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Renal vascular responses during graded dynamic
bicyeling exercise in women

Tomoko SADAMOTO, Kohei SATO and Ai HIRASAWA

Abstract

From our previous data that static exercise produced a significant de-
crease in the renal blood flow (RA), it was hypothesized that the blood flow in
RA also decreases during dynamic exercise with graded workloads. Nine
healthy female volunteers participated in the present study. After 10-min rest-
ing, the subject performed a 15-min bicycling exercise consisting of three work-
loads of 30%, 50%, and 70% of peak oxygen uptake (VOsex) for 5 min for each
workload. During dynamic exercise, the responses in oxygen uptake, minute
ventilation, mean arterial blood pressure (MAP), cardiac output, and heart rate
increased linearly with three workloads from rest to 30%, 50%, to 70% of
VOye. However, the mean RA velocity (MVB), measured by ultrasonography,
showed a linear decrease with the workloads. The index of vascular resistance
in RA (RVR), calculated as MAP/RA velocity, showed a significant increase
from resting level during exercise at 50% and 70% of VOu. There was a sig-
nificant increase in RVR from 50% to 70% of VOuex. The present data sup-
ported the hypothesis that the graded bicycling exercise produces a significant

increase in the renal vascular resistance over the workload of 50 % VOspe.

Key words: ultrasonography, renal vascular resistance

Introduction

At rest the kidneys receive a large portion of
cardiac output, over 20%, due to a lower vaso-
constrictor activity in the renal vascular beds
(Rowell 1974). However, once exercise started, it
is assumed that the renal sympathetic nerve ac-
tivity is increased and thereby reducing the re-
nal blood flow. This assumption has been con-

vinced by the observation in conscious animals

showing a significant increase in renal sympa-
thetic
(Mastukawa et al. 1991 ; O'Hagan et al. 1993;

Mueller et al. 1998). In human studies, it was

nervous activity during exercise

also suggested that exercise evoked renal vaso-
constriction proportionally with the exercise in-
tensity, but these human studies examined re-
nal blood flow by invasive methods, such as
various dye-dilution techniques based on the
Fick principle (Grimby 1965 ; Clausen et al. 1973 ;
Rowell 1973 ; Pricher et al. 2004), radionuclide
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techniques (Flam et al. 1990), blood sampling
analysis (Tidgren et al. 1991 ; Maeda et al. 1994,
1997) and PET scanning technique (Middlekauff
et al. 1997). Since these invasive measurements
are not suitable for rapid and repeated exami-
nations during dynamic exercise in humans, it
is necessary to investigate non-invasively the
renal blood flow responses during exercise in
humans.

Technological developments in Doppler ul-
trasound have produced a noninvasive tech-
nique for measurement of flow velocity and
vessel diameter. Validation of this technique
has been demonstrated by the thermodilution
technique (Rddgran G 1997), magnetic reso-
nance imaging (Zananiri et al. 1993), and
plethysmography (Levy et al. 1979 ; Tschakovsky
et al. 1995) in human studies, and by electro-
magnetic flow measurements in animal studies
(Chauveau et al. 1985 ; Guldvog et al. 1980 ; Naka-
mura et al. 1989). However, there have been lim-
ited studies that applied Doppler method to
measure the renal blood flow during exercise
(Momen et al. 2003, 2004 ; Sadamoto et al. 2004).
Specifically, during dynamic exercise, there
was one report (Endo et al. 2008). However, this
study investigated only during a single work-
load of 40 W, and no detailed study using sev-
eral exercise intensities has yet been reported.
From these reasons, it was undertaken to exam-
ine the renal flow velocity non-invasively, by
using Doppler ultrasound technique, during
dynamic exercise with graded stepwise work-

loads.

Methods

Subjects

Nine normal female volunteers whose mean
age was 23.0 £ 3.3 yr participated in the present
study. Their average weight and height and

peak oxygen uptake (VO.pes) during bicycling
exercise were 58.0%5.1 kg, 163.0£6.0 cm, and
37.3+5.4 ml/kg/min, respectively. None had
any significant medical problems, and all were
considered to have normal cardiovascular
functions on the basis of normal medical his-
tory and physical examinations. All subjects
gave informed written consent to participate in
this study before the start of experiments. Vol-
unteers abstained from caffeine for 18 hours be-
fore the study but otherwise were on an uncon-
trolled diet. All subjects were studied in the
postabsorptive state and familiarized with the
testing apparatus of experiments. The aim and
protocols in the present study were approved
by the Guiding Principles for Human Studies
of Ethical Committee in the Japan Women's
College of Physical Education.
Study protocols

The subjects reported to our laboratory on
three days separated by 2-7 days. All experi-
ments were conducted in a well-ventilated
laboratory regulated at 23+17C. On the first
day, the VO, peak i €ach subject was determined
during incremental bicycling exercise in the up-
right position. The workload was increased to
the limit of tolerance, at a rate of 12-15 W/min
on an electromagnetically braked cycle ergome-
ter (Combi, Tokyo, Japan) at 60 rpm. The
VOyex was identified by the leveling-off in
heart rate (HR) responses and the level of sub-
jective rating perceived exertion (RPE) in Borg’s
scale. On the second day, subjects practiced to
perform bicycling exercise in the semi-
recumbent position used in the following ex-
periments on the third day. The scanning of re-
nal blood flow was also tested using ultra-
sound Doppler methods. Thus, the subjects
were familiarized with the experimental proto-
col and all measurements.

On the third day, subjects rested for 10 min
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while preexercise baseline levels of all variables
were measured. Then, subjects performed a 15-
min bicycling exercise including three work-
loads of 30%, 50%, and 70% of VO for 5
min for each workload and had a 3 min recov-
ery period. The exercise was performed on the
recumbent ergometer (EC-3700, Cateye Tokyo).
Oxygen uptake (VO), carbon dioxide produc-
tion, minute ventilation volume ( V), heart rate
(HR), arterial mean blood pressure (MAP), and
cardiac output (CO) were continuously meas-
ured through the experiment. The mean blood
flow velocity (MBV) in renal artery was re-
corded by using Doppler method for 3 min at
rest condition and for last 1-min of the 5-min
bicycling exercise at each workload of 30%,
50%, and 70% of VO The subject was in-
structed to adjust the pedaling frequency to the
beep sound of 60 rpm during exercise. To ob-
tain the highest quality of Doppler tracings
possible, the Doppler transducer had to be
maintained in a constant position on the sub-
ject's lower back wall. In pilot experiments, we
noted that the renal artery moved with respira-
tion phases, thus we sometimes could not
maintain high-quality velocity tracings during
both phases of the respiratory cycle. Neverthe-
less, for each subject, we obtained velocity data
during the same phase of the respiratory cycle
for all portions of the study protocol. No sub-
jects performed the Valsalva’s maneuver dur-
ing the protocols.

Measurement of renal flow velocity.

Duplex ultrasonography (Vivid 7 Pro, GE
Yokogawa medical systems, Tokyo) with a
curved-array 3 C Doppler probe with a 4.0-
MHz pulsed Doppler frequency was used (Lee
& Grant 2002). The left renal artery was
scanned via posterior and lateral abdominal
approach from the lower back region. The

measuring site of renal artery was located ~10

cm below the surface of lower back region and
around 2 cm proximal to the entrance of left
kidney. A real-time imaging system, without
aliasing, was used to visualize the renal artery
and allowed the placement of the Doppler sam-
ple volume within the lumen of the vessel to
obtain the Doppler shift signal. The sample vol-
ume was kept constant at the center of the lu-
men and adjusted to cover the width of the ves-
sel and the blood velocity distribution. The
probe insonation angle to the skin was ~60°.
Beat-to-beat Doppler signals were analyzed to
determine the mean blood flow velocity (MBV)
by the software built-in the equipment (Vivid 7
Pro, GE Yokogawa medical systems, Tokyo),
and then the each MBV was normalized with a
time constant of 5 s for the calculation of renal
vascular resistance (RVR). The RVR represents
the quotient of mean arterial blood pressure
(MAP) and the respective MBV value. RVR is
expressed in arbitrary units (a.u.) .

Cardiorespiratory measurements.

Subjects breathed through a suitable face-
mask adapted for breathing through the mouth
and the nose. The face-mask was connected to a
Fleisch pneumotachograph (ARCO-1000, Arco
system, Chiba) which gave continuous meas-
urements of air flow. Pulmonary minute venti-
lation (Vz), and oxygen uptake (VO.) were as-
sessed on a breath-by-breath basis using a com-
puterlized system with a mass spectrometer
(ARCO-1000, Arco system, Chiba). Gas calibra-
tion of the mass spectrometer was performed
before each experiment by utilizing a gas mix-
ture of known composition. The data of the gas
fractions and respiratory flow from the gas
analysis system were continuously recorded on
a computer hard disk through a 16-bit A/D
board with a sampling rate of 50 Hz. Breath-
by-breath analyses of V: and VO, were per-

formed for all subjects in the protocol and then
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each value of V:and VO, was normalized with
a time constant of 5 s. Arterial blood pressure
was recorded continuously from the third fin-
ger on the left arm by photoelectric plethys-
mography with a Finometer (Finapres, Medical
Systems BV, Amsterdam). MAP was calculated
from the software of Modelflow program fixed
in the Finometer. The HR, stroke volume (SV),
and CO were also determined from the finger
waveform using the Modelflow software. The
validity of the estimated SV and CO was con-
vinced by Sugawara et al. (2003). Similarly,
beat-by-beat sequential analyses of HR, CO
and MAP were performed and then normal-
ized with a time constant of 5 s in the protocol.
The RPE was monitored during exercise ac-
cording to Borg's scale.
Data analysis and Statistics

The 5-s normalized data obtained for 2 min
of 10-min resting period, last 1-min of 5-min
exercise at each workload, and last 1-min of re-
covery period were respectively averaged for
Vi, VO, HR, CO, MAP, MBV, RVR and RPE.
These average data in each variable were used
for a one-way analysis of variance (ANOVA)
with repeated measures to see the effect of
workload. When a significant F-value in the
main effect of workload was observed, Dun-
nett's post hoc test or Tukey’s post hoc test were
applied to see a significant difference from the
resting level in the average at three workloads
and recovery period. Data are presented as
means *+ SD. The level of significance was set at
P<0.05.

Results

Fig. 1 shows the cardiorespiratory responses
at rest and during exercise with three work-
loads of 30%, 50%, and 70% of VO, ek and re-
covery period. The VO, Vi, CO, and HR dur-

ing exercise increased with three workloads
from rest to 30%, 50%, to 70% of VO, and
then gradually returned during the recovery
period. There was a significant main effect of
workload in one-way ANOVA (main effect,
P<0.001). Post hoc analyses demonstrated that
these cardiorespiratory varibles in 30%, 50%,
and 70% of VO were significantly higher
than the resting level and the difference be-
tween 30%, 50%, and 70% of VO, was also
significant. Similar results were observed in
MAP whereas the difference between 30% and
50% of VOupex was insignificant. The RPE in-
creased with the workloads from 30%, 50% to
70% of VO peak.

Fig. 2 shows the MBV and RVR responses at
rest and during exercise and recovery period.
The graded exercise produced a progressive
decrease in MBV (one-way ANOVA main ef-
fect, P<<0.001). Post hoc analyses showed a sig-
nificant decrease in the MBV from the rest to
50% and to 70% of VO, . The RVR increased
with the increase of workloads. A significant
increase from rest was found at the workloads
of 50% and 70% of V.. The increase in
RVR between 50% and 70% of VO e was also

significant.
Discussion

Study findings and prior studies on the topic
The present study investigated the renal vas-
cular responses non-invasively by using Dop-
pler method during dynamic exercise with
three workloads and found that the dynamic
bicycling exercise produced a significant in-
crease in RVR at 50% and 70% of VO, pea. This
means that dynamic bicycling exercise led to
the renal vasoconstriction and thereby reduc-
ing the renal blood flow over the workload of

50% VO:pea. When estimating the percent re-
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Fig. 1 Oxygen uptake (VO2), minute ventilation (Vg), heart rate (HR), cardiac output (CO), mean arterial
blood pressure (MAP) and rating of perceived exertion (RPE) observed at rest and during dynamic
exercise with three workloads of 30%, 50% and 70% of peak oxygen uptake and during recovery period.
Data expressed as means * SD in 9 subjects. **; significant difference vs. rest, P < 0.01. ++; significant dif-
ference among three workloads, P < 0.01.
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Fig. 2 Mean blood velocity (MBV) and renal vascular resistance (RVR) observed at rest and during dy-
namic exercise with three workloads of 30%, 50% and 70% of peak oxygen uptake and during recovery
period. Data expressed as means + SD in 9 subjects. * *; significant difference vs. rest, P < 0.01. ++; signifi-
cant difference among three workloads, P < 0.01.

duction in the renal blood flow from the RVR  respectively, about 67% and 37% of the resting
values obtained in the present results, the re- blood flow. These data agree well with the pre-

duced level for 50% and 70% of VOex Was, vious reports, where renal flow (Bishop et al.
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1957 ; Grimby, 1967), hepatic flow (Clausen et al.
1973) and splanchnic flow (Rowell et al. 1973)
were shown to decrease linearly with an in-
crease of workloads during dynamic exercise.
Two studies (Flamm et al. 1990 ; Osada et al.
1999), however, reported a different reduction
from the present data. In the study of Flamm et
al. (1990), the blood volume of kidneys was
measured by radio-labeling of red blood cells
and the percent reduction from the resting
level was 8 £2% for 50% of maximal workload
(HR=134 bpm) and 16 £4% for 75% of maxi-
mal workload (HR=169 bpm). Osada et al.
(1999) reported a much greater decrease in the
abdominal viscera blood flow during one-
legged knee extension at very-low-intensity ex-
ercise (HR<<90 bpm). The discrepancy between
the present data and the studies in Flam et al.
(1990) and Osada et al. (1999) was probably ex-
plained by different techniques for the renal
flow measurements and/or different exercise
modes and protocols.
Possible mechanisms responsible for the in-
crease in RVR

The graded dynamic exercise in the present
study showed a significant increase in RVR, in-
dicating a significant increase in renal vasocon-
striction over the workload of 50% of VO .
At first, myogenic vasoconstriction due to an
elevation of MAP (Sanchez-Ferrer et al. 1989)
was probably not responsible for the present
increase in RVR over the workload of 50% of
VO: e because the significant increase in MAP
at 30% VO e did not produce any correspond-
ing changes in MBV and RVR in the present
data. Alternatively, it is likely that the muscle
metaboreflex played a predominant role in the
increase in RVR over 50% VOiper. Previous
studies demonstrated that postexercise muscle
ischemia produced a profound increase in RVR

which is almost identical to RVR during static

exercise (Middlekauff et al. 1997) or up to 60-70%
of RVR during static exercise (Momen et al.
2003 ; Sadamoto 2004). It is also well-known that
blood lactate accumulation during exercise,
generally occurs at the intensity over 50-60% of
VOunx in untrained subjects (cf. Davis, 1979).
Thus, it seems likely that the muscle metabore-
flex arising from exercising muscles played an
important role in the increase in RVR during
dynamic exercise over 50% VO in the pre-
sent study. Secondly, the muscle mechanore-
flex engagement was also a possible mecha-
nism. This explanation was convinced by ani-
mal studies (Hill et al. 1996 ; Matsukawa et al.
1990 ; Victor et al. 1989), where muscle mecha-
noreflex engagement is indicated as the pri-
mary cause for the renal vasoconstrictor during
muscle contraction. Thirdly, the production of
endotheline-1 (ET-1), an endothelium-derived
potent vasoconstrictor peptide in human ves-
sels, is also potent stimulus to cause vasocon-
striction in nonworking muscles such as kid-
neys (Maeda et al. 1994, 1997). Further studies in
humans are necessary to investigate the re-
sponsible mechanisms underlying the regula-
tion of renal vasoconstriction during exercise.
Limitation of study

In the present study, we were not able to pre-
cisely measure renal artery diameter using ul-
trasound Doppler method. This is because spa-
tial resolution decreases as the frequency of the
ultrasound transducer decreases (Kremkau
1998). To obtain an optimal velocity signal
from the renal artery, a low-frequency (4.0-
MHz) transducer was employed. At this fre-
quency level, spatial resolution of the technique
is not sufficient to precisely measure diameter
changes that would be seen in the relatively
small renal artery. Accordingly, the RVR resis-

tance might have some variations.
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The effect of mode of ventilation on cerebral oxygenation
during static exercise

Kohei SATO, Ai HIRASAWA and Tomoko SADAMOTO

Abstract

The purpose of the present study was to determine the effect of the mode of ventilation
on the cerebral oxygenation during heavy static exercise. Eight subjects performed static
arm flexion exercise (70~80% of the maximal voluntary contraction force) with the follow-
ing three different ventilation mode ; exercise with continued ventilation (CONT), exercise
with concomitant breath holding (EX + BH), and exercise with pre-exercise hyperventilation
(HV + EX). The levels of oxy-hemoglobin (HbO.), deoxy-hemoglobin (HHb), and total he-
moglobin (THb) in the left prefrontal cortex were continuously monitored by the Near-
infrared spectoroscopy (NIRS). The main findings in the present study are as follows : 1) In
EX +BH, prefrontal cortex O.Hb and THb during exercise show sharper and more marked
increase than in CONT ; and 2) In HV + EX, prefrontal cortex O.Hb and THb responses dur-
ing exercise were significantly smaller than those in CONT. These results show that the res-
piration mode before and during exercise affects prefrontal cortex oxygenation and blood
volume during heavy static exercise.

Key words: Valsalva breathing, hyperventilation, cerebral blood flow

set of maximal two-legged extension with con-

Introduction

Change in the middle cerebral artery mean
blood flow velocity (MCA Vien) during heavy
static and resistance exercise could be associ-
ated with the mode of ventilation, including
the potential for expiratory strain with heavy
exercise (Valsalva-like maneuver) (Pott et al.
2003), and hypocapnia induced by hyperventi-
lation before exercise (Edwards et al. 2002 ;
Romero and Cook 2007). A previous study re-

ported marked increase in MCA V.. at the on-

comitant Valsalva-like maneuver (Pott et al.
2003). More recently, Romero and Cooke (2007)
demonstrated that hypocapnia induced by hy-
perventilation before exercise exacerbates the
reduction in MCA Ve during and after leg-
press resistance exercise. However, these inves-
tigations mainly focus on the blood flow re-
sponses in the large vessel of the brain and
there is no information regarding the effect of
the mode of ventilation on the cerebral tissue
oxygenation and blood volume at the level of

arteriolar, capillary, and venule during heavy

Research Institute of Physical Fitness, Japan Women's College of Physical Education, Tokyo, Ja-

pan. Tokyo 157-8565, Japan.
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exercise.

Cerebral oxygenation reflected cerebral func-
tional activity, and can be measured with sev-
eral techniques (Obrig et al. 1996 ; Colier et al.
1999). Near-infrared spectoroscopy (NIRS) al-
lows for non-invasive monitoring of regional
changes in cortical tissue oxygenation in re-
sponse to various stimuli (Obrig et al. 1996 ;
Colier et al. 1999 ; Obrig et al. 2000). NIRS per-
mits monitoring of change in oxy-hemoglobin
(HbO,) and deoxy-hemoglobin (HHb) with a
high temporal resolution. The sum of these pa-
rameters provides an index of the relative
change in total Hb (THb), which is considered
to reflect the blood volume change of the cere-
bral tissue.

The purpose of the present study was to de-
termine the effect of the mode of ventilation on
the cerebral oxygenation during heavy static
exercise by using NIRS. In oared to clarify this
effect, the subjects performed heavy static exer-
cise with the following three different ventila-
tion mode ; 1) exercise with continued ventila-
tion, 2) exercise with concomitant breath hold-
ing, and 3) exercise with pre-exercise hyper-

ventilation.

Methods

Subjects

Eight male field athletes (6 shot putters and 2
hammer throwers; mean age=SD:21.5%1.3
years) volunteered to participate in this study
after providing informed consent to the proto-
col, as approved by the ethics committee of Ja-
pan Women's College of Physical Education.
Exercise protocol and mode of ventilation

In this study, right elbow flexion was per-
formed with the use of a multifunctional dyna-
mometer (VINE, Japan). The subjects were

seated in a custom-made chair in which a con-

stant body position could be maintained
throughout the exercise. The right upper arm
was kept on a padded rest, and the wrist was
attached to an arm lever by a Velcro strap. The
exercise load selected was 70-80% of the maxi-
mal voluntary contraction (MVC) force.

After a 3-min resting period, the subjects per-
formed 15-s static exercises at 70-80% MVC
with the following 3 different modes of ventila-
tion (in random order) : 1) exercise with contin-
ued ventilation (control ; CONT), 2) exercise
with concomitant breath holding (EX+ BH),
and 3) pre-exercise hyperventilation with exer-
cise (HV +EX) .

In CONT, all subjects were instructed to
breathe normally and avoid holding their
breath at rest and recovery, and during exer-
cise. In EX+BH, all subjects performed 15-s
static exercises with concomitant breath hold-
ing. In HV + EX, after a 2-min rest, the subjects
were instructed to perform voluntary hyper-
ventilation for 1-min in order to achieve a
PeCO,; of ~3.5% (Cooke and Romero 2007). After
the 1-min hyperventilation, the subjects per-
formed 15-s static exercises with continued
ventilation. Subjects were positioned so that
they could see their PeCO:; level.

Measurement
Cerebral oxygenation

The detection and emission probes of an
NIRS (NIRO-300; Hamamatsu Photonics, Ja-
pan) were separated by 4 cm. The probe was
fixed in place by using a dense rubber vinyl
holder that also eliminated any incidental room
light. It was placed over the left frontal lobe
(Bhambhani et al., 2007). The prefrontal lobe was
chosen as it has been previously studied during
exercise (Bhambhani et al., 2007). The NIRO-300
uses laser light at four wavelengths (775, 810,
850, 905 nm) to calculate relative concentration

changes in oxy-haemoglobin (HbO.), deoxy-
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haemoglobin (HHb) and total hemoglobin
(THb = HbO, + HHb) using the modified Beer-
Lambert Law (Ferrari et al., 2004). A differential
pathlength factor (DPF) was not used in this
study, and thus values for HbO,, HHb and tHb
are reported as relative quantitative changes in
concentration from the baseline (mM*cm). The
levels of HbO,, Hb, and THb were continu-
ously sampled by the NIRS unit at a rate of 2
Hz. These parameters are expressed as a
change from 0.

MCA V,...and cardiorespiratory responses

MCA V measurement was performed with
an ultrasound system (Vivid 7 ; GE Yokogawa
Medical Systems, Japan) equipped with a 2.0
MHz sector transducer. We first used B-mode
imaging to visualize the ipsilateral MCA, and
subsequently, real-time Doppler velocity spec-
trum was identified in PW-mode. Blood flow
velocity measurements were obtained with the
sample volume set at 7~8 mm and with the
vector of the cursor positioned in the center of
the blood stream, parallel to the vessel axis.
The MCA Vumen was defined as the time-
averaged mean velocity obtained in automatic
calculation mode.

MAP was measured non-invasively by pho-
toelectric plethysmography with Finometer
(Finapres Medical Systems, Netherlands). Fur-
thermore, we determined the heart rate (HR),
stroke volume (SV), and thus cardiac output
(CO), from the blood pressure wave form by
using the Model flow software program, which
incorporated gender, age, height, and weight
(Beat Scope 1.1, Finapres Medical Systems,
Netherlands). The CO was calculated as SV X
HR.

Respiratory parameters were determined
with an online system for the breath-by-breath
method. Respiratory gas was sampled continu-

ously from a face mask. The gas fractions were

analyzed by a mass spectrometer (ARCO-2000,
Arco System, Japan) that was calibrated and
confirmed before each test. The expired gas
volume was measured by a Fleisch pneumo-
(WLSU-5201, Japan).
Breath-by-breath data were analyzed with cus-

tachometer Westron,
tomized software on a computer (PC-9821,
Toshiba, Japan), and expiratory minute ventila-
tion (Vi) and Per CO,were calculated.

Data processing and statistics

The beat-to-beat values of HbO,, Hb, THb,
MAP, and CO were averaged over 1-s inter-
vals. Breath-by-breath values for respiration
and PeCO, were averaged over 5-s intervals.
Moreover, the MCA V.. for each subject was
averaged over 2-s intervals immediately before,
during, and immediately after exercise.

Values were expressed as the mean = SE. To
confirm whether the parameters had actually
changed as a result of exercise as compared
with the resting values, two-way analysis of
variance (ANOVA) with repeated measure-
ments and Dunnett's t-test were conducted.
Differences between the three trials were fur-
ther analyzed with Scheffe’s post-hoc analysis.
These statistical analyses were computed by
SPSS 12.0 software (SPSS, Tokyo, Japan) and
P<0.05 was considered to indicate a significant

difference.
Results

Cerebral oxygenation and MCA V,.a

The cerebral oxygenation and MCA Ve Te-
sponses at rest, during, and after exercise are il-
lustrated in Fig. 1. Fig. 2 also shows the cere-
bral oxygenation responses immediately be-
fore, during, and immediately after exercise
over an expanded time scale.

In EX+ BH, O,Hb increased sharply after the

start of exercise and reached the maximum
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Fig. 1 Cerebral oxygenation and middle cerebral artery mean blood flow velocity at rest, during, and after

static exercise. (A) AO:Hb;oxy-hemoglobin consentration, (B) AHHb;deoxy-hemoglobin consentration,
(C) A THbD ; total hemoglobin, (D) MCA Viean ; middle cerebral artery mean blood flow velocity.

value (330 +17 mM*cm) at 1 s after the comple-
tion of exercise. The amount of increase in
O:Hb in EX+BH was approximately 2 times
that in CONT. In HV + EX, on the other hand,
OHb started to increase slightly beginning
from the start of hyperventilation following a 2
minute rest but returned to the resting value at
the start of exercise. The amount of increase in
O.Hb during exercise in HV +EX was about
one-half that in CONT (77 £22 mM*cm at the

completion of exercise). O.Hb values at the

completion of exercise in EX+BH and HV + EX
were significantly different from the value in
CONT.

In CONT, HHb gradually decreased after the
start of exercise and reached the minimum
value (=375 mM*cm) at 15 s after the com-
pletion of exercise. Then, HHb gradually re-
turned to the resting value ; however, the value
at 45 s after the completion of exercise was still
significantly higher than the resting value.
Contrary to CONT, in EX + BH, HHb started to
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Fig. 2 (A) A O:Hb, (B) A HHb, (C) A THbD at
rest, during, and after static exercise over an

expanded time scale. * different from rest (P <
0.05). T {different from CONT (P < 0.05).

increase sharply after the start of exercise and
reached the maximum value (50 13 mM*cm)
immediately after the completion of exercise.
HHb decreased sharply after the completion of
exercise and reached the minimum value
(-34+t4 mM*cm) at about 15 s after the com-
pletion of exercise and then gradually returned
to the previous value. In HV + EX, Hb gradu-
ally decreased after the start of hyperventila-
tion and reached —22 =5 mM*cm at the start of
exercise. Hb remained almost unchanged dur-
ing exercise and showed the minimum value
(403 mM"cm) at about 10 s after the comple-
tion of exercise. Hb during exercise in EX+BH
was significantly higher than that in CONT,
and Hb immediately before and immediately
after exercise in EX+BH was significantly
lower than that in CONT.

In all respiration modes, THb responses dur-
ing exercise were similar to HbO, responses.
THDb at 10 to 15 s after the start of exercise in
EX+BH was significantly higher than that in
CONT, and THb responses at the completion of
exercise and until 10 s after the completion of
exercise in HV +EX were significantly lower
than those in CONT.

MCA Voenn responses were completely differ-
ent among the 3 respiration modes. In CONT,
MCA Ve slightly increased immediately be-
fore the start of exercise and gradually de-
creased during exercise. MCA Ve was lower
than the resting value until at 15 s after the
completion of exercise and then returned to the
previous value. In EX+BH, on the other hand,
MCA Ve increased sharply for several sec-
onds immediately after the start of exercise,
then decreased sharply until 8 s after the start
of exercise and reached the minimum value
(29 =8 cm/s). Then, MCA Ve continued to in-
crease toward the completion of exercise and

reached the maximum value (426 cm/s) at5 s
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after the completion of exercise. That is, MCA
Vimean sShowed 3-phase responses during exercise
and an overshoot after exercise. In HV + EX, be-
ginning from the start of hyperventilation,
MCA Ve showed a significant decrease than
the resting value and decreased to 27 =4 cm/s
at the start of exercise. MCA Viean during exer-
cise gradually increased toward the completion
of exercise. MCA Ve decreased temporarily
and then returned to the resting value.
Cardiorespiratory responses

The Per CO,, MAP, and CO responses at rest,
during, and after exercise are also displayed in
Fig. 3. In CONT, Per CO: decreased from about
38.5 mmHg at rest to about 35.5 mmHg at 5 s
after the start of exercise. Per CO, gradually in-
creased after the completion of exercise and
reached about 42 mmHg at 20 seconds after the
completion of exercise. The subjects in EX +BH
performed breath holding during exercise, and
no Per CO: data during exercise are available ;
Per CO:; at about 15 s after the completion of ex-
ercise was higher (about 41 mmHg) than the
resting value. In HV +EX, Per CO, decreased
sharply from the start of hyperventilation and
reached the steady state at about 28 mmHg. Per
CO:; increased during exercise and then gradu-
ally returned to the resting value after the com-
pletion of exercise.

MAP in CONT started to increase immedi-
ately before the start of exercise. MAP in CONT
then showed 3-phase responses consisting of
the following : 1) a sharp increase after the start
of exercise ; 2) a temporary decrease during ex-
ercise ; and 3) an increase toward the comple-
tion of exercise. MAP responses in EX+BH
were 3-phase responses as in CONT, but the
amount of increase in EX+BH was signifi-
cantly larger than that in CONT. However,
MAP responses in HV + EX were different from
those in other ventilation modes. MAP in HV +
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Fig. 3 Cardiorespiratory responses at rest, dur-
ing, and after static exercise. (A) PerCO: ;-
end-tidal CO: pressure, (B) MAP ; mean
arterial pressure, (C) O ; cardiac output.
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EX increased sharply after the start of exercise
and continued to increase toward the comple-
tion of exercise. In all respiration modes, the
blood pressure temporarily became lower than
the resting value after the completion of exer-
cise ; this temporary decrease in blood pressure
was slightly delayed only in EX+ BH.

In CONT, CO increased slightly before the
start of exercise, but decreased from the start
toward the middle of exercise. CO reached the
minimum value (7.0+0.8 1/min) at 10 s after
the start of exercise, and then increased and
reached the maximum value (10.7 0.6 1/min)
at 10 s after the completion of exercise. In EX +
BH, the reduction in CO during exercise was
more marked ; CO decreased to 4.9 0.8 I/min
at the completion of exercise. Then, CO showed
a sharp overshoot for 5 s after the completion
of exercise and reached the maximum value
(11.4£0.7 1/min) and then returned to the rest-
ing value. In HV +EX, CO started to increase
slightly at about 40 s before the start of exer-
cise. CO during exercising did not change sig-
nificantly from the resting value and, as in
other respiration modes, increased after exer-
cise, showing the maximum value (11.0£0.5 l/

min) .
Discussion
The main findings in the present study are as

follows:1) When the subjects

breath holding during heavy static exercise,

underwent

prefrontal tissue O.Hb and THb during exer-
cise show sharper and more marked increase
than in CONT without breath holding ; and 2)
When the subjects underwent hyperventilation
followed by heavy static exercise, prefrontal
tissue O.Hb and THb responses during exercise
were significantly smaller than those in respira-

tion modes without hyperventilation. These re-

sults show that the respiration mode before
and during exercise affects cerebral oxygena-
tion and blood volume in prefrontal cortex dur-
ing heavy static exercise.

In the present study, the amount of increase
in MAP in EX+ BH was nearly two times that
in CONT ; moreover, CO decreased during ex-
ercise by as much as 35%. This excessive in-
crease in MAP and the sharp decrease in CO
are considered to be caused by Valsalva-like
maneuver due to breath holding during heavy
exercise (Meyer et al. 1966). That is, the vena
cava is compressed by an increase in intra-
thoraco-abdominal pressure due to breath
holding during heavy exercise. Then, venous
drainage decreases, finally resulting in reduc-
tions in stroke volume and thus CO (Pott et al.
2003). The time course of MAP and MCA Ve
during exercise was similar to the responses
observed in previous studies in which the sub-
jects concurrently underwent heavy exercise on
lower limbs with Valsalva-like maneuver (Pott
et al. 2003). Based on these results, it can be
speculated that the respiratory state of the sub-
jects during exercise in EX+BH was like Val-
salva breathing.

O:Hb during exercise in EX+BH showed a
sharper and more marked increase than that in
CONT ; the increase in EX + BH was more than
two times that in CONT. Moreover, because
THb showed marked increases, the increase is
O:Hb is considered to be due to the sharp in-
crease in blood volume in the prefrontal cortex.
Based on the fact that MCA Ve temporary de-
creased after the increase at the start of exer-
cise, it is speculated that the blood supply to
the brain during exercise is considered to be
lower than that at rest. That is, it is suggested
that the sharp increase in blood volume in
EX+ BH was not due to the increase in arterial

blood flow. Within the sample volume of the
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NIRS, hemoglobin is contained in arterioles,
capillaries, and venules, but the relative posi-
tion of the pigment determined by NIRS re-
mains unknown. From the anatomic studies of
the brain, the venule to total vessel volume ra-
tio ranges from 2/3 to 4/5. Because ~5% of the
blood is within the capillaries and ~20% in the
arterioles, it may be argued that NIRS is domi-
nated by the local venous O, saturation rather
than a tissue O. content (Ferrari et al. 2004).
Therefore, it is likely that the increase in blood
volume in the prefrontal area observed in the
present study was mainly due to pooling of
blood in the venules of the brain.

The subjects in HV + EX performed sponta-
neous hyperventilation starting at 1 minute be-
fore the start of exercise ; a decrease in CO; con-
centration in arterial blood can be speculated
from the decrease in Per CO; as well. After the
start of hyperventilation, MCA Ve started to
decrease gradually and reached a constant
value in 30 s. The reduction in MCA Ve Was
caused by the cerebral vasoconstriction due to
hypocapnia (Ainslie et al. 2005). On the other
hand, hyperventilation led to a slight increase
in O;Hb and a decrease in HHb ; as a result, no
change was observed in THb. Although it is
not clear why O.Hb and THb did not reflect the
decrease in MCA Ve during hyperventilation,

it is likely that cerebral nerve activity associ-

References

ated with respiratory muscle activity due to
spontaneous hyperventilation affected O.Hb.
The amount of increase in O,Hb during exer-
cise in HV + EX was less than that in CONT.
Our result suggested that hyperventilation be-
fore exercise suppresses an increase in cerebral
oxygenation at the onset of heavy exercise and
it may be caused by cerebral vasoconstriction
due to hypocapnia (Edwards et al. 2002 ; Ainslie
et al. 2005 ; Romero and Cook 2007) .

The present study demonstrates that al-
though respiration modes affect MCA Viean Te-
sponses before and during exercise, cerebral
oxygenation does not reflect
changes of MCA Vien. This disparity between

necessarily

cerebral oxygenation and MCA Ve was not in
conformance with the results of previous stud-
ies (Pott et al. 2003). Further research is required
clarify this point.

The present study has shown that hyperven-
tilation before exercise and breath holding dur-
ing heavy exercise affect cerebral oxygenation
and blood volume. It has been demonstrated
that breath holding during heavy exercise in-
duces an excessive increase in blood volume
(pooling of blood) in the prefrontal cortex and
that hyperventilation before exercise sup-
presses an increase in oxy-haemoglobin re-

sponse during exercise.

Ainslie, P.N., Ashmead, ].C., Ide, K., Morgan, B.]. and Poulin, M.]. : Differential responses to CO,
and sympathetic stimulation in the cerebral and femoral circulations in humans. J.

Physiol. (Lond). 566 : 613—624, 2005.

Bhambhani, Y., Malik, R. and Mookerjee, S. : Cerebral oxygenation declines at exercise intensi-
ties above the respiratory compensation threshold. Respir. Physiol. Neurobiol. 156 : 196

202, 2007.

Colier, V., Quaresima, B., Oeseburg, Ferrari, M. : Human motor-cortex oxygenation changes in-
duced by cyclic coupled movements of hand and foot. Exp. Brain Res. 129 : 457-461,

1999.



The effect of mode of ventilation on cerebral oxygenation during static exercise

Edwards, M.R., Martin, D.H. amd Hughson, R.L. : Cerebral hemodynamics and resistance exer-
cise. Med. Sci. Sports Exerc. 34 : 1207-1211, 2002.

Ferrari, M., Mottola, L. and Quaresima, V. : Principles, techniques, and limitations of near infra-
red spectroscopy. Can. J. Appl. Physiol. 29 : 463—487, 2004.

Meyer, ].S., Gotoh, F., Takagi, Y. and Kakimi, R.: Cerebral hemodynamics, blood gases, and
electrolytes during breath-holding and the Valsalva maneuver. Circulation 33 : II 35-1I
48, 1966.

Obrig, C., Hirth, ].G., Junge-Hulsing, C., Doge, T., Wolf, U., Dirnagl, Villringer, A. : Cerebral oxy-
genation changes in response to motor stimulation. J. Appl. Physiol. 81:1174-1183,
1996.

Obrig, H., Wenzel, R., Kohl, M., Horst, S., Wobst, P., Steinbrink, ]. and Villringer, A.:Near-
infrared spectroscopy : does it function in functional activation studies of the adult
brain. Int. J. Psychophysiol. 35 : 125-142, 2000.

Pott, F., Van Lieshout, ].]., Ide, K., Madsen, P. and Secher, N.H. : Middle cerebral artery blood ve-
locity during intense static exercise is dominated by a Valsalva maneuver. ]J. Appl.
Physiol. 94 : 1335-1344, 2003.

Romero, S.A. and Cooke, W.H. : Hyperventilation before resistance exercise : cerebral hemody-
namics and orthostasis. Med. Sci. Sports Exerc. 39 : 1302-1307, 2007.

17

(submitted 2008, 6, 17)
(accepted 2008, 8, 22)



18

BALZFHEXRZMHIE
B DR
£ 18OMRI+—35 A
[RAR—Y - BB & tEEEE DBADL YT ]

H k2007411 24 H (£) 13:30~17: 30
= Y HARTHRERFAE E101

@®13:30 &z HEoRE AR T (AL FREREEBER eI )

@®13:35~15:15 <tkvI¥arI>
A& Ik AL (HARFRERSE)
(388 IR 0 Jih i, o )
EA M (HARLRE RN FERT)
FEBIZ B 2 B OB fl—rPHEPENE 57 & Ak 4 b — AR i —
b A URRAER B R A I 7ER)

@15:15~15:45 <aI—tc—7LA 7>

B
N

Sl

Tk

A (HARZLFHREFERE)
RAL —FR GEBERDIBIIEITIZ BT 5 BERFER)

@15:45~17:25 <kvIarII>
Al R R (HAZTHREKRE)
[EBEIC X 2 BRI T o755
g FE (WBEAS KRR EIR )
[AR=UNT =<V A% M ESEDH4KY X 255
WH il CRRRE RS A R — > 2240 bE)

@17:30 M&A



J. Exerc. Sci. 18 : 19—20, 2008

<HB18EMRET +—FL>

T S i 0D K I3 8l

sk
R&

AL ez A T

BAAR O, oG O NSHBIIRERIE & M
BRERO 2REICL VI NG, 2008
B SEHENICHA T 2 I Willis O Bk
ZBWTAHL, —EoBRICEE D> TD
ML 2 LD ERAL A S AR T & A HEEZ K L T
W5, Lo L, WEBIIRFEKICE D ERIND
ML, KB B GHSE, pivrss, s
BRE L Vo BRI L, HE Bk
WX D EH S A ML, FICERE, MK, R
HEE, FRiE Vo R TRNERT S, 20k
B IRAR S & TR AL & o BN IE S B AR AT
HHIENDbhoTVED, WICBT BRI
DFENEEE 2B L, 2O0DFKIZBIT B KL
TENRE\HLECH AT H 5 L PREN LAY,
BIRFIC BT 5 ML ENRE & Z OFEHEIC D\ T
FRZ 5 BER R ST v, BITH%E
D% N, WNSHBIIREERE O v KB B IR O i 5t 8B
A2 RNV KESTTHY, HFEIREZIZT
DABDIRANZ BT B MFEBIREIZ DV CTIEBRER
BRWBEL v, 2070, FALONFET IV —
T TIRINSHBIIRRES & T BRI IC B 1) 5 0E
RO MBEES & OZ ORI ICDOWT
Fli e DEBREIT - TEL. ZFORKE, HAHIRE
% &M BRI o M SR By RE A5 — Tid 7z <
ENEFNORHMEMENDH L LA WM L7
F N B & s D, HENRE (B
BRI 5), ZERALRFESE, Ol
EVio /T T ARED, 200RKMT
Wb T EAURBREI N, I O BARK 20

FERIZOWTZDEFTZUTIZT LD 5.

1. EEIBIRER] - BERICH T RE
TR Ntk & s & LT, N m ke
EE)ZBEREMNICAT) e (BERES) & B
Lo TZEMITATH) e (ZEEEE) (2oWwT
et U7z, PR ES) & 2 BhE8h o BB T B &
UHEZIT A S D R MBI IR 34 i 3 B & 5
Bk B & OHEF BYIR O M3 & OISE 2 i L
7o, ETORE, BEESTIE, PREEIIRES
I3 H R 3 & O S Bl MR AL 7 7 388 B 4 L 7% 2
SEE REMER L. —HHEEBIRTIE, B
BB O BRI AT A B A MR AS A 5
n, ZOMMNIEEBBE E TR L T\,
Z O & O BB FIRIEIC A O 7 R K
WZEEHTIEIR N o7z, ZThonZ
M5, BEEGESIIME D FAARGIHEIC X 2 Mk
INENSHBIIRAE R & D b HEB BIIRARIE T L <
HZh, LWVIHRFBATRENT. TD LX) Ll
BUTHEIR OACH IR LT 205,
HVWIEHRAAREICEDL Y FIvavw s F
DX ITRETE20Hh, LWwolzleAEZL
NBA, FEHBEEICOVWTIEHES 2 TiIE R,

2. BERVEBRF S K UEEN £ 5 R M AF (C
BlTBIRE

TERE R N T e & L CHEBRIZS L
7o, EHWEREB)IZE D 10% MVC 25 30%
MVC & ¥ ZIRICHTH§ 2 fAff 285 L 7%



20 EAR T

MO S5 EE & Lz, ZOMEEIHE T L [H
WRICTS BY B 2 A R i L L 72 (3 200~220
mmHg OME & Y BRI % HBRT 2 2 &
W& o TITo 72). ORI Bl IR S 24 1 3 538 B

NSBB8 & OSHBhR M5 5 % 51 L

FIERE % U 72 BY AR ML 20 5 4 2 O E KL%
B L7 S SNSHBIIRRERIC BT 2 B
PUIME F5A-& & IR L, @ TEFNC
BELVEMZRLEZ 202 L IZNEBIRE
BCRMED RS 5 & AP EAY, D
F ) MAEPHEERNC & ) MEEA %2 HIRYT % 2
EAURIEE Nz —F, FRRICEHI L 7o M5 8
BROMABFEIT T, MEA LA - T D IS
DEBRMRIEIASNT, REBROIMEZELD
HPHTIMFAHIRZ L2 Wik TH 5 Z L AUR
Sz, F-NSEIIREER O MO K%
b7 TR E U TilH i e o o B 523
IRENT. 20X IEEES X ORI A T B
M2 380 2 BIARINE E 551203 % 2 D 0%k
DY EMED S, MENIZELL T Iz —
FEVHERET 5 &\ ) H B X N SHB) IR R % T
BERNTH LD, HBHRTEIHEVEALE
weEz oh.

3. ZEREATFOEREFHREICE TSN
=

TR 7 8 N 2 205 d 2 B R AR IR (V Ospe)
D 30%, 50%, 70% DEAMIZ L B HifizHEKH)
B I otz. FOEEIEICA SN LIPS
2 (R AR & IR R LR R 5 E)
& NSHBDIRAR IS B & OVHES BRI o I FE I 25
EDOMIBBRICOWTHRIR L. ZOKE, £
BB BB o 0RO ERICH LT, W
SHBAIRAE IS CILEB R E 25 < 72 5 & BT
A5 EASY MR % B LIRIIGE % — 2123 % It

BHAONTz. — T EIIRERE T, O
R L CTHNFENIRGER T A 5 - ik
BRAE U oz, &SI R B RE
SIEDZEACIIH LT, NSHBIIRAR M o L3 1 (&
TEALRE SIS LB b E R TS, HEw
BIRGEEE TIEZ D X ) IR AR S L
Molz, TOXHHRI LN, WILFEOHRE
Wb B ESNLH0HEMER LBk ES
JE & DX &9 BLEIZBWT Y 2 D0k
THLEDDH B Z EAIRENT.

4. IRENRIBZ DR EERRICH TS
&

HEF A~ OIREREL Group Ia KOMEAT
AL TCoddio 2 — 0 o & X G
DRSS, Z00, —EBIEHE
FEICBIT S o= 2 —0 U NTAT3 5 EAL
HE 2 & OEENR A DWA T 5, L) T LA
MHNTWE, £y bIra<y FEERigS
BRIETBHEENTWE I LD, ZOHEHH
oL AW EWH LT, —EfMsiEREO &
yIhIvaw s FIKTF&RGE#EE L7z FEERT
WEERN R ES 2 W, E@<Td b B
TR OB AIREY I E 5 2 7 YA & IRE
WMAEG 2 hwEa GHREME) 1B 2 Bkl
INEERIE L. 2oL RlkgIZEY, &Y
bSOV~ v BT ASE B 0 I L5 e 2512 &
ETIEARE L. TofE, KRB % bk
I WAt B PR T L P SHB IR & A
BRI B BRI T $ 5%, Zofk
TERIMETEIRBEEO R ) KEL B L
BREhiz, 2F0, vV FI VAL FET
X B IR EIHERBIIRD TR E VW EWwS &
EATRENT.



J. Exerc. Sci. 18 : 21—22, 2008

<HB18EMRET +—FL>

FEFNZ I B Mk D1 ]

—HX PR 7 &

HXPE = koL 3 — QA T —

SRR e ey H R FIAR

1. PRMRES &

P57 & AT S 2 DK T HARFEREAMKT - T
HLEZRETHS., LELFEATIERVO TR
By 2HECHET L. EHTIEEERDOT—
BRICEBERICERIGOE I AR, PR
WHNTOWTH KDY, AR TIIEITKE 3
IZAFEEL TS, bEY PL—=r T 2fATY
Tw—fD NTIE, BB EREL T RARKIER
FUCEL I A 0DENCEYZ KL, ZoEs%
RV ERD . DX D RIEEATH ML S
LEZLNS.

2. hIRMEFTREOEE ()

CDL)BREFVEL LML L TEOPD
IRFLAHFEE S iz, BRI —MIETWE &5
CLoHNTWE, FEPICERHOIGRIIH LT
pH DT X ZoMEZMEST 5. F21MEo
v 7 BRI TR 2 R A2 5| &k 2 3w etk
BdHb, LrLeloRIcEL v, 7L
3B A ISR T AV F— I L LTH)
AENTWS, BICiE= 2 —u v oliEd i
THMIEE LT THFET LA, ol
BTN IT—ZAZREAKR, —a—u U IZHBOE
TIANVF—ZM{ETHI Do TETY
5. ZO7, FLRHHAKENE 5 O EEN 75
HWE L IEEZIZ W, Zofiiko b= ViR
B, T BTG, A b A A ARG ATENE
XNTWS., HITHITOW TRV ER) % B
47> TP O T AV F—RHEREDORE L

AR5, HLIEY BRI
fREAE Z O 2 T IUTEER AR L v, 7214
FHIEDEIN & 7 B JHEME A b A A o8RG
T EOBIRIFICHRB SN D Z LT X D I IEAS
ALBEEZONDA, [KETIUZNET 2 ]
EVIEFDERNSIINANLZERE, W
NHMWED, R Z D W IEST RO B
IHEETH 5.

3. TGF-B &hREMHEH

HeE ATk L 72 AREE A AR 57 1 B -
TREIWMENHLEEZ, LTOEREIT- 7.
WITED B HWFITIIATE 2 2 & ITHMmINIC
T, ZoL) RERE, EBREPMICBW
THRITHORTICL > TEHticE 2 L £ 2
7o. FlPEMEES AT SR TWREIIMICE
WTREAESH, B LTERT A LER 7.
DX IEEIIINERD & CBRETH B INHE
BEICH A RERM I NG LR SN. 22
TEREICI DEF L7228 (v ) OFERE
W2 LB (77 2) OWENITHKGT5 &,
HEITEAHRI S N, EH L2k D T8 %5]
ERIFTIERFRWELE <7 AXLHIRE
R T2 s, WK ZRIETTIZFRE R
WEEZ BNz, B AR OW— AYE S
BEFIERITIECL ) FOARITEHEZET
B EWELL ZoHS 2T EREITWY
wRIET 5720, PREEEREBwCcHL e KT
FHWINA T T v b AL #4Fol. FOME,



22 E] o 1 L2

W57 L2 O ERRP WAL T2 WE
Y4 b A~ ®—Fitransforming growth
factor-beta (TGF-B) TH % HA/RME S 7.
FZTHEINS TGFB 2~ 7 ADKENIC
595 & HRKFNCZ20 BEITE % ¥ 5
HZ L, BLUYWEI LB OREREE I
TGF-B PR THE L 72 03B W o B IE1TE)
ZIHT AEEHETHEI L5, WND
TGF-B 25, BZ 5 KPEHEEERT S HICX
DEWOBRITEN I T AR RO L
B S 2z LY.

4. TGF-B &BERAERAEBIITE

SRS &) IEGIEAE U AL, ARk e
XM THNIEOEE % LD /- WIREETH
5. LLad5EE) % 1k 2 F A TE VIR
WTh DY, HELEET AV F —F % AT
L, TEZ72 7 HET TS -0 AR RS
Wi L 72K IS B EDEIZ L E RS
N5, FEHEEGISETWED, FEFICHEA
M2 BN E Lo A v F— PR EL 7] &g
CIEHZFH L O IXAHNZEEZ b7,
22T, TAMF—RBOREL IR IH
T HIFRA AMWELEREIZ LY TGF-B DN
P G- A s bl L BRI B RIS T TR %
ME L7z, ZofR, BEHERICELIE AW
B, BRI ALOTLEN T R S b 2 LA

X #®

Linkhol, ZOXHICHNO TGF-BIXH
FATEOWHIZZ1T TR, &5 TORERAH
DILEEFIERIT L b bho72Y. TGFPH
DI S- 2R iR © OIRIIB I X 5
KEPAGOWKY, BHHTOYRTaT A~
) = BEEO AR L Z U X B IRITBEGAD
B, W - B TO~ T =)V CoA iRED
I X BRI DI K &2 5 S
T20, INOOERARE L TaETOMR
BALITTEIC D Lo TwAH D EEZ SN

5 EBEI X —KBEOPIRHRE
TGF-BILEH I ITHE LS N 720, FA
SEBIEE O NRIFMELITAEIC G- LT\ b 2 LAY T
MIhi. 22T, MNP TGFB Hitkz 7
DG L, TR A L CRER T ANE %
Trotz. ZORRE, EATHEEIC X 5 IRBEEE
ALDTLEFH S ICHH ENE Z b
7. F12TGFB 2B HROBEFEETHET S
7y IR (SB431542) o¥5-TH Mk
OMHHFNERIEINLEZENHLNE RS
2. 2O L) I TGF-B oEH % HET %
LB O MR LS — Sl S B 729,
ZOHA A A YASEEET AL F—-F o
WMUHBICEHS L TwBZ RPN E R
VAR

1) Inoue, K., Yamazaki, H., Manabe, Y., Fukuda, C., Hanai, K., and Fushiki, T. : Transforming
growth factor-beta activated during exercise in brain depresses spontaneous motor ac-
tivity of animals. Relevance to central fatigue. Brain Research 846 : 145-153, 1999.

2) Yamazaki, H., Arai, M., Matsumura, S., Inoue, K., and Fushiki, T.: Intracranial administra-
tion of transforming growth factor-beta 3 (TGF-b 3) increases fat oxidation in rats. Am.
J. Physiol. Endocrinol. Metab. 283 : E 536-544, 2002.

3) Shibakusa, T., Mizunoya, W., Okabe, Y., Matsumura, S., Iwaki, Y., Okuno, A., Shibata, K.,
Inoue, K., and Fushiki, T.: Transforming growth factor-beta in the brain is activated by
exercise and increases mobilization of fat-related energy substrates in rats. Am. J.
Physiol. Regul. Integr. Comp. Physiol. 292 : R 1851-1861, 2007.

4) Ishikawa, T., Mizunoya, W., Shibakusa, T., Inoue, K., and Fushiki, T. : Transforming growth
factor-b in the brain regulates fat metabolism during endurance exercise. Am. J. Physiol.

Endcrinol. Metab. in press, 2006.



J. Exerc. Sci. 18 : 23—25, 2008

<HB18EMRET +—FL>

BN K B MafERE(X T DT B

WGBS KR T - feerseen DR ST

1. [ZC&IC

J B REAR T 1 FP AR AR R D5 55 L OV %k
HELUTHEEL, MR EpknE, RAbRE %
BT IS, PThlARINTIE, it
MAOMBEIHED BAERZFOH KR DY, £
DT B R OBHRE NS TR A AR5 5
NTW5a, Ld LIRS CUE G H LT
EhTwiw, koT, ZoRMER, By
BHCEAEEAE -C v b, FRAE DIFEER I
1, BEMEED EOMADOME 7 T & 24
WHIBOZER (A ML AKK, EEIAR, X%
ML E) D55 ZOOEENFEANE
FHICHBCTE 2 REMIEH 5 L LS NS,
COMGED 72012, FRABET B & v 9 Bl
5iEE) b L — =V OB A AP S RE
THLEND D, EENDFRARETHICED 9 %
R A EFN, EBRE O TRRML, R
HET B 2 B8 L CGEEAN A %47 - 72 RIREF)
HHT T o HERB % A3 5.

2. BEtEEEIRT &EED
TP REAC T 2RI, ks, SEERAME, &8
PEPEH R O3 2 &2 X 2 MR DO BERE A 7
OZM, WIMAEREE, 7Ly A <—9K (AD)
ICRE SN L EITHEOMBEMEENH B, 2
NSOMTHHAMED—>TH5ADIF, A
IRERIELABRLTEY, TOAERRIBBRE
BHEV.EN TR WEREAETIRFER, Ry
i B SN TV 5. BEFNIED & EEHIC X

% AD SHE O F B &) R & Miat U723k <,

HRIEE L NV OEWE L, RWHITIEEL T
TN#EE AL 9 AR T O fa Bk 25 A 3 %
ERENTW A, Abbott 5Y® Honolulu-Asia
Aging Study Tl&, —HORTHEER D27
V=T, BITHEENS WV — TR L T
Tk DORRAGEFSRERR AT < %0 B & & & Ik
ERRE LW SHE LTS, £/, Lar-
son 521, FEEENE L OBRD S HE L 6.2 4
B OFFEA S8 3 W EDEB %L T 5
FIEZ ) THRVFEICHEK L T AD BIEI WA
FTHZERMEL TS, DLk IEHR
T B ARTH BN RRAIRRBEAC ISR L TP Rkl
ERITHREIRIBEESNTVS, S5k b
RO 2R E L7200 b E8o%E %
WP S ERIRENTBY, BWERDS
&7 = I ROBATEEA VT FL Y
Y, F=rn3V, vu b= VEORNT I E
By AR © O ZEWH OBUR Y,
MERGE LM% TIZ6 »r HRIOAEER b
L —= U 72 X ) i R m o Mk mE R FE O
HIPHE SN TV D, Y0 FEDREICR S L,

TR PN OB RE - EEMERE, R

B, R - IRHEC B 5 B I SRR o
EHRTFAZEIOZEE T L, S 5ITHERRE
2B B MRERTE DR, B H DR,

R (%3 2 ST IN®, A AR 1Y
7o LEENC X A NBRREE AT EE L OND
TRPKRA L REINTETWS, FRICHRAVE L



24 Tk

ORETIE, B R BREREY AD ©
FRELTHIBEIN TS 7 IS FRoD
BWmzHIH S5 ENADEFT VYT AR
FICTZBEFE A & A3 S Y, @B X 5 ERA
JEFHI OSSR I TS, 51k, &
DX S L BEHMBEBENRI R L D72 ST O hHE
Byorka, HE mE, PRI EZEEICMmASS
KT 2 DD 5.

3. BYHEFRANT AR —FIRATAF 72—
KRR FIRRET CI1E, RS EE ORTFEgZE L
L CRAHAME ¥R /e A3 (FAEFZE 4 =91
e - SLIEREER) 25D S 1 kFRiICHLE
BWGEBIMAEERK L. EBEIAAIZIEH
350 ZASB L, RAEEREDZAL & SR B
F (W1, FEATs, BOGKER, SAGEhE, A
FLAFRIVEY) LOBEEIBET S Nz E)
A&, WTOESYCH 6 Mo BB & RiE
TOME 70 7T L2 EFERL, £BMNEIERA
L7-aZ 547 —IZRRETOEHERE %
LTS/, urs¥yf 71—k, —» A
L, okt b LI ANET oL
RiEE A S L7z, B A 1R TIIHG
B, AN R ORIGK B 0%, A b L ARV
EYTHHIANTV—IVREOKT, 5121
FRHEC e D B W & SNSRI E D
RENT I oRENYGEIX, H 4 0fFE
BoFEMEEHEIH L L EHERAL TV,
F 7z, AEBN AT RRAVE ORI IRIREE L s h
LEEERmEESE (MCI: Mild Cognitive Impair-
ment) 204 BEML CTwb. MCLIZ 44
BICHREEA AD NBAITT 2 L SR Twa Y,

X ®

S
207
E 3
157 o
A
MM 107
X
5_ -
0-
WNE::0) T AERT A% 2E
* :P <0.05

1 MCI OEEERENDEL

EEAAOREIEE, MCILIZH RSN, /A2
SERRITITA ARED O RLIERE I IS B R TR AR
sh (B1), SRGEEERKE ORI VF Y —
VICOHEEARYWENRO LN, £2LT, 20
LB I 7 OZALIZ S RIES) & & E MBI 2SR
oMz, THoRERIE, B AL MCT
DRERNZ IUEEL ) 2 REEZRIELTH
D, ZoiREEIOEME, FHRIGEE L R
DVRDHLNI=Z O HEOFERIGEE % HD 5
ZENMCIL OFEERIIYEEICHMT A2 &8
s hsz, ko kHiz, FIMRAZEL?S b
B ADTRAVE FRICARD &K D 155 R R
BohTws, LarL, KEHFHNAONAFIE
SEBMALECERT 5 HEL %> TH Y ES)
R 2B ME OBANZEE S ERICEAT S
LEZLNL. 5%I1E, T V¥ o LR
(RCT : Randamized Controlled Trarial) % 9%
Mis % 7% &, KU S HIE L AD PRI
§ BB AT 2 LEY D .

1) Abbott, R.D. et al. JAMA 22 : 1447-1453, 2004.

2) Larson, E.B. et al. Ann. Intern. Med. 144 : 73-81, 2006.

3) Meeusen, R. et al. Sports Med. 20 : 160-188, 1995.

4) Colcombe, S.]. et al. Proc. Natl. Acad. Sci. 101 : 3316-3321, 2004.

5) Neeper, S.A. et al. Nature 12 : 109, 1995.

6) van Praag, H. et al. Proc. Natl. Acad. Sci. 96 : 13427-13431, 1999.



B & 2 BEERRIC T O PP

7) Swain, R.A. et al. Neurosci. 117 : 1037-1046, 2003.

8) Carro, E. et al. J. Neurosci. 21 : 5678-5784, 2001.

9) Anderson, B.J. et al. Physiol. Behav. 70 : 425-429, 2000.
10) Lazarov, O. et al. Cell 120 : 701-713, 2005.
11) Petersen, R.C. et al. Arch. Neurol. 56 : 303-308, 1999.

25



J. Exerc. Sci. 18 : 26—28, 2008

<B1BEMTET +—FL>

AR—=IINT —2 UV A %
Il S-S X X % U B WA & [ ]

LR R A R — 0 B2 B

WH  E

1. FU&IC

t MIHERO HiRICHEBI LT, 24 R o
WTHEFELTWS., Zhid, #toratzo
C, MEko Hinic A RyEn L TRz 0
Thb ZOXH)7%, HEKY ZLZHROBLL
E# (SCN) THIlEShTwab EeEzZbhTw
BN, AR) 2L TERERE 2 EofTE) oY
AL TIERL, KR, dvEeECZRESTEE
FHRAERBESO) ZLHHMLTVS, HIC
X, AXR—=VEITHIIRZTOIFEIER0E
b, THVo ALK XADREEZITTW
L. ek, BR) XL ERE LT, REDOLT
DNBLEHFIZE Y RVST7 =< Y AT R
BEIRAVTFA Y a =V TORARITH> T
B, INHITIE, BEDD L HUIEA R EIS
TEX5HTRR, WRHEVINT 3 —< 2 AN

W VIS T — 2 VAR EXE 5T
K sb., £72, RAOEKTIED 528,
INSDRADIRE L IEHICOWTHHT 5.

2. BBV XL (—hT 147> UXL)

HARY) XIS EFESERLONH LD, £
ORI L > THBIAFDIT BN TS, RIZE
ORFENLR L DERLT.

ZOHRT, GEAR= T =< ALH
FWA T CHRE 2T D, HUBHOY—»
FAT YN ANTHAH. © bORNERHE, &
HOYZXLEHATODH, KRAREH 2
Do TWAHEADHYIZ, 24KH XY LEWV
ZEBHSNTWS., ZhiE, b b E4Ae R
P oel b L) el (WHome AT
PR 7-RBE=R 2 &) ICAB & 24 KR X D

X SESELEFRIVIL FEICAZEEEY WHEZE #EHtt1) LV)

JEI BN 1
L3t
—5 LY [1521/3
ultradian rhythm 5 0 55 Bl Ly

IEAR A (2 > L a—L A JEH)

SRE
L Rest-Activity Cycle
EIRGEEE ) 2 2
7 24 WE circadian rhythm FIVEVY AL (AT =y, RERVEY, aVFI—LilL)
MEROZEAL (DA%, E)
#1rH circalunal rhythm R0
PSR
#14E circannual rhythm BT

Al




AR=YINT =< Y A% L& LA X L 27

DRVAEERMTIITIenrbdbonrd. b
b AT 24 BERICAIETE T A EANE, K
THRHLDTHALLEEZOLNTVS, K
FOHRT, bok HERITH L TEHEZLN LR
BEHSTWDLILDODO—2HRTHAH. K
XoT, BHY XADFEFE N, HRELT24
R OMEIREEEY) AL 2/ & 351 X LD
TV ENTVWBLEEZOLND.

3. AR—=VEBHU X A

AR=YDIFEIERNRT =<2,
AUV ZXLELoTWAIENEHLASHSNT
%, PubMed 2T (sports circadian rhythm)
ERFETH L, 410 DLW TL 5. Hwd
?D T 1975 4E 12 Br. J. Sports Med.\Z#5# S v
72“The effects of the changes of the circadian
body rhythm on the sportshooter. (8 H&H
Y XL OB G EBRE I RITTREII OV
V%N sb. LrLeass, —FKICE:
Offge, YR LHATOREE, K>S Ok
WIER 7 L2 DO W T ORI T3 g hTn
Lholz, Bz sE, HNEBOHERE L
T, MOBELATICLZENR, EEL T2
ORHRBOMME L %3 L b IR
NTVLEWIIRESE  holz. ZOREIZOW
T, MR %2 M L7201 Youngstedt 5 ®
FNV—TI12& % Klein 5O TH L. S
i, EERIAEMSETHI WV S5 Ultrashort Sleep
Wake Cycle &9 FEiz v, LitoE
EBRNLEREIT o 2L, 1 EHOE
fRE 2RO REBED S 7 % 3R —HALD /Y
vE—H8MH#HYETHIDOTHSL. ZLT, &
FERFE OB AR GER L TH 5 1 REEEOR M)
T, AR=UT73—< A (1E5OHIETIE
200 m $E9K) Z 4TV T A4 AR WE L. 8 Z v —
TEDOLY, ST OMBRRZ 35 L TIT
bebizd, —HOLEOEZHTH, HOELR
TORELFLL LY, HBYELETICE B
nR, HEEL T2 0 ORI O MBEIZHCY Bk
PNA. FHRELT, PO 1 FE» ST
% 11 RO RIS, IEFITE T + =3 ¥

AN ONLZ LWL T2 20O
X9 %87 3 —< v ZADOELZ, EKEOBEHEY
A LA E IEFIZR VBN H B Z L2990 o
oo Thbb, KRETH IR Suh s
FRUFHRIIEBIALY) TRZIEILD S
SR U TRIRO B WA IS v oS
TF = VAPARLNTZ.

4. Y XLOREE

BEHY XA HE N L2 b3 E5 2k
DBHRETH D I EDPHLNT WS, BITB~</
AT 0t B ORZNC & o THEAEY X
LA OfMHE T (PERRE) 5 viIdkE (K
W L) 8520 TEL. YO
AL, zogBEoK (AiE»#ER) BLOK
EX (MERFNDEH) 12X - T, MAHKISH
#% (Phase Response Curve) ##id Z &»H
k5., IRFTHSN TV ARETE, W
DN EHIE S, D5 RO
I AHE RS E 5.

5, AR=YNT - X&m@EESE
BEK) X LA

JlZR L7z Klein & ORFFETIX, FRTH ORE
MR IR DR ITEWE WA 2 L2 5. [
UFYA Y OBERTRTOAR=YIZflibh
HERIIHZEINTVEDITTIREZVDOT, IR
TRIES ORERZTNTO AR — Y HHIH T
0252 LIIFEEPLETHL. i, M
WP RORMFICAR=YBEF DT 5 —< ¥
AMWBEVENS ZEIE, INFETOFEICBY
TLHLBEHSLIIR>TWE. —FT, &
A=Y BEHIT X o TUIFRHISAE» TS
BRI DD, INLOBHT, AR—UIS
TH =<V AEMEEE L7200 EDDOTEL
ELT, AR XA H#ESE, TR ORI
W BOBMTEOY X202 FNAFESL I A
BB, AR=IINT 3 —< v AIMFEO EH &
BOWHEDGS 20T, FLRHGICAREY EA
2ELDIFTHAS.

Frld, EHVTIOL I 2 bR &



28 A H

HDRAZAT 72, ThbbAm 9 KRB
DATb N B IKIKBEHH I, FoERELE Y
s, RROF VKO LA ERELZ. 2
ORATE, R EEROE b ek TE R
Mo lzh, I X BEEORE, ZoBHEIE
BHATINE THRD RWHEBHEEZER L7
EHIT, FALERBTZETRHFHDOY A L5
DT A D> Tz,

6. B5bHYJIC
KEETIX, FIIEINT TOTHRIC L BEE
Bffolz. 2O ) BAADPEBRICAR— Y5

HICHEZ2boTIbHEN L -0I121%, 5%
F— 7 DERPIEFICHETH L. HEHIZIFS

X B
1) A

1=

FXFLEEIEGLTCVD. FTRRIER
HEREE TR Z T, TH%2EEOITIC
BHBEICDr— AL LUSHZT) LEXED A
I.F BHIHwLNE 3 FSE o R—
AV MIOWTH, Y X2 oEr
Bt 2 LB D 5.

HTE, S EBL LRZE O S 2 ik T8
HLBBEIITbND L) ko7, TDEH %
RIIZBWTIE, BEISHIEL2AK) X80
TBLFHN T+ —< VA ZMEEEL7012
VELELRSTL A, G, ZOHHOWIEED
BimL, AR—2 AR X2 L 2265
I NG Z & 2T 5.

XIS DIEIRES:. #4574 747, HRE, 2006.

2) Antal, L.C.: The effects of the changes of the circadian body rhythm on the sport-
shooter. Br. J. Sports Med. Apr. ;9 (1) : 9-12, 1975.

3) Kline, C.E., Durstine, J.L., Davis, ].M., Moore, T.A., Devlin, T.M., Zielinski, M.R. and
Youngstedt, S.D.: Circadian variation in swim performance. J. Appl. Physiol. 102 (2) :

641-649, 2007.

4) Minors, D.S., Waterhouse, .M. and Wirz-Justice, A.: A human phase-response curve to

light. Neurosci. Lett. 133 (1) : 36-40, 1991.



29

<2007 £ EREFENHRAMARBERER 2 —FR>

BENCX Y B S FOBEICHER (ICE Y 5 EE2AR

[FREFDOR N Ly F ¥ FBKRMIEERICS 2 % %8 ]
IEAET, MR 28, Bl #MC RHRSEET,
B WA SARRAT, AR EHSE

[FEFCHE D BT AC 0 DA L—/N 5 40 5 34 X TOR IOV T—]
A MF, ik BRPE ORBRIESEY, NEMSE, Al R

[KFTA) = bPDOIZANF NG VAL T AN F BN E T TR ]
HIT %+, Wl M REMEF BRSBTS

[T IR D ML R A3 B O L OEBR 5 X O R FR LB IC S 13§
ek B, RBRIEET, Wil MR mEAEF

[l 0 SE B 5 D o ML A 57 & o DR RIS & oD B |
ek BRr EA T

LFHRREFOSFFEICRHT 2H%R
[ARESEEHGE T OBB 10 1% B LR RS2 R — b



J. Exerc. Sci. 18 : 30—31, 2008

<t3IF—®HE>

Cerebral blood flow regulation

during exercise

University of North Texas, Health Science Center

N BGZ

2007 4 BEFEAER I ZERT 2 I F—13 10 H 4
HIZ, 7 A Y %1 ® University of North Texas
5, /NI EEZEA % Bz L [Cerebral
blood flow regulation during exercise| &L
TeWiget I F—%4To 72 NIEAIE, BUERR
FRFEBETHLEOFEMZN S N -%, [EEE
DIEZ R w ] OWgETHRYIZES % P.
Raven t#-t: (University of North Texas) ®F
THLWIZEE 2 B o SN, BAEIL Research As-
sistant Professor & L THFZEICHEH S LT
L. NIRRT 4 BT & ARBRIE 112
BT A2 IIMICED TZ o, TETIE
[EBNRF O BRIEBRME | & v o 728 LWiF2Ed
BIZF YLy YVE3NTW5E, ZOWFERE,
Journal of Physiology, Journal of Applied Physiol-
ogy &\ o 72 AR R O A HERE B 1B
ENTVEM, 7AY D AR-YEFR
(ACSM), 7 A V) A A #4245 (APS) O research
award  ZH SN2 2 L, DA HE - EE)
HEMF O I RITER ShTwb
WgEEDO—ANTHh 5. BUE, AWZEHTH [
BRFORMAETE | OWfseE7ru =7 & R
F—F3ETEY, SRIONTEAEDYE I F—
B IICEADIEZ LD RS E TV 2D
D, B LT ok I F—DHIICIE,
FTADFEBRIUHR->THE, 7 8231 A9k
YRRV 512, B DF—% 574
AHyvarTlE, FRURIEAGHGRIE
baIhi.

tIF-—BE

FFIHROIC, EFEEORMIEER &R ST + —
T UAEDBRIIOWTHREDOBER ZBIEL
TBES 2L BHREETTOSS
VD& Bl BT, IRIILGE B 3,
N7+ —= Y ADHIBKNF & % 2R D 5
k. F YA NI TT A4 TDLD) B
D C R OB L2 AL, A L i < Je i (77
Ty TY MERITIENMOENTVSD,
S DR I35 B o i I 5 o> 1 gk <2 ik i 4
DPGHEPE G L TWwWbEDZETHDH. 512
&, BAmTEOK TSR, KEHREgsoTca >y
T4 YAy TR e O O T I B
L8> TRl EHLEDZ L THS.

R DM BN IR 4 Bl 5. R
W7 & LCid, Kety-Scmidt iERF v/ &~
INT Ty AENHY, FREWNLHELLT
&, PET, MRI, &RsbotEE (NIRS), &
FikBHEE (Fy7I—) #HWEHTEND
4. dr4ETIE, Transcranial Doppler (TCD)
% NIRS & F\ 725, el 2 ffne A3
TWh Vo 2B PLEAICHVLNRTWY
5. NSO 7 V—TFTIEEIIC, TCD k%
AW THRBMEIR (MCA) O L #E % SN
LTWwWHEDZETHA.

INFT, EBR NI 2252 5
L] &35S THY, EHE
OFHFER ETH [IILIT D T% D4
ZBRE T C—EIR7-hb] L S3hT& 7.



Cerebral blood flow regulation during exercise 31

COFUL, o BCREERE(EF—- ML F 2L —
Tav) XSV TWE. oL, MED
ZE4LIZ %} L myogenic (215 B ok (vascular
tone) ZFHITH I LT, MEE—EIHEOME
ETHbH. LnLeds, EFED TCD % NIRS
% I\ 7 ARSI T E B g LI IV B 3 %
ELHRAMPHEON TS, Z DMk
I, EENCAE D OB B X OHEG B o 3
IMSERL72b D TH LA, BHGAH = AN
ARG L, BRAAEEMEOSTTIE N Y
Ao TWaD, BRMIZS & MBI 5K
T EELMARECTHY, 2L 2 IFEE
DOFIMEEEILZ HOHEERI KT L TS
D, ZHIIWMESRORERRME:EZFD L —D>DER
ThbdLINTns.

HCHREIRE SN 2 C, BRI AL e i
FE (PaCO.) &, MIMLEOEELZFAMNTTH
HEEINL. Thbb, BREEICIDELY
MEPIRDHE T, —HRRERE T3 A& I A
HELD. IhFECT, ZBLRFOEIIIHT S
I L 37 284 96K, 0D J&E (COreactivity ) 2SR Bl 1225
LT BHEPRIANTH - 72, BEDOWET
1%, COgsreactivity \ZEBIFRIZHWMT A5 LD
EThHbH. T, EHREOBRYEBYREZ K
WMEIMET I 525, 2O/ T 38 hyper-
ventiration IZ X % PaCO. DK T A2 Z L Tw
%, —F, INET, BIRIMEERE (PaO,) &
PaCO, (2G5 § 2 52BN D vk
SNTED, /NAEED 7V — T2 X Z5H
DOWFZETIE, KRB R (hypoxia) (21D
HOMERENMK TS50 THorz. 2
DOFERBART U, e I e e P i M B & o 2 v o>
MM Z RIS 27— % T ) KEEREW.

JEZ e S (baroreflex) & Ji il i 57 7
BRI NE TARHTH - 72 MNTRES T
BB E % H T, #iE (perfusion pressure)
MM REDBEMRERET LT3, ZORFR
Wiz, EIHEBICES X ) BRI
fxo HORERESMK T LTS LD LTH
0, LT & INIGERERET & o Bk %R
B3 5. 72, LHAME ORI perfusion pres-

sure * 2L 3¢ BN L % 5. K4S O
TlE, HInBEBIRIOHEZ TV T I 3%
B2 IBNPIZ X DOl EZMBE S5 &,
[ERZ RN N7 -7 Sy NS R A
o TWh, ZHUL, EEYREO R IR N 1
EHSMCT S ETIE, FEFWITA 87 bAE
WHIRTH 5.

ST I 0D ot ML 375 0 65 VA 7 TR - A LR LS
HEEFOL ING. EERFEOIERFE B L O
I T3 A ARG B 2SR I 3 5
CENFBN TV DAY, BRIMLTE R IS 1263
LB NE SNTEL. LeLeadrs, |
AR 13 B s AR S i & =T
TWhHZ &R, HEBRTOREMEEL HOH
HRERE DB A &, AN A8 B IKE 0 ik afiL.
TLAREN BT 2RI RIE I N Tn 5, FE
BN EE D 7 v — T O 3ED 5 b Z Ol ik
TR EWEDZ ETH S, #l 21X, Prazosin
LIV EY R LREMEET T Oy 7T 5
&, AR IMEAR TS 2 i B LR A 28
HESINEZ 0D, ZZBMEIEEENIC vas-
cular tone DFEIIEIG-$ 5 Z & B/NTHA S
DF—=FIIRL TS, ZofRiEInETO
AR BT EELMATHLEDZ L
Th5s.

SRO/NTRAEDE I F =1, ZhF Tolf
RERERTOT— 7 Y ZELN5HD
R3L, 2o, FMNENETH o7 I F—
EREBLT, MNTGEOTI T 2 HE L
WL BELRTATAT, EROBRFEIFE
U7z, FeABIEFHICE o THREGEHR RN
EWMTTIEATE, RIS T GBS0 E
VTHNEEIF—Tho7z. LI F—ORKMH
AN E B DENIRE 22 72F 1 b
PAZVAI=T 4 V7 EFTHVI-ZLIZED

FTHRVTHAH). T2, BIF—HHIZP
HIZLBED LT, ZORFHICHKREZFHFSZ D

KRB, #HTPMAEEDPSML T LS -
2. abETEHOBEZRLZVER VT,
es ek #Ber)



J. Exerc. Sci. 18 : 32—34, 2008

PR 19 EE ALEMRTICHT ZHAREHY K- k>

P bttt rh bRt 7 v v o TS
X9 5HHR— 1

ARWFZET T, R 12 4EEE D & BB 5 0 5%
BhmbE2BElE L7y oy MY, K
FAEEEBI T SRR R — ] 2175
TWwh, INETEREONL—FKR—VE, #iik
BB, B RO o g & U CHRRBNGE,
E - BiRE, 2L COROKE S, BREEIZD
WCHIEZR T > CT&72. T U TAERIL, WEE
BEICH] &6 & B Rgise R O v 7 @ T
W B R— N EfTo 2 e, BB
&, A —F oRE L Te s T AT
DWW, HREBEEOBHEICEE A MERE
TIOFREEL U CEZBIGE 25 L7z, ek
ERFEMNMER RO T 4 — F Ny 7 %475
7. TOBMEIZOWTLITIIRT.

1. BIERERE AR

R 194E 7 A L FHK 20461 Ao 2 1]
12 - Tirb 7=,

7THOWETIX, PRIEME®RT A, Bk
F540F 134 %HME L. 1 HORETIE,
hRHEERTF 8 A a e L.

2. AIEIEHE EF&E

1) k- k&

(2) BEFHEEPEOWE
BEEEREE, MLy FIVZHWTHiEE
el L7z, BRI, %:ETF 0 3000
m OS] Gk AL LChfia—F28
FEFICEDETRELL. ZLOIZ3ITHT
OME AW S, 2B D L I3 3BT
7o, ZOBIE, 15T O MY I EE % Wi
BTV (B1). MRS AL, MR H

195 EIT10m/ 5 H85%
—

EE (m/5)

9 10 11 12 1314 1516
B (5)

X1 E#H7yOora—Jv

2 TR 19 FEREEHRESPREMRFREE
mE

& (aero monitor, I 7 MEES AE 300-S)
% T 30 @ mixing chanber #I2 X - T
BRI L 72, F-dlei, RREHEFTITHI L
FHMELTWDA, EBFOLHOKMELE
BLa2s, Faa—FLBFLOMTREA
fiif % Pesg L7z,



I/‘\ \‘= b : = E =

3
bz |

£HT:BR EFSA BIEH20085F1H

33

COBIETIE, H#ESAOEREDHLT, EBPICHEMABH LY ENTEZTZLOBREENSIZOPICIYRALIE
MNTEED, EVSTRABRENMZIZHELEL:. RARRENEL, 25BFANOEELLGY £9. 2FY, &Y
ZLOBRETMYAL IENTENR, FYRVEBIEEZRTIZEMNAREICLRLINT 3. ITVYUREFOHICE, B
FT80ml/kg/min, ZFT65ml/kg/minELNSETHEIMEZRIEFEHLVET.

/' HET-OERXBRENE

* COBME, 17EICHE-DFETkeHT=Y OOmDEREERTHENTES

ELVSEDTY.

" HE-DERRERENE

981 mf/kg/min

2547 mb/min

* COEMIE, ASEEATOOMDEBREERT HENTEDLLILDTY.

_193 /4
111.8 0/min

-HET-DIRKIDBE
HE-DRXBRE
-HIET-DREEE

320 m/min

RABRENE---EPPICBEMBER LY, HAVENSLEEATENLEFTEOBRENSLEORICIMYAL JEAT
EHNELVSEBFEANDIEERTY.
BRRADAY- - BRROERITER, EBEFOEPHR, [E [ELEDREEY, EVORALENEL ODERIC

RABRE

FOTELEY. (220-Ff) AFRRMAREELITVET.

-+ VDT (Bl ITHRY Atz

ERE

<.

OCI3FMICAEL-ARZEE LhRIBEZBFOHETT

& pE o R ER##E F2005.7

BE b REEBESEEF2005.12

EEATHZFELELD,

B b rh R EEBESEEF2006.7

X pE b hREERESEF 20071 BE b REEHEERF2007.7 BE b 3% 458 F2007.7
®pE bR REERESEF 20081
65
°

60 |
= - [ () pr Py
E
S 5 I PS ° ° L4
< 'S L J %‘ ® ’S <
E S * ® X I
us 50 T ¥ o
= ™ L 4
o x XS
B 45T PS
I
g

40 *

35 :

18 19 20 21 22 23
R (%)

K3 BFICEGLAET—FNy 7ER



34

3. AEHROBIE

TAHBLO 1 AICNE L 72EF oM EEIGE
DEEZR 2 1R L7z 7T AOWERII BT 54k
EY) OMFBINEOFHMHEIL, PRIEHEE
F T 52345 ml/kg/min (#EPH : 44.2-58.1)
BT T 48518 ml/kg/min (#EPH : 45.9-
50.1) Tho7z. 1 HOWERIZBIT H/hEY
72 ) OEEFENEOFHMIZ, HREEREFCT
56.6* 2.6 ml/kg/min (#iFA : 53.0-612) TH -
7z

4. EF, A—FANOHEHRDT7 1 —
AR/

WEAE R, EBROBHBAGICBITS ML —
SV TAMOBREREIIEHTE5 L9511, K
DL REREMERL, BFHAB L2
FAZEAT L 7.

T/, AREEEMHIATI 2 LICE- T,
L=V 7RI T4 ¥ a v ORERRICD
WHEINTWS,

(3 g %)



35

PR 19 4E SR
1. SH%ICEAT5HE
O% 68 BEEESRE
P19 4E5 H 18 H
L P8 SEEHEREICOVWT
FOE 2. P19 R IZ oW T
B3 oy T THESFE SO Y L 2 MK IS EE L ICOWT
A Ty 4 THMERE T O Y 2 2 PR 19 SEREERE IO W T
BES o T THEFE IOV L2 FPRA R ZEEIIONT
O% 69 EEESE
P19 8 H 21 H
WL T a7 THBRFEE T Y 2 7 PORA R ZHIFRERHICOWT
OH 70 BEESE
P19 9 H 21 H
] AEMAOMIET I F—B X OE ISEMIET + —F L I1ZDOWT
O% 71 BREESE
FRE194E 11 H 13 H
AL 18 MBI T + — T AIZDWVT
HE 2. P20 SEEEAREICOWT
B 3 F 20 FEFHEICOVWT
O%F 72 BREESE
P19 12 A5 H
AL a7 4 710 HE I - 0BfEIZOWT
i 2. B BHEEHIIOWT
FEAE 3. 88 36 MIERRR RIS DWW T
el 4. R R OZEEIZOWT
O% 73 BREESE
PR 20452 H 27 H
HE 1. P19 SEEEHERE IO WT
M 2. P 20 AEFEHAHIZE H 2O W T
M3 WA EOMFEEHICOWT
I. ARICEET 25
OMET+—F L
SERE 19411 A 24 A
k7=~ [AR—=y - ZRIESH L HEEE 0D Y]
< PN >
[ 58 By 1R 0D Jfit 1T, e ) o
A T (HARZFREKRY)
[TEB)IC BT 2 B OBE—rP AR 57 & i A oL 3 — (R i —
b R GRS R B R 5E R



36

[EBIC X 2 BRI T D 4

g FE (WBERR L FER )
[AR=INT =< AF M EIEL44) X 2R
WH 1 PREERS AR — 2 B4 )
Ot3If—

SR 1947 A 23 H (H)

Academic Frontier Project JWCPE %9 & 3 F—

[ IR OFRER X 1 = X 2 & ARG B
Al R R (Y — U7 TRRAEBA L A B R EHOR)

P19 10 H4 H

BRI e £ X F—

[ 3 Bl 1R D i 96 B 3 £

Al N B () — AT FHAKREE)

R 19412 A 13 H

Academic Frontier Project JWCPE 45 10 [l I F—

[ B 52 25 2SS & DG B 51

Al AR T (R B RFRFBE R IR E0%)
OMRFREREES

% 35 lEkEEes PA194E7 H 18 H
[F—2MED IS 2] % 7 SH MR
% 36 mlEkEE e PHI204E 1 H 23 H
[BHHBICB T B AR—Y A F A H =27 ZD{HH
AE—=FA7— MBI LR R— HH
m. #f5eEE
1) HRHE (FEHFHR

- Sadamoto, T., Moriyama, M. and Sato, K. : Cortical tissue oxygenation during static handgrip ex-
ercise and postexercise muscle ischemia. J. Exer. Sci. 17 : 1-11, 2007.

- Sato, K. and Sadamoto, T.: Internal carotid artery blood flow and cerebrovascular resistance dur-
ing dynamic exercise. J. Exer. Sci. 17 : 20-28, 2007.

- Taguchi, M., Tatsuta, W., Nagasaka, S. and Higuchi, M. : Relationship between the menstrual
status and basal metabolic rate in Japanese female athlete. J. Exer. Sci. 17 : 12-19, 2007.

- Ohmori, F., Shimizu, S. and Kagaya, A.: Exercise-induced blood flow in relation to muscle relaxa-
tion period. Dyn. Med. 6 : 5, 2007.

- Hotta, N., Yamamoto, K., Sato, K., Katayama, K., Fukuoka, Y. and Ishida, K.: Ventilatory and cir-
culatory responses at the onset of dominant and non-dominant limb exercise. Eur. J. Appl
Physiol. 101 : 347-358, 2007.

- Katayama, K., Sato, K., Hotta, N, Ishida, K., Iwasaki, K. and Miyamura, M. : Intermittent hypoxia
does not increase exercise ventilation at simulated moderate altitude. Int. J. Sports. Med. 28 :
480-487, 2007.

- Burns, SF., Miyashita, M., Ueda, C. and Stensel, DJ.: Multiple bouts of resistance exercise and
postprandial triacylglycerol and serum C-reactive-protein concentrations. Int. J. Sport. Nutr.



37

Exerc. Metab. 17 : 556-573, 2007.

+ Matsumura, M., Ueda, C., Shiroishi, K., Esaki, K., Ohmori, F., Yamaguchi, K., Ichimura, S., Kuro-
sawa, Y. Kime, R, Osada, T. Murase, N., Katsumura, T., Hoshika, A. and Hamaoka, T.: Low-
volume muscular endurance and strength training during 3-week forearm immobilization was
effective in preventing functional deterioration. Dyn. Med. 15 : 1, 2008.

2) WHEE - TOf

CSEARNT  AREGE BB LT A BB A A2 O FERERY AR, EERRRE. R IR = 2 T L.
pp 52-57, 3OBE, 2008.

- Sadamoto, T. and Sato, K.:Renal vascular responses during dynamic bicycling exercise with
graded workloads. Integrative Study of Circulatory Regulation during Exercise Academic
Frontier Project JWCPE 2007. 7-13, 2007.

CEANT, MEAET, AR G, RHEsW, EEL, Bl AR, LHETRET,
T — ey bIvaey FHNNE L ORI O ML T ) 298, Integrative Study
of Circulatory Regulation during Exercise Academic Frontier Project JWCPE 2007. 87-98,
2007.

CMEBET IE 21 RSB B AEEREORE. FoEm. 8:1,2007.

E

SR R R &SRS, FiloBhin. 12:1, 2007,
MERET 4, ZREAR=VIZ—ZEbEDI0, EborvHo— ZTHEF. 50:4-5 2008

BT IR E EIRE. RE OFF. 58 21-27, 2008.

- Kagaya, A., Ohmori, F. and Okuyama, S.: Intensity-dependent changes in venous and arterial
blood flow during regional exercise. Integrative Study of Circulatory Regulation during Exer-
cise Academic Frontier Project JWCPE 2007. 23-36, 2007.

BT, AR, BILEHMR, KEEET, & WA SARKTF, ANEHE: TREBO
WA N Ly F ¥ FOERRBIRE L MUE 1252 52, Integrative Study of Circulatory
Regulation during Exercise Academic Frontier Project JWCPE 2007. 37-40, 2007.

- Sato, K. and Sadamoto, T.: The effect of exercise intensity on the cerebrovascular responses in
the internal and vertebral artery during dynamic exercise. Integrative Study of Circulatory
Regulation during Exercise Academic Frontier Project JWCPE 2007. 14-22, 2007.

- Sato, K. and Sadamoto, T.: Cerebrovascular response during heavy upper body exercise : effect
of mode of ventilation on blood flow velocity in the middle cerebral artery. Integrative Study of
Circulatory Regulation during Exercise Academic Frontier Project JWCPE 2007. 70-78, 2007.

- FHETET, IESET  HREAEEE & ERRERRIS A & 0. Integrative Study of Circu-
latory Regulation during Exercise Academic Frontier Project JWCPE 2007. 79-83, 2007.

3 EE

CEARNTF  PEERROBE, 1 HFERR. JRER L EBROFE & #EIE. A W, pp 19-31,
+ v 7, 2007.

. %ZIKEH? CAEBRFROMEE, 2 KR 3) EEEFM & EENF O MIT RS EER T EBE

PR L IS, AE Wi, pp 5563, F v 7, 2007.

- %1 HEF L IILOIZ. AKRK—v OB pp6-8, MEREANHARZAME M, 2007.

- IEAET KD Ti%'ﬁ EAR—Y PRRHEEF 14 BRI THIr—T =R L R
OxFEi—. pp 211-221, B EE AN H AR DB, 2007,



38

AR, AN T MEERCROBEE, 2 RMIEER  3) BRI E & . JEERI EHREO

TET &S, FEE W, pp44-53, F v 7, 2007.
4) FoRREK

CEAWT, RILEHSE, HEEEE, AR - FE BN 3 X ONE B R R L 0 KN B B R R
LEEDZAL. % 62 Il H AR EAE4s. BKH, 2007.

CEARMT, PR, KERIEET, FILEHSE, AHRE  EE IS MIMEE 5 02—
S5ENPLEKIFEE TORFIZOWT—. 5§15 B HAES EF PR FH 2007

CIEAE T, BILEM, ORBOESET, EEEET, MR, & WA BRI O E & RS
AFIT A FBILR2MEESA I 7 AW%S. RE, 2007.

CIEAET, BILEMR, O KRHRIESET, MREGR, RATEEZE, KO OWA, BARKET  ZENA
MLy F 7K BREEINR & B#IRO M TZAL. 5 62 [l HAKNESS%. FkH, 2007.

- Sato, K., Moriyama, M. and Sadamoto, T.: Cerebral blood flow responses during voluntary exer-
cise and passive movement. The 54rd Annual Meeting of American College of Sports Medi-
cine. USA, 2007.

AEBERRTE, HRILEHZE, @AM T By s o i F R & RO EERIGE & OB EE. 15
ol HAEB A B, HRR, 2007

ARBEREE, AR, EARIT. SEBYBIAREIC B HEE BRI O IS & SRETIN T 46 62
bl H A EEa R4, BKH, 2007.

AEREBRY, RFIEET, BULEHMC, IEET IR O MR 25 E B R o O BB S X O IR
FALBRBICRITTHE. £ o8 MHAKEY . K, 2007

CEREET, AN B A OBREE O SRR IZAE D KIS B R BB L O R B RE & R ERIGE O
BIfR. 55 62 [l H AR BE 245, FKH, 2007.

CRFREFET, ML, EAKER, R4, SARET, KNEMHE ME/SET  ZHNT
BEA NV w5 v 702 X %86 B IR L5 E B 0 22 {b—Antegrade & Retrograde 472 5 DR
af—. 55 58 Ml HAKH A&, JLHE, 2007

KRBT, BEMEEST, B, IR AT B R S B I 0 M A s A 23 S S
B&MomEr. % 62 AT EA4. FKH, 2007.

AR, AR, AR OMEA, RESEET, B, AKNEHZE, IMEASET 2B A
Ly F U o B L BB B AR & BHIEROBMR. 5 62 Ml HAKSIE
45 FKH, 2007.

SR MRAE, MEROR, BILEHME, REIEET, BARRRT, ANEBSE, MEAET BN A
Ly F U RSB B TR E Ao i 5 E oA E. 55 62 | H AR RS2, BKH,
2007.

- Kashima, E.,, Matsukawa, K., Tsuchmochi, H.,, Nakamoto, T., Endo, K. and Sadamoto, T.: Modula-
tion of muscle mechanosensitive reflex in humans : comparison of the cardiovascular responses
to passive cycling between the awake and sleep conditions. 25 85 [al H ARAEF2 4 K4, WK,
2008.

5) BE - VAXT47

AT EREY - AR RFIIBIT A ERRE Y vy — EEERARICBT S
#OHARAR= LV v ¥ =24 2007,

AT TR T =TT 4 ANy Y g MR LEE) - AKR—Y. KEErLD T A



39

TJI/—EEJJ RFORRIMITENEICOWT—. B5MAE - AR — YRR R e K
AR =R B, 2007

-mﬁ%% SERIEE O MMM TG, 45 18 MR IFZERT 7 + — 9 4. 2007.
-m”“@% BOTMEDAR—YLDTFMEDAR—Y 5 THBL? AK—UFv o (k)

AR—=N=HT UF. 5:67-71,2007.

-m%aé%:éﬂﬁg%béﬁﬁwtwwwaifﬁfyﬁhmm.wH?ﬁVyn@x.w&

111-113, 2007.

CVEAET  EER OMEBRMNEINTE. AR — Y RAARE 2 HEEE. R 2007,
CIEAEF EEED K DICHBY A RGBS HAEM &R MW IRAR Y YRV A 21

AL DOMREO Y L&e - etk duiigiE, 2007

- IEAEA - DB & A 72 fHED < D IGE). JAFA LR ARLSL 20 JA 4R RO 2 U R .

B, 2007.

CMEBET RES - AR YRR S 52 2R | RFEBAICHIFT 5. 555 W - AK—

v RHABE = KRR AREF - AR—vREAE. ERL 2007

CIEAES S & B BRI T L ORMEBR— IR TR ER ML —= v 7T u s T A DfE

W—A LY ZR&IAVFAamvy T Ay T LA, HE, 2007

CIMEBES D AR - YRR HICB T AMEOTL L #EL—S X T LTEOM 2 WTIZO % <

—. RRRHRFEAR = REE L v 8 — 2 YRV AL BiE, 2008.

AR RATIANTG B & AR IR VA SR R T P AR RE SR R A S O M A —. 5 AAE - A

K=V BFHEZRFABRERR R FF - AR vRER#®R 0 2007.

CIEAES 10 MR E RS S AR — Y EREE (5 E)



40

6.

H AR RT RARTE Al I 2R T FE Tl 2

[ Journal of Exercise Science] A

FRERONEE, B GHGESICH T 205, FER, ISR, WAomrRSEm, wrsesro
FHT HRE - EHALEOEE, Zofil L, WIFNRIEH LD DR,

AREICHRTE D DO, BIRIUER (FF, #E H#H %0 BIUOThi#ETz0 LT
5. 72L, BEHIZOWTIEIORY Tidhwv. 72, MERBSILE L D 2A I FEiTif
ZERUNOE KT LI LN TE 5.

BERNIRISE, FA2ESE R FEIE 4, FSUTIETECbek (8 300 words) #EfFL 3~5 D F—7 —
FE2O1F%. F7:, mXOBE KEOY A PVITELET 5.

JEASIE 400 FEEME X ERAKEMHL, V- F7aty b —0Raidl#EE (A4 405 - 2017
T3, RLIETHPRFELYL, HREGOIPVET 5.

FHEEAE, FAlE L CEBREACR (SD &9 5.

P PFEEBEFE L T8 (TEIIMESEIEUOE) oMEZ T2 L2 FALE TS, &
BREZE L CHEBZ2RET 2583580 ER AT 5.

HERDOFEHITILL T D & 912479 .

1) Axwos[Hi, sIHEFTO®%IC (U 1992), (LHEE )N 1992), (LHS 1992), (Yamada et al.

1992) @& IR 5.

2) SIRAXHERIEEE SO ABCEIC, RXOBRKIZ—HET L. FrEIRE)
3) BUHXHRORIR T L, MEkoWe, EHEL EH, MEka, % H (RE—KH), WBESTONHE

10.

¥

L35, BATAOWER, FEN FHL, BOU BOWH, H BHEH—KH), ABETOIHE$
5.

HERES | HIB1

Saltin, B. and Astrand, P-0.: Physical working capacity---. J. Appl. Physiol. 8 : 73-80, 1971.

MIZZ0F TRRSTRLDDOET L. TNELLRGFIIHFSETIEPFDH P, THICLELREA,
B LU AR 2 L E L2MEROBHIIFEENER 2 AHT 5.

72720, KIBEERIEC OBRY Tlddw.

FZH T SONR % 30 S5 5. 30 MU LRET2LEFIFEOAMTEINTE 5. JIRIAZESE
BImER D7 7Y 1 HHICREAT 5.

BTN TR MR AR % b 5 1), FEERLOAEROMKE, W RIEFET).

BB NI OFERE, HELFRERFRET 5. BEE, ZOFEERO AL TFERER
FAOREE TRL, FrE PR T 5.

Al

COBBTTFHAEAH 1 HIOHATT 5.
WIE P 94E4 01 H
YOE PR 144E7H1H



41

BAXFHRBERZFEZHBEERGNDMARTICEREZEIHIE

1.

H AR FARE KERE M e R ge it (LLF TRFZERT]) L v, ) BBE 3 RICBIT A HE
DN L, WA EZTATT 572912, Journal of Exercise Science it 9 Scl23o0 X, HFZEHT
PMICHFgERT il EMmE RS (LT MREREE] v .) xiEl.

2. WMERRS UT [RAS] Evw9.) OEFEIZZOBBICESVTIT).

3. ZRBIEIHEOMEICH L TROEREZR-TIDLET 5.

(1) MsEEH

(2) HFWENLHLEOFADKIEDS X GO TR OPE

(3) Z DMl VT FIH
TREHAGEBENDTETEE SBEER (RS 1345) oF»roBBSN38% D - T
L, TRPZET S, ZEOMEMIMEOH»S 2 H4EL L, FMEZIIT 2.
RESICRIZEEREC. REEIREOHBICLY, MENIWERETS. ZERIHHELEL
ZENTES.

WMNEADT-OIMLEERB A RBT 5. i EEIREROMEICL), FNOFETEICRET
5. FRICHELEEDP R WHEIEIFNECDRBT LI L TE 5.
FERBOFRIBEKOWEICHESEFENTT).

7. WHEEREL I OWEEHEIRRERIED 5.
8. ZRADHEIREENTS.
9. MEZRAZIFEZROMEIIED EFERMONIEL RET 5.

10.

ZRARIIBWTEBT L BERATB G eI 5E, BRI RRRPCORGZNET 5.

T A
ARBRORATIETPRIFE4T1IHET 5.
Wik PR ILAE4A L H



	表紙
	目次
	T.Sakamoto-1-8P
	K.Sato-9-17P
	18回フォーラム-18P
	定本朋子-19-20P
	井上和生-21-22P
	加藤守匡-23-25P
	内田　直-26-28P
	ポスター発表-29P
	小河繁彦-30-31P
	平澤　愛-32-34P
	事業報告　35-39P
	寄与規定　40-41P



