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Abstract

Avascular occlusion by a tourniquet inflated at the proximal end of the upper arm is suggested to affect the estimation of exertion force level. In
the first part of this study, subjects were asked to estimate the isometric force exerted by the occluded hand with that of the other hand (matching
experiment). We found that the perceived force with arterial occlusion was always overestimated. To examine the underlying neural mechanism for
this phenomenon, in the second part, the somatosensory evoked potentials (SEPs) and nerve action potential (NAP) were recorded following
electrical median nerve stimulation with or without arterial occlusion. Moreover, the maximum motor response (M response) to median nerve
stimuli at the axilla was recorded from the skin surface of the thenar eminence muscle of the hand during with arterial occlusion. The N20 of SEP
and NAP at Erb’s point were unaffected by the arterial occlusion, and the M response was also unchanged. These results suggest that the tourniquet-
induced transient occlusion of the brachial artery does not seriously affect median nerve function. Thus, it is likely that the primary responsible
factor for the overestimation of perceived force exertion during arterial occlusion is the centrally generated motor command as previously
hypothesized by McCloskey [McCloskey, D.I., Ebeling, P., Goodwin, G.M., 1974. Estimation of weights and tensions and apparent involvement of
a “sense of effort”. Exp Neurol. 42, 220-232; McCloskey, D.1., 1978. Kinesthetic sensibility. Physiol. Rev. 58, 763-820; McCloskey, D.1,, 1981.
Corollary discharge and motor commands and perception. In: Brookhart, J.M., Mountcastle, V.B. (Eds.), Handbook of Physiology. American
Physiological Society, Bethesda, pp. 1415-1447].
© 2005 Elsevier Ireland Ltd and the Japan Neuroscience Society. All rights reserved.

Keywords: Vascular occlusion; Force perception; SEP; M response; Central motor command; Median nerve

1. Introduction generated motor command (i.e., effort) is involved in the

sensation of heaviness rather than factors in the peripheral

It is a common experience to feel a weight heavier than
normal when we carry it long enough and when the muscles
supporting the weight have been fatigued. McCloskey et al.
(1974) have actually shown that weight is determined to be
heavier than the usual under experimental muscle fatigue
condition by a force matching task. In their study, they also
showed that weight is overestimated during the inhibition of
the motoneurons of the agonist muscle by vibration of its
antagonist muscle. Thus, they suggested that the centrally

* Corresponding author. Tel.: +81 3 3972 8111x2231; fax: +81 3 3972 8292.
E-mail address: masato@med.nihon-v.ac.jp (M. Taira).

nerves and/or muscles (see reviews in McCloskey, 1978,
1981).

In preliminary experiments on handgrip contractions with
the proximal end of an upper arm occluded by a tourniquet at
250 mmHg, we noticed that subjects reported the need for
greater force to keep the same force level during the tourniquet
was inflated. However, these were just objective reports. In this
study, we first examined how arterial occlusion affects the
perception of handgrip force by the force matching experi-
ment. The results showed that the subjects always over-
estimated their exertion force during arterial occlusion.
McCloskey’s idea (1974, 1978, 1981) is thought to be the
underlying neural mechanisms for this, however the simplest

0168-0102/% — see front matter © 2005 Elsevier Ireland Ltd and the Japan Neuroscience Society. All rights reserved.
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explanation is that ischemia of the forearm and/or the
tourniquet itself cause mechanical deformation of the nerves
and interfere with conduction of the peripheral nerve. Previous
studies showed that the tourniquet-induced ischemia
diminishes amplitudes of the early-latency somatosensory
evoked potentials (SEPs) (Yamada et al., 1981; Nishihiraetal,,
1996). Thus, in the second part of the present study, we
investigated the early cortical SEPs to median nerve stimuli at
the wrist (SEPs experiment), and M waves to median nerve
stimuli at the axilla (M response experiment) during arterial
occlusion by a tourniquet inflated around the upper arm, in
order to elucidate the possible neural mechanisms underlying
such a psychological effect of arterial occlusion on the
perceived force exertion (matching experiment).

2. Methods

2.1. Matching experiment

2.1.1. Subjects

Eight right-handed volunteers (seven men and one woman) with no history
of neurological or other disease participated in the experiments. Their mean age
was 19.8 + 0.46 years old (mean = S.D., range 19-22). All of the subjects were
informed well about the experimental procedures to be performed as well as the
purpose of the study, and their written informed consents were obtained. The
study was conducted in accordance with the Declaration of Helsinki and
approved by the Ethical Committee of Faculty of Sport Sciences, Waseda
University.

2.1.2. Procedure

The subjects were placed in a sitting position with their upper body upright
and their upper arm inclined at about 45° in front of the body with the aid of an
armrest. To measure handgrip force, handgrip devices with a strain gage (KFG-
5-120-C1-16; Kyowa Electronic Instruments Co. Ltd., Tokyo, Japan) were held
in the subject’s right and left hands. The measured force was amplified (AD240-
A; TEAC Instruments Co., Kawasaki, Japan) and inputted to a visual feedback
system (IBM T40) to show the subjects the exerted force and the predetermined
target force level on the display. The force was digitized (200 samples/s) and
recorded on the hard disk of a data acquisition computer (Macintosh Power-
Book G4: M8858J/A).

Before matching measurement (see below), the maximal voluntary con-
traction (MVC) was measured to calculate 20%, 40%, 60% and 80% MVC,
cach subject was asked to squeeze the handgrip device with his maximum effort
three times with a 120~180 s rest between squeezing. The values of the force
exerted were averaged over the middle 1 s during muscle contraction.

During the matching measurements, only the force exerted in the reference
(right) hand was displayed on the monitor. The subjects were asked to align the
force exerted by the reference hand with a predetermined target force by visual
feedback, and simultaneously to contract the indicator (left) hand so as to
“make both hands the same”, i.e., without visual feedback. In one measurement
session, this bilateral isometric contraction (approximately 3-5s) was per-
formed three times with a 10-15 s rest in between contractions at a given target
force (20%, 40%, 60% or 0% MVC) with or without arterial occlusion. There
was a rest for 120-180 s between each session and the order of sessions was
randomized for each subject. The arterial occlusion was produced by a
tourniquet, which was attached at the proximal end of the right upper arm.
A pressure of 250 mmHg started to be applied by pneumatic inflation approxi-
mately 15 s before each muscle contraction measurement session, which was
maintained throughout the each measurement session, and was released imme-
diately after the end of the measurement session. Thus, the arterial occlusion in
one measurement session was lasted for 2945 s.

2.1.3. Analysis
To normalize the differences in exerted handgrip force between the refer-
ence hand and the indicator hand, matching value [MV (%)} was calculated.

Handgrip force of the indicator hand

~ handgrip force of the reference hand
MV = 100
) Handgrip force of the reference hand x 10

2.2. SEPs experiment and M response experiment

2.2.1. Subjects

Nine right-handed volunteers (seven men and two women) with no history
of neurological or other disease participated in the SEPs experiments. Their
mean age was 20.6 £ 0.74 years old (mean = S.D., range 19-22).

Six (five men and one woman) of the nine subjects participated in the M
response experiments. Their mean age was 20.0 = 0.63 years old (mean + S.D.,
range 19-22). All of the subjects were informed well about the experimental
procedure to be performed as well as the purpose of the study, and their written
informed consents were obtained. The study was conducted in accordance with
the Declaration of Helsinki and approved by the Ethical Committee of Faculty
of Sport Sciences, Waseda University.

2.2.2. Procedure: SEPs experiment

Electrical stimuli (duration, 0.2 ms; 5 Hz at random,; intensity, 110-115% of
muscle twitch threshold) were delivered to the right median nerve at the wrist
using flat-surfaced disk electrodes by a stimulator (Dia Medical, DPS-1300) and
an isolator (DPS-107). The SEP signals and nerve action potentials (NAP) of the
median nerve were recorded by silver discs (impedance: <5 (2) attached to the
skin with an EEG paste. The exploring-referential electrodes were placed on C3
(2 em posterior to Cz and 7 cm lateral to midline in the hemisphere contralateral
to the stimulated side)}-Ai (earlobe in the hemisphere contralateral to the
stimulated side), and Erb’s point (contralateral to the stimulated side)-Erb’s
point (ipsilateral to the stimulated side) (Mauguiere et al., 1999). Signals
(analysis time: 40 ms) were amplified (NEC BIOTOP 6R12) using a bandpass
filter of 20 Hz-3 kHz, digitized (National Instruments, NI DAQCard-6036E,
2 kHz sampling) and averaged 600 times by a personal computer (Toshiba
Dynabook V9/W14DEW).

In one recording session, the SEPs and NAP to the median nerve stimuli
were tecorded with or without vascular occlusion at a pressure of 250 mmHg
applied by a tourniquet at the proximal end of the upper arm. The duration of
each recording condition was 120's (thus 600 sweeps were collected at each
condition) followed by a 60 s rest. The session was repeated two times with
3 min rest interval.

2.2.3. Analysis: SEPs experiment

SEP components were labeled according to a polarity-latency convention
(negative waves, N; positive waves, P) followed by a number indicating the
measured peak latency in milliseconds. In analyzing the amplitude, the peak-to-
peak amplitude was measured from the peak of the preceding reversed-pol arity
component, The amplitude of NAP recorded from the Erb’s point (Erb—Erb) was
measured from its onset to the major negative peak.

2.2.4. Procedure: M response experiment

Electrical stimuli (duration, 0.2 ms; 3 Hz) were delivered by the stimulator
and the isolator 4o the right median nerve at the axilla using flat-surfaced disk
electrodes (12 mm wide and 46 mm long) with the cathode 20 mm proximal to
the anode.

The motor response in the EMG was recorded from the skin surface of the
thenar eminence muscle in the right hand. Surface electrodes (diameter 8 mm)
were placed over the bellies of these muscles, with a constant interelectrode
distance of 20 mm. A reference electrode was fixed on the skin overlying the
lateral epicondyle near the elbow joint of the right arm. The maximum motor
response (M response) was elicited by the supramaximal stimulation of the
median nerve at the axilla.

The EMG signals were amplified, filtered through both low (20 Hz) and
high (1 kHz) cut filters, digitized (National Instruments, NI DAQCard-6036E,
2 kHz sampling), and stored in the personal computer (Toshiba Dynabook V9/
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W14DEW). M response was recorded with and without arterial occlusion. The
manner of recording session was the same as that of the SEP experiment.

2.2.5. Analysis: M response experiment

The M waves in response to 10 stimuli of the median nerve were averaged in
each subject, and the latencies of these averaged waves were measured from the
stimulus to each peak. Also, the time integral (V ms) under the full-wave
rectified M wave recorded by the surface electrodes was adopted as an index of
the M response.

3. Results
3.1. Matching experiment

We asked the subjects to determine the magnitude of the
handgrip force exerted by the reference (right) hand by
producing a brief matching contraction on the indicator (left)
hand, to estimate numerically the subjective effort required to
exert the handgrip force by the reference hand.

When the handgrip force exerted by the indicator hand was
plotted against that by the reference hand, a high correlation
was observed (r=0.991; Fig. 1). Thus, the handgrip force
exerted by the indicator can be an indicator of that by the
reference hand during bilateral isometric handgrip contrac-
tions. Such a linear relation was also held during the handgrip
force exertion by the reference hand with arterial occlusion
(r = 0.98). Although there was no difference in the handgrip
force of reference hand between with and without arterial
occlusion conditions (n.s., Student’s paired ¢-test), statistically
significant increases in that of the indicator hand were
observed in the occluded condition at all four different levels of
the target force (p < 0.05, Student’s paired #-test). In order to
elucidate whether the transient arterial occlusion change
precision in perceiving force exertion, we compared the
standard deviation of handgrip force of the indicator and
reference hand between two conditions (with and without
arterial occlusion). In both handgrip forces, there was no
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Fig. 1. Relationship between reference and indicator handgrip forces with

(filled circle) or without arterial occlusion (unfilled circle). The values of the

reference and indicator handgrip forces were normalized to those of the

maximal voluntary contractions (MVCs) on the reference and the indicator
hands, respectively, and means with S.E. (n = 8) were plotted.

statistically significant difference in the standard deviation
between two conditions (n.s., Student’s paired #-test). Thus, the
transient arterial occlusion did not affect on precision in
perceiving force exertion.

Fig. 2 shows the M Vs in the control and occluded conditions
at each level of the target force, which were calculated by the
difference of exerted handgrip force between by the reference
hand and by the indicator hand (see Section 2). The average
MVs in the control coundition at the four different target levels
were 12.7 &+ 7.3%, 9.7 +7.8%, 6.5+54% and 1.1 +52%
(mean + S.E.), respectively, and those in the occluded
condition were 45.0 +10.1%, 309 £89%, 168 +5.2%
and 6.9 +4.6% (mean = S.E.), respectively. These results
show that the handgrip forces exerted by the indicator hand
increased significantly at all levels of the target force during
handgrip contractions of the reference hand when combined
with arterial occlusion (p < 0.05, Student’s paired r-test),
suggesting that an arterial occlusion led to the overestimation of
the exerted force.

3.2. SEPs experiment

We analyzed the amplitudes and latencies of NAP recorded
from the Erb’s point (Erb-Erb), and SEPs (N20 and P23
component) recorded from the parietal area (C3-Ai). Fig. 3
shows the SEPs and NAP waveforms, which were averaged for
all the subjects (n = 9) to the median nerve stimuli in the control
and occluded condition. The peak latencies of NAP, N20 and
P23 in the control condition were 8.6 + 0.3 ms, 19.1 £ 0.2 ms
and 22.8 + 0.5 ms, respectively. The peak latencies of NAP,
N20 and P23 in the occluded condition were 8.7 & 0.3 ms,
19.1 &£ 0.2 ms and 22.7 £ 0.6 ms, respectively. These results
showed that the peak latencies of NAP, N20 and P23 of SEP
components were unchanged in the occluded condition. The
amplitude of the N20 component recorded from the parietal
area was unchanged; that of the P23 components recorded from
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Fig. 2. Matching values with (hatched square) or without (square) arterial
occlusion at four different target forces (20%, 40%, 60% and 80% MVC).
Values are expressed as means with S.E. (n=8). The asterisk represents
statistically significant differences between the control and occluded conditions
(p < 0.05, Student’s paired r-test).
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the parietal area was significantly decreased in the occluded
condition (p < 0.01, Student’s paired r-test). The amplitude of
the P23 component decreased from 6.49 &= 0.59 pV in the
control condition to 4.01 & 0.65 .V in the occluded condition.
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Fig. 4. M waves following median nerve simulation during rest (dashed line)
and arterial occlusion (solid line) in one subject.

These results showed that the transient arterial occlusion does
not significantly affect the cortical SEP component, N20 and
median nerve function.

3.3. M response experiment

The amplitudes of M waves recorded from the thenar
eminence muscle in the control and occluded condition were
7.01 & 3.01 WV and 6.67 + 2.70 pV, respectively (Fig. 4). The
time integral under the full-wave rectified M wave in the control
and occluded conditions were 6.34 +2.51 pVms and
5.68 & 1.87 wV ms, respectively. No statistically significant
differences between the control and occluded conditions were
observed in the amplitudes and the time integral of M waves
(n.s., Student’s paired t-test), showing that such an arterial
occlusion around the upper arm did not produce any substantial
change in the M response.

4. Discussion

It is a common experience to feel a weight heavier than
normal when we carry it long enough and when the muscles
supporting the weight have been fatigued. In preliminary
experiments, arterial occlusion at the proximal end of the upper
arm caused the same effect on handgrip contractions; we
noticed that subjects reported the need for greater force to keep
the same force level during the arterial occlusion. The force
matching experiment in this study revealed that arterial
occlusion applied around the upper arm by a tourniquet
elevates the perceived magnitude of the force exerted during
handgrip contractions (Figs. 1 and 2). Although there was no
difference in the exerted force by reference hand between with
and without arterial occlusion conditions, the exerted force by
indicator hand revealed that subjects felt exerting more force
during arterial occlusion. McCloskey et al. (1974) hypothesized
that the centrally generated motor command (i.e., effort) is
involved in the sensation of heaviness. Thus, this mechanism
may similarly operate in the overestimation of exerted force
during muscular contractions with arterial occlusion in this
study. At the same time, however, we cannot deny the
possibility that ischemia of the forearm and/or the tourniquet
itself cause the mechanical deformation of the nerves and
interferes with conduction of the peripheral nerve.

Indeed, several previous studies demonstrated that a
tourniquet-induced vascular occlusion of the upper arm
markedly atienuated the amplitudes of early-latency SEPs
and Erb’s potential to median nerve stimuli at the wrist
(Yamada et al., 1981; Nishihira et al., 1996). In this study,
however, there were no significant changes in the peak latencies
and amplitudes of NAP (Fig. 3A), and of the early-latency SEP,
N20 (Fig. 3B) to the median nerve stimuli during arterial
occlusion. This inconsistency of the effect of vascular occlusion
on median nerve function may be mainly caused by the
difference in the duration of occlusion, rather than the degree of
occlusion. In previous studies, the duration of vascular
occlusion was relatively long [from 24 min (Yamada et al,
1981) to 30 min (Nishihira et al., 1996)], however, duration was
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not exceeded more than 150 s in our experiments. In other
words, vascular occlusion with a short duration of not more
than 150 s does not induce any deterioration of median nerve
function, whatever inflation pressure magnitude is applied by a
tourniquet. This conclusion is also reinforced by the results on
M response experiment in which no significant changes were
observed in the peak-to-peak amplitudes and the time integral
of M waves recorded from the thenar eminence muscle to
median nerve stimuli at the axilla during arterial occlusion
(Fig. 4).

When the tourniquet was inflated to 250 mmHg, subjects felt
pressure on the skin and a light tingling sensation in deep tissue,
however, these sensations were immediately disappeared with
deflation. It is well known that cutaneous afferent nerves
innervate to spinal motoneurons through excitatory or
inhibitory interneurons. Previous studies (Goodwin et al,
1972; McCloskey et al., 1974; also see reviews in McCloskey,
1978, 1981) shown that, if the spinal motoneurons of the
agonist muscle were inhibited by the spindle afferents of the
vibrated antagonist muscle, subjects overestimated the per-
ceived force exertion in the matching test. Thus, it is suggested
that the same neural mechanisms are involved in the present
study; inhibition of the spinal motoneurons by the somatic
sensations through the cutaneous afferent nerves might be one
of the underlying neural mechanisms for the overestimation of
force. It is, also, fact that the amplitude of the P23 component
significantly decreased during arterial occlusion (p < 0.01,
Student’s paired t-test). In general, subsequent components to
N20 at 20-30 ms, including P23, are thought to reflect activities
of higher cortical areas, however, the generator locations of
those components have not been confirmed yet (Allison et al.,
1991; Kakigi, 1994; Waberski et al., 1999; Hoshiyama and
Kakigi, 2001). Thus, the attenuation of P23 might be related to
the neural aspects of the overestimation of perceived force
exertion, however, we need further experiments to clarify the
underlying neural mechanisms.

The results presented above show that a tourniquet-induced
transient occlusion of the brachial artery does not inhibit the
normal efferent and afferent functions of the median nerve.
Thus, it is likely that the primary responsible factor for the
overestimation of perceived force exertion during arterial
occlusion is the centrally generated motor command as
previously hypothesized by McCloskey (1978, 1981).

The present study does not indicate directly the source of the
centrally generated motor command, however, it is reasonable

to assume that the activity of Ml is closely involved in such an
increase in the perceived magnitude of handgrip force during
arterial occlusion. To investigate this possibility, further studies
are being carried out with functional magnetic resonance
imaging (fMRI) and trans cranial magnetic stimulation (TMS).
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Somatosensory evoked potentials during
tourniquet-induced transient occlusion of
the brachial artery

Taira, Masato!; Takarada, Yudai? (!Univ. Research Center,
Nihon Univ., Tokyo, Japan; 2Faculty of Sport Sciences, Waseda
Univ., Saitama, Japan)

1t has been well known that one of most rapid and efficient method for
complete paralysis in whole arm is to inflate a tourniquet, which is posi-
tioned on the arm proximal to the axilla (Goodwin et al., 1972). This
method may have direct effects on the distal motor organs, but also on
the central neuronal system. Somatosensory evoked potentials (SEP) is
one of useful techniques to detect the influence on the somatosensory
system. However, there are very few previous studies which focused on
the influence of arterial occlusion on SEP to median nerve stimuli. In
the present study, we investigated the SEP to median nerve stimuli dur-
ing the arterial occlusion.Ten right-handed volunteers (seven men and
three women, 19-22 years old) with no history of neurological or other
disease participated in the study. The SEP to right median nerve stimuli
delivered at a rate of five per second was recorded during rest (control
condition) and during vascular occlusion at a pressure of 250 mmHg ap-
plied by at a tourniquet to the proximal end of the upper arm (experimen-
tal condition). Each length of control and experimental conditions was
120 s. Although no significant change was observed in the amplitudes of
Erb’s potential and N13, that of N20 significantly decreased during arte-
rial occlusion (p < 0.01) with the enhanced sensitivity of the thenar em-
inence muscle to median nerve stimuli. These results suggest that the
transient, arterial occlusion around the upper arm will induce attenuation
of the function in the median nerve.

380 (2P170)

Polymorphisms of ENaC subunits have no
relation with mouse strain differences in
amiloride-sensitive salt responses

Shigemura, Noriatsu®; Bachmanov, A.A.2; Sadamitsu,
Chiharu3; Yasumatsu, Keiko'; Yoshida, Ryusuke®;
Beauchamp, G.K.2; Ninomiya, Yuzo' ({Oral Neurosci.,
Kyushu Univ., Fukuoka, Japan; *Monell Chemical Senses Center,
Philadelphia, PA; *Pharmaceutical Sciences, University of Tokyo,
Tokyo, Japan)

Amiloride-sensitive epithelial Na* channels {ENaCs) are proposed to be
involved in salt taste transduction. Electrophysiological studies in
C57BL/6 (B6) mice demonstrated that responses to NaCl are inhibited
by amilolide in the choda tympani (CT) but not in the glossopharyngeal
nerve, suggesting a lack of amiloride sensitivity (AS) in the posterior
tongue. The AS also differs among inbred mouse strains. Unlike B6
mice, 129P3/] (129) mice showed almost no amiloride inhibition of
NaCl responses even in the CT. In this study, using B6, 129 mice and
their F, hybrids, we examined possible relationships of the AS with
mRNA expression levels in fungiform papillae (FP) and single nucle-
otide polymorphisms (SNPs) of three subunits of ENaC (a,B,y). The
mRNA expression levels of each ENaC subunit examined using RT-
PCR analysis were similar in the B6 and 129 strains, Sequencing
detected three SNPs in the o-subunit. One of these SNPs resulted in an
amino acid substitution, R616W, near the predicted 2nd transmembrane
domain in the 129 strain. No SNPs were found in sequences of B- and y-
subunits. Electrophysiological and sequencing analyses in F2 hybrids
indicated that there was no relation between the AS and the a-subunit
SNP (R616W). These results suggest that neither expression levels of the
three ENaC subunits, nor the SNP in the o-subunit participate in the
mouse strain differences in the AS.

S166

381 (2P171)

Transcranial autofluorescence imaging of
cortical activities elicited by amplitude-
modulated sounds of various envelops in
the mouse auditory cortex

Kubota, Yamato; Takahashi, Kuniyuki; Kudoh,
Masaharu; Shibuki, Katsuei (Department of Neurophysiology.
Brain Research Institute, Niigata University, Niigata ,Japan)

Flavoprotein autofluorescence is intimately coupled with neural activi-
ties and applicable for functional brain imaging. Autofluorescence imag-
ing is especially useful for observing mouse cortical activities, because
the skull of mice is transparent enough to visualize cortical autofluores-
cence via the intact skull. In the present study, we investigated neural ac-
tivities in the auditory cortex of anesthetized mice with this technique.
C57BL/6 mice were anesthetized with urethane (1.6 g/kg, i.p.). The skin
covering the skull was incised, and the temporal muscle over the right
auditory cortex was removed. The exposed surface of the skull was cov-
ered with liquid paraffin to prevent drying and to keep the skull transpar-
ent. Autofluorescence responses in the auditory cortex were elicited by
various sound stimuli at 5-20 kHz for 500 ms. Sound stimuli were ap-
plied as pure tones or amplitude-modulated (AM) tones with a sawtooth
wave at 20 Hz. Cortical responses were recorded with a cooled CCD
camera attached to an epifluorescence binocular microscope. Neural ac-
tivities elicited by sound stimuli at 5-20 kHz exhibited a tonotopic map
in the auditory cortex. Although AM sounds modulated by a fast-rise
sawtooth wave and a slow-rise sawtooth wave have the same spectral
patterns, the neural activities elicited by the former were larger than
those elicited by the latter, indicating neural activities in the auditory cor-
tex are strongly influenced by the temporal profile of sound stimuli.

382 (2P172)

Retinal ganglion cell activities during fish
optic nerve regeneration

Tsunoda, Shingo?; Watanabe, Yuta's; Muramoto,
Kenichiro®; Nakashima, Hiroshi2; Kato, Satoru® (/Depr.
Mol. Neurobiol., Grad. Sch. Med.,; *Dept. Lab. Sci., Grad. Sch.
Med.,; *Dept. Electric. Computer Eng., Grad. Sch. Nat. Sci, Tech.,
Kanazawa Univ,, Kanazawa, Japan)

Fish retinal ganglion cells can survive and regrow their axons after optic
nerve transection. The regenerating optic axons reach to the optic tec-
tum 1 month and thereafter the visual function recovers 3-4 months after
axotomy. Therefore, we followed up spike activities of ganglion cells in
the carp retina during optic nerve regeneration. The spike activity of
ganglion cells (both types of ON and OFF cells) suddenly declined by
less than 20% of the conttol value in frequency 5 days after nerve injury.
The spike frequency at 50 days after axotomy was 50% of the control
and it was recovered to control level at 100 days after axotomy. In con-
trast, the area-dependency of ganglion cells to various spots of central
light stimuli (0.3-4 mm in diameter) recovered a little bit more later. The
area-dependency of ganglion cell response could never be seen 5-50
days after optic nerve transection. The normal area-dependency of gan-
glion cell response could be only seen just 100 days after optic nerve in-
jury. On the other hand, horizontal cell response (S-potentials) in the
carp retina did not change both in amplitude and in area dependency dur-
ing this long period (0-100 days) after optic nerve transection. These re-
sults strongly indicate that the recovery of area-dependency of ganglion
cells in the carp retina is just well correlated with that of visual function
from the optic nerve injury and horizontal cell activities in the outer ret-
ina are not affected during this period.

Jpn. J. Physiol., Vol. 55, Suppl., 2005
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Somatosensory evoked potentials during tourniquet-induced transient occlusion of

the brachial artery
Masato Taira and Yudai Takarada

University Research Center, Nihon University, Tokyo, Japan

Faculty of Sport Sciences, Waseda University, Saitama, Japan

It has been well known that one of most rapid and efficient method for complete
paralysis in whole arm is to inflate a tourniquet, which is positioned on the arm
proximal to the axilla (Goodwin et al., 1972). This method may have direct effects
on the distal motor organs, but also on the central neuronal system.
Somatosensory evoked potentials (SEP) is one of useful techniques to detect the
influence on the somatosensory system. However, there are very few previous
studies which focused on the influence of arterial occlusion on SEP to median nerve
stimuli. In the present study, we investigated the SEP to median nerve stimuli
during the arterial occlusion.

Nine right-handed volunteers (seven men and three women, 19-22 years old) with
no history of neurological or other disease participated in the study. The SEP to
right median nerve stimuli delivered at a rate of five per second was recorded during
rest (control condition) and during vascular occlusion at a pressure of 250 mmHg
applied by at a tourniquet to the proximal end of the upper arm (experimental
condition). Each length of control and experimental conditions was 120 s.

Although no significant change was observed in the amplitudes of Erb and N13, that of
cortical complex (N20/P25) significantly decreased during arterial occlusion (p<0.01).
No delays were found in the latencies of Erb, N13 and N20. These results suggest that
the transient, arterial occlusion around the upper arm will have specific effects on the
function in the somatosensory cortex, we will discuss underlying neural mechanisms
for these results from central and peripheral viewpoints.

Key words: arterial occlusion, median nerve, somatosensory system
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Yudai Takarada, Tomoki Haji, and Masato Taira.
Activity of primary motor cortex closely correlated with sensation of force.
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P3-261 Nitric oxide-cGMP pathway is critical for
cAMP-dependent long-term memory formation in the
cricket

Yukihisa Matsumoto®, Sae Unokil, Hitoshi Aonumaz, Makoto
Mizunami'

‘Graduate School of Life Sciences, Tohoku University, Sendai,
Japan; “Research Institute for Electronic Science, Hokkaido
University, Sapporo, Japan

In some species, nitric oxide (NO)-cyclic GMP pathway is
shown to act in parallel and complementary to cAMP pathway
for long-term memory (LTM) formation. Here we show a new
role of NO-cGMP pathway, namely to stimulate cAMP pathway
to induce LTM. Multiple-trial olfactory conditioning in crickets
led to LTM that lasted several days, while memory induced by
single-trial decayed away within several hours. Injection of
inhibitors of enzyme forming NO, cGMP or cAMP before multi-
ple-trial blocked LTM, whereas injection of NO donor, c¢GMP or
cAMP analogue before single-trial conditioning induced LTM.
LTM induced by injection of NO donor or ¢GMP analogue
paired with single-trial was blocked by inhibitors of cAMP
pathway, but LTM induced by cAMP analogue was unaffected
by inhibitors of NO-cGMP pathway, thereby suggesting that
cAMP pathway is a downstream target of NO-cGMP pathway
for the LTM formation.

P3-262 Activity of primary motor cortex correlated
closely with sense of force | ‘

Yudai Takarada', Tomoki Haji®, Masato Tira™”

'Fac. of Sport Sci., Waseda Univ,, Saitama, Japan; Nihon Univ.
Grad. Sch. of Med. Sci., Tokyo, Japan; 3Univ. Res. Center, Nihon
Univ., Tokyo, Japan

It has been suggested that a sensation of force is closely related to
the motor command rather than the afferent input. However, it is
not clear whether the motor cortex itself is involved in the
sensation of force. We investigated relations between the sensa-
tion of force and the activity of the primary motor cortex (MI) by
using fMRI. Ten healthy right-handed subjects performed a motor
task: isometric handgrip contractions at four levels of force with
or without arterial occlusion. The activity of M1 highly correlated
with the sensation of handgrip force both in with- and without-
occlusion conditions, however, the occlusion significantly
increased the sensation of force and also the MI activity at all
target forces. On the other hand, no changes were observed in the
EMG activity and the early SEP with the median nerve stimulation
in occlusion condition. These resulis suggest that the MI activity
itself is closely involved in the sensation of force.

pP3-263 Roles of the striatum in response bias and its
complementary process

Yukiko Hori, Takafumi Minamimoto, Minoru Kimura

Dept. of Neurophysiol., Kyoto Prefect Univ. Med,, Kyoto, Japan

Expectation of reward enhances action processing. But, in facing
an unexpected situation, we must choose undesirable action for a
future goal. We sought neural correlates of these processes in the
striatum by recording activity of projection neurons (PANSs,
n = 129) and cholinergic interneurons (TANs, n = 59) of monkey
performing asymmetrically rewarded GO-NOGO button press
task. PANs exhibited tonic increase of activity before action
request in either the GO-large reward (n = 20) or NOGO-arge
reward (n = 10) blocks. The tonic activation was either followed
by action request-related activation (n =19) or no activation
(n = 10). Another PANs exhibited activation after either large
reward- (n = 8) or small reward-request (n = 24). TANs showed
decrease of tonic discharges after the action requests (47/569)
which were not selective to reward and type of actions (40/47)
except. for TANs selective to reward and action (7/47). Our
observations revealed evidence of the roles of the striatum in
both response bias and its complementary process.

P3-264 Maodulation of striatal neuron activity by
planned action and reward expectation error
Hiroshi Yamada, Hitoshi Inokawa, Minoru Kimura

Dept. Physiol. Kyoto Prefect Univ. Med., Japan

Midbrain dopamine neurons send signals of incentive to work for
reward and reward expectation error to the striatum. To examine
how the striatal neuron activity is influenced by the dopamine
signals, we recorded 97 striatal projection neurons during
reward-based decision task of one monkey. After depressing a
hold button, monkey chose one of three targets. Correct prob-
abilities at first, second, third and repetition trials were 33, 50, 85
and 90%, respectively. Correct and incorrect choices were noticed
by high- and low-tone beeps. Sixty-three neurons showed activity
before and/or after the reinforcer beeps. Neuron activity was
positively (3) or negatively (16) correlated with reward prob-
ability, selective to either correct (5) or incorrect beep (7),
selective to whether the trial was repetition (2) or not (3),
selective to the target chosen (13). Our results revealed that
the striatal neuron activity is modulated by the signals of reward
expectation errors and of planned actions during reward-based
decision and choice of action.

P3-285 Binary counting of motor performance by cells
in the pre-supplementary mator area of monkey

Keisetsu Shima, Jun Tanji

Dpt. Physiol. Tohoku Univ., Sendai, Japan

We trained two monkeys to perform three different forelimb
movements in two different manners. Initially, monkeys per-
formed five trials under visual guidance, to select and respond
with corresponding three movements to each cue (visual block).
Thereafter, they were required to repeat the same memorized
sequence either five or six trials (memory biock). A flash of lights
told the beginning of a new sequence. We recorded cellular
activity from the SMA, pre-SMA and the primary motor cortex
(M1) under this behavioral condition. We found 85 cells in the pre-
SMA that exhibited two distinct levels of activity: discharges in
higher-range and lower-range. What was striking was that the two
levels of activity alternated in successive trials. In a majority of
cases, the alternating activity level was reset when performing
the first visual trial. Thus, in half of such cells activity was higher
at odd number of trials, while in the other half activity was higher
at even number of trials. Such binary-state property was rare in
the SMA, and not found in the ML

p3-267 Critical involvement of the lateral prefrontal
cortex in suppression of both voluntary and externally-
guided saccade :

Mariko Kuwajima, Toshiyuki Sawaguchi

Lab. Cogn. Neurobiol., Hokkaido Univ. Grad. Sch. Med,, Sapporo,
Japan

Suppression of both internally driven saccade (i.e., “voluntary
saccade™ and externally-guided one according to a given situa-
tion is important for an appropriate behavioral control. To exam-
ine a possible involvement of the lateral prefrontal cortex (LPFC)
in such functions, we locally injected muscimol at various sites in
the LPFC of monkeys that performed an oculomotor Go/No-Go
(OGNG) task. Muscimol injection at several sites in the LPFC
induced significant increase in fixation breaks toward the con-
tralateral visual field during the period before a cue is presented
and/or false saccades toward a specific target location during the
period when the monkey was required to suppress its gaze toward
it. These results suggest that the LPFC is essential for suppression
of not only externally-guided saccade toward an overt visible
target but also voluntary saccade without such an overt targetina
given situation, thereby contributing to efficient inhibitory con-
trols of ocular behavior.
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Activity of primary motor cortex closely correlated with sensation of force

Yudai Takarada, Tomoki Haji, and Masato Taira
Fac of Sport Sci, Waseda Univ.,
Nihon Univ Grad Sch of Med Sci,
Univ Res Center, Nihon Univ

It has been suggested that a sensation of force is closely related to the motor command
rather than the afferent input. However, it is not clear whether the motor cortex itself is
involved in the sensation of force. We investigated relationé between the sensation of
force and the activity of the primary motor cortex (MID) by using fMRI. Ten healthy
right-handed subjects performed a motor task: isometric handgrip contractions at four
levels of force with or without arterial occlusion. The activity of MI highly correlated
with the sensation of handgrip force both in with- and without-occlusion conditions,
however, the occlusion significantly increased the sensation of force and also the MI
activity at all target forces. On the other hand, no changes were observed in the EMG
activity and the early SEP with the median nerve stimulation in occlusion condition.
These results suggest that the MI activity itself is closely involved in the sensation of

force.
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Activity of primary motor cortex closely correlated with sensation of force
Yudai Takarada, Tomoki Haji, and Masato Taira
Fac of Sport Sci, Waseda Univ.,
Nihon Univ Grad Sch of Med Sci,
Univ Res Center, Nihon Univ

It is a common experience that muscular fatigue produce perception of an
increased effort to achieve a given force. In such a case, the force perception
has been well known to depend more on motor command required to achieve
the muscular force than afferent sensations signaling the muscular force
achieved (McCloskey, 1978).

Recently, we reported that a tourniquet-inducéd arterial occlusion
elevates the perceived magnitude of a handgrip force by using the
contralateral limb-matching method (Takarada and Taira, 2005). In that
study, we also examined SEPs and the M response under the arterial
occlusion, and found that there was no serious effects on the median nerve
function per se. These results strongly suggest that the centrally generated
motor command is contributed to the overestimation of force during arterial
occlusion.

The activity of the primary motor cortex (MD) is a strong candidate for the
centrally generated motor command involved in the force perception;
however, there has been no study on the force perception in reference with a
function of MI. We investigated relations between the sensation of force
and the activity of MI by using fMRI.

Ten right-handed volunteers (seven men and two women; aged 20.3 + 0.82
years old, mean + SD) with no history of neurological or other disease
participated in the study. All of the subjects were previously informed well
about the experimental procedure to be utilized as well as the purpose of this
study, and their written informed consent was obtained. We measured the
brain activity with fMRI during unilateral isometric handgrip contractions
at the predetermined target level of muscular force [20%, 40%, 60%, and 80%
of maximal voluntary contraction (MVC)] with or without the
tourniquet-induced arterial occlusion. During the fMRI scans EMG



activities were, also, recorded from the skin surface of wrist flexor muscles.
Subjects were asked to numerically assess the perceived magnitude of
exerted forces immediately after the handgrip contractions.

The activity of MI estimated by the relative BOLD signal change highly
correlated with the sensation of force both in with- and without-occlusion
conditions, however, the occlusion significantly did not increased the force
sensation (p < 0.01, Student’s paired r-test) (Figure 1), but also the MI activity
at all target forces (p < 0.05, Student’s paired rtest) (Figure 2) with no changes
of the somatosensory cortex (SI) activity. On the other hand, no changes
were observed in the EMG activity between those two conditions. These
results suggest that the MI activity itself is closely involved in the force

perception.
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Figure 1. Effects of arterial occlusion on numerical estimation of the
perceived handgrip force. Values of exerted handgrip force were normalized
to those during the maximal voluntary contraction (MVC) in each subject.
All values are shown as means*+SE (n = 9). **Statistically significant
difference between values during handgrip contractions with no arterial
occlusion and those during contractions with that at the almost same target
force (p < 0.01, Student’s paired #-test). k
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Figure 2. Effects of arterial occlusion on fMRI-measured activation of the
primary cortex (MI). The fMRI-measured activations of MI were shown as
relative BOLD signal changes. All values of exerted handgrip force were
normalized to those during the maximal voluntary contraction (MVC) in
each subject. All values are shown as means®=SE (n = 9). *Statistically
significant difference between values in handgrip contraction with arterial
occlusion and those in contraction without that at the almost same intensity
(p < 0.05 Student’s paired #test).
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Ischemia-induced muscular hypertrophy and force overestimation
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