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Effect of Maximal Intermittent Handgrip Training on Muscle Sympathetic Nerve Activity

Tesshin Hachiya*?, Andrew P Blaber*?, Mitsuru Saito™*"

Aim: This study tested the hypothesis that maximal intensity conditioning does not alter increased muscle
sympathetic nerve activity (MSNA) induced by central command at the same workload using 15-s strenuous
intermittent handgrip contractions to evaluate training effects. Methods: Eleven males participated in this
study. Handgrip contractions with 75% maximal voluntary contraction (MVC) were performed to evaluate the
training effects on the MSNA responses before and after maximal intermittent handgrip training. The subjects
trained three times a day, 4 days per week, for 4 weeks repeating maximal 10-s handgrip exercises 10 times
during each session. The MSNA was recorded from the left tibial nerve using a microneurography technique.
MSNA, heart rate and blood pressure data during a 15-s contraction were divided into two segments to compare
the responses in each portion. The non-dominant hand was trained and the dominant hand used as a control.
Results: The MSNA responses induced by central command during a 15-s intermittent contraction increased
during the first bout from the baseline through five repetitions, but the enhancement in the MSNA did not
change after the training program. Conditioning did not alter the maximal muscle force and heart rate, but did
alter the blood pressure response. Conclusion: We found no change in the MSNA increment under the same
exercise load with small training effects. The exercise scheme with 75% MVC intermittent strenuous exercise

increased the MSNA response with central command involvement, suggesting that 15-s strenuous intermittent

contractions were appropriate for evaluating MSNA training effects.
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I INTRODUCTION

Muscle sympathetic nerve activity (MSNA) is augmented
during exercise. Several factors are involved in the increase
in MSNA during contraction, including central command and
peripheral reflexes such as the metaboreflex and mechanore-
flex, and MSNA should change with chronic exercise adap-
tation. It is generally accepted that the increase in MSNA
mediated by the metaboreflex can be attenuated during exer-
cise after conditioning *”. The mechanoreflex activated by

generated muscle tension induces increased MSNA ?. The

reflex is believed to be sensitized by metabolites that accu-
mulate as exercise continues > '¥. Sinoway et al. *® reported
that the increase in MSNA caused by mechanoreflex sensi-
tization was reduced during non-fatiguing rhythmic forearm
exercise after conditioning. Therefore, training attenuates
exercise-induced augmentation of MSNA mediated by two
peripheral reflexes.

Central command augments MSNA during a contraction,
especially at the onset of a strenuous contraction®”, whereas
central command does not affect the MSNA response dur-
ing moderate-intensity exercise *®. It is not known whether

conditioning affects the central command involvement in
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the MSNA responses. We observed exponential increases
during continuous static handgrip contraction until exhaus-
tion, which led us to speculate that central command plays
a substantial role in enhancing MSNA when voluntary
effort reaches the maximum level 2. Because muscle force,
initially at 25% of the maximum voluntary contraction
(MVC), was maintained until exhaustion, the input from the
mechanoreflex was thought to remain constant. Although
the influence of the metaboreflex on the increase in MSNA
was enhanced, an additional factor is needed to produce the
exponential increase in MSNA during strenuous exercise. It
was postulated that central command plays an important role
in mediating increased MSNA when a near-maximal effort
is performed.

We reported previously that maximal intermittent hand-
grip training augmented the increase in MSNA during con-
tinuous, fatiguing static handgrip contraction, and muscle
strength and exhaustion time increased '”. However, there
was no MSNA response during maximal rhythmic contrac-
tion following the same training protocol '”. Consequent-
ly, as rhythmic contraction at the onset, even at maximal
strength, was thought to be too brief to consistently result
in pronounced MSNA, we postulated that continuous near-
maximal voluntary effort is necessary to augment the MSNA
increase.

Previously, we observed that MSNA increased constantly
during continuous short (15-s duration) maximal handgrip
contractions, indicating that central command contributes to
the increase in MSNA not only at the onset of exercise but
also during short continuous exercise ¥. Augmented MSNA
increases were seen during each exercise bout, although
no effects of the metaboreflex and mechanoreflex were
expected because the duration was too short for metabolites
to accumulate and the muscle force was reduced, despite
sustained maximal effort. We postulated that, unlike the
MSNA responses to the metaboreflex, which decrease at the
same work intensity *”, those induced by central command
may remain unchanged unless training enhances muscle
strength '®),

Therefore, this study examined the hypothesis that no
change in the MSNA increment would occur for exercise at
the same intensity using 15-s strenuous intermittent hand-
grip contractions to evaluate training effects after maximal
intermittent handgrip training over a 4-week period using

short, repeated handgrip exercises.

I METHODS

1 Subjects

Eleven males (one left handed) participated in this study
after providing informed consent. This study was approved
by the Human Ethics Committee of Toyota Technological
Institute. All subjects were healthy and had an average age
0f 22.7 + 2.7 years, height of 173.9 £ 4.6 cm, and weight of
63.9 + 7.2 kg. The subjects were introduced to the routine
1 day before the experiment to familiarize then with the test

protocol and devices.

2 Handgrip exercise and training

The subjects were asked to perform five 15-s handgrip
contractions at 75% maximal voluntary effort using the non-
dominant hand to examine the contribution of central com-
mand to MSNA enhancement. Each subject performed the
static handgrip exercise in the supine position after a 15-min
rest in the supine position. The subjects started and stopped
each contraction in response to an order from an experiment-
er issued in time with a metronome.

The maximal static handgrip was determined as the high-
est value of three 3-s attempts over a 3-min period in the
standing position. The handgrip test was performed to evalu-
ate the effects of training on the cardiovascular response at
pre- and post-training sessions. The work performance of the
handgrip was calculated by integrating the force curve.

The maximal handgrip training consisted of 10 contrac-
tions of 10-s each separated by 10-s rests. The subjects per-
formed three sets per day, 4 days per week for 4 weeks. After
training, five repetitions of a 15-s contraction were per-
formed to evaluate training effects. The training paradigm
required maximal effort with the non-dominant hand. The
non-dominant hand was used to avoid unexpected negative
effects, such as augmented blood pressure (BP) increments
during exercise and to maximize training effects because
the initial performance level was generally lower than in the

dominant hand.

3 Measurements

1) Muscle sympathetic nerve recording

MSNA was determined for the left tibial nerve. A tungsten
microelectrode with a shaft diameter of 0.1 mm was inserted

at the popliteal fossa?”. The nerve spikes, amplified by a fac-
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tor of 100,000 were filtered at 500-3000 Hz, rectified, and
integrated with a 0.1-s time constant to obtain the mean volt-
age. Muscle nerve activity was identified using the MSNA
burst rhythm corresponding to the heart-beat cycle. The
subjects performed the Valsalva maneuver to evaluate the
MSNA outflow, and arousal stimuli were used to ensure sig-
nals from MSNA. The burst amplitude of the original mean
voltage neurogram signal was normalized (100 arbitrary
units) using the highest MSNA burst throughout the experi-
ment setting®. One experimenter monitored the MSNA burst
frequency of all data. The burst numbers were expressed as
the MSNA burst frequency (BF), and the area under each
burst was referred to as total MSNA (TSNA). The subjects
were allowed to breathe normally and instructed not to hold

their breath or contract extra muscles, especially the legs.

2) Heart rate, blood pressure, and handgrip
force

Heart rate (HR) was determined using the electrocardio-
gram R-R interval with bipolar electrodes positioned on
the chest (AB 118, Nihon Kohden, Tokyo). Blood pressure
(BP) was recorded with a Finapres blood pressure monitor
(Ohmeda, Englewood, CO ). A finger cuff was attached to
the middle finger of the non-exercising hand. The handgrip
force was displayed on a monitor placed above the bed.
The subjects were able to perform 75% MVC with a strain
gauge attached to a hand dynamometer (TKK 5710b, Takei,
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Tokyo) by looking at the force generated.

All signals were digitized at 200 Hz using an analog—
digital converter (MP 100, BIOPAC Systems, Goleta, CA)
and stored for later analysis on a personal computer with an
online data-acquisition program, which also calculated the
mean arterial pressure. Data at rest were averaged over 3
min before the experiment as the baseline. The subjects were
placed in the supine position and rested while they were con-
nected to all of the devices before experiments started.

4 Statistics

Each cardiovascular value was evaluated using two-way
analysis of variance (ANOVA) for training effects as the
main effect and the interaction with the contraction order
(Prism 5, Graph Pad Software, San Diego, CA). Values are
expressed as the means + standard error (SE), and P < 0.05

was determined a significant difference.

I RESULTS

Figure 1 shows an example of MSNA, handgrip perfor-
mance, and respiration for one subject. MSNA, BF, and
TSNA in both the training and control hands over a 15-s
contraction increased from baseline (all P < 0.0001, Fig. 2).
In each contraction, BF and TSNA were greater during the
last 7-s portion than during the first 7-s for both hands (all P
<0.0001) (Fig. 3).

r‘wL i A

Fig. 1 The original records for one subject. Traces from top to bottom: muscle sympathetic

nerve activity during the 15-s intermittent contraction, handgrip force, respiratory flow

changes (upward inhalation, downward exhalation).
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Fig. 2 The MSNA responses during a 15-s intermittent static handgrip exercise. The upper and lower graphs

show the burst frequency and total activity, respectively. The left and right graphs indicate the training and con-
trol hands, respectively. * P < 0.05, ** P < 0.001, and *** P < 0.0001: significant differences compared with

baseline.
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Fig. 3 The MSNA responses divided into the early and late portions of the 15-s contraction. The upper and lower
graphs show the burst frequency and total activity, respectively. The left and right graphs indicate the training and

control hands, respectively. * P < 0.05: significant difference between early and late portions of the contraction.
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After conditioning, the handgrip force in the training hand
did not change from before (45.3 + 6.5 kg) to after (46.1 =
8.3 kg) training (P = 0.55) and did not change in the control
hand (48.5 = 8.0 kg before and 47.4 + 7.8 kg after training)
(P =0.44). The MSNA increases during the 15-s contraction
(BF: P =0.76 and TSNA: P = 0.11, Fig. 4) in the training
hand did not differ after conditioning. Additionally, no train-
ing effect was observed in the two portions of the exercise
for BF and TSNA in each contraction (BF: P = 0.94 early
portion and P = 0.95 late portion, Fig. 5; TSNA: P = 0.47
early portion and P = 0.09 late portion, Fig. 6).

The baseline HR and BP did not differ change during
training (HR: P = 0.87 and BP P = 0.19). The BP responses
in the training hand increased throughout the contraction,
whereas that in the control hand decreased (P < 0.05 and P
< 0.05, respectively, Table 1). However, the HR during the
15-s contraction showed no training effect in either the non-
dominant training hand or dominant control hand (P = 0.51
and P =0.19, respectively, Table 1), and the HR responses in

each portion of the exercise did not change after condition-
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Fig. 4 The MSNA responses during a 15-s intermittent static
handgrip exercise before and after maximal handgrip training.
The upper and lower graphs show the burst frequency and

total activity, respectively.
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Fig. 5 MSNA BF responses in the early and late portions
of a 15-s contraction in the training hand before and after

conditioning. The upper and lower graphs show the burst fre-
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Fig. 6 TSNA response in the early and late portions of a 15-s
contraction in the training hand before and after conditioning.

The upper and lower graphs show the total activity.



Tesshin Hachiya, Andrew P Blaber, Mitsuru Saito

ing in either hand (P = 0.77 early and P = 0.99 late portion,
Table 2). BP in the early portion did not change after training

(P=0.25, Table 2), but it was greater in the late portion after
training (P < 0.01, Table 2).

Table 1. Heart rate and mean blood pressure before and after training during 15-s contraction.

N Base One Two Three Four Five p-value
Training 10 B-T 62.3 81.7 81.5 81.5 82.5 84.0 o1
Heart Rate | Hand 10 A-T 62.0 82.1 82.4 81.8 84.6 84.3 '
(beats'min ")
Control 10 B-T 62.3 84.9 82.2 85.1 84.3 85.9 oo
Hand 10 AT 62.0 82.5 82.5 82.1 83.1 84.1 '
v Training 9 B-T 80.5 81.7 88.7 87.3 85.7 833 | (increased)
ean
Hand <0.05
Blood an 9 AT 76.0 86.7 90.7 92.7 95.5 94.8 p
P
TESSUIC | ntrol 9 B-T 80.5 89.5 97.2 98.9 102.3 100.1 | (decreased)
(mmHg)
Hand 9 A-T 76.0 85.7 92.0 94.4 95.1 96.4 p<0.05

B-T and A-T indicate before training and after training, respectively. N: number of subjects.

Table 2. Heart rate and mean blood pressure in the Early and Late portions in training hand and before and after training.

N Base One Two Three Four Five p-value
B-T 10 Early 62.3 78.1 78.7 78.1 80.1 81.1
p=0.77
HeartRate| AT 10 Early 62.0 774 80.1 78.4 80.9 81.3
(beatsmin ")
B-T 10 Late 62.3 86.8 84.8 84.9 85.2 88.5
p=0.99
A-T 10 Late 62.0 86.4 84.5 84.6 87.7 87.1
B-T 9 Early 80.5 79.5 88.0 87.4 84.3 81.8
Mean p=0.25
Blood AT 9 Early 76.0 82.9 85.9 89.2 91.2 90.9
Pressure B-T 9 Late 80.5 84.3 89.2 87.0 87.0 84.6
(mmHg) p<0.01
A-T 9 Late 76.0 90.8 95.4 95.7 99.5 98.5

B-T and A-T indicate before training and after training, respectively. N: number of subjects. In the late portion after training mean blood

pressure was greater than the early portion (p < 0.0001).

IV DISCUSSION

During 15-s handgrip at 75% MVC, MSNA, BF, and
TSNA increased from baseline in the first through fifth
bouts. Central command is thought to contribute to MSNA
augmentation during short contractions, whereas increased
strenuous voluntary effort is required to sustain constant
muscle force. No change was observed in the MSNA

response induced by central command in the non-dominant

hand during the intermittent 15-s handgrip after the 4-week
period of repeated maximal contractions, but BP increased at
the same work load with no change in muscle strength. We
considered two hypotheses to account for the results. First, it
is possible that 75% MVC intermittent contractions were not
adequate for evaluating MSNA changes, and second, it may
be that maximal intensity exercise was insufficient to affect

changes in MSNA responses.
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1 Training effects on MSNA

Previously, we observed exponential increases in MSNA
in the fatigued stage during static handgrip at 20% MVC*?,
leading us to postulate that greater enhancements in MSNA
were elicited by both peripheral reflexes and central com-
mand contributions. We applied this finding to investigate
the training effects of central command involvement in
MSNA responses and found that MSNA increases were
enhanced without metaboreflex influences during moderate
static contraction to exhaustion, although the time to fatigue
was extended, and the maximal handgrip force increased
after maximal intermittent handgrip training '”. We postulat-
ed that voluntary fatiguing efforts would produce maximal
force generation at the final stage, when central command
might be involved in the augmented MSNA responses.

The same previous study tested the MSNA response to
maximal rhythmic contraction as an evaluation exercise,
and no change in the MSNA response was seen ', Because
maximal intermittent contraction did not consistently induce
MSNA increments *”, no training effect of MSNA enhance-
ment on central command involvement appeared during
each contraction. Therefore, we assumed that to evaluate the
role of central command in MSNA augmentation, strenuous
effort must be continued so as to enhance the MSNA incre-
ment during the evaluation exercises.

We demonstrated that central command played an impor-
tant role in enhancing the MSNA response during 15-s hand-
grip intermittent contraction with maximal voluntary effort,
whereas the muscle force declined over 10 repeated exercise
bouts ¥. The intermittent contraction removed the influence
of the MSNA increments caused by fatigue as a mental
stress, inducing a rise in MSNA ', This approach avoided
the influence of the metaboreflex induced by accumulated
metabolites.

Although a previous study indicated that central com-
mand enhanced the MSNA increases during 15-s intermit-
tent maximal contractions, contractions performed at 75%
intensity were needed to show enhanced MSNA increases
caused by central command. Therefore, compared with the
previous exercise paradigm in which the generating force
might decline ¥, the subjects’ efforts increased in this study
so as to sustain the 75% voluntary force, thereby maintain-
ing constant input from the mechanoreflex. When analyzing
the cardiovascular data, we divided each 15-s bout into two
portions to examine the enhanced contribution of central

command to the values. The MSNA increases during the
early portion should result mainly from central command *
(Fig. 3), although mechanoreflex involvement was not ruled
out because it begins within 4~6 s”. We found that the late
part of the MSNA response increased more than the early
portion despite the steady muscle force (Fig. 1), indicating
that central command continued to increase with the aug-
mented voluntary effort.

The MSNA enhancement during contraction was not
necessarily stimulated by the mechanoreflex because the
mechanoreflex involvement is associated with muscle force

production * & 19,

Therefore, the exercise paradigm was
considered to be adequate for evaluating the effects of cen-
tral command on the MSNA responses during training. We
believe that the MSNA increases were enhanced by training
effects, resulting in an increase in muscle strength as long as
continuous maximal voluntary effort was performed during
the 15-s handgrip, similar to the final stage of a fatiguing
contraction. However, the results indicated that no training
influence on augmentation of the MSNA increases initiated
by central command was obtained, suggesting that the vol-
untary effort was insufficient to stimulate further MSNA
increments, as 15 s may be an insufficient duration to sustain
a maximal voluntary effort.

Although no training effect on an augmented MSNA
response was observed, we believe that the training protocol
was adequate, as subjects in a previous study, who trained
using the same training paradigm, increased their maximal
force '”. One of the reasons for the difference in results,
including the lack of change in muscle strength, may be a
difference in the study subjects. Although we followed the
previous training protocol, in which the subjects trained at
their own pace, the subjects in this study trained with less
focus than the former subjects did.

In terms of a training effect on the MSNA changes, there
is agreement that MSNA augmentation by the metaboreflex
might be attenuated after moderate-intensity conditioning
due to changes in the resistance to metabolites, as endurance
training improved the resistance to hydrogen ions, one of
the by-products of exercising muscle 2> 27, These studies
indicated that conditioning improved the MSNA response to
the metaboreflex at the same workload.

However, we believe that moderate workloads were not
suitable when the change in the MSNA increment induced
by central command with strenuous effort was assessed,
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and thus maximal intensity training might not influence
the metaboreflex. Although no MSNA increment under the
influence of central command was found with training in this
study, the changes in BP showed that the training affected
the subjects, although it did not change muscle strength. We
think that the MSNA responses at the same workload were
not affected after training because central command involve-
ment in the cardiovascular response was enhanced, with an
increase in muscle strength '®. Previously, we found that the
increase in MSNA declined after 4 weeks of detraining .
Therefore, in this study, the training was sustained at the ini-
tial level without a reduction in the physical properties of
the subjects, indicating that the increase in MSNA induced
by central command did not change at the same workload.
However, it was also possible that the training load was
insufficient, as the MSNA responses in the control subjects
during training and detraining did not differ '

Metabolites sensitize the mechanoreflex *'¥, although we
do not know how the mechanoreflex itself affects the MSNA
response after conditioning. Mechanically sensitized MSNA
responses were reportedly attenuated during non-fatiguing
rhythmic contractions after conditioning *®, but it was not
clear how intermittent maximal intensity training affects
such sensitization. The possibility of enhanced sensitivity
was unlikely after 10-s intermittent handgrip training when
the evaluation exercise was performed with unchanged
mechanoreflex input®. We attempted to minimize the influ-
ence of the metaboreflex and the effect of change in the
mechanoreflex on MSNA increases by applying a short
strenuous contraction in both the training and evaluation
schemes. Consequently, appropriate training paradigms and
exercise schemes must be chosen to evaluate the training
influence on the MSNA response due to central command.

One major concern in our studies is the influence of
respiration. However, Debeck et al. > found no difference
between the effects of spontaneous breathing and of con-
trolled breathing at a constant tempo on the MSNA increase.
We asked our subjects to avoid the Valsalva maneuver and
not to hyperventilate because both actions affect the MSNA

response during contraction 'V,

2 HR and BP response

We did not find effects of training on HR and BP at rest
or during contraction, except that BP in the training hand
increased during contraction after conditioning (Table 1).

These results countered the results of Ray and Carrasco '”,
who found that resting BP and HR, but not MSNA, decreased
following handgrip conditioning. Our inconsistent results
suggest that the training load we used was insufficient to
exhibit a training effect on HR.

BP increased in the training hand, unlike the control hand,
during the 15-s contraction after conditioning due to a great-
er increase in the late portion of the contraction (Table 2).
Glannattsaio et al. ” demonstrated that BP in weightlifters
was greater than that in sedentary subjects, and the peripheral
vessel walls in weightlifters were thicker than those in their
counterparts. Our results suggest that this training regimen
had similar effects on the peripheral blood vessels (Table 2).
However, we postulate that the central contribution to the
BP change occurred after strenuous handgrip training, as BP
changed in both the training and control hands (Table 1).

The non-dominant hand was used as the training limb
because we expected that the training effects might be
greater than in the dominant hand *”. Greater training effects
should be obtained when the initial fitness level is relatively
moderate. However, there was no difference in the MSNA
response during the 15-s contraction between the training
and control hands either before or after conditioning, prob-
ably because the training hand demonstrated no training
effect.

Although an electromyogram (EMG) was not used to
visualize the increase in muscle activity with continuous
voluntary effort, we previously reported increased EMG dur-
ing static handgrip at 30% MVC while subjects watched an
oscilloscope displaying their steady muscle force?". It was
thought that muscle activity reflected by the EMG increased
gradually to continue generating a constant force %, Since
our subjects were asked to perform at 75% MVC, they tried
to maintain the force at a level as much as possible. Although
additional effort might have approached the maximum level,
we believe that they maintained 75% MVC, as shown in Fig
1. However, one subject did not maintain constant force, and
his data were removed from the analysis.

In conclusion, we found that the MSNA response during
a 15-s handgrip contraction did not change after handgrip
training involving three sets of 10 10-s maximal contrac-
tions a day 4 days a week for 4 weeks. The MSNA response
induced by central command did not change under the same
training load, although the training load, frequency, and
duration may have been insufficient to induce a change in
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the study subjects. We postulate that the appropriate train-

ing scheme and training evaluation exercise are important

to observe the effects of training on the MSNA response,

and 15-s strenuous intermittent contraction was considered

adequate for evaluating the MSNA responses induced by

central command,

1)

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

13)

REFERENCES
Batman B, Hardy JC, Leuenberger UA, Smith MB, Yang QX,
Sinoway LI (1994) Sympathetic nerve activity during prolonged
rhythmic forearm exercise. J Appl Physiol 76:1077-1081
Costa F, Biaggioni I (1994) Role of adenosine in the sympathetic
activation produced by isometric exercise in humans. J Clin
Invest 93:1654-1660
Costa F, Diedrich A, Johnson B, Sulur P, Farley G, Biaggioni I
(2001) Adenosine, a metabolic trigger of the exercise pressure
reflex in humans. Hypertension 37:917-922
Davies CT, Starkie DW (1985) The pressor response to voluntary
and electrically evoked isometric contractions in man. Eur J Appl
Physiol Occup Physiol 53:359-363
Debeck LD, Petersen SR, Jones KE, Stickland MK (2010) Heart
rate variability and muscle sympathetic nerve activity response
to acute stress: the effect of breathing. Am J Physiol Regul Integr
Comp Physiol 299:R80-R91
Freund PR, Rowell LB, Murphy TM, Hobbs SF, Butler SH
(1979) Blockade of the pressor response to muscle ischemia by
sensory nerve block in man. Am J Physiol 237:H433-H439
Glannattsaio C, Failla M, Grappioto A, Calchera I, Grieco N,
Carugo S, Bigoni M, Randelli P, Peretti G, Mancia G (2001)
Effects of physical training of the dominant arm on ipsilateral
radial artery distensibility and structure. J Hypertens 19:71-77.
Hachiya T, Aizawa S, Blaber AP, Saito M (2012) Muscle sym-
pathetic nerve activity during intermittent handgrip exercise. J
Sports Med Physic Fit 52: 665-678
Herr M.D, Imadojemu V, Kunselman AR, Sinoway LI (1999)
Characteristics of the mechanoreflex during quadriceps contrac-
tions in human. J Appl Physiol 86:767-772
Kaufman MP, Longhurst JC, Rybicki KJ (1983) Effects of static
muscular contraction on impulse activity of group III and IV
afferents in cats. J Appl Physiol 55:105-112
Khayat RN, Przybylowski T, Meyer KC, Skatrud JB, Morgan BJ
(2004) Role of sensory input from the lungs in control of muscle
sympathetic nerve activity during and after apnea in humans. J
Appl Physiol 97: 635-640
Macefield VG, James C, Henderson LA (2013) Identification of
sites of sympathetic outflow at rest and during emotional arousal:
concurrent recordings of sympathetic nerve activity and fMRI of
the brain. Int J Psychophysiol 89: 451-459
Mark A, Victor RG, Nerhed C, Wallin GP (1985) Microneuro-
graphic studies of the Mechanisms of sympathetic nerve respons-
es to static exercise in humans. Circ Res 57:461-469

14)

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

29)

Matsukawa K (2011) Central command: control of cardiac sym-
pathetic and vagal efferent nerve activity and the rterial barore-
flex during spontaneous motor behaviour in animals. Exp Physiol
97:20-28

Middlekauff HR, Chiu J (2004) Cyclooxygenase products sensi-
tize muscle mechanoreceptors in healthy humans. Am J Physiol
Heart Circ Physiol 287:H1144-H1149

O’Leary DS (1993) Autonomic mechanisms of muscle metabore-
flex control of heart rate. J Appl Physiol 74:1748-1754

Ray CA, Carrasco DI (2000) Isometric handgrip training reduces
arterial pressure at rest without changes in sympathetic nerve
activity. Am J Physiol Heart Circ Physiol 279: H245-H249
Rowell LB (1993) What signals govern the cardiovascular
responses to exercise? Role of central command. In Human
Cardiovascular Control. Oxford University Press, New York, pp.
371-395

Saito M, Iwase S, Hachiya T (2009) Resistance exercise training
enhances sympathetic nerve activity during fatigue-inducing iso-
metric handgrip trials. Eur J Physiol 105:225-234

Saito M, Kato M, Mano T (2000) Comparison of sympathetic
nerve activity during handgrip exercise performed with the domi-
nant and non-dominant arm. Environ Med 44:60-62

Saito M, Mano T, Abe H, Iwase S. (1986) Responses in muscle
sympathetic nerve activity to sustained hand-grips of different
tensions in humans. Eur J Appl Physiol Occup Physiol 55: 493-
498.

Saito M, Mano T, Iwase S (1989) Sympathetic nerve activity
related to local fatigue sensation during static contraction. J Appl
Physiol 67:980-984

Schibye B, Mitchell JH, Payne FC, Saltin B (1981) Blood pres-
sure and heart rate response to static exercise in relation to
electromyographic activity and force development. Acta Physiol
Scand 113:61-66

Seals DR, Enoka RM (1989) Sympathetic activation is associated
with increases in EMG during fatiguing exercise. J Appl Physiol
66:86-95

Shoemaker JK, Mattar L, Kerbci P, Trotter S, Arbeille P, Hughson
R (2007) WISE 2005: stroke volume changes contribution to the
pressure responses during ischemic handgrip exercise in women.
J Appl Physiol 103:228-33

Sinoway L, Shenberger J, Leaman G, Zelis R, Gray K, Baily R,
Leuenberger U (1996) Forearm training attenuates sympathetic
responses to prolonged rhythmic forearm exercise. J Appl Physiol
81:1778-1784

Somers VK, Leo KC, Shields R, Clary M, Mark AL (1992) Fore-
arm endurance training attenuates sympathetic nerve response
to isometric handgrip in normal hmans. J Appl Physiol 72:1039-
1043

Victor RG, Pryor SL, Secher NH, Mitchell JH (1989) Effects of
partial neuromuscular blockade on sympathetic nerve responses
to static exercise in humans. Circ Res 65:468-475

Victor RG, Secher NH, Lyson T, Mitchell JH (1995) Central com-



Tesshin Hachiya, Andrew P Blaber, Mitsuru Saito
mand increases muscle sympathetic nerve activity during intense

intermittent isometric exercise in humans. Circ Res 76:127-131

(BRI 26 4E 12 A 25 HAZHE)



Journal of the Institute for Psychological and Physical Science, Vol. 7, No. 1, 9-19, 2015

i A TEAPRETE I I BT T RIR IR b L — = T DZIR

s $R0n*Y, Andrew P Blaber*?, 75mE  jii*V

Abstract

[HW] ARAFROHMWEZL Y FIva<y Fic & 2 5EHO MR EMETEE EX L —=v 7 D%
BEZIBWEVS KO TH 5.

(U73E] 11 AORERBEABEENRE L, I0MBORAREE Ny F 70y 72 10 DIET €y
FESE—H3E, B4 H, 4EBEBLE, FL—=r ZEIEREFL L, IS TIEINHEE L,
S RBARIEENICN T 2 IR RZE SNy B2 ) v TEBOZNRIZ 15RO N> F 7Y v FEB L L,
RAES (MVC) O 75%RANFEEE 5 RIEVRITESH TR+ L, ZOBOMHEMRIEERIG % 8
L7z, Wi BAREE) ST E R & b UNMIREEREI X D EH L 7, REMRIEE R X O
AMEBR SO E 15 P O EB O R & I E UMIT L 72

(K] RIZGESID 1 B H» & EEBLG & R £ > b b a < F ko B8 o 8 inss
RO Hh, 5EZE L CHEBEDORIGIED 5z, BI/GESNROF A BMREEIRGE ML —=
THIBICB W TEERD SN o o EHFOMERGE N L —= v 7RIS T 2 2R L7255,
DIREOEFFED SN ofz. P —= Vv PRORKENOENBICIEREIRO NG Dd o
7z.

(fGaw] AiIlUERE O 2 > b I v a < v FUEFREMRIEE TLENRRE N F 7Yy 7L —=
VI OFEEERZ T v EEBRN R ECHNAES CHER L 72, Z OfERIE, EB)R OSSR
RIEEITLEIC N T 22y Fovaey FOFEICBET 5 b L —= v 7R ok & L TRXRNZ
75%MVC Bl EB N EHTH 5 2 L ERKT 5

X¥—7— P iEREE s e b vaery RS i L —=v 2 BIRANY RS2y SEE



