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Research and Development for a Sports Aerodynamic Analysis System Based

on an Integrated Experimental and Computational Fluid Mechanics

by

Takeshi Asai, Songchan Hong
Faculty of Health and Sport Sciences, The University of Tsukuba

ABSTRACT

In downhill alpine skiing, racers often exceed speeds of 120 km/h, with air resistance
substantially affecting the overall race times. To date, studies on air resistance in alpine
skiing have used wind tunnels and actual skiers to examine the relationship between the
gliding posture and magnitude of drag, as well as for the design of skiing equipment.
However, these studies have not revealed the flow velocity distribution and vortex
structure around the skier. In the present study, we used computational fluid dynamics
with the lattice Boltzmann method to derive the relationship between flow velocity
in the full tuck position (the downhill racer's speed) and total drag. Furthermore, we
visualized the flow around the downbhill racer and examined its vortex structure. The
results show that the total drag force in the downhill racer model is 27.0 N at a flow
velocity of 15 m/s, increasing to 185.8 N at 40 m/s. Moreover, the visualization of the
flow field indicates that the primary drag locations at a flow velocity of 40 m/s are the

head, upper arms, lower legs, and thighs (including the buttocks) .

T b AR =Y FEFE Vol. 38



TNRYAF=Ffo 5y e Vi, wiEHk
JEDS 120 km/h 2R 5 S L 03B { B {, ZBA
IS A LK ECEEEEZTwE, Z
NFET, TRV AF—FHOEZIRIICET S
Wizeclt, EBEOL—F—% R, FEEREH %
VT, W7+ =2 L OMFRR, A—-vx
GUAF—HEOFFA U PMEF SN TE7Z L
2L, L= =0 OjdsrAm R S LH S 2
Tld%eh ol EZTERIGETIE, BT HRLVY~
YEE T BEREEATICEY, 2T Ty
TP BT B ik (7¢/twv F— D
) LePNoBRER L. E5I12, BiEik
RATIZE ) &y e L —F—J{ Y oz
fbL, ToumtEz et Lz ToiR 5
e b= —F VoL, k15 m/s
BEAS 270N, 20 m/s 75462 N, 25 m/s ¥ 74.3 N,
30 m/s »¥ 107.6 N, 35 m/s %% 144.7 N, 40 m/s 7%
1858 N & %o Tz, F/z, WmNGOHEILIC
IV, WEAOmsIZBIILT T e vl —H—
ETIWVORERID O, FRFEETAMIL, T,
EREES, TRRES, KERES (ZOEH) ThHhiLEH
b RWgE T, FEBR & BB TR & 4%
GLIZAR=ZTOFAF I 7 AFHT AT A
DR EAM, TARVAF—DF T VL —
ZEJIENTIC B L7z BRSO i3
ﬁ@%,ﬁﬁm%%ﬁ@%xmiékéﬁﬁﬁf
bh. TNEREERZ, EE, SHEIZERL T2
Vo rr@—%52 /0y —2 N LA <M>T
yaY =Ry /aY— ko S
bEHROBEERFEDO—DLEZLND .

FANE

TR AF—FEHOTY 7 VR A — 78—

VX ATV FPATU— LTI, EEED 120
km/h Z B2 22 Db V) AR pi

WY A LR ELEEE G A TS, I
T, TR AF =R OG5 FI5E
TlE, EBEOL —%— 2 RICEREF (Wind
tunnel) % JHWC, HET + — A LTI OBERKR
R, A=V gt AX—HEOTH A hE S
NTE2ZY Lal, A% R ERTIR
L= —0&fNEFNTE200, HiF%
IN—=Y DRI R EHI A LL, D TR
Thb F7:, V=T —REHYoiihziilL
T, TOZEIFEEEWRETT 572012108, A % H
W7z 2B 1A 714 (Experimental Fluid Dynamics
(EFD)) & dtiz, Bilififk /1% (Computational
Fluid Dynamics (CFD)) #{GH$ % 2 & A%0R1Y
TH2Y. Lhbly, L= =K Bk~ O
NoAieHETHZ EIZEETH Y, CFD % H
WBHZEIZEoT, AERIICEBTRICR S L E
AbNb. LT, L—%—REhojmngr i
L, ZOWHGHMERS 2T LI L, Fizk
WET = LR A=V EGFOCAF—HEOTHA
COREERGZDHEEZLND,

Z ZCARMIZETIE, FEBRENE % 72 EFD &
¥+ KR < » P (Lattice-Boltzmann method)
ZHWZZCPD 2 LT, 7795 ¥ 7%
BUIHL—F—OFZEEINOMFEERT.
72, CFD 12L& Y, L—9 =R oz diiL,
FOMEE T BT I, L= —K—
OYIGAEHSNIT S, S 512, AWZETH
R L7c, FEBRE BRI 2 E L2 AR —
ITOYAF I AEN AT LADT I M TA ¥
ZIRTY.

1. 7 &

1.1 &FRIVY Y EEBOEBERSER
SRIEY T e VL —H—EF)V (LA
F—, AF—F—), AF—=T—=2 ARy
k) &, 3&ILL—H—AF v ) (AICON 3D;
Breuckmann GmbH) %= H\ T, EEOF 7 b

T v AR—=UEEE Vol. 38



WEBTHRAX vy $52 812X TERLZ (K
1). BHEARFIE, FRATZERNICEA S TR L
SRR TR 5 Lz (M2). 87 v
FEAMICED, S/METH A Xidlmm &L, &
KEFH A Xd4mm & L7z (F3). A7) v
K4 UL, DT ARL ) REZRIDE RS
TRY, BEMEII2L—v 3 VIZ#EAAT T
HoHN, FHEBREROFEREORRLY, &7
Uy FHA ZERA L2 ST AL S Ok
&, FhEh, 20,25, 30,35 and 40 m/s D 5 & —
2k L, WHEOOENIE1013.25hPa &g L7z
T el —¥—EF)IVOBEREmIZ v A
)y ML L, thoME % BRI A1) v
T EEFE L 72, AITEIZ BT D BUEGR AR AT
&, BT ARNVY < IS ¥R CFD v 7
k¥ =7 (PowerFLOW 5.0, Exa Inc.) % 72 9.
GLRETVERN) =T =Y 27432l —T 3
YEFL (VLES) P #flvwThly, HEHET
&\ A7 — Vi, RNG k-epsilon €7V % [
WCEME L7z, BHERE T 3 kot ikt Vi &
LR ML Lz, o rve b —H—%7
VOLEFIE, 04 BEICB) 3 IEEFIEE
MmHRDT.

€L

1 3%IGCEDA Y ™ v b L —H—FEF)

FH 2k AR— Y FEE Vol. 38

&

v il

X2 CFDHA—7 37 Yzl (W20m xH20mxL40m)

3 ) v FEARIC & 5 CFD HIEHEAE T 55 Ai

1.2 BEiR%EBVEEBRREENR

JRG SEER 1L, PEERED (Gottingen type) LK
FRERFERAR =Y EAEZHWCEBL. K
JEGR O RERIE, 55m/s TH Y, REHLEOD
P4 R, 15m x 15m, ELEEX 0.1% THo
2. FEMRINA =N e L —H—FF
Wik, AF—=Nx 7 b THEMALIZAEY R F
YERYELTER L (B4). A% —, 2% —
R, ZAF—7—=, ~Av ML, EBIH#E
Fhfio TV EHFHHELHW/ F7 e
L—H—EF VDL, 75 F v 7S (full
tuck position) DAD 1 LKA TH -7z, L —H—



6
ETFIVOAF—IE, MEICEKESINLT+— AT
F v b7 x—24 (9287C, Kisler AG) |ZHefe S,
7)) 2 7 EPEF1000 Hz. T34 12 5HI L
7o HRERRIZ B A L — =T VORI,
10 B oI E I OF Il 6 F I L7z

M4 FEPWRKINVATr—VF I el ——FEF )%
i AV RIGES: TR e A

2. BRRUEE

TR < v idd o7z BB R I B0
LY eV L= =TT Voeiiig, ik
15 m/s ¥ 75 27.0 N, 20 m/s % 46.2 N, 25 m/s °
743N, 30m/s A% 107.6 N, 35 m/s 75 144.7 N, 40
m/s 21858 N &> Tz (F5), —J5, i
FHWIERIIBIFAS T e VL = —FT
VoO&EFE, fHE 15mis FE2S317 N, 20 m/
s 725502 N, 25m/s 7576.6 N, 30 m/s %* 108.2 N,
3Bm/sA1454AN Lo TBY, FOHBEIAS
7z (r=.99,p<001). Brownlie et all 13, %
BOL—H—Dft 70 F v TS ENRE LT
JATHEERIZ BT, 278 m/s T8N D&%
RL7-FEHE L TWAD. A CED o, JEk
278 m/s IZ BT 5, 2RITLHA % 75t
I, 9LIN &0 THBY, FEE LTV iEx
RLTWE, Il brb, RiFZEICBITS
CFD O #i%, EFD OfiR & @SS 5
TEY, (ZIRALBEBNITHIT WD &
Wrens,

200
180  —a— CFD
160 |-
140 |-
120 |-

2100 |-

80 |-

60 -

40 -

20 |-

0 | | | | ]
0 10 20 30 40 50
Flow speed (m/s)
®5 ¥ el —H—FEFILD
451712317 5 CFD & EFD O J %

—O— EFD

)

Drag (

TR A m/s ICBIT AT e VL —H—ET
VOFARTE EOTEHGAI T, R, T,
DBITAEFI g S N2 (R6). [k,
Fo R ER % S A KR L o # s A Tlx, Bl
B, FRRES, O % A ATBIR S
(R7). £72, ¥ el —H—FEFLVOEH
LA, BEER, LR, TR, EEofk
FHIARHEEE A HE SN (K8). 512, ¥
TV —H—EFNEYIIBITLT LT 2D
SEMETRAClE, BEES, LREES, TRRES, EE, A
F =5, K- VERmOBTIZ, RIS
N7z s o EOBEICLY,
WAL MBI LAY e L = —FET)
DOREGHIIO, FRFEAFAL, BHES, FHE
THEER, KBRS (S ThreEILND.

0 10 20 30 40 50

K6 FHA0misERICBIFA S v eb L ——ET)
Ji Y oFedsr A (SHTE % 51 2 IR

FH Yk AR— VR Vol. 38



Velocity Magnitude (m/sec]
[ ——
0 10 20 30 40 50

K7 A0 misERICBIT LS v ev L = —ET
JE ) oFtHs A (T IRRER % 18 4 SIRT)

LS
Velocity Magnitude [m/sec]

0 10 20 30 40 50

K8 A0 m/sEEICBIFE Y el —H—
BTV O T H A

l\ Velocity Magnitude [m/sec]
e

0 10 20 30 40 50

X9 A0 m/sIFIZBIT AT el L —HF—FET )
JEHY DT L5202 & BiEEFR

40 m/s B2 BT 2 & AT O 554 Tl
@%@hﬁmmzwmﬁﬁmmﬁﬂmowim
o)L 136 N (EAOFHME) | mikitoit
J136.2 N(FEA O FIfE) , KEREEOHTI11316.6 N,
TR OPIL 469N (o DOFIME) 2R L7z
(F10). F72, 40 m/s B2 B3 2 & B R
Bid153Ai T, BEHEOBTIE 59N, K05

FH 2k AR— Y FEE Vol. 38

7
12 69.0N, EBiEEDI5I1E -1.8 N (FEADF51H) |
HIBEEE D713 -1.7 N (e O FIgfE) |, KR
DL -376 N, FTHEEEO#7713 153 N (EHD
FIgME) waR L7z (B11). 2 LT, & (20,
25,30, 35,40 m/s) 2B 5 FEELOBTI, KO

WX, mMEPKEL 2 L13E, ThEno
AT LI REL AR LT

80

= U (40m/s)

= 601 = U (35m/s)
Z = U (30m/s)
3 = U (25m/s)
S 407 3 = U (20m/s)
g
2 20

a b ¢ d e f g h i
Body region

10 &7 el —H%—FEF)LD
BEALNZ BT B A
a: GHES, b ARERES, o A5 RREES, d GRikEES, e A2 BB,
0 /ERiEES, g o RBRES, h: A5 FRRER, © ik TR

80
60 | 5:/ = U (40m/s)
= U (35m/s)
Zz 40} = U (30m/s)
= U (25m/s)
dg 207 L = U (20m/s)
£
-

0 e i S
.

40
-60

a b ¢ d e f g h i
Body region

11 ¥ el —FF)ILD
EEALIZ BT B850

a B, b RS o A RIS, ARIREE, e A BT,
£ /emnliss, g0 RBRES, ho ATFBRES, ¢ i/e T IRER

RWFZETIE, FEER & BUBRMAIT 2 e a L7z A
K=y 705 F 37 AEN T AT LD
A, TURCAF—DF T eV —H—D2E
JIRAT I L7z, EBRRE O RIX25m o5,
BETARENT OFG M LA KE 2ETH L. £
eI, T8, 2RICERELCwS, By
?—&%7/D9—%AI%%<M>%7/D
V—EREHTr /uY— Lo SHL 5%
DEBELFEO—DLEZ HND (K12).



KEREHR

EvJT—4
B4

HEETIL

12 SEBRE BRI 2 e LcAR—v 7oy

AF I ABEY AT DT b T4 > (EielykiE)

3. £&8

RIFZEClE, JAUE % vV 72 22 ) 28R & A& TR )L
v R AT ER AT 2 AT A 2 LI
XU, TWRCAF—=DF T el L —H—FD
DFAGOWHYLT 5 L ki, K HREAL O
S ERE L7z, ¥ e L —H—EFIVICH
5N O WAL & & BRI O 55 A &
0, 7T F v TEBIIBT A OREREL,
FUCEEES, RS, TR, KBRS (& O
ThbeEZLNIZ Lo T, TNHEHEML
OIS HART S L LEPAR— YL LCHE
Bl peBEbhs, T/, AKR—vHEOWIE
F%ETIL, TNOHEHMOTMI IR T S5 A—
VRHEDTWA YBNE LR L EEZHND.

—F, 7T F Y TEBIIBIT LT 05 AR
&, EIS, KL KB CTH o 722%, Rl
BT, KRBT @ Tz, BRELIS
BB, SNOEDENTHY, & HHEEMK
ENTVD LN SNDDS, L—H—1Z0E R
NEREEPTHRL, SHROBEO—DOTHDBLHE
Abhb.

AWFZETIZ, BFRELVY < EEZHWT, Y
YN =Y —ETND T TIF TREDO I
AT L7278, FEBO L — 213, WIEBELHE

HIFEFRETH Y, ZNOPEETRERIEER
T2 fTo T 2 edskobns. 72, 5HE
FIROHIF A, FiwET V& LT VLES & v
TWo 7, FHREESERT 21206 T, B
fliz 3 2L —3 3~ (Direct Numerical Simulation
(DNS)) 12X 2T b W HEIC 2 - TL B L b
Nz, S5, Evrr—77 /0= AL
MEE (AD) 727 /0y —%oRHT s/ aY—
Lo JEHOSBROERELREO—DLE X
L.

B

ARWFZEI LT 0 £ LA EEAN
AARTET T ¥ b AR — Y FRIRER T3 %
HEL TS, T/, =R OMICHITEE I L
PRFRF e T —F > 7 ERG A DT 4 12E
CHIFLH L B E 5.

X

1) Brownlie L., Larose G., D'Auteuil A., Allinger T.,
Meinert F., Kristofic P., Dugas S., Boyd R., Stephens
D., Factors affecting the aerodynamic drag of alpine
skiers, 8th Conference of the International Sports.
Engineering Association (ISEA), Procedia Eng.,
2:2375-80(2010)

2) Luethi S.M., Denoth J., The influence of
aerodynamic and anthropometric factors on speed in
skiing, Inz. J. Sport Biomech., 3:345-52(1987)

3) Barelle C., Ruby A., Tavernier M., Experimental
model of the aerodynamic drag coefficient in alpine
skiing, J. Appl. Biomech., 20:167-76 (2004)

4) Thompson B.E., Friess W.A., Knapp K.N. II.,
Aerodynamics of speed skiers, Sports. Eng, 4:103-12
(2001)

5) Fares E., Nolting S., Unsteady flow simulation of
a high-lift configuration using a lattice Boltzmann
approach, ATAA Paper, 2011-869(2011)

6) Chen J., Volumetric formulation of the lattice
Boltzmann method for fluid dynamics: Basic
concept, Phys. Rev. E., 58 (3) :3955-3963(1998)

7) Yu D., Mei R., Shyy W., A multi-block lattice

T v AR—=UEEE Vol. 38



Boltzmann method for viscous fluid flows, Int. J. review, SAE Paper, 2009-26-057 (2009)

Numer. Meth. Fluids., 39:99-120(2002) 10) Jeong J., Hussain F., On the identification of a
8) Chen S., Doolen G., Lattice Boltzmann method for vortex, J. Fluid. Mech., 285:69-94 (1995)

fluid flows. Ann. Rev. Fluid. Mech., 30:329-64(1998) 11) Chakraborty P., Balachandar S., Adrian R. J., On
9) Kotapati R., Keating A., Kandasamy S., Duncan B., the relationships between local vortex identification

Shock R., Chen H., The lattice-Boltzmann-VLES schemes, J. Fluid. Mech., 535:189-214 (2005)

method for automotive dynamics simulation, a

7 N AR—VEE Vol. 38



FYVIZZF NV Z R =Y 2 7DD EERDUFEN T
~BEARYVZATNAIPRVB L ORIED pH 125 % 558~

KELTRE K & THE
(GLErEE) [H Jiz E -
g S
Bmomok ¥ W om R

Odor of Sportswear Made of Polyester and
Its Deodorant/Antibacterial Processing
~ Effect of Acid-Processed Polyester Fabric on Skin pH and Odor ~

by

Chiyomi Mizutani,Yutaka Kawanoue, Yasuhiro Hirano
Department of Clothing and Textiles, Otsuma Women's University
Ryouji Hirota
Kochi Medical School

ABSTRACT

Sportswear made of polyester has an odor problem due to the absorption of sweat
odorous substances which could not be removed by washing. Some bacteria such
as Staphylococcus aureus are normally present on human skin. When sweated,
malodorous smell is generated due to the decomposition of sweat by bacteria. When
the skin pH is increased from weakly acidic to alkaline side due to perspiration,
Staphylococcus aureus will grow and cause not only odor but also itching and eczema

on skin. Thus if a sportswear could maintain skin pH weakly acidic during sweating,
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the activity of Staphylococcus aureus could be suppressed and reduce malodor. In

this study, we prepared weak-acidic polyester fiber by processing polyester fiber with

malic acid or acetic acid, and the fabric made of this weak-acidic polyester fiber was

evaluated in terms of the deodorant/antibacterial properties and the effect on skin. Two

types of weak-acidic polyester fibers were tested on skin, and confirmed that polyester

processed with malic acid (weak-acidic polyester) has no adversely effect on skin. The

skin pH was found to be kept weak-acidic even after hard perspiration when a subject

put on a T-shirt made of weak-acidic polyester. The weak-acidic polyester has high

antibacterial property against Staphylococcus aureus, and high deodorant effect against

ammonia, a model malodor of sweat.
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# {7 N 7 R Staphylococcus aureuss (ATCC
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1 The results of patch test*

. 24 hours 48 hours 78 hours
Subject A B A B A B
Subject A - + -+ - +
Subject B - - - - - -
Subject C - - - = - -
Subject D - - -+ -
Subject E - - - - - -
* 4+ positive, — :negative

A : Weak — acidic PET with malic acid, B :Weak — acidic with
acetic acid
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< 2 Comparison of the Antibacterial property against Staphylococcus aureuss of weak-acidic PET fabrics with regular PET

Logarithmic value of number of living bacteria (number)

Sample - - - Activity of bacteriostasis 3
Before incubation After Incubation for 18hrs

Weak-acidic PET 4.3 1.3 5.6

Reg PET 4.2 6.3 0.5

Standard fabric 4.3 6.9

% Activity of bacteriostasis = (Mb-Ma) — (Mc-Mo)

Mb-Ma :Difference of logarithmic value of number of living bacteria of standard fabrics before and after incubation, Mc- Mo : Difference of logarithmic

value of number of living bacteria of sample fabrics before and after incubation
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Weak-acidic PET Untreated PET

1 The deodorant effect of weak-acidic
polyester and untreated polyester
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6.5
6.0k ——weak-acidic
—e—Reg PET
£ 551
X
7]
5 50r
T 45f
4.0r
35 - -
Before immediate  After rest  After rest
exercise after exercise 10min 30min

2 Comparison of skin pH on

weak-acidic PET and untreated PET
I, BB 3B = 7 A B LG
BOMEET-oTh Ho7z FEEER) A7)V
7T EIERINTARY) 2 ATV = 7
EEIHI RO E pH 21L& F~_72. R 3 1L, BB
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ﬁ@pH@%%ﬁﬁﬁﬁﬁé&F@$l%qu
HETHY), FIMUERY AT IVDIITICL 55
EpH@Lﬂ%%H,&%pH%%@ﬁtﬁow
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ATV, GHEEVER) ATV = 7 E A 280
BORGFHEORRIE, RMLKY ZZAT VO
BEEREEDS 2 T OIZBOAEHTE, A
FEAT-15 TRITH -7, —F, FEERY =
27V, RILERY) A7)V L0 b BEGRED
5, ARG RA TRV Edbhrolz. Zhiu
TFDSHHE P OBRELST & HRI L C, BV OB
DRDTHIETE RERZEEZ HND.
TXTRZ ) ViR eE T2 ) VPR %@L TR
BRIEZHTL D, TRZ Y ViTRIE, O TIZ
HTHEL, =20 TR HTHITLIERZD2A
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% 3 The skin pH changed before and after exercise worn weak-acidic polyester and untreated polyester
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. Weak-acidic PET Untreated PET
Subject No. before exercise after exercise ApH before exercise after exercise ApH
1 4.99 4.50 -0.49 4.49 4.21 -0.28
2 491 5.06 0.15 445 5.64 1.19
3 444 4.52 0.08 4.54 4.20 -0.33
4 445 4.46 0.02 4.04 4.22 0.18
5 5.08 4.28 -0.81 4.20 5.12 0.92
6 5.62 5.38 -0.24 5.31 4.14 -1.17
7 4.69 4.63 -0.05 4.34 4.25 -0.09
8 4.25 5.84 1.59 3.96 597 2.01
9 4.90 4.25 -0.65 4.86 4.57 -0.30
10 5.12 443 -0.68 4.07 5.27 1.20
11 4.83 5.33 0.50 4.20 6.23 2.03
12 4.62 4.77 0.15 4.81 5.73 0.92
13 4.77 4.68 -0.09 4.15 492 0.77
14 5.14 5.02 -0.13 4.22 591 1.69
15 5.18 543 0.26 4.81 6.99 2.18
16 4.18 5.85 1.67 5.04 6.10 1.06
17 5.20 5.51 0.31 4.40 7.57 3.16
18 5.08 4.20 -0.87 498 4.28 -0.71
19 4.89 4.44 -0.44 4.82 5.27 0.45
average 4.86 4.87 0.01%* 4.51 5.29 0.78*
*p<0.01
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Human Cognitive Functions During Exercise under

Different Thermal Conditions
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Department of Health Sciences,
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Nara Women’s University

ABSTRACT

In the present study, we investigated the effects of exercise on human cognitive
processing under different thermal conditions (20 C and 35 C conditions). Eleven
healthy males performed 4 X 15-min bouts of cycling exercise Event-related potentials
(ERPs) were recorded in five sessions during somatosensory Go/No-go paradigms
(i.e., pre, post-1st exercise bout, post-2nd exercise bout, post-3rd exercise bout, and
post-4th exercise bout). As thermoregulatory and hemodynamic variables, the

external ear canal temperature, mean skin temperature, heart rate, and mean arterial
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blood pressure were recorded. The reaction time and error rates were not affected
by the repetition of aerobic exercise or different thermal conditions. However, the
peak amplitude of the N140 component, which was mainly related to somatosensory
processing, was significantly reduced with the repetition of cycling exercise, and
the decrease was marked in No-go trials under 35 C condition. Moreover, the peak
amplitude of P300, which was linked to the cognitive processes of context updating,
context closure, and event-categorization, was significantly smaller in the post-3rd and
post-4th exercise bouts under 35 C than under 20 C condition. These results suggest
that executive function, which was based on reaction time and error rates, would not
be affected by the repetition of aerobic exercise and different thermal conditions,

but aerobic exercise under higher thermal conditions may impair human cognitive

processing.
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I BT, HERFEEELEB AR IE
RRAWERE A 10 | & &, EBhHKGE P o TR
PACEDIES D54 L, RAIREREDMR T35 2 &
BHESHTWD, Fl21E, Grego &Y 1%, i
BIBIMEA S 2 BRI 2 2 B & IR T A b CRE
fili S A7 REAIBRRE D BHE KT, 26T 7Y v
F =7 A N TR S 7 KR E 57 O 5 5 5Bl
BENLZEERHEL TV, FEMS Y 13,
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DEFSINCRIG L b o 72F 1%, B
BREOBIE B2 S LS. Go/No-go iRME T
SN FRBEENICDOWT, No-go 4TI
BHER S O AT, R R 49 140 ~ 300ms |2
BEPERERL (N2 His3), HICER 4 300 ~ 600ms
BB (P3BL4T) 25 Go 34T & LTk
XRFRCRESIND S e REShTwa Y,
Z OEMBSE [No-go BAL | LIFHEN, Z0fE
IR RTE R RTHRI T b, PRI B
FABEE 2 EHICELTWD EE XS Tw
2 2, 14>.

CNFECTORGIIERICBNTD, AMFERR%
R EE N A R L, BB LR
O Ff R IRIE O KOS s shTwa b
LTI618) L, Zh S 0TI}, EB R
RHAEERICEH L2b 02N EA LT, Bk
IREEBREL T OB E ORI TN DOV TULR KR &
NTW RV, AR TR OIS RA R £,
P G B A % e, BRI OBV L o
Tl MO AL, B ERR A - SEE
FIBAEAS, YO L) REEEZI L0025
B EREME LT
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kg, 1713 = 44 cm Th o7z, AP D %
WK BEERE DS 5 b DIZ\W e h o 72, FEER
BHAAHTIC, #ERE ICFEBRO 70 b a— )b & fakaik
WZOWTHHL, Z0%A 7+ —LFartr
M e ARSI EER R T RAMERESI
Lo THKREEIN TS,

1.1 XBRFIE
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E3BCITRHEL, 22oD% M (20C &ML 3BT
&fF) 22 Eb3HHITTHEMBLA. FEiY
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BB BT IR 20C CTHBREE O EE) &
W29 4720, 1R HOEE) 15 55# T #1204
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% 60 rpm O AIFLHEETIT o 72, faET A b B4R
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WCHEE L CRRE L7, F otk RS iEiiE HaE
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FEERBAGAHT & AR D ST O E & 52 L 7.
20C 53 L 08 35C L3 M U FIHCTHEER % 5
B L7z, L2 LEEREERERR T A M3 1 HH DA
To7: (K1).

a UATw,

1.2 AFERERIB Go/No-go RE
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1.3 REECER
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7 v 7 (YOKOGAWA #L %, DA100) T % s
MOEBRKT E CEHEL, -V Frar
o= S IZY A FHERRIILUTOR X
DB,

SRR = E x0.22 + FEHETEE x0.21
+H x0.19 + 85 x0.14
+ KBRER % 0.14 + TBRER % 0.10

i 1 H A AL % 9% 71 (Neuropack MEB-
2200) EFHAWCREER L7z, FREAEEN DL
fZ, JEET 60ms 2> ST 540ms & L, il
MERENLETO60ms ¥ N— AT 1 ~[X[H
ELTCREELR. WY F/RAT 4 )7 —120.1-50
Hz & L, ¥ 7)) ¥ ZRE¥ERIL 1000 Hz & L72.
H RPN N140 153 & P300 155 0 i) KA
T, R 110-210 ms & 250-500 ms TZ
NENME L, e AIRNE X baseline-to-peak i %
FHVTHIE L7z
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of variance: ANOVA) % Fl\ > THEFTAT 2 47 > 72
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F1 AR ORR

ESis

1ETH 2 H 3T H
(&) CEByet:) (EBhifh) (EBhiafh) (EBhEtk) IR EIE S 1B

ANOVA

4laH 5[ H & kvvary KH

PREEEC) 5T 3402 3803 3700.
ey 22 o, i,
ooy B3, K
i g BT 8080 STWD 100209

20T %2003 3660027 366(02)

HE1703(1

3BT %B.7(88)  96.8(6.3) 96.5(5.0

3670007 367027 p<001 p<000l  p<005
3)" 372(03) it 373(02) T

34.3(1.1) 34.3(1.1) p<0.001 ns. ns.
36506 366(07)"

" 1430(12.1)7 149201577 p<0.001 p<0.001 p <0001
(155)""# 1765(133) "

995(88)  1015(99) ns. ns. ns.

98.9(85) 935(13.7)

() I3RS, 20 C 4tk vs. 35 C 4t " p<0.05:" p<0.01: " p<0.001, 11 H vs. fli v 3 > p<005: " p<0.01:""

2B %A B L FRRAFD b 7z
hoc 7 A b & L T the Student-Newman-Keuls 7 A
MEEET A, FHH - 2y v a YHOBED
EOEW ST L7 BEHIHTIE SPSS (Ver. 22)
i, BRI A AT p<0.05 & L7z

&, post-

2. % R

NWE BRI, EBty v a v RT eI
20C &M, 3BCHEMEBICEAL, T/ $§bé’%ﬁm
25 5 BEOFHNICES £ ToO LAEICEESE
PROLN (R1)., FHEFRITIETOEY
varilBnT, BCHRHEDTH20THRELD
LHL2IIE o 7z AR, E By g >

AR RIS, 20C5M, 3BCTHEML b Iz
L, FoEEEMRT AR E, 5 EHOFHINCE
% COMMEICHEADPRD SN/ FIilE
LTI, &t by varoFRE, M-
Yy vayORHIERIZRERD SN o7z,

ITHIRIZICEI L, BUSKMZ 5 LT — =2
LT, &t vy YaroTgE &t-ty v
YOFXHEAERERBED S ro7: (K2).

X3 xeWBEngE 4ty v arOREREM
WAL AR LT\ 5. N140 & P300 1 4
TOWEE NSty ¥ a VIZBW TR LR
Mg 2 G310 L 72, N140 o KRG B 5 % 48
WrofE, vy ar, fE BROFHE F
(4,40) =6.442,p <0.001 : F (1,10) = 31.709, p <

p<0.001

(A) RIGHERE

300 -
250 4
200 -

150 |

100

1EE 2EE 3HE 4EE 5@E
B 20C&H
@ 35CHEH

(B) T5—%

1TEE 2EE 3EE 4EE 5@E
M2 frERE O R

0.001 ; Greenhouse-Geisser #ii 1I&. F (1.321, 13.214)
=22455,p<0.001, ¢ =0.661) HFRDHLNT. F
oy va B, SR RO HA
M (F (8,80) =2.769,p < 0.01 : F (2,20) = 6.043,
p<001) 2RROLNIZ. Ly a rOEICHL,
post-hoc 7 A b %47 o 72445, 20T 41 Ti% Go
il B @ Cz, No-go HlHIEF @ Fz, Cz, Pz 125
WT, 5ty raryofiFRElLya sk
D HHEBISRIEAME T L7z (2121t p <0.05).
¥ 72 No-go HIFED Cz 1I2BWT, HFdtv g
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YOFMEL Y T a ) b HEEIRESEKT (A) Go #lli# (B) No-Go %l
L7 (p<005). 35T 41 T E No-go Hl i 0 NIA0 BBy

CzIlZBWTC, 563,45y aryolhHEl ey Fz
Ta v XD O ERICRESET L (Zhehvp
<001,p<0.05,p<0.05). F7z, No-go Hll#FD
PZIZBWNT, 82,354 Y3 0lihiE Lty .
Ta v L) AEBIRESKT Lz (2hehp<
0.05,p <0.001, p < 0.05).

N140 DR IR 2 5080 <, Eho 3

Pz
5 (Greenhouse-Geisser i1l F (1.333, 13.334) =
11.288,p < 0.01, ¢ =0.667) HFEDH H 7=, AIME T
D - g g ok B s " P300 s
P300 O i KIRMEIZBE$ 4 Wi OFE £, & .
4V

7 & NCEmO ERE (F (1, 10) =5.905, p < — 20 1[#5 +
0.05;F (2,20) =31.063,p <0.001) A%FEDH 547z — 35C&MH
F 7ol —EM O HAER (F (2,20) = 20503, p X3 &g OFLEEENFREE (it y v ay)
<0.001) BRDHNTz. FHOMEICE L, Post
hoc 7 A b & T o 72455, 3ty 3 »®Go wF (F (2,20) =15.379,p < 0.001) 25588 517z,
HIAEEOEM Pz I2B VT, 4ty 3D Go F 72— EAR O HAEH (F (2,20) =5.209, p <
FI B OB PLIZBWT, ity aro 0.05) AR BTz
No-go HI#MIF D EM Fz 1BV, 4ty 3 3 = =
¥ @ No-go HIHIF OB Cz 12 BT, 35C 41t ' -
DOFMW20CEMAEL ) BFEEICRIEISET LA (£ ARFZE Tl 2 H BRI IC B A HERHE )V
N2 p<0.05). T2 — g R, SRR - R

P300 DEEEIZE T 5 0Bt Tid, BEO £ D5 BRI RIT TR T AL

F2 KLt KRB BT S N140 B O FA35ENE
Go Hilli No-go il

(uV) Fz Cz Pz Fz Cz Pz
< 1[HH>
20T 4t -12 (26) -1.0 (29) 0.2 (25) 5.8 (2.1) -4.6 (3.0) -2.6(29)
35T 4t -24 (3.3) -0.4 (3.6) -0.2 (2.7) -5.8(2.9) -5.0 (3.3) -3.1 (24)
< 2[HH>
20C &1 -1.7 (2.2) -15(25) -0.3 (3.0) 4.8 (2.2) 34 (22) -16 (2.2)
35T 4t 227 (28) -0.7 (4.6) 0.0 (4.4) 5.0 (4.5) -3.6 (3.1) -1.3(3.8) *
< 3 H >
20T 41 -2.2(22) -0.7 (2.6) 1.1(26) 5.2 (29) -35(2.3) .16 (2.1)
35C &1 -2.6 (2.7) 0.1 (3.3) 0.5 (4.1) 4.8 (2.7) -23(2.6) ** -1.0 (2.3) ®®*
< 4 [lH>
20T 4t -1.8 (29) -0.6 (3.1) -0.3 (2.5) 48 (2.1) -22(19) * -09 (2.3)
35C 4 -29 (1.8) 0.3 (3.3) 0.8 (2.9) 5.2 (29) -28(19) * -1.3(2.1)
< 5[\H>
20T 4t -16 (1.6) 03(22) * 0.7 (2.8) * 39(1.3) *  -1.2(16) * -05 (1.7)
35C 4t -19 (24) 0.8 (2.7) 1.1 (3.0) -4.3(24) -1.2(34) * -0.3 (35) *

() IEdEEE 1HH vs. ity 3> i ¥p<005: #* p<0.01: *¥* p <0.001
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F3 KLt KRB BT S N140 By O TPk

(ms) Go Tl No-go il
Fz Cz Pz Fz Cz Pz

< 1[H>

20C &1 154 (15) 148 (16) 149 (16) 161 (14) 147 (17) 149 (13)
35C 4 161 (18) 149 (15) 149 (14) 155 (10) 144 (9) 149 (14)
< 2[H>

20C &1 160 (25) 147 (20) 149 (18) 159 (15) 145 (12) 150 (18)
35C 4 154 (21) 148 (14) 148 (14) 160 (19) 146 (13) 145 (12)
< 3H>

20C &1 166 (23) 159 (28) 150 (17) 167 (16) 151 (20) 140 (14)
35C 4 156 (20) 141 (11) 138 (13) 154 (22) 141 (14) 143 (16)
< 4 [aH>

20C &1 154 (21) 145 (20) 146 (17) 157 (13) 149 (19) 150 (17)
35C 4 158 (27) 140 (15) 143 (8) 153 (17) 141 (15) 145 (17)
<5 [H>

20C &1 153 (26) 148 (26) 142 (18) 159 (19) 140 (15) 144 (11)
35T M 124 (20) 140 (14) 136 (11) 159 (18) 138 (12) 148 (14)

() (e
R4 BEME BRI BT S P300 4 O RN
Go H#illii No-go #illi#

(uV) Fz Cz Pz Fz Cz Pz
<1[EH>

20C &t 10.3 (3.6) 164 (7.8) 15.6 (6.0) 154 (7.3) 20.8 (9.0) 132 (6.2)
35C &t 96 (5.1) 16.0 (8.1) 14.6 (6.6) 14.7 (6.6) 19.6 (7.4) 13.3 (5.3)
< 2[EH>

20C &t 9.3 (3.9) 16.2 (6.8) 152 (5.6) 139 (4.9) 20.1 (6.3) 138 (2.8)
35C &t 95 (4.3) 155 (9.2) 14.9 (7.5) 13.3 (5.6) 194 (8.1) 14.1 (5.4)
< 3[EH>

20C &t 10.3 (5.0) 154 (8.0) 16.6 (6.3) 126 (8.9) 179 (6.5) 126 (5.5)
35C &t 7.8 (3.0) 14.7 (5.8) 130 (59) # 124 (6.7) 189 (7.1) 12.8 (4.2)
< 4[EH>

20C &t 8.8 (5.2) 16.3 (8.6) 154 (6.6) 14.0 (6.1) 20.0 (8.1) 132 (5.7)
35C &t 7.8 (5.3) 15.8 (9.0) 133 (64) # 10569 # 17.1(89) # 11.1 (6.3)
< 5[EH>

20C 41t 9.7 (2.6) 17.1 (7.1) 155 (5.8) 124 (5.7) 189 (7.5) 12.7 (4.6)
35C &t 7.7 (4.3) 14.6 (7.0) 13.8 (5.8) 10.8 (5.2) 169 (7.2) 118 (5.2)

() 3R E, 20 C4tFvs. 35 T4 #p<0.05

K5 BHEM EMEIIBIT S P00 B 0PI HTE:

(ms) Go il No-go il
Fz Cz Pz Fz Cz Pz

< 1[HH>

20T 4t 332 (22) 326 (38) 303 (31) 327 (29) 310 (35) 305 (36)
35T &1 325 (36) 324 (58) 305 (41) 315 (37) 293 (32) 290 (20)
< 2[nH>

20T 4t 332 (28) 323 (33) 295 (37) 330 (33) 305 (39) 302 (41)
35T &1t 317 (42) 311 (43) 300 (38) 294 (36) 281 (34) 293 (33)
< 3[HH>

20T 4t 329 (32) 320 (41) 289 (25) 329 (35) 297 (39) 294 (30)
35T &1t 326 (48) 306 (47) 293 (40) 310 (46) 292 (43) 297 (43)
< A4 [H>

20T 4t 332 (48) 332 (43) 302 (24) 324 (39) 304 (42) 290 (34)
35T &1 311 (59) 319 (58) 291 (40) 301 (34) 283 (39) 300 (56)
<5[HH>

20T 4t 316 (48) 309 (49) 297 (40) 328 (40) 295 (38) 308 (38)
35T &1 319 (46) 303 (37) 303 (31) 292 (38) 280 (25) 291 (35)
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HMWE L2 ATERE S LC, Uk e =7 —
= MPIEHRLHELER OIRIE L SN b HRBEE
fE DO RE LK 53T & B R IR N140 4 & P300
B ICER L, RRAERERFM 4 1T 5 72

N140 Beo3 i, MBIk 3 2 S Al RTE & KO3
B NIRRT L, BRI A S hiz7z0
WCHEIISEE Z o 72/ NRPERS & 2 S b Rio 72
5 Cdr B, N140 O 72 B FEA 5 1 R A &
B, BRE HRETHLEELLNTNSS
9 Go/No-go Ff8 % 17 5 72354, No-go il i I
VUL BN A 2 B4R L 7 R SE AT O HAR I B
SEET LA, Go FIEEF I X ATEEATE O GBI
ROHNRIY REBROFME, N140 H5r Ol
MR L, v aroFgEr#osh, HEH)
DRV IE LI L > THEAIIERPETLTWS S
EHTRENT: (FR2). 61, ZOMRTIX 3BT
2D No-go HIIFFZ B\, BHETH o 72, s
DFATIRZEIZ BT, HEOMED E LRI L -
T, N140 B ORMEAMET LT3 2 & il
LT ¥ Lal, ZoBa0EIEOETIL,
Go #ll#, No-go & b2 N TEBY, KB
FEDRERD X 9 12H5 12 35C 414 @ No-go Hilli#
BCHHE CThH DL I LE, B2 AN=ZALIZLE o
TIREPME T LzboeEZLNDL. 2, &
BB T IS B W CGEB 21775 o 72354, FRICEE)
PN B D 2 RGBS B L 2T T v, &
2 5N2. Akatsuka & UV 0RATRIE T, A
TR 0 [ K 1 1 3 B Go/No-go i % 4T
VKRR BIE 50% OMETRL Y FI)L
7 v =27 20 43 M O Hi £ T N140 155 o B AL B
BAMGTLCwa, EBROEE, r=v7ERk
12 N140 B5r OIRTEHE R AR O SN Tw5E,. 0D
FERIIARER LTI ZAE R TH B, ZOH
He UCEB M, S8 EoEoMESR, 1§
HEFOERPEZ 5L, RERTIE, 1A
DOHERHE IV T A — & EENEZICE, G
20C &4 Tl F39 134 bpm, 35T S TidFH
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151bpm TH-72Z & 205, Akatsuka 5 72SEE L
TEEREL D IEVWE RS FERED
HERHL L)L T X — & BB % TRk S 5B TR
20 P300 B OIRIEAME T T2 2 &2 7, &K
FFZE COIRBALT 1E, WA T8 2 mEam
HHIZLALDTHEEEZBNS.

P300 K% 53 1 AL PR i A2 12 5\ TR o B850
S 2 MRS & & 2 i, TRORHGB
LR 2 Lg% & SNTnWbE. KREBRD
MR B3Ry iay, oy arilBw
T, BCHEMOFH 20T EMHF L) A ZE IR
MET L7 (R4). ko<, miRBEETIZBIT
BB TIE, SEEEAT 2 & O SEBIIH] 0 AL
BB D HREEI S B A ST A L DR EN
7z, BERB AR SIS I % (functional magnetic
resonance imaging: fMRI) % V>, EBEIT @M,
TEHIHEFE I AR 2 R EIERAL 2 B & 202 L
ToF A OFATIIZEClE, EEHFEITEAR L/
RISARTEF, FEAVEIRTSHATER, W EEEF, {RUHE
eONEHIEANE, ERE, BMEBHENEEISR S
WO SEB) IR I (XIS BT BRI, Mt
I RTSERTEF, Al e EBNE, TEETE/ANGE, BEE
MBHBHTHE A8, Hi kel & v o 75 A ANE B3
BT Enbhorz W R HER M EERS
72 ARWFZE T, P300 i OIRMEAME T L2 2 &
S NS L7228, Bk Cldo & oA o fiFE
WE2SER L, RIBE T E25IS I LTW20H0
BHOLPIZT LT EDRTERY, LoT, HILH
LOREIZOWTIE, SHROBFRETHS. £
725D Olson 5 19 oz cld, HigHE )L =
A — & RO R 5 43 Tl P300 B O RIE A
WKL, BItG 15 501%, BkG 25 40 Cldfe 2 1ok
IEAME T LT\, Grego & ¥ 131240 HIEHE
WHET 2GS L, SEHMOBEETL T A —
& BB O A P00 B 2 llE LT\ b, #E!
WICHETIE o725 DD, Grego 5DT— %
BV, EEREM OGS, 412 P300
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N140 1455 P300 55 13 RBAILER R % SOt L T
h 1) B 28T, RISFET
RITEEZ T RS, FRALIR IS <
35 EEZHN5. Olson 519 07— 5120
TH, HEEIOM D K LIZ X0 RS- AR 4 12
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R RBIE T
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To Reveal the Mechanism of Exercise-Induced Delayed Onset of
Hypoglycemia in Type 1 Diabetes
— For Development of New Exercise Guideline in Type 1 Diabetes Patients —

by

Koji Sato
Graduate School of Human Development and Environment,
Kobe University
Satoshi Fujita
Faculty of Sport and Health Science, Ritsumeikan University

ABSTRACT

Type 1 diabetes patients often suffered from exercise-induced hypoglycemia
especially, nocturnal and delayed onset of hypoglycemia after exercise. In the present
study, we characterized potential mechanisms for the development of delayed onset of
exercise-induced hypoglycemia in type 1 diabetes by performing animal studies. We
assessed the blood glucose levels and glucose metabolic pathway activation over time
in streptozotocin (STZ) injected rats, STZ rats with exercise (STZ+EX), and control
rats with exercise (CON+EX). Moreover, samples were taken at 1h, 3h and 5h after

exercise in three groups, and was used for microarray analysis.
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Although blood glucose levels of STZ rats and CON+EX rats did not differ
significantly before and after exercise (0 h to 5 h), the blood glucose levels of
STZ+EX rats were significantly lower than those of STZ group at 3 h (P < 0.05).
In skeletal muscles, Akt phosphorylation level and GLUT4 translocation were
significantly increased at 1 h in both CON and STZ groups and were lowered to
negligible levels within 3 h. In contrast, in the STZ+EX group, Akt phosphorylation,
and GLUT4 translocation was maintained by 5 h, indicating sustained glucose
metabolism in STZ+EX group. In microarray analysis, 447 genes of insulin signaling
and 79 genes of type 1 diabetes were found in this study, and selected 3 genes which
may concern GLUT4 regulation, especially Oncostatin M (Osm) and signal transducer
and activator of transcription 3 (STAT3) were increased at 3h and 5h after exercise in
STZ+EX group.

In summary, we showed that a single bout of aerobic exercise induced prolonged

enhancement of GLUT4 translocation may be involved in the induction of

29

hypoglycemia.

C =

AEFZEIE, 1EERWET VT v P2V T,
H 5 BE D — B PE B A3 B A T ARS8 1
Lo EREETEZREST A EZHIE L
7z.

6 MHFD I+ A Wistar 7 v MZA ML T MU B
v (STZ) =% 5 L, 1BMERWET VT v
FEER L7z 3HE, I ¥ U —VEE (STZ
CON), B (STZ+EX), IEH DT v h OiEH)
#E (CON+EX) 2400}, Wi STZ#EIZ A > A &~
x¥5 (05U/Kkg) L, I1EH IpE#* 2 (Oh),
STZ+EX #EZHF5RED b Ly K3V (15m/min,
30min, HFE 2 L) 24T - 72, MEPB X BT
> 7 ViE Oh, 1h, 3h, 5h TR L 7=, £/, %
NENOED 1h, 3h, ShOH > FvE~f a7
U AR & 2 BIE TS BUEBIRNT % Z 2T
L7:. Z0Of%, pathway fFHT % jitifT L, EBIZ X
2 S PERIMBE FEAE (2 B 53 5 T REIEASE W A
AN CARERRERT R L7,
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I HE f# 1, STZ+EX #f 13 3h THE DB IZ H X
BRI L7z B @ GLUTA translocation
|% CON+EX, STZ CON £ T, 1h TH &2 80
L, 3h T L7225, STZ+EX #EIZ B W T,
3h, bh THEZRIUEN RN ~( 707 L
AR L AR THBFHT BT, CON+EX,
STZ CON #f Tl B e b L 1R 1% T
Oncostatin M (Osm), Signal transducer and
activator of transcription 3 (STAT3) A%§JnL CTw»
72, L L&D, STZHEX BRIZ B\ T, ) 3,
5 5[ 212 Osm 3 & OF STAT3 O #t {n-F- 5B A3
mLTwz,

1 ZUHE PRAG 2 35\ C H R EE 00 SR Bl 13 A% i
GLUT4 Dk 7 ToE AN EFEME ORI 2 35 56
LTWhugetEdid 5. %72 Osm 3 & UF STAT3
£ DR IE 7Y GLUT4 translocation O k#5172 74
HEIZFILG L T AT REMEAYRIE S 7z,
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E LTI, MNZERENRAS Rl R I B R & 21T B 2,
MHERE % M L D%, EEICh 72> THEHH
HoOHCHEFNEZIER Sk BL 020 v
5 & B0 5 DAMIERE IR, BERBEEO
90% A 1% 5 % AETEE R Td 5 2 BIBERRE &
SRR S EEDOEZ bR L. EEZBWTDH,
JEpEE, DR, EEOMIEIC LY, MEE
RLNTWARINVE Y OEEY S 2 BIBEIR & X8 2%
B, T A WHERFFS (ADA) I2Xk 517
FAZXHARTA L I2BT, 1 BEEREES R
HLEB T O MAEAE R E, Moy A IV s, A
Y2 v EGROBIRE VI R Lan Y, S
SR, BRM, RIS X B B OB E)
D RIMEED ) A 7 1B L CRIARZ SA% .
BWHBIZBWTCE, hEREOES T, EB)RIL
FAZMAEME SO 2 IRBEI 7 B8, 1 RUBE SR
HFE BT 3 I A MEEAME T+ 2
Z &, &5, EBNIK LI EREIER O
HIERT) R IVIERT) v O IASRIE
THILAMESNCNL Y. F72, Huh—%®
N2y P AR=VEOBEH AR = IZBWTH,
TR IR ORI % C SHEN S W2 &
PGS THEY Y, BEL TOMELS, 15
BEPRIFBE BRI & 2 BV MUFEE O
BT ZHEE LTEZONLERAIL, RV
2 D5, ML IR 12 B 4 2 B A e BRI
ZOMINZ D RIEMET A A ORETWTH D
75, RIRMAEASETE T 2 JF KRBT L & T
R\,

PEoZ bnd, REFFETIE, BHETREHTE
FEEEICE R L, IER T v boEENEE, 1 ARER
Ty NOEBEB L O A VRSO RIS
Grvr, GEB) 1 RER, 3EERI, 5EERIICENEN
M, BAR A % PR L CHER B B O 16 14 %
MEds2 2 HME L. 612, E#HZL S
ISR SSIE T % I3 5 720, & 1
M, 3R, 5WMHBOZNZENOHDY TV

Z~A a7 LA B TRIZFHEBEBNET % it
1L, B 2 #nT 2 FE L7z

1. MRAE

1.1 ® %

Wistar 7 v b (635 A&7 L7 #H&H)
ICAMLT N M (STZ) % 5bmgkg %5
L, 1BERBET VT Y PERERL T b
\& National Institutes of Health (NIH) @ “Guide
for the Care and Use of Laboratory Animals” |27y >
THEELL &To7 v ML, Eims 23£2CI2
AXOE S, HEBAAY 12 R 4802 JUT & AT 2 4 )
BUAT) HERETHE L2, KB I UARSHIZA
IS L7o, ARFEEL, VR HH)
WIEBHEICED &, UmiERFEMRELZES

DA - KB THEBL .

1.2 XBFIBE

STZ# 5-3H #%, =2~ 1o — LE (STZ
CON), E#)# (STZ+EX) D 2# 2T ¥ ¥ A
W23, F72, MEEREE LT, BRI v MEE)
# (CON+EX) Z Nz 7z, Wi STZ #EIZIZA » A
)~ (05UKkg) %45 L, EFIMETHS I L
RERLI-0b, EEjZfTo72 (MY FI b
7, 15m/min, 30 5-f, &% L). STZ+EX &
CON+EX 2B\ C, BT (% n=5), EE)E % (%
n=5), lh (% n=5), 3h (% n=5), 5h (%% n=5)
BICENZTNOBOIMIE S & OB & FREL
EHIZ, WEEFICTABRGHEL, -80CIZTH
T

1.3 MRECMREEROS /N7 HE

Wit~ 72 BT S GLUT4 translocation (34l
falgis & UK C o> GLUT4 ¥ » /X7 5812
X o TN 247572 . #4012, buffer A (20 mM
Tris [pH 7.4], 1 mM EDTA, 0.25 mM EGTA, 0.25
M sucrose, ] mM DTT, 50 mM NaF, 25 mM sodium
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pyrophosphate, 40 mM f -glycerophosphate) |2
Wy 7TvEANKEY A — ML, 100,000x g
T 1R LA T2 7205, L% 1mM EDTA
& 1.2 & 0.8M @ sucrose %S A o 72 Tris buffer 122
L7, ZoFEHHEL, 200uL 250, buffer A
AR ;& L7z, RIS, #i¥ >~ 7V % buffer
B (20 mM Tris [pH 7.4], 1 mM EDTA, 70 mM KCl,
3 mM magnesium acetate, 2 mM CaCly) |2 A#L, 1
KM= CRE L, SEYVA— ML 20T,
100,000x g T 1 EEMEGL, RiEZEmES L L
THRA L 72. GLUT4 translocation O fili 1, iz
B &M GLUT4 & > 787 D CTRHli L 7.

1.4 BRIABBLVIIZEZ>TOY ME

YIAY Ty MEISTHY Y TIVIZBITS
¥ N HEBEOBT T2 KT
I3 Protease/Phosphatase Inhibitor Cocktail (Thermo
Fisher Scientific, Waltham, MA, USA) % I L
72 lysis buffer # HHWCAHET A — b L, 15000 %
g T L, RiEEmILZ Hoh/ higd
Dy 7 E B0ug) 10% DT 7 )INVT 3
7wz v CTEKKE) - 778 (SDS-PAGE)
L. polyvinylidene difluoride (PVDF) * ¥ 7 L
> (Merck Milllipore, Darmstadt, Germany) |2
E L7z, TOXA Y7L Y% skimmilk T 1K
7o & 27 L, tris-buffered saline (TBS-T,
pH7.6) T 1000 f5 77 X L 7= phosphorylated-Akt
Serd73, total-Akt HfA (Cell Signaling Technology,
Beverly, MA, USA) #iICTACT—HiA ¥
N—PL7 TORAYTLYEPEEL, TBS-T
T 3000 57 B L 7= anti-rabbit IgG (Cell Signaling
Technology) % 1M = CTA » F 2 X — |
L. T0®RAY TV 2L, fLEieals
(ECL select, Western Blotting Detection System,
GE HealthCare, Little Chalfont, UK) % W TCH
WDy Xy Haemih L7z, &Fthy TvonNy
UL HE{&#HT Y 7 b Image] (National Institute of
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Health, Bethesda, MD, USA) TiE={bL 72,

1.5 71470712k 38BN

RIFELTBW27 v FOF’KEG 5 ISOGEN
DFEFEIHE total RNA %4l L 721412, RNeasy
Mini Kit (QIAGEN, Hilden, Germany) C, total
RNA DA TR 572, A 707 LAk
& % f# #F 1&, Agilent SurePrint G3 Rat GE 8 x
60K v2 Microarray |2 X V) B Z 7% - 72. 100ng &
TotalRNA # T Cy3 kD&M 21T\, 06ug D
Cy ik cDNA # W TN TV ¥4 E¥—=2 a v
AT o7z 2 HEM O EENE I Student's t-test
(SPSS 10.0Jfor windows, SPSS Japan Inc., Tokyo,

Japan) Z17\y, B EKHEIZP<0.05 & L7,

2. ERERER

2.1 MiEEES

CON+EX # DI, EEIRIR CHERZE
Bixedrorz. £72, STZCONEEL A A &~
52Xy, MEHEIEA > R) S 1 R A S
SEERIF IR 4 12T LT A AR I 2 2213 R
bNehol, LaLADS STZHEX BFiZBw
T, HE) 3FEMZICEMICIERT L, MofEi
FERETARSNZ (1),

114
101

Blood glucose level (mmol/L)
)
?

34 S

Oh 1ih 3h 5h
11 The effect of a single bout of exercise on plasma
glucose level
White square: CON+EX, White circle: STZ+EX, White triangle: STZ
CON. *P<0.05vs Oh, T P<0.05vs STZ. Values are mean + SE

2.2 Akt E{biEME, GLUT4 translocation
B TE R CH L Akt D) VRIL
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&2 BT, CON+EX, STZ CON 7 (% 1% &),
HENEFA VA YEGICE) 1 BHBICER
WL, 5 EERIE E CICRERL IR T L7228,
STZAEX B2 B\ C, B 1 %12 Akt ) ~
FRALIEEASTCHE L, 2 Uik I3EE) 5 Bt £ ©
i L7o (M2). F72, GLUT4 translocation
B2, CON+EX, STZ CON #:i%, &&), 5
Wid A YR UGS E ) TR ICA BN
L, #ehI2 5 MBS L7228, STZ+EX
HIZBwTid, @8 3RMERICERICHEmL, £
DI 5 K% FE TR L (M 3).

Oh 1h 3h 5h

i [e———

——— | D G a— D —— . | s e

Akt phosphorylation (AU)

Oh 1h 3h 5h

2 The effect of a single bout of exercise on Akt
phosphorylation Ser #7 relative to total protein

White bar: CON+EX, Black bar: STZ+EX. Gray bar: STZ with

insulin treatment. * P < 0.05 vs Oh. Values are mean + SE.

Oh 1h 3h 5h
e ——— | C— D e G | o —
-_— — - — e
5-
® % *
S 4 l * T
=
5
5 3
8
[%}
g 29
Al
Al
S 1
o]
0-
Oh 1h 3h 5h
K3 The effect of a single bout of exercise on level of
GLUT-4 translocation

White bar: CON+EX, Black bar: STZ+EX. Gray bar: STZ with insulin
treatment. * P < 0.05 vs Oh, T P <0.05 vs STZ. Values are mean + SE

2.3 XAM7AOT7LVAEICLZEETRRES

YA 707 L AT, CON+EX BEDEH) 1
e[, 3 MRel, 5 W% vs STZ+EX REOEH) 1 Ik
i, 3WER, 5Hpfitk, S 5121, STZCON #D
HEE) 1R, 3 HER, 5 EHE% vs STZHEX #EDE
By 1 EEM, WM, 5 R O@IZ B LT O
%417 o 72, 51213, pathway EHT 2 17\,
STZA+EX BE D EE) 1 FefH], 3WEMH, 5EEMERICH
WO BEIZ AR TIEBLAY S > 336 1 O insulin
signal pathway O (5T 35 & OV 79 il o 1 Tk R
MR R 2 E L7z, £oflild, PPAR
signaling, Cytokine receptor, Fatty acid metabolism

FoBMLFLFEESI N (R1).

# 1 The pathway name, sum of detected genes and p-value
which compared between CON+EX or STZ CON and STZ+EX

PathName sum Amum
of pvalue

PI3K-Akt signaling pathway 336 0.0000
Pathways in cancer 400 0.0000
FoxO signaling pathway 136 0.0001
Glutamatergic synapse 115 0.0003
Adherens junction 74 0.0004
p53 signaling pathway 71 0.0007
MAPK signaling pathway 259 0.0009
NF-kappa B signaling pathway 95  0.0010
Apoptosis 141 0.0012
Serotonergic synapse 125 0.0025
AGE—RAGE s1.gna.11ng pathway in 104 00031
diabetic complications

Fatty acid metabolism 54 0.0035
Biosynthesis of unsaturated fatty acids 29 0.0040
Rapl signaling pathway 217 0.0059
Cholinergic synapse 112 0.0072
EGEFR tyrosine kinase inhibitor resistance 82 0.0081
cAMP signaling pathway 197 0.0087
Jak-STAT signaling pathway 151 0.0124
TOII-like receptor signaling pathway 97  0.0169
TGF-beta signaling pathway 86 0.0179
B cell receptor signaling pathway 74 0.0182
Cytokine-cytokine receptor interaction 221  0.0226
GnRH signaling pathway 93 0.0244
Calcium signaling pathway 188 0.0262
Cardiac muscle contraction 81  0.0369
GABAergic synapse 90  0.0383
PPAR signaling pathway 82  0.0392
TNF signaling pathway 110 0.0482
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AWFZETIE, IEH T v b OEEEE, 1 EUBERR
ETNDA VA CRIEEIC A T RE R E T
V7 b OEBEEI BT, B 3 R 122
I ESE T T2 2 EBHL 2 E o7 &
72, BRERERBER TH D Akt D) ¥ ERAILIE
PEiCBWT, 1EBERFETIVT v ~OEEHET
(&, EMEDSESR) 3 BEM RIS Y — 2 I2JTHE L, 5 R
Mg CLOTLENFHE L TWwa T &, 51214,
GLUT4 translocation (233> C b s |, EB)fL 1 E
MthE CIIILET 24, 1 BERRET VT v b
[ZBWCiE, EB) SHEHZICARICHMAL, bE
Bt b LT LTW A 2 L AL 5o
72. ¥ 512, Oncostatin M (Osm) & STAT 3 @
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ABSTRACT

Patients with upper limb deficiencies have almost no chance that functional artificial
arms are prescribed for in Japan. In addition children with upper limb deficiencies face

to the participation restrictions at the class of physical education during the elementary
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education course. On the other hand Crandall RC strongly concluded that unilateral
pediatric amputees should be offered a variety of prosthetic options to help with normal
activities of daily living.

In this report, we evaluated the durability and the quality of the artificial arm
terminal device Shroom Tumbler (TRS) which is used in gymnastic competitions in
North America, because we considered this terminal device is suitable for use also
in Japan. As long as the elementary school students use it when vaulting horse at the
class of physical education, we elucidated that this terminal devise possesses sufficient
durability that fatigue destruction accompanying use does not occur even if it is used
for three years.

We provided a child with unilateral upper limb deficiency with the special prosthetic
arms which used the Shroom Tumbler as the terminal device, and evaluated them. We
considered how the sockets and the liners should be made or selected, how the children

should be trained with this prosthetic arms, and whether they are useful or not in actual

use.
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High Concentration of Carbohydrate Mouth Rinse Improve Endurance
Exercise Capacity

by

Hiroshi Hasegawa, Sumire Onitsuka,
Keiko Ogawa

Hiroshima University

ABSTRACT

The aim of this study was to examine the effects of different concentrations
of maltodextrin solution (CHO) mouth rinse on endurance exercise capacity,
physiological and subjective responses. Nine endurance-trained subjects completed
cycling trials at 55% of maximum to complete exhaustion. Mouth rinse was done every
5 min for 10 seconds. CHO concentrations are set for 0%, 6% and 18%. Endurance
exercise capacity, physiological indexes (rectal temperature, mean skin temperature,
heart rate, cerebral oxidation) and subjective indexes (rating of perceived exertion:
RPE, comfort in the mouth) were measured every 5 min. Time to exhaustion with 18%
(70.6 = 6.3 min) was significantly longer than that with 0% (62.1 * 5.1 min) and
6% (659 + 55min). Physiological indexes and RPE increased during exercise;
however these are not significantly different between conditions. These results indicate
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that high concentration of CHO mouth rinse improves endurance exercise capacity

without increase in physiological responses. These results suggested that the increase in

exercise performance by CHO mouth rise might be related to the improvement of brain

activity during exercise.
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ABSTRACT

To elucidate the effects of age-related decrease in aerobic capacity on the blunted
thermal sensation observed in the seniors, we compared thermal sensation between
seniors (mean age 69 yrs) and young counterparts (mean age 22 yrs) who have similar

maximal oxygen uptake and physical characteristics. Under normothermia and mild-
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hyperthermia (esophageal temperature, +0.7 - +0.9°C, lower legs immersion in 42°C
water) , warm and cold detection threshold at the forearm and chest and also whole
body thermal sensation (VAS) were determined in addition to thermoregulatory
responses. We found that there were no significant differences in esophageal and mean
skin temperatures while warm detection threshold at the forearm was significantly
higher (blunted) in the seniors than the young. On the other hand, there were no
significant differences in warm detection threshold at the chest, cold detection threshold
at the forearm and chest, and also whole body thermal sensation between the groups.
These results may suggest that age-related decease in aerobic capacity causes the
decreased whole body thermal sensation while does not associate with the blunted
warm detection threshold at the extremities with normal aging. Thus, the blunted

thermal sensation with aging would be improved, at least in part, with the enhanced

aerobic capacity in the seniors.
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A Method of Optimal Design of Clothing Under Dynamic Thermal

Environmental Changes for Providing Better Living Environments
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ABSTRACT

People now concerns about health effect of thermal environments. Clothing is
considered as one of major influential factors on thermal environment around human, in
this sense, it is important to understand the thermal effects of clothing for establishing
better living environments. Considering dynamic thermal environmental changes in
outdoor situations, a method for evaluating thermal states of wearers was examined.
Since thermal properties have impact on wearers, firstly, thermal conductivity, heat

transfer coefficient, and also radiative properties were measured. Then, experimental
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method for understanding the relations among environments, thermal properties of

clothing, human physiology, and human perceptions was carefully considered and

used for measurement. Human energy balance is in general a useful tool for expressing

thermal states of human, and in this study a method for clothed human energy balance

calculation which is applicable to various environments, clothing ensembles, and

human physiological states, was newly developed. Under typical outdoor situations

such as solar radiation and wind conditions, the clothed human energy balance was

verified by comparing experimental results, and proved with satisfactory accuracy.

Finally, we provide a suitable way to think about appropriate clothing for given

situations, and at the same time the results of the study also provide a database for

designing better living environments with clothing.
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Effects of Home-based, High-speed Calf-raise
Training for Improvement of Rapid Force Production of Plantar Flexors on

Postural Stability in Elderly People
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ABSTRACT

This study examined whether home-based, high-speed calf-raise training changes the
rate of torque development (RTD) of the plantar flexion, balance performance and the
resting muscle hardness of the gastrocnemius medialis (MG) in elderly men. Twenty-
three healthy elderly men (70-79 yr) were randomly assigned to a training (n = 13;
739 £ 2.9 yr) or control group (n =10; 73.2 + 3.3 yr). The subjects in the training
group performed 8 weeks (3 times per week) of home-based bilateral calf-raise training

using body mass. On the other hand, the subjects in the control group were requested
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to continue their normal daily activities throughout the same period. The RTD of the
plantar flexion, the outer circumferential area of center of pressure (COP) displacement
during single-leg standing and the resting MG hardness were measured before and
after the intervention. The RTD relative to maximal strength of the plantar flexion
was calculated as nRTD. In addition, the muscle volume of the plantar flexors was
estimated using the muscle thickness of them and the lower leg length. No variables
changed in the control group. In contrast, nRTD of the plantar flexion and the resting
MG hardness increased and the outer circumferential area of COP displacement during
single-leg standing decreased significantly after the intervention in the training group.
Our findings indicate that the calf-raise training at home, performed without special
equipment or venue, induces improvements of the rapid force generating capability of
the plantar flexors and the ability of balance performance. That is, this training program
is useful to maintain and/or improve the quality of life for elderly men. Furthermore,
from the perspective of muscle mechanical properties, it is suggested that a stiffer

muscle can contribute to the higher rapid force generating capability.
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ABSTRACT

The purpose of the present study was to examine the effect of feeding status before
endurance exercise on the incidence of hypoglycemia after pre-exercise ingestion of
carbohydrate, and to elucidate the characteristics of individuals with high susceptibility
to hypoglycemia after pre-exercise ingestion of carbohydrate. Sixteen subjects

performed 60 min cycle ergometer exercises at 75%VOsmax in overnight fasted and
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fed (3 h after breakfast) states in random order. In both conditions, they consumed
500 ml of a beverage containing 150 g of glucose 30 min before the start of exercise.
The criterion of hypoglycemia was set at 70mg/dL. In both conditions, mean plasma
glucose levels did not drop below 70mg/dL 15 min after the start of exercise. In the
fed state, plasma glucose levels dropped transiently below 70mg/dL in 7 subjects, who
showed substantially higher VOsmax, while plasma glucose levels remained above
this level in the other subjects. On the other hand, 5 subjects developed transient
hypoglycemia in the fasted state and their serum insulin levels at the onset of exercise
and insulinogenic index were significantly higher than that in the other subjects who
did not demonstrate a decline in plasma glucose. In conclusion, the present study
demonstrated that pre-exercise ingestion of carbohydrate 30 min before endurance
exercise causes hypoglycemia in several individuals regardless of feeding status.
Furthermore, subjects with higher aerobic fitness and enhanced insulin secretory

capacity seem to be more prone to hypoglycemia following pre-exercise carbohydrate
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ingestion under fed and fasted conditions, respectively.
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FORHH o6, EEIFGD 3~4 BT £ T2
WEE L EUCEFHLENTL 2 LRI T
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W, AL IKRECRRLIENTHEEN
5. 7, IhEToMREVTR LKA % 5
S LTATONTEY, BRALIBLTA ¥ A
) YWD C E DS ST WA HARAIS
BWTY Y, RYEIEIE S 2 5 AHTH
. S502, EBIBIATE IO E 2 L T LK
MR /ST 4 —< v ZOETIER & v s
LCwaifseddh 7, ZoRBoOR—3Kxi
LS ERIIAHTH L. = TR, H
AANBUEA TS E LT, 1) BAMER G 3
a0 LHEI OGS, EBYBALGIE FT O M EE
B X A RIS O 5S4 12 RUT T8 %2 I S 22T
bk, 2) EBBGENOBEEII LY, K
MR DR T WEORFMAHALNIIT AL
RHIE LTI - 7.

1. 5 &

1.1 BRFY>

RWFZETIL, FEAMEE B BHAATE AT O B HORHE
BasEshh OMAEf L 1 > A~ OBEEIC RIS
BN, ARG 3 AT O EFOF I L) R

BRBHDENEMRET L7720, FERI O A4 —
N=#ER e 7o 72, &ETOWBREL, 1) EB)H
h 3 eI LB e AR (W EEASR), 2) —
Mt (HEESRME) @ 2 2T, BEAE £ 3
WL7:%%, 1 WO HEELER) 217> 72 AL
(SRR RS [ N2 R E$ HI7EIZRIT 5 M Bl
THE] ORRBEZ T BEBBI NI

1.2 WERE
KRIFFEDOBEERE 1L, 20 ~ 23 a2 HAR N
P16 L L7z, BEREREIEIR1 0 Tho
720 WREFEIZED O COFEERD HIY & N % i
L, sGRICL Y MEEBcmizRr Il 7.

=1 R

N 16
Fip (%) 210 £1.0
5 (cm) 173.7 £5.1
*hE (kg) 67.3 +8.2
I (%) 13.1 =43
VOsmax (mL/min) 3077 + 340
VOsmax (mL/kg/min) 463 £ 74

1.3 RABREDNEOAE

HEHEIT)LITA—%— (2% )b A4
oz 7unNgr BXLI) & Hhwic it s &
B IC X 0 R EEGE (VOomax) % 5
L7z 590w =377y 70Ok, 60~
9OW A 5 16W/ 43§ DA f & Wi L, 9% 57 i
275 FCUER T 72, WERIE~Y AT 255
L, EBoRENE, CEBRERNEY B
BH T 2EE (AE-310, 3 F MEREA) (12
L DilsE L7, VOsmax OFIE LML, FRFEIENL
BEOLNY I FIRALNLEI L E LTz 7272
L, BFEREOL XY O 7 F THRS NV
ATH, D DB R SHEE SN DR
ke (220 —Fin =541/ 47) ISELTWB T &,
2) ML AS 11 LLETH B S &, 3) RPE S
193 L<IF20THLIE, To3iEP 2oL
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A&7 L7 A 1 E VOomax & HIE L7z

1.4 FBRI7OMIL

VOomax @ Il 5E 4, 4T OWERE L, 254
TOERZ K 1 BB OMEE 220 T - 72
KB A OK, HEEIHERL (TAVF—
808kcal, 7z A ML BH T AN X - 1 119%,
BIAVE—E  244%, FAKIH T AV F—
W 1 63.7%) AL, EECYHOEIE, WK
IGO0 Y61, B BILG 3 P AT I HE A (=
ANV EF— 1 709%cal, 7zAAE BT AIVFE-IEE
104%, JBE = AV F == 1 28.7%, KLY
IALF = 1 609%) FEIL, HEESFMED
P A3k DIAMT & BRI 12 EEBREAAE L 72,
LHRFBRILZ AT o 72, #ERE L 150g D 7 v
I — A% &t 500mL DR R % 2 43 LA IR
W7z, —fkmis, Zrva—2ofbyicry 7
>RGN 53 R % Er o 8RB AS Thg % U £ i
BBUCHWH N TV DA, RIFFEICB VT, il
KeZe 7V 3 — A 150g % & Lok & F v T3l %
1To 7z, FERACRHER,, B |2 T R 55 %
FAEBRE P L 72F IV h o o HEE AR
I 30 5 #212, RIE 22T, R 50% ICRkE L7
FEERZE T, 75% VOsmax O 5T 60 4 H B H
R & BLG L7z, RSV o NEEEIE 60~80rpm &
L7z 6057 D& R, MHlFTXT7r =< AT
A NEATS 72 N T =< AT A ME, 90%
VOymax O3 EC H I HEE) % 17\, 57 S
LI TORMEZFINTEZODOTHo72. ¥
O [ H A% 50rpm % Y o 72 1R 11T 57 R & )
Wr L7z, sEBFLG 16 514, 30 40, 454314, 60
BHBBIUONRT 5 —< 0 AF A MET I, O
Bl EBINETRE AR L. 72, 605
OEBT, BERFE L 15 57 3 I~ A &%
%L, BB ORBEEENE, B ticREB
£ OWPIR A bt % 2 L 72,
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1.5 MmMAEHH

BRIMIEEB) FAG 30 2300, EBIFAMGE R, E5)
BG 15 4012, 304018, 60 0B LU T 4 —<
YATAMETRIAT o7, BRI K DS N
F#BR 1M A 3000rpm, 4°C T 15 43wl L THrdlE L
11 R= 1R o < A VA A1 WO 1
) VR, MEET B L) SR, Mg VT
RLJ) i, I —IVigEs L o
TRV E VRO AT T i A 24 (BML
M) CFEELA AR VIR OEEEL L
T, MEFMHFIZB 5 2GRN & 2251 >
A1) iR X 1) homeostasis model assessment of
insulin resistance (HOMA-IR) % DLF @ FHE &
DM L7,

HOMA-IR
= ZE IR A X 2N £ > A ) > g /405

¥ 72, MOAGARIC BT B 2RI &R R 30
SHEOIMAE R E 4 2 A VEELD, A VA ¥
RO IEL LT, 4 ¥ A Ve
LT oLl L7

A ¥ A1) ointai
= (BRI 30 1A » A ViRE
—ZeIEE A A VL)
/ CHE BB 30 43 A LB — 22 B I A i)

B IR o> 56 9 (X A 70mg/dL LR & L, ]
ARG LAt EUcB W, EBH
1 15 9 TR AR A3 A U 72 % % AR IpE B, it
BEDSH: U 2p 2o 7230 % TR TUBERE & L 7.

1.6 #RataEn

FHGEM ISP + BEREETRLZ K4
HOBRZAL 2 AT TR 2720, B &3
TR E L7z 0K L Db 5 JThLE S BT



.
TiTo 7. AEGLHIERANRD b hE,
JEDH 5 HFEIC & 0 F—EEEIZ B 5 FL 5D
ErFATH TR L. SEBREICIER Y
Jxu—=@FEE A BTETONRN Ty —v v
AT A b ORRFER O, WHIGOH 5 t IS
L0 IR L7, IR & IEF IR 2 B 5
BEROFE, RSO\ e EIC L 0 L7z,
TEB) LG 15 5212 BV A MFEE & £2 % E oM
BUIET Y v OREEMBREIC L VR L. &
D fEHKTIZ SPSS22.0 (IBM AH#L) % F v TAT W,
W OWE I AT IYH BKEEIL 5% Kl &
L7,

2. % R

102, SEENGEA AR MICB T 210
WEMEORERZAL 2R L7z, IohCiE s it ok
R, BERICHEZERRIFD S (P<0.001),
BB A6 30 AT & I L C, SEBYBRAGE T, E

180 - S HHAER R Pup  <0.001
Pui =0.137
160 4 * Pympm =0.196
140 - T
* *
2120 f
B l ]
£100 1 I T
a i ]
iy i
= 80 1 1
60 1
40

30 0 15 30 60 P-test
B (5)
1 IS ORERZAL
*P < 0.05 vs. B 1A 30 457Hi

(00. SHRER O#E  Puy <0001
* Pas =0.327
Pxmpm =0.737
80 4
-
£ 60+
-}
=
'_\\ 40
X
A
v 20
0

80 0 15 30 60 P-est
R ()
X2 A > A VRO
*P < 0.05 vs. 3B 45 30 45

BIFAIG 60 7B L O T =< Y AT A MKT
BICBIT B MAEE I A = ICH W E R L7z, EE)
Biah 30 435 & B BALG 15 0B L N30 ik &
OB TIMAEBEICEZIIRD SN o7z, F/2,
TOFTRNEB L W & AT O L AR ILR20
SN adolz, WEHFIZBWT, WM I
BWTh, [MAEMHEDFHMHEIL 70mg/dL % T H &
ol

M2z, PlEENEtEfasfricsysim
HA YA VB ORREZLZ R Lz, Ikl
BN ORER, BRI E S BRI S
(P<0.001), #EEyBIAA 30 a0 & ik L ¢, #EH)
BIAGIE T 3 & ONEBENFIAG 15 50 %ICBIT 54 » A
) VIEIRAERCEWEER R L. £72, FATO
FRIR B L O & FATH O HAERIZRES H i
ol

K22, PIEENEHLHASREIIBIT S,

2 B ORI, R USRI, ISR, OB K OV BB R O AL

ER (3) EEWEN
15 30 45 60 P-test Ik [ AT KHEH
MR (mL) B AREL 2281 + 244 2312+ 205 2349+ 200 2385+ 204 - <0.001  0.721 0.770
ke 2284+ 233 2304+ 208 2347+ 213 2369+ 179 -
TR (mL) B AHREL 2218+ 225 2204+ 185 2219+ 178 2240+ 187 - 0.343  0.022 0.691
ke 2185+ 188 2169+ 176 2164+ 160 2182+ 129 -
I 5 45 L HIAIEEL 097+ 0.03 096+ 0.02 0.95+0.02 0.94+ 0.03 - <0.001  0.024 0.384
ke 0.96+0.04 0.94+0.03 0.93+0.03 0.92+0.03 -
DA EGnirss) HIAIEAL 1489+ 104156.8+10.9163.1+ 11.2166.7+ 11.9181.3+ 105  <0.001  0.969 0.189
ke 1505+ 8.0 158.1+92 1629+ 11.2166.4* 10.1179.3* 8.5
FRINES R WA 129+14 142+15 153+16 165+20 188+13 <0001 0.054 0.549
N 12315 138+16 147+19 159+21 187+1.7
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MR AGE, “ERfbkFEHEE, Wik, GO
8B & LB EE) IR ORI 2L E R L7z,
ZITHLE S BT DK R, AL FEPE R LI
WA BNT, BUTICHE 2 FRRS RO 5
i, WTEHRNGE L L T, MRS Rn T
FeAb e ZHEIL R & IR scHR b 2R L7z (ZEk1L
PR P =0.022, MIRECHl - P =0.024).
PG, MPRsciftt, LS & OB E
BRI 12 BV TR = TR O b
72 (P<0.00D). WFNOZEHIZBWTDH, K
ERITHOKREERIERO SN otz T2,
INT F =< Y AT A b OfKEIENCETE TER
BobNh o7 (B3, P=0.906).
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1000 1 NS,
900 {

800 -
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100 4

0

INT F =T ZT X MG (1))

FARITE ' Fic)o)
B3 WIS LRI B S
INT F = Y AT A MR O Hg

4~ 512, PIEHENGM LM A S BT 5,
EH)BAAG 30 43 H ~EB 4G 15 73 o NUEfE O #%
WE AL A BRI IR L7z, S EFRLG 15 4512
B 2 MUHHEOFEIME12 70mg/dL & TR S 2 0o
7oA, WIEENEMICBW LT 4, HAEEMIC
BWTIE 5%, MAEEAS 70mg/dL % T Al 5 & 53
Wiz, 22T, ARG AR E TN
[ZBWC, EBHT OB AR X 2 R 5
e BET HERNZIRE T 5720, RIMHER & 1E
WIAER: & OM CEEBOME LB L. Z Ok
R, WIEEIEMIC BT, R LI 5 b
LI L CHEEICE W VOmmax 7 L7 (K 6)
P=0.025. %7:, VOsmax & EBFE 15 75401
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VOgmax (mL/ %)
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200+ — EEMmE

---- {EiM¥E

4 FIEENMIC B 2 HEREED
IR D FERFZAL

— EFMmE ---- {Em#E

-30 0

s (5)

5 AR BT 2 HERE T
I fE O FERFAE AL

e P=0.025

3,500 4
3,000 1

2,500 1
2,000 1
1,500
1,000
5001
0

K 1M 4 IEH M1
6 WIARINGEIEIC BT L IR &
TEE IMAERE 9 0 VOomax O M

P & OB, BAEZAOHBIRD SN (1=
~0.657, P=0.006). % 72, fkE & 7> ) ® VOmax 12,
IEH IR & JRER L AR B T W Em 2 7R L
72 (IRIfIHERE 150.0 7.1 mL/kg/min, 1E3 IUAERE
435+6.7 mL/kg/min, P=0081). #iASKMEIZH



140 4
P =0.003
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100
80 1
60 -
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20 4

M R MAE

M7 AESAE B BRI & I R o
MiEA > A V3EE GESHBHGIER) O

WG, ARIUHETE (OB OB & Hei L €, B
IGHEFTOIME A >~ 2 YighkE s (®7) P=0.003,
A YA AR O AL O % i) |
HEICED -7z (KIAERE © 040072, E4 M
PERE 0 0.15+027, P=0039). 7z, EFZBIH
ERIOA ¥ A1) VIBEB LU ¥ A1) v irided
L, EBBE 15 SR oMEEE - OMIZ, Ak
Ao SN GEEFHBEROA > A
VIERE r=-0661, P=0.005; 1 > A VirwhiRE
r=-0691, P=0.003). MWZEHFEIZBNT, EHFH
BTEHT O MU & B BHAG 15 45 12 0 M il & @
A B2 IEOMBIBRTRD S 7z (FIEHEE
G r=0684, P=0.003; 5 r=0554, P=
0.026). ZDOMOZEEIZOWTIE, KILHER: & 1F
TIHERE & OMTEIIED b, mWEMIzBw»
T, HWERNCBU B RN EB) S & 87—~
Y AT A D OB 2GR SN h o T

3. £ ¥

ABFEORER, D HEARANBEIZBNT,
FRAMEEB G 3 BT O R FHEIO A HIZE D
59, EHFIAERT O EEIRZ LY, B
DRIARMAED R 2E D5 2 L, 2) HE)
FAAHT O ERVUUC L 1), ARIAE D e % BlE S
RN R DR D B Z LRI E N,
WK N2k & L7228 & ), —IofE ik

FEAMEEB) O BIAE AN R 2 BT 25 2 L12 &
DARMAAEDSHEE 5 Z LGS NTEY, ToH
HELT, Bk Ay A) ViEEDO LRI
RN 3B 2R o880 & BR BRI OAT S
M55 5 WA RE S Tn Y Fok Ak
LT, HARMIA VA V0 MEEIMR N T &
DS NTHY Y, WekA & AR S B da
B OSBRI X ) ARIMAE S Z % 20 &9 A1
RHTH o725, KWFZRICBWT, B 15
SO MAEE L, FHMETIE 70mg/dL % T A 5
Lhrotzb Do, PEENEHIZBWTIE164
74, ML BV TIE 16 4 5 44 7T0mg/
AL # Tllo>TB Y, 30% UL Eo#HE T ImE %
RIET DEDNHFAAT D EDNHEPI -T2 E
B AR — v g o f85E L CER) 3 Rl aric £
I L 725&HC BT h, EBBILGE AT O R
B X ) KIMBEASHE Z 27522 L h s, H
RANZBWTD, HAMAR—vDOL—2H D\

I E R OB X ), RIEEASE S 5%
PHAET D LICHETHLENH L EEZ BN
5.

—HEEEDOSMICB W TIE, EEIBEE T O A

YA EEB XU VA YIRS WS
IZBWT, RIMEATE 2 1) 97w & v ) #E R
b7z, ZOREE, BEEERICHTE A R
¥ ORI SUB D WF 2BV, I A
ZORTVIREENH L Z L ERIEL TV L, —
MoOM AR, L— AEBICHEEAET 5 L)
WIRIEE 22w, HIiE 2 &, MAEmRICHIE
AR LBT CICEBEZIT IR LD D720
FECRE A ERERIC X 0 A~ 2 YGRS &
EIRL, RIEIEZ ) R TWVEL TOIERT 2
CENEETHLLEZLND.

—7, EEEIEIC BT, EE B E A
DA YA VEETIE 2 <, VOsmax AMEILEED
SR LB L T e HEBLG 3 R AT O AR

ALY, ARIMAEDFEE L BE T 2 ERDPED B
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HEE LT, AFOEIUCLY, ZOHROMEEE
TUIxET 24 v A0) VWAL 2 W REMEDS
EFONE. Ty POBEHIZA YA rE—E
B535L, €0 3MMBICBIT BRI~
Va—= AW rAh=EE, A A) &2 H&K5 Lk
VA EEBL THW I s S Twns 10
L7eh3o T, FIRENEMFICBWTE, SIaRIC
—BEA YA VIRER LA T D70, BT
V= AP AT NRTVIRETH 5722 &8
FHEENDS. VOymax BSEVEIZBWTIEA » &
) RSN LR SR Tw b0 D),
ﬁﬁﬁﬂﬁwn—xﬁﬂbLih%ﬁw%ﬁﬁﬂ
FHCB VT, RIMEDEZ ) 2T WIRILTH -
2 TR ENL, ARIMAER & IR R O
BT, 1A JRIiEOIBIECTH 5 HOMA-IR
ZIFFEEFED SN o 7275, HOMA-IR 1 FFHE
DA YA PUEE KT 28 TH D 2 L s
WEENTBY Y SRErIVRYV YT
XY EE L 2B O A v A VIR
R, EB R OB OMIY AKGELHIEL,
NOHMRIMABEDFELZHET L0 E2HL2IIT 5
VENH L. WTIE L, FHARAR—Y O
Fe# 1 — 25\ VOomax # H 3 5 720, B
HE2EINLTHHHE L — AR H 4 O IZB W
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Wb EICRBETLVLENSHDLEEZOLND.

TEEN AT OFERHRIUC X ) RIS 2 - 72381
Wzh oo, (RILEERE & EF R L o<, &
B O FEAEERE L N7+ —< VAT A LD
FERICEITFEDO bN o lz, XFTFY) AL
ZITHINTIEW WS, Hargreaves & OFEHLICH
W, TEENRIAG 30 ~ 60 4 HT OFE EEBULFEAME
NI =TV ARBE TSRV ERRIIT TS
DI KO RIEZ Of@mE LR LTV
L2 L, EBR O MEE O TS A F 87 o —
~ ¥ AREB) T O FRAMC TR RE & B % W RE
LRIEENTEY 510 Sfid 2% 0 R
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4. % &
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PR DBEVPVDLZEDNWHLNI R ST 7,
TEE) 3 RER AT I EE A ER L 22K IC B Wi
VOomax 7%, —HiAE EOIRAEIZ BV TIE, (¥ A
) YR SO DS E N E I B W T, AR AN
)R WIREMEDTRIZ S T,

B

FEERE I L CT & - 72 RAGH K& B b
MREO®RL, BHREL L THILTTFE o7
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Effect of Electrical Stimulation in Hypoxia on

Arterial Stiffness and Glucose Metabolism

by

Masato Nishiwaki
Osaka Institute of Technology
Mami Fujibayashi
Setsunan University
Naoyuki Matsumoto

Prefectural University of Kumamoto

ABSTRACT

Purpose: This study aimed to examine the effects of electrical stimulation in hypoxia
on arterial stiffness and glucose metabolism.

Methods: Seven healthy male adults participated in experiments of four different
protocols (i.e., rest in normoxia (NR), rest in hypoxia (HR), electrical stimulation
in normoxia (NES), and electrical stimulation in hypoxia (HES)) in random order
on separate days. Throughout a 40-min measurement, the subjects breathed normoxic
(20.9%05) or hypoxic (15.3 — 15.5%0,) gas via a facemask connected to the
oxygen generator. Also, in NES and HES, a 20-min electrical stimulation of 4 Hz was
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conducted in a lower limb in the latter 20-min of the measurement.

Results: During electrical stimulation, heart rate and oxygen uptake in NES and

HES increased, compared with each baseline. However, no significant difference was

observed in the heart rate between NES and HES. Conversely, oxygen uptake during

electrical stimulation was significantly lower in HES than in NES. Interestingly, CAVI,

which is an index of arterial stiffness, significantly reduced, and the reduction in CAVI

was significantly greater in HES than that in NES. In addition, lactate concentrations

and respiratory exchange ratio were significantly higher in HES than the other three

trials.

Conclusion: These findings suggest that electrical stimulation in hypoxia can induce

both greater reduction in arterial stiffness and increase in glucose metabolism than

those in normoxia.
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IZFEfET 5 &Rk mBRRENE LRSS
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TaE, A DERTYHH. £2T,
RRFRBRE T HHBHESMMZ v, RREERE
T [EEORH] 252200, L) AHEE
OHIENTED LTI, WE DR & v
O, BFiEHEASELILIZE-T, LS
D T2 TN T HE 7 fREFEIEE T 1 % B 56 - RHET
LMD DHHEEZOND.

Dibo &9 28R, 5, AT, —#tko
RIRRBIR T CORBHESMBABIIRA T 1 7
A LR KT TREIC OV TR T 5 2 &
THE L7z

1. A &
1.1 &

ZNEL, EH20 = 1%, FE 1706 = 3.0
cm, AT 651 = 8.7 kg DBLHEIE D 7\ M7
BMABHT X ThHolz, TRTOSMFILFRET
EEEZIMOREE. Lz ETCHEMIIEIML. %
B, KWFEOEREIE, KRKTERES 1 74
{1 L2 AEBGHERROFE X, KEZH
7o b THERL.

1.2 EBRFIR

—sEim AL (24-25C) \ZFH S N2 EEBRE NI
BT, ZMFIIHBRELH (NR), KIRRZH
(HR), M3 UMH (NES), R 5 S0 i

(HES) @ 4 >0 A7% , EVEL ONEFTHI H 1247 >

91

7o, WEOFEMZ 7o b a— v ER 1 IR
FECUH, 30 0L EoREE, BRAT 4 7
A& MAEE R FLRE OME 247 - 72 (Pre). %
D, BIMHIEXNy FEICEY), v A7 (Air
Mask-Type A, 7V I AT A) %4 L, NR,
NES Tl k&%, HR, HES CTl¥V = f L —
% — (Everest Summit I , Hypoxico) THA:l L 72
15.3 ~ 15.5%0, DR F /7 A (iffHk 2500m 0 &
BT L~V & 85E) % 40 0 I L7z, ARFZECLE,
HADEZBMEFLTTIA v FLTfTo
7z. NES & HES Tix, 7 AW ABMH 5 20 5
FEal L 72k, OIS LR 5 P35 15 91/ 55 (&
103/ 3~ AK 2040 / 43) BER T 2 HIS0HE
T 2045 [ O N IR 4 A FE SR (B-SES SLL, -k —
v — A YRR AERLED. BRHEI,
4Hz ORFE— FTHW, E=¥ ) v 7 Ean-k
FEZIE U CEME OIRIEA S E L7 i & 2
5 X MEPEEOBFHNILL VOO F A EH
L7 & TEMICERS T2 TARA
HZiE, 5 i ning (Rin%) & BpiRimmR
FHRIFE (SpOy) DE=% ) v T &fTolz. T2,
NE & HE IZBWTC, LD REEk L [FF I E R
HIMEED T 4 AT L A NZFR EN B FEITRTE
biatkklL, THEESAML XVOHT L L7
BB, RUIZETIENV MRoEBRE L, KR
dhr, KbREAr (L), REO3ETICEED
F5ZETEELZ 612, FRTO 250 H

...est 1l cavi | [HR CAV| |erererararanad CAVI
(30 min) (pre) (post 1) (post 2)
Electrical stimulation
HES Electrical stimulation
| |
T 1
-40 0 20 40 45 70 (min)

1 Time course of the experiment
NR; rest in normoxia, HR; rest in hypoxia, NES; electrical stimulation in normoxia, HES; electrical stimulation in hypoxia,

CAVI, cardio-ankle vascular index
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1.3 #IRRT 1 73 ADEE

RWFFETIE, MEIRBEBRAELZEE (VS-1500AE/
AN, 77 ¥&ET) &R, LHEEE SRR
(CAVD) = llsE L, BIIRA T 1 7 % A %57 L
7o MEIX T RTHBERE T CItbiuz, &y
N7y T ERFEEESY LER, LER, b
ik & VR ORI & MEA sk S, Ok s
CAVIHAHEIZH L S 7

1.4 [M¥EE & IEBRE

BOS X D ERIL -y~ 7OV & Hve,  IfvbEfE
(A7 4+ —=73I= GR-102, 7IVE) Lin#FL
FRiEE (Lactate Pro2, 7—27 L 4) %, ZNEh
FHIL 72,

1.5 FHRTHPONRBERR/IST A —5—

WA A L ERE B & ORER T AL, I ¥
Y TFx voN—g e T 15 I BRI
SERL7. WRBIIT AT BEEE S, RN A
#% 70—+ 4 — (Respiromonitor RM-300, 3
T MERF) 12T, BREB X OURERT AWREE T
AE=F— (AR-10, 7 VI ¥ AT L) 12 TEHI
L7, WROAAREREDT =4 % PCIZIY
A, HHOEANT Y 7 % v (AT windows, 3
+ MERE), #SE (VE), BEEIE (VO
), B AR (VCO,), MWAcHilt (RER)
RO REIZ, ENENOfEIE, Baseline
TIEARFATREIE AT O 2 450, 10-40 53 D 1T
FEFATO 3O E T L, EE L THW.
ARFATH O SpOy &Lk (RIED &, 739V A

FER A= (FF LI =, SAT-2200, H
AETHE) THEL 7.

D. ftaiLs

WEMEE, §XTPIHHE = FEFATRL
7. HPATICB T 2 MIME O ENZIE, RARRE
® 1 JEHLE 55 #55 BT & Newman-Keuls % % i v
7z. %7z, NES & HES I2BUF 5 25407 —%
DREIZIE, WMIEDH L tHELZIEY 1 vay
Vv OFFFNENFIE 7z, #8377 XA — 5 —
ZALDRENE, SR E O 2 JTTELE 5§ AT &
Newman-Keuls {: % Fi\W 72, %4 B, fEfasRiid X
Th% A Hm & L7z,

2. #& R

2.1 BRETHPONI X —52—

HR & HES @ SpOg 1%, fEEER A A OWARFIZ
Baseline & ) & HEIZMCF L7245, HR & HES
SpO: DNCHE LT e h o7 (B2 a). FEbk
BHAGHT & A DA % BG L 72 0380 &
FMOBTHEAIFO SN2 o7, NES &
HES Ti&, |5 ZHIGS 2 &.omEnseh
ZA? Baseline & ) b HEIZEWHEEHER L7
2, WEMOMICEBEEITFED SN o7 (F
2b). %3, NES & HES OFEATEFMEIZ, AR
(54.7 = 89vs.549 = 10.3 unit) & FHE(31.5 + 54
vs.33.3 = 59 unit) & D IZMSMHOEIZAETAEZ
BOLN o

ELM % BT 5 &, NES & HES O&MT
I, VOo, VCOs, VE 7% Baseline |2 It L TH &
W& o7z Lo, BEXUHEH O HES ©
VO, & VEIE, NESOZNHIZH LT, HEIZ
& f % 7% L T\ 72. HES ® VCOy 1, 404 @
KT NES D2 & ) b AR EZ R L T
W7z s, 30 DR TTHEEITRO LN Do
7 (B3 abc). F7-, EEHNH+ D HES &40
RER # A % &, 3047, 40 OB & 12,
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2 SpOo, heart rate, glucose, and lactate

*P < (.05 vs. each baseline, &P < 0.05 vs. each normoxic trial, TP < 0.05 vs. rest in the same conditions, §P < 0.05 vs. the other
three trials. Data are means + SD.
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Interaction P < 0.01

93

A NR
A :HR
~ O :HES
%
L 1 | 1 J
[ Interaction P = 0.436
§ §
| 1 1 1 J
0 10 20 30 40
Bai;eline Rest : Rest or ES !

3 VO, VCOy, VE, and RER .
*P < 0.05 vs. each baseline, TP < 0.05 vs. rest in the same conditions, §P < 0.05 vs. the other three trials. VOo; oxygen uptake,
VCOy; carbon dioxide output, VE; expired minute ventilation, RER; respiratory exchange ratio. Data are means + SD.



D 3 ODSMICH LT, FEICEWEEZRLT
w7z (K 3d).

2.2 MmyEEEIARBRENCEL

BEEE 1T > 72 NES & HES T AIAEHED
BELT RO 5N/ 7B, NES & HES &
OB TV NOREMEIZB W T LA EEITRD
Ehhore (B2c). —J7, FEHEICE &
S % 4T - 72 NES & HES §:1E 0 40 54 TH
BB RIRO LN, 512, HES @ 40 774
O TOIMMEI, o 3&FoFnI ) A
BICEEERLTW (H2d).

2.3 FBHRTEZEOME [LiEE CAVIE
nEAL

ETOFEMIZBNT, FEEZ @ L CEICHE
BEALIZRO SN o7z (R1). $72, HR &
HES O.0 %525, Pre OEIZILE L, Post 1 OfH
THT, LaL, ABIETL W,

BAS M E D 2 SR 53 8o it OfE R, CAVIIZ

HRXHEAEM D 517z, NR & HR I2B1F

% CAVIMEICERZ # U THELRELITRO b
Zirolz. ZHUZRL, NES & HES Tid, Zh
ZND Pre Ofi & LB L, Post 1 ® CAVIfHIZA
BT OBIESh, S50, ZORTER IR
$ 4%, HES DfEAINES DZF N L ) b AEEITK
ERfETHo7- (M4) .

3. =

RGOS, RRRFLEM T TOBELAMHL
&, WEERBEBETOZNELEL T, 1) gikA
T4 T7AAELDVIT S5, 2) RER R MAFL
BRMEZ L DHEIME RS, L) T EIRENT.

3.1 BIRRT 1 7R ANDRE
CAVLIZ, BIRAT 4 7 AD1DDORIEL L
THWONS Y EFHIETIR, EEEETT
—BEOER 2179 &, BIRA T 4 7 A AHMKT
T5Z L, TOMTERIMEREZBA TR 10% F2E
THs MO0 @, WEETAZRAL, ER
FIEE AT > 72 AFFEDO NES 125V T h 99 * 54%
@ CAVHLEDO T 25589 541, NES ORI, B

% 1 Changes in heart rate and blood pressure

Main effect Main effect

Variables Pre Post 1 Post 2 (Protocol) (Time) Interaction

Heart rate, beats - mi!

NR 56+ 3 56 *5 55+ 5 _ _ _

HR 56 = 4 50 + 4% 51+ 3 F=0.825 F=6.689 F=1.319

NES 57+8 56 = 6 56+ 7

HES 5746 54 = 7% 56+ 5 P=0493 P=0.003 P=0.267
Systolic BP, mmHg

NR 125 + 15 125 =13 122+ 8 _ _ _

HR 124513 12412 125+ 11 F=0la o F=07m F=0IT

NES 128 £ 14 128 =15 126+ 14 _ _ _

HES 124515 12412 123 10 P=0932 P=0467  P=098I
Diastolic BP, mmHg

NR 72+5 71+10 76+ 5

HR 68+6 70+ 6 74+ 5 F=0.320 F=2.082 F=1.29%4

NES 73%9 74 =11 73+ 9 _ _ _

HES 72+ 9 715 70+ 10 P=03811 P=0.136 P=0.278
Mean BP, mmHg

NR 92+8 90 = 10 92+ 7 _ _ _

HR 88+ 7 91 =8 92+ 8 F=0.211 F=0.100 F=1137

NES 93*11 94 =12 93+ 12 _ _ _

HES 92+ 9 9] =7 39+ 9 P=0.887 P=0.905 P=0.355

*P < (.05 vs. each pre. Data are means + SD.
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g . Interaction P <0.01
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Pre Post 1 Post 2

95
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~ -10

3

< 20

S.é I
wr - p=0.017
40L

4 Changes in CAVI value
*P < (.05 vs. each pre, TP <0.05 vs. rest in the same conditions. Data are means + SD.
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Influence of Foot Strike Patterns on the Forces Applied to Foot
-Effective Foot Strike Pattern for Prevention of Running-Related Injuries

Occurring on Foot and Ankle-

by

Satoru Hashizume

National Institute of Advanced Industrial Science and Technology

ABSTRACT

Ground reaction force is often used to predict the risk of injuries but may not
coincide with the forces applied to commonly injured regions of the foot. This
observational study examined the forces applied to the foot and the associated moment
arm made by three foot strike patterns. Ten male runners ran barefoot along a 15 m
runway at 3.3 m/s using forefoot, midfoot, and rearfoot strikes. Three-dimensional
coordinates of markers and ground reaction force were recorded. The Achilles tendon
and ground reaction force moment arms represented the shortest distance between
the ankle joint axis and the line of action of each force. The Achilles tendon and
joint reaction forces were calculated by solving motion of the foot equations for
each instance during the contact phase of running. The ground reaction force was
significantly greater for the forefoot and midfoot strikes than for the rearfoot strikes,
whereas there was no difference between the midfoot and rearfoot strikes. The Achilles
tendon and joint reaction forces were significantly greater for the forefoot strikes than
for the other foot strikes, and these forces were greater for the midfoot strike than for
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the rearfoot strike. The ground reaction force moment arm was significantly greater

for the forefoot strike than for the other foot strikes, and was greater for the midfoot

strike than for the rearfoot strike. Meanwhile, there were no significant differences in

the Achilles tendon moment arm among all foot strikes. The Achilles tendon and joint

reaction forces were greatest for the forefoot strike, followed by the midfoot strike, and

rearfoot strike. These differences were attributed mainly to differences in the ground

reaction force moment arm among the three foot strike patterns.
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Does Adiponectin Induce Skeletal Muscle Atrophy?
-A Physiological Aspect of Adiponectin Paradox-

by

Katsumasa Goto
Department of Physiology, Graduate School of Health Sciences,
Toyohashi SOZO University

ABSTRACT

The purpose of this study was to investigate the profile of adiponectin expression in
slow soleus (SOL) and fast extensor digitorum longus (EDL) muscles of 10- and 100-
week old mice, and to evaluate the effects of adiponectin analogue AdipoRon (AR)
on myogenesis of C2C12 cells. Age-associated decrease in muscle weight in EDL was
higher than that in SOL. Protein expression level of adiponectin in both SOL and EDL
was increased by aging. Aging-associated up-regulation of adiponectin in SOL was
lower than that in EDL. AR partially suppressed myogenic differentiation of C2C12
cells in a dose-dependent manner. However, AR-associated suppression of myogenesis
was partially inhibited by knockdown of adiponectin receptor 1. Evidences suggests
that aging-associated up-regulation of skeletal muscle-specific adiponectin may be a
cause of sarcopenia, and strongly support “adiponectin paradox” in the regulation of

skeletal muscle mass.
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T4 RFA ML DINET T AR AL
BRI, A 2 VIR D A bW b [
ET7TFARFA AL V] EHRIENER 2 AT 5
WhWwa [EHEETTARYA M4 2] s
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(EEEWRRICIR D 3, RIS HH S 5 T T
KA F 25461 (AdipoR1) %4 L CHEAIIE
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BRI T 27 74 Br 7 F 3 H L2
B BEDH LD, BEHICEITLT 7148
7T AR D ZALA D B A, Il
T T4 KA TV REBREOBICH LR T
B oH, BT LHEE TR

ZITHRIETIE, Q774 RA7 T HB3HE
A & B TR B, QFRHICEBT AT
T A RA T F A D B h, @b LE
VAR T 57 714 B4 7 F » Oz L)
HH%HIE, FOELITHE & ERTELR DD,
ZLTOEEET 71 B2 7 F 3B %
FEMESE DD, IIOWTHRETL, BEHICBITS
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1. 5 &

AWFsed, BIERZ 5 I SRR 2
DOEBRIZ L DR S Nz, BFERIE, AR
A RDVED B [ AP B 2 B FEER
2B B AR RS ] 129, EARRIE R AT
EBREERZ L B HFE - KRR TEBINL.

1.1 BMER

B EERCIL, L EHICBIT A MERE T
T4 RA T F B e ZOMEEZIL T BE L
7z, EERIZIE, A 1088 B X 0100 JE G o M
P~ A (C57BL/6)) %7z, &ToHO~Y T A
LD eI xfB L ORI L. HEE

&, BRI = A A XA #iIES %
72l REL ) EERMCEHGL /2. T
TO YA, Eii 23 = 1T (P = BERE),
WREERY 50% , B R 12 We R L & 7o 5208k
BYEEETHE SN/ 2, EKIZAHRE
We L7,

1.1.1 Y TIERE

L7z T A8 X ORI, B
GRS ERE L, mREETIE L. 20k,
v 7 X0 —E & =%, Protease/Phosphatase
Inhibitor Cocktail (Cell Signaling Technology) 7%
781 ¥ 1 7z isolation buffer (Sigma-Aldrich) %
FuTHEshizr 7V e gl REY A — b
L, Bradford #: (Bio-Rad) 2 X W #& % v /32
BErlE LA & o8y fllER SDSH v T
VN 7 7 — [30% (vol/vol) glycerol, 5% (vol/
vol) 2-mercaptoethanol, 2.3% (wt/vol) sodium-
dodecylsulfate, 62.5mM Tris-HCl, 0.05% (wt/vol)
bromophenol blue (BPB) ,pH6.8] # T, ¥ ~
I R R TR L2k, 95C T 5 A
WLEEL, SDS AV 727 1))V T I FESKE) (SDS-
PAGE) %> 7k L7z,

1.2 EEMREER

TR T, BERET T4 KA 7 F N
FHERAILO SIS BT B A Ba L7z, F28R
(20&, ~ T A H R A i vk C2C12 A &
vz, C2C12#igid, 2471 as—77 20
=T 4 Y 7ENRFET L - (EA 35 mm)
v, BEEEEIC T T ary 7 vy MREEC
FCH Sz T, —HoMlgtdRIc, 5
LFFERICT 74 R A7 F 227548 1 (AdipoR1)
HHVET T4 RER T F VZEE2 (AdipoR2)
IZK 5 % siRNA (% #1734 %) % RNAIMAX
(Life Technology) # W C S v A7 22 ¥ 3
> L, AdipoRl (Rl-si) & % \»|% AdipoR2 (R2-
si) &/ vy L7z &HRIZ1E non-targeting

b
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siRNA (NT-si © %1 /54 &) & [FEFICE#1C
WML THIRBIC NS v A7 22 a v L £72,
SIRNA & 5\ 3 NT-si |2 & 2 LB IE 24 IRef] & L
7z. SIRNAWEIZ X B/ v 7 57 v ORFEOFF
fifiiE, NT-si |29 % Rl-si & 5\ 1d R2-si LHZ
& % AdipoR1 B & UF AdipoR2 @ mRNA 3 3l &
(2 &0 L7z

F7ar 7Ty MRED C2CI2 Mg Z NT-
si, Rl-sid %\ (3 R2-si CHLER L 721%, s3fLEsih
25 B 2 & TRHEMEAD ML ZFHE L 7.
AL, R BREDT T4 RAT F ¥
7 F 0 7 AdipoRon (AR : Abcam) % dimethyl
sulfoxide (DMSO) |2 L CimhnL7z.

1.2.1 U7Ia4LRT-PCR

ABFSETIE, mRNA FEBL& Qi) 7 v
% 4 & RT-PCR (2 THffE L 72. C2CI12 Milg N D
RNA % RNeasy Mini Kit (Qiagen) 2 X O il i}
L7z il L7 RNA # >~ 7 (~40 ng RNA)
I&, cDNA synthesis kit[ [Prime Script RT Master
Mix (Perfect Real Time) for mRNA : % 71 5 /54
4 ] % i \»» T complementary DNA (cDNA) |
WHLE 7z, 4% L 72 cDNA (& Takara SYBR
Premix Ex Taq I #% M \» T, Takara Thermal
Cycler Dice ® Real Time System Software Ver.
400 (#5534 F) %Ml reverse-time reverse
transcription-PCR (Thermal Cycler Dice ® Real
Time System IMRQ : % 1 /N4 %) %1 -
7z BUGIRPLIE, 95C T30/ % 404 1 7 v,
BT THMH, 60CTIOHE L KHEEZTOD
B W72 79 4 <~ — D%, AdipoR] (%
3" -CTGGGCATCTCTGCCATCA-5" (forward),
3" -CTTGCAAAGCCCTCAGCGATA-5’
(reverse), AdipoR2 & 3~ -
ATCAGCAGCCAGACGCACTC-5' (forward), 3'-
TGACCAGTCCCAAAGACCTCTACTC-5’
(reverse) & L7z WHEMH I Y ta— L L
C glyceraldehyde-3-phosphate dehydrogenase
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(GAPDH) cDNA % H] \», GAPDH |2 %} § 5
BBIET B L NV OIS E 2 50 L
72. GAPDH® 75 4 = — D4 & LT, 3
-TGTGTCCGTCGTGTGGATCTGA-5 (forward),
3 -TTGCTGTTGAAGTCGCAGGAG-5' (reverse)
v I AAVAR

1.2.2 H$27IHEE

B 12 siRNA @ % W 1 NTosi & LHEL L 72 %,
KB 9 L2 A & R L 72, R L 22 A, B
Wy 92 5k 0> 5 M s AL & R BRI ALBR L C SDS —
PAGE O > 7 )V & 5 L7z,

1.3 wxxX&>JOyras>?y

v A B & OVRBEM 2 & N2 C2C12 #ilig
XS N/-EY 2 Tk, SDS-PAGE O 7 v
2y Ry EPELS RS L)IZE-FL, 20
mA O 5E BT 12 Tk E) % 1T - 72. BPB 7*
TFOVTFImIZ#E LR A CHREIZHT L, 20%
polyvinylidene difluoride (PVDF) & (0.2 um,
Bio-Rad) ™~ 100V O5E®E, 60 73fH, 4T D 5ft
THE % 47> 72, PVDFJEIZxfLCT7 0y ¥~
7 WLHL [5% skim milk, pH 7.5 Tris-buffered saline
(TTBS) ,0.1% Tween 20] % 60 5> 17> 7. %
D%, BHE—KHUE[ 771 K427 F >~ (R&D
Systems), AMP-activated protein kinase (AMPK)
(Cell Signaling Technology), f-actin (Cell
Signaling Technology) | % 4 C, overnight T JX
J& &7, kLA (Cell Signaling Technology,
Jackson ImmunoResearch Laboratories) % %= i T
1~ 2 IR JSOS & 972, Light-Capture (7 b —)
v Cfb22 % (GE Healthcare) % 47 - 7.
5N 77— % % CS Analyzer Ver. 2.08b (7 b —)
efio CEEMIZEM L, 771 XA 7T
FHEIX, WEMEIY o —-VTH D B-actin
VAP 2 AR E T, AMPK ZEHE 2B L Tk
AMPK ZE8& (1209 % 1) Y BR{L AMPK g8 (2
TENENFHM L 72,
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1.4 #Et0IE

B EE T, 1080 T AFICBIT A E
#10 & LT, KHEMIL T ABHIZBIT LMD
M ETR L2, HiEEZ 5 K2 AMPK 3=
DFEE, HE YA TEENREE Lz 2 oRE
SIHOTHTISCROE L7z, BiEliia iR Cld, s
IZ AR ML 22 v (0 uM, DMSO i) 4
TOfEZ 10 & LT, KHEMHIEZ DML fiE
TRL72. 774 KA 7T 7% 6T AMPK 3
HEOEOMKEIX, siRNAJLE & AR EFF % £
R E L2 IR E AT IS TRE L 72
B, BWIEEE L ORISR L 12, Stk

SOt ORER, REAERMRRO b HE S

(&, —ICEES TR, ZEILEMRE (Tukey-
Kramer) | CHEDREEIT- 72, GRS 5% i

b o THEMERICAEBED ) LHIEL 2.

2. & R
2.1 #$MER
2.1.1 HEE

BREL) OfREs (HER) TilE, okt
BT ORISR, BEE B A TICEERE
BHEAERD Iz (p<0.05) Y, HELRHSEH
FRRO Lol (B1). T A% b IR

157 JsoL
I oL

05

Relative muscle wet weight (mg/g BW)

0.0

10 weeks 100 weeks

1 Relative soleus and extensor digitorum longus muscles
wet weight to body weight in 10- and 100-week old mice
age: p<0.05, muscle: p<0.05, interaction: p>0.05
SOL: soleus muscle, EDL: extensor digitorum longus muscle.
Values are means + SEM. n = 4. Values are expressed relative to the

value of 10-week old mice (1.0)

A% 312 10 BER 12 H T 100 JE G o 15 B MK
flizR L7z, 72, 10 B8EOmE=RISHNT 5 100
HEEFOMEROMAFIL, T A TREYL

i TRED o7,
2.1.2 BRERBICEIZT7TTFTs KRR IFH
Bizh=s

RIFFECTHRR E L 72 10 Bk 7 5 0V 100 8# 0
RUAL T AR I ORI QWG IZB T
TT AR T OFEBNPED b ZIthiiE

SO ORER, Wi s A TITHEE R ERR
WO LN (K2, p<005). L2rL, 8%
REAEMEBD o7 T AHB L ORI
312 10 BF#FIZ AT 100 B TE W T T4 R
P F URBERDSROLND, BT AN
TREHMHIC BT 2 FHMMsHEE TH - 7.

251 [Jsou
B oL
20
c
o
[}
g 1571
o
3
[0}
2101
©
[0}
o
05
00 10 weeks 100 weeks

Age

2 Protein expression level of adiponectin in both
soleus and extensor digitorum longus muscles in 10- and
100-week old mice
age: p<0.05, muscle: p<0.05, interaction: p>0.05
Values are means + SEM. n = 4. Values are expressed relative to the
value of 10-week old mice (1.0). Abbreviations are the same as in 51

2.2 EEMRER
2.2.1 AdipoRon (AR) »EiZ > /XU EIC
RIT§RE
AN CH 72 siRNA 12 & 1) AdipoR1 8 & O
AdipoR2 312 mRNA LX)V THI80% D/ v o7 &
TR b SICEERGATIC L D
SIRNA L& & AR BFEICH B % FRIRVED 5
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1.00

0.75

Relative protein content

0.50

0 5 10 15 20
AdiopoRon (uM)

0.25 L L

3 Changes in muscle protein content in C2C12
myotubes in response to AdipoRon concentration
treatment: p<0.05, concentration: p<0.05, interaction: p>0.05
NT-si: cells treated with non-targeting siRNA, R1-si: cells treated
with siRNA for adiponectin receptor R1, R2-si: cells treated with
siRNA for adiponectin receptor R2. Values are means + SEM. n = 3.
Values are expressed relative to the value of the condition medium

with 0 uM AdipoRon (1.0)

N7z (p<0.05), AHELEZLHAIERITRO % h o
72 (E3). NTsi T, AR EIIEOBINIZ AR,
BEMIEANOGAL IR S, 5 2787 O
A siRH Hit/z. —77, Rl-si T AdipoR1 % / v
yFY YA ET, AREED10 uM  Tik
AR I X B85 % v 37 BIZEALIZERD e h o
72. L7 L R2-si LB TIE, AREZAHT10 uM
TGS 787 BORDDFRD BTz,
2. 2.2 AdipoRon (AR) #*AMPK ® 1) >
BRAEL ANIVIC R 2
OB E BT IS & D siIRNA ALTE & AR
FEICHE R FREDIED SN0 (p<0.05), H
HXHAEM IO -7 (KM4). NTsi T
X, AR IMINEO LA, AMPK @) Y R{L
LAV L7z, —75, RlsiB XU R2si T
AdipoR1 %/ v 7 ¥ 452 LT, ARERE L
FAAZHED AMPK ) 2 ERAL L OV O BN AN &
7z, F72, Rl-siLB & R2-si WO 12, B4
B AEIRRO Lo T

3. & ¥

AWFZETIE, IIENC L 26T 2B X R
HOMERLR L WNIZT T4 B4 7 F U EBEOE
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o 30 o Nres
% —— R1-sj
< o5t —A— R2-si
o

©

3

5 20°r

Q

o

2

2 15¢f

[%]

2

o

2 10¢

3

[0} L
o

05— 5 10 15 20

AdiopoRon (uM)

4 Changes in the phosphorylated level of AMP-
activated protein kinase (AMPK) in C2C12 myotubes in
response to AdipoRon concentration
treatment: p<0.05, concentration: p<0.05, interaction: p>0.05
Values are means + SEM. n = 3. Values are expressed relative to
the value of the condition medium with 0 M AdipoRon (1.0).

Abbreviations are the same as in X3

bz s edkic, 7794 X+ 2F 7 +u
7 AR 728 C2CL2 B Ma D & 8 7 I RAF T
WEARE L. ZOME, ML) eI A5
BLORBMRFHIZILIIHEEMET LA, 20
RFREITe T AR TRAMHTRE -
2. I AHBLOERHMHIZBITLT T4 R4
7 B L DB, FoRgmERi
I AR TR TRE P72 ARR
iz &0 C2C12 M o i & Mg~ b A3
S, s vy mEP Lz ORI
FIERIZREICRBI L 2b D TH-72. LaL,
AdipoR1 @/ v 7 57 12X ), AR DL
HIEFZIRES L7z, s & 0 &7 74 Rt
7TV EHEOWINZR S IZEIRET 74 KA
7> (AdipoRon : AR) (2L 2% v /757 @A)
BIZOoWTOIEHIZINT TR L, AIFELH
HTTHAb.

TSRS ARESAE & 7 71 R A 7 F » 5Bl
REFZE T, 10 8H & 100 B0~ 7 A5
MOfERZ I L7z T A% 5 OIS RERAH
i, IEsIC X 2 EROMIT 2RO 5.
F70, BMRITZEHTD LT ARG THR
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TdH 5 RHANG TR E o 72, IETER RS9 E
(T R=7) EEA I A CH 1 B 1
Hy oW Zehs, KTl 100 B
~ 7 A TIIIMETER R IESRE DS FAE L C iz & &
Zbhs.

F72, 100 8O~ Y AFHG T, 774K
T F Y REBENEMLTBY, Zonie s
AR CTREAFAG CHZE CH o 72, MM
N2 27 T4 KA 7 F U0 HET WD 5\
B HIER L CRERER), »o81%H
M BT 2 B m & W B 2 EAGET
A&, IR TEIBIZBWT, £ L TEHIC
WARTHFICBCCTT 71 B4 7 F v OVEF
RKLTWBHZEDTRIBEEND.

T A RR T F v L BRI
KWFETIE, 774 RA7F L OEH%E T 74
KA o Fr7FusrThbARY CTEHlL 7
AR % C2C12 Mg D 5 AL FF R ITAFH S5 &
HEMENOGALHIRI S, 55y v 7387 ZEANE
YLl ToZLlE, BREOTTA RN T
VIIERHE TS L ERO 1D h D Z
EERRETLEHDEEZLNL. T2, AR
12 & /b IEIE X, AdipoRl1 %/ v 7 &
T3 LTSN Lo T, AR I
AdipoR1 ~OFEEZ A LT, otz 5 2
EWHbETORE SN

AMPK 13 5 57b 2 B 16170 LT, f4 vos
s EAACHTT AT 6 chrLhs,
AR 2 & B Wi AL#HEIERIZ 317 5 AMPK DB
Hama L7z, 2o#% ARIZAMPK O »
AL L VBN, $ 7 b AMPK # it b &4
7z. —77, AdipoR1 & %\ AdipoR2 % / v 7
¥ 3% E AMPK O LRI & 7z L
7235 T, ARWFFETED 572 AR 12 X A5t
PfNE, AMPK OFEHILz M L72b D TH D Z
EDTRIEE NI,

4. % &

RWFEDFERA S, IR ARESAE O FEiE %
WD 1ok LT, ERHMIICERT L7714 K
7 F K BRI ER A G35 2 &8
RSN L7h->C, BHEORMICBw
TLTTARRTF > - NG R ADEIET H S
EWRIBE NI, SRRSO LRI, Nk
TR AR ESIE O FEFERE ORI & Z O F B LD
FEANDRIT TV E W,

B

AWK LT AR B Y £ LW EE G AR
FLATH N AR =y BHFIRELE FI 3R R
eLET. Fo, ABIRICKH LTz iwnge
BRI L 3.
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ABSTRACT

In this study, we investigated in university male long-distance runners whether the
classification of gut microbiota changed according to an athlete's subjective condition.

In addition, we used the Big-Five Factor Markers of personality traits to investigate
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whether changes in the intestinal microbial flora were related to emotional stability,
with the aim of obtaining basic material useful for the field. The athletes were asked
to take two stool samples for gut microflora analysis, one while in a “normal”
condition (decided subjectively) and one when in a “worse” condition, excluding
physical conditions such as when clearly affected by a common cold. Gut microbiota
were classified by terminal restriction fragment length polymorphism analysis. The
performance stability of each athlete was evaluated from changes in his competition
performance and usual training record, assessed by the athlete's coach using a ten-
point subjective evaluation. We examined the relationship between emotional stability
and performance stability using the Big-Five Factor Markers inventory. There was a
significant correlation between emotional stability and performance stability. Based on
this result, the athletes were divided into high emotional stability and low emotional
stability groups, and the amount of change in the gut microbiota classification between
the “normal” condition and “worse” condition stool samples were examined. There
was no significant difference between the two groups in the amount of change in the
intestinal microbial community. However, the data suggested that the gut microbiota
differs greatly between individuals. Further investigation of the relationship between

detailed changes in gut microbiota and individuals' mental and physical condition is

warranted.
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PRAEE, WIS PIASRICREL T aEERED
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Restriction Fragment Length Polymorphism
Analysis) & H\v>, B NHIE o 20 B#NT 2 S5 L
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BT EEFELEY. 2ot keE, BFFNL—=
Y TETEC L D IRENEAL L 22 AR A O
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HOCEHESHE TV L RTSSL V] L) ER
PEFLRTwS, e LBoavTFs v a Yy
WEL L WIRETHAIZHRA T ETD, AR
JEDLE LB - 787 + — < ¥ AFEHHT
EL®ETF, I, RAMarT4arTRA
BRAZEHE T, BEREDRIEIZHE 742 %%
AT 5. THHIIHEEEEOBLIIRA L LT
MBI SN2 b0, WRERFEEIZHS A2
BoTWRVODPFEIRTH Y, FHEHLOKERIC
EOCERTHS.
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REAHIIBITH AP L ABTY, BANMEZED
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1.1 #HERE

RFZEE, KFH T b REMET 41 4 2%t
FUZEM L7z, RACKRFERF B AR Fe R
BERBXOERERT, KBEE%, EdH
PR RIS TAEE L 2250 7 — 7 Wit %
o7 (AT  2016-1-118).

1.2 BIELME

2014 F9 H~ 2016 F 8 H & L, HM#EzH
W2 RS N S L OF, BREEZ e L 72
PRAE I 12, 2014 4F 11 H ~ 2015 4F 2 H, 2015
F1H~2016F2 D& 4 r He&EL 7.

1.3 HEITEEE

1.3.1 HEEHERBEZEOHM

WBRE O BN R & G FEIE & LT, HE
DAYT A v a sk GEER) tavyFsvav
PO ORFEE) 0 2 &fHicBnT, %
To7z. BEREAH S 2 1A RE L T 28
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HRETH L ETFOMWKEMET HI2H72),
DAL 70 HEOEMIEB 26 LT [1Ew O]
Wz o X ] OVFTIeTHET LEXTH 5.
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Assessment of Vascular Endothelium Function Based on the Analysis of

Central Arterial Pressure Waveform during Dynamic Exercise
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Kazufumi Terada

Tenri University

ABSTRACT

The aim of this study was to investigate the usefulness of the central arterial
pressure waveform measured during dynamic exercise in the evaluation of peripheral
vasodilatory dysfunction of individuals at the early stage of hypertension. We examined
ninety-five volunteers (42+9 years) composed of normotensive and untreated
hypertensive subjects who had resting blood pressure (BP) ranging from the normal
to stage 1 hypertension. They exercised for 10 min on a bicycle ergometer at a heart
rate (HR) equal to 50% of their HR reserve. At baseline, immediately (<1 min) and

5 min after the dynamic exercise, the peripheral pulse waveforms were recorded by
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a radial applanation tonometry. Central pressure waveforms were estimated using a
generalized transfer function. Pulse pressure (PP) amplification, defined as the ratio
of peripheral to central PP, was used as a marker of wave reflection. Endothelium-
dependent peripheral vasodilatory response was assessed as flow-mediated dilation of
the brachial artery. Compared to the resting state before exercise, the PP amplification
significantly increased at the end of exercise, and thereafter it gradually decreased
toward the baseline level. Before the exercise, the hypertensive subjects showed the
lower PP amplification than normotensive subjects (1.32 vs. 1.46, P<.001), and the
differences between groups became more prominent at the end of exercise (1.66 vs.
1.85, P<.001).
tertiles of PP amplification after exercise, the subjects in the bottom tertile showed

When the subjects were divided into subgroups according to the

significantly reduced flow-mediated dilation (7.5+2.5%) than those in the intermediate
and top tertiles (9.3+2.6% and 10.9*2.4%, P=.026).
analysis revealed that the low PP amplification ( #=0.435, P=.002) was independently

Multivariate regression

associated with the decrease of flow-mediated dilation, independent of age, body mass
index, brachial systolic BP, HDL-cholesterol, and HbAlc (R?=.381, P<.001). These
results suggest that the response of central arterial pressure waveform during dynamic
exercise is associated with peripheral vasodilatory dysfunction and hence may be useful
as a marker of subclinical vascular alterations in the early stages of hypertension.
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Demographic and Clinical characteristics of study subjects

125

Variables Normotensive (N=55) Hypertensive (N=40)
Age, years 39.6+ 8.5 45.2 £8.1%*
Body mass index, kg/m? 242+ 30 257 +3.5%%
Waist circumference, cm 85.6= 8.2 90.5 £9.2%*
Systolic blood pressure, mmHg 1189+ 7.0 135.9 = 7.6%%*
Diastolic blood pressure, mmHg 756+ 5.8 89.4 £4.5%%*
Total cholesterol, mg/dl 2009+ 27.7 208.1 £35.0
HDL cholesterol, mg/dl 585+ 14.7 599 £17.0
Triglycerides, mg/dl 1328+ 659 1528 =719
Fasting blood glucose, mg/dl 94.6+ 10.7 101.7 =15.7%
HbAlc, % 496+ 047 5.09 £0.62
Uric acid, mg/dl 578+ 1.15 6.6 +1.16%*
Alcohol consumption, g/day 12.3[3.1-21.6] 9.3[0.8-21.6]
Current smoker, % 36.4 30.0

Values are means = s.d., median [inter-quartile range], or percentage of the subjects.
*P<.05, ¥¥P<.01, ¥**¥P<.001 (Student t-test, Mann-Whitney U test, and Chi-squire test)
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% 7213 Fisher @ IE#ERESRME TIT o 72, 28D
IEH MO 121E Shapiro-Wilk #g7E % fEH L 72
PPA @ 3 738 (tertile) To3#H L 72H#EH O HL#K
T —JCRET AT, % 6 24k, BMI L
BRI 2 32 7 & 3 2 BT 2 17 o 72
72, FMD Z{tlEAH L L, Ao PPA, 4
s, BMI, _LEBGHEE, HDL 2L A 71—,
HbAlc & .28 L 3 2 B E [l 5404 (A
T T4 X LA 2 To 72, watE
FriziZ, IBM SPSS statistics ver. 22.0 for Windows
2R L, RRIFHA EKEEIX 5% & L7z,

2. #& R

EHAMHBRT O, & THE (<15)
B LS55 RIZBIT B EREEIIR & GBI R O IHE
WIE 2L % IEH T4 & ST # TR L <X
21R L7 BB & O BAR O G 1 &
B EA I THHFIZ LA L2, # Tk
R IR L, 5 RICIT AR RO IZHE A
FhEL Tz, Fz, AULBIIR Tl BB 1Sk
NCPHFERIEAFEICRME AR L, #THEEZTIE
BMATE D EDENRKEL R LEMIZH >
7z.

220
2004
180-
1601
1401

120+

100+

Systolic blood pressure (mmHg)

801

60 - -
Hypertensive Normotensive
(N=40) (N=55)

2 Brachial and ascending aortic systolic pressures
of hypertensive and normotensive subjects at baseline,
immediately (<1 min) and 5 min after dynamic exercise
Values are meanszs.d. ***P<.001 vs. ascending aortic pressure by

paired t-test @ Brachial pressure, & ascending aortic pressure

BEF IR & R LBIRO IR Td % PPA O3
AR O A R 3128 L7z, PPAIZHE
TRNC N TRTESRTERICEA L, 54812
R LTwiz2s, Amai L ) KR ELTH
<, EHAMIIE D) EAFZOHRD FET S 1EH
ZH o7z,

F I T 545 T O PPA O tertile % F£ 3 |2
R E R AR (PPA < 148, N =30), Hfift
(PPA 148-161, N = 31), @mAL# (PPA = 1.62
N =34) O 38572 LT EBEBIAR & peL)
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1.8+

164

144

121

PP amplification (brachial PP/ ascending aortic PP)

< 1min 5min
After exercise

3 Pulse pressure amplification at baseline, immediately
(<1 min) and 5 min after dynamic exercise

Values are meanszs.d. **P<.01, ***P<.001 vs. normotensive subjects
B8 hypertensive subjects (N=40) [ ]Jnormotensive subjects (N=55)

IR ML ARRE, B O & RS D~ — 7 — (FMD,
hbPWV, UACR) %l L 7o R AT 2 1R L 72,
FREEIIR & L OEIIR ORI B & ORI,
LDEIROIRE, Alx, PHEREIX, ESEE<h
frtE <IRAHEOMICEMEE 22 ), 3B

FEISFRO BT (—ITEE ST, P < .001).
%7:, FMD (Ifi% AR #%RE) & hoPWV  CREDIR

127

AT 4 7 FRA) AF, FHhE, BMIL  FRIHEIE O
WEARRIE L RO AERELRENBRO LI (L5
55 HF , FMD : P=.026, hbPWV : P < 001), Wi

& BT IFEMNE R 72 RO BTz, — T,
UACR I2D WU, WLHE SR RS E AL B 12
HARTEEZRTEAICH 57 b DDOFE R EIT
AbNzdrorz (P = .191).

FMD #% ¢ IR 22 5012, &) £ 47 3l BE T o B 4
W, #THEHZB L5528 5 PPA & T
BHELTAT Y 774 AP & A EEVR 5T
BiTol- A, #T 55D PPAETIVIZ
BIR&EN7 (B =051, P<.001). 512, 4F
i, BMI, LREIUHE#IE, HDL 2 L A 7 0 —
v, HbAlc % &7 )VIZHEEIHFRA L7zf#ER (R 3),
PPA (B = 0435,P = 002) {Z LIGEIE (8 =
-0.240, P = 029) & L b ICHERMOHERT
& o7z (FAE=6.36, P<.001, H HEE#EGEA
R?=0.381).

3. & ¥

AWFFETIE, b A D) EER AW GEBI A IS
X9 2 HULEIIRIE B OIS 2 37l L, BEE Bk

5% 2 Arterial blood pressure parameters and subclinical atherosclerosis markers
of subgroups according to the tertiles of PP amplification during dynamic exercise

Tertile 1 Tertile 2 Tertile 3
Variables PPA<1.48 PPA 1.48-1.61 PPA = 1.62
(N=30) (N=31) (N=34)
Brachial (Peripheral)
Systolic BP, mmHg 131.8+12.7 1245+99 m32+8¢*”
Diastolic BP, mmHg 86.3+8.8 81.7+84 774637 TTT
Pulse pressure, mmHg 458+72 42.7+5.1 46.2+7.1
Ascending aortic (Central) .
Systolic BP, mmHg 1240+135 114.0%10.1 1087+77”* """""
Diastolic BP, mmHg 875+8.6 829+84 785+6.6"*T T T
Pulse pressure, mmHg 365+7.7 31.0+49 302+6.0" T TT
Augmentation index, % 281+56 205+65 98=105"TTT
Mean arterial pressure, mmHg 103.7+10.7 976+9.2 932463 71T
Subclinical atherosclerosis markers
Flow-mediated dilation, % 75%25 93+26 109+24" 7
Heart-brachial PWV, cm/sec. 636.5+80.2 558.4+63.7 466.062.2"" T T T
UACR, mg/gCre 6.62+4.69 5.98+5.23 3.13+1.78

PPA, pulse pressure amplification; BP, blood pressure; PWV, pulse wave velocity; UACR, urinary albumin-to-creatinine ratio. Values are means
*s.d. *P<.05, **P<.01 (ANOVA for drTel'ld] BP parameters. ANCOVA for subclinical atherosclerosis markers with the adjustment of age, BMI,

and brachial systolic BP) T T P<01, T T TP<.001 (trend test)
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%< 3 Multiple regression analysis to determine independent association
between FMD and PP amplification during dynamic exercise

Variables B SE B P-value VIF

Exercise PP amplification 7.717 2433 0.435 002 1.879
Resting brachial systolic BP, mmHg -0.060 0.027 -0.240 029 1.158
Age, years 0.020 0.048 0.058 681 2.001
Body mass index, kg/m® 0.076 0.103 0.088 463 1425
HDL-cholesterol, mg/dl 0.037 0.019 0.206 061 1.166
HbAlc, % -1.350 0.781 -0.208 089 1.446
(constant) 11.067 8.250 - 185 -

Adjusted R%=.381, F=6.357, P<.001

B, partial regression coefficient; SE, standard error; f , standardized partial regression coefficient; VIF, variance inflation factor. The

independent variables were forced into the model.
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ABSTRACT

The body composition and weight control are very important for athlete's
conditioning and performance improvement. The ovarian hormones could effect
on fluid retention. Therefore, it has been suggested the body weight and the body
composition should be changed in the phase of menstrual cycle. The present study
aimed to develop a weight control program according to the phases of the menstrual

cycle based on a study of eight eumenorrheic women (age, 21.6 + 0.4 years; height,

T v AR—=UEEE Vol. 38



161.3 = 1.8 cm) who volunteered to participate in this study. All participants cycled for
30 min at an intensity of 60% VOgpeak. Blood samples were collected and respiratory
gas was analyzed at rest (0 min) and at 30, 60, and 90 min after exercise during the
follicular (FP), ovulation (OV), and luteal (LP) phases of one menstrual cycle.
Blood levels of ovarian hormones (estradiol and progesterone), catecholamines
(adrenalin and noradrenalin), glucose, free fatty acid (FFA), renin activity, and
aldosterone were assessed. Blood concentrations of estradiol were haigher greater
during the OV and LP than during the FP at all time points. Body weight tended to
increase during the LP compared with the OV (p = 0.06). Renin activity significantly
and positively correlated with progesterone (r = 0.632, p < 0.01). The noradrenaline
was significantly higher in the luteal phase than in the follicular phase. In conclusion,
the increase in body weight during the LP was induced by an increase in body fluid

volume. However, aerobic exercise performed during the luteal phase might reduce

133

body fat.
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LODE B.V. Medical Technology, #+ 5 » %) %l
WO ETEC & B REB R T A b & i
L, A=W7 7 MNEOBRRENED SR/,
BGE 2oy —3I 77 v 7 (60W)
DRI, T TRMEICLD 15 15W 370
BRAW L, =T MIESER B,
1M RG4S 1.2 Bl I, 2RPE (rating of perceived
exertion) 2320 \Z3EL 7z & &, 3. WEERE ASEBh
AT REL T L7z & E DOV NI L7z
BIWA—NT T b Lz REBRTORRREESR)
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SRRaHA HEOREA ERH

—_— Tz has
» '..

. BEEEEH305 s
=520 VO,peak60% ZE604
R A A A
PRAER [ )
0 60 90 (%)

1 REEPIENES A 3 ¥ 7B X OERTIE
B, gl 1 EEE4 SR L 729 B, SN, SR, Ao WEES X O R I e 7.
PRINAR A > M, SEEYET (043), MBI 7% (304)), MEEHET 30 /0% (60 43), SEEW T 60 /7% (9047) & L7z

&, HEBEILVIA—F -2 T, FHuoflE
TR 72 VOspeak @ 60 % 5 5 C 30 431 FEhti L 7.
N 7O, 60rpm IZHERET S & 9 12
fERL7-.

1.4 BEITEEE

1.4.1 FRHHH

fRE, fRoksrE, RIEIE, BIEDIEORE
&, AR T E (InBody770, #Rals&tt 1 >~
KT - T8y, W) 2 HWTEKERA >
V— & Ak (8 mEmAl ) (2 TllE L7z,
AT VA L 72 B9k %50 1, 5, 50, 250, 500, 1,000
kHz T o 7-.

1.4.2 AREH

HERM B L OAREIRRE 2T 2 72012 %
OFRHE, AR, AR oIREIZOWTT
Y= NIRRT o 2 IEE e ARE (25-38 H)
EETDHEMRTELELHNRIZ, RERD L »
HET &) FEBGHET £ TR IR IR AR 2 )
SEL7z. BRI TE 27200 MR & L, Rk
DEICIE £ 1R & Lz, ZEEEARI, R AR
HEEF (MC-642L: + &1 vk ek, =#) % H
WOE T A HIE L7z, ARIFFE T, SRR
RLEE A AERE L, AR & SR o SR 5
N7-EE2RgE Lz ARANOL 7 £ —X (51
Fadh, HEOREA, AED) 1%, BB o A REY,
MHATANT A= VBLO TS AT 0 Vg
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M OREINIE L7 Sy, = A 5 V% —
U8 20-85pg/mL, 7 17T A 7 1 ¥ 2% 0.92ng/mL
DU, HESRMIIE, TR b5 ¥4 — LAt 50-550pg/
mL, 707 A5 0 2% 2.36ng/mL LUF, #AENI,
I AT TF =) 45-300pg/mL, FU AT H
»%91.28-29.6ng/mL & L7-.

1.4.3 MRAHSIUDEH

TR R (VOy), ik FHEH & (VCOy),
M-I sc bt (RER) &, FPIAEEE=% > 27
2 (AE-310S @ X PERFHRASH, KK %
FH T breath-by-breath {12 CHEFLElE L7z, O
i (HR) (&, L&EFH (Ny FH A FE=ZS
BSM-240 : HASUE LS, BE0) &M
L C Ml AURR 3535 | 2 C ol 09 12 ok L 7.

1.4. 4 REZFZEEDRR

AHHAIL 3 HMOEHLFEL L, BBEIC
REVOREERB L O A I & HHEFIL LG
HOWE 2 MKE L7z, BFRAEINER 2503
HEOEFLEICLYVE T 2 - XD A F—
ElEB L ORBRFENE AN L. 258
FRAICEHERZLICL 2EEMYAEETo 72
FREFEEICURNOF I, AR DR 55
#2015 (ZHEHL L o MR Y 7 b [ 7 &
KR ver70) (BERFL, Hul) = HwCHERT
PIVF—F B L ORERFENE 2/ L7

1.4.5 BRMEHER

HAREEINCAE S BB 714 2 a Y o2 Lo
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F8E L L C, [The Menstrual Distress Questionnaire
Form-T : MDQJ (5) % Ji\v» CE MR A % F it
L7,

1.4.6 MESH

FREL L 721 > 7 vid, w040k (3,000rpm/
min, 10min, 4C) Z4TWV %S X CIMEISHEL,
20C CHAERAE L. TA NS VAL ETas
A 71 1 ECLIA # (Electro chemiluminescence
immunoassay), L = > {ifiH (3 RIA2 itk (Double
- antibody Radioimmunoassay), 7V FZA 71 »
(& RIA [EAH i, SEEENE TR (FFA) (3R,
TNA=AEIANFVFF LUV, HT7a—)
TIV (TFRLVFY Y, ST RLFYY) I,
HPLC (&#ififkru~ 7774 —) #HWT
HEZITo72. B, AHOWED ) BLLA T
VE—nkTurarurofirs BREEEO
7 x— X (G0 - PRSP - AR 2 HERRL,
578 I IR 111K S A 2 s i N AV

1.4.7 #metng

FMEE B OIL TR CEIME £ BaERET
RL72 BHMMOLBIIINEI, BRI, R
WS & RS A ) TP 2T, #
DL D& D ICHE D H T (Two-factor
factional ANOVA) %17\, SXHAEMICHE %
& o 7234 121%, Bonferroni i % H W C post-
hoc 7 A b #1757z, FEMTIZIE, SPSS Ver.24.0
for Windows % V>, falfs 5% il & 47 Bk #E
L L7

2. MRER

Mg o B EBIE, 31417 HTH - 72
%7 2 —AOWEH I, FhzNINEl 4.8+04
H, PEUREA 15316 H, #AEH 26917 HTH -
7z.

fREI, BRI e CHARII S B E T 2 7R
L7z (p=006). F/i, &HMEADHERIBIZAE
IREOEALE IR/ T02kg, AT 1.9%kg T

Holz. WIEPEL, PRI THEERICH
BIZEWEZ/R Lz (p<005). fknEd &
UBIEEI, &7 = — ABICERELRZITRRO 5
Nizhrofz ().

=1 AREMOR T = — XD MK

AL FEIIE AR

55 (cm) 161.3+1.8

fRIE (kg) 578+23 577+24  582+22°
KIEMiE (kg)  146+17 144+16  148+17"
ks (kg)  316+06 316=07  31.8%05
Bl (kg)  43.2+09 432+10  434=077

Mean = SE, p<0.05, ® p=0.06 vs. JFIIH, " p<0.05 vs. HEIRH

FEHWNE I T4 a vy OBEE LCERL
AREBEPEREIR D 7 » r — 2B W THEAINIC 8 %
6 sns [AEME KL L& LA Ky
PR LB 2 [FECIEEHORD | 1E, 4475
WA RUA] 7203 [RREL L] LEE
L7,

IOV F — R HCE (390w ] 1886 + 214kcal/ H,
HEINH] 1809 = 218kcal/ H, # fRH] 1885 + 286kcal/
HThh, 72— AMTHELRZIIED LN
Motz BRBEREBPREIIOVTL 72— XM
THEREIRDO N o7z,

TANITVF=VIE, §RTORAS ¥ MIBW
THMHN A THEIN B & AR E B
WlERR L. s ara ik, Sk, Hen
cl_cEERNICERICEWEZ R L7 (H
2). L= iEMEIE, EEDER 30 4512 BV T
IZHARTHEEICAEBICHWEZ R L7225, T
FATHYTIE7 2 — A OZEITFED SNk o
72 (B3). LEAVEYEMHFTVFATFT Y
BEBLOL = VEEOMBREER2IZRL
7o wRBEIZBWC, SurAsorilr=v
A B Z2AHBE BRSO 57z (r = 0632,
P<0.01)

VT KL v, Es) 30 5B Tl
FaZ AR TEAEHICERICE W EEZ R L7z (F
4). 7FLF) > FFA, Z)va—X, A
WL, 9 XCOFA ¥ MIBWTT7 = —XWIZH
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3001 14.07 -O- smpash
~ 250+ 12,01 ‘O g
E 2 100- T *t -@- 5151
% 2001 B *t
~ (=
N ~ 8.0 *T
T 1501 A
k T 601
N 100 X
2 E 4.0
X 504 i
N N 20

0 : : : . 0.0 : . . .
0 30 60 90  (min) 0 30 60 90  (min)

2 AR OV E Vi ORI
Mean = SE, a p<0.05 vs. Omin, b p<0.05 vs. 30min, C p<0.05 vs. 60min, * p<0.05 , *p<0.01 vs. SR , T p<0.05, vs. HEIHII
TANTVF—VIE, PN TR X O AR ﬁi EmEER L7
TurATa L, S, BRI AR TEAEICEEICE WA R L

3007 14.07
| 120 -O-5hpass
5 290 ' -O- B
E — B
® 200 E 100 @ =1k
= 2 80
A 1501 w
B 100 # 60
Dl N 40
= Y
~ 50] 201
0 . . . . 0.0 . . . .
0 30 60 90  (min) 0 30 60 90  (min)
K3 M7V FATH EEB LY = UiEEORRZL
Mean + SE, a p<0.05 vs. Omin, b p<0.05 vs. 30min, C p<0.05 vs. 60min, p<0.05 vs. Ji i
TN RFATFOYTIE7 2 — AEDEIFBD SN o720, L= Vit CldEsE 30518 v T
Lok A N N T S A =AY - R N e
K2 WAV ELETIVRATO VBEL XL = iR
I i PEINIY HARI
TIVRFAFOY Loy 7VRATFOory LoVl 7HVRAFary L= Uik
IANT VA= -0.246 -0.024 0.19 0.268 -0.19 0.306
TUSATE Y 0.054 -0.02 0.056 -0.002 0.013 0.632%
#p<0.01
60.0+ 900 -
-O-5npass
50.0- -, 800 -O- #5088
— S i
E 400 $ 700 -@- =154
2 " 6001
2 3001 2 500
+~ AY
' .
2 20,01 v 400
A S 4
10.01 N0
' 200 -
00 0 30 60 90  (min) 100 0 30 60 90  (min)

B4 s 7 I T 3 VORI
Mean + SE, * p<0.05 vs. Iz )]
VT KL ) 2B 30 55 412 B CI I I R CEAII A I m W E R R L7z,
T RLFYE, $RTORS Y MZBWTT7 2 — AMICHELRZIRD SN Loz
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BLETROLN G, o7z

3. # ¥

AWFFE T, AREENCHE S RE, R0 %
1B & CHEMRF AR O fR I BEN DB O
THERT L 72,

ARWEFRIC BT 25 AR AE S REOZLIX
¥ 05kg E DT HATHo72. LeLEDBS, %
BAD 7 = — A OEEDOZ LRI H/NT 0.2kg,
RART19%g TH Y, BMAZEPIEFIIRENT &
ASEH 572, Buntetal. X, (AFE%—» F
HillsE L, fe/ME &R 722 #5 L 72k,
BT T13kg F o720 IZx L, KHETIE
26kg TH Y, WHEOFPEEOWEHAKE L
LTS, Z2OHEHE LT, ZHOEAIZIE
HEEHPEBRL TWADOTIE WA LEZRL T

DRI B TREOZALE A 1.9kg &
KEpo 7WERE 24Tl BEINEAICR/ME % 7R
L, AR KMEEZR L. BRI &
EOZLIZOoWTIE, I FETH RIS
BN ENTEY Y, KIFFEOME L FHET
H otz BEIIHA S BN 2 T —EK O
WM L27%<, 2oL 2aicokEoBn

ARG EIKFEL TV TIZ RV EEZLS
nTwa D Z2busyy, 7078270211,
HB A = % BN S Sk P & (R S & B EH
NdDHIENHEINTVE Y KTt
LA N T % — )VIEHRII & AR T 2R
Nhholzhs, TasrA7u ZHIIC T
ERICAE R ICEHWEEZR L, &5, 7ay
27y e L= OIS B AHB R DSE
LN/ NS, EEPOZH A EEREINT L
S UWEEDRE T A 2 LI L o TR
ERIENTOTERVREE L LN,

—77, AWZE TIEARNE = A HRINNC T
FHNCAEBICEWEE R L7 SR AR
IT7DEE DT ERIAIN AR THE AN I = A

W —EIEAIINT 5 L V) RED L R EN
Twa W ZoERE LT, 7O ATFOLD
TERIC X - CHEBEDE T V), AEEAH =M
THIUPHEL TV EELLRTNS 21
RIFZECTIFBI T AV F— 227 = — AHD#EIT
RO LN o 7208, RIEHEASEEML 72, AW
T, HEZ AV —m2llE L TV iRwnizo,
IANVFE—=INT V AIZOWTIIAHTH 575,
FEZ AV F—HENEF AV —HEET L
0% 2 &2 X o THREEIESEIM L 72T ReME & & 2
5.

JREZ T ANF—L LCTEHET B2, Gl
HMEOEMOZEMEIZT FLF) v/ V7 FL
F)YREDHNTA-NT I VPETH. Fh
Lo THRNVEVEZE) N—BOEE»E T
D, SRR OGBS R S W AR
ZETIT AR AR TEAEIC VT KL »
PHEBICEHWEZ R L2 L5, EEHICER

REI AT T LI L o THIVE VM) 28—
YOEERET Y, BIOS@IRESNS L E
Zbhiz,

IZ Mz A v A Vgt EE e H1EH
FEL D SO | ERBICEEEICET S § B
LR DIEME % (RS X & 2 EH A 50 1617 —
FH, TUurATa A v R) YRS E RO D
CEREEIRTWL Y, 2oy, BE#E
JOMRERH I AREINAE) = A b u Sy B X
7y AT ViREOZALIRET 5 L E RS
T3 8 Campbell et al. 1%, HEIHHI L )
D7)V 3 — A D appearance & disappearance 75 TH
REICHARTREC 2B L 2R LY. Kifse
TR ORIZE LC, M7V a—AEE
WEL72DS, 72— AMICAEERZTIRD 5N
otz F7o, EEIEEO M FFA B &5
I—7 Y OFFFRITEOMBE EZ IR 2 &2 &
NTwaH 2 KT, ZHEB X UES)
oI FFA I 7 « — XA O H & 7% 7213738
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BY, EBEEOECHEE L TV LIRS E
b,

Dbz s, BAEEIIAEKS &M
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HThrlwz b SHEOBEELTUE, AR
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Effect of Sleep Deprivation on Cardiorespiratory Responses
During Prolonged Exercise in the Heat

by

Bun Tsuji
Department of Health Sciences,
Prefectural University of Hiroshima
Takeshi Nishiyasu
Institute of Health and Sport Sciences,
University of Tsukuba

ABSTRACT

Hyperthermia during exercise leads to increases in ventilation independently of
metabolic factors, resulting in hypocapnia and cerebral hypoperfusion. This study
examined the effects of sleep deprivation on body temperature and cardiorespiratory
responses during exercise in the heat. Six male subjects performed a cycle exercise at
50% of peak oxygen uptake in the heat (37C ambient temperature and 50% relative
humidity) until their esophageal temperature (Tes) reached 39C or they could no
longer continue the exercise. Normal sleep (control trial) or ~28 h of wakefulness
(sleep loss trial) preceded the exercise-heat test. Tes, minute ventilation (Vg),
respiratory gases, sweat rate (ventilated capsule method) and skin blood flow (laser-

Doppler), heart rate and arterial blood pressure during the exercise were measured
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continuously. Exercise duration did not differ between trials (P> 0.05). T at rest

tended to be lower in the sleep loss than control trial, and it during exercise and at

the end of exercise did not differ between trials (P > 0.05). Plotting ventilatory and

thermoregulatory responses against Tes showed that Vg at Tes of 38.8°C was higher

in the sleep loss than control trial (P < 0.05), and the sensitivity of Vg to rising Tes

(slope of the Tes Vg relation) tended to be greater in the sleep loss than control trial.

Sleep loss did not affect the Teg thresholds for sweating and cutaneous vasodilation

and the sensitivities of the responses (P > 0.05). These results indicate that during

prolonged exercise in the heat, sleep deprivation can accelerate hyperthermia-induced

hyperventilation during prolonged submaximal exercise in the heat.

2 B

B BT FEbe 1Y S B IRE O AR B L OSEIRARG B S
T RAFT IR OB A MET L7, 6 Ao
Pex x5 s L, BT TOHRME (50%VO0spea)
— AR ES) %, EFHEER (Control 514)
B LUK 28 IR OB % £+ 9 Wik (Sleep loss 5=
) @250 T CHEM L7z Sk R 125
HRITEVIEIA SN Do 72, il (Tes) 3%
F IR |2 3B\ T Sleep loss Gt TR\ T & 7R L 72
25, EEPEES X OEBIFE TIRFO Teg 127213 A 5
Th o7z, Tes \IR L TS E L O - FZAE I
TS E Ty ML, EEEMRIE RS D RATT
A L ORIEREI UL G L7z, 2 ofFR, &
A E AT T AR T DK (Tes &
S (VE) OBMRICBT 2 MBEMOMES) 13,
Control 5= X 1) & Sleep loss & T &5\ E[] %
R, &5ICE— T B VEI1X 388TI2BWT
Sleep loss 2 CHEICEM LR L7z, FITFHLG
B L ORI MBI D Tes B2 5 NI Teg L5
X 2 SR D EZ I L TEIEAS N
Polz. INLOHKRENPL, BT TORKNTH
BRI BT, —BMEORIIRIZ & > TR
LA RO TTHELIC A KT 5 W REMEAVRIE S
nr.

&

Jll]

SHRE T CHEB 21T &, BEENIRE ) BUE
RO X o> TRIEDS L7435, ZofiE L
FHFIZ TR Z OIS NS T & AVEFTgE
TE s & Tw 4 (Cabanac & White, 1995;
Nybo & Nielsen, 2001; Hayashi et al. 2006; Fujii et
al. 2008, Tsuji et al. 2016) . ki b 5HE 2 L5
N B IGTCHESISIZ & - T, ERH O COy A5 F
WZHEH S MBIRIMAH COp B EDMRT 456 2 & T,
i LAE 2SI LIt s MK T 972 2 L AR S
T\ % (Nybo & Nielsen, 2001; Brothers et al. 2009;
Hayashi et al. 2011; Nelson et al. 2011) %67 8 =
DRI DT IS & o TR TO R EAMET
L, #E9e LChiRas E5 (Nybo et al. 2002) 9
TLZEDRHESN TS, T2, BT CORE
B 722 @R AU D BRI CO2 43 HE DT 2
Lo T, FETES L O ME OB &
11 (Albert 1966; Robinson & King, 1971; Fujii et al.
2012) 101112 peippki o) ERAE SR S0
Z EDHE S Tw b (Robinson & King, 1971)
WP EoRFERr S, HREAHICASR
LIS TCHE S & F AR 2 BRI COo
THEOET A, BT COMEE)/ T 5 —~ v A&
TRBHFEDO—HTH AT REEAVRIZEE NS, L
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L, BECT BN O3 TTHE UG R B IR
COy FIEDIRT B ED &9 AT L o TEALT
5O TICHS AT,

AR IEREER Y 7 N T — 2, AR—
FIZBIL2ERMO 74~ (F) 12X+
57 MEIRADSHELR T & 2 WIRRE TEB 21T 9 B & a8
T 5. HAGREHSIC X 2B EDF B
FREH AR RO S AENOERE DI S U
TEH, ZHCHERKED K& CHERT L EE 2
LA, HERAEIZ L 2 &R O LB SN
HEIZIZE AL DI TW AR, [ERAE
P DB X ONEBEE O B RS2 KU TR
Mt L 72 B T 5eio B\ T, WIIRIC & - Coeiis
BB ERBS (0%, AR, BRREE)
FIEEAEEEEZZT RV ERRE SR TV
(Fiorica et al. 1968) ' JEB)I o SIS 12 B LTI,
IR 1S & o THIE T BB 12 381 2 08180%0 10
FE, BRHEEIEISEVIZRS 2w, kR
Fl ol e HE SN T 5 (Martin, 1981)
W UL, BRAEICE > CRAEEETIZE
2B OIRF UL ED & 9 Bt 2T 5
OMPEE o7 KWL TIE RV,

Dbz &t KWIGETIE, —#@EORIRAS
EBCN BRI BT D IIIEER O, R AR
FEEOWSICESUSIZ ED X 9 e R+ 0
PGS L7z

1. MRAE

1.1 #HERE

BEBRE L 6 B DR B [0 27+4 (SD)

B 171+5cm, A :64=7 kg, Ik

AR (VOspear) © 45.1 £5.7 ml/kg/min] Td -

c. RERRL, FrERMEOMHEE B S OKREE G
MiSa, BRI D, HECE IS

E=S 7.
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b
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e
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1.2 VOgpeak Test

VOspea 1, 55 I 56 2 Wi LR ES) (S1SE,
Monark, Sweden) % H W TR 72, HWEIZE R
25C, HHRFIREE 50% |23 0E & - BRBE I =
(Fujiika, Japan) TiT->7z. 3 MD 7 + — 3 ¥
77 v 7 (30W, 60rpm) ATV, 1B OKE %
ATt 60W 205 1574512 15W 3 D A fif &
WS EEFRMICEL F CHEB T/
B O <~ &)V [ldEE0IE 60rpm & L, 50rpm BLF
275 L TRBHRME L T 25T
(RM300i, Minato Medical Science, Japan) % H \»
TR AZRE L. BoNTZT— 5 50
i (Ve), BEEEIUE (VOo) B & TR Lk
i (VCO2) % 60 I L TR, #hikR
FH O D E VO, DIEE VOspeu & L72.

1.3 BHTEHAEHFT I b

VOopeax PIE 5 7% { &% 3 HELEZITTH
5, BEATEBAMT A MEEmHLL. ZOT A
FTiE, OWIRD L<I1X @QFBFOMERE & - 72
%, BENIEBEIRE T C—EAM (50% ) ©Hix
BORE) 2 AT o 72, BLERE X FEER 24 IR Wi A 51
LWEE), 7Vva—VBIXOh 7214 v E2GAE
FIORF ORI A 45 2 7z

WriR St (Sleep loss §ef) Tl3, #Ba#E XS &
AL 72 BICEREBISRE L, HiREROEN
ZBWwT, MEREZ &S FICHEY (AM8:30) T
BTL7z (AM 6:30 IZBEEDHIEZHEML72).
DL, FEEZT-oGEIL, WEIZZORN
ZEEEEAL L 72, 24U XY Sleep loss §:1E T,
#) 28 BRI O (Wrilk) IRFEE 2572 (1), —
J5. B HER S (Control 5:14) TIE, HEIZT
TEGE ) ORERZ &), BEEofF (AM 6:30 %
T) I T b %ER= k= L 72 (AM 8:30).

M4t D12, AM 8:30 IZEBR=E % i /24,
BREEM 25°C, HHXHREE 50% (12 3% 58 L 72 BRage i 18
FWIZBWT, Al (Te) WEHOBEN % &
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deslr‘ieveaption Exercise -Heat
Normal i ; est
S|eep or ~AM 1000
daily activities Normal sleep J,Exerase start
: ' AM830
~PM22:00 ~AM6:00 ~PM 22:00 ~AM6:00
< ................ ~28 h wakefulness ................. >

1 Experimental protocol

POHEOVAORSETIHALL. oY
RAEAT-> T, REXFHIL 2. BREER37C,
AR 50%, JAE 0.2 m/s LA SRR E L 7o Bk
FIEEMICEEIL, £33 7 Ny NEBTOE
BIHICU R L2 HEEE TV T X — ¥ — O 112
D, 30 ~40 s OZEIREYRo 72 ZORMIC
I ERERE (OIHTE =% —, BB IRNEH O 2
B, FATEMER O 7Y, B i§ it = H
o7u—7, MEMERO A 7, CEREH O
TR, AT AGHHO~ A7) 23872 10
O NR=ZF 4 2 (ZF) WEEZIT- 721k, B
B#r 1% VOopeak O 50% 58 FE O £ C 1 iz B E B
ERL . EENE, 1) EIAIRORIETH S
AEIRAT39.0CIET 24, 2) BB MR T &
%l B (WEBRE AR F )V SR 60rpm % HEFFC
ERd b)) FTTo7. EBRTH, PHREF
FECHOLAREFM AT 72

1.4 BINTA—2—DRTERZE

Tes (FEEXT ZHWTHEL, 77— 513187
27 =% ua#—3 A7 4 (WE7000, Yokogawa,
Japan) ZM LTIy ¥ a—% —|Z5EEL, 300
RV L 222 AT IV 72, A% (HR)
¥ HR £ = % — (Vantage NV, POLAR) % i\ T
S5HIClE L, 30 MmIC P LMET—%
ELTHwZ, BRIMEE, 7—7 Vo kil k
BB & [ 72 LGl O A& 12 G b, BBl T
(STBP-780, Nippon Colin, Japan) % Ji\»C 1 44
WZHIE L7z, SFIEARILE (MAP) (3 455R ] i

FE+ UBAREC & 0 B L7z BT 25547 13
VOspear 172 & WM 7% ATV, Vi, —
B E (Vr), R (), FFEGRER COg 43
£ (Perco,), VOz, VCOp It UM 28 I % &
Tk 7z FTsETE (SR) 1F, B0 7t
WEIZ K o TUIE L7z, BBERE I TN
(346 cm?) IZFA S, 7T EUHSFIT 2%
RKOUWRE A HEA=IREL L~ — (HMP 45ASPF,
Vaisala, Finland) % fJ\V>Cill%£ L, SR Z & L7z,
R i1 L — 4 — K v 7 F — it (ALF21;
Advance, Tokyo, Japan) % i\, JIFIZBIT 5
B R M s & 1 B IllE L7z, Mg a > 87
7% v A (SVC) 3, KFIMiis = MAP T L
THEIW LA F7-, £BINER)EE (RPE) LI
W %577 1% (Effort of Breathing; 10 scale) % iE®j 5

S E L7z

1.5 F— 2@

SRR B RE D BARE (VE, V1, f,
Perco,) ZMatT 572012, Tes ICH L THK/8T
A—=%—%70y b L7 INSBHTIZIE30s D
P T — 5w vz, RANTHEEC XD BRES
R, FOME % Teg LFITHT 25K SE DK
YOI L LT Vi, Vr, fIEEB) B
%, Z2WIIHIL 455 CERIREIC R 2720,
AR AR AT I EE) 5 7 B Do 7 — 7 % v
7o, F72, RIRFAFRUG (SR B L USVC) % Te
LT Tay ML, EREEGT RT3
YEa—=F—=TNT) XLx T, EEFEH

T v AR—=UEEE Vol. 38



DRHDHNE 72 D X9 7 3OO RIFER A FHH
L7z, SRB LU SVCHMOD T BEIX, 200
FURER (120 20D RIFHER) D385 &
LTk HEPRORKEL RS 200D
EMROEHE % Tes LT % SR BLUSVC ®
EZEDIRIE L LT,

1.6 fHEte

FERZAL T — 213, SefFB L OME R &
& F 5 ZIEE O AT (two-way repeated-
measures ANOVA) % W CEDIRE %17 - 7-.
FRZELT— 513, ZEB LU T LNV EZER
& 9 % two-way repeated-measures ANOVA % H\»
TEOBEZRITo> 72, TWAMICBWT, AE%
TR RDFRD /-84 121%, Bonferroni D% 5
R a2 HWTHEBRRIELRITo 72, Tes LAITHED
#5 (Ve, Vi, f, Perco,) B & ORI (SR,
SVC) FUCORIME & 2t (&) 1260 5 &M

145

M OEDMEIIL, paired t-test Z HV 72, 7 —
ZIE T RCFHME + F#EFAE (SD) TR L7
FTARTOMEIC B THETAE ZKEE 5% i
L L7

2. MRER

2.1 EEEEES S UTHERDE

T Bk AT R 1%, Sleep loss £t T 625+23.8
min, Control 52T 63.3+24.4 min TH Y, Fi
M CTEEALNL P72 (P=036). FERI=
i%, Sleep loss 54T -2.17+0.22%, Control =14
T-222%023% CTH Y, FFEHOEZALNS
o7z,

2.2 T EH0HEHLCERKT
BOT — &

1 CHKHE, ED) 30 47 H B X OSEBNE T

B B HRRS & OWIARBES & RS B

% 1 Cardiorespiratory, metabolic and thermoregulatory responses during baseline, 30 min of exercise and the end of exercise

Baseline 30 min of exercise End of exercise
Tes , C Sleep loss 36.6+ 0.2 379+ 0.9 388+t 04
Control 36.7+ 0.2 379+ 09 388+0.5
HR , beats/min Sleep loss 634+ 8.6 141.1+ 17.7 165.7+ 8.4
Control 68.1+ 9.6 138.3+ 15.0 162.1+ 4.6
MAP , mmHg Sleep loss 90.2+ 95 97.7+ 5.6% 940+ 94
Control 874+ 45 91.8+ 6.1 925+ 6.1
SVC, %baseline Sleep loss 100+ 0 598 + 589 592 + 567
Control 100+ 0 508 = 380 529 + 401
SR, mg/cm?min  Sleep loss 0.14* 0.12 09+ 0.3 1.0£03
Control 0.15+ 0.11 1.0+ 05 1104
Vg , I/min Sleep loss 92+ 04 497+ 59 584+73
Control 9.0+ 0.7 489+ 4.3 549+5.0
V1 ,ml Sleep loss 567 = 49 1454+ 171 1416+ 238
Control 585+ 94.7 1517 = 268 1413+ 275
f, breaths/min Sleep loss 163+ 1.8 349+ 6.8 423+78
Control 158+ 3.0 33479 400+ 7.3
Perco2 ,mmHg Sleep loss 371+ 34 406t 5.7 36.9+t52
Control 377+ 19 39.7+ 36 376*32
VO, , ml/min Sleep loss 263+ 25 1736 + 234 1843+ 315
Control 272+ 41 1715+ 231 1836 + 320
VCO; , ml/min Sleep loss 223+ 20 1629 = 148 1714+ 189 *
Control 219+ 21 1577+ 154 1659 + 223
RER , units Sleep loss 0.85+ 0.05 0.94+ 0.05 094+ 0.07*
Control 0.81+ 0.06 092+ 0.04 0.91+0.05
RPE Sleep loss — 150+ 1.1 182+ 1.8
Control — 145+ 0.8 180+ 1.7
Effort of breathing Sleep loss — 5.7+ 08 7710
Control — 50+ 09 73+ 1.2

Values are means = SD.n = 6. *P < 0.05, sleep loss vs. control. T, esophageal temperature; HR, heart rate; MAP, mean arterial pressure; SVC,
skin vascular conductance; SR, sweat rate; Vg, minute ventilation; Vr, tidal volume; f , respiratory frequency; Percoz, end-tidal carbon dioxide
pressure; VO, oxygen uptake; VCO», carbon dioxide output; RER, respiratory exchange ratio; RPE, ratings of perceived exertion.
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# 2 Core temperature thresholds and sensitivities calculated after plotting the indicated variables against esophageal temperature

Sleep loss Control P value
Threshold, C
Sweat rate 36.5 £ 0.5 365 =04 0.80
Skin vascular conductance 36.7 £ 0.3 366 = 0.2 0.22
Sensitivity
Sweat rate, mg'-cm™?-min! - C 1 08 +03 09 +0.3 0.44
Skin vascular conductance, units- C ! 627 + 612 568 + 455 0.74
Minute ventilation, I-min™!-C ! 74 33 6.3 29 0.15
Tidal volume, ml- T ™! 669 = 1103 -88.6 + 78.2 0.63
Respiratory frequency, breaths-min'-C ! 6.6 = 3.7 70 £43 0.71
End-tidal CO» pressure, Torr-C ! 41 %20 -38 =20 0.67
Values are means =SD.n = 6.
LI D Tes 13 Sleep loss Gt TR ETA 278 L 2. 4 R—FEBEEEFOFRS &L OEEHRE

(P=0.14), EBEEZ & NIEBIE T Ty (P=
057) IZE&MTHEZIIALN D> 72. SVC
BLUSRICEFHMOEIAON o7z, LHF
D VE 12T A SN o 7278, BB T
O Vg |3 Sleep loss G Tl % 7R3 @I d - 72
(P=0.14). VCO, 1Z3EH) 30 47 H B X OSEBp#E T
FICHED L@ zR L (P<006), &
B # T IRED RER 1 Sleep loss 5= TH =2 =1l
ZoR L7z, SEEEIZEEHR O HR & Sleep loss &1
T (P=0.14), #EBE# TIKEO HR X Sleep loss
FECEWVWERIIZH - 72 (P=0.16). EB) 30 55
H @ MAP i Sleep loss 5 CHBEICE M AR L
7278, B TR MAP I2EW I B h o 7z, T
B © RPE 1 Sleep loss 41 T W EHTANIZ & -
7278, GEEIR TEEO RPE 12213 % Ao 72 (P =
0.70).

2.3 Tes ERICHT 2ERICDBEZ M
Tes & WU 35 X OVl il 8 UG DO BRI B 1 %

BMES L ORZ 2R 2IRT. BITFB LUK
J§ M TEIR O Tes BIME ISR CTRWITA SN
o lz R, Tes ERICHT AT B L O

JE MUFE IO B NI A S N Do 72, Tes
AR 5 Ve BN B2k E, Control £
£ D b Sleep loss G TEIVETT & 7R L 72, Tes
EFAZHT B fHIIN, Ve B £ O Pereo, T DK
S CTHBELECITIA LN R o 72,

Kt

Tes 37.0-39.0C O FEFA 12 BT, 04C H D
BELANVAT, Tog ERCHS 2 Ve Vr, f,
Perco, HR, SR B X 1FSVC OZALA M L 7.
Tes L XV ZF N ZF 1 37.2C (Sleep loss: 37.2+
0.0 C vs. Control: 37.2+0.0 C), 376 T (Sleep
loss: 37.6=0.0C vs. Control: 37.6+0.1C), 38.0C
(Sleep loss: 38.0+0.0C vs. Control: 38.0+0.0C),
38.4C (Sleep loss: 38.4=0.1T vs. Control: 38.4 =
0.1C), 38.8C (Sleep loss: 38.8+0.0C vs. Control:
388+00C) & L7z B212Te & Vi VB &

O FOMBEERY. Widelhe b1, Vild Te b
I TR A 12 L, 388T 12 TZ)VE
Sleep loss 5= THEICH M % /R L7z (K 2A).

Sleep loss 512 BWT, Vrid 37.2-37.6CI2B W
THED LFRwEm =L (M2B), —
EEfE %R L7z (B2C). Pereo, (&, Tes 1712
o THRAIET L, ZOZLIZEMERoE:IZ
AHNroTz.

3 1d Tes LTS 2 IR ED KOG 3 & O
BS R L TW5A. [{— T BiI2B1T 5 SR B
LU SVC 124 & T 2 h o 72 (F 3A, B).
HR % 38.4-388C 2B\, Control &1 X 1 &

Sleep loss 5 TR\ MEIANIZH o 72 (B 3C).
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25368 372 376 38 384 388
Esophageal Temperature (C)

2 Esophageal temperature-dependent changes in
minute ventilation (A), tidal volume (B) and respiratory
frequency (C) during sleep loss and control trials.

*P < 0.05, sleep loss vs. control. The numbers adjacent to
the symbols indicate the number of subjects remaining at the
corresponding temperature.

3. % ¥

RIFFE T, # 28 R O R % £ —@Eiko
WA 32 2T Refe 1 E B R ORI 3 & OMFIR A BR
FB I RAT T HBIZOWTIRE L7, EafRE
Sleep loss §fH 2BV, 1) EEBAIREFIZHES
WATTHERS (Tes & Ve & DEYREMOMEX) 13
Control & & 0 b3 2 MM ERL, F72M
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1.4,
—a—Sleep loss

1.2 —o—Control
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04r
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O
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36.8 372 376 38 38.4 388
Esophageal Temperature (C)

120

X3 Esophageal temperature-dependent changes in local
sweat rate (A), skin vascular conductance (B) and heart
rate (C) during sleep loss and control trials.

The numbers adjacent to the symbols indicate the number of
subjects remaining at the corresponding temperature.

— Tos B Vg 12 388C I BV CTH EIC B &R
L7z &, 3) 372-37.6C DI — T FRIZB W T,
I-Ig 28 5 — > 9324k L, Vo O & fo s
Ao &, 512, 3) HEEAmR EA IS
R BUG (Tes & SR B X N SVC ORRIZE
T A BMESB & OME &) 1E Control 514 & @&V i3 A
bNGhro/zl b THE. D EoERNPS, B2k
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TTORK T —EBMEBHFICBWT, —#ED
WA LS & - TR L AR OISR ITHE SIS 25 k3
LUREMEDTRIBEE NG,

3.1 BHTEBFOMFN - BIRRICICRIE
THIER DR E

Control Z& @ Vg 1 Tes 5125 L C 51
I L, Tes & VE O RUBEMOME X 12631
min/C Th o7z (FT2). KWfse L MRS
55T TR T R i E) 2 F V72 BT R I B WV
T, 37-40C OREEBAKIREOHF I BT, 1TD
Tes 51285 L C Vg 13 5-10 Umin 840015 % & &
PHEENTEH Y (Nybo & Nielsen, 2001; Hayashi
et al. 2006; Fujii et al. 2008, Tsuji et al. 2012) %34
B AR OE R —HT 5. BRI
BRI RES AT L, MR LEAIZLD
W = 2. — 1 > FEEE) O30 (Tryba and Ramirez
2003) 19, £ rFLawr FolEk (Asmussen
etal. 1965) 17 # i £ 5 12 £k 9 group I and
IV 7 5 @ sk A S 8 (Hertel et al. 1976;
Kumazawa & Mizumura 1967) 18-19 22 & 1) 1
WA ET FAREANDHE N T 4 T RKL, €O
RIBKENEMT HEEZ LN TS, A%k
O Sleep loss M1 BT, Ty LA T2 Vg
DML Control 45t X 0 BN 4 @] % 7~
L (R2), [Al— T BEIZBIT S Vg 1E Teg 388C T
FEICEMEZRLE (B2). INo0fER2E,
— D WIRIZ & o CEHRERIR LA 120k 5 K0T
HESUBAIER T 2 TREMEARIZ S L5 .

INF CTEHREE T ICBIT IR SIS TS
WrIR D2 B2 G L 72 i3 b oo, Hik
BREE T COFRERLAYE B IR 12 B 1T 5 RSS2
HENTWS, Martin (1981) ¥ 1, 20C ol
BT T O 80%VOomax BH b Ly N 3 )V iliEhHE
DINT =< AB LRSI K23 36 K
MOWIR (EEE) OB v e L, Iy EEIcE
% F TOEB AR NI IR & > TR 5

&, EBEIEED VOy B X U VCO, 13 IR o 528
%27, Vg B X URPEZEEICHIKL 7
TEERWMELTYS. E77, VOoma lE—#MED
WPk & > CTZAL L 72V (Martin & Gaddis, 1981)
W 4 LMK T+ 5 (Plyley et al. 1987) 20 = &
BHESNTBY, —HLEARIESR TV
V. ORTFZRIZB VT, EEIHE T O VCO, B X
U 28462 12 1 Sleep loss §F CH B IS E %2 7R
L7z, VO 3 & U8 VCO 3G IS 258 %
ZF A5 TEY (Whipp, 1981) 2, = o
VCO, DI (FREHTEZE DB 75 Sleep loss 41
THROMN VE OB S L Cwizobhd L
. RBECEIZ S 2 OWIRIZAE - EEhiky
@ VCOy BN, i 78 D 6174 4 (Martin 1981;
Martin & Gaddis, 1981) %% & 13 —5a4, 20
FRIZOWTIEAHTH 54, Bbim (B3R5
vs. WIRERBE) RWIREEM OEYV, S5 (2I3EH)
R, EEIFR OBV EDER L TV Eond
Lz, £7z2, SBATHIgE & MAERIC, RPE S
EERTMECH -7 s, RIFETRON
72WHIREE D Vi OBIINZIE, KB E A & DL
P (2 boova~y R) oS
BG- L CWmT D E 2 51 b.

R AR, B EE AR T4 2 2 &2
GERE 2 S NICEBF I BW T B S LTw
%, O AR ORI T 38~ 2 1T
AR LT 57 (Bainetal. 2014) 2, it 2
BT BRI L S B PORIMENIR (% O RS2 1
WA AR 4) M E O T2, AR LA
O ITTHENZ AR ) BIIRIM A COo 7 EAL T ASK &
CBMRT 5 2 EHE 8N T4 (Rasmussen et
al. 2006; Hayashi et al. 2011) 247 K#f3eiz B
T, GREBAUR AR A D BT RS IR IR 12
X5 THA L7275 Pgrco, DI F 12 4 fhH <
WIRA LN o2 Z s, WIRAIFR A L
7B RIM A COy 3 EARTT & Z AL B3 4 ik i
TR TFICRITTHERII LA LRV LT
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NAH. L L, W72 24 T @B oo o I e e
IZED LD e RITTONIE I N E THE S
NTBLITARATH Y, H4HRO S5 7% DI L
HTH5b.

3.2 BHTEHEBOKFERMHRICICRIZT
WTAR D 22

PEEB AR A O 56T 35 & OV R Il i UG 1,
WIS L 2 BT T hd ol (R1,2BL0D
X3). ZOREFIE, 30 KEHOBIR (FEE)
12 & o TR T (28C) T b B ks |2
BT 2 5T 5 & B2 M SUS 2T L7z & v
5 Sawka et al. (1984) ¥ O#iE L 13 R4 L.
DOMEDFERO—2 & LT, REROENE Z
AT 2 IRBHIH L NV OFENDE R N5,
Sawka et al. (1984) %) 13 Teg 75 05~0.7C D 5 %
P BB ThH o 72Dk LT, AW TIEAR 20T
D Tes LHDE L Tz, BEERERO 5T
BLOEFINEREEZDI SR T72005 7% A
JHETH Y, FTBATFEIC AR TARIZETIE, 2
DFEFTARIRRL IO FAE G VAR E <, Wik
12 & BRI SN R EE 2 < A 7 LT\ izn]
REMEDSE 2 bILh,. —J7 T, iEBET (Sawka et al.
1984) ) 5 X INBET (Moore et al. 2013) 20 3
BRI B BIELMERO AL, —BIEo R
LB EZI RN EATRENTEY, 2
KWFEAER L —HT L bDTH 7.

4. % &

AWZETIE, 6 HOREREEZIRE LT, #
28 55 [l D SRR & ¥ 9 — WP O W IR 70~ 2 24T Foe
R E B ORI S & OTPIRAEER BOS 2 K (T 5258
IZOWTHRS L7z, ARERD S, BB EBIRFO
PRERM IR & UV ORI aR B SUC I ITIRIC & 2 5%
BT RV, IR EFAE ) HRTTHER

LIRS & > THER Y B Wl el RIZ S 7z,
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ABSTRACT

Skeletal muscle is the major organ responsible for whole-body glucose metabolism
and utilization. Heat stress (HS) has been implicated in the regulation of whole-body
glucose homeostasis. Recently, we have demonstrated that short-term HS (for 10 and
30 min) in vitro activates insulin-independent glucose transport, at least in part by
stimulating 5'-AMP-activated protein kinase (AMPK) via decreased energy status
in rat skeletal muscle. However, there have been no reports about the effect of acute
HS (< 30 min) on glycogen and protein metabolism in skeletal muscle. The purpose

of this study was to investigate the effect of short-term HS on glycogen and protein
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synthesis using rat skeletal muscle. Male Sprague-Dawley rats weighing 150 g were
killed by cervical dislocation without anesthesia, and epitrochlearis muscles were
isolated. Muscle was then incubated in the absence or presence of HS (42°C, 30 min)
in alpha minimum essential medium containing 50 x4 U/mL insulin. HS decreased
glycogen content and activated glycogen synthesis with decreasing the phosphorylation
of glycogen synthase kinase 3§, without affecting the phosphorylation of glycogen
synthase. HS tended to decrease protein synthesis, and correspondingly, HS decreased
the phosphorylation of p70 ribosomal protein S6 kinase and 4E-binding protein 1. On
the other hand, HS did not affect the mRNA expression of muscle-specific ubiquitin
ligases: muscle atrophy F-box/atrogin-1 and muscle ring finger 1, or protein expression
of autophagy-related markers: microtubule-associated protein 1 light chain 3 and
p62. In conclusion, short-term HS might be a physiologically relevant stimulus that
promotes glucose transport/glycogen synthesis axis and inhibit protein synthesis in
skeletal muscle. Although further study is warranted, HS has similar action to exercise
by acutely activating glycogen synthesis and suppressing protein synthesis with a

reduction of the glycogen content in skeletal muscle.
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Cell Signaling Technology), phospho-p70 s6 kinase
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Primer Forward Reverse

Rpsl8 5-AAGTTTCAGCACATCCTGCGAGTA-3' 5-TTGGTGAGGTCAATGTCTGCTTTC-3'
MuRF1 5-GACTCCTGCCGAGTGACCAA-3' 5'-TTCTCGTCCAGGATGGCGTA-3'
Atrogin-1 5'-CAACATGTGGGTGTATCGAATGG-3' 5'-TGATGTTCAGTTGTAAGCACACAGG-3'
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Relationship between Cerebrovascular Responsiveness to Hypercapnia,

Arterial Stiffness, and Aerobic Capacity in College Students
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ABSTRACT

The purpose of this study was to evaluate if cerebrovascular responsiveness to
hypercapnia determined by a brief exposure to a high level of COy gas mixture
is associated with arterial stiffness and aerobic capacity in young healthy adults.
Twenty-four college students participated in this study. The study of cerebrovascular
responsiveness to hypercapnia, arterial stiffness and aerobic capacity were conducted.
To examine cerebrovascular responsiveness to hypercapnia, they wore a mask
connected with 2-way valve and they were exposed without them knowing to a
10 % CO gas mixture just for 2 breaths to induce brief hypercapnia. To evaluate
cerebrovascular response to hypercapnia, changes in total hemoglobin (tHb) on the

forehead using near-infrared spectroscopy (NIRS) and end-tidal PCOs (PgrCO»)
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using a COy analyzer were measured continuously throughout the examination. The
cerebrovascular responsiveness to hypercapnia was assessed as changes in tHb over
changes in PrrCO». Arterial stiffness was assessed by the cardio-ankle vascular index
(CAVI) . Peak Oy uptake was measured to evaluate aerobic capacity. Following the
exposure to hypercapnic gas mean blood pressure and SaO» were not affected, while
heart rate was increased. By the exposure to hypercapnic gas PgrCO2 was increased
from 38+4mmHg to 51 + 3mmHg, and tHb over the forehead was increased by
0.012+£0.012 mM. Among these subjects there was a negative correlation between
CAVI and aerobic capacity (r=-0.47, P<0.05) . On the other hand, there was no
correlation between cerebrovascular responsiveness to hypercapnia and aerobic
capacity or CAVI. It was concluded that the cerebrovascular responsiveness to

hypercapnia determined by a brief exposure to high level of CO3 and by NIRS is not

associated with aerobic capacity or arterial stiffness in young healthy adults.
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i M X BN IR — B AL e 250 = 2L LT
BURIC S L, el AW A & 2 BR = e fb ik
FOEO LA O MR - MiRshnz 5] &
=% (Ideetal.J. Physiol. 2007) V. ZhF T, @
MR BRA L e 3250 FE O LA 33 2 BN o BOa
X, mEEE, SIRIE, SIEEE TIHMET S5
ZEPMEEINTYL, —F, ZOEMbREIC
X9 2 I O FOGED B IR EEERE L L &
3 BEMRICH 20N, —F L7z RIESE ST
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Vv, INFETOMIETIE, FEREEY A % 55D
FEML, FIUSKS B IR ARG R
12X BRI RLDOZALZFFI L T b, LAL,
R AT A R BT A S B L AL R PO IS
ENVIMERLAT LI EnG, MEDOILRO A%
S PG OZb BN o BB IS B E 52
HEEZ N, MERSELFHNT 5 720121
FEOREZR/NBICHALZENLEING. Eik
BRI A % 2 W D AW A S % 2-breath #: TN
M OBIMAFED 5N B A, MEDZELIZFES &
9, 2-breath : CIRIMFEDHE LRI TE L LE
2 5MN% (Edwards et al. 2003) 2.

RWFFECTIE, HERABEET R L L,
2-breath ¥ % HI V> i85 B R A A B 5009 5 A o i
O RS & KR FIENGE & OOV T
SN T A2 HMBE LT,

1. RRAE

W7 m b a— i, AR EmEZE RS &
DHESNETEN/ZLDOTHY, ZIUfENE
TSNz, REE 24 ADPHBHRHEE L TSML:
(e 0 203+ 1.1 1%, H&:1729+55cm, A ;
628+70kg). TN O OBEEREIIH LT, MEMR
WIS L D EIIRA 7 1 7 & A OFFMi (Cardio-
Ankle Vascular Index; CAVID), & ikEEH A E st
BRI & Mg R SUSE ORI, Hisdio )L I
A= — % HWEST R E TE S 2 Wi En)
BmEbE TV, HIREMECEER 2 71 L 7.

R AT A E A BRI, R T AW A &
0 PSR T BRAL i 3R 53 T % ZE Bl i I e & )
b LA, OISR TIRILRE D LA
128D e WIRIME A RS FHEE & ) 208
L7272002 &0 B o IS PR UG 2 37 L 72, i
HEORUSIZIE, RIS 6% & (Near-infrared
Spectroscopy; NIRS) % W THAEZ7 O L V&
B (BRFAANEFOE Y +JiRENET DL V)
HE L7z SRR A AR TR, IR o
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FEIRER AT A WA Bk 7o, SRR
AGRRABRTIE, FRF T 2 way- 7NV T2
PERAT wHEE L, 2 way- 2N 7T O NI B
WE 3D/ T RIS L 2 LI DI
HExEHNTL 10% DREEAT A % ZEHIZANE 2
Ld L) ITKEL. WEREITITVORR DL
Wr 32 hEFEET, 10%DREEN A % ik T
20 & E72. 33 NEREY K LIT-
72, 2O, NIRS |2 X B ATEETROBANEZ7 O E
v, DEM, MRMCRZE LR RSE, EE
FEL7-.

WD MAEPEIRBUGHE L, SRR B bk E s
JED FFHIZE b R WRIMEA s EEEL ) &h
ZEVTEEINL 72202 & 0 B I PERR SO % ATl
L7,

i)k =% /NI
= ABANEZ T Y ¥/ 4PerCOy

AMNEZ T Y /1L, REEH ARZEEN 10 7
M OMANE 7 O V2 Sl & | RZRG)
SA40BETORKEEDEE Lz (K1), Ak

602 55
—
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.-\,__'_‘___ 45__
s 001 %Ec
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g 3%
= M AN H
R . Fal . I"‘ . @
20 N 40 60 802538
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4 e BAEJOEVIRE
0025 wIFREKR MRS E 5
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B SRR A 2ANE 7T e s DZ{Lo 16)

I2, APgrCO &, IR A 2 F&EHT 10 75 [H D
PerCOy & 2EHEfH & L R BRI OmAH & D%
E L7z SHOERMET ARED T — 5 %Pk
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W 77 AN B B S U O AR B B AR O A7 fil %
€7V v OGRS E F V- CRH L 7.

2. MEHR

15 R AT A B 12 & D AL 6310 4 / 4
B 65101/~ FA L7228 (P<0.001),
WIEIZZEALIERRD b b o7z (FIRER T AN
NH 77 +15 mmHg vs. B R AW A BRIG# 40
# M 77+16 mmHg). PrrCOs 1% 38 +4 mmHg
2725 51+3mmHg ~NLH L, BANE7OU Vg
F£130.012+0.012 mM O EINAED S5z, K
WFEIC B 2 BB A O KERFHEE 1T 428+
5.6ml/ 55 - kg, CAVI 3 58+05 TdH-7:. CAVI
IR RERZEIE & BB 5z (=
041, P<0.05). —7, kT A B0 5 MK
MEO KIS, CAVI & bR AKMBHEERE L b
A B AR BARIEEED SN o 7.

3. & ¥

R AT ANKRE T 2 B IS BOUG L, ks
LT R S IR IAE O & 9 22 £ TFE R OB % 2
IR EIIR A 7 1+ 7 & A L [AARICIRT
T4, TNHOWMETIE, BOMOwEREET A D
WA % 3 LRI O ZA b &2l LT\ 525, $or
M O EREEA AW AZMTED FA 25 X2 § 72
&, WIGE O ZAIX M LR 721 Tld e < E k
AOEBLZT A, 22T, AWETE, ME LR

DR BT D20, 20T &SRR A %
WA % R AT A AR IRAE & TV, S IRER AT A
VRS B MO I O SUSHEDBIIR A 7 1 7 4 A%
RAMFENEL L0 L) HEEELzD 5 012D
WTHGEF L7z RBFZETId, CAVI & KRR
W & OICEOHBIBERAEED b4, AW
BULZEERNIBWTOHEIRAT 4 7 ADH
BRI AR IC B Z T DR R L o 72, — T,

T R AT AN R B B I BOS TN, IR A
T AT AR LS HEERFIEERRR & S AHBERD S

Nhah otz BERERY A3 3 5 Mo I E s
DEER BB LD 1A LT A 0BT ONT,
—HL7-RFEESN Ty, FEREE N L —
YT ETo TV AR ERETEIEINL—= T
RS & I TCRER 7 A Zx B N IAE O BSOS
WA LT 2 (Tarumi &, 2015)% %, &
FRBME N L —= 0 712 XY RER A AR5 A ki
BoORIERE T - 72 &3 A58 E (Murrell
5, 2013) Y bdsr—%, hEEETERRARSE
IR & R AT AN A I o FOBEIC B o
THEAB RS 5 L T 5 b H A (Thomas &,
2013) Y. TS O E AR OE I, ik
DN FKERTADEM LSS, 512, KD
MERG % FHIS 2 Fihd Ra b, oD%
T, FEHFE Ry 77—k RN TlERd
KEVEIRTH 2 HRHENIR O BSOS % 574 L T
HOIR LT, ARWFZETIRT R MR G-t EE %
WIME A O 2 b2 & 1155 o RUS M % 5 L 72
ZOHETIE, BHEHEFY 77— HWTHK
IREIIR O X 5 1 ZHFE O M O M 24t % 57 L
WA DITTIE R, AREOIME O M E & 0%
b5 L CTW5b, 2O EH olfse s 2 -
TAERDPB N R 2 D0b Ltz v,

1

ARWTFETIE, MG RFPE UL EZHRIC, &
PRBR AT AW AN & 2 B SRR 53 2 i i
DIFRIIEAS, BIIRA T 4 7 AR H MR
RETI & & D &9 B BFRIC S % 7 2 AT L MEE L
TG R, R RFEICBWTERAT 1 7% A
A ERRMEEERE ) & B OMBIBER RO e
A5, TR AT AW AN & B M REREI A 5
i OILRSUSEBIIR A 7 4 7 A AR F R
TEReT) & SHBARMRIERO SN h o7z,

I
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Investigation of Fermented Milk-Derived Biogenics That Improve
Exercise-Induced Glucose Metabolism in Middle-Aged to Elderly People

by

Wataru Aoi, Masayo Iwasa, Ryo Abe
Kyoto Prefectural University

ABSTRACT

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

creatine kinase was significantly lower in the active trial than the placebo trial. In

T v AR—=UEEE Vol. 38
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addition, carbohydrate oxidation after glucose administration was significantly higher

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

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

metabolism associated with suppressing delayed-onset muscle damage.

L |

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

&

Inji

HEMERL A > 2 VM2 S0, R
DT - WECHEGT LI EDELAMSN TV,
COEB ORI, EBF 72T T % EBR LIE
52 2B T O O TTHED S < B5-3
5. —7, WEOREVESPLEHEEO RV EB) O
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BLIEL BT B &, BHEMMEER~O MO
B & LIS OREISEZ ), Wby
BRUEGHRESFR I V. BRESHEEOT
SERDHRAR CTHAHZ LIXEH) FTHRVD, Z
MDA b B I B AU B, EBRPEAEDS
bbb ZePbroTE/z, ITRETICHKA
i, EBROMIBERICITERGO A A LK
FHRERHPIETT 2 2 L 42072 fiHaEE,
T RE R0 S AR | AR A L TSR D i o

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

INAF T =y 7 ATEMMNLOBRETER S
NHWGORHTH Y, Z ORI >V TR
ENTWAD, FURRRESEREFLP I3 2 7 AR TG 1%
RSN DG % & 0hs, T hFEREEFE CTE
BENDLHEA 7 R ERRORTF LT
I BRI, BEREMER BRI E LTE2 NS Y,
KL, EBFEEHBGOFREA =L L L
Y ZDOHITIZ D WTHISEZ D T X 72T,
Lactobacillus helveticus (L. helveticus) ZSFE#FL 12
EHEENDINAFT 229 7 AN T v NEKTHO
PURALBE R PR R T 2 R S8, EE)IC &
B 0iE0 - SE E BT B & v ) BRIV AL A
WY S50, BREBEHRE LRBRICBY
T, L. helveticus Z&EFL O E UL W E) %55 1815
BFOBEA ML ABLOHER#ZUET S 2%
Sz L72Y. LiedioT, SMILisko A
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TV =y A, ERHOUEE B L L7oE
R rE0 L ECEATH L WEENDH D,
DL BERDS, KFETIE, HElE z g
LT, FYHARSTEEZOFEG B L OB
HCB TR EREILERD A ¥ A ks
R DRZENOWTHIRGRES A 2 L 2 HIE L7z,

1. MRAE

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

1.2 HEFIE

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

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

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

1.3 #HEBRR

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

1.4 BIEIEH

1.4.1 BEENIILF—H

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

T2 b AR =Y FEF Vol. 38



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

1.4.3 BRAKBEE

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

1.4.4 ME DA SLUREEERE

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

1.5 #EtETE

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

2. Eﬁ%nn%

2.1 EFhOTENESEE

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

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

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

1 Mgy L7y — iR

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

=1 HARE

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

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

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

2.4 MiEESLUCMmMES R VEE
JEEEH I BT B AR 60 77 R o MAEE, 1
AR VigER, RMETHEELREIALON
Lotz (R2).
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1.007

P=0.10

0.901

0.801

Respiratory quotient

0.70.

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

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

A
5-
P=0.17

4
c 31
£
®
3y 27
[S

1 4

0

C
4 P=0.048
3-
I

£
1S
9 7]
®
1S

14

0 _ S

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

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

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

=3 ML, DHIEB K OIREAEREE

TR TITA4T P

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

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

3. &

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

B IENRKOER#IESETH L Z L h
5, HEMEBEELSHEIRIE, X5 K v 7 ik
HEOTF - D00 E 7 b 2 LA 7R
ENTVD. THEFICHHEIZBNT, VR
) KB X IR D ¥ 7 F VAR R AN
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AU —a ypEmL, fiRRA~NO 7V a— A
HLY SAH AT 2 2 L IHT 2 67, —aik
TEBILC K 2 5 AR AR 3 o0 (e | L Bh 3 o Rt
Wfil 22 120 L 228, EEjh B L OE®ZZT TR

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

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

BRI RO IR IE, EER OB T 7220
Th, BRAT 4 v 7AAD LRHEZF| &R T
CEDFEERTWDE Y coRF 4 v TRAL
i, BRI E D o TEAE L - EER 128
TERPICHEYBLIILERTHLEELLN
TV, MEAT A4 v 73 AD LFIGOIMEEE
DM L7 fEf A Th HA%, HEMISHEB 2T
HTETIMEAT A v TAAPBETT L2 L, F
c B O WR BB ZIIBNTHIMEART 1 v
T A AT N5 2 LA s I, &S
L2 LMEREFHO—HE 22 2 EATRIES L
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Twa BW Lyl miEme L b2 EH)C
BOWTIIEICMEAT 4 v 7R AZEHD DL ED
5, ESL ) D7d0E L CIEA#EYTH
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DOIRBIEIERIL T 7T b REh L LTT 2
TATEETRRMMETH 720 DD, ARELAE
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JEOERVEE TIIME A T 4 v 7 AR E R
BrBLZEShholldbEZON5.

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

HHBEOWKALR HE GG EIZ O & b
7 ) RGO A7 O EHDIEE 2o T
BIRATE T, PR 24 4EIC [21 WAL BT 246
ZRERAEED < ) EB) (lEEEH A 21 GEZR))
9 % SR 25 4RI TREEED < D 0720 0 Sk
ByAEiE 2013) 20 T a4 L, HEEFBICBT
5B OFELZ R THY MADITbI TG &
AHTHAH. EBRIA L LGB L, B
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ABSTRACT

Since patients with spinal cord injury lose their functions of the autonomic nervous
system, it is difficult to regulate body temperature at perspiration and dilation /
contraction of blood vessels. These problems are serious barriers for severely disabled
people to participate in sports. And also, for physically disabled athletes, temperature
control is an important issue from the viewpoint of maintenance of conditions towards
the exercise performance and improvement of training efficiency. In order to solve
these problems, we have attempted to develop a body temperature control system

using core temperature. In this study, we developed the deep body thermometer which
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measure estimated core temperature noninvasively. Then we performed an experiment

with the athlete of the wheelchair marathon to monitor the core temperature during rest

and exercise, using developed deep body thermometer. As a result, it became clear that

the core temperature was higher in the back than in the head and rose after exercise

rather than during exercise. In addition, verification of the measurement accuracy and

response time of the developed deep body thermometer showed that it had sufficient

performance as a sensor used for body temperature control.

Furthermore, we attempted cooling system for temperature control, ergometer

load experiments were conducted for healthy subjects using the cooling system.

Experimental results showed that the rise of deep body temperature on the back was

able to be controlled with enough cooling capability.
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Effects of Sensorimotor Control on Throwing Movements
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ABSTRACT

We investigated the finger forces and kinematics during overarm throwing of
balls with two different textures, from the perspective of the sensorimotor control
of dexterous throwing. Five males threw two different balls, one with a smooth silk
surface and the other with a sandpaper surface, at a target located 2.7 m away as
accurately as possible. The force of the middle finger was measured using a three-

dimensional force transducer at a frequency of 2 kHz. The kinematics were recorded
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using eight motion-capture cameras at 500 Hz. Ball texture did not affect the ball

velocity, range of wrist movement, or peak resultant force. However, the peak shear

force and range of elbow movement were significantly smaller with the silk ball than

the sandpaper ball. The resultant and shear forces had two peaks before the ball release.

The first peak of the resultant force corresponded to the timing of maximal wrist

dorsiflexion, 100 ms before the ball was released, suggesting that this force during the

first half of the forward swing is the propulsive force that imparts the ball velocity.

The second peak, 30 ms before the ball was released, roughly corresponded to the time

when the hand passed the wrist in the direction of the throw, suggesting that this force

contributed to the spin of the ball. In addition, the ball texture affected the shear force

acting on the ball.
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Association of Ectopic Fat Content in Non-Active and Active Muscles with
Muscle or Subcutaneous Fat Thickness in Wheelchair Basketball Players:
New Trial for Identification of Ectopic Fat Content in Skeletal
Muscles of Lower (Non-Active) and Upper (Active) Limbs

by

Maya Hioki, Shusaku Kume
Teikyo Heisei University

ABSTRACT

The present study aimed to determine the relationship between ectopic fat
content and muscle or subcutaneous fat thickness of the upper arm and thigh in
eight wheelchair basketball players (mean age, 41.0 * 10.3 years). Echo intensity
and muscle thickness of the biceps brachii (Bi) and rectus femoris (RF), and of
subcutaneous fat at same sites were determined by ultrasonography. Echo intensity was
taken as ectopic fat content. Echo intensity was calculated based on the mean of a gray
scale. Echo intensity was significantly higher for RF than Bi (p <0.05). Echo intensity
significantly and inversely correlated with the muscle thickness of Bi and RF (both p
< 0.05), whereas echo intensity and subcutaneous fat thickness of both muscles did

not significantly correlate. A significant inverse association between echo intensity and
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muscle thickness persisted in the RF (p < 0.05), but not in the Bi after controlling for

age. These findings suggest that ectopic fat content correlates with muscle mass in the

thigh muscles of male wheelchair basketball players.
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1 Representative ultrasonographic image of upper arm
(A) and thigh (B) of male wheelchair basketball player.
Dotted line, region of interest for echo intensity; dotted arrow,
muscle and subcutaneous fat thickness. Bottom panel, region
of interest with gray-scale histograms. Bi, biceps brachii; Br,
brachialis; F, femur; H, humerus; RF, rectus femoris; Sub. fat,
subcutaneous fat; VI, vastus intermedius
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%< 1 Physical characteristics and body composition of eight male wheelchair basketball players

Mean £ SD Range
Physical characteristics
Age (years) 410 = 10.3 30-62
Duration of injury to measurement (years) 16,5 = 16.7 2-43
Time of sports activity (hour/week) 783 £28 3-12
Height (cm) 1657 + 8.1 154.0- 1778
Weight (kg) 595 + 4.9 53.2-67.5
BMI (kg/m?) 217 +19 19-24
Waist circumference (cm) 777 £ 54 67.0 - 83.0
Skeletal muscle thickness
Biceps brachii (cm) 23+03 19-26
Brachialis (cm) 06 =03 02-10
Upper arm muscles (cm) 29 +03 24-34
Rectus femoris (cm) 13 +06 05-20
Vastus intermedius (cm) 08 +0.3 06-1.6
Thigh muscles (cm) 22+08 14-36
Subcutaneous fat thickness
Upper arm (cm) 0.2 +0.1 0.1-04
Thigh (cm) 0.7 %02 04-10
Upper arm muscles include biceps brachii and brachialis; thigh muscles include rectus femoris and vastus intermedius
WA Z Ao, £/ TO—WELGE TR ‘
BHIE & DBRHED SATIZ 12 ¥ 7 ~ > O IRfHIE |
.. . " . 120 96.6 = 17.4
BEE RV, S50, Ta—MELHE, KT ]
WEWGIE & DOBRRIEICE BMEDFRO b 6120 1001 781451
W, ERCHEE L2 E M OB oMR & 3 8o
. 5 e =1 T = = L
LC, mHBEREE v CtGatiffT 2172072 A g 60
Q
IS 5% il & L7 £ |
<
o Ll(j 20 L
2. RERER
0 Biceps Rectus
brachii femoris

K11, WRESHOGHEREMNESL L UMM
R L7z

23z a =R BT 5 R EEA & KA
EFOREE R L7, LI —@EIZB W TR
id BB EE L L CHBEICEMEE R L
(p<0.05).

30d bl B & RBRIE A O = 3 — B EE &
HEOMBRER L7z, BB a—
SRIE L IR OB ICH B R AOMBIBRIED 5
72 (r=-0.71,p<0.05). F72, KBREFHIZBITS
I — SR & IR O B B R A OB B R H5HR
OHNTz (15=-0.76,p<0.05). 512, (R
Buc Xy, FimzdlEEfe L, —a—mELH
JEDOBBIEICOWTIRET L7z & 2 A, KERERIZ

2 Comparison of echo intensity between
biceps brachii and rectus femoris
*p <0.05.

BWIHERAOHBMRE RO D5 (1= -0.84,
p<005), ERETHEICHEWTIZEMOMRE
Dol (rg=-047,p=0.28) (R 2).

4.0%, b EER & RBRE R O T2 — SRR
LR TIRIEOBGRA R LAz, BB, KR
B L T T — L TRIIEOMICEE 2
MIBEERERD o7 (=064, p = 0.09; 1, =
0.14,p=073).
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Biceps brachii
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Rectus femoris
14001 1,=-0.76,p <0.05

120.0f
100.0F

80.0F

Echo intensity (a.u.)

60.0F

40.0F

20_0 1 1 1 1 )
0.0 0.5 1.0 1.5 2.0 25
Muscle thickness (cm)

3 Relationship between echo intensity and muscle thickness.
a.u., arbitrary units.

100.0¢ r,=-0.71.p<0.05
—~ 90.0F
E|
©
» O
kS
2
i
70.0F
O
600 / 1 1 J
1.5 2.0 2.5 3.0
Muscle thickness (cm)
Biceps brachii
140.0r r,=0.64.p=0.09
120.0f+
3
3 1000}
2
g 80.0} .“ () ®
£ ®
£ 600}
[AN)
40.0}
20.0 ; ) ; ) ;
0.0 0.1 0.2 0.3 0.4 0.5

Subcutaneous fat thickness (cm)

Rectus femoris
1400 r,=-0.14,p=0.73

1200} O O
100.0 ©

80.0 | O O O

60.0 |-

Echo intensity (a.u.)

400 -

20.0 1 1 ]
0.0 0.5 1.0 1.5
Subcutaneous fat thickness (cm)

4 Relationship between echo intensity and subcutaneous fat thickness.
a.u., arbitrary units.

52 Partial correlation coefficients between echo intensity
and muscle thickness for biceps brachii and rectus femoris

. Partial correlation coefficients
Control variables . .
with muscle thickness

Echo intensity

Biceps brachii Age -0.47
Rectus femoris ~ Age -0.84*
#p<0.05
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Study on Wearing Effect of Compression Garment in Daily Living

by

Akihiro Suzuki
National Institute of Technology,
Ichinoseki College

ABSTRACT

[Background] There are many reports of effects of compression wear, mainly in the
case of high intensity exercise, such as reduction of heart rate and muscle pain. There
are a few reports on this effect in daily life. [Purpose] Verify daily life activity state,
[Method] Ten healthy adult men aged 20-50years rested after walking with and without
wearing compression wear for Zminutes. Heart beat, brain waves, and salivary amylase
during that period were measured. [Result] By wearing the compression wear, there
was a significant difference in the activity of the parasympathetic nerve and an (EEG)
wave. There was no significant difference in salivary amylase.

[Conclusion] Psychological relaxation and arousal effect were demonstrated by
wearing compression wear when resting after exercise for a few minutes such as seen in

daily life behavior.
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No. £ (cm) R (kg) JgB (cm) BMI 4 iy PRI
1 168 60 85 21 55 5
2 174 67 92 22 53 5
3 175 67 94 22 45 5
4 162 65 90 25 45 3
5 169 51 83 18 32 i
6 166 58 82 21 22 5
7 172 61 90 21 20 5
8 165 54 82 20 20 U
9 175 74 92 24 19 5
10 166 63 86 23 20 5
Ty 169 62 33 22 33

2 7 5 7 5 2 15
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D 85 212 7.7 65 112 95 198 103
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Bouts of Physical Activity in a Sample of African- a methodological issue, Preventive Medicine, 44,

American Women, Med. Sci. Sports Exerc., 35, No. pp143-147(2007)
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The Effect of Intense Exercise on Cognitive Function:

Focus on Influencing by Cerebral Blood Flow and Oxygenation

by

Takaaki Komiyama, Yasuki Higaki
Fukuoka University
Soichi Ando
The University of Electro-Communications
Mizuki Sudo
Meiji Yasuda Life Foundation of Health and Welfare

ABSTRACT

Cognitive function seems to decline during intense exercise. Concurrently, intense
exercise decreases cerebral blood flow and cerebral oxygenation. Given that brain
neuronal activity needs adequate oxygen delivery, decrease in cerebral blood flow
and cerebral oxygenation may be associated with decline in cognitive function during
intense exercise. The purpose of this study was to determine whether decrease in
cerebral blood flow and cerebral oxygenation is associated with decline in cognitive

function during intense exercise. Fifteen subjects (Age: 23.3 + 1.8 yr, Height: 1.70
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+ (.06 m, Weight: 64.4 = 58 kg, BMI: 225 = 1.9 m?/kg, peak oxygen uptake (peak
VO,) :47.3 = 6.4 ml/min/kg) performed cognitive tasks at rest and during exercise
on the cycle ergometer. Exercise intensities corresponded to 50% (moderate) and
80% (intense) of peak VO, and exercise duration were 7 min, respectively. The
cognitive tasks consisted of Spatial Delayed Response task and GO/NOGO task, which
required working memory and executive function. Cognitive function was evaluated
by accuracy rate and reaction time of the tasks. Middle cerebral artery mean velocity
(MCA Vmean) and cerebral oxygenation were monitored continuously. Cerebral
oxygenation was recorded by near infrared spectroscopy and was expressed as changes
from baseline. Intense exercise significantly impaired accuracy of the cognitive task
as compared with rest and moderate exercise (rest: P < 0.05, moderate P < 0.01). In
contrast, reaction time in the cognitive task was not changed during intense exercise (P
=0.31). MCA Vmean significantly increased during moderate exercise compared with
rest (P <0.01). However, it significantly decreased during intense exercise compared
with moderate exercise (P < 0.01). Cerebral oxygenation tended to decrease during
intense exercise relative to rest (P = 0.058). These findings suggested that decreased

in cerebral blood flow and cerebral oxygenation during intense exercise may be, least in

part, associated with impairment in cognitive function.
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MCA Vipean I22WT, EE 1 Tl 15 AP 7412
PBWT, EREERIC X 2B O 0+ 0 EE
HOH LB ONLNoT720, 8BHDT—
& &R, REREICE, dHE0dH B —TTRLE ST
BT 247\, FHEME & L C Bonfferoni 12X 5
% I & v 72 (SPSS ver20, SPSS Inc). 4
TOMEDH EREL 5% K& L7z
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2. MREHER

2.1 EBR1

2.1.1 ERHKERE

LRI, PR EE T O i R Al B R o0 RR AR
D IEf#E ] U° Go/NoGo R IZ 81T % Go UG
DPOGKEH %2 B 3187, FRHIGRE O IR,
LR & L C, R EIR I3 B R A
AoHNGo7z (P=054). —)T, RS
WEIZIE, ZERIRE I O B S B IRy & U L CRRA
AEEO IEFRICA E AT 5320 5 7z (R
P <005 HEREEB)EF @ P < 0.01). Go/NoGo if
FEO JUREHNE, 2R & i L CHhaRE R OV
SREEEEN R IS B WO E R 2 E A ST (R
853+234 ms, Wi BB 0 907 =329 ms, il
I BYIE 1 956 +252 ms, P =0.31), HifEER
B & I L Crh B I BV C D AR e
KON Tz.

A *
100 ok |
90
B 80
g{i—
&
%.‘s 704
K
R2
.
50 . . . .
ZEE g =hEE
B
1400-
£12004
1000 {
&
% 800
o
(6]
o
Z 600
o
S
400 T T T 1
REF RERfE =hEE

H3  ZEiiRE K OB o FRAHIEE I BT A IR R
(A) ERUGHEE (B) (F28%1)
*p<0.05,*p<00l.
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2.1.2 MCA Viean, BiFEZREDFIEE

7 e, TP oR R N O iR il BE S B IF 0 MCA
Vimean K OMAHARFRZ M2 E 4 127" 3. MCA
Vimean (&, ZHHFRF & IEL T, SRR ICF
B LAPRO LN (P<001). F72, Bl
FEGEBIRF 12 35\ TR L EhIRE & HE LT MCA
Vinean DHE K TARBDH SN/ (P<0.01).

IR SR AR R L, ZEfi s & JRB L C R i )
BRI A EREEALNT (P=030), HEEE
B & LR L T, SR EEIRE R R 22 A
LNGhosz (P=026). L2Ladss, Eimk
TEBYIRF 12 35\ TR 3 Bl BE 1L 20liiRe & I L C
KT A ED 57z (P=0.058).

2.1.3 NHIEREE, MYEE RPE, /i3

#H FRHR

A AZZHRRE,  H R E K O v O BE R B IR o If1L
PRI, I (E, RPE, (1%L IR 47 A (VE,
VO,, VCO,, PErCO;) OZALZIRT. Ifih Lk
M E, RPE, /0% VE, VO, VCO; i % i
e & He L CrirBREEE B R TN L (P < 0.01,
respectively), & 512, il EEE B IRE 2 13242 Ry
B OSSR FE TR B R & HECS B & A BRI
517z (P<001, respectively). F 7z, IfiLHE1H
EENC L A biE A SN o7z (P=030).
PerCO2 (&, “Ziffiie & LB LT, s B2
BEZ EAPROLNS (P<00D). T/, Eif
BB |2 IE, FPOREEEBIE & L O R R
LHFED SNz (P<0.01).

A k%
80- sk |
704
5 60-
< 50-
<<
g
40
30 : . —
ZEE FiEE =haE
B p=0.058
4+ [ |
@
=2
2
h
-10-
-12-
e higRE Sia
4 LR R OSEB) T o FRR N ENIR
MiEE (A) & MERERE (B)
% p <001
2.2 EE2

2.2.1 &RHAKERE

FRAIFEE O IR ZE T 1Y Go/NoGo FREIZ BT 5
Go AT D RUGKF 2 X 5 127~ d. FRAERED
IEMEE K UF Go/NoGo it IZ BT % Go AT D
SRR, BRI X 2B IEAS Lo
7o (RRAEREIEMF=E 0 P =032, Go/NoGo i@
JEIREH - P=0.89).

A R L OEB T O M Th FLARIRIE | IAEE RPE, (OAAEL, 5T A

HH e RS 1 iR 5

I LRI, mmol/L 10=02 28+0.7° 69+1.8%
MUK, mg/dL 824126 736 +538 754 =34
RPE 69=1.0 126 £0.9? 177 160
L1 beats/min 745+96 138.0 £12.7% 176.7 £11.2%P
VE, L/min 77 +27 305 +76% 80.7 £19.3%0
VO3, mL/min 232 =76 1558 +253 % 2442 + 43720
VO,, mL/kg/min 36*1.2 244 £4.4° 382 +76%P
VCOy, mL/min 197 66 1578 + 2582 2650 =503 *°
PerCO,, mmHg 262+33 379+35% 317 +46°

Values are mean = SD. *p < 0.01 vs. Z##EF | °p < 0.01 vs. Hffe
M FLERIESE :n = 6, IMUAEfE : n=7, PgrCO2:n =7
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100, n.s.

90

80-

BHFRBEREE (%)

F
(o2}
?

1 EIH 2[@HE 3[EHE

14007 ns.

600

N
o
o

1 @B 2@EA 3EA
X5 FREEIC & 2 BAMEO ERE (A)
R OSBRI (B) oZ&AL
2.2.2 MCA Viean, MNEESREIFNE
MCA Viean (ERFHAE 12 X B2 LITA S L2
o7z (1EH 537106 cm/s, 2[AH 521+
114 cm/s, 310 H 542112 cm/s, P=0.13). [
RIS, MMBRFZ AR  RER eI X B 2 AIEA S
Nihhrotz: (1AHE:042+1.32%, 2 E 031+
1.74, 31 H : 054*1.88, P=082).

3. ¥

ARWFZETIE, il s Bl Ry o FRAIRERE & i I
T O R SR B AN BE D ZEAL & D BIARTENZ D\ THRGE
ZATo 7z, EIRELEBIRE I IXRRAIRRE I B U B X
ISR ZALIZ A D N dp o 720, IEBRERITARTT
RO HNTz. T 7z, EREEB R T K
DR BAEE DR T AR H sz, S HITFEER
2 OFER S, ESRELEBY R O FRIIFERE, AN ML
T OV S BT BE DT (B2 & 5 b D L HifERR
SNz o T, iR LBl R o i L R i e s
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FAIEE O T IXEREIERE DR T IS G- LT\ 5 1]
REVEA R S 7z,

TR DR TR | RR A RERE O IR R I T AR H 7z
ZHRELT, IhETHEREOSERRLEEL XL
B LTWwAZENEZLNT WS, )& 72
MR FFICAT D £ O 2 HEBERTRICIE, E
BREOSEASTONS D 2 s oS- R
HFHEDBITNOFEEEIR OB, EH)mEE &
MRLTWAZENEZOND. 2%, KihE
5 R F COMEECTIE, FRMRREICT 5
EEESHEE SN TV DD, ERETOER T
FRANFREI 03 2 IR IEDHERF S LT ]
REMEDSEZ b, 7, @B X AEEE L~V
DEALD BAEICHE LB > 120 g
12 & DR L OV 2L L BRAIRERE D2 LIZ# U
FOMRIZH D EDRBENT VD, 512,
COEB X BEEEL NVOBZIET T T3
27 EOMRIREDE DG LT b 2 L AESE
ShTwn 9 7o BB L 2 REEREOZAL
LT a T3 VREIEERARERE DAL L RS
LIEpFEBEATHLE W, oF), ZhET
DHHEPHT 2L, EREOEHTIEIHNTIT 3
VIBEOFFICI VBB L RTBELANVEBZTL
F 57272012, RAREREDIN T ASHE X 722 &AM
BEANG.

RIFFECIE, R TEEDIC X 2 RRAIRRAE DR T
12, BRI e R R A E O T A5 L Tnw b
EVRFHD D EMGEERTo72. 2 E TOWSET
W, —EPEOEEN S X 2 Bl < kR A A O
ZALDEBIF O FBABRAE IS BRI IR L Tw»
BWIZ EAURIEEINTWA,. Lucas blE, HEH
E RS RIS, LERIRE T ONE B RE R
LRI OPE %47 > 72455, B rh o ZRAHkRE
DAL & PRI DAL BRI AR S N5 72
TEARHELTWE Y. F72 Ando H1F, I -
- EEREEEIRC 7 5 v — R O SUG KRR %)
EL, WMEEREME - OREERETLTBY,
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FRABERE O I F I EE R AR B 02 AL & X BIER DS
BV LEREBLTVS Y, S5 Ogoh b,
FWEMEBING I, BB A % B LRI % #E
Fra, MmARRAREOM L L BB L T2
DPEBREL TV O L L, B s E %
7 S RAMEREDM AR SN2 L2 LT
L. INHOWZERS, —@EOERI X R
FRBE D [A]_F 12D\ TR I <2 A 2 A Al E D %2
TLIREEN LR W EDE L 5NE. L
LS HARMIZETIE, &l se (A RE
(1S N/ N i i 1 (el T e e RDTES
T LR SN SRR, AR 2K
OWMZEARPEESRI INL01Z, MOMERE
BT BREIMGE ST, RRAERRIZIRT T
LUREMEDSE Z 5D, F72, ISR - T
FEBAT 5 e shTsy 1Y 5502
(& Z ORITE O T DSFRHBERE DR T & BfR L T
WRIERREBEATHSE Y oy, R
FEREDIRTIZ DWW, SEE)REIZ BT b M
R EEEOR T ETL200d L
W LA LAY, ETREEE) I X B N R0
P 5 BN EE O AR AV B4 19 | BRI RE O T L2 B
BLTWBHEIDIEOWTIAS 2Tl A,
Ji M A& E BRI fR AL e 50 (PaCOg) 1 2xf L
TREEZEDEH D H B, PaCOy D LA &K o
T, IMEAPER L, BB 2 2 & 2%
ENTWE B2 o EFIEL, EmAESE
ByRFIC R R A AR S, R B IRk
CLRRIMmEOM T 2 2 & T, BARREDIKT
PR 5% R DDODPITOWTHRIEZ TV, i
JETREYIZ & 2 FRANHERE O AR LI L <2 i 55 i
MEOKTF2REG- L TWADONIIOWTHKRGEET 5
VDB 5.

g

4. £&B

AWFFETIE, RSB O RRANBERE & it
e Ot 2 M EE DZAL & DOBIRRIEZ BT S 2§

5 LR HME L, s E e 2 (R AE R
OITTAREZ Y, I <o R = A E O T 28
RABEREDIL T IZHE L TV A REMAVRIE S I
7o LA L7dss, BRIE R ik R fl B O T
PHEBENRERTH L0089 IS 2 Tld %
W, SRIEE LI Y IV A XFHEeT I LI
SV TR T v AT 52 LR, HEE
EERFIC ZRILRFARZIT) T LI2L D, Eil
FEMBEYIRE |2 2 BBt O T 2 B ¥, RRAERE
DIETH LN TELDICOWTHGRET 5 2
EHIETH 5.

I

ARFZEIR LT TR D £ L7 A5 R A
ARLETT b AR— Y RHFIRER 2 JE < )
FLRL BWPES. F72, RBIEEETT5I0H7
DZINL CTHW 2GR EOEEE, M@K AR —
VREHOH ERFMK, AR — K2 5 ONE
By AR EOEE» S LR e T h R THE &
L7z0T, ZZEHoEEzRLET
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Mitochondrial Adaptations to Resistance Training in Skeletal Muscle

by

Yu Kitaoka
Department of Sports Sciences,
Graduate School of Arts and Sciences,

The University of Tokyo

ABSTRACT

It is well known that exercise training induces mitochondrial biogenesis in skeletal
muscle. More recent studies have demonstrated that exercise also alters mitochondrial
quality through the processes of fission and fusion. In this study, we investigated the
effect of electrical stimulation-induced resistance training, which induces muscle
hypertrophy, on the expression of proteins related to mitochondrial dynamics in rat
skeletal muscle. We found that 4 weeks of resistance training increased protein levels
of mitofusin 2 (Mfn2) and optic atrophy 1 (Opal), whereas protein levels of fission
protein 1 (Fisl) and dynamin related protein 1 (Drp) were not altered. These results
indicate that resistance training induces mitochondrial fusion, which may lead to
an expanded mitochondrial reticular network along with muscle hypertrophy. It has
been generally assumed that resistance training has little effect on skeletal muscle

mitochondria. However, our results suggest that resistance exercise training may
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increase mitochondrial function without changing mitochondrial content in skeletal

muscle.

2 B

EEIEEHI by N ToRRENSES
TR, BRI b 726 T RRIEANE
FEOWMRIZ L VIRBENT VL. RIFETIE, 7 v
b & SEERENY & L TRV EAURINE 7OV 2 A
L, LYRZ YA NL—= 0 ZEHHOI b a
YR TIERIZTREEIOWTRET A2 L& H
e Lz 4O N —=2 272k oT, 3 b
a2 B 7 OREIZHE YS9 % mitofusin 2 (Mfn2)
B & O optic atrophy 1 (Opal) % ¥ /X7 HENH
BICHWINL/Z—HT, I b3y Y 70552
5.4 % fission protein 1 (Fis1) B & " dynamin
related protein 1 (Drp) 1 % > /7387 B2 LI A
b adolz, TRLDMRIE, LYAY AL

— S VBRI N3y )T oG Tk
L, 2oz &m0 2 kL RmE L T

#

jill]

WAEDOIISEIZ BT, AWM ML —= 7|
Lo TERBOI bay ) 7ToE)HENT 572
JTHRL, TOREIZEADR 5T LR, ¥ A —
Va2 N3y N T OS5 EAERIYI M
L EpmEshTwa Y, —FT, LIRSV
A ML= Y TOERHBIZBWT Y VST BA
rEmo, HMBERTb-6T 3L lMshTwn
L0, INETITbNTE/ZIbay FYTICH
FTLEDE CFFHAN ML —=V 7T 255 0
THY), LIYARZ A==V ZERBBHD 2
b B TICRIETHEIZOWTOMRIEA %
W, BRI AR WT, ST Y Y
TEEXMT A= L THESN 7
ey vy —ERansiEre Nur-—vE%ol
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IV Y AS YA ML == 72K 5L
EAONLpo/zl b, LYAY AL —
=V THEALR D T A F =B KT
NEVEZEZONTELLY L Lad s i
Tk, VYAZ VAL == 7L o THIER
I I Y N T OMFREERED £ o 72 & v ) iy
bENTWL Y Zhs okfTiiEE, LY
YA == TS LOERHI ha v N
DT DR GEALEEDT, HNAZE L 25
SRR RIZL TV D

AWZETIE, FRZI ba >y MY 7o EE LR
HEICBWTEELRERGZ RT3 7 2 (4
FLRE) ICEHL, LYRAY VA==
PERHI FT Y FYTIERIETEEICOWTH
FAdalill I FaryFTOGRICE
fission protein 1 (Fisl) & dynamin related protein
1 (Drp) 1, AlA121E mitofusin 2 (Mfn2) & optic
atrophy 1 (Opal), OZENZEN2 DD Y VY I37H
MEELGEE R -TIEMENTEBY, h
54005 YRy HEEMETHIEIZLoT,
AV R T ORENLZEERENT L Z LN
T&rLEz26Nn5 (H1).

1. RBAE

1.1 dL—Z=27

2B 1213 10 oM fim o 1Y Sprague-Dawley 7 v
b (AERZLT7H) 2z 9y M 12 B
TLOWHEBOITT, KB LUREL T
G25NTHEIN, T TOEYIERILH RS
BRFHWEFHEZ BT, REARTEESD
KRGO, VYAY VAN L=
& LT, MEET CTHE OBERER 1R Lo RSE Rk
JERHEEE NV 7 ST S D &) BB ER
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Opal

@ us @ u @D
NS = @D
@ o D

i

M1 I barRNY7H%-Eesy 87 H

H (100Hz, ~30V) 247w, AMiEa > bo—
V& L7z BRIz, 3SBBoOIGELY 7O
A= NVEZFTIORZ Ly FEL, &Y
FHEICIZ 3OV A M EAFS Y MTo
72 ML—=r 7031 HBXIZEF12, 4 A5
TV, EO L —= 2 795 48 KM B IZHEIE
Yy TV ERRIL 72, COFEERIE, Ty M
WIHLIAY VAN ==V FETVELTY
TIHEV. SN/ DTH Y, —#EEORITIZ X
% mammalian target of rapamycin (mTOR) "7
AR OWEEAL, BLIORM ML —=2 71285
LRI RIE S CIHERREA TH L Z L b, 4
EENEE T2k AR NP 23 INVAKILUNE?3 4D
7ot TIVIGIRAE I AT H L, o E T
-80 CCTIRAEL7-.

1.2 JIx4>JOvyrq>9

BERE AR > v a v, Jur7—EB8L0
74 A7 7y —EHEH % S A7 RIPA (Radio-
immunoprecipitation assay) /X 7 7 — THEY
FA X7z, ¥ X7 IL BCA (Bicinchoninic
Acid) L DHEIE L. 10 = 12% OKR) T 7
VT IRV EHWTESKE %175 721,
PVDF £ ¥ 7' L Y IZ#E L 72, Ponceau % 12T
FAL/MR, AV TL U R 5% AFLAINVTET:
Y S IE 7 V7R v & & TBST (B CEiR
WCCTIRl7ayx 7L, WETLY v \r %
FERIICFERR T 2 — RPUARBOL (1000-3000 5 A
ML CTACTI6 M) BL U ZicHio L=
WHUAESUE (5000 AR L C=imT 1 RERH) %,

b Fs Yk i B3 12 T % L, ChemiDoc XRS
B X U Quantity One (Bio-Rad) % JH\V i & it
Ao 7z EBRIIHW—RPUED ) A M3FgA
RS

&1 KRB THN L 72— kbt

A= — A
VDAC Cell Signaling Technology #4661
Mfn2 Abcam ab124773
Opal BD Transduction Laboratories 612606
Fisl Abcam ab96764
Drpl Abcam abb6788

1.3 HEEtREART

T IITTPHME = FElEFEETELL. 2
B OLEIIEE DD 5 tiEx v, FEK
#(3 p<0.05 & L7z, f#HT1213 GraphPad Prism 6.0
3 AV

2. RERER

2.1 NI KUTE

ES hary Py T7EOEEL LT,
Voltage-dependent anion channel (VDAC) &% »
N BEEAAELZEC A, LAMOLYAY »
A ML ==Y TORIEHASN o7 (B2).

11

11

2.2 PRACKUYTEALFIUR

w2, IbI YR TOMELEGEICEGTS
5 8 BeEOWEERITo /. AFFETIE, I b
I BT OB EEHGT %728, VDAC
Yy BEDHIZ) OFR -GS s Bl
WIARTT =2 2R L7z A HEMOLYAY VA
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AFZETIE, Iy MDLYAY VA ML—Z
TEBRETIVEHV, PL—=r7IZLoTI
I N T OMEICEEGT 5 2o s B HEn
THIERRLE —H&IIC, BEDOH#EALZI T
O P TOHPIZAINF—EERIIOENT &
DPHOENTVD I EH5 210 SE s R
X, I IV N TEOREICZAER SN
WA EN RO 2 REE, 2 W o
JERIZHEST, ISPV FYTDORY bT—2 %

BT S HEOBISAHE 52 & T, TALVF—D
FEARENE T A REME 2 RIZ L T\ 5. 2R
12, S I FYTOREGICEET LY Vo]
DORIELz= 7 AT, 2 hay R 7 ok
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K THWEL Y ZAY VA ML —= v 7Dk
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The Epigenetic Mechanism of Normobaric Hypoxia

on the Sprint-Interval Training

by
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ABSTRACT

The purpose of this study was to examine the effect of mild normobaric hypoxia on
the sprint-interval training (SIT) -induced histone deacetylases (HDACs) protein
expression and histone modification (acetylation) in the rat gastrocnemius muscle.
Male Wistar rats (8 weeks old) were assigned randomly into normoxic control (NC),
normoxic training (NT), hypoxic control (HC) or hypoxic training (HT) groups (n
= 6/group). The training group rats were exposed to SIT on a treadmill (1 min sprint
and 2-5 min rest, 6-10 sets/day) 5-6 days per week for 9 weeks. After the experiment,
the gastrocnemius muscles were removed and the expression of HDACs and the global
levels of histone acetylation were determined by Western blot analysis. A two-way
ANOVA revealed significant effects of hypoxia on the CS activity; however, no main
effect of hypoxia and training was observed in the PGC1- a , SOD1, HIF-1 and VEGF.

T b AR =Y FEFE Vol. 38



— 224 —

Although, there was no change in HDAC4 expression, effect of hypoxia on HDACH

and effect of training on nuclear SIRT1 were observed. There were no significant effect

of training on the acetylation of histone H3 among groups. However, de-acetylation of

lysine residue 9 and 27 was significantly lower in the Hypoxic groups compared with

the NC group. These findings demonstrated that SIT could enhance the improvement of

the citrate synthase activity (oxidative capacity) in the gastrocnemius muscle, and it is

partly related to the decline of histone acetylation mediated by the alternation of class

III histone deacetylase SIRT1 in normobaric hypoxia.
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o — Vi (14.5%0,, hypoxic control; HC) B X
OEEARERE M L—= > ZBE (HT) BRI 7.
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1.1 EBREMERT, BLUIL-—Z=2T
=Sy

s (5 k) o Wistar RHEMET v b 24 T (H
RIATNY =) ZH, FERECHE LEHRE
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HZCHELEBETC I L - v V2 ERT 55
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YR AEE XYV RBRFEREC L =0T
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/377 ¥ —1Z L, protease inhibitor cocktail (Complete
EDTA-free ; Roche, 1873580) # X 0" phosphatase
inhibitor cocktail (PhosSTOP ; Roche, 4906837)
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pH 7.4, 0.1 mM EDTA, 4 mM EGTA, 10 mM
MgCly, 0.1% Triton X-100) THRE T F 1 A L
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THE ks, 20000%xg, 4C T 15 43 i 0 53
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2.3% (w/v) SDS, 30% (v/v) Glycerol, 0.05% (w/v)
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THWCGRE L. 20k, &Todr T
95C T 54 L, 5347 £ T -80C THAIRAE
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Millipore), Acetylated Histone H3 (1:2,000;
Millipore), Acetylated Histone H3 (Lys9) (1:2,000;
Cell Signaling) # X U Acetylated Histone H3
(Lys27) (1:2,000; Cell Signaling) T& - 7z. —
WPAR SIS # T #, TTBS T 10 45 x 3 [l % i
L, =inT 1RO ZRIAIG 217> 72, 2R
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R L7z MR AT IE It EE O 5 T (K
MEBRE X NL—=v ) 217w, TRME
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2. MRER

2.1 CS&EM
K1AZEHO CSTEMEZR LD DOTH S
CS iV TR RIS I L A T RSB R 5Nz

A
—~ 150.0 1
£ JcT
S
e w1t M TR
Q
g_ 1000 1 N.D. Interaction; n.s.
) Hypoxia; p=0.0371
é Training; n.s.
> 50.0
2
2
=
g8 00 T T
8 Normoxic Hypoxic

NC NT HC HT

NC NT HC HT
1.5 4
ND. et
N.D. HTR
—~ 1.0
2 Interaction; n.s.
2 Hypoxia; n.s.
E 05 Training; n.s.
O
(O]
a
0.0 . .
Normoxic Hypoxic
NC NT HC HT

1 Citrate synthase (CS)activity(a) , and representative blots
and the the expression of PGC-1 a (b)in the gastrocnemius
muscle after SIT
Values are means + standard error(SE) ; n = 6 per group. The
results of two-way ANOVA are displayed. *p < 0.05 vs. NC, T p <

0.05 vs. NT, fp<0.05vs. HC
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A

3.0 - ¥
* ® 4 CcT
TR
— 2.01 Interaction; n.s.
<3(. Hypoxia; n.s.
N Training; p<0.0001
lé 1.0 1 m "
T
0.0 T T
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1.5 1
5 cT
N.D. N.D. TR
. 101 )
= Interaction; n.s.
5(; Hypoxia; n.s.
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5 05
(@]
%]
0.0 T T
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2 Representative blots and the the expression of Hsp72(a)
and SODI (b) in the gastrocnemius muscle after SIT
Values are means + standard error(SE) ; n = 6 per group. The
results of two-way ANOVA are displayed. *p < 0.05 vs. NC,%p <

0.05 vs. HC
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2.3 HIF-1a, Hydroxy HIF-1a $ & U VEGF
REE

3 X HIF-1a (A), Hydroxy HIF-1a (B)

BLUVEGF (C) 3#BlEZRLbDTH 5.

HIF-1q S8 &X, Pl —=r 272X v#mL
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251
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L
I 054
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©
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= Interaction; n.s.
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Training; n.s.
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>
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3 Representative blots and the the expression of
HIF-1 a (a), Hydoxy HIF-1 a (b) and VEGF (c) in the
gastrocnemius muscle after SIT

Values are means + standard error (SE); n = 6 per group. The results of
two-way ANOVA are displayed. *p < 0.05 vs. NC, ¥ p <0.05 vs. HC
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A
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— R
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< 10 Interaction; n.s.
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Nuclear HDAC5
B
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N.D. acT
35 TR
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O Hypoxia; p=0.0044
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Z 00 r T
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4 Representative blots and the the expression of
nuclear HDAC4 (a) and HDAC5(b) in the gastrocnemius
muscle after SIT
Values are means + standard error (SE) ; n = 6 per group. The
results of two-way ANOVA are displayed. *p < 0.05 vs. NC
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5 Representative blots and the the expression of
cytosolic (a) and nuclear (b) SIRT Lin the gastrocnemius
muscle after SIT
Values are means + standard error (SE) ; n = 6 per group. The results of
two-way ANOVA are displayed. *p < 0.05 vs. NC, $p < 0.05 vs. HC
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6 Representative blots and the the expression of
Acetylated histone H3(a) , K9ac (b) and K27ac(c)
in the gastrocnemius muscle after SIT

VValues are means + standard error (SE) ; n = 6 per group. The results
of two-way ANOVA are displayed. *p < 0.05 vs. NC
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ABSTRACT

Walking is widely conducted among people as an exercise for health promotion. In
this study, in order to investigate more effective way of exercise compared to normal
walking, muscle activities of the lower limb were measured utilizing electromyography
so as to study the quantitative and qualitative analyses about muscle activities during

exercises. Measurements of muscle activities during SLR exercise and during the
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examinations of the knee extension and flexion maximum strength in sitting position
by electromyography showed that quantitative and qualitative evaluation of the
muscle activities were possible. It also revealed that the amount or quality of muscle
activities varies depending on the muscle difference. In particular, quality of muscle
activities change by aging or it alters (frequencies decline) during continuous muscle
contraction. In addition, we indicated the difference of the way or amount of muscle
activities about several muscles in the lower extremities, depending on the normal
walking, fast walking with wider stride or fast walking with increased pitch. And the
amount of muscle activities was found to be increased during fast walking, both ways,
and slow jogging compared to those during normal walking, and the muscles on which
statistically significant increases were observed to be different depending on the way
of fast walking or slow jogging. From these not merely conducting normal walking,
but adopting different way of fast walking or slow jogging will lead to the training of

various type of muscles and attain more effective exercise.
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ABSTRACT

The aim of this study was to investigate the effects of Nihon Kendo kata on the
secretion of sex steroid hormone in older and young kendo athletes.

The subjects perfumed the 10 sets of Uchitachi and Shitachi each in Nihon Kendo
kata. Measurement of rated perceived exertion (RPE) and heart rate and collection of
blood sample were undergone before, immediately, 15, 30 and 60 minutes after kata.
Blood glucose, lactate, ACTH, DHEA and free testosterone levels were measured.
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The Kata significantly increased (p < 0.05) RPE, heart rate and glucose. Furthermore,
the kata increased the metabolism of ACTH and DHEA. There was no change in the
concentration of free testosterone after kata. Aging did not affect the hormonal response
to the kata. These results suggest that Nihon kendo kata could stimulate ACTH-DHEA

systems.
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i+ DHEA i (K 6) 1, KO8R
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RGN EIF G 200 DHEA #2 R 1%, %6 15, 30
SRICBTZBEICHE L THFEICEEZ R L
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NnNanroi:.
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20 { l A A l
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H ARG E I mi 72 o I DHEA j
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2.2.3 MR X M 70O EBE
R A b AT RE (K7) 1%, KR
DEFYREDFRDO SN2, LHREILBEOMEE, Wi
NOBFEIZBWTHAEELREERO SN o
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WA TUHET B W REMEATR S 7z

3.1 EEEE

INET, HARGEROEREMHEEIZOWT
Wead L72Wigeid % <, 2 OEBy A BRI IR ©
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CA0EL,  FBUREBY R EE SRR I I L CEB)
ERICERIZEML, ZNOT_XCOHAIIES
WC, RESEHAPHER SN o722 D0, #i
FHEERICIE A ARGIE O E B BT RRE I, AN
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A EAFHERR S Y, BRI R R 5 AN
HOLBEDPRON Loz, L) HEROAERZ
DWTHHTE WD 5.

3.2 FKILECDi
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TREE D LRI B LA EEV IO S
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1%, FERE 15 0B L N30 S RICHE L TEEIS
EHERL SNH6DZ L, HAREEOE
Ml & O, ACTH-DHEA fEEEATE AL S 7z 2
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TTAMRATUYRIA MaF 812 sn
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EOREMMMRICHY A FNCRF SN, (EHT S
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fiti 15 45, 30 43I B 5 EIGEEL S OHE R
DHEA X~ (X, DHEA 7258 4 70 ik 12 <L
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Wit & 4147 ) LD 5.
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Wiz COEENE, RWFFEICBT S MEHEOZ E)
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LREVDLDTHo7. ZOT NS, JetTiise
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bOEEZLNL. ACTH X, EB)5RE O BN
EEWWATLHET 2 Y 2 e b, EFORIE
HARGIEIL & 1) b EEEELE VD O LR S
. AWIZETIE, HAREEIERIC L o CielET
ANATO VREEIEHEML 2257201 LT,
FATHFZETIE, BT A N AT 0 ViEE OB
HENTVDLY, ZOTAMATUVIREDZER
EZEF O & HARE OB R 0O SRR
TAHUMNEZ NS, T/, ARG
BIChHERET A DATH Y OWREREZEIEL T
HOLZxF L, BATHZETIIRT A AT 0 v O
BEAE L T2 2 & B WIZER O R DE D5
HDO—2k %o TWAWRENDDH 5.
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ABSTRACT

It has been reported that 9,070,000 individuals had hypertension and 400,000,000
individuals had prehypertension in Japan, 2011. In view of the huge population of
prehypertension and its high possibility to develop hypertension without a proper
treatment, effective measures to control the blood pressure (BP) of this population
is indispensable. For this population, aerobic exercise, such as walking, is generally
recommended. However, it has been reported that exercise token at different timing
of a natural day have different endocrinal response, which may also influence the BP.
Further, among the types of aerobic exercise, walking is considered as an appropriate
one for its flexibility and efficacy in lowering BP. Therefore, in this study, we focus

on the influence of the timing of walking to the BP control for the prehypertension
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subjects.

We recruited 6 subjects to participate in a 1-month walking therapy trial, who were
randomly assigned to the afternoon group (AG) and the comparative group (CG).
In AG, subjects would have the walking exercise when their deep body temperature
came to its peak in terms of circadian rhythm. In CG, subjects could choose to have the
walking exercise in the morning or evening according to their own schedule. One-way
ANOVA were used to test if the walking is effective in BP control for each individual.
For the AG and CG, the differences between the baseline BPs and the BPs during
1-month walking therapy were then compared by two sample unpaired Student t test.
According to One-way ANOVA, both AG and CG have a decreased systolic BP in
the morning and evening before sleep (p < 0.05), but have little influence on daytime
BPs, which may also be influenced by the social factors. According to the Student t
test, it suggests that the walking therapy in the afternoon might have a better effect on
lowering the systolic BP in the morning and evening (p < 0.05), and also on lowering
the diastolic BP in the evening (p < 0.05).

The results of the trials suggest the possibility of attaining a better effect in BP

control by adjusting the timing of walking according to personal circadian rhythm.
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Rk 23 AR E OB IME B HEFIL 07T HTH D,
EEEZT OB WEILERHEZ 505 &, i
4000 T ANLLEE b EbTw b, SIERHED

W23 LT, WIES % & 2\ 72 O] 72 0
HUETEPLETH L. FiTh CAHMBREERO
MFLLFHERFRIEEL S OWZEIZ L YR E N2, K
TR BB BAGRF I OE VI £ ) Ao ROG b 2
), MEYCEICRIZTTRErsH L. 22T,
K72 — A 71 7 2 ) AL & ASEIEBIFG
DIYAIVTIER L, MELFEORR ZME L
72, 6 B OWIMERED D 5 M RED, F—H T4
VR WNE SoIRYAT=TuNITE ISt 1) ol S
Je OV & 72\ IV AATHE B 2 5 B 5 L
— 2 B OBATES) % G L 72. One-Way ANOVA
KON Student ¢ test |2 X o T, AATEB)IIE N O
DOYHEHIILE OTEIZHF R TdH > 7225 (p<0.05),
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BRI OMEREDORRIE D007, E512, Fik
FTF IR T, PRI otaEA & 1) K
EWITREE D /R L 72

FANE

R 23 EE OB IME B EHEFIL 07T HTH Y,
EEZZT TR WEIETFHMEL &0 5 &,
E 4000 F AL EE S EbNTCwE, HillEEE
D9 ENL, FEED S TR VAREEEILTE TH
D, EEHREREAGEEFERL TS, £
EEBICERT AL, @, BUEoODAHEEA
EXRBE ANV ABMEOHRERTTHS. %

. BT 30 LR FRAER, ot BRI
VI 5 L, MEDPEA LT 25, ST
E D FEFE DI 2 & TN FRhIC BT, W,
BRI EOFEARGREOI A, w2 &S
HDLVIIHREE OIS HEHTH S Z LHE L
DOWFEICE D RENTBY, TNHLORRIIED
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WCHTAE, I TR LS 2 BB - B E)
WHREICHET LA NI A U BEL SN TN D,
WEIELEE LT, vA—F 7 BwYaFr s
KRS - HEEE R S OAMERERFEH —EE
F75 Z kR N Cw B Y SEEREIZ R O
P IEAZET, BT QS TITEAD/ 8y V12
EDORARRT VDD 1), RO M b #EY)
R IME OB L S S Tw5 2,
HWBEFZOE L > TIHLEOTEE O A B F O M
BLbDE, BEMEDED LEIVEY (LEHE
F AU YTLFYRERNVEY, TOAS TSI U
E) WY AHMATH L. L Ledrs, HEH
DORB XY, KB FVEY (TGVF V%
E) AW ENDLOT, B L LEEA N =X
MIEBEETH L. INFV—)UE, MED L
AEZFRTLENVECO—FTHY, 1 HHIZH
V% i | ZFFAT I & D &M 4. Kaneley 5
FEFCEREHK—T 2 2 & TEBT 2RO
ADEERFTML 72, WO OWEMERIZE 5T,
THE, 19FF, 24 BRI EBNZ T o728 Uik 3
VT = VAR I & o T2 L T B
CENRENTVE., ZoWRIZE S &, 1
TIVF ) — Vi d 24 BRI EEY L 72 BRI E IR
O DM (600%) L, 19 B0 200% & 7 Ik
D150% B L CHBEIC A Cwe Y. 22T
HMFEBOY A IV 72 EB L, ERREEE
A LIIRETHILEEZOND., LILLE
W5, HE TOMRILERDOS 1 IV 7IZONWT
EHEOEIZIZE A &R, FREE OEB R
DENIAHTH S .
KLXOFHIZHMA Lz L) 12, BT D
E MOANBUIET T TH Y, R HEOH R % ME
AUETLPFEREIMHEICRELSEGTLEE L
L. F2T, RWZETIE, BIMERRED L MIE
HL, & rOkNREI2EBL T, Bk 254708
oY A I TOWENRERFTTHI LIZEo
T, F=AT 4T ) XLIHEHL L 724547 B &

MEZ TR EHS 22T 5.
1. 5 &

1.1 #WEE

RIFFE DK RE D F#E M [1] HERE o 4R
BN T 1, (2 MU & MR R AE 8) i (SBP:
120-139 % 721X DBP: 80-89) & sS4, [3] M
W 2 EREZ T ChvE Lz Dot
Tz EE OB S (Age: 34321 (yr)
Height: 170.2+2.1 (cm), 1§ # 67.3+538 (Kg))
R IE R DV N AR S Ry s e 5 N
KFHHEBRERI L > TRBEENT, WhHICHE
BAHERFHEHLA 7+ —A Farv s b 2HUS
L7,

1.2 HTEHER
TREEBAEL T (=T 4T ) XA
WZHEPLT D) R OXTHRD (Hd 5\ IIHITHATT
%) 28T, — 7 AOBATER % E i %

1.2.1 HTEH
#xFREIEHGED (Fitbit HR™) <% H% 7
7y LD S, —H LEEH (8,000 — 10,000 #
DA% OFTHEE E L7z . EmENEITE, MRE
AHSOMEIIS U THREL L. EBRBIHIZE
W, BRREOHAEIZE D, BITERE FEM L
HWHDD B4, TOHOIMEIZREFEL RV
Ll L7z i = H L RRATEB I L A,
Hff2sALTL H o7z,

1.2.2 MEAE

HxfgEIL, LB EFEF (OMRON
HMS-HEM-ITOL)) THEIER L 72 30 75 LA, &
W (74 R), #EH 200, #EhL72EELY
BRIE S RTOMUEFT 5 [ A2 FHI L7z, M 1
ST, 2mEHN L 72, 2 [ oFHIEIZx LT,
ILHE & 2 W IFIRERITIE © 7525, 10 mmHg PL
Ll o6, RO FbTI, FO
FHHI L 72, BATEB)ORREZMER T B 720, AT
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1.2.3 4—H71T7>VXLDORE
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TRETES Y. #oixy =77 7 VEEMKRE
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0 24 B O MBEBROMREIC LY, PSS
MEIBEROZE & GBIFS 5 2 EATE, &
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CM210) OEHIME & OFIg74A30.1 U T TH %
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7 (BM 9874) T =7 T 7 IVEEMKIRET & I
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ZEL, VTV LICHRELE (B2). Sk
IR 72 o 7o R R TR B & F2h L 72,

1 77 T 7 VEIMKRET O%AE OBIR

36.10 °C

2 HF® Android 7 7)) DO XIR
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1.2. 4 IREtEEAR
BATIEB) ST LR 203 2 R R & BGES 5 7:
DI, WHRBEZLICH], BE (X741 2) BIV
BOMITNFEDONTIB L7, BiTE, &d5E
DENZEZZBS HDOT, BT THl$ % BT
L7z, —BREERNREIF LT, XR—=AF 1~
ME & AATHEE £ 2 8 B A5 OIiLE % One-way
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T4 VILE & D7 % One-way ANOVA TLLEL L
7o, AEAKEIX p<0.05 EERE L.

VL EOfEMNTIX, R Studio (Version 0.99.903) @
V7 P TRMEEREICE D FEBL .
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REBARROFHIH L R, HT O = E M O i
FHINZ D W T, iR DB O BB A6 1T £

4 FIZREE L7

2.2 Mm £

2.2.1 STEHOHR
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N_: BB A RO, W_ @ RATEE) % 3 2 K
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& BHIRDMERI 2 B L 722°, £ OfRITTR 559, 342
1 IZREHT 5. PERIIME 07 (FROM, dHEH) =

2.2.2 FREOHESLUHIRMEDLEE 0.50, 0.61

HRH T L OIEBAERIZIED T, 2HoORE B WEEIIE O ZE *  (FROM, IR =
RS 4. BB X OIZBIT 5 MLE O LSS F 5.22, 2.56
X, DT X 5187 (k =p <0.05). PLRMIME 02 % (FHROM, WMD) =

0 DU o * (Fiaof, M) = 312, 0.32

% 1 Comparision of BPs before and during walking exercise based on One-way ANOVA
= MSBP MDBP NSBP NDBP DSBP DNBP

JIE S

1 * n.s * * * *

2 n.s. n.s. n.s. n.s. n.s. n.s.

3 * * * n.s. n.s. n.s.

4 * n.s. n.s. n.s. ns. n.s.

5 * n.s * * * n.s.

6 n.s. n.s. n.s. n.s. n.s. n.s.

* =p < 0.05; n.s. = no significant difference.
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K5 x5 3D ZE BRI

oy =]
= S

120 A i Bl

100 A

T - _ = El

01 i [= ma[== a

NNSBP W SEP NUDBP W MDBP NNSBP W_NSEP N.NDBP W NDBP N.DSEP W DSBP \.DDBP W_DDBP
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