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for efficiently and safely improving health and physical fitness
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Abstract

Re-distribution of blood flow to skeletal muscles was studied to clarify 1) an interaction between
arterial and venous flow, 2) exercise time- and intensity-dependent blood flow changes to no-exercis-
ing limb, and 3) time course of changes in post-exercise blood flow. Three studies were conducted,
The first study indicated that the brachial venous outflow due to muscle action accelerated brachial
arterial blood flow when a prolonged handgrip exercise increased muscle blood volume. The second
study observed blood flow and vascular conductance of non-exercising forearm and leg during hand-
grip exercise. Vascular conductance of non-exercising limb increased or decreased depending on exer-
cise intensity, exercise duration, and the limb used and vessels studied. The third study was conducted
to find the time course of blood flow changes immediately after exercise to find an optimal exercise
interval (frequency). As a result, The largest occurrence of the cardiac cycle for peak blood flow after

exercise was at the 3rd cardiac cycle in all contraction intervals and exercise intensities,

(1) WEShOFEH~O MR, FHAIILEESEIRIIEHRIC L > TEMidNn s LEZoNTE D,
IRIMERIE DN S 205, ZDHBFAE SN TE L Ero/, AL 7RY 27 McB LW THEMI W ER
TEEN R O BEFIRIMFTE OHFE D> &, FERIFSEBICHE ) MiZ DBIRIZSHT L L L Tk nwi b, Ay 7R (7
I & > CTHIN2 S L IE S 2 k) 2RI 2% 5.2 2 o1k, EEIFRIES O R &, SEE)
R o MINME R MR T I B W TTH B 2 LWL IC k> 7,

(2) WiGEh OIEIEE AT R, MEBREERICX > TP T2 T 2WE L, MEKFETHMT 2 LT
Z2MEDH D, BROWNREL>TWE, TTIZ, 7T—o27 7 v¥ vy (LIERSESR) &44 2 v V5EH T
WBEREMRAETHIMT 2 2 &, Z4UE, MEICRNT RS 7ARLAICEBIDTHE I ER2RLED, AP
7 b TIE, FEIREBIR O IEEE) L TR OINE 2 v 57 & v 23 EEB O T L, FRRRERIC SR L A
bR & RO REEDH 2 Z L ZHSICL, ZOmEICHi 2R EZMZ 7.

(3) B~ REISEI R, #@EIE N T 202, BINT 202, BINT 2 L TULREIR ENRL 50
DI S Thprof, K70y 27 FTE, MIEGEEEOREEIIRIMT R SESREML, Zd3.DMHEIC,
RAMEICET 2 L OFHRAZRZ (7Y T7TAR—VBEAEERH).

BN D P lidids B 3 & DM IMREIEE & Z DR i

A T (HARLHRERY)

(1) WNfEsE OIMRENRE & < D FEERE
Abstract
Since visceral regions are consisted of functionally different organs such as kidneys and gastroin-
testinal tracts. It was hypothesized that blood flow regulation induced by the autonomic activation
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during exercise is different among arteries supplying to specific organs. To verify the hypothesis. We
studied blood flow responses in renal artery (RA) and the superior mesenteric artery (SMA) during stat-
ic handgrip exercise and the postexercise muscle ischemia (PEMI). Ten healthy female volunteers per-
formed a sustained static handgrip exercise at 30 % of maximum voluntary contraction for 2 min fol-
lowed by a 6-min recovery period (control condition). Subjects also underwent the occlusion condi-
tion. In which arterial blood flow in the upper arm was arrested immediately after the handgrip exer-
cise. Mean arterial blood pressure (Finapres), heart rate (ECG), and blood flow in RA (RABF) and SMA
(SMABF) were measured by Doppler ultrasound technique. Vascular resistance in RA and SMA (RAVR
and SMAVR) were calculated. During handgrip exercise, RAVR significantly increased and sustained at
the higher level during PEMI in occlusion condition. Whereas RAVR in control condition returned to
the resting level. On the contrary, SMAVR in both conditions slightly increased during exercise and
returned to the resting level during PEMI. These results supported the hypothesis that blood flow regu-
lation among different visceral organs is differential during exercise and PEMI. RA appeared to be
more sensitive to exercise stimulus and the reflex signals arising from muscle metaboreceptors than
SMA. The artery supplying to the digesting gastrointestinal tract such as SMA might be to some degree
exempt from flow-reducing participation during exercise,
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(2) EENRF DK IMRENRE & Z DFREN
Abstract

To elucidate the cerebral blood flow responses to static exercise, we measured arterial blood flow
responses in three sites of "the carotid artery root" and one site of "the vertebral artery root". Ten
healthy female volunteers performed a 3-min sustained static handgrip exercise with ramp load
increasing from 10% to 30% of maximum voluntary contraction followed by a 3-min postexercise mus-
cle ischemia (PEMI). The blood flow (BF) in left common carotid artery (CCABF), the left internal
carotid artery (ICABF), and the left vertebral artery (VABF) was measured by ultrasonography. Mean
flow velocity in the left middle cerebral artery (MCAV) was also recorded. Mean arterial blood pres-
sure (MAP; Finapres) and heart rate (HR; ECG). The vascular resistance (VR) was calculated from the
ratio of MAP to the CCABF, ICABF, VABF, or MCAV. During static exercise the vascular resistance in
all arteries increased from the resting level in parallel with the increase in MAP, but the magnitude of
increase was greater in the "carotid artery root" than the "vertebral artery root". During PEMI, CCABF-
VR, ICABF-VR, and MCA-VR were significantly higher than the resting level, whereas VABF-VR
returned to the resting level. These data suggested that the static exercise produced greater vasocon-
striction in the "carotid artery root" than the "vertebral artery root" and that the muscle metaboreflex
played an important role in vasoconstriction in the "the carotid artery root" but not in the "vertebral
artery root"
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Abstract

This project attempted to investigate the effect of central command (CC) and peripheral reflex on
regulation of exercise circulation. Since sympathetic nervous system has crucial role to regulate car-
diovascular system, muscle sympathetic nerve activity (MSNA), which is modulated by CC and reflex
input from periphery, was recorded during and following isometric handgrip. MSNA, blood pressure
(BP) and perceived excretion as an index of CC increased gradually during exercise while inhibitory
effect of baroreflex on MSNA decreased gradually until exercise end. However, during post exercise
ischemia (PEI) its effect increased again compared with during exercise indicating that CC might influ-
ence baroreflex effect. In the second study, MSNA response during high intensity handgrip exercise
and metaboreflex MSNA during PEI was compared between dominant (DA) and non-dominant arm
(NDA) exercise. MSNA response during high intensity handgrip was the same in both arms, while
metaboreflex MSNA response during PEI was greater in DA than in NDA. In addition, effect of four
weeks resistance training of NDA on metaboreflex MSNA response was investigated and the response
was still greater in DA compared to NDA exercise. These results demonstrate that no difference in CC
between DA and NDA, but metaboreflex was different and the difference could not cancel with short-
term resistance training,
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Abstract
The first new finding of this study was that a constant discharge rate of motor units does not main-
tain constant force development, and "rate coding" is considered to be necessary for keeping a con-
stant force. This finding was based upon following experiments. The evoked force of muscle fibers was
observed during repetitive electrical stimulation for 3min on m. vastus medialis. The stimulus frequen-
cy was 0.2 Hz, 10 HZ and 20 Hz. The changes in the evoked force did not represent a constant but
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were complex at 10 Hz and 20 Hz stimulations. At 10 Hz the evoked force showed an initial transient
increment, then an abrupt decrement followed by a gradual increase and then a gradual decrease. The
initial transient peak did not appear at 20Hz stimulation. The magnitude of potentiation was not neces-
sarily large at 20 Hz. The second finding of this study was that the mechanism to induce changes in
AMP during muscle exertion was not explained by the previously proposed hypothesis, because a sig-
nificant positive correlation coefficient was obtained between CV and AMP.
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Abstract
The present study examined the femoral arterial blood flow response in each leg during intermittent
isometric knee extension at incremental exercise intensities in patients having peripheral vascular dis-
ease. Changes in blood flow during exercise tend to be higher in the more-affected leg (PVD side) than
the control healthy leg. Hyperemic response in the working skeletal muscle may be different in both
legs. It is speculated that peripheral vascular disease may influence the blood flow response in muscle
contractions during a state of exercise.
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Abstract

The purpose of this study was to determine cardiac output and active limb blood flow responses to
knee extension exercises. Two physically active women performed knee extension exercises with the
one-legged. Exercise intensities were 20%, 30% and 40% of the subjects’ maximum voluntary contrac-
tion (MVC) and the exercise frequency was 50 contractions per minute. The 20% MVC exercise dura-
tion was 10 min, while the 30% and 50% MVC exercise conditions were performed to exhaustion.
During exercise, stroke volume (SV) and heart rate (HR) were measured using Doppler ultrasound and
electrocardiogram (ECG), respectively. Cardiac output (Qsys) was calculated as the product of SV and
HR. Blood flow to the femoral (Qfa) was measured by Doppler ultrasound methods. The Qsys about
increased 1.4-2.0 times, when Qsys and Qfa were compared in the change from the resting level. In
contrast, Qfa during exercise were about 6-18 times. That it, compares the Qsys with Qfa did not
changes from the resting level. In addition, during muscle contraction phase of knee extension exer-
cise, the effect of muscle contraction and relaxation on blood flow differs between Qsys and Qfa.
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Abstract

The purpose of the present study was to evaluate the role of central command and muscle
mechanoreflex on the cardiorespiratory and cerebral blood flow responses at the onset of dynamic
exercise. Eleven young women were studied during no-load voluntary exercise (central command/mus-
cle mechanoreflex) and passive movement (muscle mechanoreflex). Voluntary exercise consisted of
single arm elbow flexor-extensor exercise for 2-min with no-load. Passive movement was achieved
using a motor-driven lever arm and performed with the same range of movement, angular velocity,
and frequency as voluntary exercise. In the present study, the following results were obtained: 1)
Middle cerebral artery blood velocity (Vuea) and common carotid artery blood flow (Qcm) increased
significantly (P < 0, 05) at the onset of voluntary exercise in parallel with increases in the circulatory
responses such as heart rate (HR) and cardiac output (CO). 2) During passive movement, no changes
in circulatory and cerebral blood flow responses were observed. These results suggested that central
command, but not muscle mechanoreflex, may significantly contribute to the immediate increase in
circulatory and cerebral blood flow responses at the onset of dynamic exercise. Moreover, it is possi-
ble that the increase in HR and CO at the onset of voluntary exercise may directly affect on cerebral
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blood flow responses at the onset of voluntary exercise,
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Abstract

To study the relation between cardiovascular variables and the activation in the sensorimotor cortex
(SM), we measured heart rate (HR), mean arterial blood pressure (MAP) and the oxygenation in SM
area and in the forearm flexor muscles by near-infrared spectroscopy (NIRS) during preparatory phase
of handgrip exercise. Eleven young healthy females participated in the three sessions with exercise
task (ET), a load of 5%, 30%, or 80% of maximum voluntary contraction, and one session without
exercise task (Con). In all sessions, subject was asked to count a number continuously from 1 to 50 in
accordance with 1-Hz sound signal provided 10 sec before the number counting, and thereafter a 10-
sec handgrip exercise was performed in ET but not in the Con. During the preparatory phase, the lev-
els of oxyHb and totalHb in left SM area were higher in ET than those in Con. HR and oxyHb in the
active muscle showed similar responses as seen in the oxyHb and totalHb in SM area in spite of differ-
ent responses seen in mean arterial blood pressure and cardiac output. These results suggested there
are a close linkage between the activation of cortical motor cortex and heart rate and the oxygenation
in active muscle during preparatory phase.
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