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Very short-term maximal handgrip training does not alter conduit
venoconstriction of the inactive limb during static exercise in women

ANNA OOUE, MARINA YONEYA, Al HIRASAWA, KOHEI SATO, and TOMOKO SADAMOTO

Abstract

The purpose of this study was to investigate whether very short-term maximal-inten-
sity resistance training influence the superficial conduit venoconstriction of the inac-
tive limb during static exercise. The training regimen involved 10-s static handgrip
contractions performed at maximal effort, repeated 10 times between 10-s intervals
for three sets per day, everyday for 1-wk. We determined the nondominant arm as
trained hand, and dominant arm as control hand. Before (PRE) and after (POST)
resistance training, subject performed following handgrip exercise test with trained
and control hands randomly. 11 young female subjects performed 2-min isometric
handgrip exercise at 35%MVC, and then the occlusion cuff rapped on exercising
upper arm was inflated to supersystolic pressure (post-exercise muscle ischemia:
PEMI). The cross sectional area (CSA) of the basilic vein of the inactive upper arm
was measured by ultrasound technique. Maximal voluntary contraction (MVC) in the
trained hand increased after training. During static exercise test in trained hand,
heart rate (HR) and mean arterial pressure (MAP) during exercise increased signifi-
cantly from baseline level (P < 0.05), and then HR returned to baseline level during
PEMI, but the higher level of MAP remained during PEMI (P < 0.05). The venous
CSA decreased significantly from baseline level during exercise (P < 0.05), and then
returned to baseline level during PEMI. There were no significant differences in
these variables between PRE and POST. During static exercise with control hand, the
changes in all variables were similar to those in trained hand. These results suggest
that 1-wk maximal-intensity resistance training does not alter the degree of superfi-
cial conduit venoconstriction of the inactive limb during static exercise.

Key words: Central command, Metaboreflex, Ultrasound technique

by the administration of the alpha-blocking

Introduction agent phenoxybenzamine (Lorentsen 1975).
In addition, in vitro, superficial venous ves-

Superficial conduit venous vessels of the sels constrict by the direct stimulation of
inactive limb constrict during static exer- sympathetic nerve and treatment of norepi-
cise, and this venoconstriction is abolished nephrine (Abdel-Sayed et al. 1970; Webb-Peploe

Research Institute of Physical Fitness, Japan Women’s College of Physical Education,
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and Shepherd 1968). Based on these studies,
superficial conduit venoconstriction during
exercise is thought to be modulated by
sympathetic nerve system. During exercise
the increase in sympathetic nerve activity
is thought to be caused by central neural
mechanism (central command) (Goodwin et
al. 1972; Mitchell et al. 1989; Mitchell 1990) and
reflex neural mechanism which is activated
by exercise muscle reflexes (Mark et al. 1985;
Rowell and O’ Leary 1990; Victor et al. 1989).

Resistance training develops muscle
force and delays the onset of muscle
fatigue, which is probably mediated by
both peripheral and central neural factors
(Rube and Secher 1990; Sale 1988). Moreover,
Saito et al. (2009) reported that short-term
and maximal-intensity resistance training
increased muscle sympathetic nerve activi-
ty during isometric handgrip, and the
enhanced sympathetic nerve activity prob-
ably involves activation of the central nerv-
ous system rather than alteration of the
metaboreflex. From these studies, short-
term resistance training may lead the
increase in central neural activity (i.e., cen-
tral command) and result in greater sympa-
thoexcitatory during exercise. Since the
maximal voluntary contraction (MVC)
should significant increase within I-wk by
resistance training (Del Balso and Cafarelli
2007), we hypothesized that the 1-wk maxi-
mal-intensity resistance training also
increases in central neural activity and
sympathetic nerve activity, and thereby
alters the degree of superficial conduit
venoconstriction of inactive limb during
static exercise.

To verify our hypothesis, we evaluated
the cross sectional area (CSA) of the inac-

tive upper arm during static exercise and
post-exercise muscle ischemia (PEMI)
before and after 1-wk maximal-intensity
resistance training. Because both central
command and exercise pressor reflex act
during voluntary exercise, in order to dis-
sociate their contributions, PEMI was car-
ried out.

Methods

Subjects

Eleven healthy female volunteers partici-
pated in this study. Their mean age, height
and weight were 21.2 = 0.4 (SD) years,
159.0 = 4.6 cm and 52.9 = 7.4 kg, respec-
tively. The purpose, procedures, and risks
of the study were explained to the subjects
and their informed consent was obtained.
The study was approved by the Human
Ethics Committee of the Japan Women’s
College of Physical Education, and was
conducted in accordance with the
Declaration of Helsinki.
Maximal voluntary contraction

Before handgrip exercise test, all subjects
performed two maximal voluntary contrac-
tions using a handgrip dynamometer and a
higher value was defined as MVC to deter-
mine the relative workload (%MVC).
Resistance training

Subjects performed resistance training
with the nondominant hand, and the domi-
nant hand was used as control. The train-
ing regimen consisted of 10 repetitions of
10-s isometric handgrip contractions at
maximal effort with a 10-s interval for
three sets per day, everyday per week.
Handgrip exercise test

Before (PRE) and after (POST) resistance
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training, subject performed handgrip exer-
cise test with trained and control hands.
Subjects rested in the sitting position for 20
min. After rest period, baseline data were
recorded for 5-min and then each subject
performed 2-min isometric handgrip exer-
cise at 35%MVC. Immediately after static
exercise, the occlusion cuff rapped on
exercising upper arm was inflated to super-
systolic pressure (220 mmHg). The trials
with trained and control hands were per-
formed randomly. In all trials, subjects
controlled the respiratory frequency at 10
or 15 breaths/min by using a metronome,
because the movements of respiration
influence the sympathetic nerve activity.
Measurements

Mean arterial pressure (MAP) was meas-
ured noninvasively by photoelectric plethys-
mography with a Finometer (Finapres
Medical Systems BV, Arnhem, The
Netherlands). Furthermore, heart rate (HR)
was determined from the blood pressure
waveform using the Modelflow software
program, incorporating sex, age, height
and weight (Beat Scope 1.1; Finapres
Medical Systems BV).

The longitudinal and transversal diame-
ters (D and Duwass) in the basilic vein of the
inactive upper arm were measured from
images of transversal venous vessel using
B-mode ultrasound with a mean transmis-
sion frequency of 8.7 MHz (Vivid e, GE
Healthcare Japan, Tokyo, Japan). We
attached carefully the probe to the skin in
order not to compress the veins. After
venous vessel images were recorded con-
tinuously, D and Dwas Wwere determined
three points per 30s during exercise and
60s during PEMI at random, and then

these points were averaged. The CSA was
calculated from the formula; CSA (mm?) =
(Diong/2) * (Dans /2) * 1.

Overall RPE and exercising arm (Arm)
RPE at the end of protocol were moni-
tored.

Data analysis and statistics

HR, MAP and venous CSA were aver-
aged for 60-240 s before exercise as base-
line value. The relative changes in these
variables during exercise and PEMI from
baseline was calculated. Data are
expressed as the mean = standard devia-
tion (SD).

To assess the baseline data of HR, MAP
and venous CSA between PRE and POST,
paired-t test was used. To compare the
time-course changes in HR, MAP and
venous CSA during handgrip exercise test,
a two-way ANOVA with repeated measure-
ments was applied to each parameter,
using exercise time and conditions as fixed
factors. To compare the values of HR, MAP
and venous CSA from baseline to exercise,
a one-way ANOVA was performed
(Dunnett tests when F values were signifi-
cant). A value of P < 0.05 was considered

significant.

Results

Table 1 shows the baseline data of HR,
MAP and venous CSA for PRE and POST.
At handgrip exercise test with trained and
control hands, the baseline data of HR,
MAP and venous CSA were similar
between PRE and POST.

The MVC in trained hand increased sig -
nificantly from PRE to POST (27.5 £ 4.3 to
29.6 = 4.6 kp, P < 0.05), although the MVC
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Table 1 The baseline values of HR, MAP and venous CSA before (PRE) and after (POST) resistance training.

Trained hand

Control hand

PRE POST PRE POST
HR (bpm) 70.3 £ 7.6 72.3 £ 10.6 70.6 = 10.7 67.8 = 8.1
MAP (mmHg) 79.1 + 8.4 84.2+7.5 81.7 + 17.0 76.2 + 8.2
CSA (mm?) 23.7+7.8 20.8 £ 7.1 23.0 = 10.3 20.2 + 6.2
Values are mean = SD.
_ 40 1 OPRE in control hand was not different from PRE
§: mPOST to POST (31.0 = 5.2 to 31.4 £ 4.3 kp) ( Fig.
-g 35 - . D.
g J Fig. 2 shows the Overall RPE and Arm
§ F RPE. In both handgrip exercise test with
g 30 trained and control hands, these RPEs
5 were unchanged from PRE to POST.
T% 25 | Fig. 3 shows the HR, MAP and basilic
E venous CSA responses to the handgrip
s exercise test in PRE and POST. In handgrip
20 exercise test with trained hand, HR

Trained hand  Control hand

Fig. 1 The maximal voluntary contraction (MVC)
before (PRE) and after (POST) resistance training.
Values are means = SD. T: P < 0.05, difference
between PRE and POST.

16
OPRE

mPOST
14 -

12 -

Overall RPE

10 1

Trained hand Control hand

Fig. 2
after (POST) resistance training.
Values are means + SD.

increased significantly from baseline level
during exercise (P < 0.05), and then
returned to baseline level during PEMI at
both PRE and POST. MAP increased signif-
icantly from baseline level during exercise
(P < 0.05), and the higher value of MAP

10 1
8 -
w6
o
E
< 4
2
0

Trained hand Control hand

Overall and exercising arm (Arm) rating of perceived exertion during static exercise before (PRE) and
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Trained hand
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Fig. 3 The time courses of the heart rate, mean arterial pressure and venous cross sectional area of the inac-
tive upper arm during static exercise and post exercise muscle ischemia (PEMI).
Values are mean = SD. * : P < 0.05, difference from baseline level.

remained during PEMI (P < 0.05) at both
PRE and POST. There was no significant
difference of HR and MAP between PRE
and POST. In handgrip exercise test with
trained hand, the venous CSA of the inac -
tive upper arm decreased significantly from
baseline level during exercise (P < 0.05),
and then returned gradually to baseline

level during PEMI at both PRE and POST.
The change in venous CSA also had no sig-
nificant difference between PRE and POST.
In handgrip exercise test with control
hand, the changes in HR, MAP and venous
CSA were similar to those in trained hand.
And there were no significant difference
between PRE and POST.
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Discussion

We examined the effect of very short-
term maximal-intensity resistance training
on the superficial conduit venoconstriction
of the inactive limb during static exercise.
The primary finding in this study was that
the changes in HR, MAP and venous CSA
of the inactive limb during static exercise
were similar before and after the 1-wk
maximal-intensity resistance training,
although the MVC in the trained hand
increased after the training. These results
suggest that the very short-term resistance
training does not alter conduit superficial
venoconstriction of the inactive limb dur-
ing static exercise.

During handgrip exercise test with
trained and control hands, venous CSA
during static exercise decreased significant-
ly from baseline level, but returned to
baseline level during PEMI. The venomotor
response is modulated actively by the sym -
pathetic nerve system, and the increase in
sympathetic nerve activity during exercise
is thought to be caused by central neural
mechanism (central command) ( Goodwin et
al. 1972; McCloskey 1981; Mitchell et al. 1989;
Mitchell 1990) and reflex neural mechanism
which is activated by exercise (mechano-
and metabo-reflex) ( Mark et al. 1985; Rowell
and O’ Leary 1990; Victor et al. 1989; Wallin et al.
1989). Because the venous CSA during
PEMI was not different from baseline level,
the decrease in venous CSA during static
exercise might reflect active venoconstiric-
tion which is induced by the enhanced
sympathetic nerve activity via central com-
mand and/or muscle mechanoreflex.

The MVC in trained hand was signifi-
cantly greater in POST than that in PRE.
The increased MVC in trained hand in the
present study was not accompanied by nei-
ther HR and MAP responses nor CSA
response. These results suggest that the
adaptive time courses were different
between somatic systems and autonomic
systems. Because the superficial conduit
venomotor is probably modulated by sym-
pathetic nerve system ( Abdel-Sayed et al.
1970; Webb-Peploe and Shepherd 1968), the
training period in our study might be too
short to cause the significant adaptation in
sympathetic nerve activity and thereby in
CSA.

Saito et al. (2009) reported that high-
intensity resistance training causes the
increase in muscle sympathetic nerve
activity response during fatigue isometric
handgrip, which probably involves activa -
tion of the central nervous system.
Although our study used the static exercise
at a constant duration, if the fatigue exer -
cise was used, the enhanced sympathetic
nerve activity via the increase in central
command might be obtained, which is pos-
sible to induce the greater conduit veno-
constriction of the inactive limb during
exercise. Therefore we have to investigate
furthermore the superficial conduit ven-
omotor response of the inactive limb dur -
ing fatigue exercise.

The venomotor response is controlled by
not only sympathetic nerve system but also
the change in transmural pressure ( Oberg
1967). We cannot exclude the effect of
change in transmural pressure on the veno-
constriction during exercise.

In conclusion, circulatory and venous
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CSA responses during static exercise did short-term maximal-intensity resistance
not change before and after 1-wk maximal- training does not alter superficial conduit
intensity resistance training, in spite of venoconstriction of the inactive limb dur-
increase in MVC of the trained hand after ing static exercise.

training. These results suggest that very
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Prior activation history effects on motor unit activity during
constant force contraction at a low level

MIFUYU KAMO

Abstract

The effect of prior activation history on motor unit (MU) activity was studied in vas-
tus lateralis muscles of seven healthy volunteers during constant force contraction at

a low level. The surface electromyography (EMG) in a 3% of maximal voluntary con-
traction (MVC) (CONT) was compared with that in a 3%MVC following 40%MVC
(HIS) in knee extension. The MU activity was estimated using the integrated value of
surface electromyography (IEMG). The IEMG in HIS was significantly lower than that
in CONT even though the same force was developed. Furthermore, the lower [IEMG
in HIS remained until 3 min during the contraction. These results suggest that a low

force contraction following a middle force contraction is conducted with less MU

activity, probably because of hysteresis of muscle mechanical properties.

Key words: Electromyography, Muscle mechanical property, Hysteresis

Introduction

Motor unit (MU) activity is a result of the
net effect of interaction between descend-
ing signals, intrinsic properties of neurons,
and afferent feedback. Kimura et al. (2003)
demonstrated that surface EMG in agonists
were lower in the descending phase than
in ascending phase during sinusoidal con-
traction at a low level (the amplitude of
force between 0 and 15 %MVC) (cf. Fig. 2).
This result is interpreted as evidence that
the main factors dictating MU activity in
the descending phase are the mechanical
properties of muscles such as the tension

potentiation of twitch or tetanic muscle
fibers and/or changes in contractile proper-
ties of muscle fibers with hysteresis in ten-
dons. Suzuki et al. (1988) showed that, dur-
ing sustained low-level contraction that
was superimposed a brief middle-level con-
traction in elbow flexion, surface EMG in
the biceps brachii muscle were significantly
greater at the contraction following the mid-
dle-level contraction. The reason for the
divergent finding is unclear. In the latter
study, potentiation in muscle spindle affer-
ent discharge was proposed to account for
the increased MU activity because middle-
level contraction produces little to no poten-
tiation in muscle fiber contractile response

Japan Women’s College of Physical Education,

8-19-1 Kitakarasuyama, Setagaya-ku, Tokyo, 157-8565, Japan.
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(Vandervoot et al. 1983). Consequently, the
effect of prior contraction on MU activity
during low-level contraction remains
unclear.

This study was undertaken to determine
effects of the middle-level force on surface
EMG during low-level sustained contrac-
tion following the descending phase during
triangular middle-level contraction.

Methods

Subjects

The subjects of this study were seven
healthy women volunteers, aged 20.7 =
0.5 years. The purpose and procedures
were explained to the subjects before their
consent to participate in the study was
obtained. The Ethical Committee of the
Japan Women’'s College of Physical
Education (approval numbers 2003-2,
2005-4) approved all procedures used for
this study, which were in accordance with
the Declaration of Helsinki.

Experimental setting and force recording
each subject was seated on a stool with the
hip and knee joint at 90 deg. To record the
force of knee extension force isometrically
at the ankle, the lower leg was fastened with
a metal plate connected at the ankle to a
strain gauge (U3b1; Shinkoh Electronics Co.
Ltd., Tokyo, Japan, 0.01V/N). The strain
gauge output was fed into an amplifier
(6M84; NEC San-ei Instruments Ltd.,
Tokyo, Japan).

EMG recording

A surface disc electrode (Ag/AgCl with 5
mm diameter) arrangement was used to
record an EMG signal from the vastus lat-

eralis muscle (VL). One electrode was

placed on the VL belly 10 cm above the
superior border on the patella. The elec-
trode was connected to the positive input
of a differential amplifier (DPA2008PS; Dia
Medical System, Tokyo, Japan). Its nega-
tive input was connected to an electrode
placed on the skin surface overlying the
patella. The EMG signals were amplified
and filtered between 3 and 1 kHz.
Protocol

First, subjects performed three brief (3 s)
maximal knee extensions, the highest of
which was used to establish the maximal
voluntary contraction (MVC). Intensity of a
middle-level force preceding a low-level
force and the subsequent low-level force
were set at almost the same as Suzuki et al.
(1988). Fig. 1A shows experimental proto-
cols. The target force was 3%MVC. The
subjects gradually increased muscle force
to the target force at a rate of 1%MVC-s,
and subsequently sustained the target force
for 30 s (CONTpre). After CONT, a 4-s
ramp up to 40%MVC was made, after
which the force was decreased to the tar-
get value held constant for 3 min 10 s
(HIS). The CONTpre and HIS were sepa-
rated by a resting period of 3 min or
longer. Additionally, on separate days, the
subjects performed the target force sus-
tained for 3 min 10 s following ascending
ramp contraction at the same rate of force
increment as CONT (CONTpro). The sub-
jects voluntarily controlled the developing
force on the target level through visual
feedback provided from an oscilloscope
placed in front of them. Several practice
contractions were given to ensure that
each subject was able to develop the force
smoothly.
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Fig. 1 A, Schematic representations of the experimental protocols (see the text for details); B, Representative
data of CONTpre and HIS. Top and bottom traces, respectively, represent fore and rectified EMG.

Table 1 Integrated value of EMG at initial phase
during low-level sustained contraction

CONTpre

HIS-INITIAL

IEMG (V+s)  100.3 £ 30.8 75.1 =41.3

Values are means = SD

Data analysis

The EMG and force were digitized at 2
kHz and 100 Hz, respectively, using a 16-
bit analog-to-digital converter (ADA16;
Contec Co. Ltd., Osaka, Japan), and stored
in a personal computer. The EMG were
full-wave rectified. The integrated value
(IEMG) was calculated for a period of 5 s at
the onset during constant force contraction
(INITTIAL) in CONT, CONTpre, and HIS
conditions, and at 3 min during constant
force contraction (END) in CONT and HIS

(Fig. 1).
Statistical analysis

The difference of IEMG between
CONTpre and HIS-INITIAL was evaluated
using one sample t-test because the IEMG
standardized value in CONTpre but MVC.
In addition, one sample t-test was used to
identify the significant difference between
INITIAL and END because the increase in
[EMG from INITIAL to END during the
contraction represented in terms of value
at INITIAL. The level of significance was
defined as P < 0.05.

Results

The MVC was 383.8 = 70.5 N (mean %
SD, n=7). Table 1 shows IEMG value in
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Fig. 2 Comparison of IEMG at the onset of constant
force between CONTpre and HIS. The downward
column shows that IEMG were lower during HIS.
The black column represents mean = SD. The
asterisk denotes a significant difference from the
CONTpre value.

CONTpre and HIS-INITIAL. The differ-
ences in [IEMG between CONTpre and HIS-
INITIAL are presented in Fig. 2. Five of the
seven subjects had a lower IEMG in HIS-
INITIAL. The remaining two showed an
increase. The mean [EMG in HIS-INITIAL
was significantly lower than that in
CONTpre.

Fig. 3 shows changes in the IEMG for 3
min during contraction in both CONTpro
and HIS. The [EMG was expressed in terms
of the INITIAL value in each condition.
The IEMG at END was significantly larger
than that of INITIAL in CONT. In the
HISpro condition, IEMG tended to increase
with time, but no significant difference was
found between INITIAL and END.

Discussion

Results of this study showed that surface
EMG during low-level sustained contrac-
tion following middle-level contraction
were lower than control contraction. The
effect persisted for at least 3 min. These

150 1

125 1

% INITIAL

100

75

CONT-END HIS-END

Fig. 3 Changes in IEMG from INITAIL to END dur-
ing constant force contraction.
Each column shows mean + SD. The asterisk
denotes a significant difference from INITIAL.

findings suggest that the main factor dictat-
ing MU activity during low-level sustained
contraction following middle-level contrac-
tion may be enhancement of force produc-
tion in muscle fibers.

The IEMG in HIS was significantly lower
than in CONT, which indicates that low-
ered MU activity achieves the target force
during HIS. Reportedly, during sinusoidal
contraction, EMG was lower in the
descending phase than in the ascending
(Kimura et al. 2003). Consequently, it is possi-
ble that the same factors contribute to MU
activity during both contractions. Three
factors have been advanced as candidates,
causing lower MU activity in the descend-
ing phase during triangle contraction: post-
tetanic potentiation, tendon hysteresis, and
nonlinear summation of twitches (e.g.,
Burke et al. 1976; Binder-Macleod and Clamann
1989; Maganaris and Paul, 1999). In our study,
the target force during sustained contrac-
tion was 3 %MVC. Consequently, it is
unlikely that post tetanic potentiation
affects MU activity because slow MU,
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which are known to exhibit little or no
potentiation (Bagust et al. 1974), are activat-
ed during a low force contraction.
Meanwhile, it remains possible that the
remainder of these factors i.e., enhance-
ment of force production in muscle fibers,
contribute to MU activity during HIS. The
lower [IEMG remained for at least 3 min in
HIS. This result may reflect that these two
factors affect MU activity either directly
and historically (indirectly).

Although muscle force levels were simi-
lar between those found in an earlier study
by Suzuki et al. (1988) and this study, we
did not observe that EMG during HIS was
significantly higher than that during con-
trol contraction. Therefore, the muscle
force level can not be a major factor to the
MU activity during low-level contraction
following middle force contraction. The
reason remains unclear. However, it might
be attributable to the difference in speed of
force decline in descending phase follow-
ing middle force contraction, i.e. about
75%MVC/s reported as reported from a
study (estimate from Fig. 3; Suzuki et al.
1988) and 10%MVC/s in this study, because
MU activity is well known to depend on
the speed of increase and decrease in force
(e.g. Morimoto and Hasegawa, 1976). In addi-
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A study of “spring ability” on running : in the viewpoint of the
effects of transitory practice of rebound jump on cardiorespiratory

fefrn R

Abstract

The purpose of this study was to clarify the effects of the practice of rebound jump
exercise on cardiorespiratory during the submaximal running.

Eight female students participated in this study, whose measurement values included
cardiorespiratory (\.702, R, VE, HR) and RPE during the submaximal running and the
rebound jump index. In this study, 2 stage (3-min X 2) submaximal running were
examined before and after the practice of rebound jump.

The results were as follows ;
- Running economy was unchanged.

- Respiratory ratio and heart rate during the running significantly increased after the

practice of rebound jump.

- RPE after the running significantly decreased after the practice of rebound jump.
These results suggested that rebound jump will be effective for activating cardiores-
piratory during the running and making the running less stressful.
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£ TICE T 2 EBEHA NI D% A B K O
ZERFIZ DT, MBEASPFEL S HEL T
WBDTERI N (IEA 2005),

2. JEBEA I DS HEEDHER
AWFEFTTIE, M2icasns Lo, §
SAERZ —~DoD AN E L THBMOEE T H
FEaig <, BrofErfEL TEEw
A%, BAFGAEHETIR TR E LTk
J1 (W%Ege ) #@Eo 3L, ZHEEE L,
i 6~ 104EH £ Tlx "HIZEAT ORI L
U 7 1 35 S R 0 WA B % O JERE (AR 7 12 B
THMIERREEH TS L) ZHEIZL TS
7. ZLT11 ~154EHZF OB, THEE
M RIS BE 9 2 AR 2 H 15 2 &
Thot, ZLTHiC 16 ~20EFHETD5
EM DM 7 a v 7 4 7 HFEMIEE T 7

0y 4 7HERTLIC, CBERELLU
HEREHTZ2IL) ZHEE L (NEAS
2005),

TR E X ORFHIRE O PR L
23T, BART 15 JEH IS 7y T4 7
HEOEMICW>7-2 LiE, BRT2L9
2, RELMELEEELZIFIICE L L
25, 2Dk 70 rT 4 THENDOHHE
I\ R %, INEA (2005) 1FRD X9
W RTw3, znz5IHLTINnE TOM
ZE X ORFOMBRENZ DM 70 v T
A TRECDTZBCEOER)E-TEE
72\,

------ BAPT 10 DL L2 fE L, XD
—EOFREEHETICE, M b
E XD AMEERD ETHRBIC RS> TW
7o, % T CRANERAF AT TS i BEA A
FHE Ei7aryr47) ~NHETE 2
Ll e (hlg) - F NI
BU27uvy74 7HEEDMEDITEL
T, AR2PE, THED R H M & B2 Bk
ZHOAMy BREHNE LTV
e HEMEEZ AT 20D E LT,
TRIEIE) 2B\ L TE 7. RUF%ERT
X, Z0DDFNIRER D L6
Fi4oEEDEZTHo 7 (F4
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B3 BEEREHA VIS I T BUIFEHCR (AR & R TR DR

2005 ~ 2009 SEDF 7 1 v 5 4 PHENIMICH 7= 5.

1991; B 1991; ()il 1991).,

3. FMi7v YT 4 THET X BRE
ESA=IMVAR IV = SO i FSERON T
TR DBk 2 RGED R IZF L 7 (46
~59R—=2) X DFELVIMEBRRPERT
— Y ONFEIZDWTIE, BFEEOFEMRESE
FIntegrative study of circulatory regulation
during exercise; Contribution to developing
optimal program for health promotion and
physical fitness through sports and exer-
cisey 41t (PR 16 FFEE~ 19 4FEL), il
HE LGP I8 A1), S RS 1
it CPEE 20 1) I2B W TR SNTW» 5D
TSNz,

3-1  BRSGHsCB DR

HENESE» o R B E, 70T 4 THE
XD AR 84, FHE 10k, Zofho
AL 35 R, FEFL 130 E v R E
b o¥, ZNE TOMIERTD S A L2
7u vy 4 7HEICE T 3 REE R LT A
2L (K3), 7vvT 4 7HRERZIAGED A
%69, EEEEEICE T D BRCGHSCE R N S

HRFEE NI b s, DR
BT T—BEFELREEZED S, &
W BB o E WA B, Fz,
ENATOERFEREDZNE TOERICH
NTHELIBMLTWA Z L7y T
A TDRETH B, 77 LI EBORMN
BEL W ETHh LM, mXE LTART
NEEEBNFBEINTwE I ETHY, Arg
Bl 7uY e b XUN—L L TIREVLE
EEZITIED TS, AifiimsL s L TR
RNENDBOBE BT TH 5.

3-2 WD DHi

LTI DT IZWIZE D E b HETH 5,
iz v v T4 THREMEICHE SN 20D
ERHBEDE BN TP T AR — Y EAREF
AOCEH (CRARZEET - ZHIFEMRE, 2005
4£. Blood flow after contraction of short
duration reaches its peak by 3rd cardiac
cycle. Ohmori, F., Shimizu, S., Hamaoka, T.
and Kagaya, K. Tokyo, 2005.5) # X OV 60
M HAGNEARRESRESE GBF : <X
71y FEEFHE) (EEL : BERRKT %
IS B 2 RAEH U 72 B 10705 B AL
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4 2 ODFEED & AT BN DI IKEH

RN 12 350 2 WEABIIREEES (WSHBIIR, RHBIIR &M BIRREE (HERBIR) (cB 0 2 MRS %ED 5% 5. M
BIIRRER T I M D YET S 28 2SHEAT IR T I M 2SN 5 5.

TEDZAL. M%K%, FA %, Wi, 2005.9)
ZZE LT, £ 16~ 184EE L THY
fiizay g+ 7OWAERKRETH > MER
TET KDY 10 RIS E L&A R —  ERAH
) #ZE LT, 20X BZEIZHM
7074 7RIS E T 2R O B 2355
i/l tarnTbD Lz ons,

3-3 WHZEHL & LT Ok

BRI O AL A & L T DA ERRDST
ELILHBREBBRBETH S, PR I6FED
W AIERES v R Y A, B 18 AR ]
WMESLENS YR A, B 20 EEDHE
2EEEES v KT A, R 20 4EFE O AR R
RRGEE Lo AR obfEE L
7o 2 EITMAT, #HFEWEE - Rk o7
DDAl T F =7 =72 3y 7100
DIFLBMEE o7z, TS DEITIXFEND
5DBNMENL L, DOFEOERZHDIE

WALCEBR L 2L wR 5. %7, BBRT—¥
DRELCHMH ) (NHK 2D LTH Y 7>,
WHHH), HARVEMEHS v A2 7 201K
I3 BHGEIE T O GRS O BN IS ATV, R
A V87 % b ORI L LT OB
5NT-EVWZ S,

3-4 KWHEED - DRLEAHO L b
MR BDO LI ra—X 7y 7END
r#%) ORRDOAL ST, ¥Mfi7var T4 7H
IR EMED 2 HHD L DI 2, wb
3 TEG) o&EZb o8 EBbNn s,
HEROW %5 T L > W5 O Fl
VAT ZEDOPITHSL, TRy R
VNI K B T e, MR 2 H
2B L INTFTMEZ RS ORIE & 2 OMEE D
I N IR ENE, S B OWIZERT O S I E R
THLEEZVR LIz WZ 5,
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% BRSO WIREBING I 36 1) 2 IR & LBIRIBEBI IR D MG

FITE Ui 0l £ 23 1435 & BBk (RA, renal artery) OIMFLEEIXKEL, mMEar ¥ 22 26K FT 5, i,
HALE T~ DI 2 3% 5 EIERIEBIR (SMA, superior mesenteric artery) DOIiIF#ER X XmMEFa > 42 ¥ v 213,
FRIEAS B L THEHEIRD X 5 %3 LT 40, SHEPERO T 2 IR ST E 81 - IRdR I X 2 Hlgaavn S h

TWw5,

SBOLHHE- Eivar T4 7Y
KOS 2 L 7281 Lo Pik-
4-1 RfFRvEca 5
M7y T4 THEOMERRZE £ 2
T, RDANRYTHS20~25FHIZET S
BFZEAT D55 L, THEBERIRFZE & & QG
BRFZEIc BT, 78 YT 4 PHETHLK
WEIGICREIE S LI B L wikikz 7
2, L0HTLETHD, 70V T4 THED
FEhalk, KD X5 H5HBID R E KR
BEPIEIICZE L VR D,
e 7 7 —F L LTlE, 70V
T4 7 HEFEIC X D155 N EBE O NGB
fiii (M4) SLHNEIESFE (X5) (BT 25
Hary iz, SSITHEALH L LR 2
HELELVWEEZTWS, £, EHFox
YEFNawy FICBT 2% E X OFRIRMI
D> 6 AT B IR O [ SRR O 47 B b B 7
R T R EHETH 5. FBkIC, JSHNDE
TDT 7a—FITO0T HHE TR SRR

4,

HEDEEHIC R o L WA B, FTGIRER
A7 JmpnEEicBd 208 Tch 5. Y a¥x
VIR —F v o KR w3
SEHONRIZIE T v ADERI N, B
WHEE 7R 77 A E L CHIEZINT WS,
L > U4 B S B 23 R 3t 20 KA 5 R i b
%, HLVEMTE ZEH 70 s T LR
DO DTHOWENARTH S, L
7203o T, RATEB)Z W2 EE) e 2T L
BAFEICE T 2 IGHINIFE 21T, Rz o
NRECBILIZET VARG Z0ENH 5.
bR, MEKRE, ke s v
o Fe g BRI B 2 BR IR W T — ¥ 25T
w3 ZEns (K6), FELDEIIZONWT
LT REHE L LThITF o2,

4-2 B g ER

HE « AR — B B 1) 2 2 #m
MHEZLDE, T4 74TV ALKROME
Lo HHERL TS (EAR 2005),
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MEHERDE SR 123 2T

ST & DMBEHED BT H B il F 2 WRIC U7 dk
TGE 7 EDRMEE ICHED > Twa., TR, i
M, Wit SEIRNP A H OIS & £ ol 2
FEML, ¥ 10EMDT -y BEMINODH 5.

—ODSAIE, MErSWENE VoI
v e SRR IC ) T A v AERA
DER, TH Y, MHEMEE»SERINE <
7GSRI ) THaN=— XITb
Z5EM ths (K7). LKA
BT 20 EE, W - BE L vIicEs T
2 HE L JSHOM FITMEDI VT WS DY, =
A9 2 2SS ofCc, i 2 Lk
RO Y% X 22513 3Tdh %

AT TH 2R D, Hi L\ F Rl R
ZEAMT I EPMETHD, D NHNEZE
CRBERH L, LrPLAEVS, ZDXIH%
M A v 238k % HIE L 7 EEIIA o A
%679, FEL, FEE, LKETAY—-MIC
B9 ZIRIA WICHIZEZ N7 v A X CERAL,
MABRFICB T 209001 & LCogk#Elzi
YN D B, BITE, AT T EE
BN A BIGEN E LT, REEHBISR A &
LCEMBLTVS ZEHTENY 7 7HAED
MEEFEREAE ) ICB T 2R HEZ{ToTw
% (KM8). Ffiuaifipmbeim EAR—>
- BEy R—FHFEOBRELT, HX—
BXORELBEEOEKERTFICNT 23T
4 ¥ a7 A= bR 21 EE XD BG
LTw3 (M9)., Zo¥R—Mix, HEHEH
PO L 7 THRUER B R 1 m) R EEA ST B - FEHE
Gy IZHEDWT, HAZFHFRBERAEIL D
HARE KL L OCE L KED 3 KEH

9 WHHEEAR—Y P - Bl R — FHEEICE T 5150
WHHBO G E A EILET (b 2 —, PR 20
QAR i)y, meREEHREIGR, MrhFLg 4 &2 0E
L, BPOaryF4av I/ YR—Fr2ffoT05,

FEL T T3 XBHETHE, IN6D
HIE W )X BHEOER 2, il L 7 AL
Wi L D%z & h oD, kb —JEiEE
BTWVELWVWEELTHD

5. Bbbhic

iz ey T4 TREEER AT 20 FH O
BHSEZT, WIRFTRHi S22 EAaH L
225 %, BAFTDRMAR L 5 E M N T 0 B HF
BHDEY =%, VhE L THFEDH 21
RHr), TFR—F XAV EFRAFT7TIEARLLED
EWHEME, Z2LC TEsbh LHISHE, ©
b2, ZOEEIEDA L HIC, BERFEGH
ZIRRZHZICHREL, 622 RELZ HIE
L OB —M#iEENT2FFETH L, i
F CHFRAT OGS 2 8 L T F & - 72k
ANZBER AR & HAL FRBERFICHE 2 R
L, E7WHEROIERICRIIA 7720 7 AR
PRI COBIREA, 4 - bitk % & LT



BHAT 20 JAERL R ABINIZE 7 # — 7 & T20 WAEH 226 OIRE)— & 5 b M < g %2 sk T~ 29

DERFEDERRICEC E# 2L BiF 5, %
LT —EO ML TR 2H5 X9

ICBFAWT Z2RFETH 5,
X Wk

FRIEE : AIFIZ® L <. J. Exerc. Sci., 1: 1-2,
1991.

IEANET « HARL AR E R AR 58T 15
EORP L7 a5 4 7 DHEBIRFOEBR
FE L, HKFEPE 7o 27 oL, T
Exerc. Sci., 15: 20-27, 2005.

HiEHFEH] : 2w & . J. Exerc. Sci., 1: 3-4,

1991.

EARMNT « EE A2 ORI, (KE DR
2, 55: 892-895, 2005.

EART  EBIFIC B 2 NI E B L Ol 1
VLENEE & Z O FEINE, SCHR R AE TR
EATT S B S (R 7 ey T4 7
HeEE ) DFFURHEE (PR 16- 20 4
BE) THESEREIC B 2 GBS O Fi A g
H- AR =k 2 - k1D h 7 s
7 LDOREFIC LT T -, HRLTHE KA
W& IWFFERR, pp. 58-64, 2009.

I il JEREAR T WFZE AT 02 O f&HE. J. Exerc.
Sci., 1: 9-19, 1991.
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OF FOHEH I X 207 Pk 1

FRBINGIZ 3V 2 IS BN DA IR &
IR MRS 5 Rk

Kb %5

(AL R RIS IR AR A I WF 52T

b R ANEE)Z 1T o 2 GA, DHRHES S A
BB ~EHYNIC L S B 2 & CHEB) O JkfE
WAL L 2%, ZDZ L, EWHICEIT3
MRIEEZ T TR, Z Do GBI AL
GRS Mg £) 10B T 3 IIGE % #
T2 EHHEBETHLILEEZTL TV,
o IR ) S S IR U VX TR B ~ D I Z B R L
JEIEBE R M7 & TIRIMKIZE T35, L
L, FRPEDEE)R 23 IEIGE) R o I b 8
KLU, S8 & oBmaPECTwSE,. EMD
R OB E I 20% THHED D
80 % IF B A I N B 728, FRFREEHR I
FENICEROBDEEI NS, ZORME
SRR S e & 95 L EEEIRE (BRI
PRERL E) X101 CEAL T
2 aick b, 30 oHcHEEHR TR & 72
2 40°CIET 253, & MCIFIT UG G
MRS & Vs o 72 Bt A T LM - T
W5 7d, EERICITEBERRD LRIZF 1°C
BEICZONS, DFh, RRFHEED)RIC
BT 2 IETEE L D MR KA BT e %
KL 7cbDTH D EINTWw»B05, JEEH
X2 T CTRAHDFEEL TV 5720,
IR D PRI E % £ b TR G % 4
BT 20ENBHLEEZGNS, LorL, i
WAL DM % S 2 2 L BWEETH B 2 &
6, 20 X)) BB RCOBBIRTH
5.

WO FEIME (K : 4 mm,
fIR:2~9mm) 2EHLTAZ L, BRI

1HETH 2 DI L, EIRIZREEERRIR &
RACMEEIRD 2 MBAET 2. RIETERRIRIE
fifEz Bk L WE L T D, FICHIBLEE O
Do DMK Z R L T35, —J7, REWE
ﬂ)ﬁiﬁ%ﬁ’%thﬁiﬁ’]{%blu Z HCEfT L
TED, RICHIME O KE L T 5 DI
ZEMLTW5, Z0LI9 I tdrn, bh
DA LW OB A O MRS E Z2 a3
%2 LT, WMo K & {0 e % i
ETELZDTE RO EEZ, HBNFEH E
AR B AR I B W TEEFINE O Mjiss & D
EIOIENTZ2DOPHENICL LI E L.
F 7, HEHEj 2 TOREARIRD AL A L
LR T ALY 72 it ﬁ“ﬁﬁ%ﬂﬂi% Z & T
WA DS ER L 7286 T, SREMAIR O B
Kﬂ?%ﬁ%ﬂﬁm%iﬁﬁépkﬁmﬁh
TW3 I En6, MEMFICET 3 MRINE %2
4 2 2 & CEE)IRE o IR 2RI & W
2L &9 LAz,

G 1 WA EEHGEBIR I B 5 LR 08
FHIR & IRDIMGEISE (Ooue et al. 2008)

R A DR (R 14 4) 12
RAKBHREIUR D 40 %HE (KRE) B X0
60 ~ 69 %5RfE (HERkE) < HERHED) 2 3
fix, BREIIR CEEBINR), M E IR
(BEEER) B X O EBiEIR (REEEIR)
D ML & M2 % 835 07k % > CllE
L, Wi XA=42ollfEzRHL &, %
ERATR BRI BT, EEBIRE L OVE
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EMEEIRO MR S b 32T U s B
MHCZZD3AHR & NT DS, Z DB O IR
FB LI DI IF AL, i
BRSO L Z T e o, MMEICE T
2 M O Z b IR O 2 L P L T
Wz hs, EBEPREMICEITAS N o .
¥ 7., BEHROMERITIOCTNOME L D
AR LA PR ESELL 2o 728
TEHEEE RN DA &, REWFHIRO E
PR EIIR L IRF 12 8\ TR IR IR L A ic K
S|P L, EEER LD BERIT/NI E
Zan L, —J7, #Efh, wWInomEIcE
W H EE AR O BRI IEENEERIR o 10
TIREIIRE S L o,

FEBR 2 LA RTIR IC BT 5 LB o
BENR & RO MBFISE (Ooue et al. 2007)

EM Z A DB (R B2 20 44) 12
oA R (KM% 37 ~ 38°Ciif
;) %47\, AR EES)IR & FR oS8 I
BOIMPE N7 A =% 2 E L7z, AR L
FATPRWIEF IR E & NRAE IR O ke
IR L, 2oL E, FEHEE LA M
W58 D M B o Z2AL I i & o Z 4 & Ak
ThHo7h, MERIZIFEAELLL 22>
7o — U7, VEERRIR B AR O TRTE M FRIR I
TMINE DK E RZAIT A L Ts o Tz,

MNEENIRE B & OV B BT IR & b A
I BRI E Y, B EIR & RAEESIR O IR
EAIFPER L7225, [l B AR RN O I 52 1
LR EAA MR S HENEBR L D b RES o
2. TDXI) BEMEOEIA SN HH L
LT, 1) FHEREROE - QRAEER) & 2)
M)A RO GEREVEEK) »F 2160
7o, BEBEHRE O IR IE R — R 7 4 Ul
EHE L CTEIL L e o 7208, Ak E i
R Z U3 3°C LA L 72, PRSI & il
T I 4 o0 I BA R 1 T3 B S iR o BRI &
DEITICEENT 5 Z &6 (Nadel et al. 1979;

Wengeretal. 1975), ARETH 2 & FED
iAotz EZ 605, 3600, )
IRF IS TE BT~ D I 2 A FF 3 2 7 D I IEG
BIEA~DZUIHIR S 2, HB AR O
JETRE AT MR IR T 35 2 & (Blair et al.
1961; Johnson and Rowell 1975), VEXB{A &
IS B LA et o o i B4R 13 4 il A 4 £
If & Lol U CEBIRFIC A T ICBEIT 2 2 Lo
% (Johnson and Park 1981; Kellogg et al.
1991), ARIEBRI E > CHEBIFH LG 1< Bk
EREERIRO MR E O FPIE T L2 &
FEzoNn, ZOkH, HEEBERE BRI
2B W, MBEBRIC IZMEAE T L, HHEL
AR R L 7272, WSfFHT
MRS E I AEZRDVE L 7 EHEZ I NS, —T,
JAITE ) IRG C & 2B B BT IR C b R 1
FHTFE O TRTEMEERIR O RIS 13 K & < 221k
B9, FMEEICbEEIASNR» ST,

Pz &6, JEB)RFC b 25 EVE fif
T b EMAEEIKRE S ER LGS, 20
IRV IEE BHIR & RAEVE IR O MR 3R
T 2%, WA LA TRt ic 81T
BIMREDOZE IR 2 2 Eh, —JF, RIE
PR O I = 1 > T D S0 b PRI
FIEFORELSEBL L B S LR Sk,
DI EDSFEBERPRKELS LA LTS
Bit, o BB oOEE ME O ks Dz
b2 & Wi O B fg & T o Mg & & OFi
T o 7 ML i % & 2 FREE Syl L CHEE T &
AR R S e,

530k

Blair, D.A., Glover, W.E. and Roddie, I.C.: Vasomotor
responses in the human arm during leg exercise.
Circ. Res., 9: 264-274, 1961.

Johnson, J.M. and Park, M K.: Effect of upright exer-
cise on threshold for cutaneous vasodilation and
sweating. J. Appl. Physiol., 50: 814-818, 1981.

Johnson, J.M. and Rowell, L.B.: Forearm skin and mus-
cle vascular responses to prolonged leg exercise in
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man. J. Appl. Physiol., 39: 920-924, 1975.

Kellogg, D.L. Jr., Jhonson, J.M. and Kosiba, W.A.:
Control of internal temperature threshold for
active cutaneous vasodilation by dynamic exer-
cise.J. Appl. Physiol., 71: 2476-2482, 1991.

Nadel, ER., Cafarelli, E., Roberts, M.F. and Wenger,
C.B.: Circulatory regulation during exercise in dif-
ferent ambient temperatures. J. Appl. Physiol., 46:
430-437, 1979.

Ooue, A., Ichinose, T.K., Inoue, Y., Nishiyasu, T.,
Koga, S. and Kondo, N.: Changes in blood flow in
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Ooue, A., Ichinose, T.K., Shamsuddin, A K., Inoue, Y.,
Nishiyasu, T., Koga, S., Kondo, N.: Changes in
blood flow in a conduit artery and superficial vein
of the upper arm during passive heating in
humans. Eur. J. Appl. Physiol., 101: 97-103, 2007.

Wenger, C.B., Roberts, M F., Stolwijk, J.A. and Nadel,
E.R.: Forearm blood flow during body tempera-
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OF FIHEH I X 2 W7 2 Pk 2

JHENIRF DRI BT 5
2y bFInaey Foped

i Hr

(AL R RIS IR IR A W52 T

1. FHBJINFIZ 334 2 M i i

RAICE T 2O ERIFFEOH 2~3%
T E RV, DMAREDR 15 % DI K
G I N TWVWE, ZNIEINTIEZ 2L ¥ —
DD TE R\ 729, INIME (cerebral
blood flow : CBF) 2 k37 Vva—28 LN
MBEOLREMLEPDETH D I EICkD, &
512, MIZEGHERF DO 72 O BEA R 72 HE
ThY, L7 CBF oz, & HEAEHER:
WKBWTHEBEL IFTENDEH S, Lh
> C, MIEERFEEEE D% E, EH% &
SEIEARBEOEMICH L THLEL KU
Wt E T2 2 Th B, WAL, NG
BRAAERERE (X, MIEBLERET & X R D, Rk
w2 A5 (K 12M1) (Ogoh and
Ainslie 2009).
CBFIZFIc—ETH % &) imnuiiae,
DIRT O WF7EiE B2 &, HHBIREIZ BT H CBF

Y hILIATVR
il s

BR 7
NO

i

—)  EENREZE
THE{ER

1 JHBHINIC 35 1) 5 i A - o Btz

REAREEE
BISERHEER)

gtz L EnTE % (0goh and
Ainslie2009). LD L7036, FoREOWR T,
EHIRFIZE TS CBFIZ—E T3S ALHT 3
LW RDHEEINIC %\ (Querido and Sheel
2007). EETIE, ®EEHEF 77—k (trans-
cranial Doppler ultrasonography : TCD),
Hi—Jt 7 Wi g4k (single photon emis-
sion computed tomography : SPECT), K
b v v Wilgik (positron emission tomogra-
phy : PET), MT/R7MR Y6 (near infrared
spectroscopy : NIRS) 7 & DL EE 22 LR
SWELEORFEIC L D, #ERFY 72 CBF OHIE
DARE & % o 7o, GEAE, Zho DBWIEEE
T, SEBEjR o CBF 122 W T 0 FERGE 2
WMESIND L) IRy, BIEHRFICKIT S
CBF 3§ 2 L DEZDBERE %> T
%, I oiciE, EIINEEENIE (Sato et al.
2009b) F 7 X FRNEREEEI (Ogoh et dl.

L
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2010) BT 2 H KK B ARV H 1 i o %
TCDVEIZ & D EFlis % &, dEEIRFRIDIER 12
FESIINT 2 2 E B I N TS, INIEER
FEICIE I EIEHRERDEEN LD, HH)
FDOCBFIZED L ) ICHHHIiINTHWEZDTH
29 b, MFRIEEEARIIC A — L OB XD
PeF D IEER B A CIE v, D% D CBF I
WEWRE (perfusion pressure) & X IM4E o B2
B (vascular tone) ONF v 2T X 5> Tl
XN T3S (Ogoh andAislie 2009). L L
s, EIRFICE 1T S CBF oz, Zzi
W) MEOHMIC X D T XRTHHTE 2 D
DTIEZ v, D F b, vascular tone A% CBF
DOFENCERICBIRL T3 EE2 6D,

2. v F I aey R LRI

I rRRETE BN I X D I R AT R 238N 4 5
ZriRHmesnTwE, L Lass, Mk
WGEN2Y K D JLET 2 & F 2 5N D R ES)
IRf 0088 57 IR IR 12 5 > T, AR T 1 Lhl L
72 CBF OHIIAsiR0 67\ 2 &l (Querido
and Sheel 2007), FHFEIHE) LLAF o 42 BLof iy 32
KAk b @B CBF i IcBIfR L Tw s 2
ERRBRLTWS, ZoESNICHE) BATTo
I bt Gl & X OMREHITHE & CBF D HEfnAsEd
T 20850 EAHTH B, BN LS WG
#ix, vy rILawry Fubn, SE#F
W Z 20 A ENED AR A A =L D—
S2rLT—kEnTw3, vy naw
VIFOEFEE L TRIEEFTOLEZIAHTH
27, S (insular cortex) SeHiaTRIAIR
'E (anterior cingulate cortex) ZSEHHifEK T
HBHIEWRBINT S (Williamson et al.
2003). Williamson & (2003) (%, kfiz#
B &7 o FHEN A4 A — - fEIRIF ICIFBRIG
B oM Ey, B EE LA [ EE O
CBF (SPECT I & b §¥ii) 23569252 &%
oL TE D, AT Z& R o 8,
bt Inaery FIZBRLTWS, bitb
TUSERIEBIRF 12N 7L — a vl E

WHEBIR OB K (bbb I
2V F) ZIET W54, EHFICEIT 2
ORI EN IR IR L A 2 > b v — L &1
WHRTETFT T2 2 L2HELT0E (Sao
etal.2009p). 512k, v FINaw s R
DIRG9 % BERGEE BRI & iRz 254 O
A%z JS 3 ZEREBIGHG I 2 ik L 72564,
I = B B B A 1 0 A 02 R R I B RS- ¥4 AL ok
JEDREMAFED 54tz (Sato et al. 20009a)
NS DFERIE, v F T a~wy FE)
Rf> CBF AL TWwb 2 E2REL T
W5, LaLlidrs, Aaicey 7o
2V FEZLIE LA, BRICED 20
VLT3, WA, v FIlawy R
2 CBFICHBEWICHEL Tw 2 h, i,
MER LM EE AL CRBEINICEZEL T
/P ONTIE, 5B 6 7% 5 20T
FWMEETH 5,

X HR

Ogoh, S. and Ainslie, P.N.: Cerebral blood flow during
exercise: mechanisms of regulation. J. Appl.
Physiol., 107: 1370-1380, 2009.

Ogoh, S., Sato, K., Akimoto, T., et al.: Dynamic cere-
bral autoregulation during and after handgrip exer-
cise in human. J. Appl. Physiol., 108:1701-1705,
2010.

Querido, J.S. and Sheel, A.W.: Regulation of cerebral
blood flow during exercise. Sports Med., 37: 765-
782,2007.

Sato, K., Moriyama, M. and Sadamoto, T.: Influence of
central command on cerebral blood flow at the
onset of exercise in women. Exp. Physiol., 94:
1139-1146, 2009a.

Sato, K., Sadamoto, T., Ueda-Sasahara, C., et al.:
Central command and the increase in middle cere-
bral artery blood flow velocity during static arm
exercise in women. Exp. Physiol., 94: 1132-1138,
2009b.

Williamson, J.W., McColl, R. and Mathews, D.:
Evidence for central command activation of the
human insular cortex during exercise. J. Appl.
Physiol., 94: 1726-1734, 2003.
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OF FIHEH I X 2017 2 Pkik 3

B DICH - WWINEZ FB»DIc Lk
FL—= v 7 DORI

" —m

(FRRHE RS R B — 7 BlE2Aii k)

LY RS v RME (b r—=v7) &
Iruty 7 (FEFEED) OMRE,
BN P v N ORERE & v o 2 B
WK DRESCE LS, HhL—= v DR
WE2TRTHSD2IZT S Z LIIAESG TRV,
—YE OB KT 5 T 2L X — RPN
WIEE RN T2 T, AENZFL—=
VIR r T A ET 59 2 TEMZER
IG5 ENTES,

K74 =7 LT, bbb IE TIZ
fToC&Ek Tvyry vy A#ie =7 E Yy
7O ERENET , 12EH L —Ho s
SRONHAEBNT S,

LR VAMH E 70y 2B O
AEDOEBNITWEIEELE X 2L ¥ —R
LY A7

HEEL TR P L —= v OB TR, LY
A& v AHEE 7 a Y 73EE) R T THE
Mg 32 En% v, —J, Tnom#EEioR
W EEERE IZHEICI N TW o, Z
CTARWIETIE, LY Ry VRAMEH L LT 0
vy 7 BB 0 FEHENET O ED R A L E v
DI WENES T 2L X — R F T e E
4oODWZEEE L THEFL 72,

Wge 1 EREoz 7oy 7 #inz ok
TS VY AY V AFENI T 5 HIVE V)i
HICIE T

RABMZWRIZ, O60HOT7HE Y

2 YEH (50 % VO:max) o 20538511 ¥ 2
v AEBET)E, @ 5oz rrEe
v 7 YE#) (50 % VOmax) @ 204381 Y
Ay v AEBEEAT) B RS, LY RS Y
ZEHBICE T L EEALEY (RERILE
Y, TARATRY, ALFV=LEE) D
AR L 72, 2 DR, 60 o7 m
vy ZHEBICH EHFOTLY RS v REH) %
fTo 7 Gaic, MIEME R IVE VIRE DR
FOBIE RISl E s 2 EBHS Ik
7o, ¥, TOBERDO—DE LT, FHAICH
ML 7z 7w ey 7 Eahc X 2 i ng b
FRIEEE D B35 2 547z (Goto et al. 2005).

WHE 2 WY 20 W ) A3 2 DIRIET 9
LY Ay v AMEIHED B IVE VIBEICRIET
W

ffgE 2 TlE, BRER EDBHRAR—YICE
WA S LB BRI 72 R EESE B Y 2 D2 12
fTHIVYRY v AEEIGED FIVE VIBEITK
B L. RABEZNRIC, O
MR AT) v 7 GRHEOETIRY
Vv 7 2ok EEZHRAT Y 3
i) D60 HBICL P ALY vy AEH (5fH)
2479 w$ (SR60), @RIXM 7T <5Y
VI D180 GBIV Y A v A ET) F (T I ik
2 (SR180), QLT RAY v ZHEBIDAEFT)
A (R) 23, LRy vy AHEEIKICE
F3EMELVEVDIRERLE L2, 20k
B, SR60ICEWVTIE, LAY v AEEKIC
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B SIMERESLVE VIRED FRANE -7
(RN ot, 72, SRISOIZE VT
b, LYAY VAHEBRICE T 2RESVE
VOIRKIZL YR v AHB) D AR Ei L 7=
RICHE LTIl Sz iic & > 72 (Goro
etal.2007a).

M3 LAY Yy AMEIRZDHBIZIT)
7ty 7imrh ONFEGHN B T
78 3 Tk, WMABMEEZNRIZ, O2HE~
DLYRAY v AEE (6fiH) @ 2040%IcT
7uty 7## (50% VO.max , 60%rR)
#4719 @kE (RE20), @L ¥ R ¥ v R#B) D
1200 icz 7 a €y 7 @B %179 il
(RE120), @z=7u vy Z7EHDAZLT )R
B (BE) 23, =7uty 7E#ihicslrs
NRERH 2 i L 72, Z ofiR, Hificr
2% v A#E) % Ehi L 72 RE120 Tl¥, =71
Yy 7 SE B BHAR IR 1 L 02 e IR A e I 2 3 E
WHEE L CHRBICEMEEZ R L, EBh b il
DEEHB L, £/, RE20TIZ7nRE
v ZSEHFIIE 2 e — v (BNS RO
B & X OEEERR AR EE s 2 ER L
72, 607y Zi#EFRIcE T3 T
FOVX —HEICNT IR O 'R X, FET
LY RS v AGEE 2 N L 72 RE60 8 L O
REIZ0 Btk L THEICEEZ S L 7.
TN DREEIE, LAYy AEBICH] EHi
WTIT7REy Zi#B)z L SEEITE,
I7 0ty 7B &% E L 2 5E 1 g
L CGEEROIRERBPITHET 2 2 L 2R T
LDTH D (Gotoetal.2007b).

M4 7oy 7HEBZORIITI T
7Rty 7imh ORI BUE T E

ffIE3 Tlx, LAY v ZAEHRICZT R
Yy 7@ EMT S LIk oT, EHih
DIFERBDBIET 5 2 EBRD 5N/, L
L 2RI, FEjic "Ly 2y v A EH)
ZEMT 2 2 EPMDHADOHERKTH 5 0H 01

Ho» TR, Z2TH%4 T, '=7oy
v 7EE ) gl EvCEEOZ Y RE Y 7
SHE) 2 S L 7B, IEERE O TTEDE L
LB BET L7z, RABMEEWRIZ, 30
SO R BEEE)Z 20 S OKREZERA T2
oy MY U 7B BENi s iR IR R
EAbEBE Lz, Z0fE, 2y FHOE
Fhix 1 &y b HoME I g LT,
7FLFY ViREo ER, EA v A Vi
JED TP TN RE NI L3R 5k,
7, EHEhIcE I A MEE S Y e — LR
DLEAbL2y FHOMEH NS 1y PHZ L
TH DI EWRENT (Gotoetal. 2007).
Lo, LYRY vy AdEEKICT T 0
Yy 7@ R ET 5 2 Ik 2RERHD
TUERIR (W78 3) =357z, TLY R
¥ v AGEE)) AT ) 2 LA TER L,
AT S 0ES) (LY Ay v A#E), =
TREy 7iEE), 27V v #EIRE) 21T
WA R TR P N R R TR T 5 2 &
DHRETH 2 LHEIND, £/, 206D
FEEEIDHT 2 E, TyutEy ZEEE{T
BRICIE, PR RE IR ] o e B) 2 5 R 12 S
T2 LIk, IRERMOIUEZHFTE
5 EZZ 6D, FEBIZ, 6053 oEE) & H
B L CHEMmET 2 Tk, Ik pEE L, 30
S oEE 2 KRS 2 AT 20179 Tl
WX 2EBOME LI L L 25, K,
SEBIIK T O LERRF I, ElEIC X B 0EE
ORI X 2 EHIC R L TR s L O
JEWFHOBES I b HERICEEZ R T
ZEDRRD ST (Goto etal. 2007). X 5IZ,
TEBEIHE T2 B 2 IR O BEmRh R i,
30 o E % 10 7fx 342y Mica#HlL
TBICD ALND L RTERD TS,

FLO

—HDOWFERERIZ, LRy RAEH LT
TREy 7#E R CEmET SR, LY
2% v ZAEECE] EF LT T a ey 7 )
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BT AEDPEHINTHE S I L2 TRRT 5D
DTHB, £, Truby 7iEE%KEL
T (MRMIC) FEid 32 Eicky, IREMR
WOTUEZ P CELNBELA TR THDTH
., NSO ING, —lEtkoEE
R R W WIBEZBRE LZb DT
b5, LieroT, BEflorr—=v27ick
% fkgne, e 2, LR O 21l % bf
AT 5 2 T, BRANRILE & > 750
W2 B S 2L TE L ).

25300k

Goto, K., Higashiyama, M., Ishii, N. and Takamatsu,

K.: Prior endurance exercise attenuates growth
hormone response to subsequent resistance exer-
cise. Eur. J. Appl. Physiol., 94: 333-338, 2005.

Goto, K., Ishii, N., Kurokawa, K. and Takamatsu, K.:
Attenuated growth hormone response to resistance
exercise with prior sprint exercise. Med. Sci.
Sports Exerc., 39: 108-115,2007a.

Goto, K., Ishii, N., Mizuno, A. and Takamatsu, K .:
Enhancement of fat metabolism by repeated bouts
of moderate endurance exercise. J. Appl. Physiol.,
102: 2158-2164, 2007.

Goto, K., Ishii, N., Sugihara, S., Yoshioka, T. and
Takamatsu, K.. Effects of resistance exercise on
lipolysis during subsequent submaximal exercise.
Med. Sci. Sports Exerc., 39: 308-315,2007b.
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OF FWIIEH 1 & 2 Bi7- e ki 4

gt L (Ra—FL—=v7) O
IREZDA T =L

A JER

(R AR A R — 7 PRAEWFEAT)

ELoIC

il L —=v 7 X 2K - 53R
WBAR—VBFDRTIA— VAT Y D7
DT THRL, HEICDPIAEY T—
a3 VICEWTHOHEELKRE 2] L T3,
FRIGEERMEE SN s v a=7 (i
FZEAE) FRED O DT E LTHiIi - L
— VI DEEBIIRE,

Lo Lo, FoakefillR - 8z
ReB(272008 0 L—=v 73 1 KRR
2 EHEBED70% (70 % 1IRM) FED Eo)
AN E STV S, BIBRHYSE
FEOVRAIhEREZDE, hEBES YN
Y7 —a v TOEMIIIMTERSD 5.

i FE R S MERF R (low - intensity resist-
ance training with slow movement and
tonic force generation : BL T LST) 13 50 %
IRM B D i A i 2 2536 b, §F
WE Y 70 i FEHAR ) 2 MERF 975 2 & TR E &fii
K - iR zfons b —=v 7
BTHD, ZOMHMPRFEFRD X = X L3
i 70 il D FE IS K A IR D HIBR, BN DR
WREOZLEBERL T EEZONS,
INFEFTObNONDOWETH S A %Z
b EATDUN ISR L 72\,

1. fmFEHnR Iy MERsE (LST) &N BRE:
DEAL

I FEHR AR D ARRIZ 7 A Y A B Yy

2 WAHSAE T 40 % MVC (maximum vol-

untary contraction) 7> 5 K E IR &
WL BB EINT WD, ZHUFEIR 7 EE)
28T 250 % IRM BEE IS T 5,

LSTIE 3 Ef - 3B TLTYW-K D LH)
Ezf79 2T L —= v ZHifEdh o iR
R HERF LG T, 036 HIC X 2 IR
DR E A7 b L= FETH B, LSTO
BEC8MBELZ KB TCE2HEEZRET S
IR OMETE 5 50 % IRMEED
fAfifE %%,

FAEE %2 T LST I & 2 Wefp i) 2
8MHlx 3ty MTort Z A, EEHF DA
FVLRUDPKEE T LA, £/, IhH
TR s, AR R AL VIEEAS KR E B
L, ZOREILEE D80 % IRM o fif % A
W Bk ERIBETH > 7%= (Tanimoto and
Ishii 2006).

LST ¢l Iy 23HlR S 1 % 2 & THEN D g
FUL RUBET LA 28, gk &t
WMEDOEEPINVE VIBERFRK L LR
WIXND, Ak, HEENCX3HBELL L
RRIVE VIBE R AN I X o T
FRBRT2MERN L —= v 7084 & Rk
DEACE RS T E LR L T3,

2. MIMER - fin Sy

LST i2 X 2 iR - i idgmsh iz b b
I L O DMETHALL T3, Bl
LRI X 2 B R E) O > AT,
#M2m, 3 AR OFEMmIC L b BRMEGTEO
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iAW RS (+ 5.4+ 3.7 % : ¥+ HEHEE
2), TAVRAEYy ik KBEMERT (+
8.3+ 6.1 %) A& HITHBEITHIML 72,

£7, HEREZHOELEOB L —
v 77 s g Ak e R RE
HEEBE) 12 35T b LSTIC X 2 HE A MiEK,
il JI B RAN R DIFE D & 7z (Tanimoto et al.
2008).

3. G ERR AN D

LST 13 efe I il R D 2 HERF L 236
BET 3L —=v ¥k Thh, ZIUIA -
MEDOMEERASE 2 GCHA L 22 2L ¥ —
RO K v TREPEEZ WS> 72, HEifED
BRI L KRECHL S, LST2FEMT % 2
EDFEEEOBEETERRICM & D E 5.2
LZHREMENE Z 55,
ISTICk2RA277y L —=v 7% 138
TN L 72 1% T o HIBRER Y o 75l sk
@%ﬁ%@%w PRI E 2B, LST O HEfi
12 X o CTRIBPYUGER: O fh il 7S & — > HlF
M7z d Do RN E b oic, I ILEETS

Y=L DIET 5 2 LIRS

iz (Tanimoto et al. 2009). Z D X 5;@@
DEIZZZVEF =R E V) S E

(hwbntEzions,

LST % th &g O ETERES 7 AV — b D
BRI FISiE T, BMEANEI Y S
MO ML —=v 7G EflAGbLE S 2 LD
HHEWNTHL EEZONS,

2% 3k

Tanimoto, M., Arakawa, H., Sanada, K., Miyachi, M
and Ishii N.: Changes in muscle activation and
force generation patterns during cycling move-
ments because of low-intensity squat training with
slow movement and tonic force generation. J.
Strength Cond. Res., 23: 2367-2376, 2009.

Tanimoto, M. and Ishii, N.: Effects of low-intensity
resistance exercise with slow movement and tonic
force generation on muscular function in young
men. J. Appl. Physiol., 100: 1150-1157, 2006.

Tanimoto, M., Sanada, K., Yamamoto, K., Kawano, H.,
Gondo, Y., Tabata, 1., Ishii, N. and Miyachi, M
Effects of whole-body low-intensity resistance
training with slow movement and tonic force gen-
eration on muscular size and strength in young
men. J. Strength Cond. Res., 22: 926-1938, 2008.
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ORIl

SARENI S EHEHE PRI E C ETHITE 50
— JHEEYEANRDIE TV A5 -

I

(R AR v ¥ —)

1, e

et ek, TARIEMZ SR, BEbH 5 v
TR O A EBET 2 HF (LK
TR 7708 —) ZHoPIZTSH I L
IZE-oT, INGDPIRPREZTPHIT5 2
ERHME LEM) LERINS (HEihe
B 1991), 2 & fEEEECR OBIfRIZ DWW T,
&R (2000) (& TEEI @R IR L CRRA
ERER L OBMIAERT S LTk o THIR
213, FETURARTHNEEZTI L2 HN
ELTED, [@EECR L ZBEOE VR T
Hb, EBRBELEHIT, bABEITEWTE
RBORICE2ED ELEIN T I o REK D
=N N2 DHEZ BT LA B X
NTI ol EdRT03S,

PEEY (2003) (% TEEERETE OS2 BT
Tr5dD7u—Fr—F; ZEKLL, 2D
hCEBED B @SR R T 2 T A
Y T vy auiiEGEE, BX O Tas—
P THBERL TS, AR— YR
1, BRIEEY L IEB 2 RE T I LR
WU CTAL O@FICHBNT 5 2 & 23%#Hlo—
DThHbEEZEZOND, LLEDNS, b
EickWwTld, IET EANLEHEEDS
DA R =y B (BUT, #EEA) |
A7, T v bk,  Tar—
FfTE) EVo T A VR H Wi
BEBBEoNTWz, L Lads, FiFEWL
(oD DOEHEEMEIHREINIZILDTE
D, FEIRFIC Z 15 OEBEAIITE % BHAIIR

il (me7vR) &Lk THEEED 5\ it
BB 2 ERBOR (BUT, SAEEIBCR)
PTHEHI NI L DT B,

2. HEPEATE (ZEF Y R) 1Tk
LG BBOR

1) fd#HEHA 21

B (BIEEDIEAJ7E)4) 1%, 2000 4FEiC
Mt H A 21 (IENAFR : 21 e s 1) 2 1
REERED DSy ) #FEL . TEBEHA
21, 1%, 210 bEZ, TXTOERKDS
L TLEPICERTE LN oA L
T2 EREAMIZ20I0FEER2HEE L-H
BEZRAERL L, 2 BESERICHLD fH T fd
WTdh s, TEEHAR2], TRIFIELHF
e R, K57 EF DO EPIR DY BRI 72 S il
HEZHREL TV, BRGSO (Fik
TREIEOR) ML RS, JIARE, T
1k, MEEEHA 21 ICB ) 2 @D ¥ —
7 — N, M, B mng, Bem
W, thamEETh 5. (hig) SkiEE) &
RO W TOBMARILIC D W TIZBCKR D
BRI S S22 ARV EBH > )
EBRTED, HAAZKNR L L #HBhEYy
RO D TERIEEIEGR ) CRDOHET
HoEREFLTHS (JIIALES 2000).
2) FiL OO b D= DEEILHE - 155
2006 fEIC RS BE 1 THT L WdEo < D
DI OIEBYFEAE - F58H) L B ARIGE)B
WaRE LT, JOHRISHECRICE VT,
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Mg < D D72 & O F{RTGE) - FEE)E o HLiHE
fiti, % M-S D D70k KR HEEIUE
DIEHERE | 2B T 2 72 1 94 A iH G
NS E X E L THRAINTWw S, Ih
5 D% DWIFIZBOR A Z W R L L A58 T
HoTdy, HRANZRRE L W5E S 8KS
FIZINTEY MERHA 21 VERFOHE
BHLLTOTIEDZDBHRINIZILDTNS,
GBI BICHARANZ W RIZ L 2N A 5
ZEIZEoT, HARAZRGRIZ L - EEhEy
iz eFy 2 LEHANCEDEL
BARIGEIBCR SR E I NS 2 EBfE s 3,

3. HEE AT
bNOLbNDBEML T THENRA - X%

T4 TlE, bOEO G RIGEBOE O % E I

IEFUyA%E2 52 L2 HNIC, BEEERE

NEEMPHD D CIFEFREEROEREZH

LT3, THEHA - 27745 1%, Hl

AACEOTHEBI N T WS EES ADHA

ZRGE Lzar— M TH 2. BEEIH

Rl TN L 72 e K M EB B 7 A TR

FH (RABEEHEGR) ZHEL, 2Ok

EhotBEZA4~5RIC7L—EY L TWw
3. 2L T, #EE%2S5HED BBIL TEED

PR RN 2 A L, B BRBAAR R p

DHEFERE L OBIREZHFHEL T3,

1) HIBEERET & EMIE (Sawadaet al. 1993)
W 53,305 4 (4Ffb 20 ~ 55 %)
JEERIARE ¢ 5 ARR CGE BRI o) e I

BB 425 4)

WElFE v A7y ZhE T
I H AR, RN, MU, S
FKIGEHE, WREEEE, fOEEE

fE OB MIRHERRE 0.53 R/ TLorhifE &
R R RE D L)

2) filgFEhe)) Less (G & R 1999)
WRFE 9,986 4 (il 1 19 ~ 59 %)
BRI ¢ 14 4R GEERRF ORIECH

¥ 247 4)

METFIE N —FEeT L

FIEE  AERY, BMI, mIMLUEO A8, R
B
O MIHERE 0.39 (/NI Rk &

KA PO HHR)

3) HIEHFE E WA (Sawada et al. 2003b)
R BH9,039 4 (i 19 ~ 59 %)
BRI 0 16 45/ CERMARTh o2 ATET

FEH 123 4)

HatFk A —FE TV

FREIEE AR, DGR, BMI, B2
B, lEE

OO MHERE 0.41 (R/NPUoT R RE &
eRPUST PR O i)

B INETERORAZNRIZL 20
T, AMEMRNEBAFTORICEADE
RBEDOSND I EPWEIN T,
ARIFFIEHRAN & R LD DIATT
WL HARNCE VTS B 24
F-mbEX82 8 THANRELTHT
ELTHEMEZREL T 5,

4) BB & 2WPERW (Sawada et al.

2003a)

WRE B 4,747 4 (5 0 20 ~ 40 %)

EPMUIE ¢ 14 46 CaBRiR b o 2 BIBER
TR E R 1 280 44)

atFk « i —FE TV

FREIEHE R, IGRIRIME, BMI, HER
JRIRIGIE, VAREENE, AP E

O MHERME 0.56  (BRe/Nu oy fz e &
RPUST PR O i)

4, Bbhic

EI RO DIREF - BEICBI L <, TRk
o FEBEAREEH-o WS, 2 L COES)
REEIE I, TEIEEIBOR,) OREDT-DOD
IETVARLLZbDTH L. HENEAITR
ZIETYAELTERI N TERTRE)E
oo, BOEE LTI EDEE LwHERIC
HOOWTHREINLBRERD, ZOHED
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WfFCcE2b0THL. LrLirs, i)
AR DB Ao 1%, BORVIERE
DFBFREIRI - Lo =BEE L D, BlEW
L Z L < RO ARG 22 B & 22> T L
9. bBEICEB TS THEEEEE, »
TER MR TOEICAETE2ENH 2
e WHFLET301CF, BOEOIEKE
BB 2R ETH-oDIEF AL LTH
AANZRRE L E O EBIEAIZE
LIS EINE I ENEENS,

ESUiN

FEORE, BT PE EE BT L WY HARR
e, 1991.

THE TR - IR O EME R E S D
D D7z DIEBHAE 2006 ~ B (R THE) - E
g - (R~ E. EHE TR - EEE O
e &4, 2006.

SR « 2280 o URBOR . B AL, 2:
2-7, 2000.

AR, TYei—, e 2 @ENA2] : g

IEE) - B R I B T 2 BRSO
e, B A, 2: 42-50, 2000.
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