRkS ST Y, - B
BRI RICREDS D 720, HEEEIC
Lo TIRHEIET X 08 ) DI EEM AR S . FRE,
0L REWRETOHH M L—= v 7IE, R
MEiOEGY L7032 bl shTns 17,
S5, WL LOEWMETOH I N L —=2 7
BHROERI Y 794 T U ARBETEELZ LD
WEsNnTws 0 chsolEr 0k
RERIER T N L — = v R ARSI AT S
A, MO OEEALER Z L 2R LTV,

SHD BB N L -y e LT, IR
OEFICMEHIRZ M7 P L—=> 712
THMEHAH S, FHIARR RO % H 5
L) S 182 o X 5102 ORI R
HIL—= v ZIZIT 5 L W HEb AN D
2) L Lads, ZAE Ok EE m s R T



g
TOFI N L— = 7B A MRS 12T
BEIZOWTIE, MEHETIE ST VI #H
ST o L hnEw I HEZLY s
SICIELS#D LV HESY Ld ) —HL
REIESL WY, ZoBHo— Iz Y
TV ADERIAT G TH A LNz, MER
B EFA J7 R0 A A T A SEATII SR & 1) 7k B
CELERETHLEEbRS, flzIE, ThET
O MR D FHMIE, MR E O MR R A
THML T 2HEbH Y 37810 g0 RH
DRI TIAT 2 ARLHIIRAT 4 7 4 A TRE
fifi LTy 23 245912 3 32

INFTHRAOHBIRY, KIREEMTTHIR T T
DF L= =Y A ISR RIS B R
BB & OB oM 6 5 il L 22051 v, 2
CCARIETIE, REREEMTEHIE T TR b
L— = o 7 SRR TS B RSB E A C
O MFAAEE MG IR RE & 42 8 OBIRFALITEE D
W55 55l 5 = & & HAgE L7z,

1. MRHE

1.1 #HEBRE

T 2 N 20 44 % MAEZ IO 20, T %
bbb, BMEHI N L —= 7 7))V —7 (High
intensity resistance training group; HIT # ) &
g MERRTH Iy —= 77—
(Low intensity resistance training with blood flow
restriction group; BFR #f) 12731F 72, #EE&E O &
R 2 R IR L7z, R8I A6 R 5 A 3
ZRAEOERB G TIThN.

1. 2 TAF&E

KL B 3 MIOMEET, 4 o [ R 5
ML= T EFT o7z HITHIE, ®RAHHO
5% \ZAHM T HZAMIRET, 10HE 11y P&
LCTIH3tY MioZ (v PH24KE).
BFR #:1%, KM D 30% I2HH 243 5 B 1 iR &
T, #1130 B Z TV, 2ok E v
TI5HOEEZ 3ty Moz (v ME 30
#IRE). BFR Byt HIBRTE X, #1882
160mmHg T& V), 238 H L 20mmHg 3 2]
J£ 2 BN & 2, 458 H 1 220mmHg O HRIE TTT -
7z.

1. 3 FH@IEE

N L — =2 R ORI TR RSO, Y
R, BNk E S % SO 2 Ol R I
f& %t (Cardio Ankle Vascular Index: CAVD), B
L OEEBIIR T O MG ARAE M I IRk i (Flow
mediated dilation: FMD) % 5FAiffi L 7.

R OWEL, FHBREOLEOELNMT
U= 3277y 7% 510 HAT, TR RE
%L ofof, FRRICEHERE OTE O AN iE=R
TIiRAHIE TUEEZAT o 72, RO EE
HE1E, HWoMEAEDS 0 E o 0 oHP T
ETETwRIE, HRRLHBENERTORA
firg, ToskBotk HOELETELZ L0
Gt L7

PR OIME S & OF CAVI i, BYIRFELHTE 52
SRR (VS-1000, 77 FET, HAE) ZHw
TMlsE L7z, 30 5 DML LR D%, oL

=1 WEREOSREE, RAFID, B X OO B

EHRE N L — =~ 7 (HIT; n=10)

MEHIR b L — = 7 # (BFR; n=10)

A, 22+ 1 22+ 1
HE ,cm 171+ 2 172+ 2
KR kg 616+ 15 619+ 35
BML, kg/m? 211+05 21+ 04
1 RM, kg 626+ 7.2 619+ 8.3
L RUE A IME , mmHg 114+ 4 118« 5
- EPEEEINE , mmHg 693 67+ 3

BMI, body mass index; RM, repetition max.
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s X OLEAEOREICIEMNERD A 7 % K
7o, LENAHFELVFEL, LFRE I X
DIME L7 2otk BIIREELIERECTH % CAVI
BLOMEOMAE% 5 53 OKRE % 1E S A, 3
H5E L7z
ZHENSZNENT HOWEHE N LT, B
BRO FMD %, & KBS HriE c &0 iz
L7z, BB L FERREE I A= % 30 45 L E oA
WL e o 721, ) OREOLEBTHEL T
7z B IEBE R EEZ I #E (Logic E, GE
ANNVATT, AR) RHWz RERRO mEEF
B L MG EE % W5E L 75, S EIIR O E A
7 %% &, 220mmHg O F T 5 43 B BRI % 1T -
7o, TOBRBEBIH T RERL, @R oK
B X OMm®EEZWNE L7z, FMD IZLI T D
MK EH L.

FMD (%) = (71 7 [0 e K IAE 5 — 22 R
MER) / (LERFMER) x100

1. 4 F—28LVHEHLE

ME 3 X OCEIRFELIEEZ, 3 mOBEEHED
WEERHE L7z, 72, EIZSWTIE, A0

100

*
80

*
60 -
40
20
0 HIT

KEFH (kg E)

=
BEX

BFR

o3
FIgHEARA L7z, WO B HREEo=RIE, X
IBDORVRER W TITo72. PL—=7%)
ROWBETH DKW, ETVEOME, CAVI,
B L O FMD 3 Bl iE O AT (B x v A
%) ZHWVCEHM Lz, £/, bL—=2 70
BB REOMEDEALEE AT 4 T AD
ZALE DRI % pearson DA BILREL % FH v CEEAM
L7z ARGk 5% A & L7z,

2. & R

2. 1 B4

N — = 2 T I AETOWERE O SRR, K
3773 & OWUR O MUl 13 4 TR RE D B I A T 2
REIRBO N Lol (FR1).

2.2 @ A

A1 ICHEED ML — = ZHi R TORKAM
DR EB L OBLRIZOWTIR L2, Z Ok
B,OMEEL ML=V I AAICED, BKET
(68.8+9.3kg; HIT % vs. 69.9+8.7kg; BFR #)
L UL (11.3+25%; HIT # vs. 12.2+3.4%;
BFR #f) & b ZNZIVHE BRI R L 724 (p<0.05),

O ARl
207 @ A%

TiEE (%)
)
1

0- HIT BFR

B1 L= 7RIS BT AR ML —= > 7# (HIT) &
ISR MBEHIRT#7 b L —= > 78 (BFR) OmAHINZ (FH) B L OELR (GX)

FH 2k AR— Y FEE Vol. 36

* p<0.05 vs. I A
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HIT BFR

K2 »L—=Y 7S ARif2IZBT A HIT & BFROEH OIGHEHINE (FX) B L ORI mE 2L (1)

MEOBICEEZEITRD SN o7z,

2. 3 IMEEE

S AHT O EJE o I (U LT 3B X OV LR
e & dmBEOMICAEEZEZIRO LN L
(R1), PONARSHEELRRTZ2RELho
72 (116 #4mmHg; HIT #f vs. 116 +5 mmHg; BFR
DGR WM E, 68 £ 4mmHg; HIT #F vs. 69+ 3
mmHg; BFR #f | JLiRIMINE). —7, REOIME
3, MAROMIZAEZRO SN aro7 (123
5mmHg; HIT # vs. 126 +4 mmHg; BFR #f , U
WAL E, 67+ 3mmHg; HIT # vs. 68+ 2mmHg;
BFR 7, L3RI ) . /> A kI BER BED LG
MEDAEF AT 28 L7205 (121 £5mmHg;
HIT # vs. 122+3 mmHg; BFR # ), 4k 5k #7 11
JEIZDWTiE, Zhig@o o h o7z (68+
3mmHg; HIT #F vs. 69 + 2 mmHg; BFR #F, 2).

2. 4 [MEHERE

2. 4. 1 EpAREE(LIERE (CVAI)

By ARIE(LIRIE > — > CTd 5 CAVI IX, BFR #
DHEBRGENR RO SNz, —J7, HIT #
TRZEL ho7z (B3). 612, Wz —

* p<0.05 vs. I AH

mEIWNC]
89 @ A%
%
6 -
El
=
o
2_
0

HIT BFR
K3 FL—=r 7 ARHi£IZBIF % HIT & BFRD
CAVI (UBEEIMERE) %Al
* p<0.05 vs. /- AT

WL Ch7ZYE, REOIGENINE D2 b &
CVAI OZAbE O BRO M A 2 2 AHB B R 2552
5 (M4), CAVI OUEEIL, REDIMTFD
IR LT 2 T REMEASRIR S 7z,

2. 4. 2 MEANKEEEERIE (FMD)

ML ==Y 7 AIZ KD, BFR O %
MEE, 7 7 @A RKIERENEFES L O
FMD & & i 2 78 L7225 (21 2itp <0.1),
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®BFR
OHIT
) 51
= o)
- o
g O °
©
&
< ® O
_5 E
4 r= 0.685, n=20, p<0.01
_10 T T T T 1
-30 -20 -10 0 10 20
ACAVI (%)

M4 bL—=27 AR TOCAVL CLIRE EIE
850 OZALER L PERIIME (2E) OZILEOBK

EREIRO SN h o7 HITEEIZBWTIE,
BIEE BB L ol (R2).

3. F =

AWFEOFE L AER I T OE) TH D, 1) 4
BEIDOLIAZ A ML= 71280, i
ARICHEKRT 05, ORI —=V I
HEOECOEE IR N-7. 2) —F, MELE
LIMEREEICOWTIX, BFREEOA, AR
ERPRO SNz 3) S5, MENKT &
CAVI DU A F B LT\ 2 W BEMEATRIE
Sz,

o420k, RATHIZEIC BT 4 5B o I R
TR RSB 1 &Y IR = SR o0 A T T A A
4-5%BIL, b 12-13% & WNL 22 & %
W LT 9 RBIETIR, oA LA
filiL T Zevgs, WL b IZIZFEBEOF 1A
BOLNTZ L s, FifETERE b FERICHNL
TWeDTR WL S NS, T4bb, K
WFge T 72 480 & v ) e E i o b

95

L—= 7 ThoTd, HHEDE M) -k
Loz 53 HBERE SR I Tk
AACHotzbELENL 1,
FATRIZ B W, MiEHIBR T ToEER +
L— = FOS MBI BT B OV T—3
LRIBIEESTw v, Bl 22, —@orm
WHIRTTOHmHI P L —=> 7 3#lka > 754
T AEKFEICRESELZEPMEINTWD
5 RIS, SrARFZRICBWTD, 3B 10
BAMOMFEHR T TOHmII L —= 72D H)
Mk > 754F7 v ARAT A4 7 HADVEEIYE
ENBEVCIWMER bhbor—K, FAEOFAM
MICK VBRI Y T IA4 TV ARAT 4 7 4 Al
WELBVEVIHESL) L H . AR T,
MO MEREOTRE & L CUBRE E &R
ZAWVWTWS. ZNFET, ZORIEL VI
IR FTOMN b L —= > 7 AR KT
OB R AN L 72 W R R 72 6 7z, RO
T CHERT 2 2 & I3WEETH 575, AT
X BFR#D &K, ZORBEORELZUENROS
N7z, 51202 bREImEY —iE L TR
HTIEH LY, REOIFMIMEIR TR AR S
MHEEBERAEED iz, To OFERIE, WES
BERPERITEZ 5 S OO Ozaki 5 ¥ 5 ORf
FLIBEZFAKTHY, Fer ORRE—HIFFT S
bDOEEZLND. ZOAHZALEAHTH S
P, PL—= VA AL B REOMER TR
) BIRTELIE Ot % b 725 L2 REMEDSE 2
BB, FEBE Ozaki &9 1, EHIC L 2 A0%
OMEET @R T > TF74 7~ ADEH & D
BICH B AR E RO TV 5.

MR R T CoMByClL, B I % IR L

F2 ML= A ARIBROMEEIIRIC BT 5 MEES & MG A IR SO

HIT (n=7) BFR (n=7)
PN I AHi PN
ZRREIMAE A2, mm 5.36+0.32 547+ 041 5.32+0.38 5.69+ 0.35
IRRIMAER , mm 5.62* 0.35 576+ 0.37 5.6*0.29 6.05* 0.34
FMD, % 51%2 53+ 21 53*2.2 63*+24
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TWh 7o, EEHE T RICROBETMIZHE D K
XRMFHMA S NS 2 s S hTng W,
Z O RUSHEFE IR O M8 K1 E 2 N E AR T BE O
TS ARG L MEEREG SR L, FRke
L CHEILRYE Ch 5 —FfbaEh %wmé@
50 x50, BMEBHIC O MR
KICBHIEBWESHTWVD m.Ltﬁot
MFEHRIRETTO L —= > 7 s oG E
DY R L & Wifenlc (B3 1| x4 HMH) &k
2L, fRE LTl BRERAL T d 5 RBRER & 1
BEAOMEZFEL, EEOMERTE2b7256 1
PR E Z HND.

—7, RFomEREOZEIE, BkAT 17
P ADYERER A ST LT L e o7z
hb, EEBEIIR CRHE S L7z FMD R & ##RE B
L O RILAR B o I3 £81d, BFR # CoabEm
ERLIED, BELEZROON -7 (£
N p<0.1). TN F THHRHIERTTo—#4%
DFEF) R AWFZEIZ & B FMD 12 RT3 558 —
L7 RFIEE ST, Hunt 5 9 13458
HMOIMAEHIR T TONY 7)) THEII LD,
FMD 3tz L7 o0, LEEOIMEE; A
BIIKRL ozl LR E LTS, HHIEE S

b=y AR TR, WERL A
BEEEIRICEZ, PL—=2 ZHIRIY 6 R ICHE
EL, 2HMECmERELFMLcn2 . 2
OFEFR FMD X b L — = > ZEIGH 2 BB CH
HICUGEL, Zo®BIEEIE L, 6 MBI L —
SV THIOMEE HEREDNRO SN o/l b
EHRE LTS, —H ARG ETROON LD
72500, B X O RIGERE o ML
ﬁﬁuta%:k<&b,mkﬁﬁhmmﬁﬁ:
BUTEZOREIEETHo 22 EEHIFLTW
b, KWIZETIE, WREBI Dozl bd
D, MEEOZLL FMD OI6Ed ML —=> 7
ALY FEMEAD O NI E EF o7
LA LAAS, BUBHEFSMLIREO MiEE K3k R &

LCMEImEmE s HmsEs ¥ 28 BL0
MFEHIRT b L—= > 712 & 2 REBED BRI
L5 P R ML B8 R T D 2 % R 2 & e & 20,
M A S = XN IAHTH 555, MFEHIRTF T
DI+ L —= > 7 H EMD O ER & OB
K7 EORENZE LT & 725 3 REMITRETE
A

LA Ladss, 2okl F447% 10 <,
SHEMONY K7 v T - ML ==V T AR
FMD H#EL 55 LW HEY § ShTnd, o
NS DHES Y ik, BLR b L AOBIKDIE
ETE LW LN EATYS, L Laeds
—MEIZERIEA b L 2O BNNE, 70%1RM Ll Eo
ftie] - A N et 2/ R o ) | el S e 2 S e
NCTW2A Y REREEFHIR T Tofl b L—
ZUZIZE D BALA b LA L 2 &)
HEHENTWEED D TR bRz
(B3R B R AT 2SR AL 2 b L 2 gz b 72
5L, FMD UG Z 55 &7 00 L9 136 2
TIEZ\. —75, Credeurd ASHIV» 7= BB £ ik
FEE & I I BB 7D 1 60 9% B K9 10T, 20 43 i o
BRI HIR & AT 2479 T4 v
5T & MR B IR (10~154) %
BWiRE (BAHID 20-40%) TO ML —= >
7 AL R IR R BRI AT & 0 2R e o T
L7290, BALA b L ABRASMAEREIC 28 %
BLCWTRENRIR D 5.

4. ¥ &

AWFZECIE, R MGTEHIR T CTo 4 EH O
I b L == ZHMAERRR I KAZ Bl O W T
MABYEZ S RITHE L2, 2O&E, PL—=
YT ARSI L S E BRI OMINAFED &
N7z, 2512, BFREIZBWVWTOA, EEHOI
MM & BYAIRFEALIRIE OB B R E DS RD S
N, WEOZAEO NS b A A B RAED
SNz —J7, RO MR A& SRR BSOS 2
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ABSTRACT

In recent years it has been reported that increases in muscle size and strength
equivalent to those with high intensity load can be achieved even with low intensity
loads (20-40% of 1 RM) using blood flow restriction (BFR) together with resistance
training. The resistance training with BFR generally consists of multiple sets, during
which the exercise protocol is for continuous BFR during exercise and rest. However,
there is also a possibility that continuous BFR will markedly increase cardiovascular
stress. There are also reports showing a very high rating of perceived exertion (RPE)

. However, they can be mitigated by performing this exercise intermittently, such as
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by releasing the BFR during the exercise period or rest period. The aim of this study
was to investigate the effectiveness of intermittent BFR during low-intensity resistance
exercise. Seven healthy men were recruited and performed 3 sets of low-intensity (20%
of one repetition maximum, 1-RM) unilateral plantar-flexion (30 repetitions/min for
2 min) with 1-min resting interval. The exercise protocols were as follows: natural
blood flow, BFR during rest periods, BFR during exercise periods, and continuous
BFR during both exercise and rest periods. BFR was applied by 130% of the subject’
s resting blood pressure. Muscular metabolic stress, defined as phosphocreatine
and intramuscular pH decrease by using 31P—magnetic resonance spectroscopy.
The intramuscular metabolic stress is significantly increased with continuous BFR
compared with intermittent BFR in the exercise and rest periods. Intermittent BFR
reduced subjects’ RPE but could not raise metabolic stress to a level at which a
sufficient training effect was obtained in previous intervention studies we conducted.

In a comparison of the two methods of intermittent BFR, the metabolic load was

equivalent with BFR in either the exercise or rest period.

C =

VEAE, MR HIROGEHIC L Y, iR AR %
WL YRS AETIIBWT L, SIREANE
7558 1 ZTCHS 250 R 055 5 s 2 & Aviis
SNz LALGAS, TOHEE—BKmIZEE
v MTHEAT SN, MR d RIS EB)R B X UNED)
RIERE GEEBIRE) 1Cd kSN b 720, WEE
DOFFITHA T E v MR % B R8I HEAT
TAHILET, WRITERTELEZEZ 6NN, A
DMK T 3 28 a0d 5. RIFE Tl 8kt v
OV Y AL AEEIZ B TR A9 I ] R
AT % HEO A% BRI G LD
WoE L7zg e mNREmas Nz L7y
YIREB LU pH DT EE) 12X MRS L7z EL
A B S S S E By & 120 (30l /43), 3k
M1, v ME LB OKE AZEF20 & L,
20% 1 RM (MR L), 20% 1 RM + R 5 (3E
JEEHIE) IMFEHIBE, 20% 1 RM + iEEHHE IR,
20% 1 RM + kG iR, o 4 204l

7L, AR & L 7.

ZORER, BRI #IR L 7R Gk
EEYRF) MR B X ONSEEH IR I BT
FEMGRAIBRIC B L, B I3 A Z IS L
Tz, MREMHEH OB TIE, KREMTIEK
SHAIMFEHIBRIZ BV C, SEBHC L EEh A i i 1)
BRICBW T, A EIACHIER A B > T /z28,
Bty METETIE, AEEEIRL, 27T
LREDORENH H Z LRI NIz, LA LRk
W, WTNOBRMIMEHIBRIZB VTS, i
IFEHIRIZIE L, Si~oBMA- 455 Tld % <,
Lot BT O NI — )V EFRET 57200
FWLEETH 5 L b,

% 8

VYA v ATEENEH IR IR R & b
L—= v 73R L7269, Zo@EENLFICHE
BIZBWTHHE ) U ERLERO T & LTH
L TCE7ns, i, FHOES LW,
ADL (activity of daily living) % QOL (quality of
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life) DAL LT AMGTHOERTRIGEEL S
A5 ENPEFMEH S N0 R B, Fh
LERMESELLYRAY v AEHOEEAVEH
ShTwz Vo sEmciE, HhB X omEsS
VITE, BN, FERREEICB VT
HIETEBCL YR8 ¥ REBEMA S 2 & TR
RERPHAWET DRI S 518y 2 Y.

LHPLBAS, LY AY ¥ AEEIC X0 3=
(SRR R 5 R & S R B o T IR AR
I FE & (1 RM : repetition maximum) @ 65% LA
FOEBIRESLETH Y Y, EEE, HERNE
B X UL B THATS 51213, B2 ©
LM FA~OBETE T % BT it o Bk
SIS TP AN

AR, MFEHIROBFHIZE Y, &K 20
~ 0B FREOREEAT EH N LI AY VA
WEENCB VT D, BRI % 725 A 1
TOMENEBOND 2 L ARG Sz, KA
WAEHGL I LT /B0 22 HWAT 5720,
EEE, HEBEB L OB B EERIS A
WS Y2 LASLads s, —iiki
THIRGE L Y 2 & » AlEE, #%t v b o
X AL, SEBYB X UK E A RkEE L C L B A
95720210 L RO B RS O
R M T AW I s oIk E
X, EEEHERS S O CERT AT AR
BFEAYy MERD D B, MFHRA BRI b L
CIIRIFEC IR+ 2 = & T, 0 R A &
HLALNBD, EMEPKRTT 288055, &K
fETix, BHLy bOL I AY v ZAEEIZB W
CIBEBIE 2 & A 2 I IR % HEAT 5 2 75 i
DB E BRI & 2 BT
EROMEI L Y HE L7,

1. /F &

1.1 thERE
fEF VT BRI S I L 72, FEBRIZIEAE
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L, ETORBEICRDIEO B, ik ek
T CHA L, BRIEANO SO E % 1572,
7 BAWIZEETENIL, IR MEEBRORRY
13T 5 (HOKUSHO-SPOR: 201301).

1. 2 EEERH

O FE B2 AT L 2 w4 — L low-
intensity resistance exercise (20% 1 RM)

@IBH GEEEEF) (MRHIR % 6FH L 724
f4— L with interval BFR

@B 2 MM FIRR % OF 1 L 72 & — L with
exercise BFR

@EEY ] + RGN M FEHI R 2 BF L 72 8

44— L with continuous BFR

1. 3 Eg7Oba—u

WeBrE X, 425 H MR 2 (55 cm-bore, 1.5
tesla, Magnetom H15, Siemens, Erlangen, Germany)
PN CIERGVEAR TR L 72 B354 % V¢,
4330 E], ] 5 em % b5 X9 B AT B
JEEEB) 7 1M X3ty MTWw, v FHIZ1
HOKEMZ 2\ & 572 EBEM I TH=
B O RZE FER (IRM) 1IZED5W7z, 20% 1
RM & M7z, & C OB G MEER 1 61T L
2590 2 HMIZ T TiT o 72, EB) 2 BAG S
LENCIE, 2L L7z = 4 ov F— AL ER RO IR
RBFECTHELTWD Z L 2 ERMER L. I
BRI, JEATHgE 112 I AR 2
L 72225 F30# 7 & pneumatic rapid inflator (E-20
rapid cuff inflator, Hokanson, USA) % FI\WC, #
Bt LRI O 1.3 f5 D THEAT L 72.
Il FRE 14 pneumatic rapid inflator @73 % )b
TAAT VA R L, IEMEICHERR L 72 22502
£ % HIBR AL E B IR LG 10 AT A, EH))
FET el USRI L 72, RN i il BR % BF
L 725t CIRREHIBA LG 10 B anic200F, REH
T P BRI L 72, FBIREB) RS OFRIE &

S
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L 72 RPE % 10-point Borg scale TEFAli L, 7% b 15
> rating ($ 0.5 point & L 7z, RPE (& 4% 1% @ ] #
THERICHE RS 7.
RM@M%@%%T@%?%“E&&@E%
DFETE % T, ANBAZAS 2 B e B B & T\,
B % Sem 28 LITREZR OKHEE L 1 RM & L7z,

1. 4 BERBFAIIILE—KB (KBHaR)
DATE

WeBRE X, 48 H MR 268 N2 E L 72 Ik
AR CHERL S 72 B BY 26 1 12 B W TR AL & 22
0, FETH D T RZEET O R IRE T I 31P Jih
EHOEmI AV (EE80 mm) = [EEL,
SIS 16 12 X B IE £ E S X OTEE)
mIHT LI T BENZET AT )
VEEARY MV B2 LT T ) VB L OERE
) UBROMB TR ZEL L2, A7 PLoKR
XSBMETH LD, 7 LT T ) CEEDR
LT BT [ L7 F vy VER] & [
Y] OFNIHEFH E—ETH B Ln b, ST
IS T 2o A HE L 425 mM &K
EL, Z7LTF ) vmEMEE LTHEBL
7z M pH X, 2 LT ) Sk R Y
VRO =2 Dr I AN T FOEEHWTCET
L7.
HANORBIETIE, 2L T7F ) VBB LY
AN pH DR TR & LCREli L 72, Fex i
B OEH B 5 A OREDS, FHiEX

RH IR CEES 22 EZENAL TS
12)

1. 5 fREHIE

FLR T — 4%, P = FiEEECTEL, K
(&, P = FEHERETHEIRLL "= 54
YOREBET = Z 2B AREEEICIE, WFIeo
W tBE R e, EEEtHo s LT T s
) VB X OHE ML pH O RREE 2 L o ik

(&, ZIELE R S BT (2-way repeated-
measures ANOVA, J8EH 5} x EH) 2 v TiT -
7o, BWEGEMH O HAERNRD b4
Bonferroni @ % & IL#5 (post-hoc) 12 & 0 #eE L 7-.
WETAIA KL, p<005 & L7z, §XToD
Mgk, v v B ZRREEH#ENT Y 7 b Statview 5.0
(SAS Institute) % FH\VTAT 572,

2. & R

RICHERE O S ERE, EBEN, FIRE
DFERZERLTZ.

R1 WEREOSEREE, EECE, HIRE O/ R

SRR (n=7)

IS 216=1.6
B, cm 174.6+9.0
fEE, kg 66.0+6.9
BMI, kg/m? 212%09
AEHIILE, mmHg 109.3£13.5
M RE, mmHg 142.0+17.7
1RM, kg 539+4.3
20% 1 RM, kg 10.9+4.31

¥ + fEHERZE, BMI, body mass index; RM, repetition
maximum

50,
45
401
35
30|
251
201 L
15 L with interval BFR
107

51

*F

JLT7FN) B (mM)

—+L with exercise BFR
—+L with continuous BFR

0 ‘ exercise ‘ interval ‘ exercise ‘ interval ‘ exercise ‘

Pre 60 120 180 240 300

Time (sec)

1 K& BIT2 27 LT F 0 Y BORERENZAL
I £ EHERRSE | P<0.05, * vs. L, # vs. L with interval BFR, T
vs. L with exercise BFR. L, low-intensity resistance exercise; BFR,
blood flow restriction

WCEEMICBTAZLTF ) YBORK
B ZEAb R R L7z, BEs0 7 L7 F ) VRO
ftilZ 4 &EOMTRETH - 72,
L with interval BFR T, -+ v b [ o #EBk
LT % 120, 240 B i%12BWTC, LBXIUL
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with exercise BFR (20 L, HEICKEZ KT
D 5 L7z, 82 L with exercise BFR T (3,
EENH T B 60 B #IZ L B X UL with interval
BFR X ) ARIZRE BT 2R, [ L EE
HThsb BOBHRLEEKLY METETH 5 300
BRIZBWTL XD ARICRE R T 2RO
Wty M TR TUE, L with interval BFR &
L with exercise BFR 2B} 2 B ETRO LN
f,éﬁﬁuﬁﬁ57VT%yuy&ﬁT®%
SED L7, AEEEROLON LD o7
(1761.6+1213.6 vs 1201.8+275.3, p=0.25). L with
continuous BFR (25T, 120 {420 6 %
TETOLBIIBWT, HIRE2 &ML,
BRICRERIE T 2D, FLMBEISDOTRT
HIZBWT LI ABICRE T 2072
B 2 \2fAiia N pH OFERRIZ L 2R L7z, %
B DML 4 SO TR CTH - 7245, L with
continuous BFR (28T, #E)FALA 180 #iH 5
Bty METREE T, LICELABRICRE S
BT ZRL7. L &< 3EHOMICITmRET 71
FREETRD NP7z,

*#

HH#EREP pH
o
(o]
[6)]

—-L
L with interval BFR

| —+L with exercise BFR

6.85 —+<L with continuous BFR

2

©

o
P

>

exercise ‘ interval ‘ exercise ‘ interval ‘ exercise ‘
T T T T !

6.80
Pre 60 120 180 240 300
Time (sec)

2 %*ﬁi 2B B AN pH O R REH 2L
S+ B R R 75 L P<0.05, *vs. L. L, low-intensity resistance
exercise; BFR, blood flow restriction

WCEGRMICBT &Ry METERD
RPE #/R L7-. B 1t v b HIZIZ&SMMIC
HEA G720, &8 2+ v b HTIEE L with
continuous BFR %% L & L with interval BFR |2 [t
L, AEICKE2EEZRLA. EF3+y MH
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X
mL

1 . Iy

L with interval BFR
7] ® L with exercise BFR
] H L with continuous BFR
1 [
1 I

m O '

1set 2set 3set

3 HHMIIBU L BRI T £ 0 RPE O3
SE M A HERSSE  #vs. L, T vs. L with exercise BFR, # vs L with
interval BFR, P<0.05 . RPE, the rating of perceived exertion; L,
low-intensity resistance exercise; BFR, blood flow restriction

RPE
O—=-NWhrhOONWOWO©O

Tld L with continuous BFR 231 3 =412 ik
L, ARICKERMEER L BRI 2 &40
BT, “FI9MEAT L with interval BFR T/hEw b
DO FNEEAITED N o7z,

3. £ =

MFEHIRA A LBty LY RS v 2GE
BT, EEIID L KRB BT B IRE
H GREBIEE) B 2\ X BB 0 [ KA 72 15 )
FRCid, FEmpmlRIciExL, 2 v7F) VR
T2 0 ARB AN IZARICHE®L T
A5, WRBEHY LG I BRI ICRcT % L NVICIEE - C
Whhorz, BIRMEHEORETIE, KEMTIX
KB FIRS R 2 BT, TEEN I3 BB
MFEHIRSEEIC BT, L EmuaEStEEZRL2Z
ARy MR TETIE, HEEIIASN D>
7o, GEEIFr O MFEHIR T, EBEOMREERIC &
DARHBERATRE D, AR o Ml BRAR R 12
LD HERICHET 5. —F, RER I il R
T, EBE OB AR 2SR HIRIC X 2%
BAEORMO 72O REEFIHER S NS, 2o
D EDREBELIC SN E26Nh%. H
HAYEB) TR (RPE) (&, Mk Ay i dl R & g L,
v MEIZBWT, R H R T A IR
<, FoRIRBISAEMTIE, BB MR %
BEHT 2 &0 08 & D ARG @A A R Sz, BL
EoZ s, BRMIMEHECTIE, KEMT 4
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DEIREFRFOFEITIZB VT, BB & FEOR)
b, AR RS TREMEATRIE S 7z,

LALans, MERLHLNI o7z, LY
A VAL =2 ZIZBWTIIER, AN
R EORIFRNFERGD 72012, — SRR
15710 65% L LA SRS TWD, KA
&, SEATHFZEIC BT, 65%1RM % HI W 72 [l B
DEE & AT L, REMAENEIEL, 2L 7T
Y VEBAB L E IemM RIS T L TWvwA
LEHRLTw W SEAVAETO ha—
IZBWT, ZOLIVIEL TV 0L, fkkin
MFRHROATH ), WIFNOBRFiLEE v
T BIFRHIEK - HBmE1 572001455 7%
RBIOEHFIGEL TV AW RS h 12,
W ZAZHIGIIEH T 51213 & 5 % ZRE D LET
H5.

& &

Bty MUY AY Y AEEIIB VT, JEEE)
R Myn il i, EEREO MR & 7% < Th
FEEOREDH H 2 LATRBENT. LA LA
5, WIENOBRMIMEHIBRIZB VTS, #ihY
Mg HIBRICI L, S~OBEM2 5 Tlde <, 4
%, A% 70 b a—VEERET L2005
DVEETH D & Bbiiz,

I

ARFFRIE, PR 26 4F BE St R N AL &
T Y b AR — Y REAREE F OB % 2 T
WEn7zdbDTHb.
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Analysis of the Global Gene Expression Profile Associated with Training-

Induced Improvements in Anaerobic Capacity

by

Eri Miyamoto, Motoyuki Iemitsu,
Koji Sato, Takafumi Hamaoka, Toshiya Hayano

Ritsumeikan University

ABSTRACT

Purpose: The purpose of the present study was to clarify gene expression profile
associated with high-intensity intermittent training-induced improvements in anaerobic
capacity. Methods: Eleven healthy young subjects (age 23+ 3 years) completed
6-week of high-intensity intermittent training [6-7 sets of 20-s exercise at an intensity
of about 170% of maximal oxygen uptake (VOymax) With 10-s rest between each bout].
Before and after the intervention, we evaluated VOZmaX and maximal accumulated
oxygen deficit (MAOD) as an index of anaerobic capacity, gene expression profile
in the vastus lateralis by using microarray analysis. Results: After the training,
VOsmax and MAOD increased significantly (P<0.05). Of the 53,617 genes analyzed

in the microarray analyses, 168 genes were significantly upregulated (fold change >

T R AR — VR Vol. 36
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1.2, P<0.05), while 116 genes were significantly downregulated (fold change < 0.8,

P<0.05) following the training. Pathway analysis revealed that 30 pathways were

significantly upregulated, and that 21 pathways were significantly downregulated

(Z-score>0, P<0.01). Conclusion: This study provides a gene expression profile

related to molecular mechanisms underlying training-induced improvements in

anaerobic capacity.

2 B

[Br] ABFZEo HH9IE, EimeE - R -
REEE) N L — = > 7 % FHE L 72 iR CE R
DERTFHH & BRI BT 5 2 £ 12 X
D, RRIERFENE T AL F— Rk o m) EIC B S
TEGTANZALEHLENIITHZETH D,
(] w2 EERE L4 (23 + 35) ZXf
S L, 6BEMOF®RE - FREH - MR ES) (5
KBRS D 170% B O REE T 20 o |
BEHEI LI A — 5 E# % I0WOKRELIATE
~ 7D R ESR) L= R FERL
I AT\ DI KR SRAR IR, KR FEM O MIE B
L UZHROFEREFE/BL, <707 LAk
% I CTERT P O AR T 58 % RN IR L
7o [REER] ML —= 0 7 A ABICHRoR I SR
13 9.2%, WAERFEMIE209% A cwinL 72
(P<0.05). b L —=Y 7 ADOHi 4O #IET5
HL Va2 &, 168 O EET DOFHA
L2 5L EA RIS L, 116 EoO#(EF ORI
08 fFELLFICHEIZHA L7z (P<0.05). Pathway
AT DA R, HEEICHEBEP ML WL 7 )
WAL ER 1 30 fl (Z-score>0, P<0.01), H &
WZRHDPMET LT b ¥ 7 F VR ERE L 21 f
(Z-score>0, P<0.01) TH o7z K] AWFgeia,
EOREE - R - BIRIEE) M L —= Ik D
FHAEAL, mANEEREET AL F—ftiGheo
] EIZBES- LT 2 W REIE DS & % 85 % KN
WS L. IS O#aT oS KRGO
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MLECEBT 20022 O T 5720, 5%
WD LETH 5.

& 5

EH - Y T OFERIZ LY EEHIE, A
AR OIS A U A, B OIS,
Ehit s M- FOME, & HEE, E#hkk
RIZE > CTRED 2 EDHBNTVD LY AR,
LIVRAT VAN L= AN L —2 0 7
2T B EBAEISD A = XL #H ST
720, WISIZE D 5T 5T (mRNA) *9)
25 7 EOTD OFEIS RO L YR
HEINTnwd, Zo#E, BLrobL—=r 71
£ BB ORRE - REEEIR O 5T A 51 = X LD
oI Y 2055 Y. ZRNZERO L —=>
TRPEDGGT AN = A LPHS UL, B
PRI IED C KRR L —= 2 T HED
FISSICEHMCE 2 RS, LYARY Y ANL—
ZUTRFEAME N L TR TR, FR
MOML—= U ZICE L COMEPLETH L L
EZbND.

BPEETT, HERKELLLTLIAY VAR
L —= v R KRN % ) F S 2 A
ML == Y ZIIBIT A ERHBEICDSTF A =X
LAEWPHLNIT A7), v~4 707 L AL D
MR 2 AR T HEHOMET R 2 KT B KBNS
Witk a~ + 797 4 —HEE5HE (LCMS) %
W2 & BN 7 o3 7 BT S S T &
7. —7, B REE o 400M % 800M FE 72 & 30
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Foir 6 3R TR ITHRMICE D & 9 2 EH T
&, RKEBERMET AL F RN T 4 — <
YAEET DY A RAEREET AL F—
BARBE D BN B D B 53 F A I = A A1
EAEHBHEN TV AW, F72, o =R
7y MR=VEOAR—Y TREE ENDL AT
Y NEE BT AL RRMEREE T AV
F—MAGREN DB 2 E DS, B AR
HEFABICEERENTHLEELONL Y. &
KIEFRFET AV F —fifa6E & 1X, ATP-CPFR&
fERERIC X % ATP AR OB KD Z L ThH D
WO ATP 7 L7 F ) ik, fpE
AROBEFENE, HOBERERZ LICEVHESI NS
EEZLNTVD, ZORKERERET AL F—
EHGRE R L&D PL—= v 7k LCEE -
BRG] - PR IGES) (R KRR FRAERGE © 170% 4
BEDJE T 20 P O B H L)L T X — & BB &
10 OKREEHRATE ~ 7Y K ESE) b
Loy s s ncn s 0 pime - me
M- BRB9EE) N L — = 7IE, 3~ 44k SR
BCHTT2EBNCO b5, FERET
W — G & MR R AL F — AR RE D
MR RKOAM 2T 52 EATE LEETH
Bz epvrmgEnTs Y W B s b L —
ZU T LTEFMERENTWS. TRETIS,
EOUAEE - R - RS b L — = 2 ISR
DEBEBEIGDSTF AN = AL & LT, B
12C, 2 hay Ry 7 oMb 55
1 B 4 7 T & % peroxisome proliferator activated
receptor y coactivator-1a (PPARGCIA) O % »
SRR LY eI bar Py TE
DI|IEL 70 % 7 T VA IEFE (CS) DOifHED
w52 L Y M ENC 5T 5 GLUT4
DY XTI 52 Y L el s
Wh, LALGEDS, b FOBEKGIZBWT, 2
DINL—=—=Z U TREDE ) RGFTF AN ZALI
L 0FEAOBIEEEL SETWELONTHL L

o TN,

Z ZCAMIRIL, mOREERRFEVET AL F — G
BEDSTAl 975 2 EDHAL 2% 5 TV A TR -
SRR - RIREOESD N L — = > 7R g L TR
T OB T ORI T 5 % RN I TR
Wb EIldoT, mAMBEET AL F—1fit
FBEDI LIRSS 250 F A = AL &5 A2
THIEERHME L.

1. MRAHE

1. 1 #WERE

BERGEBE N ZERE L WRED
ERMEEE AR IR L2, BBREDOHIZAR—
VEHRE, BIOBMRESAETAHEIITENT
WMo 7z AR, AR OMEEASR
BEOEKHEEZT, Ny FESORBMHND
Thh:, &TOWREZ, WO BB L O
ENEOHME LTtk EBRBINOKH %15 THl
5E A FEE L7

il

\

Y

®"1 PERF ORI

I AHil N3

Hiim (%) 23+3

5 (cm) 173772 -

RE (kg) 67171 67.7%68
IR (%) 150+17 156 %25
L EtEin (kg) 324+33 323%32
HREERE (ke 9010  90=10
FEMEtEmE (kg) 90+11  90=10
RIRFENGE (ml/kg/min) 482 +6.1 524 £4.6*

Ml = EHEFE, ¢ P<0.01 vs. S AT

1. 2 ERFIE

WeEREE, ML= Y IO AITEND, B
B, BB OWE, B & OEEEIRE 0N E
TEBL L7z, 6HEMO ML= AR
TRRIZ, FROIEE OE 2 FEhit L7z

1. 3 R DEIE

EHOMWIENE, 25 0EFKHh=, BLOLEH,
H O E 31 InBody770 (VN4 F A~_— 2%t
) & HVCRlbE L7z
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1. 4 B

BRI, FL—= 2 ZRAR B L OHT 48
S ] DR D L 22 B 2R L L 2 A MBI A L2k LT
L7z a4 vz oML R
MEEA L, REINIEEMZz05, =—
FVv ON=FE/TT4 -~y 7237 [14Gx
100mm]) #3FAL CTHAHRE LA b L5
F3 CIBRERTHG L, 54T $ T-80C Tl
FEORAE L 72,

1. 5 RABIREDNEDATE

T KBRS IEIE 1 MR A 2 B R B2 &
DHEEL7Z. £30%, SEBREICBWTRATO
HIRHE )L T X — & 5EB) 2B 1) 5 EB) T (watt)
EEEFENGE (L min?) OBFREISAIZT S
oo, —EMEOER A 10 50, WMEEEZT
5~ 7IMFEHE L7z, K EBY5HE O BB TR 2 5
M, & LIE10MONRT AZTERL, 77
ANy ZEIC X ) BRRERE 2 WE L, SEEp R
LRI O — KR ER E KD 72,

WIS, mARBRRENELNET 5720, 74—
IYTT v T E L TIRRBRFEEIE O 70 ~ 80%
LT 2 EEZONLHEET 20O %
To720L, ZOF FHeld TR 2 ~ 4 55T 5
N5 HEDES) (R KEEFRIEIE D 120 ~ 130%
DFREE) ZIEHWMIZE S T TV, EER T
Al 1~ 2 M OBFEENE % 30 BEIllzE L7z,
COEB) R, MEEAAZ T2~ 30T, KT
OEEGREE & FRRBE O —REYFERDP H,
KEEFIENGE O M5E OEB) TS N7 B R B E
MWL) Y 7F 7T 5HEMRL, ThERK
B FEIE (L-min! H5ViIdEESH2H ml-
kgt min) & L7z 8W DlEofla i
FFTCATb Iz RFRICB W TR RENE L2
TE 7T ANy ZFIZEDHEL, FREL 225
AL Op B LU COp B FE & AR A 53 HT B =
AT E (ARCO-2000 V) — X, 7IVIL AT
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DALB) THHT L, MR A EIIE AT A X — 5 —
(DC-2, #A&Ham/IIRETHER) TEs L7

1. 6 RABREEOIE

RRNEMRF T AV F -G OfRE L LTk
KERFEAE 2 W E L7z, mKBRFIRAE D 50% D
BMETI0OAMOY =377y 72w, 10
SEERE L7205, 2~ 340 THEFRBICW-S
£ ZuhE (RoKERRENGE O 120 ~ 140% FLE)
THEE ZATo 72, WHRMEO BRI, #ERE -
FOv ORI % 90 Fis, IR TE R R,
85 [alfin, U TIR T L7z & L7z, ZoEE)
o, EBE A HIEFTREICE S £ TOENS T
T 7T ANY FEICE D 0 BEICERILL, KR
FHENELIEL. 72, wKRTEEICBITS
BN GREE & B REIGE O —RIAUFER 2 S, YHF
B ) BB ORIBFEEELHEL, TOMkRE
TEEIZFEBEOEBREH 21T, P RBICE
LREOMBEFERLHB L2, CORMBET
Fhmh b EBROMEEFBIGE &5 W TR RN &
Ko, TNERARREMEL LS

1. 7 hL—Z2 97 A

T - SRR - FIRBEE) b L — = 2 7T,
HEEH D)L I X — % (828E:Monark #1:#) % f/{
L7z HEEBEIVIA—FOXRT)IVOEEEE
90 Iz /A2 L, e KERFEEE O 170%
EOME T2 Mo A EE %2 10 o
KBERATE~Ty PE1EELY 101
W, H4m, 6:HMFEMLZ. XY NVORELE
90 [oldiz, 4312 T < %2 1), 85 [BI#E, 43 % T [l o
oW CHER AR T S, 8y MHFE T %
FERITE2EAI, KEHS 11 watt §ORM%E
WS 7.

1. 81707 L1 8@Hh
<A 707 LA ENIZIE, Affymetrix L3 o
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GeneChip ® Human Gene 2.0 ST Array % Ji \» 72,
ANTICIH VS b — % )V RNA 1, BAEIRAE L 728
At > 7V 2> & RNeasy Micro Kit (QIAGEN #t:
) 2HWTHELZ P—% VRNAOME
F- = v 71213 Agilent 2100 Bioanalyzer (Agilent 1
B) 2Rz ZOBROT Y TVEHEE, N T
FAX—ary, TLAOGgLELUM%E A%y
= Y 73 4a T Affymetrix #hoo 7’0 b IV ICHE 5
THEML 7.

1. 9 HrEte#h

T = IFE = RS TR LA ke
fi# AT 1 Student's t-test & H \» TAT v, P<0.05 &
HEELE 4707 LA 7% ORITICIE,
Filgen #1:# ¢ Microarray Data Analysis Tool Ver3.2
i AV

2. M7EHER

2.1 b= TN ARIEICSE B EMHEK
BLTBENEZEDOEL
6 MDD b L —= > F I ARiRIS BT 5 0ERE
OFMEERAIIRL:. KE, @5 OMEIENE,
EHOFHHE, THOHOEHEH=EII ML —=
YT AR BWTCHERZLIERED 5Nk
Mol (P>005, &1). —7F, mABEENE
ML == 7 AR E LT, AR 9.2+
71% B = I2H ML Twi7 (482%6.1 vs. 524 =
46 ml/kg/min, P<00l, F&1). 3512, ®AME
FHEI ML= IAARE B LT, AR
209+15.8% A EIZHML TW7z (53.8+10.0 vs.
64.2+11.0 ml/kg, P<0.01, E1).

2. 2 A7 LA #ER

Affymetrix #1%2 ¢ GeneChip ® Human Gene 2.0
ST Array 12X O, FHEHY > T VIZBWTEHE
53,617 M8 DIZH EY D ZEBIAMERL S N7z ARbfgE
DA 7T L AN & B8R T FEIUFNT OB

80 %k

704
60
50

40

RAEEHRME (mi/ke)

30

20

10

PN TA%

1 ML—= V7 HARIRIZBIT AR KEEREEOZAL
T+ AR 2 %P < 001 vs. 1 AR

MR B 728, SEATHIZE T RibifE - FIRER -
REEE) N L — = > 712 L) EEEINAHRE S
NTWLBEIETFOFBEACEER L 72/%, b
L— =Y AR T CS D5HIE 9% (P<0.05),
GLUT4 @ 3% Bl 1 7% (P=0.37), PPARGCIA O
B 22% (P<0.01) #fNL CT\w7z.

ML= Y IR ADHIROBIZTHEBL NV &
RS2 &, 12600 EAEBEICEIF ML 720
X168 TH > 72 (P<0.05). ZDH B, ¥ v
JEE L THIRE N2 #8512 108 T - 7.
—7, ADHIET 08 FELLFIZEH WA L7
BT 116MTHY (P<005), Z0HE, ¥
YN E LTCHIIREN A BIETIRTTHTH -
7o, STNOOFEBIEILE L -HBEZTFICOWT,
ED XD Ty 7 IMEER L DD B LT
WL\ D% S 0T 5 72912 Pathway fEHT
ZER LA, BEICEHESENL WA Y S
FIAZERRIE 30 F (Z-score>0, P<0.01, R 2),
BEICHHEIMET LTS Y 7 FIVmERKIL
21 & (Z-score>0, P<001, &3) THo7-.
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FR2 AREIEIDEL 72 Pathway
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Pathway Name Changed Genes  Total Genes Z score P value

ECM-receptor interaction 8 84 9.772 1.77E-07
Extracellular matrix organization 8 92 9.267 3.38E-07
Collagen biosynthesis and modifying enzymes 7 64 9.894 4.65E-07
Collagen formation 7 64 9.894 4.65E-07
NCAMI interactions 6 43 10.498 8.89E-07
Focal adhesion 10 197 7.429 1.16E-06
PI3K-Akt signaling pathway 12 325 6.53 2.23E-06
Protein digestion and absorption 7 84 8.455 2.54E-06
Gluconeogenesis 5 30 10.562 3.53E-06
Glucose metabolism 6 59 8.788 4.83E-06
NCAM signaling for neurite out-growth 6 69 8.026 1.12E-05
Amoebiasis 7 107 7.305 1.15E-05
Signaling by PDGF 8 178 6.125 3.52E-05
Glycolysis, core module involving three-carbon compounds 3 10 11.188 8.35E-05
Gluconeogenesis, oxaloacetate — fructose-6P 3 16 8.72 0.000275
Developmental Biology 10 413 4.244 0.000528
Glycolysis (Embden-Meyerhof pathway), glucose — pyruvate 3 21 752 0.00056
Glycolysis 3 24 6.983 0.000798
Neurophilin interactions with VEGF and VEGFR 2 5 10.61 0.000951
aspartate degradation IT 2 5 10.61 0.000951
Glycolysis / Gluconeogenesis 4 61 5.53 0.000989
Axon guidance 8 320 3.906 0.001656
Signaling by VEGF 2 9 7.797 0.002446
VEGF ligand-receptor interactions 2 9 7.797 0.002446
Small cell lung cancer 4 83 4.54 0.002908
Integrin cell surface interactions 4 84 4.503 0.003031
Metabolism of carbohydrates 6 229 3.523 0.005233
Pyruvate metabolism 3 51 4475 0.005935
Arginine and proline metabolism 3 54 4315 0.0069

Signaling events mediated by VEGFR1 and VEGFR2 3 61 3.985 0.0095

%3 HEICKHAMET L7 Pathway

Pathway Name Changed Genes  Total Genes Z score P value

Ethanol oxidation 3 10 13.102 3.34E-05
ethanol degradation IT 2 5 12.406 0.000518
Arfb signaling events 3 33 6.926 0.000769
EGEFR interacts with phospholipase C-gamma 3 33 6.926 0.000769
PLCGI events in ERBBZ2 signaling 3 34 6.811 0.000834
EGFR-dependent Endothelin signaling events 2 8 9.732 0.001099
serotonin degradation 2 8 9.732 0.001099
Fatty acid metabolism 3 42 6.04 0.00148
Valine, leucine and isoleucine degradation 3 43 5.958 0.001578
noradrenaline and adrenaline degradation 2 10 8.659 0.001602
ErbB receptor signaling network 2 13 7.535 0.002524
GRBZ events in EGFR signaling 2 14 7.242 0.002875
SHC1 events in EGFR signaling 2 15 6.978 0.003248
Glycolysis / Gluconeogenesis 3 61 4.838 0.004065
Phase 1 - Functionalization of compounds 3 65 4.651 0.004822
Signaling by constitutively active EGFR 2 19 6.134 0.004951
GRB2 events in ERBB2 signaling 2 23 5516 0.006983
Nicotinate and nicotinamide metabolism 2 23 5.516 0.006983
EGF receptor (ErbB1) signaling pathway 2 25 5.262 0.008118
SHC1 events in ERBBZ signaling 2 25 5.262 0.008118
EGFR downregulation 2 26 5.146 0.008714
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3. F =

AWZEIC BT, BELEEREIIBNT, #
4 (1] 6 AR O EREE - AHERY - RIRAES) b L —
YT RERLIER, M-V I ARICK
KEEFEF T AL F — A RED TR T d 5 i Kk
FhB L ORAKBRFENESAEICMLZ. 2
O¥EMEE, FNZEN209% & 92% TH Y, [
B ML —=2 7% 6 BN L 72647 %e & [F
BEOMINETH 721018 F72 pL—=>
7 KB A B\ THMAL 5 v O AR 58 B %
AT L7, ML —= 2 712 108 fE o
BIETRBEA 12 B RCHEECHEmL, 77 o
BIETHBFO0SMBUTICHEIET LT
L7255 T, INHOELTFHREOENIZL-T
LB 3NL Y Xy OB, KRR
B L ORAKEEFEIGE OB E B L T\ 5 1ThE
WAEZBND.

B s R & L7 ATIIEIC BT, EREE -
SRR - MR 09ESNE, B O PPARGCLA
52Ny OFEBARmsE 12 CS A A S
5B ZESHMESNTYS, ABEO~ A 2
07 LAITIZBNTY, INHoMETEELY
NUD L= Z Y TR ARICHBEICEML T
ZEMS, ML= ZICE ) ERETOI b
YRYTESEAL, F0I LD RAHBREIE
DmMEICEBRL TW e EZLND.

KRGS ELERNE LT, Lk
HEAE TR FE QNN & 2 A T REIC T 2 5 DR RE D
M ERHIFENE. RKIFFEIIBNT, FL—=V
AR LD 12 5L S I L 728
HREY O Pathway FEHT OFER, R REEER O #IR
THRBEPEZIZHEML TV L2 LWL E 2o
72 (R2). BIETLNVTIE, BHERICBTS
FARTY) ) VX —+E (PKGL), KAK
7t VERA Y —+¥ (PGAM2), YV U kY
F—+¥ (PKM) ® mRNA OFEHA 1250 EA

BIZHIML T R OBERRE CTH Lk A
R7)V27 bFF—+¥ (PFK) O 19.6% 45
WZHMLTBY, IS OMHEREEE O ZI
ASFLEEREE TR E ORI B G- L T 2 WD D
5. F7o, BESEEICHEML2EETFOHICH
Vv v AR E (CARNSL) A& FhC\wiz,
B DI 2 VIR RS & BE T 5
e W gy s s A B ORI
PRHRRAEREDO I LIZEBLL T2 WS E 2 5
na.

T/, ML=V A AL D AEEICEBAMK
TLABEETORIZIEIF A5 F >~ (MSTN) #°
L7z, I F A5 F VI3 % I 2150
EETHIEND, IF AT OB TN
RIS T 2 19 BAFHEICBVC, B
ORI R AR EME O KICEIRT 5 2 & A%
HEINTWD 9 L[ InBody OWI5EIZ BV T
SROHEEILIED SN o 725, HIRHE
B EMHARBRLEG CHLLrs D, 4
B BRIUSE A O 82 D\ CEERIC T3 2 M43
Wb, AWFFRICBWT, B - HIERH - BX
BB b L — = ZIC K ) ERICEHES EA L7
BT 108 22T, JBATHIZEIC B 2 AN
Pz 3oL U285 v AN L—=y D)
& o THHEB EAT 5 #1108 il 17
lilCd V) PISK-Akt > 7 F )VEH & Bl A D 5 it
EFRMEH EICEbLRIEF ARG TN TV
—75, FSREE - MRIES) N L — =2 72 BWT
DOHRFEBD LA 5 BAT1X 108 76 @ TdH -
72, SNHOEATIIFRIE, ARifFEE L —=v T
S ADHIRI R R R E OFHG, BIn T o)
Rl 720 DT LETH LA, AL b
L= ZI2E W BB LR LB mT 0% i
EOUREE - R - WRAGER) b L — = 2 ZICHRR
BN BOE LFEHAZALT % BIET Th 5 W HEMEAS
EZbNb.

T2 b AR =Y FEF Vol. 36



4. ¥ @

ARIFTEIE, B 2 AFBEICBNT, 6D
FRORRE - R - BIRIOES) b L —= > 7 AL
L0 B CRBINELT 5 BIn T % MR
LMLz IS OBIET IR KER R
VF—HGRED I RICBS- L T A IR D %
FEHEETTH L. IS OBETIRABEEMY
O EICEHRT 20052 WO 22T 5720, 5%
DM D UETH 5.

#H O
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Evaluation of the Mobility with Personal Protective Equipment
for Firefighters and the Validity of Those Test Methods

by

Su-Young Son
National Institute of Occupational Safety and Health, Japan
Satoshi Muraki
Kyushu University

ABSTRACT

The purpose of this study was to investigate the effects of PPE's weight and the
harness design of SCBA on mobility of those users and to determine the validity of
physical performance test, three functional balance tests, and postural balance test as
a standard mobility test method when wearing the PPE. A total of 10 Japanese healthy
males (not trained) performed balance tests in this study. Participants were required to
wear followed five clothing conditions with different weight and designs, randomly. In
CON, participants wore T-shirt and short pants. In ST, they wore PPC without SCBA.
In TA and TB, they wore PPC and SCBA with old harness design (TA and TB: 13.1kg
and 6.9kg of SCBA, respectively). In TC, they wore PPC and SCBA (6.9kg) with
improved harness design. For the physical performance test, participants carried out the
following tasks inside the experiment building, (1) Step up; (2) Side jump; (3) Crawl;
(4) Object-dragging; (5) Obstacle stride. For the functional balance test, Performance

time was measured for ‘'Wooden plank time' and ‘Timed up and go' test. For the
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‘Functional reach' test, participants extended their right arm forward as far as possible,

and the extended distance were measured. We measured COP for postural balance

test and from these sway data, measurements of medial-lateral (ML) and anterior-

posterior (AP) excursion, sway length, and the area of each test were available. As

results, a heavy SCBA limits wearers' mobility, however, we could not determine any

difference between harness systems (standard versus improved). It was possible

to find significances among clothing conditions using several kinds of motions of

physical performance test and functional balance test. Therefore, the test method of

present study, especially physical performance and functional balance test is valid and

convenient method for evaluating mobility of PPE users, and it shows more statistically

different results than postural balance test.
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AW B R 5 RS O BV E 14T Al A5 C
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THEI R O RTRHKIC & o TRERDSTEN A%
ZeGI s L IR E A OEREIC LY, KERE)
FHOERTZ2E LTV A I ERRESNTWS
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HEENIE VD OFESEER, LT - B
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ML DHBEEZRBLIZEDBWLNICR -T2
2 TS X 2 PR E OB E R 2 M
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REE, WA OKRIIKE, BREHE L ZET 5
B AR A Iy O B E AR SERE A5 C & 2 R T A
NEDVER L ETH D EEZ NS,
AWFFETIE, HEG B RERRAE HI Ry O BY PR IERFA
DTE LT A N HEERFES L7200, Bz
B PiRERAE N & 2B EEOZILZWEL, 7 A
Mg LCGERY 288 - N > ZgehillE D
AR T A2 Ex HigE L7z

1. MRHE

1.1 #HBRERUVBEREYS

BRI I == 7% LT WL — %5
T 104 (24.2+3.1yrs, 170.2+5.9cm, 62.2+95kg,
13555 BF%) % MR & L7, §XTOWEE
FEMEED R, AR—VERERETATY
Giproln, BREMIUTOLSEMLELZ O
CON - 0.5 kgD 3EEIR, @ ST - 8.7kg D4 F; HIF;
IR (fF¥35, ~V A v b, TR EMIEE
nTw5), GTA- HH#ER (@) & 13.1kg
Ze R, @O TB - B HIBG R (@) & 6.9kg
22N R, B TC - B HB#R (@) & 6.9kg
7 (EEE DA Ty IHihlfEH#k S &
ICYEE S NN — R A), BEERE— A LT
—H—=F&MOAT A N E2ITV, FXEHOIRE L
T T AL,

WBRE 121X, AWZEO B, WEZ & &I
FI8E & B THAT L, RS~ O KEE 472,
AL, BN ARFEATUNKFEOMEEZEE SO
EERHEHERIC L 2 KR AE S TIrbILz,

1. 2 EBFIE

FTRTOMWEE, ERHIATLHPRESNT
WAHIRWIHTE L &S 2 RO RWIIB VT, B
IO FEI DS BE T dH % Ja 22 FEBRE TT -
7o, WETR OBEBEEE L 324+24C, MREE
13 732+63% TH-7-.
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RESTMIE &N T ¥ ARETTME 24T o 72, EBRES)
HETIE, UTO5508E%21ToTh b o,
FENERE QW ENEIZ LT IRT.
- B AB A BEER) (step up) - 45cm B X DA
B% 60, 20 mA K 5. 60 - O
M A EZWET S
- L 2SA T (crawling) - L % ASA 7245
T 10m fEAERE O FATHER 2 ) 2
- LY LB E (obstacle stride) — < <Y &
CEIEER 2EFTOT WV AAS 12m # AHT
B, TOEATRRM 7MW 5
- BAEAE & O (repetition side jump) — 20 #2 [ @
PG & O OB & flER T 5
- H\» b O % & 5 (dragging heavy object) —
20kg DL DEGIEHFELAS 10m & FHT
%

T A NBIE BT FC, EEIFETIE AL
HEEEHGETE=F Y 7L, 7AMNMBHEIEE
TERT RO OO W 2 7o 72,

T Y ARTMIEE LT, 7y a
1) —F (FR : Functional Reach) 7 A b, Timed
up and go (TUG 7 A b) 7 A I, Wooden plank
time (WPT 72 b) 7 A b&{To72. THHO
T A MIFEELOBE) &0 BIfEEITTNT ~
BRI E 2 TTREIC T 5 DD TH D, FR 7 A b
(&, R E A B 22 IE AL ST 2 o TR
Iz L7z, s, Az omS TR T
EEEMREL LS, BB S TICTESET
RI~BEAMIE LT, AR RO 7 B 2 -
72. FR 7 A b Tld, 3RITEEMAT 70 27T L
Tl E B O % 17 - 72 (M52 © EVaRT
504, fEHT : KineAnalyzer). TUG 7 A MZBJL
TIE, AV = WA 7o BB OWERAD, A —
VB E EASS T 3m OFEEFE LAY —
DB SR IR 2l > 72, WPT 7 A b T
1, BRI 3m DRI E 2L TH 59
MalE L7z, 72 PN T Y AHEh, Rk

O EFRICHET ALAIIT T — LiEk L, T
BRI 1 =T — (ZEERE 2 1B 2 LicL
7z.
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FwCillse L7z, =OBEiERE, REIIE%
F Tl E & F R SRR O R OBIE &2 i, Z 0
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MR & R 40 FL -2 24TV, Bl fR 7 AL
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A ME 2 BIFOF7, BOKER & A TREEHLEL
L7,

1. 3 fkEHIE

ARIFZEAE RSP I = BEERATE L &
KEMH OB D20, —T05 BT % 47\,
Tukey % V2 C post hoc 7 A F & {T-72. &5
2, HRFMFOERL T A MEROBIRIZE TV
> OMBREUC & o TGS L7z, R0 Bk
el p <005 & L7e.

2. MREiER

2.1 EBEHT X MER

HEEIRES T A N T, BRI ST D
TA, TB, TC &M T OEEEAMET 3 2 A3
Rons:, BABARER L C C) LEXHET
&, TA, TB, TC &1 CON 2 Lb~AH 7% LA
B BERTR oM mA R L7z (1), LA L,
2N 2R & 225 B TA, TB, TC SAFMIZiE
HFRAREIRON Do 72,

2.2 NSUREBEHTFX N
11X FR, TUG, WPT 7 A h OfE %711
FR 7 A FEMEIC & - T, 25PN TR
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F1 EBRES T A MER (mean+SD)

Step up Crawling Obstacle Side jump Dragging
(4 bpm) (sec) stride (sec) (sec) (sec)
CON 175 30 £9 17 = 2 399 44+ 10
ST 25+ 7 30 =7 20 = 3bw 35+ 7 44 =7
TA 31 = 10%** 33 £8 25 & fkex 31 £6 42 =8
TB 30 £ gk 31 £8 20+ Qkek 33 8 44 £ 4
TC 31 = 10%* 30 £5 20 & Qwkek 337 44 = 5
a : significant difference between CON and others
b : significant difference between ST and wearing SCBA conditions (TA, TB, and TC)
*p<0.05, **p<0.01, ***p<0.001
FR TUG WPT
*#% P< 0,001
** P<0.01 12
60 EE 33 * P<0.05 * N.S
—~ I *xk 15 L 10 '
£ 50 | — *P<005
G % o g 8
- * £ 2
3 40 Kk % ‘ = — 6
& £ g4
w
a 30 = 5 = .
0 0

CON ST TA B TC

CON ST

TA TB CON ST TA TB TC

X1 FR, TUP, WPT 7 A F OfER

5 7 VEMRAE L, BMFEEERICKRT S E5
T EDRBO B NI BRI D TA,
TB, TCIZCON & ) HEIZIKfEEZRL A (p<
0.001). ZBro, IR L ChHi#R2Z T
EMTHSTICE D S TA & TBIFAE KM%
RL7z (ST & TA:p<0.001,ST & TB:p<0.05).
%3, TUG 7 A b Tlx, CON &Lt~ 7

Mefis A B8 72 TA & TB &0 BE % TR A3
50 FR r=-0.735
P <0.001

Distance (cm)

:' T L}
0 5 10 15 20 25
Weight of clothing condition (kg)

FREICHEAZLZ D57 (CON & TA 1 p<
0.01,CON &£ TB : p<0.05). L»L, WPT 7 A
N T, TA S1C & 2 BT O BEMNIL A S 1

720, MM OBEELREIRD SN h o7,
BB, NI YA T A N OKRETIE, &5
REMOEREOBICHEERMBBRIRD S
72 (®2). FR 7 A MIBWT, Bz e siE
HEIERFMEOEENEL 2 2IFEWP L =
12
TUG
10
8 A
3 21.8kg
\Enj 6 8.7kg 15.6kg
E 0.5kg
44
r=0.567
o4 P <0.001
0 } t t t {
0 5 10 15 20 25

Weight of clothing condition (kg)

M2 FHLKEHOFEEL/NT AR T A N OMBEBERR
0.5kg : CON, 8.7kg : ST, 15.6kg : TB and TC, 21.8kg : TA
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x2 FLOHFREAEMRL (mean*SD)

Sway length (cm) Sway area (cm?)

Eyes close Eyes open Eyes close Eyes open
CON 25%10 20.7+8 28+19 23%22
ST 253+8.7 19+5.3 32%29 2+15
TA 29.1+92 217+85 49+37 46+38
TB 27+75 20.3+8.1 36+35 1813
TC 26.8+9.1 208+7.3 33*19 25%25

Medial-Lateral (M-L) excursion (cm) Anterior-Posterior (A-P) excursion (cm)

Eyes close Eyes open Eyes close Eyes open
CCON 1+04 09+0.5 19+05 1504
ST 1+£0.6 09+04 23+04 1.7£08
TA 1.1£06 1.2+0.6 3+0.6 2511
TB 1.1£0.7 1+04 24+04 1.5*£0.6%
TC 1+04 1.1+£08 2.6+08 1.7£0.8*%

significant difference with TA, p<0.05

-0.735, p<0.001). F72, TUG 7 A FTClE, =
WA { 7% 513 EEWEBATIR I 2SA B 5
ZENASNA (r=0567,p<0.001).
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TA 413 TB 4t & 0 BAAREE O i 2 7 1) T <
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WFgEAE A S Ha &, BEOBZIE SR
CIPSUN R RO =5 N NN I (R %/
eofz, BEOBEEMIE & ELOBIREED, TA
FfE TN A AR SN2, WA RS
IR SN o7z,
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3. 1 BFERZIEMODEEEL TH A L DEV
RIFZETIE, M5 N TA 4T TES
NIEBEESI &N T v ARSI T A MERATEL &
B EpRSNT. EEIRET T A M T, BAR
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AR & NS, ZEEIFNER E T O 7 VA
DF N ERBEOEEDEH WA IR S KR T
o, iEROBEEEEE - 7L 0T 5

FATEOWETH, PiRkOERDENIZB W
CTILEBIRES 7 A P CHBERENILOND, 7
PA OB L DEEEIROON o7
10 Bk 7 VEMOER L FHA L E I
LT, NT Y ADRESN T A M2 L FUOMER A
Ro5N7z TUG 7 A+ T, HEEITEVWES
DOV #ENR % %53 256, 3m OEEREH A3 <
%Y, HFIZTA & TB G CH BRI AN
LI EMEO LN TA, TB & TF ik, CON
(2 HERENERATIE I AT 29.4% & 70 1) 18.4% 1410
L7 (TA:p<001,TB: p<005. L»L, 7
EMEERMIHOREREIR SN o727
B, THA VEICLZEMEEEILEHS 2T S
ZrliETE Lol

FR 7 A M TClE, o7 A b &0 A E %M
DINT v ARENZED RS NIz, B AREE G Sl
CON |2, HWEFR 7 A MEREZR L7z, TA,
TB, TC 51413 CON & 1 37.1%, 282%, 275%
DEBEREFEE T AR SN ZOMREDLS A
% &, BOEEOELIMREE CTESET L7 IVE
Mi2a51E, BEREDONT v AN ER 525
LEZLND.
RIFFETIE, TA SUAPMBOSEME L ) EEAE
WHDTHHLDT, §XTOFAFTNT VA
RETIAMET L7z 2 ESARRIZEIC L - TH S I
otz RFETHONIZNTG VAT A MERE,
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W5 Z AR S T

AROFEBRETIE, BLOBRIEICSWTERER
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B Ny yNy 2 EOAMICE L THFEL Tw
BRIV — Tk, BOEBEOWPHAMIZL D AE
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b 3=V & Rk J % I CEEERE & 47 -
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DF T CEFEIE S & 5 BIRIE & A= R AHRE R
2h3d B DT, KRWFETIZRETTA Sl F TOHiEE
ZAGIZ B LTI L e tr o 72 %)
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A Magnetoencephalography Study on Physical Fatigue

by

Masaaki Tanaka
Department of Physiology,
Osaka City University Graduate School of Medicine

ABSTRACT

Enhanced central inhibition system caused by peripheral fatigue input and
facilitation system caused by motivational input play an important role to determine
the performance during physical fatigue. We tried to clarify the neural mechanism
of central inhibition and facilitation systems during physical fatigue using
magnetoencephalography (MEG) and a classical conditioning technique. As an
experiment 1, participants underwent MEG recording during the imagery of maximum
grips of the right hand guided by metronome sounds for 10 min. Thereafter, fatigue-
inducing maximum handgrip trials were performed for 10 min; the metronome sounds
were started 5 min after the beginning of the handgrip trials. We used metronome
sounds as conditioned stimuli and maximum handgrip trials as unconditioned stimuli
to cause central inhibition. The next day, MEG recording during the imagery of
maximum grips of the right hand guided by metronome sounds were measured for 10
min. Levels of the fatigue sensation in the right hand and sympathetic nerve activity
on the second day were significantly higher than those on the first day. In the right
dorsolateral prefrontal cortex (Brodmann' s area 46), the alpha-band event-related

desynchronization (ERD) of the second MEG session relative to the first session
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with the time window of 200 to 300 ms after the onset of handgrip cue sounds was
identified. The ERD level in this brain region was positively associated with the
change in subjective level of right hand fatigue after the conditioning session and
was negatively associated with that of sympathetic nerve activity. As an experiment
2, participants underwent MEG recording during the imagery of maximum grips of
the right hand guided by metronome sounds for 10 min. Thereafter, fatigue-inducing
maximum handgrip trials were performed for 10 min; the metronome sounds were
started 5 min after the beginning of the handgrip trials. The metronome sounds were
used as conditioned stimuli and maximum handgrip trials as unconditioned stimuli.
The next day, they were randomly assigned to two groups in a single-blinded, two-
crossover fashion to undergo two types of MEG recordings, that is, for the control and
motivation sessions, during the imagery of maximum grips of the right hand guided by
metronome sounds for 10 min. The alpha-band ERDs of the motivation session relative
to the control session within the time windows of 500 to 700 and 800 to 900 ms after the
onset of handgrip cue sounds were identified in the sensorimotor areas. In addition, the
alpha-band ERD within the time window of 400 to 500 ms was identified in the right
The ERD level in the right

dorsolateral prefrontal cortex was positively associated with that in the sensorimotor

dorsolateral prefrontal cortex (Brodmann' s area 46).

areas within the time window of 500 to 700 ms. We demonstrated that the right
dorsolateral prefrontal cortex is involved in the neural substrates of both the central

inhibition and the facilitation systems during physical fatigue.

125

2 B

PR S AT & EARMES A7 2, BRI IEY
WO T 3 =<V AR PET b7 OIZEE L% E
B LS. AT, MR & St &
WIS AT A EARAE S A T A OHIFR A S = X
LAEHENIIL &) LA FERLELT, X
M —AFIEo THT (FIZF) oKD
DDA A= % 10 HBERLZ: (X ba s —24
L, 5aRICEB L), HllED] &k 3
SR E L TEFORRKOED 2 1if7 T 5 Sk
M B E A £ L 72, BH, A hOo /s —4
B> THFORKDIEY DA X —T % 10 57
WM L7z, 2ofiR, AoBsMIREEE (7

7 N AR—VEE Vol. 36

O— R~ 46 8) ([2BWT, 200 ~ 300 ms %12
HRPEP RO RO Sz, & OFERBHERFE
LAk, BFETOEBINZR L~V ETEOM
xR, FEE2ELT, Ao/ —L4FI
o THFORKDEN DA A —T % 10 75
L7z (X b/ —aEiE, 50RICHBLL).
P %25 S 2 TSR E L THFORKD
B ZHATY 5 S RRIET R FEMm L7z, BH, X
FO = AFINE > THTFORRKDOEY DA X —
Ta 105, BRS) Eh LoMEE TR L7
B Ly a v EBLTERG D)LY Vg
¥ T, HOBEIMURTERTE (70— P~ > 46 BF)
IZB T, 400 ~ 500 ms £ 2 = G B 8 i 1| 3 7
RO, RWEICL Y, HOBYMIFTEERE



—126 —
A, BARRIEITRE, Bl A7 A e e AT A
DOWITIZART B Z EDHL P o 7.

&

jill]

PETTEFES L BMEERNROR T L ELRTE
5. HRADOFEIZ 48756 + AL bt 18557
*HEL, 09 BB ALDs, HEHHIER
THERNCI LIEERMZEPET L2 LR T 5.
BT X 2 DA E O MBI EELE, BN
GDP & X— A2 L LCAEMLIK2 FEM LGRS
nan. —HT, EHEINTTIE TROIZHES ]
LEZONTW7S, BIHEIER, B IEERE
BOERE, 7 PE—H07 LV —RBS fe
RIFZOHI (KR THY, S8, EHEOPHK
AT FHERICBVWIROEE LT -V ThdH
B, Lo T, DA ALZMHL, 5F
fifi - FBh - AT B 2 & DY - E
B - R - A ANERIIEFRICREVWEEZD
na.

BV IS LT, oMM M
Bo0HB Y —J;, E) (BRI S O
ANZALZELTE, AR hoTWwAE I E
E% < v FEEE, 1990 EARHTF: F Tk, TEH)
PEFHEDINT 5 —< v ADETIL, BHAD BV
h Lo KM COEEEORFEIC L o
THlERIENLEEZbNRTWE L9 RL
1990 4E MR 7 o C, AR HHR R AT AR O 1H
WHHERO L IEB AL TB Y, EBEY
B3 7 o — = v 2K I A AR R 0 38 B B
MOME (HET) 2oF5|&iRIEnbEE 2
BNBIESTY . L Lanss, EBEO K
IR OMBIEIC OV TIZIT L A SR I
TBLHT, FOREICOWT LAY S OREHEL
EIZEY, FHMPSZOEMELTEZLNTWS
ICEEFoTBY, BOMSIEAWI LDENRT
Hotd,

TEBYIE 57 I O TG 2 ATEV AR 5 2

EXHIIZ, IXTF XY RTIDIT—KRYy I A
%GB E IR A ERL, 37Ky s R
HHCTESORME~Y A2 T5 (FEH LTS
FEEF L TRV EEIRSES) 2&T, EE
P L B BIELTAWES T 5 Z L AR SN
Dooxo0z, EEE O PARRER IS BT B
PR T 5 2 &2 HOYIZ, IR % Fva 7z
B IREE FEHE L 728 25, ATEIEERRET O
MRE—HLC I9-Fv 7 AxHTESD
FHETAZTHIET, EHETIC L DKM
HIEENEF 12 BT 2 BB A IR BT AN
LT ENRENSDY . IO ORI, EEEY
B, BBV, WHY AT ADPFEET A L%
BHERIZGEHT A b O TH Y, HEROEM T g
FICESTEIIN MR TH B & L bIc, EEEY
DRI D720 DK E LTI TH D L
Zz 5.

PRAAE I L, ZOEE MR & OB 72
9, HE, BEEREEEOFPHN THIE S T
Wb, ZOBIWEASBEEC 4 B LRSS 72
0, IEBE T SEREA L I o HI b
HECTHLIHS AT a0 <. —FHTiE, Z0H)
TR TSI % 5 RRBIR T 2B S &1k b
728, B AT AT LIEEY & BN S 5T
HEHEOHIEBECTH HMES AT 25 . WBF
T, WY AT 5 Ry AT L DINT VAN
TR7z, d B 28 Bl o> i PN C e I B O B 1 7S
S ND. T L) HENERIHO T TIE, HH)-
THHALIRIC B\ C b il 2R ISR o %

TRERE 5 A & 0 22 OB &, NN %
AV THREMIIERT A L2 Y, s 27
L, RMEY AT A, BXOYEFIE (BIRE) 7%
o, EBEG & BRO B B MRS E S
720 =T, SEEEY SIS AT
BETHH I LM EHWCHL~SN, 2
TEBHPE 577 O WM 712 B MR O I b
HBYooHs 7.

T2 b AR =Y FEF Vol. 36



B 1Y) CAH BARAT 1 72 M TH] % 350 5B BE 57 0 H A
TR IR O LT, BRI R R A
LI TOMEWEREE TIZIEE->Tnw, L7
Mo T, ARHFSETIE, MEETT ORI G
BRI L, (BN 57 OARRRIZE S . BRI,
BRI & B SR LT 2 T, IS 2 T A
CRHEY AT LA DOMIEA T = AL HL L X
9 LA

1. MRHE

RIFEIL, KRBT LR ARG R B & 0k
REBIETBY, KFEOFTIZN 2o TE T
T AN — I ERE L, EREE, EMiAT & iR
7z.

1.1 EEA1
BWEAN12%EZNRELT, Ao/ =03
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IR L7z, COROMNIGE 2, MMEKERE L H
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Safe and Non-invasive Evaluation of The Impact Load

of Punches in Amateur Boxing

by

Akinori Nagano
Faculty of Sport and Health Science

Ritsumeikan University

ABSTRACT

The purpose of this study was to evaluate the impact of boxing punches in a safe and
non-invasive manner. We collected punching data from two experienced right-handed
boxers. The motions were (1) jab, (2) one-two, (3) one-two-three and (4) one-two-
hook. Thirty seconds of punching motions were collected in each case. The subject
threw punches into punching mitts, which were held by an experienced boxer. Motion
data were collected using an optical motion capture system. Ground reaction forces
were collected in an experimental environment which has 15 force plates arrayed in a
rectangle shape. Small and light-weight accelerometers were attached on the outside
of the wrist of both arms. Based on the data from the motion capture system and force
plates, the impulse of a punch was calculated as 10.00 ~ 19.87 kg-m/s and 7.28 N-s
~ 9.85 N-s. The measured values from the accelerometers were found to exceed =+
16G . The results of this research suggest that the impacts can be reasonably assessed
in activities that include strong collisions such as boxing. These findings will be sound

foundations to further develop this line of research.
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Regional Neuromuscular Activation
within Human Hamstrings Muscle during Sprint Running
-Novel Approach for Understanding Hamstrings Injury-

by

Kohei Watanabe
School of International Liberal Studies,

Chukyo University

ABSTRACT

For understanding hamstrings injury, activation properties and/or functional roles
of hamstrings muscle group have been investigated during sports activities. In the
present study, possible regional neuromuscular activation pattern within a hamstrings
muscle were tested during isometric contractions and sprint running. Surface
electromyography (SEMG) was detected along the longitudinal line of the biceps
femoris muscle with 20 electrodes. Ten and eight male subjects performed two
different joint torques, that the biceps femoris muscle contributes, of maximal voluntary
isometric contraction and sprint running, respectively. Ratio of SEMG amplitude
between two joint torques were uniform among the regions. SEMG pattern during
sprint running were homogeneous within the biceps femoris muscle. These results
suggest that the all regions of the biceps femoris muscle uniformly contribute to joint

moments and are homogeneously regulated during sprint running.
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The Effects of Intermittent Hypoxia Apnea on Central Hemodynamics
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ABSTRACT

Sleep apnea syndrome (SAS), respiratory disorder characterized by repetitive
complete or partial upper airway collapse during sleeping, is an independent
cardiovascular disease (CVD) risk. However, underlying pathophysiological
mechanisms are unknown. In this study, we examined the response of central
hemodynamics during intermittent apnea in order to more accurately assess cardiac
load. Fifteen apparently healthy men (23 + 2years) underwent 20 bouts of 20 seconds
of voluntary end expiratory apnea (apnea phase) followed by 40 seconds of voluntary
breathing (rebreathing phase). Central arterial hemodynamics was evaluated from

radial arterial pressure waveforms using pulse wave analysis via general transfer
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function. During every apnea-rebreathing cycle, central and peripheral arterial systolic

pressure significantly increased during early rebreathing phase compared with during

apnea phase and then returned toward baseline level. Furthermore, peripheral systolic

pressure, and heart rate significantly increased throughout the 20 min of respiratory

intervention. Rate-pressure product, an index of myocardial oxygen consumption, also

elevated throughout the intervention. These results suggest that central blood pressure

is increased temporarily by the rebreathing and that central arterial pressure might be

raised throughout the repetitive intermittent apnea probably due to insufficient recovery

duration.
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TWb 0L L7z, $XRTONEE IR LER O
TEBREHIE BT o 72, AKUREELS 1 4G o0 B
DI o 72T O AL, KIKBET %4, xR
H8 DM A BT o7
FTRTORRENHFZED B 09 R AE 19 72 fa ik
L LT, OB L AMESIANOREE
172 ARWFZEIL SRR IE AT A L5 55 % B
ROHKRAEGTEM L7z

1. 2 EEFIE

FERIZHET B, BTH OB LV EB) B K O]
REBI o7z WED IEEMEIEY 724 0%
EOHEB L OREDHIR %17 5 72.

o RENL TR\ PR, MERRE RS L,
Ny N ETERL L (5 57 DU L) Z2fiReillE (5
53) B EU20 M O R RN 2 4T o 72, [
R BRI | I 52 11 20 5 & BRI 40 72 (15
[l /43) 20 (20 40 ) % AR L7z, WPORAH
FEiZ A b a —ATI5 W/ i L7z, b
FIVNOFEBE [ 70, B ORI H RS
1o 72,
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1. 3 FEATEIEB

R G NP H L OB BR BN RE DRI & L CLO
B, BEEEIRE, (Odn% (HR), PRBEBIIR S
M (MCAVmean) % ifll5E L7z, Wk E)
MR D MR HEE (&~ )V T IR EGB & By 777 it
HWEZE (EZ-Dop, 2> ¥ 2— X5 1 v o7 A%k)
HGCERIN L 72, b o0 B R e 35 S L % e 52
5 72 O #E R BRI ER 3% A A1 (SpO2) (ML320
FF T XA —%R> K, ADInstruments £1:) Dill%E
i1 7.

WR58 77 A 5p W36 18 (AE-300S, R - b EEAHF
B &t) S TR EOMRMK K BRI K FE
(ETCOz) DM5E %47 - 72, BEFBIRIEEIE
A ) RIEREGEGIMERT Jentow, —1) > %
T A VL) LSRR L 22 BEE Bk
JE I general transfer function (— #% A9 1z 5 B8 £)
AWM Y 7 b =7 (SphygmoCor
CvMS, AtCor Medical 1) (20U A%, KEIIRIE
HEE L7z,

[F#E1Z, Modelflow 12 & A TEBR B FEffAT vV 7
k7 =7 (BeatScopel.la, Finapres Medical Systems
) 1Y Ak, —HEO —EHHE (SV),
LR (CO), #MERRSIMEIPT (TPR) %5 M
L7z, 3 XRCOBEBET s 7oy VERE
(Powerlab16/30, ADInstruments ) % 4L CT/S—
VIFNIYE 2= FIZRYAATL SR Y
7 & (Lab Chart ver.7, ADInstruments ) |2 Cf#
Mraetro7z.

CIEOBFEHTEZ R TIRE y7v7ruy s
MEKEIR SBP & HR OfEAH 5K 7z.

1. 4 BiHE

MR MR 5 0 H, 1040 H, 1547H, 204
HZNZNOEE T OB (B 5 7 EH
5 1580 H) , PRI (IERFHE T 220 & 1580,
IR (MR 16 FoRi 2 6 15 F0) % 15
BTt U, SRR, PRI, S
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W o LEEREYRE ORI 2 47 - 72.

1. 5 # &t

ETOUEMIZ Y LR EZ R L7,

RE O, S ERREIEIIS IO 2 tBRE
TR L7 2 ZROREDS X USRI O
1# > 1% General Linear Model @ two-way repeated
measures ANOVA % T 217572, £Eb
BAE 1X Newman-Keuls Z [ L7z, #tatemfF
HKHEL 0.05 i & L7z

2. #% =R

2. 1 FEREEFRICS T SOERENE

KEVIROPGHEIAMAE (SBP) 1%, MM L Y
b P B EEZ o 7. F 72, T
LB LD A EICEME R R L R
WX B2, 5 BICH LTI EICHERE
AR L7z (p=0.06) (B1). #KiH SBP &

1204
110 *
*
100+
-u 207
}B -o- 159
-o- 10%
E 904 -o- 5%
80-
70
TR HA BIFIRH L3 AT IR ER

K1 KEIRIGEI T OZE) (n=15)
* P<0.05, VS. FIIRLY
SERFIET X 0 PRI A ICE S o 7. &
72, PR SR &) S A EICE T R
L7z EREFREIE 54 HIcH LT 1540 H, 204
HOEBICEBEZ o7 (B2). LRI 121
SEHARFIASERD HvFz. S X0 b TR
SEBICEMZ 572 Tz, PRI I
WMEVOEBICEMEE 57, FEETIE5 58
WKL 15 EDEREICEEZ o7 (B3). #iH

140-
130-
120-

 110-

£ 100-

90-

80-

BIFIRER IR D

K2 RAEIGHEIMEDOZE) (n=15)

% P<0.05, VS T (B 0 L), T P<0.05, 557VS.15, 205
80
75
70
65 N
60

T _a20%
55 o 15%
-o-10%
50 -o- 5%
45
40
35

(mmHg)

S0 I BYRE  SET

B3 JLHRMIE OB (n=15)
#*P<0.05, VS IR (F Mo Hig), T P<0.05, 557VS. 15 5

65

60

55 - 20%
® % o 15%
E - 10%
g 50 o 5%

45

4

" mwmm  mewE | LaERE

R4 HEOREDZLE (n=15)
TP<0.05,557VS.15, 2047, + P<0.05, 1053 VS.15, 205
OPRE (PP) IIKIECTHEEL R, 540HE
1047 B 1557 H, 204 BICK LAREICEE -
72 (E4). KEIK PP B X OFESIMEIZIZE S 2
LIRS SN o7z (1), HR IGHEL
XD S FIFRIAAH EICEEZ 572, 547 H IS
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R 1 ERIGIEIFIIR O LIS

AL PRI RS TR S )
K#IR PP (mmHg) 34.3+6.7 352%71 36.2+74 34.9%6.5
MAP (mmHg) 68.4=10.6 709=11.1 76.7x11.7 708=*11.1
SV (ml) 876+18.9 83.2+14.3 829+16.8 85.0+15.3
MCA Viean (cm/s) 549=122 54.3%125 56.3%x12.2 55.5*12.1
SpO2 (%) 96.5+0.8 97.3+0.7 96.8+0.8 96.7+0.8
ETCO, (%) 55*05 55*06 52x12 51+09

mean=SD (n = 15)

PP, pulse pressure; MAP, mean arterial pressure; SV, stroke volume; MCAVmean, middle cerebral artery blood velocity

SpO2, Oxygen saturation; ETCOq, end tidal carbon dioxide

65
60
%
55 I
i t =205
— o154
E 50 -*-10%
o - 5%
45
40
EITILEA BRI LBITIRER

X5 MAEOZES) (n=15)
*P<0.05 , VS.FHIFIZH] (£ o i), + P<0.05, 557VS.10, 15, 205

HLTI04H, 15970, 20 BIZAZEIZEE -
72 (®5). #7u7asy s i, ML Y
b FIF DA B A7 - 72, 545 H O I
WK LC, 1597 H o B CH IS EfE, 5
S H OB LT 1040 H, 159, 204
HOFIFEIcHZICEMZ -7 (B6). CO Ik
54rHICKHLT1040H, 1554 H, 205 HPEE
IZEEE 572 (®7). TPRIZTEI X b &

6500-
3

6000-

5500- :
s o 204
& 5000- -
1;0 - 10%
£ 4500- o 5%
S
= 4000-

3500-

3000-

IR HA IR HA o3 R A

®6 #7N7ray s hoZE (n=15)
% P<0.05, VS. PN (o ki), T P<0.05, MEMH55VS.
IEMFIEIALS 43, P<0.05, TS VS TR 10, 15, 205
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SEIFIRHR BIFIRER 5@ ITIRHR

X7 CHHHEOZE (n=15)
% P<0.05, VS. FHIFIEH (£ Mo i), + P<0.05, 557VS.10, 15, 205

WA EIRAE 2 572, 2040 H13 5404,
10578, 157 L) b FEIKMEZ -7 (8).

MCAVmean (Z—%MEMBAR D0, 514 4
2 TGS % 47 - 72. MCAVmean (% [ 4 [ 45 -1
HIZH S 2 ZEENEEo b e o7z (1),
SV, ETCO; 3 & UF SpOy 12 5 1F [ i\ 13 7R
Shzehor (F1).
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1.4 *
s
2 1.2 . =205
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0.6 4
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2.2 KkBECHBEO [BR25Z] I0&3
DIERICE D L8

IRk E X IREE O i, KE, FRICU S 0%
EWIIRED SN ots (R2). Tz, wkk
DUEBRBNRE I EWIZEEO SN o 72,
BIENR TR S 2] 2B 2 OERIGE % %
T 2B EMERET B 720, KIKEE L RTIRERC
B TR BT 513 5 OEBRIGE O
FHERAT o 72, KIKEE &R HREE I B\ CRIR I N
W O CERENEICH S 2@ IEREO bk
Mol (F3).

3. % =

3. 1 FEREEFERIP KEREICS 2 5 FE
RIFFRORER S, MR ABEIFIL D 1% 0 FITIL
eI O—FERY 7 LA R o7,

TR IRE L2 — g 1Y 72 K ED IR SBP, 47 &) Ik
SBP O FHADH S 7z, MU I E B 2 1k

x2 WREOIEIFEDE X Ui

Kik#E (n=7) A HEHE (n=8)

& (cm) 172+9 173+4
RE (kg) 67+12 68+9
AEE () 22+2 24x1
mean = SD

D570, FIRMASEE L, R S0 i
FNIZFRIRIMASRA T 5. D F 1) EIRIE O 20H
GIAMIES bR EE2 615, F72,
KEYIR SBP (ZHERIAEMEIC & b 2 WA E R LAE
i (p=0.06), #£#5& H SBP, DBP ;[ #5 (2

ELRVWHEICEMEE o7z, IFRFEEIZE DR
I IME EFE VI A 700 (PR, TR0 )
DRED, WOWA A 27 VIR L 7= etk
ML END. AT CIEIER B CIES L O
ARG ENIZAL L 2 WS L2 WA LT D
2%, BRI R OIS B R LT 10,
X512, EEEEAY AW LR Tl — 2 IC AT
BE0 G, BRMICEN %3 5 AR
IHLOHENHL Y. Plas, BKEEE
W2 & B —FE e MED LAB I DR LIZE
BDAEEISAOBRIL, SAS 12 X .0 IME T BT
FED—R & 7 2 W Bt B 5 .

TPR (3 M0 0 12 BT AR L,
2047 HiE55H, 104H, 157HICHRTHE
AT SRRSO b, B IZ X A TPR O
ANk, PERIRRE O &AL IRIE AT 5 2 &
TOMEZ AR ORI, # 5 BARE O
PEDSHR S /2T REMEAS D 5. BRI EIC & b 7

3 KUKEE & AR BT B 2070 1A 0 [ R B SR Ry 0 DS BRI 2

AKkHE (n=7)

xf B HE (n=8)

SRR SRR TR

s HEREM VPO FER np

KEIIRSBP (mmHg) 92+ 118 93+ 109 100+ 11.1 92+ 12.3 87+ 119 89+ 133 96+ 131 90+ 133
WIHEHRSBP  (mmHg)  110= 128 110% 120 117+ 122 110= 13.1 104 89 105+ 120 112+ 113 106+ 11.8
KEIRPP (mmHg) 35+ 64 3755 3763 36+57 33+ 72 3U+82 36x84 HUxTI
HIHBIIRPP (mmHg) 55+ 73 55= 78 55+ 70 54%* 86 50+ 54  53% 189 52+ 46  50= 5.1
DBP (mmHg) 5766 57+ 72 6375 56% 86 53+ 89 56+ 11.1 61* 102 56+ 10.7
MAP (mmHg) 70+ 127 72= 102 78% 126 72+ 108 67+92 70+ 119 76+ 110 70+ 114
HR BPM  514%65 51.1% 66 540+ 7.3 524=* 66 515+ 29 529+ 38 551% 37 533%36
N% (ml) 877+ 16.2 79.1+ 128 775+ 134 81.1% 144 87.6* 23.0 87.9=% 155 89.0% 19.2 89.3+ 16.2
Cco (Ipm) 45+ 09 40% 08 42+ 08 43+09 4311 4309 46+ 11 46+08
TPR (MU) 0903 11+03 1104 10=03 10£03 11x02 1103 10=02

MCA Vmean (cm/s)

499+ 134 524% 140 536% 135 538* 135

59.1+ 102 56.2= 108 59.0+ 105 57.1 = 1038

SpOy (%) 970+ 08 976+ 05 969+ 0.7 969+ 04 9.2+ 06 970+ 0.7 967+ 09 965+ 0.8
ETCO, (%) 5607 5605 5111 50+12 54+ 04 54+ 06 50+ 13 52+06
mean £ SD

SBP, systolic blood pressure; PP, pulse pressure; DBP, diastolic blood pressure; MAP, mean arterial pressure;
HR, heart rate; SV, strokevolume; CO, cardiac output; TPR, total peripheral resistance;
MCA Vmean.middle cerebral artery blood velocity; SpOs. saturation oxygen; ETCO;- end tidal carbon dioxide
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3. 3 MEDRF

ARIIFZE TUARTR 35 T R B SN 0 528 7 iad 3

7 N AR—VEE Vol. 36

151

5728, RRFAR ZHET L TWwieds, mEEE
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motz, 22T, BEFEHMORELEE, MK
HOEENTIAC BT 2 KEVIRIE OIS 12 % B LRt
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HEENR O BII R E v e g s D, F72, K
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EOLMAERESAE) A7 25D LW EEENH
5. SRIGEEEFREN L A b7 SAS O
B A7 OWT 2GS 2 LEDRH 5.
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TA] R B SHEINA% 0D 15 O PITIRE FR L 2 L 20— Rp A 12
EATLIEDPRBEINT. 2D L) RIBE,
DIMERE) 27 2@ b —H %) ) 205 L
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Effect of Explosive-type Strength Training of Planter Flexors
on Postural Stability

by

Yuji Kobayashi
Graduate School of Instructional Systems,

Kumamoto University

ABSTRACT

This study aimed to investigate the effect of explosive-type strength training of
plantar flexors on muscle strength and postural stability. Participants were 22 healthy
older adults divided into two groups: the training group (n = 12) and the control
group (n =10). Participants in the training group underwent explosive-type strength
training for 4 weeks (2 days per week). Training consisted of 3 sets of 10 repetitions
of explosive plantar flexion lasting less than 1 s. In the pre- and post-training phases
(PRE and POST, respectively), we measured plantar flexor muscle thickness using
ultrasonography. We also measured the maximum voluntary torque (MVT) during
maximum voluntary isometric plantar flexion and rate of torque development (RTD)
during explosive isometric plantar flexion lasting less than 1 s; the duration of single-
leg standing; and the Center of Pressure (CoP) sway during single-leg standing. In the
training group, MVT and RTD in POST significantly increased compared with those
in PRE (p < 0.05). However, plantar flexor muscle thickness did not change. The
duration of single-leg standing in POST was significantly longer compared with that

in PRE (p < 0.05). In addition, the area of CoP sway during single-leg standing was
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significantly decreased in POST (p < 0.05). These findings suggest that explosive-type

strength training increases MVT and RTD, which may contribute to improvement of

postural stability.

2 B

AWFZE T, 2 BEE R 5 7 D I S 1 75 i 70 58
HRENM EZBE L ML=V 78, HihB
K OLEHIEBEAR 2 AT T RO W TS 1
TAHZLEME L E R E2%% L —
U124, v ba— VB 10 BN E BT
L7tk ML—=r 78R L COEMEKEICE
VBB ISR D oM EA B E L b
L—= 7% 480, 32RO THERGL 7.
7, M= UM ORI B TR
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TR BT 2 HEOME X T 72, F DR,
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M-Sy 7ELR2S (753805, R

T v AR—= VRS Vol. 36



1554+82cm, fA#E 52.0+82kg), I ¥ Fu— b
104 (E¥ 727495, B R 158.7+8.1cm,
K 59.1+9.3kg) ~ERFIT AT 72 WI%ED
FRBEE LT, HREIH L CHEE I LD
TR, EEREGE T BRSNS
DOREE ~OBXIZIYVSNMOREELHES N
ADARZGRE Uiz, REFFRIEER L3ERY A
i LA B AR H R ORRZ 2 THEM S
7.

1. 2 EBROFIE

ML= = Y ZFEEORE I LT, 82 MM
ECTAHEBOB I L=y FEFERL, ML—
=V WM ORI B TRKRHIE, BRI
FTE, SEHIRETME B X OV BRI IZ B
T AREDNE%ETT - 72 (Pre 3 X U Post {ll5E) .
T, v bE—VHOBBEICN LT, Fik
OPE R FEML L 7212, TOBROHFEATFIZONT
EEEEC A EYZEZ VW TBI T X ) IR
AL, 4 BEHEICHERBOWNEEZITS 7.

1.3 FML—Z2JRHR

FL—=YZIZ by A—% (TD200, Kubota)
% L 7RO S R 1 i e % VT3
M7z (K1), BBIZOWTIIEREEfAEZ 0
BE (REIFIEAL), RBIET M EE 2 0 B (SE4xfi

1 Custom-made dynamometer for the measurement of
isometric plantar flexion torque
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JEAL), BePAEiMEE QL Lz, 1O ML —
Z 7o TL, L RUNO EEEKE % 57
L 104 EBE 1y bEL, Thx 1y
MoOKBEHATI Lty MEfT LD DL L7,
BRBUIBW TRl S N7z MV 7 1k A/D 2345
(PL3516, ADInstruments) #41+LC, ¥~ 71 ~
Z AP 1000HZ I2CT/X—=V FhvarEa—%
(PC) IZYAATZ F7z, HHEESNL MLV -
5 A 2 PC O 112 7V 8 A AIZFIRT
5T L& o THEMIZT 4 — RNy 7 L, Hiff
D220 NV DL HEHHY) (Rate of
Torque Development: RTD) A% K127 5 X 9 12
g ST

1. 4 Pre 8L U Post BIENAR

1. 4. 1 =AEBHAE

BB DR+ =3I 7Ty TERITbYE]:
DB, ML—= v 7 LFEKOFRERRE
TR R B E R R B 7 457) C 3 AT b
7o, MBI 3MEM L, FohTEHls Y —
JHETRRKD SO % KEEE b))V~ (Maximal
Voluntary Torque: MVT) & L T4 #7 12 v 72,
F7-, REMHEXOBEICBT 2 M EMEOREREAL
D702, 3B O4T]TO% R L B E
B DOWT B FEN L 7.

1. 4. 2 BREENFHAE

FL—= 7B, 1B DNOSER R
B B 3 B 2 RTD 25 K12 7% % & ) IZHR L T
MfThtE, FOL IS NS MV s RN
L7z SIIEB L bV 7 BHERGES 50 I U,
100 S U, 150 3 U, 200 3 ) A% EES 5T
DFFE V7 BLURARID (MRID) & L7-.
3D H B, MRTD A%k b EHWHORS %
SHTIZ 7z,

1. 4. 3 FREEIDETE

A ITMNE B X O BRI 102 ORI,
% F v A VRS (MEG-6108M, H AGE) %
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TR &5 (WERE R A RIEE, BRI 44
BH, b7 A8, WIEH) S8BT A REHEXN
(surface electromyography: SEMG) % #Hilll L 7-.
FHA S N5 5 15 bV o & FEARIC A/D AR
wmENLC, BT v 7B 1000Hz 12 T
PC 2L A ATE. WFERI I E S 3515 2 ERE
HARIEE, BEIESAMIEE, & J A sEMG (2
GBI ORGEE 0 & LTOMD 5 50
U, 50 2 UMH,S 100 I U, 100 2 U B
5150 S UF, 150 I UFH 5 200 I U BIZBLY
% FE5hiE (Root Mean Square: RMS) % 5 L T
S ROV BB S SR B 12 5 1) B oK 70 5
® RMS THEMEAL L 7214, 3 OO O %H
L, 2oz EBERIEES BT 5 EEH
HEOMmIGEEDIRE L L7z (EMGos. EMGs.
100, EMGigo-150, EMGuso.000). %72, HIEE# D
EMG 2DV T b [AARDILELZ T, SRR
BB S B 12 51T B R I 2 K> RMS T
EHEALLZZRMS 25M L7z HIS, E@EHHO
FIGEN O BIIGH & NV 7SRO BIMA F TORER
(Electromechanical delay: EMD) 22T & &
i1 7.

1. 4. 4 REFIEHEENAIE
BARE 2 BRI C O 1 SZAL % S A L LR
WiEds (TKKB5810, Mriktkes) ETirby, #
R B L ORI LOBER GEEF.GEEE) %
FHIIL 72 AP 120 % RRRE L, RRZEZ
Bhol2ank 2y NEHEERL. Agb
DREFLEIIRIZOWT, BB HHE2S 258

DT,

/

BECTO0WMEE SR LEL, REFCEE
BT 2 £ 8T A — 5 GRELBRE, MBI,
MR, MR *HEH L 24y bE
L7235 3R i O RV IS B 1 2 2 E %
ATz, 7B, FbkE# 25 30 FP LT o8k
B IZB LTl o otk e L7,

1. 4. 5 FEOEHA

R F I % B (ACUSON S2000,
SIEMENS) # ¢, TR DR 30% v &
BT LMEXEHIL 7. GHINZ 2 WML, 2
B3 % AT 12 F v 7z

1. 5 #& &t

FEIE H A2 DWW C It E O 5T (B x
Bef) %17V, KEAEAD R S NZHBIZOW
TEHHBRETT o272, TRNTOREIZBNT
P<0.05 # HEKHEL L7

2. #& R
2. 1 mKED& L UBRENGHN

AR IE B L OBRFERH I E 2 B 55
MV OFHIFE R R 1 ITIRT. MVTICBEL
T, 3y bU— V#ETIL Pre & Post D IZH E
HBEFRO LN ro b, ML=V THET
(d Pre & ILHE L CPost CHEIZCEWEAZ /R L 72
(P<0.05). F7z, BEMHDMZEIZBVT, ML
7 SEHERME S 50 3 ) A, 100 3 V) Fhkal I
TOREMMNV I L —= v 7L ay fa—)
L BT Pre & Post DMICHERZIIFRO LN

# 1 Absolute torque during explosive or maximal voluntary contraction
Training group Control group
Pre Post Pre Post
Mean SD Mean SD Mean SD Mean SD
MVT (Nm) 49.5 23.3 66.0 * 279 62.5 224 69.2 26.6
Torque at 50 ms (Nm) 5.0 2.3 5.0 2.1 4.3 24 3.3 16
Torque at 100 ms (Nm) 114 5.5 159 76 14.0 109 12.3 5.4
Torque at 150 ms (Nm) 19.2 3.3 29.3 * 135 25.2 18.3 24.9 12.6
Torque at 200 ms (Nm) 26.6 12.3 39.9 * 16.6 33.0 19.2 33.8 152
MRTD (Nm/s) 203.8 109.1 303.5 * 133.0 2874 180.8 293.5 186.3

Pre- to posttraining differences: *P<0.05
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% 2 Root mean square of agonist SEMG signal and electromechanical delay during explosive isometric contraction

Training group

Control group

Pre Post Pre Post
Mean SD Mean SD Mean SD Mean SD
EMGq - 50 (%) 58.2 22.8 58.6 27.3 56.3 219 53.0 244
EMGs - 100 (%) 92.2 34.8 103.5 27.3 97.2 38.1 934 51.6
EMG - 150 (%) 97.8 38.2 107.1 29.8 106.2 50.3 109.1 45.0
EMGi50 - 200 (%) 103.6 35.7 110.7 16.2 109.0 37.6 107.0 52.6
EMD (ms) 62 26 49 22 57 19 66 21

%< 3 Duration and CoP sway characteristics of single-leg standing

Training group

Control group

Pre Post Pre Post

Mean SD Mean SD Mean SD Mean SD
Duration of single-leg standing (s) 64 47 80 * 45 58 45 64 52
Total locus length of CoP sway (mm) 432 199 412 125 361 139 374 91
Mean velocity of CoP sway (mm/s) 22 10 21 6 18 7 19 5
Total area of CoP sway (mm?) 454 138 392 * 117 354 147 394 107
Rectangular area of CoP sway (mm?) 822 236 641 * 196 588 227 608 140
Pre- to posttraining differences: *P<(0.05
o 7zs, 150 I UFE, 200 3 BRI R T ol LA Lads, JHEmB L Ok

DFEFEINVZBLOMRID IZOoWTlE L —=
YUBEIIBWT, Pre L ILE L T Post THEILE
WiEZ R L7z (P<0.05).

2. 2 BRENEHDEEROFHEE

WRFERHR IS BT B B O G E) 2 B
TAHMMKER2IIRT. IXTOMWEIHE IZH
LT, == arybu—uiELdic
Pre & Post DMICHE L ZITRO SN o7z,
TR OMEEICOW T, ML—=v
Loy bo— VL $ 12 Pre & Post DEIZA
B3RO LN e o T

2. 3 EBHIMEEE

LHH R E DK R TR IITIRT. A
PR AL FFwee I ICBI L T, ML —=  ZHRELS
BWTIE Pre & HL#E L T Post THEIZHNL 72
5 (P<0.05), ¥ PO — VEEIZBWTI Pre &
Post DHICHEREITRO SN0 o /2.

JFEHGENZIC B 2RI R B & O HAZEER
FlZowTi, bb—=vr#eary bo—
&L IZPre & Post DIICHE L ZITRRD L%
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WZOWTIH ML —= U ZHEIZBWT, Pre & IB#E
L C Post CHEIZHA L7z (P<0.05).

2.4 5 E

TRRBZEICBI2HEICONT, FL—=v 7
# (Pre: 56.6 = 7.9mm, Post: 58.9+4.1lmm) B X ¥
I hu— )V (Pre: 63.2+5.1mm, Post: 63.7*
43mm) & 12 Pre & Post D CHE R ZITFAD
LN hoTz.

3. & =

3. 1 BRAHHS LUBEENFHHDOE
AWRZE C 3 e B S E B 2 351 B MRS 2 7
N omERHNE Lz ML —= v Tk 4
JAM, 2 [ L 7R, RRBITIEIC B W
TMVT O LEDSED SNz T, BRENGD
HIEIC BT, V7 RG2S 150 )8,
200 3 V) MBI R T oSN MV 7 B X O MRTD
D ESBH NIz WO ML — =2 7% R
RS CER L 22T Y ¢, &
KIHT1 0B 595 1 D) 25588 50T B 75,
)L == ZIL R B EE) R LT
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SHNTHAZ ENHLNE T2 T2, K
BICBUTDL N — v 7B N —Z JHE
ix, Tillin & ¥ OEATHFEL D LD hborz1l b
4 59 MVT % MRTD O[fi] b A% 5 7273,
RGN VT R R R & Lzillc e - T
X, IS5 NL—=Z iR E L 25T
G L=V TERS NSV THEETH o
bOrFEZS5NL. —7TTillin & ¥ OLEFFH
JEE BN, BENHITNEIIBNT, PV SE
RG2S 50 I VR 100 3 ) B AIZ BT S
FHE M V7 O EIZFEO SN o7z FHL NV
7B & B O RTD OIS IE 8% 5 &
OWE 12 Y hsZ Eps, KR THV b
L—= Y 7N, FRICEE NV 2 2B 5 B
WHEZL725T VD THo7mELOLNS.

3. 2 EEHEOBHESHANDHE
WEMHDOWEIZBNT, PL—= v 7
TIEMVT R MRTD 238 L 2212 B b 5
SEMG D& EHIEHIZOWTIE ML —= v FHifk
TEALDBO SN 2ol —FThL—= 7
BICBWTHESEML TRV &R, 20
MVT QAL 5B B S 12 E B H
MO I KL E Vo 7ovb w2 [l
BAOME] W1 12X 5 TEL L0 LifEgX
N5, Tbb, HEKHIIHEROEMEHICBT
DSBS U IENC R L2 S
BCHINL TWATWRRENE Z 5N 5205 K
ZETIE Z O KT ERE D sSEMG 12 X o Tl
R T E R O SEMG % ML L TV b 728,
FERRIEBRIEE B ME IS BT 2 HIGE =S b
L— = Y THHCHABEM L T2 RS S 5.
LALAaDs, Thb2MEEs 2 72012 ESH
WO M I & 2 (L 81617 pgzfseps
VL5,

3. 3 REHMEEHDEICONT

FL—= Y ZEHCBWTIE b L — 2 v iR
VB B ORI 2SN L, R HLE)
FRIZB L IR R AR R I LI A 5
Nierofzboo, HHETHER & AREHFE O A
ooz, INHORRIE, IR B
F5REHFLOBEO [FS] DWW TIEELHFE
HoNEVLOO, FOBET S [HiE (FEH) ]
RNELTHIENMFRIZE 572D D EERTE
5. F72, IS0 bE & HITRKHIIR RS
BB ELTWAEZ e, 2 LEHID
) ESENE % 2058 S D DIZEG LR, Fise
FEf2sm L L2 b o LRI NS,

3. 4 SHOFEE
AKFFETEMD L == 7 OREFE L 72
W, BETHOo0BH U ST Ak E T
BN T YA MLy TRl DbES B 2
EHMEEING 20, ) LBEaorhEIzon
TOHLRII LTV REDRH L. F72, Kb
THW: ML —= 2 73 T2 o) R0t
TE5500, MEO N L —= 7% 68, #
IMOEETERL /% ciz, PL—=v
TN X o T L L2\ 11232 0% 3 8
DTA ML=V TIZEoTHAL, PL—=V
THIDIREE L DFEDRBO NG L D L OFED
SNTVDEZ END, HHIRLRHEEEE
LML= TOBERIRS, -y IRR
OMFICLEE R VL —= Y ZOHELR ST 5
B LS BUEL 2o TL A THA).

i

BB e S, REHEREICBIT L8
MR o LR HE Lz L —=
> 7% A, 2 M OBEEETHENE L 72 £ OfER,
M=oy ZHIBR TRICBOWTRAH B L O
BRI H O LA SNz & 512, BIRF

T v AR—= VRS Vol. 36



FISEAZLC BT 2 FRGeRE AN I3 2 & b 12, BIE
UL ENZ O AR ETE B L OHIZEE S L 7.
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HIERE ) OUGEEIEH 53 AW HERH 5 Z L HVR
Y (A
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ARBFZEITR L, Bidiels b £ LAy EEAN
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Investigation of Causes of Clothing Dermatitis - Absorption Test using Weak-
Acidic Polyethylene Terephthalate and PET

by

Ryoji Hirota
Kochi Medical School
Momoe Ukaji

Otsuma Women’s University

ABSTRACT

Polyethylene terephthalate (PET) fabrics are frequently used in human clothes
but are irritant in direct contact with the skin. Although sportswear made of weak-
acidic PET fabrics did not induced skin eczema on irritant contact dermatitis (ICD)
patient, this mechanism was not clear. We performed the patch test using both fabrics
in 56 medical students from Kochi University in order to determine whether the skin
condition was related to clothing. And we also demonstrated the metal absorption test
of synthetic sweat using an inductively coupled plasma mass spectrometry (ICP-MS).
In addition we demonstrated a protein analysis of sweat from participant using a SDS
polyacrylamide gel electrophoresis (PAGE). Thirteen of participants have developed
contact dermatitis at the time of this study. There was positive corelation between
positive participants of patch test and participants who had past history of clothing
dermatitis. We applied synthetic sweat on each fabric and metals were measured.

Pb, Cu, Al were strongly absorbed by both fabric, but remaining 7 metals were not
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absorbed. After absorption to fabrics, proteins in sweat were separated by SDS-PAGE,

but there were no difference in the gel at this time.

2 B

RFZETIE, bz 5 L7200 AR 772
e v o 72 etk % B3 2 ik 2 8 4 0 5 K % B
LMY B0, BFRFEILT v — ME
BLONYFTA M o7 FREEEER
#2 2 LA bk & LTRSS L 22 i B b e D
MOBREINRZBEAN AL EHSE DT H720
W ANLF D ICP-MS 12 & % &8 i3 oW BR %
fio7z. 5612, WIGERBREOTICEENLEH
@ SDS-PAGE 73 #i & 47> 72. 73y F 7 A h Tl
56 %1 134 (23.2%) THlk & &2 0 fLisk
I K % R BB B R & A S B ASERD H T
(p=0.024). AL % EH US5ERIER Y =2 7 v
EHER D TEHEIIN D 3E & ICP-MS THE L 72
LZA, MR T A5 )32 PR Cu, AlDE
JETCHR TS WINEIN L Z Eaibhrsiz. Ll
DS HHER A DT HAETEREDS o 72, E B I
TFOWNGERER 2 AT, WA T AT IVICBIT &
FIR A O & MET L7220, WEEO/N Y FIZKE
EWIIRO 5N h o7z

&

Jll]

20 AL A 20 & 21 AL A T ORFERA O
HERFOSE L, Tr OFERFEMIIMPL V2
E VS IERIRZEM DO T A %, BaetE, T
PEIZEEIL, B2 ORKEEEICALC R ZATIV
WAEDERIZ > CT& 2. BT otk g~ L
CBLANEE LK, EVRATITHEITE A —
VEREIRT. AR-VEFIIBVTZ, YT
OBPTTRREM NI D Db o572, LA Len
5, FHEHTo#EKITAO—HEH 5D LIZT
O, ALEBHEE I L 20 HRRPHRA, E5IZ0

WA, 2R E v o EFEOE (QOL)
T AEEEE (bW AT L VY —) @
TR IR A 2PV EDbRIER 5% ko
7.

FiERE D Le ko, BT L v E— i1t
FREAMEAS I & D FE & OBEERLEHESIC & 5 A
HigowdE WHNER) OWae, FBITFHRIZE
BB o 7-B&AE - IRY - @B RORE (§R
L MBI &) TEREL, W% TR
ZHYE (LHMER) EMESITWS. M
WOr—ATIHMUAMHEERN 2 L0 H 2 L THrWY
AR A % EORERITIEE 5725, FEIE, b
DORBEDF A RNOFRIE S AT MG S, K’
FPBEOELRIZL ) T IT LV F—ERZ 2T
HIEHHDH (FEMMET LVE—). (LrikiEn
feEE, MR T A R L 3 < AERE D BF
EHRIDPTVEVIRESY b HrEh
5, ALAMHEZ BT B 2 E AT L, KR, %
B EDSENEGTT LIV F — R0 o ks
BIZBWTHEIT A RETH 5.

LA LA s, fbsakifix, R, hame
DOFIR, EBE D=7+ — 2121EF 100%
LN TVBEMTHY, LT L IVF-EED
B LEFER A 2 N— L E P FTeM - FHFA
ORREERTHZL1E, FAEPSHFROHTR
LA, Lad, b7 LV F—0FEER L M
LT aWnZ &b f ) BEMESN RO TE
SRR BT B Z L IIWNEETH 5.

BEOT v — ML DMET T, FE xR
L7-#ibe# (934) |2, TOREEE % % FEMIC
MLCEMLAEZA, £E482%, KR ITAT
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BERL, LA b 25% D LI E OdRA % fER
LT/ & 512 10% DA AL R FE T 2
ANHREERL Tz, 2o, {7 L ILVF—
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CDDFEHRLIL, T — MR X B UK
7 VIV — BRI AT A A 72Xy 7 R
== A By I @ ==y b Rl ks
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2, F9EEMER ) T A 7OV O bk e ~ o E
PPV AN Z AL ZHOEPIZT L 720I120HR
W R B B 12 DWW T MR L 72,

1. B &

1.1 & &
EHIRFEAFNIAE R O 4 454 111 %0 5
W7 =1 HEBILIONNy F TR N 2T 7
(FEHRERER - PRk 26 4710 H) (IR 56 44, [l
I 50.5%) .

1. 2 74— bMREARR
KEDOFEMIZ L DR EBEDOFMEIZONT, T
V= Mg ERATo 7

1. 3 Ny FFIb

WERE 138y F 7 X FOFEMDBDLRS VL
I & FA—OREE L 72, FIRE1I0E > F 2 —
V) OFgEEMERY T X7V (WAP, Ffh) &t
EaAR) T A7V (REG, #t) 24 ERiCidds
fo, KEBICIZEROR) TAT IV EEAELTD
Lo, FROBEZIZEHLE Ty O MLk A T
KO HDIMIT, AidSIk < % D505 o NS
kB EHIILT, EREL»S TRV LD ICEE
L7z, BHEETHRTHE~BHEITERMLL. B L,
FERATR A1, HBRR IR E TORERRM &
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1. 4 TOHRM

WERS 72 & OF OFRPUI B ERH % 25C {1
60% IR E LI AN TRRE T2 7a/N1 7
EEZ LTh W, TIAF v 7HEALT, KRk
LTV WHEBRE O T ST 2R ALY
TIAF v 7 MEFRIRL 05~1md), ¥4 F
A 200 CHAT F THAEERAE L 72

1. 5 AT F0iE%E

10 TEoOREW (Al B, Cd, Cr, Cu, Fe,
Mo, Mn, Na, Ni, Pb, Zn % 100ppm 1mol/ ¢
HNOs3 ) % 39 QK THINL, 1lppm (pH54),
0.1ppm (pH5.4) @ 2 @M% FH L N LIFHER E
L7,

1. 6 FYUI X7 IVEHEANDTTERIGER
WAP, REG % 0.02 25 A ZYJHF (# 1em £7)
L 72 CREHRIE No textile) . K12, N F 72139F G
XV QA) % 0.1mliE FL 045 (3<), 1047,
0 iE L7z MEZIImIY QKREMR 1
SIRIEO D LA 2 L) 21D (No textile #1311
wEEDLEDZO 01 RIAL), 19met > 7
JVIETAIRE (6% % - 3%NER% - 1 ppm Terbium)
L7z

1. 7 ICP-MS &#f

I 2T VEHE, ICP-MS 7700x (7Y L ¥ b
T /uY—8) OF = U TT—=12k v b
L, TVIVHA, ) —HAE— FIZTERIIL 72,
No textile # 1 & L C, B#&®EIcFES, 10Tk
OHEOWIURTEE 75 7L L7z, 7= %13, F
¥l £SD TR L 7=

1. 8 SDSAKYUF77 VLTI K (SDS-PAGE)
R

7% 0.1 meARAE (2 T 12 30 o iE L7z, Wi
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ZAYLL 72 (0.1 me). 3% Loading iK% 0.2 méfll
% 100C 343K A Vi%, 5-20% SDS 727 VT 3
F7v (e 789 =)V 5-20%, ATTO) THEHZ 4
BEL, N NIdSERE a0y by a—,
HDEHEE) 24To T b L7z,

1. 9 (REHEEM

FEEHENTIZ 1L, SPSS ver.20 % vy, 7 ¥ —
kX F 7 A MR O EH AT X, Fisher's
exact test, ¥ 7 H ¥ —Ig%E, ICP-MS JTLHE T O
AT 1213, multiple analysis of variance (MANOVA)
L7z pfEOOS LT CHERED ) L HEL
7z.

2. # R

T — NRAER

2.1 KRICLZEEEEORBRNOEE
KNRIZ & 2 R EEOREIZOWTIE, 2wk
33.3%, H< B 452%, AN (72721) 8.6%,
TR 12.9% OWERFE TREBR L Tz (R
(X 2).

2. 2 Ny FTFZMBHER

56 DNy FF A MIBWT, A DLL
(&, B, 7PN U R, T T OfkE
THERD Y 7% (125%), REG DAEIRA D 5
% (89%), WAP DAJEREA D 14 (18%), IiE
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2. 3 BEEEL/Ny F7 X MOREE

72— M X A HE R O BEAE &Sy
FTANOMEEHELZ (K1), BAEESS
HEPELZAR2%0) 57Ny F 7 A MEET
o lWEREIT 134 (31.0%), —77, BREEE
LOWERE 14 512 B1F 278y F7 A MGEE L
0% CHEFTIIC A B 225780 5 L7z (Fisher's
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Iy F T AL s
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KIRBEES ) 13 2 2
ZL 0 14 14
ait 13 43 56

p=0.02451 (Fisher's exact test)

2. 4 REG & WAP M/Sy F5 X b

REG Mt & WAP Wl & OBEBE 2038 % 7
E), RTAY—EERIT o7 TOMRR, p
502207 & 7 0, HELRZEITFRD SN h o7z (R
2).

%2 WAP L REG /Sy F 7 A b DMK
REG fEKH ) REGIERZL A%t

WAP JEIK D ) 7 1 8
WAP SR 7 L 5 43 48
=il 12 44 56

p=0.2207 (%7 &~ —HE)

2. 5 RUIRFTIVEEHEANDTRRINE S
REG & WAP 12 %} L T, A T {F 0.lppm &
lppm, 0, 10, 30 FWIR &2 E& 0, K1) T
AT OVEHED & B S N7zt FE & ICP-MS TllE
L7z, KETOITTRIZBNT, EEF 0.1ppm, W
ULEE ) 30 53 DH A B W TIRARDRILASTRD 5
Nz, 2o, WIEROFEIZI DFEMIZHES
7o, #RIFIE LCE 212, Al Cr, Cu, Pb%¥E
L7,
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1.27 Cr 14,Cu
14 R 1.2]
T I
14 g -
0.84 = xx #* I xx
. -
01ppm WAP 0.8 L Toa. ! 0 1ppm WAP
2 06 1ppm REG S ¢ 1ppm REG
20.1ppm WAP 0.6 4 # 0.1ppm WAP
0.44 m0.1ppm REG m 0.1ppm REG
0.4
021 021
0] - , 0 — : -
NO-textile 30 NO-textile 0 10 30
(min) 10 (min)
1.2, Al “|Pb
1 1'
i C
#
0.8l 0.8
O01ppm WAP s 0 1ppm WAP
’Q\? 0.61 1ppm REG S 0.61 1ppm REG
N u0.1ppm WAP ¥ 0.1ppm WAP
o 0.1ppm REG 0.4 ® 0.1ppm REGP
0.21 0.2
0’ - 0-
NO- text|Ie 30 NO- textlle
(min) (mln)

K2 WAP & REG D ICHEIINE O Lk
# Xt 5 < 0.05, #5001 vs. NO-textile

2. 6 RIXFIVEHEDOTRIRINER Fe |&, WUASFRO LNz iro 7z,
REG & WAP |2 %} L T Al, B, Cd, Cr, Cu,

Fe, Mo, Mn, Na, Ni, Pb, Zn {8 & (% 0.1ppm) 2. 7 #HBREOTOEAGHIT

% 30 4TI S 272 1%, @K CTHER S8 WEHELI A2 S 3H EE T 2L

DETLFEDOA YT Mo, MR L EHEL (R (Samplel, Sample2, Sample3), = F F (&

3). WLIUEE L, Pb, Cr, Cu?'# <, Na, Mn, ), WAP 25 %, REG » HEH 0 3TEICS
£ 3 KV I ATIVEEHED TR X SDS-PAGE BAKkH) % f7\e, $Riefa|c C&

WEIER (%) N ) R

T WAP REG IO\ R 2 & 472, 50KDa 3T 12 Samplel

Na -1% 2% Sample2 TIEGH C I N BNy RO LN

Al 10% 15% s . T

Cr 23% 5% 7z LorL&Ash, AT, WAP, REG (2l %2

Mn -25% -19% Ny FOEEBEDHSNEho72 (H3).

Fe 9% 1%

Ni 5% 2%

Cu 23% 34% 3. £ =

7Zn 6% 9%

Cd 0% 3% Tzt LSRERMELC & 2 RS (LT LV

Pb 30% 40%

iy 5% 9% ¥—) OFELXHSNIZTLHNT, RV AT
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Samplet Sample2  Sample3
M/ WAPREG 4 WAP REG /4 WAP REG

250

100 | S

(kDa)

5-20%
3 e OFO & E

WIRHEIZ X /%y F T A N &fTo7z. #EHDI/y
FTARNTIEED LWIEE ERONMRLE RO
AV LR IER 22 5P IS A8 e BN £, ALBE, =i,
REOEELHEST Y. LaLass, Hico
TUTANTIE, ZOFETIRITEA EHEED
THWI EPHBLTVE Y, Feaizzomi

LT T LV F — O FEHE T M E 5 & v o
ToRIB M, R X B B2 B ALY 75 RS
DBUBETHDEEZTND, (EoT, SEDISY
F7 A M TIEERICHRER L7281 = 27 Vil %
BRI ASTESL L ICL (DF D HEODMA
FERLL), WEEREICRE I2FMEAFLTHHH S
ETEML. ZOR, 23%OWEE (56 4
F1344) ThWwh EOBERERIED 5
2. Fi, o8y F T A NOKERIE, LT
LV ¥ — O BEFERE & A ISR S
(p=0.0245).

Mizutani et al 1%, #kHEFREICY) >~ T/ % AN
L7299BRMER ) AT VEERT S 2 & T, kil
T LIVF =2 BIRICEE L ES 2 e LT v
%6 LEDS Y FFA T, FERROR) T
ATV () &4 LY 25 —C, BERRE
& DWEBRE D DI R VT SO D e W ESIR IR ) =
AT NV 72D, HERah & §9IRME D H 12 B2 e I
EOHEIZEIIRO SN h o7 KD
IT7T—Yare LT, EEEBD6HEL RN
CERMGTERSD ) & LIEGDEER (74

v.6%) ZEHOTBY, Ny FTALIORLDE
ISR E OGNS L EE 2 S
ESHICAROMETIE, REYHBER) =25V
EELFD L) BTSN TR WHERGHO R
WL, AT OBEEIEND D D) EHFEOT
DREFEWEL, HEEEZFISEILIZL
LTwa ERF%7T, I0MEOTTHEEELE
W (NI ZER LRIGRER T o 72, T &
MO WLIIRE ] % S b3 % 729 128K 30 40T
RN S 72, ZOFER, PoX Cu, AlOEIE
TCRITBCWINENLEZ btz ERT L
VWE—DFRRKE L THENTWS Cr, NilZow
TlE, Cr TEARHENOWIRDFED H L7z b DD,
Ni iIZDWTIE, WIDFED 5o 7z WEP
& REG OILITIE, Cr DA% vz 9 MO
TEHEIZB W T REG O F IR E o7z L
ML LIREORIND L3 205, FFICEER
BREIZZ VLo HEIEED SN o 72,
Daietal. ” 1&, %% O % F R MBI 7N
THEA TV —uAF AR -0 FY
31, G HTF NF-«BEFWMINT 50T, iFD
HIZEENDM O 0 OWED, FHER DD A% i
HETZ)AHFTHDLERETS. Lzdto
TAMFATIEE S, HRETFICEENLMS
MOBEAEAD, A &0 IR S LR g R E &
Bivize, EofGRO b &1z, #EE DT SDS-
PAGE % %t L7z, [ —#bg & ) 3#EH TIF
RERICL, WIGRER % S0 L 7245, A7, WAP,
REG IZHHIEZ /N Y FOEIFBOLNT, DMK
AW 2R o 7. SHNIEEE OO
72128 B o TWwb. SoBmETIE, b
HEBE DT OMF P ULETH 5.

4. ¥

AW T, btz R & 9220 ADEK %
HONIZTH72012, BERAEICT 27— Ml
EBIURYF TR M To72. 23%DORERET
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Ny FT A Mglhaido, Lirbibidr L v F—
R ERBEEARO Sz T2, AT %ME
BGIEEMEAR ) T A TV &GRS O TR O 1
W% ICP-MS THE L7-& 25, WiRY T A7)

IPb X Cu, AlOEEILHE TIEME BINEN
LT ENbmroiz, L LS bitkind 25
HVERED o 72 [ DOWRIGEER % 47\,
PR T AT IVIZBIT B EEAWE O T L
7o, WEEONY FIZRE EWIERED bk
oz

#H O

AW7E% BT HICH2), IR ZBY £
L7z AW NAARGL & T~ M AR— v R4
REL RN E CBIFLE L FuPE 5. F72, v T
TAMRT v — FHERROBAR & BRI
Wir7inie SRR EERRE R 4 RO R
WZRH N2 L3 BT Ic 32D LT kA
%7 FNAARTHEF L2KRELTFRY L
BHIZ, KETREMEESZ, AT T4 TH
At JRIERRRICEC BILER L LIFE 5.
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The Effect of Changes in Cerebral Blood Flow Cognitive Function and
Cerebral Blood Flow During Exercise

by

Shigehiko Ogoh
Department of Biomedical Engineering,

Toyo University

ABSTRACT

Previous studies have suggested that exercise-induced changes in cerebral blood
flow (CBF) may be associated with improved cognitive function. However, no studies
have identified the direct effect of changes in CBF on cognitive function at rest and
during exercise. In the present study, during prolonged exercise, both the speed and
the accuracy of cognitive function were assessed using the Stroop color-word test.
After the Stroop test at rest, the subjects began exercising on a cycling ergometer. A
5-minute warm-up period was followed by an exercise period in which the workload
was increased by 0.5 kilopond every minute until a target heart rate of 140 beats/min
was achieved. At the workload reaching target heart rate, the subjects continued to
cycle at a constant rate for 50 min. At three time points during the exercise (10, 20, 50
min), the subjects performed a Stroop test. Despite a decrease in the mean blood flow
velocity in the middle cerebral artery (MCA Vnean), the reaction time for the Stroop
test gradually decreased during the prolonged exercise, while the performance accuracy
was unchanged. Prolonged exercise-induced increase in CBF is unlikely to affect

cognitive function during prolonged exercise. These findings suggest that cognitive
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function may be due to cerebral neural activation associated with exercise rather than

global cerebral circulatory condition.

Z B

SATIFZEClE, EEHIC X 2 BRI & O 2L H5qE
HIBRREIC BT 5 2 EAVRIBES T A. Lol
A, EHEINS OB OWTHE L2
LRI BV T ANV, KEFZETIE, &
I P S BRSO B I = DA S, REAIBRRELC Tl T
FTHEIZOWTHRAE L. BABEREIEA MLV —T7
BRI &) BFM L7z, RIS A bV — TRBR %
To7:tk, HBREIHEREILVIA—FTHAL s
)y TEBERB L. 50D — AT v TD
%, WiEMICAT A RIS S (05kpm), HELL
% (140bpm) (ZFLESE-. 2ok, —EH
g (BLERMRE) <504kt A 2 v
FEF) A ke L, 10, 20, 50 4 HIZA bV — 7k
Badro 7z, EEP oMMt E, EE A 10
SRR E— 2712, REENICEAIZEA L. 2o
K, A MV— THEBOBERICAEREIBE SN
o7z, BOGRRTIZMA L, sRAHREATTLE
52 LR E NI BB ORRAREEE LN T
HEPICEDVETTA2LD B LALEL T
NSO, EB R, FRAIRERE AN ML D%
IR A 21, L AEBIC X 2 G E)
DOEA BT e 2 RIEZ LT\ 5.

&

Jll]

T &0 iR 25 % 2 L3 S
Twa LY x50z, SRS IERITRE S B
WA IBEAMBEDIR T IS ST 5 L2 5N Tw
23, F7-Marshall etal. 2 ¥, 1R AIERE IS
BT 2 #R4 2% &, 1k 1% Bk
T2 F CRABEISKTT 22 LaHELTW
L. INHOMATIIE T, FRAIFEREA NGB D
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TAIC L VB EZIT L L 2RBLTw5. H
W72 BRSBTS X 2 BRI 3 % 0
LIENHESNTBY Y, ChoolEi s
W5 EHEOYREEEZBMS 52 Lh5
B S R BRI BSIED ) R 7 % B S 5
LEZOND.

SR E A & B OB EBY T, B O TS
Phvy, NSEBIIR MR 145 KOS R M B IR ML
L (MCA Vipean) (FHENINT 2 2 EDSH ST W
% 262930 = s oG, R IC R
Lot o B CEE TH 5 16268 x
502, EEEZ BN X Y BAMREDTLE T 5 2 &
PESHTHEY, 20K Mmoo
KESEZ LD S8 g ERERES L,
BRI X 2 IRRERIC & ) BRI & 5 4 T S
&, FEREL AV ECHEET 20 B o5
TEREE, OB EFRERTIE, EHC L5
BHBERETTE DT LT 2 2 L S RE STV D
12 = 0RfFgE S, EBIC X 5 — kY
72 L foe DZEALAS LB 1 |2 RSB B 12 B2 %
ETITREMDE R OhD. Lo Lasss, ErE
SEBY R O R & FRARERE & o Bk % R
LB RSN, i, ERRES)IC X
% W LA i DR AR R IR T S5 & AR
2T, ZORHEBIET 570 BRRER T 0
I L7 55 e ONER TR R A R L S L 7z

1. MEHE

1.1 #WigE
THOEEFME (P + FIERE 4 204 =
06, HE1699 + 15cm, 1A 66.2 = 2.2kg)
DARWIENWERE & LML, 723 _TO
WeERE ITER AR A S hwiEEE L Lo, E
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BT HBAE, ERO R, WEHH, VA2
FORNWET TR, WRERS (TREAS:

IRB No. 2013-114) THRRBENANVY Y X EE%
iz LB EOT N TCONEZ ML, EBRS
KT 2FABEOELEITo 7. - EHRE L,
FERFIIC & 0 1 R R s FER) % 179
CENERENL Iz, EIREEE Y HE 21T
TWwa (A5 H). BRI, ST, BEES,
ARSIBEREI 7E < FEBRET I LB B B o il L 7 SEBR
Mo ==V 7% 7oz S 512, FEER 24 WFiH O
o, LGRS & HUE, S 512 12FMETO P
T A OENEEEL7.

1. 2 EBEREHE

FERMH, ZPBREIHRBEEI LI XS —
(PowerMaxV 1 , Konami co. Ltd.) % F\v»C#E#
FUMEEBRELT O TRRMER 21T, €
DO FBHBERE H A b Vv — T 3Bk (Stroop color-
word test) 12X DHIE L/, B1ICEHRTT 2
VERT. EROFHETIE, #HEBREE A b
W—THERD A 2T HEES B & )12t 5ER
IZ%enb X O MEEIT-o72 FIZ, BHIZFEER
BN REE R T72DIC A Mv— T x FH
CI5EEED R L TITo 72, 3 _RTOMEREELE
ik, LEREOWEDE, HERE XAV T

Start exercise

20 min
10 min

0

l.

ALY =5 7IREETI0 3 0ORE L o7z %
D%, ALY R HERS L CRRAIBRE DI E A 1T -
7z HIER, HERE L 0.9kp DOFREET 5 SR 0
A7) Y TEBE)TY 4 — 27 v TERITV, EK
A% 140bpm (2 7 % F THE43 0.5kp G0 EE 2 BN L C
A7) o EE R R L7e. Fea OIRGHE R
DB, WEEEIX, Z D% 505 ORI A
7)) v TEE AT, REFEEBE TN, i
KA X D IR ED AT H 2 L 2R L. &
WBRE OEBYREE L, LAY 140bpm (27 5 72
Wi D —E & L7z, FRAIBSREOMIE 1, HE BB
IHIE%, 1045, 2043, 504 HIZA bV — 7iklR
IZE D ATo72. TNTOFERIE, 22~24° CoO
—EDER T E L7

1. 3 RAEREAIE

FRAIREBEIE A bV — 73 B& (Stroop color word
test) & HVC, BUSEE K OGRS $ox 574 L 72
)2 by — THEEIE, BEEYRTT2BOE
BERATE A BT 2 A WET B Ak
LTIES A SN, FATHRROFHEZ 355 2 & 2°
T&%. AMV—7REE, Mo rwEREE T
b, BERENRDH N WEIE R IRETITZ 5
FOBE L. A MV—THERTIE, Bhbtl
R CTRB AN v 7 LB B RIS

50 min

workload
ﬂ Strooptest (3 times)
ﬂ' | | Blood sample
10 min
baseline
1

ES el Ny

10 3 O%#E, A MV—77 A b& 3MEATH . #ERE L 0.9kp OMREET 5 M HEHEES O 7 + — 247 v 7247\, LH1EAS 140bpm
127 % F THE47 0.5kp AL 2 BN L T BB, U055 140bpm |2 7 © 72 S CHEREEE X —E & § 5. A PV — T T A P OllER,

WEEIFIGIE R, 1047, 2045, 50 3 HIZAT) .
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xtL, FEOERICKIGT 5 5&M08E (RA—3%%k
fh—307) W Bz FHA4 7T [#E]
EEPNTWIGE, BBREIITELZ2TRT
2 ANTAH, —HOA N IV—THERT 24 L
FTH Y, KUERER T 3 FATVZ O % 5347
T 5. TORLEM L IEEENS, BAKED R
S N OVIERE N & B L 72

1. 4 HAEIEE

Ehrp, SR LER (ECG) 205 il
EERITol 2MHz D Ky 79 —70u—7 (f
JHE N v 79 — EHilll 24 ; Multidop T; DWL,
Sipplingen, Germany) % ZEHIBHEIZ My 77 —H
¥ )V (EcoGel 200, Eco-Med Pharmaceutical Inc.,
Ontario, Canada) & 45~y FN2 FIZX D [EE
L, Bimis e e L CHhRMEIIR it H 1 %
EHHE L7z, 2R (Ve) ROTRA#R
TRALRFEIEE (PerCO2) 1, 72— AT A
(B o 2R A 50T 35 1 (AE-310S, Minato
medical science co., Osaka, Japan) |2 & U ill5%E L
oo RMMAEE, A bv— T RER %, FREL D T 4
YHFy TTERELL, I 7 v a— A (Medisafe
Fit, TERUMO, Tokyo, Japan) % O"FLEE 5 % (Lactate
ProTM2, Arkray, Kyoto, Japan) % ill5%E L 72,

1. 5 7—5@hm

HWHE SN2 T—21%, IkHz TT Y4 V7 —
FrLTHN=VFVar¥a—2IZHY)RAALL
(PowerLab, ADInstruments, Milford, MA). 1 K
PRBIIR I M HEE (MCA Vinean) 1&, &3AHIE
TR il A & FEt L7z 3050

1. 6 #REH0IE
# BT AL PR 1 SigmaStat 3.5 software (Systat
Software Inc., Calif, US.) %\ /2. & EB)H
DEHAFEE S L URRHRRER R IS0 H 5 —
TR BT AT o 72, BRENBD b
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4121 Student's Newman-Keul % % FV T £ 5
Wz T- 7. AEAKEL 5%UTELA F
7T =%, I £ R REETHRL

2. M7ERHER

2. 1 REEESICHT 2 EEBBIZORIC

WEI A%, LI, VE KO PprCOs 13 %
By & L CAEICEI L 72 (B 2). RkpH:E
By, ORI, BB RIS 2 2%, Vi
OENBEIIHERE SN A DT R S e v a2,
PprCO 131 4 1T LT &, 50 47 Cld e
BEL~VETHTLTWA.

2 2 EMMEBHOYIL -2 RUAKN
B
7 L T — AEER, SEBIBIG 10 521

Ve (I/min)
Iy [00) K;
o o o
*
T |
*

200 - . *#$

150 1

(bpm)

P

100 1

HR

50"
80 1
70 1
60 1
50 1
40 A
30

MCA Vpean (cm/s)

55 4
50 1
45 A
40 4
35 1
30

PerCO> (mmHg)

0 10 20 30 40 50 60
Exercise Time (min)

B2 g OSEB ok a (Ve), (A% (HR),
PRI BN IR MR JE (MCA Vipean) M AR R
{LHFRIBE (PerCOs) DFREEEZAL

* P<0.05 vs. Rest, #P<0.05 vs. 10th min, $P<0.05 vs. 20th min
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=1 EHFENOER PO 7V a— A, FLERIERE

rest immediate 10min 20min 50min
Blood glucose level, mg/dL 101.1+3.8 88.1+3.7 82.6t6.4* 84.3+4.4%* 81.4+5.4%*
Blood lactate, mmol/L 1.3+0.2 3.0£0.6* 43+1.1% 3.7+0.8* 3.2£09
* P<0.05, #**P<0.01 vs. Rest
L, Eoh oM E TS (R1). 7.

M FLEE I, 2040 H TCHmL, EHhoo
il & HERE L 72,

2. 3 EFPORMKE & BAEEE

B E 2, MCA Vinean (A B AZHINT 2 725,
ZOREHRERIZEVRAIZEDT S (H2).
MCA Viean METF L TWAHIZHE D LT, A b
— TRERO SUS K, BB IR L
72 (B3). —77, E&EFIE, ERHES B2
(ESTRCY (Bl

3. % =

RGO ER AL, RFEHES) P, A
AT B erb b, FRARERENTES &
Thb, ZNEOHED S ES T OEAEREDL

H, WIMHEEOZLL Yt L AR R fith
GBI OZAL DS L T\ 2 W REMEATURIR S

20

*# *#

Reavtion Time (sec)
N
o
4 —
4 —
—
—

—_
o

P=0.696

Error (number)

0 10 20 30 40 50 60
Exercise Time (min)

X3 LR E) O R E

: USR] (Reaction time) & 1E2%  (Error)

% P<0.05 vs. Rest, #P<0.05 vs. 10th min

AWFFEIL, #)3 TLEHREEE) b Ol O 2L
L BAERE OB HEEIC DWW TR R T 7. JBAT
BRI, NERIZHE D ZeRREN LT & & FRAIPERE
DT & OREMEAHE STV Y. 2512
Marshall et al. 2 (%, fEEE ¥ HEE ORI %
PR 720, SRANBSREDS—BEAOICIRT L, #IBR % BH
W % LA E S A 2 LA Lz, C
S OFEATIIZEILRRANERE D Z AL AN ML & D22
{LIAKIE S AR R R LT Wb, L L ads
5, MMIGE % 240 S EHENICE DL 2GS L
72HE L R S e v, Lucas et al!® 1%, BRIALIE
L BAERE O WSE % FIRFLS,  JH R BB 2
L7z. 2T, Hoid, FHISLERIC BT
T & FRSIRRRE A e B A D B 2 & %GR
L7z —7, 151, B & Z2mpERe 2SS B)
FT5ZEIE)BIEEAEERT SRR

KADOHBIIINLDORREIFTLHDOT
Holz. LhLaAn, 15NN & FRARE

RED B T AN 2212 & 2 BT = O JUS 0 7= 5
POME L TWA 2, I OWFZe TR SO
AL MT 2R & L CRBANNERE & o B & AT
LTWBEEFFZRW., L2 >T, INHEfT
WFFEORE R, MMOAPEZR AL L T\ 51
REMEIZTRE CE v, RIFFETIE, —EilfEDiE
B TH DA, KFEHES)IZIEV MCA Viean 258
ST K B ARRER PRI L, I ERAI R R
TOELZ. IhoofERIE, O 2IEBh DRk
MR DZAL A FREERRI B L W L 2R LT
W,

FRIIBERE DS I T D2 LICBEE T 2 & v 9 Ak
A, IS OB L DS O EE SR B g
5 EIEDVT WG, FERE, KERERE T T
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HEREZ R T X TWA I EPME SN TV D
19 ORgE T, R REHEENC X B i R S
WS H—T7, PRARERENTLEL T b, JBATHE
ZETIX, EEREOMEEC BT, ORI ER
AT 228, FLER, 7V o — RREER ORE
FOBFIREE OB AT O T 2 HifE 9 %
SERBHOAIILTWS O K510, W
FIRE T, EEPINERRLEIEME T LT b
bbb ST, RAREIIETLRVY. o
ORI, MmO Z b vd" L a2 K
M 2D TE RN EERRIBL TS, D%l
&b, RWIFEOMRRIL, RIS LT\
IEE AT ) 720 OMAEHHE T IR S e Twn
HTERRLTWD, S5, BpREaGEh & O
RO TCHED MG = ORI & B L vz &%
N

Fex OWFFEICINZ, BB HE)IC XY FRAIERRE
DIHENHE S TVD 03 Z s oMEHs
FRHIFERE O ZALIEB) SR I BT 500 Lz
W EPEZOND, K- PEREOEE)TIE, 7
HIBSRE A T L, — i B TIREE L e v,
%, Tomporowski et al. > |%, %7z 2 BB,
JREYRE 2 & CAVEEB (RO BN R 5 2
E e L7z, S 1 3m vl B Bl C i i e (4
ML 72728, FREIHERE AN L & D 221 2 B
TEPL LNV EERERHL TV,

T, RIS LD AR IXTE ST 5 0
7259 2 ? o MEREEX, MOFRZERO
FOIHAT AL HAEBEINLIRETHD P
Endo et al. !0 1%, Hi&E R o B 1938 S CRTSERTEF O
MRRGEI ORI & 0 ZRAEREAINs 5 2 & %
HELTWD, 2RS0T, sk
5-15 I RAERE X S L TV b, L2 L%k
W5, VEEBMAREENE IR  LCHIREE 2 [EE
T4, DFD, FHroENT O MBI KB e
WA T S0 +5Ths Y. FEHR%
DOFRAFEBENE 1T B Z & M AEFRAYEER A3 5
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ABSTRACT

Beneficial effects of exercise on the prevention and treatment of life-style related
disease are well known, affecting physiologically active molecules such as ghrelin.

Because long-term effects of exercise on ghrelin dynamics are to be elucidated in
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relation to the formation of obesity, we investigated effects of spontaneous exercise on
these parameters in high-fat diet (HFD) induced obese rats.

Male Sprague Dawley rats at 4 weeks-old were fed either control diet (CD; 10 kcal%
fat) or HFD (60 kcal% fat) for 12 weeks. They were further subdivided into 4 groups
according to the performance of spontaneous exercise (in the chamber equipped with
running-wheel for 3 days, biweekly) or not. In results, CD without exercise (CD-S) ,
CD with exercise (CD-Ex) , HFD without exercise (HFD-Ex) and HFD-with exercise
(HFD-Ex) were compared at 16 week-old.

Although body weight and visceral fat were significantly higher in HFD-S than
CD-S, the induction of spontaneous exercise to HFD rats restored these parameters
equivalent to the level of CD-Ex. Abnormal rhythms of activity and feeding were
observed in HFD-S, which had been normalized by spontaneous exercise. Furthermore,
spontaneous exercise restored plasma and stomach ghrelin concentrations and ghrelin
production which had been significantly reduced in HFD-S.

It is shown that spontaneous exercise has an effect to suppress the formation of

HFD-induced obesity, normalizing activity and feeding rhythms and restoring ghrelin

synthesis.
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