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Neuromechanisms of reciprocal interrelation between jaw—opening
and jaw-closing muscles in the cat Keihachiro ITo (Department of Oral Phy-
siology, Dental School, Osaka University, 32, Joancho, Kitaku, Osaka, Japan) -

Neural controlling mechanisms between the digastric {(jaw-opening) and masseter (jaw-
closing) muscles were studied in the cat.

High threshold afferent impulses from the anterior belly of the digastric muscle to
masseteric motoneurons in the trigeminal motor nucleus induced an EPSP-IPSP sequence
of potentials with long latency, and high threshold afferent impulses from"the mass"eter
muscle also exerted a similar effect on digastric motoneurons in the same nucleds
innervating the anterior belly of the digastric muscle. .

These results suggest that reciprocal inhibition via Ia 1nterneurons as observed bet-
ween the flexor and extensor muscles in the spinal cord does not exist between the
digastric and masseter muscles in the cat. However, the respective motoneufons innerva- -
ting the masseter and digastric muscles receive inputs of early excitation-late inhibition
via high threshold afferent nerve fibers from each antagonistic muscle.

As such, since EPSPs preceding IPSPs are recognized, these high threshold afferent
impulses may exert not only a reciprocal inhibitory effect, but also- a synchronous ex-
citatory or inhibitory effect on the antagonistic motoneurons. )

(J. Physiol. Soc. ]apan (1976) 38, 221 237

key words : reciprocal inhibition, jaw, trigeminal motoneuron.
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Fig. 1. Schematic illustration of the central
cut-ends of the peripheral nerves employed in
this experiment. A : Ventral view of the man-
dible. Dy+My ; the mylohyoid nerve, My ; the
mylohyoid ramus of the mylohyoid nerve, Da ;
the digastric ramus of the mylohyoid nerve,
Dp ; the digastric ramus of the facial nerve, L;
the lingual nerve. B : Lateral view of the face.
Ma ; the masseteric nerve, I¥; the ventral ramus
of the facial nerve,
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Confirmation of the nerve branches in-

nervating the anterior and posterior bellies of the
digastric muscle. A : Schematic representation of
a ventral view of the left digastric muscle. Dg; ;
the anterior branch of the digastric ramus (Da) of
the mylohyoid nerve, Da; ; the posterior branch of
E;, E,, Es; electrode sites from which recordings
of evoked EMGs were performed. B : Evoked EMGs
recorded from E;, E; and E; following single stimula-
tion of Da;, Das and Dp. Note that stimulation of
Daj, Daz and Dp evoked EMGs only at E;, E; and E;
respectively.
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Fig. 3. Effects of stimulation of the nerves innervating the digastric muscle on masseteric
monosynaptic reflex potentials (MMRPs). The test stimulus was given to the trigeminal mesence-
phalic nucleus (pulse duration, 0.1 msec, pulse amplitude, 45.0 volt) in a series of experiment A,
B and C, and the conditioning stimulus was given to the mylohyoid nerve (Aa+My) innervating
both the anterior belly of the digustric muscle and the mylohyoiid muscle (0.02 msec ; 41.5 volt)
in A, to the digastric ramus (Da) of the mylohyoid nerve innervating only the anterior belly -
(0.02 msec ; 42.4 volt) in B and to the digastric ramus (Dp) of the facial nerve innervating the
posterior belly of the digastric muscle (0.02 msec ; 15.6 volt) in C. Responses were recorded from
the masseteric nerve (Ma). Abscissae : Conditioning-test intervals in msec. Ordinates : Amplitudes
of conditioned reflex potentials in percent of the control. In A, potentiation of MMRPs is recognized
in the period of about 5~25msec of conditioning-test interval. However, beyond about 25 msec
of interval, depression of MMRPs is observed. The depressing effect on MMRPs reacheds the peak
in about 30~50 msec of interval and reduces rapidly during 50~100 msec, but this reduction of
MMRPs persists over 200 msec of conditioning-test interval. In B, potentiation of MMRPs is
recognized in the period of about 10~25msec of interval. However, beyond about 25 msec of
interval, MMRPs are depressed. The depressing effect on MMRPs reaches the peak in the period
of about 30~-50 msec of interval and reduces rapidly in the period between 50 and 70 msec. But
it persists over 200 msec. In C, potentiation of MMRPs is recognized in the period of about 10~
30 msec of conditioning-test interval. However, beyond about 30 msec, depression of MMRPs is
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observed. The depressing effect on MMRPs is more obvious in the period of about 40~70 msec
and reduces gradually in the period between 70 and 100msec. Full recovery of conditioned MMRPs
to the control amplitude is not observed until the period of about 200 msec of interval.
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Intracellular potential recorded from a masseteric motoneuron. Each of the

records was made of superimposed six faint traces. Each figure with T indicates the
stimulus intensity as a multiple of threshold stimulus (T) for each nerve. A 1:Antidromic
spike potentials. A 2 :an EPSP-IPSP sequence of potentials evoked by stimulation of the
mylohyoid nerve (Da-+My). A3 : Weak PSPs evoked by a train of three volleys in the
digastric ramus (Dp) of the facial nerve. B 1:Similar PSPs at a faster sweep speed follow-
ing stronger (upper) and a weaker (lower) stimulation of Da+My than in A 2. B2:IPSPs

evokedby stimulation of the lingual nerve (L).
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Fig. 5. Intracellular potentials recorded from
a masseteric motoneuron. 1: An antidromic spike
potential. The inserted record shows IS-SD spike
separation of the antidromic spike potentials for
identification of the neuron. 2 : An EPSP-IPSP
sequence of potentials evoked by stimulation of
the digastric ramus (Da) of the mylohyoid nerve.
3 : A similar PSP sequence of potentials evoked
by stimulation of the mylohyoid ramus (My) of
the mylohyoid nerve. The inhibitory effect of
IPSPs following EPSPs is recognized clearly
under this condition. That is, spontaneous fir-
ings are depressed by the IPSPs in the middle
period of the traces 4 and 5 shows PSPs of very
small amplitude evoked by stimulation of the
digastric ramus (Dp) and the ventral ramus (F)
of the facial nerve, respectively. IPSP components
of these PSPs, also, depresses spontaneous firings.
6 : IPSPs evoked by stimulation of the lingual
nerve (L).
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Fig. 6. Intracellular potentials recorded from a masseteric motoneuron. Al:An anti-
dromic spike potential. The inserted record shows IS-SD spike separation. Each pair of
records in A 2 and A 3 shows only IPSPs evoked by stimulation of the digastric ramus
(Da) and the mylohyoid ramus (My) of the mylohyoid nerve, respectively. That is, in this
motoneuron, EPSP components of PSPs as observed in Fig. 5 were not evoked by stimula-
tion of Da or My. A4 : A pair of records of IPSPs evoked by stimulation of the lingual
nerve (L). B : In each group consisted of three records, it is noted that latencies of the
IPSPs became shorter depending on stimulus intensity which was increased from the
lower most to the upper most beam, but this phenomenon is not obvious in B3.
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Fig. 7. Effects of stimulation of the masseteric nerve on the linguo-digastric reflex
potentials (LDRPs). The test stimulus was given to the lingual nerve (L) (0.02 msec, 2.1
volt), and the conditioning stimulus was given to the masseteric nerve (Ma) (0.02 msec,
14.9 volt). Responses were recorded from the digastric ramus (Ds) of the mylohyoid nerve.
Abscissae : Conditioning-test intervals in msec. Ordinates : Amplitudes of conditioned
reflex potentials in percent of the control. Potentiation of LDRPs is recognized in the period
of about 5~15msec of conditioning-test interval. However, beyond about 15msec of
interval, depression of LDRPs is observed. The depressing effect on LDRPs reaches the
peak in the period of about 60~80 msec of interval and reduces gradually beyond the
period of about 80 msec. At about 150 msec of interval, conditioned LDRPs recovere to
the control amplitude,
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Fig. 8. Intracellular potentials recorded from
a digastric motoneuron innervating the anterior
belly of the digastric muscle. Stimulation of the
digastric ramus (Da) of the mylohyoid nerve
evoked an antidromic spike potential and an ortho-
dromic EPSP in the motoneuron. With stronger
stimulation, the EPSP elicited a spike potential
and were followed by an IPSP of small amplitude.
The bottom record shows a response to threshold
stimulation for the EPSP, the stimulus intensity
being increased from the bottom to the top record.

(Fig. 11-A 2 $E). Fig. 101%, R UZAZEH
NiESRE= = — v it Maofiliic X o T
% U % PSP & Ds, My (SEEBH AR,

De (BfERBIESER), F (Dmf<E) B
IO L (FEHR) orhZholilic X - T4
U3 PSP o Lzb D Th 5. Fig.
10-1, 2 B LU -8kcabhsml, Maicks
EPSP & D 250 EPSP 83X UMy iz k3
EPSP i1 & bicEBl LR E R oSt L,

Dr iz X 3 EPSP ooz, F ic & % EPSP
Lr o, 2 b Ma, Dy, My EPSP X1 b
BB, ¥, Lick 3 EPSP ORIz



230 B, BA R E) ORI EIF

A B c
Ma
24,21
Ma
81,67
28, eTaJ .
1817
69,57
23,37 1
.
i i
17.9T’JL~ -A——-)
11.27-——&.‘_ 55,67
10.7 M , “—-@
T 9,87 S e S
65T e s 8,47 E—— R o 23,07
R ——— 120 mV o~
10 msec 10 msec 10 msec
Fig. 9. Intracellular potential recorded from the same digastric motoneuron as in Fig.

8. For measuring the threshold and latency PSPs evoked by stimulation of the massetric
nerve (Ma) with graded intensity were recorded in three groups of a different sweep
speed (slow in A, moderate in B and fast in C). The bottom record in A the indicates
threshold responses of EPSPs. The stimulus intensity was increased from the bottom to
the top record in each column. Spike potentials from EPSPs are seen in and above the

third record from the bottom in each column.
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Fig. 10. Intracellular potential recorded from
the same digastric motoneuron as in Fig. 8 and
Fig. 9. The inserted record in 1 shows IS-SD
spike separation of the antidromic spike potentials.
The latency of EPSPs evoked by stimulation of
the masseteric nerve (Ma) is compared with the
latencies of EPSPs evoked by stimulation of the
digastric ramus (Da), the mylohyoid ramus (My)
of the mylohyoid nerve, the digastric ramus (Dg),
the ventral ramus (F) of the facial nerve and the
lingual nerve (L). Ma (2) evoked EPSPs have
nearly the same latency as Da (1) or My (3)
evoked EPSPs. The latency of Dp (4) or F (5)
evoked EPSPs was longer, and the latency of
L (6) evoked EPSPs is much shorter than that
of Ma evoked EPSP. Note the large EPSPs with
multiple spikes evoked by L stimulation in 6.
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Fig. 11. Intracellular potential recorded from

a digastric motoneuron innervating the anterior
belly of the digastric muscle. A1 : A antidromic
spike potential and an orthodromic EPSP-IPSP
sequence of potentials. The inserted record in A 1
shows IS-SD spike separation. Each record of
superimposed six traces in B was photographed
at slower sweep speed than that in A. B1, B2,
B3 and B4 clearly show IPSPs following EPSPs
evoked by stimulation of Da, Ma, My and L,
respectively. In B 4, note that L evoked EPSPs
could not generate full sized spikes because the
cell had deteriorated in this stage.
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Fig. 12.  Intracellular potential recorded from a digastric motoneuron innervating the

anterior belly of the digastric muscle. A : An antidromic spi

ke potential. The inserted

record shows IS-SD spike separation. B : Responses of the digastric motoneuron to condi-
tioning-test stimuli. In B 1, the last one of three spikes from EPSPs evoked by a test
stimulus to the lingual nerve (L) is supressed by a conditioning stimulus to the
masseteric nerve (Ma). In B2, a stronger conditioning stimulus to Ma considerably
depressed L evoked EPSPs. C: Duration of IPSP components of PSPs evoked by Ma

stimalation is clearly shown. Note that the neuroncould no
discharges, mainly becuse of depolarization of its membrane.
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reflex potentials (LDRPs). Two shocks of stimulus with a diff

Effects of stimulation of the ipsilateral lingual ner

T 1
35(3mseé00

ve on the linguo- digastric
erent time interval applied

to the lingual nerve (0.02 msec, 2.2 volt). The first one of two shocks was used as a
conditioning stimulus and the second one was as a test stimulus. Abscissae : Intervals of
two shocks in msec. Ordinates : Amplitudes of conditioned reflex potentials in percent of

the control. Strong depression of LDRPs lasts for 80 msec of

conditioning-test inferval.

The depressing cffect on LDRPs reduces gradually in the period between 100 and 200

msec of intervals, but it persists beyond 400 msec.
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Fig. 14. Intracellular potential recorded from a digastric motoneuron innervating the

anterior belly of the digastric muscle. A : An antidromic spike potential and IS-SD spike
separation. B and C : Responses of the digastric motoneuron to the lingual nerve (L)
stimulation. In B, the bottom record shows extcellular potentials evoked by L stimulation
after withdrawal of the microelectrode to just an extracellular position. The other records
in B show an EPSP-IPSP sequence of potentials evoked by L stimulation in the top one
of which a spike potential from EPSPs is seen. In C obvious IPSP components of PSPs
evoked by L stimulation are seen. The records were obtained on condition that the neuron
could not generate full spike-sized spike discharges due to its membrane depolarization.
The early phase of IPSPs of the lower record in C2 has a duration of about 200 mec.
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Sensitivity of erthropoietic response of rabbits to hypoxia
induced by bleeding

Shiro KASAI, Takashi TERASAWA and Waka MARUYAMA

Department of Physiology, Tohoku Dental University, Tomitamachi,
Koriyama-city, Fukushima Prefecture, 963

It is a well confirmed fact that almost all
mammalian erythropoiesis are stimulated
by the erythropoietin (hereafter abbreviated
Epo) which is produced under hypoxic con-
ditions such as high altitude, bleeding and
cobalt chloride injection. The mechanism of
this production, however, is obscure except
its activating process which was stated by
Contrera and Gordon?. On the other hand,
the role of the hypothalamus to the ery-
thropoiesis was explained by many other
investigators®, and Halvosen has suggested
the presence of oxygen receptor in the
hypothalamus®. Contrary to this, recently
the Epo was decreased in the serum by
removing carotid body or its nerveb?, and
it may be suggested that the chemoreceptor
in the carotid body exerts influence on the
production of the Epo. Then, it is a matter
of importance what grades of hypoxia in-
itiate this response of Epo under the phy-
siological condition.

Since 1960, relatively severi hypoxia has
been used for the experiments, and also at
present, the hypoxia such as produced by
1094 O, results in 60% of HbO, is intro-
duced for the studies of hypoxic sensitivity
to the Epo production, furthermore the
duration of exposure to the hypoxia is
great deal shortened®®. To our surprise,
the relationship between the grades of
hypoxia and the Epo production was not
clear so far as we knew, so in this report
we tried to elucidate this sensitivity, in
which the effect of bleeding in some grades
was examined on hematocrit and reticulocyte
count, because these parameters responded
enough to the Epo producton®. The ma-
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terials were all 3 ~ 4 kg healthy male white
rabbits, and each experimental group con-
sisted of two rabbits fed with pellet, they
were used for the study after a week's
check. The bleeding of each rabbit was
performed by jugular vein under anesthesia
with 0.025mg per kg B. W. of 5-allyl-5, 1-
metylbutyl-2-tiobarbiturate sodium, via i.
v., but in the case of 2 ml per kg, the bleed-
ing was by the ear vein under awakened
conditions.

The sampling of testing blood was per-
formed by the ear vein in all animals at
10: 00 A. M. everyday to avoid influence of
diurnal variations, and the data were sum-
marized and plotted as in a text figure.
The results gained from each 3, 5 and 10 ml
per kg bleeding showed clearly the increase
of reticulocytes and the decrease of hema-
tocrit, and these responses were less in the
case of 3 ml per kg than in the other two
cases.

On the contrary, an anesthetized and
sham operated rabbit dose not show any
appreciable changes in both parameters. In
the animals which recieved 2ml per kg
bleeding under the awakened condition,
only a little change was observable from
12 to 24 hours after the bleeding, but we
do not consider this change as a reliable
result, for the data were in normal range
of variation. On the other hand, blood loss
of 3ml per kg was actually effective over
the normal variation as shown in the figure,
and this grade of loss corresponded to only
49, of the whole blood volume, which was
assumed to take hold of 139 in the B. W.

In general, it was thought that the blood
loss or temporal hypoxia was compensated
by blood reservoir system and by the
increase of cardiac output or pulmonary
ventilation. In this study, however, the loss
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of 49 of blood was not compensable but
caused an absolute insufficiency of oxygen
in the circulation or at least in the chemo-
receptors responding to the production of
the Epo. Of course, it is meaningful to
consider that the erythropoietic homeostasis
and its feed-back mechanism was controlled
at this hypoxic level in the rabbits, in
which the stimulation of proliferation and
maturation occurred really on the stem
cells in the hemopoietic organs by the in-
fluence of increased Epo, and this feed-
back, via nerves or not, was the main way
of regulating the erythropoiesis®).

References

1) Beyron, G. W. & Balfour, W. E, (1973) Nature,
New Biol, 243, 61-62

2) Contrera, J. F. & Gordon, A. S. (1966) Science,
152, 653-654

3) Gordon, A. S. (1960) Ciba Foundation symposium
on Hematopoiesis, Ed. by Wolstenholwe, G. W.
& M. Ocnnor, Boston, p. 325

4) Halvosen, S. (1968) Ann. N. Y. Acad. Sci., 149,
88-93

5) Krantz, S. B. & Jacobson, L. O. (1970) Erythro-
poietin and the regulation of erythropoiesis,
Univ. of Cicago Press, p. 164-166

6) Morley, A., King-Smith, E. A. & Stohlman, F.
(1970) Hemopoietic Cellular Proliferation, Ed.
by Stohlman F., Grune & Stratton, p. 3-14

7) Paulo, L. G., Fink, D. G, Roh, B. L. & Fisher,
J. W. (1973) Am. J. Physiol,, 224, 442-444

8) Schooley, J. C. & Mahlmann, L. J. (1972) Blood,
40, 662-670

9) Zanjani, E. D., Maclaulin, W. D., Gordon, A.
S., Lappaport, L. A., Gibbs, J. M. & Gilidali, A.
S. (1971) J. Lab. Cini Med., 77, 751-758

key words : erythropoiesis, bleeding, hypoxia, reticulocyte.



[J. Physiol. Soc Japan (1976) 38, 240-242]

The effects of detergents on the slow wave frequency
of rabbit jejunum

Akiko TAKENAKA and Santa ICHIKAWA

Department of Physiology, School of Medicine, Showa University,
Hatanodai, Shinagawa, Tokyo, 142 Japan

Sodium flux has been assumed to be an
ionic base of the slow wave from longitu-
dinal muscle of jejunum or duodenum®34,
Job and Prosser®)d observed the reduction
of slow wave by metabolic inhibitors or
oubain and they suggested that the depolari-
zation phase of the intestinal slow wave is
attributed to passive sodium influx and
the repolarization phase to an electrogenic
sodium pump by Na'+4K*) adenosine
triphosphatase present in muscle cell mem-
brane. However, the mechanisms of spon-
taneous electrical oscillation are scarcely
elucidated in relation to the action of various
elements which exist in the smooth muscle
cell membrane. The present study was
undertaken to see the effects of detergents
on the frequency of the slow wave at
various temperature.

The segments of jejunum were prepard
from rabbits sacrificed by intravenous
injection of air. The tissue was mounted on
a glass rod and placed in oxygenated modi-
fied Ringer-Krebs's solution. The biopoten-
tials were measured with pressure electro-
des (capillaries with apical apertures of
about 0.5mm filled with Ringer/agar). In
an experiment to see the effects of tem-
perature, the recording was started after
10 minutes incubation at a given tem-
perature (=-0.5°C).

Fig. 1a shows effects of triton X-100 on
the frequency of the slow wave at 36°C. As
shown by Curves B, C and D, the frequency
was reduced, by addition of triton X-100 at
the concentration of 1, 2 and 6 pg/ml, with
time and 10 minutes later it reached a con-
stant level of 909, 80% and 70%, respecti-
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vely, of its initial level. These changes were
reversible, the frequency recovered by
washing. By addition of higher concentra-
tion (100 pg/ml) of triton X-100, the slow
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Fig. la. Effects of triton X-~100 at the con-
centration of 0, 1, 2, 6 and 100 zg/ml (Curve A,
B, C, D and E, respectively) on the frequency of
the slow wave at 36°C. At an arrow elimination
of triton X-100.
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Fig, 1b. Effects of temperature on the fre-
quency of the slow wave in the presence (Curve
B) and absence (Curve A) of triton X-100.
Abscissa @ Reciprocal of the absolute temperature.
Ordinate : Logarithm of frequency per minute.
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micell concentration (CMC) of these detergents
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Effects of detergents on the frequency of slow wave and the value of clitical

Detergents (m(g)}ﬁl) Concentration

Ratio

Phenomena

(ug/mly () to OMC

T X-100 0.5 6 9.6 1/100 6 reduced to 70% 6  rev. 6
100 159 1/5 6 completely loss 6  irrev. 6

Doc 50 127 3 reduced to 60% 3 Tev.

DBS 0.5 50 144 1/10 5 no effect 2

irregular 3 Tev. 2
irrev. 1
SDS 2.3 50 174 1/46 4 irregular 4 rev, 1
irrev. 3

Abbreviations: T X-100; Triton X-100, DOC; Sodium deoxycholate, DBS; Sodium dodecylbenzene

sulfonate, SDS; Sodium dodecylsulfate, Not: Total number of samples, rev; reversible, irrev;

irreversible.

wave fell into disorder within one minute
and then disappeared irreversibly (Curve E).

The effects of other anionic detergents
on the frequency were examined to compare
with that of triton X-100. Sodium deoxy-
cholate reduced the slow wave frequency to
609 at a concentration of 50 ug/ml and
this change was reversible. Five samples
of jejunum were examined with sodium
dodecylbenzene sulfonate (40 ~ 50 pg/ml).
The slow wave of two of the samples
was not affected and the other 3 samples
exhibited irregular slow wave. The changes
observed for 2 out of these 3 samples
were reversible and those for the other
one irreversible. Sodium dodecylsulfate
(SDS) decreased the frequency of the slow
wave irregularly at the concentration of
40~50 ug/m! and the effects on one sample
were reversible and those on the other
three samples were irreversible. Table 1
summarized the effects of four detergents
on the frequency of the slow wave together
with the values of critical micelle concentra-
tion (CMC) at which detergent constitutes
micelle.

The CMC value of DBS is the same as that
of triton X-100, but higher concentration
of DBS than of triton X-100 is necessary to
cause changes of the slow wave. Moreover,
in spite of the CMC value of SDS being five

times larger than that of DBS, the action
of SDS is same and/or stronger than DBS.
Therefore, the action of detergents on the
slow wave is not parallel to the CMC value.
The concentratoin at which three anionic
detergents affect the frequency is of the
order of 10~*M, but that of the nonionic deter-
gent, triton X-100 is 10~*M. This observation
may suggest that negative charge inhibits
the adsorption of three anionic detergents
on the smooth muscle cell membranes.
The effects of temperature on the fre-
quency of the slow wave were examined
in the presence and absence of triton X-
100. The frequency of slow wave without
triton X-100 increases with rise of tem-
perature in the temperature range 18~40°C.
This result agrees with that reported by
Job®, The logarithm of frequency was
plotted against the reciprocal of the absolute
temperature and a linear relationship was
found between these two parameters (Curve
A in Fig. 1b). This linear nature suggests
that the reaction rate of a simple reaction
determines the frequency of the slow wave.
The apparent activation energyly was cal-
culated from the slope of the line to be 11
kcal/mol. This relative low activation
energy suggested that the rate determining
step of the generation of biopotential of the
slow wave is an enzyme-catalyzed reaction.
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The frequency of slow wave was me-
asured in the presence of 2 pug/ml of triton
X-100 at different temperatures, and the

results were plotted according to Arrhenius-

equation. As seen from Curve Bin Fig.1b
a linear relationship was also found and
the line runs almost parallel with the line
A. Therefore, the presence of triton X-100
did not affect the activation energy of the
reaction in the rate-determining step al-
though it reduced the frequency of the slow
wave. This result suggests that triton X-

100 affects the function of an enzyme
which catalyzes the reaction at the rate-
determining step by changing the interac-
tion between the enzyme and a substrate.
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1. P&y oiBfcitss GABA &4 U
v ORE

WESSE, hg T, IREZ (SIRK, E,
B AR E)

FEX 70~100 pm D E/LE v F O/NFEIE
W, FAE V= HIlE L ARG A B U
5 GABA &7V v v e/ NERKEINIC R
CEERS L, BRI oREEL2 %,
e & ERHRERORE 3 L CBHRZEZR D525 -
Twd L BN HHNO S FREOWThIC/ER
SEFATD, K GABA 27V v VizF L
* V= HlE 0 B RIREIEE 2 U7os, Rotq
7 DTG FEN 78 b - Fo. FOUIEIEHRYE
GABA M7 Y v XS TH - 7. GABA
CEAHENE50meg/l ¥/ w22V X D
FHAE 37228, TEEEA U % = v Tk 50mg/l T
DRIk o7, Y Vi X BEIE 0.2
mg/l DA+ Y%=vTh, 50mg/l DEZ = b
FvThik i, s, BHkERE IS -
TEBHRZEE 5 500 pm HEN 7257 B % B K
FEFszLick-T 2 bR 5HENHE, 20
mg/lOE 7w b3 vickh GABA © k& 204
LR SN Y, 7% v=Hiao
FHa R & R 2ERIZIE GABA 7 U v Vickit
DEBEBMBIEISHLTRY, E7r b3 viE
GABA L7V v vOmMEOERZHEEL 5 5.
FH EOREBIZ IS WTHFIT AL 7 13k
BRIV THET SO EEDbR S,

2. O FERHER ORI

WG, R % BTN (B BRE
B, TR

= A EEEREIE T DI & R BR o JREC R
(spreading depression, SD) 24U % 2 %3 T
IR Liehs (RAcEEEEE 37, 35), WiEERE %o
FETRBEHEERDED» 572D T, SEE ClI-
SR IR I IR CHrEE I 2 e L o & ¢
5, XOBBEGEEY L VB>, BE—ED
SD OFENH L. Tibb, T OREYEE

JEn Rt KCl B oME (10 ¢l BUF) 21
T3%& SD BAEBNRRMIzHR) TR TE.
FERVEH T 2D 5 0IideEERZRMEIEE X 0 R
AL, EEH2mm DT o/t Rex+ 518
RIS E R & Vs 2 SD R ZE({kE
BELROERE 272, 1) 1EOKCHR T
TEC DB L LE VEL LBEEE S, ORI
1~25LErnste. 2) EHH3~15mV o
AIRAS SD -, MEOLBH LI TE, BX
RMVENPIRE L Ebh a8t 7. 3) SD
H1 ERG © Py RH5OKE XiTiid ¥ Y ZLnH
LI TR o Fo. 4) AR OB,
3, 4fh T off J[BET, on [HENEIZESh
T ofz. T off [GEFD1 v X SD
WnaE %5 L BA L, BREKEC DMz
B 5PN DTe o7, DLEofERX Y, SD F4:
ikiiaso Clr (KT o5 d k& wz &, ¥z
MR DS — 2 FIRFK I X B K oflashl
HIZZ0F 5 SD iwE RS L Tvw b L i3F 2 v
L EDSRIE S .

3. MAREKTHERE Ol mE ,
EFEERTE, WA &, ERER B O
(#k, BUEW, R £IRA B, WEIHEHRFE)

= A OWFEENAIE O KCEAIE B 31 B 5 {5
FHEOHWT, 1) 1rokFEMECEE L
7oA, CoRERROREMIET, £ OEEA
LLEABTH, 2) 131 7 DR TR DIR DS
DICHHEE 80 1 D, FFV Ik AR A L
KRS EE, TOERMFITEOREDR,
L5, BDID space constant ZPL5E, T
BHOLRaT-%. EETEEEEELEIC XY,
2.5Mol @ K-citrate 2 L& T/LDH 7 Al
JNEHR, 20~30 MQ BEEDIEO d @ BFEHL
T, 60nA FTOBEREBEMES, FEHEOF
R LitRv2 7z, E28508| 0T, 640
WE LM, EEoMEe bicy v oA vER
ZRAVUSEREE, Ob<—7 LTEDOHEM
PR A AR EHA U Ze, AR AR O B8RRI RE
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T Ko 7o, Sl EA lmV DS EBRE S B
B XL, [SEA0ESEE TRk L. &
PR ToELTHoTe.

1) BEOHE, T <BEMETCBEEAON
0% OTRKIEWZE LB L B, BEEE &bt
DEAVIFE I I 1T IR 4>, space constant §X
40~50 pm TH o7z ThbbEOESD I, B
Blfs&% S oRHEmERE L 2 bhie. 2) b
DA S FIFRICEESE & & b ks, space con-
stant 13 400~500 pm T, RRiC, SGlikosE X
D, WHEESERET S & & DTHIFORY
B MR A 5 & E BB b,

4. 34 O THEBRBEL Ot & R

RS, W W, TR (K RE
W 203E)

= A DRI % iR Sk fla i L7z i (NaCl
119.8 ; KCI 3.6 ; CaCly 1.2 ; MgSO, 1.1 ; NaHCO;
25.0 ; NaH,PO; 3.0 ; glucose 26.0 mM, pI7.5)
CIF4r 5ml OFEEECHiM L, BEEMR b e
ERG Z BNl v sk 5 2 ifgs 7 »
Fo. DB L OT AT EVERY ~ L TCHEE L
distal PJ[ iz ] L temporal summation, incre-

ment threshold, spectral sensitivity #1455 L,
PITFofifa 27z,

Distal PJ[ & summation time X I ¥ iKF 300
msec, W34 75 msec, bilk o F LI %75 msec
Cdhote. = A BTN off FIEANEIRT
B, bk off k& &AW S il
< & % 200 msec BL_E ORI A v % 3505
Hodo. Bz OWTH S &, distal P T
F oIk X 17= 15 ¢V 13 5 ~ 6 quanta (521 nm)/
rod WY L, ¥7-Dbiko increment threshold
ofC O -HEARE TR E GGG 2.0 x1072

pWjem? T Bz, DB FF s X

CIRAHE s kOl X< —F L b
P, distal P[4k, spectral sensitivity X
Chx 580 nm DA M@ JEdE B ¢ porphyropsin
WV & fied T & £ B Ui, — BT
pE bk, distal Pldbizw g h Ccw b
cyanopsin UL & bE—Fw T, IR wIE
MO e A e 2 7R L7,

5. RRBEKOMHEIRINIC & B IREZED) & FKS

MO

AT, SR Bk, B )

IRE kM pEd Xh BRI S, MINT 55
A D & DR ERLE 5 T TWw B, IR
VIRB D 238, 7 Y FIRE K O F R R
IR LT, KR EF/RPFOT LTIV
W O LR BRI E U, SRS R AR O
TEH R % BhF L7z,

1, {AE25~3kg Dy ¥FR25% 7 V4T
JFEfE (4cc/kg) L, BREEELTHD, YU =
va e~ vy LR R WIREH AL, §9
2 IR 7K & SR U 7. $RIBR 1 0.5 mg/
min /5 15 mg/min Td - 72, & OGN
& 721000~y v 0.5 ml/hr ZfFilE AL
72 2. FWHBHC AR 0Amm DR Y =5 L v
L, FAROE S I X » TIELIE L
LA, iy 22.7404cm T otz 3. FHEAS
AR A oD S AU g (1 ~10V, 0.1~05
msec, 10 Hz) e J » C, (FIERSRAT 540 6
B, BT 5 ho 24, FMEELOokroTb
DLPICH o7, 4 HHE L7 PI-RISA H57K
S X B B 014050450 o
J=. Bk o> RISA JRIE VM ef RISA JREE D 1/20
~1/2 CHEERBNC X o Tilihsd o 7o, 5. BHERAS
T AR R SRS i o0 T AU T $210~20 5 [T
IR RISA JREEDEGN L7z (G54 5 filrh
L) TS ORI S, RIEZB) & GRS i
Y3 B AR R I T A R Lz,

B. JERRFICHT B MR RR OB
Sk, WU, WREHE (RN B,
Mt B o ERFOIHE, AT
A4 % OMPREs X O Ofi 4R i IRD)
¥ 1 ~90 Hz, #rh 50~300 pm ORI %
BE, TTICEET 5 AL OB 2T E
W, Wkl U T i ISR AT 5
(#s5200] | Aok I Ao PR, & o IRTIEDA
OSEBUIE 4 7T B Uiz, 1) IREAR
V3 F L 1078 g /ml phentolamine, propranolol,
atropin 1§ B X h ik d - 2. 2) 1078 g/ml
tetrodotoxin FE T T4, M EKE
IR B2 o 7o 3) IESR OIRE
Bricvt, 1RO kb BOESEEE o BN & OEIR
O T AR & iz, Bl ¢ laialigh o on-off iT
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BRL, —B#s mV OSBRI & h 7.
4) SLITHBERGEEHRT 254, EH
FHC XD L ~2mV obFrhliokcs sk
&, WEHENEHFE L. 5) Ca-free Ringer i
FCREARERERNE L, EESELRD LN
otz 6) —J5 54z Catt JREES 2.2 mM/1 9
5 6.2mM/l ECEXEEHICINE ¥ 5 &, Fhic
HRCIRESIR DBRZICR o7, 7) 2 %106 g/
ml Mo** A & 0 B SsEEIgE s st Uicas,
Bl CIRARBIRIMOC X v BRI 2 T3 L.
S50 Mot JuEs, g Catt % 4.2mM/1 &
TEASED & EREREAFREIN, REE
PRDON. PR, bhirhoR W LA
HARIEDREBEREFO—F & LT Ca*t*-influx
DOITEDBBE L TwW5 3D EEINS.

1. FEEOBRE-IURIC & & [ TEK Dant-
rolen OHE

WE fE WAREE BEETk B mod
)

IEH Ringer fp G 2B 5802 X 1 BUE-IN
HRRFHE S h 52387k Ringer #7213 Dantrolen
(13mg/1) % & A7 Ringer TIIIEIITRIE Tk
THICH b ST twich 123 ISR 5. b
fvbiuid E-C coupling D% g+ 5 -0,
KD X5 M ATy, Na*, Ca?* OFEizo
THBMAE X7z, T TRV ML PRE
LWTHBH, TIILIERE & BB % © 7w
tonic 73RJDFEA LTS, Tk, Dantrolen 1
twich 23 % D5 T { tonic response %Y
ST L7z, Na* % cholin Tk & #» % 7=
Ringer }1Cli7K, Fsk¥ X UDantrolen, Ringer
Wi d twich, tonic response & 3 7
-7z, EGTA #Wmz, Wk Ca g2 10-7M
TS 27z Ringer iz incubate U 7-fiam
BT LD OREE s 2T, BARTE A
B 5T, Dantrolen TIE&BNW5 2 & b
o7, FRETERVEE DK X I #5208 T-tuble % #
WadboLBbhs. Zhit Nat oRHEER
ZBH L, T-tuble ¥ifE® Ca % release X4 5
D73 tonic response. Th 5 &THiF, ZOHSE
WHERESNS. EhLvy AhOREETRs < &
D/hED Ca 25 SR o Cazt ZREBET LD
TH55. A SR 25D Ca? Wife ke
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#l L, Dantrolen xzhicK L, T-tuble D
Ca DBLZWHES B /e v &F2 NIEFPE/ <8
BHEh 5, BE, 4Hu/NEH& o Ca?t uptake,
release DEBROFERITI T NE S SBEERN 1T T
W5,

8. EERWEREOERLKE

FHEY (Balan=—, FEERED, 4H)

EERMHER L (1Q=22~32) 0FHAT 4 4,
ISFHETF 84, 20X BT 5 40w MIEIR: 39
Nz, EbhER, 0~2 HREWCH 3%, Mgk
P RIS Clnly, IRERED), HEBERZIERL,
B2, 3% D5k % Rechtschaffen & Kales
(1968) iz L7=ds o THHIF L7z,

L MEIRMR v, 10 oF % 591.6+41.2% (569.6+
28.24), 157FBE 561144784 (494.3::14.0 53),
20757 501.9+99.42) (424.6+14.4%5 5 4 » = NI
Z#E W L7z Willlams et al, 197412 X 2 IE¥ & D
B DT T b e EDITHEEIRBAL
(p<.05), EWH OFEEM@N & —BL T WS, £
DEIIPEBENCHRETS L ELZ DR 5. REM
MEIR D2y, 10249 14.144.3% (27.4:+3.3%), 15
SFRE 16.5+4.995 (26.7+3.1%), 20757 13.8+3.9%
(28.0+5.7%) TRA L TH Y, PHRHEIREI,
1025 18.7£10.3% (30.9::4.6%), 157FFE 21.34
10,945 (30.2::4.54%), 2077 19.7:4-12.84 (30.5:=
814 THEMLTwic. thbix, IMihgemes
OFIED WM Zh 5. 20FFHIMEREM 23 23.6%
2124 (14.6+11.4%y) T, 1030 6.6-£4.84 (185
10.875) & 1548 6.8+7.040 (161+£7.94) T~

AR (p<.01), MEIREh=R 0.87 (0.95) T,
10277 0.94 (0.95) & 155 0.95 (0.96) 17 Mt ~2 4%
Dote (P ThbiE, 20 R TNE I
HXNRTWI ERRELT NS,

8. REBRERRICS L3 EEN- O
DEREEBEAICH S FEEOLTE

ERREE, 1L E (BaaEheR, h, 3.
FR, B, FEEEF)

IEIRFERERE FPIK I © HBIBIR I D W TR RE
Brikd BV TSR, BRI AR B
BEBD BN, Uadh e o ik EE O ER S5
THIZDLEET 5D TG, OBtk nTd
RO LERT L OMAN L b, FoT
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BbRhaZEbe LT, EFRBEROZL & Rk
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TR, RS T
= —ff, B

Wic o503 %, SD FRHET » MCELD
M?Li?BE%,ﬁalﬁlwﬁsaumm&g
&ﬁm&@b,%ﬂ%fﬁ~iVﬁ7wwa?
2 b 3 M, 100 BT TR Y ST T
WK X B, MRy A 2, TIT AT A
— v sk A~ (108 & animex (241D 1
£ % ﬂ%ﬁlﬁ,f)} FalsE L, FOBERE S R
Foo i, /N, O TR VR AR i L LT
ORI B, FELRIE A T REOSIEIC D W
C8IG T - Tt EFEL LSOOV TOR
MICHRE I 2 - 7. FSSURc & 2058
Do, A 7/*/4~&Lfmﬁykmﬁﬁ
Mﬁwnﬁ&< HSEI o T D IE A

R m@?%@ﬁ&mﬁfahm

mm%cdmf(luwmm,ma [H). T MRS
(PS) o BB 2870 s, TR 1
H ORI Ui, 4 PS OB e A +

5 Ay, JEHEEO S ONE L, RO L OBDd

MG (B2 e

Wk

BVERZR L. PS Hio REM HIRRICIEZE
B otz (APBRED &C—2ThdIuL+,
£ TS - LTEH). chboffRikch
T 7.5mg/kg HEORMEMERTHD O T
B5. WHE L AR O HBRBL & b,
SEA PRI & DR E L.

1. KRR O R ERIC &2 (RERE

JNEFEAE, SRS R (EIROK, [BE, BRTREER.
JuK, B, H—sRE)

v b5 CRHZIER (AL) ORERIH
VX DB ORI B b . T ORI
AL OWEET M (LH) ~o#mil & EPH
(VMH) ~DfEflic X% &% % bhiz. AL O LH
WIS 4 (ST) 24T B0\ IPSP
w5 LA L. LasL AL o VMH {E
HEHERR I D W T VRIS 2. Ty B D
AL & ST iWi%sds X OV lics 5.2.C ST &
L0 VMH a5 S L AT 3 KRR
Z T L, AL-VMH [ijf DEERENRE & MR L
7=, AL WFsHlKic X v ST T = 2 OB

S, VMH CRBUE & il & o 7 AR RO

W%?%ﬂ A A 3 U, ST HLZR I
rm&%ww%%&/%7X&%&® WHERT
B Rk U, AL BRI X Vi EE
SR Y2 O & B Sy OINEE S B
fo. ST FZ{EHHCC SN ERL O I0 2 B
7=, AL e VMH = o~ w iz, 1) 8
W AR e < IR, 1) PRMREE RN
WAL, ST flgecrr, i) G okl <
AR, i) AR O R < MG D
Joo 1) & iv) OIMEIEIVE ORER LRI
@@ﬁ%ﬁk@%ﬂ&wﬁbﬁ R BN

HhDOTHAS. AL 25 VMH 3R B
i%ﬁ%?%ﬁ%wﬁ? oo A U i
35 10U ST AT o, BHls FR S
S B, E e AL LT & B
Seiilic v VMHE @b % BumiifE s e e &
SCHRHH LR L.

12, 4 )L @l BB ENEF ORI EE) & R D%
do L URMABLAC [ 20T
P, SRS Uk, TEEWD
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HEMIENR BB, THIXER, SRR Y
L3 2EE» 548, $72, & b B IOV ATH

FIBOREER LG DB B == v FHKIKEE

EETLLNS., SEOERIIFERE OEE) &
XSS ST RS, RS2 SRS B i
BV DEP TP, TOEF AL T,
1) |BERENARA vy 290, 2) FERE-T
ALy FRMT. 3) BEREVASV FARZERIT
By, 29 S5=LR0) QTR AEED LK TT
b, WO =y P EOWISER LI 2D
N LB {ED==y t D5, 27{EVLFE R D
B dRISERL, 55 2 MR X v v
SIS ER L. WIS Cb == s
DTSR TR T 2=y P T—HEHWEAE TS
bh, FEOBENZNICKE, BOYEL N
oo HERIERIC X D = v bR E DT
BUS O 5w PT fila (1.3 3 Ry L&
W PT fE b e ifd, MilkcE 2=y
b DEIEVI21% £ 239 T2 <, non-PT il
T26% & 2R N D - 7.

13. BEERIEFOREMFRELORE LEEE

MR-, ARE B (GUR, BERL Mk
Fi)

BRI & - T A ORI AR B
BF= =~ VIEDHBRRASh I, CNV off
2 FRGWE = o~ v VIEBOMBROTIRE L &
CEDHALM TN, T ORBERENERE LTIk
FUNWREROMIE « HEE - W5 - IS - i
R EMER ST WA, B S ATEERT
PR E 5B PHEBORTRE >V, %
PEARBERRESThh Tt vk, BROME
&5 (Bignall & 1969, Vaughan 5 1969) o
T, SEHDT A XYV NERAWTEREZTY, kO
WERAE . 1) /e Se—RFET(T0mg/kg
i.v.) CHEERTES» SIS T X 5 T, Bk
(N : 35~40 msec)-}% # (P : 55~60 msec)-& #:
(N2 : 80~85 msec) D HEMFBRBALIEE S h
7o TOBRDMR DA X VEBIZHTERE T, B
BRI E 5T Ny RZIEH TR ZE 25, 2)
T OB LIRAR I OM BT X - THEE
ZOT, WO 2REAEEEE A KHETP-N,
TRAEHERL Ny i3k o7, 3) (B MMmpREeR8
T2, 3WHEHERORE &K B # (0.3msec,
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0.2 mA, BERME) kb, WEHNE»D ©— 2
K 6 ~15 msec DXMMGIED 5 \ IXiE-fatk0H
SRR N, W ELMTEA v ¥ i L
7e. LLEDEX Y, 7H P ¥ O ERTE iz Sk
TORRUEBRELCI VT, 2%, 3KEET
ZREMLUTHET 5 5 O NEETHS LA
7.

14, > P UEBFEE DSH EEg|
FERE, BRBAR (Bal o e = —, Suep
B, T . 2 (R
DHHPT®, ¥ P~ VREREE RS R
VL) BT e MIC2HO F -3 v B kAR
{LRESE (DAH) D EAIZ 1% 5. L, 0%y Tizoun
T, BES L. FAVZBERNE, BESIC LT
FRENY T r AT ¥ Y VR (BrFA, 500mg/
kg) LYRAFATFFHNANINAFALE2Y v
iz (YP-279, 75 mg/kg) TH 5. W BEER
5 Uieas, YP-279 b i a2 50 57 i
KRGHRZZ 0 DAH %S % i KL<,
BroFA Wbl & RS ORI i E S 5 DH
BMET S, TOfE, BroFARIR &Ry
T FvF U voRdE 4 T, YP-279 ik o
HBDINT FvF U vEEb 35, Eyom
(BAEEY AF—Lu/Lr—R) OHOIENENTE
SO AL, WV ~UL X ORI 351330
B BIED 57z, BrFA L YP-279 050 X -
TEIEEBSRA LT, Ty VREBREZXDET
F7z. BrFA $%5. & YP-279 5.0 X % KIS D
WANOTEEETR 2 » 7028, ZEEE
12 BrFA 5 0EEOFIEEICEL, KGO
BERAEDEEILE - Tk,

15, FO{LREVRIEIC & D SRR R

ARAuEE, REIRFER (Fok, B, $—4H)

Wh B OMERMEEZ N L CORE{RE S 2 5 2
ERARMOZ ETHBEY, ThicB5T 35D
B <5700, HHROELRINESRZ TR
57z, Nembtal B T O A 2 itk WTC, NHEIBEE
M~ % v, Compound action potential
1ZAd componentZHH$ 5 R E DL E T, )9
THEHCE BRIPREOHEASEHZE SN, com-
ponent PMUEBT HFEGAELL <k, Krhicid
Kl bhbhidywE ETHEIRLIZDH» 5
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@ As, Cigftprhicid “polymodal recepter” 2%
FET 5 LRl LTk, 40, BH—RE
SRS RO B C, T h B @ “polymodal
recepter” i F % O &3 & Lic{bFmEz 1A
WA B L, RS 2 HEE L . 45% D
NaCl OFjic & 0 IEEE R LW O
W35 L, 60 mM KCl, 1 gg/ml brady-
kinin TWX# LSRN L7z, 1SBRIT & O
TR & polymodal recepter (C-unit) D158
[0 L OREER N unit WOV TR LehO
LitiE L&A, ¥—7 Wi B F T O,
RS DRI RV 23 A B T A%, latency
LR RIS DK & X G, W oI
s B % Bf. DLRofER XD polymodal
recepter ORI ~DRE 23 <SS,

16. REEIEICHITDRERAT

W BhERE, WD (RROK, B RUHL
A1)

WA SV o TR BRI D 2R L
Dl Tk aEe bCHIIRC XD PR
SEASH B IR T Uy BHREDIR 2SR T 5 & B
Labhb. o TR SO X SHIET
g B BRI B ST B R s 5 & LT, MR
Bkl b Lz = O EAEE R T Oflge & T
Wb, TEEN = o — v VORI A A 7 AR
S B ISR R s o Gkl CRlgE 4
< BTG T AR v ) e XD e s
Wflie i, Finvh bl XY, A
DHEBF L0, TCEEShS SO, P
W, o ERE (191000 2 V) b
<D R 50 5 b Ok EnA b, Lk,
S N o b R T T B ISR R & U
Wi OMNRD - Tn. T, LD ORI
i PR B D *‘“MMD) VA B AR DRI
”"]Jﬁ“{iu?’}“b H g‘i’x” b ‘:Nﬁ(rﬁkh%
VP ’%*ﬁi)\{ﬁ%»,‘d‘ﬁ A, AHI A 4’*?‘/&7%%!33
BIEBEOE N S D5 VPL Ao wvbd %
Ba, Moo S DR, F‘%iﬂﬂﬁ?@!}iﬁi‘i){:ﬁ’rm
T C e AR C AR & D © Rk
Ehits. ERMBOEHT = « v VT S8
DL, FOMEICs S RO
[ A S DA NRB R F 4 Wi

17, EFTfids L CRIBEICHIT2HEREE
%ﬁ%
W RE Al Egsk

'\5’/4
gct 2

: %,
(ekik, B, SONE, 4)

e b OEW AR T IR R X TS

BT X o TS D, — RSN,
%ma X BERrh kB d b, 22 LT
B X AR T b T SRS
hTWs, COX5RITERDOERBOYAITD
VTR s X S AR OBlE X b R E
L AHI.

PER VL e U 8 A5 R RN, T I
(A, (B) T DR IERELIBIIL
7B, © 2 EETTS . BOIEOEEEI
IV AEE L7250 7 v AT ORlERE
EF L, THOHLE ORI~ ORER % TRk
T 5. WA, W, TR & LTk
fais, BORCEAS & DAL ORI, R X UK
Bfgi s o/ EE il 21T s - 7.

S XU ES IR oo R T
0.08~0.3, 0.4, 0.7, 11~14, 2.8~4.0, 8~10
Hz iz o O EREAE b0y A2 b T
AR ZBR B, LD 0.3~04 Hz [ZIFHE,
LI~1AHz OB eh vl s < L3
Bipic i, RE R A R b T
W8 ~10 Hz Oy, SEE A O IO D
WESH T DI E Tty & LCBbh, ¥
i 2.3~40 Hz o kEiev L LTRBR

B, S OFEFREERETH 5. 8~10Hz
D RO HR 4 vk physiological tremor Ol € &H
b5, HilEsENG (B) oE il 8 He IR
Ea ol TEbh s, bhvbhiiohE s »
— X AR E A, LA, ZORMIEIEE
DRTAGES! AT (RGN

18. & MhEESROIERS ORI

[EIFRERE, WEACHTAY, ERRREEE (R
e, HTUEWL - 440k, BREERE, AL

b b OFGRIAER OBGE & T ORE I B
B R HE LT, W A20AOAM IR
WA ODTLEE B ~ 10 p D & v A5 il N
Eﬁ;‘iéﬂ‘ SEREEE T OB A B B O TE S
RS L. DS B ORI R slowly
adapting ¢ Velcc:lty dependent JnJSERRL,



BEDUNFT LR BRI DRI S B 130, 1
Bl EORIEBIRCEESE L, OB O
GHEC twitch 1T X D@ IRIET 5 B —s%
MIERERPR B, PEWE EPEoso
BOPLEH IR, ORI FRORGER
P BEETEE L RHSRIRIE Ta o0 LELD
N3P, TORME LTRDZ EPEEShE.

1) BB BRI LT 547 dynamic
& static 7 MA 7R L, dynamic index 375
HERDEEIITIE B LTI L, % ORIl
#9200 impulses/sec T - 72, 2) WEIIFTE 7obx
TN HHERITH B oA R 5 HE 12 %9 300 im-
pulses/sec ‘T -7z, 3) LHHFC ORI IC
W UTIRBEREC 11 oS s R Ek
iEi9300Hz TH 7. Do o la ikt
DOEMEEO LR R 20X LD dEVIDL
S hie.

19, FEHEEHHRORMICHERET BBEIRHRIC
2T

AR, TEHERER (BB, B, 4
)

THIRAS D 5 BWhs, BIBER E0vwhbd 5B 0
ORI, FE OB X - TR
LEEBPEEL, ThybORESINT, +h
TNOH IR ZETT 5. ChiCR LT,
FIRHTH2EEBR, HIEmTE, F0ks
TR DIV, SRR R L
Th, ZOFEMRPTIEREERMENEIR LA
EVbTWS, FH DN, FEER LRy & ¥
ZHv, —flOBEEEHmRE o, gL, £
DY 2> 5 B — iR OB & 56k L 7s
Bo, RO THEZRI 5KEI, ¥7 A
FREL DBV E L, EREZEGHH 50
REEEREZES L, TRICST o8 HmEL,
R O %2R 2. BB Ok ERS 5
ML, TEECSR A BTHREE LT
5. TOMEZHET, FElonA»ETIh
oo THAAT 55, BT TEh R s 5SS
Y, FHEBOMmAEEFES Ilmm? ¢, FLly
V¥ O — BB IR MR I b B R A o
ZHEFOF T8 mm? TR % kv, EIlED
B XOHEEEROEFNCIST BT, —(@k
CEARL»FERTERV. F st 2HED
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FIEE Y 5 20 DEECF 7 7 Al » T
LTw5. JREIEE, 35010 RE 0%l
UM T, FOREICE AL T, Hlikic
3 BMEGIEBVAS, —EIT R D2 bk EE i
PR U TREAEE S T 5 S O D L A,

20. &fko CO. BEHIERICH T2 BOIRE

EEFRT, TEAMT (&RK, B, H—4H)

Hypercapnia i i (HCOs™) D BN 4z ik D
47 2B ESROM S OESTKET 5. bhvb
FUELSRICA % D CO, WMAERR IR WT, CO % H
TP A SR & A2 A U T E
WRTRCTE L7546, &0 OEWIREE (A
10~90%) i 3 1 % Bylfiln (HCOs )p oD BdhnfEs
1k, RBED Pcop FHIZEWT, ALIRRET
VEE B X VEEEZRT I LR RV L.
DS SFREFRIEBFEEDO—~2 L LT,
B> HCOs™ FIRIR 2NEIEFRIGZEE) (KT ?)
Licied & FHE L 5. HCOs™ OFRILN: Na*
OFIRINLHIANEET X » TREXh, —F
Na* OF R IB R ELBHEIREE x KO piE
WERIC X D EE SN, BEFRIXZOX S5
AF#ZHSE5C i & b, WiEMc HCOs
FRRZZEDEE505 L. LirL, EE
LEGUIRIR 75 5 0N 1095 COL IR AT 5 1 5 HCO5™
FFRINER (HCOs™ BRI /HCO;, Ml i) %3
D&, NCREHECROLAEHBWEREX D EY
&AL, —7 Nat FRE (mM/min) 233
% HCO;™ HRINE (mM/min) OHI& VX ICE
WTERAR LN P o, Lok THER Ik
W % HCOs™ FRIREE 3551 Na* FIRULR D3
CE5hDTHY, ZHIFHIANEE DT
HTRED LD EHAENE (2T
WEOED) & BIRD 0 2 ?). RER» SIEROE
kR BT 5 S LI TE R o e hd, RER
$590% hypercapnia T35V 5B D& EAS Peoy L
~LDHIR BT, MIEINERELIERIEBC X v
322tz R/ETEI0THD.

21, SV AVRE, TEMEIYEICH DR B
CO: (234 DFRREISE OHFRRIC DU T DR
INBREE—, FTHRF 8k [E T4
vV E VRREE, RENE, RRSEMEREIN Y v ¥
MIRBEATERZIEC L, BEMCCO 2BAL
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T Pa, CO; &5 L (20~250 torv) HiFRHHHE
Pk o (RWRIHE) 13 Pa, CO: O RFITH
75 T BUHIEICIE - TRURAIC R DT 5.
COLERAHORSITGLATELT, TEM
DOBIEET 5. IEHMELCORED 5 Wik-VLE
# — VR RESSRE 2 WA S, 2L D
COs 12 X BRI /IR EES. DL
= ORI L OWRE RS L TS, Bk
PHRDE S IHELLRS. ZOWREEE, kT
B <K« IERITIZIR L5 & HREANy s T B
b, o0& % OIEEMHEOE S NEEOREED)
A I AT H S 5. L LT, ChEEE
CO, DHR 3T 5 o & 5D TA7n v Normo-
capnia T & LS IRNAHE VI RE LA B O] 5
I OIIHENILIT X » CRARIIANEH S ii R
CTdhH .~ X =L OEWFVIE Aol
Womiic ks %z bivk 5. CO XL DL
I Ui R ERE E R R I S b &
ez b, MR T 4~ FoSy 20 Peor I
FE LB iRE BRI s X, ik
FIRRARIE 7 3 5 UG Ao B OZh it & M
P & DT PSR B B 2R AR R 0t
FEhich b LEZBRS.

22, BGIMFTERTTE OFEIR - MRS SR A K
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WK TR R ERET, E, 1)
BRI BEGE M4 O FEE RS o X b Ay
WAL, ok S ORI C BRI S
BhE &S IERE A BT & X S Win b
et A o—FEE LT, HofaiZiiic X
DA U % MUT &0 X ORI o 25k L )
PO &R B E L OWFRE R Uz, S
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HvE (AREEE) 2R ko
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PRI DS AR i RIS U7, A AT 2
DG « WO F I i bR A & I &
AR E R Tihb bl EiIE L
SEHUE ORI S L, FEER S 902 C Rl
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B, o7 LIJTANE o 7 % YR R R s
(749) X0 3EREHEE LCvn, D ek

%

VT e W1 739 DI E A TR LT Dkt
LShFgauc1326% & IR OB A Te s o Tz, W
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IRIE i ShFR I CHHTE U G o o B LD 5,
ST TV R X B DR 5555 < A2
AR 1T X 2 RAHESIHIE 3 T OVO RIS ) 84k
DOEFRTETI DTV EE L BRS, o7 F T
4% 3B TR Z R U, 2 8 T
DT EEINGES < LS.

23, REFXIWEYVPBELAZ2—DOVEL
VY 7B OBEEHOEHICONT

SRFL M, BEDVRRES, ZOEIEA (AW
o, [E, =
PRI & Rk & & L5
AT, e X IXEED = - e Vi
& 70 TR Sk 5 HR MR L. &
5L 2 B e o w bbb i 4 o4
TLAEII 2 v 1 7o TR B e 2 i B L 7
PR M LTw s, o = 5oL 83
K O IF AR LI X b R = h T v B B,
b b RIEETIHEROMNZ M L Tw 5
pyruvate kinase (PK) ic-oT, FO4HBHEHIC
P 5 FEREO L% 36 5K L 72, KIS X OVMED
PK g 410 B E 2 530 B H BN B CisiE
TR AT AT 5%, s e —r VB X
O IO R OB ORI R Tk
or 7 3 TN O 1/2 ¢h o 7. PRI
P KA o vic X bR 2 L bR
CWBE, A a v VTS0 H TR
DIEEALIRANE  FEF L IR L0 H BT
R A I VLI B S ) TR
PECIEBRI0RH T TR KA Ve k55571
o PK 7R b5 S B i B U TR
e TR I Il S S B 31
LW % 57 L 7. Ach 4k RAYEE, choline
acetyltransferase (ChAc) 1, Zifi= = —~w Vi
W WIRE SR X h7n, E e GABA A RRE
g2 glutamate decarboxylase (GAD) i 7 b
Vo BAFTIC S TR et = a R
VORI B FAE LI Ll . 27U TN
faicd S SHEOHES PR RS DY T
FY e MDA E SO EHZBID.



24, hFaA—-NFivckDM XROKBLLT
o R FRgRsE o I EEREIAE & s E R o E1IC
2T

AEERE (&RK, R, B—EH)

Jn=ex 7 Y v (NE, 1Lug/kg 4y +30%
M) $HER X 54 % OKkHE L REHRE TSRO
ATIRIE (P), i (Q), mEEH (R), TRIGHLER
2 DI X h % FFA (net) B0 {LaHEL .

P 3 NE 552 Lo IR I T LR
EETESE, 5K THIDTEFELLITRLL
B FRENS T 13 NE 5.0 Q 23hghn, %500
FCEEZ - 72, Rz NEESHMPRASL,
T LB L, ZOMBTI active MM
JRED B 5 C & sl S hiz, AT NE X
5 QLI P oZfhe A L, RIFET,
NE #5.C% active B EE LIRS, -
7z

Bl S ORI FFA B NE &
Bk - Tlnd 5. FERCHEATINR M © FFA
WED EFTEDT, £0EH» S net © FFAJ§
HEZEM LS, ETFIEHRSciahit NE
G REORRE w 7x 5 55, KETIEARETH -
7o, NE ORENIMmAFRENE & Rk, TRERH
THTH MO X - THEAIRABEZ B B
73§7}973> > 7z,

25. EHEEAR > - M OB AR E
SEINTE, EHEL BRET, ABEE B
Nrk—, BEIE= (EBk, B, $TNED
AMEBEIR S - M iz, ¥¥Xe woshout 7%,
radioactive microspherejkic X 0 Bl AR
HIEL, Cha2RBEEdY O Nafgirb
e Uiz, —7F, SH) IR i 5% Na JREEEE
Na A-V Qllsg L R, CheEFlickis
M LDy v I >nThElELE. 1) &
HEHIR S - IThE, BRENE» DEENE -
PEA~OMTFESERD 72, 2) BES - IF
iz, BOHAloB e b EaEsL bz, 3) iE
It L7 B IR E Na JREREGE =
WAL, U7ohso TR ~® Na O BIZR
Mk xOFE2FETEL LY. 4) M, PR
P EROBER 5 - MA 4054 LDEITE
WwWTH, £ Na OB LT &%
H LDz,
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26, [N fTHIERRS O/ \BIRENEE

o= E=AmR gl o BN E
F A

v 9 ¥ CRMITIE % 1 AROBHEEIRSTIKLE
T2 B AT 5 2 L i X D iRlER
LRI ok E, WE - LDERIRE « HE)
WRIE « ZBE « T O REREHE2TY, AMER
MATEIR I DWW TkET Lz, EIRIE « ZEER
DEERHOEEY T~ TFARBAL TRRHEL
7o, SEEREILTE] (25026 kg) DE3E DT — X
TOWTE & i,

FEHER S XOWER. 1) AR R M E 5
120mmHg ¥ TR 500 EE L, ThIER
Wiz FRT 5. 2) MBIRERFLE2130mmHg
FTRIZE—ETH D, ThEERIZmS. 3)
FBINRE y, £RIEx OBHTE, ZBFEH10
mmHg ¥ Th y=026x-+13.66 TH 525, L
DIy y=0.82x+8.17 Th o7z, THhIXERE
%5 10 mmHg ¥ TR & LT T
BrEbhS, 4) Index=1/[ilRE/ABES
SHELTHLS L, 120mmHg % THEW 52tk
ALARDBRAERIRE {ix - k. ZOTE
13, RMmEA 120 mmHg %4 & 5 L/ PNMEEGRA~
MR L CRD E2ER LTS, D) IF
& QR R TH B &, MR R LR
B E T B & ERIE « IEMREILE L B
L, L2dWEDLII/NELRE. 2D LR,
< HJETF Hhafi « 3 H o b L PE A5 bR U REIRCIR AR
MNE L& EHERITRV ST L EBERLT
w5,

21. MEREIEHC d6(T 5 KRR IR O ENRE

ey FOEN O (BMNK B, BT
KEBEHIR (MBS EIIRO—IT 2 &) DOBEE
BEN, XX Lo RISk OTE & 1
B UME A 7. EARERCX D, viF
DI IR % I U CHRIE 2 B SRR E
TR ZE %, RN CERE FEB S8/,
REBEHIR > S MG B R IR RN 2> 1 TR 40
mm b DHHEL, MMy == — LV EEAL
U3z itk - TIENARELEEEILOT
T UTEE L. ERA v ITERWEEOmIRE
LA E IR T & I8 X W RBEIRNER 2,
10, 18, 26, 343 X042 mmHg OEGIIRNER
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e, FhFNRONEEWTERILERIEE 5
REEFCTE L SR TROME L 2 2. 1) R
PUEDS 10~34 mmHg D, 9 ~10mmHg 2%
T HRKOFIERIES 2 bz, SBREDN 2
mmHg OF, RNEOIMIEN T % @ E134
mmHg Th o7, 2% D, ERBHEHIROGE
EDEVHNECEWTDREVAERLERZ b1y
foo 2) KEBHHIRD = v 75 A 7 v AV kISR
WRDZH X DS WEZRLZ. 3) FHRAE
HOZHLIEPEN 18 mmHg ORE L AE <, |
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PR &SI 0, KRBEIRIEZD - < b EHmL, %
SERIBICET 2D 1 ~3 58 pd 57z, TO7:
&, EIGHEERIRE phasic 7o IEMHIHTH -
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PR E D o Tz
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U TR 24770 o o MIUE R FE & ki, 3R
Ry C ORI 4 OB R i Ll B X b U
Voo FE T UE &GS s S AR S
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@Jﬁ L& IR R T B B IR O

LG AL b T Ao F o~  DTERIC SO E
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DIERE 2 7

R % —E T U0 M IR ES I b B A ZE 25K
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ik PB b+ 5. ok DPH 249 LTw
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FHILLEofirh PB A L 755, '

Lz 5&%%%%%Mk%@i5&m$A%§
(REA T 2T O F) b LSBT,

L AR e e S s, M%@@E&ﬁ@
WERE R R 2 S B A D MR b o 3R IR
(il FpBE e R A Y) 2T 5 BRI cdh 5.
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T8, AEFERE S & ORARNY RS I R
BELZB T, FLCHEE, WHEEoESIZ X
> THHL, ®5VIMEREEZ R WERITES.
b b2 EDEWOEDOFROERE & A B D)
7 BIFZE$ %5 DI species physiology & AT X
WiEA S, {BkOEEIRE, MlE, fEE TR
B TLTEIBRGTFUVILOEHENLFERL
Fold, 5, (AR DEFMAES, BOAMEE
BARTHZLIBETHSS.

3. FARDRERNLZDISH

RREW, HREE, HE A ERE- &
KR B (KB, B, o)
AFER D % vy R lipid OH5F v <L D
EZPRRNDLFHEELT, <AvLhTW 3
steady state ToOHIOFEMMMEETHE Y Tk
V. EDIZHES LTH- UL AR X B BEDOR
TR LR hIER S v, SEEH 7
LS — FERIZ 3 % sampling JEER W TEER X
OZ DG EDIMEZAE Uk, 05 m B3
¥ LU X 5E A% deconvolution 3% 7z
& moment JEEZFHWTIT-7. BT ALY
BELTTATIvEonor43%65% (ANS,
DUS-AZIRIDINE) Zi5&S%7cd D&H .
BHERITO T LT 3 VoS I bictE - T8
5 TRP O 7 1 RFMIbOHHETRDLID L
—H U, FRBBOEMEIT X -T2 Ko ofsk
Pihe LTRSS NB T EMbhr ot r10fE%
EREASEIHBCELTE, A REMLED
o FDEE DFEMR 25k 5 2 LR TE .
T DEfz DIEFIREH O ZE LR 5F D 3 ks 0%
L2 X <ML TH D, SHBERELRE2HNS
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HEEB= v 27 2 VA (Gm) DU # % b h
7o SERESL CI7 BEERTER O 1/10 1K X155 2,
2 5-HT @55 1%k L 20K mV OR5 i 2 75
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S7c. FIAAMKY JEER o 5-HT @Sl g
BUisdole. FoZ O ORI & BRIk
T % &# mV @ inhibitory junctional potential
(1IP) MEF X hiz. o P 1% Cl--free Tiifilis
L, K¥-free TRZELLAd -7, BEHEAZELE
BXh, zo IJP X —65mV L -~ LCillilis L
7-. 1077M BOL 148,
HCHzv§'hd 2 oUP R AT 7 = » 7 L7z
PR R 1 0 TP 2538+ 5 HII M O3 H)
Z o= R YBBOP T, D= o — ' PR
Hirp O—E DS —FEEL, ThENTOR
FHANDEKEERG 2T L TWBZ &b otz F
L TEH Witld electrical coupling & LT\ 7z,
FLTZOWH = = — v VOIETI B THRE X h
% IJP v Cl -free Tififx L, BOL 148, cypro-
heptadine TH[WHIC 77 vy 7 Zhiz, ThbD
FEBRER XD, e URBES ORI AR (R
THEHI) DISED = o — v VANERYEA R Rk
U, 5-HT 22 ClIm Bl 2 ik 52 L ick vk
ThHEEZLND.

1075 M cyproheptadine-

33, 4 OBHRENIRZETOBEIERTL
WEFBERE MR %5 BIEEEE (£K B
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2 A OBV RIS OB 8 F 2 354
L5 o TW B, BRI o v T o
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FERF LS U 2 7-25(B DM 2 B O T LA
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T B ORI color cell D ZHbHT X 51
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bhbo b, Fiz, EEELZE 75 EbRE
MO, Fl2IEEIEEE TR
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LHT L, mERHLh.

34, BEMHRERIEREICE LIETARIREA
D7 /BBEETAOHE
fniE B, ORRROS, FIERE (GBIRK R,
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BT LT =2 ) YHOWMEN A v & — 214 r
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1) EE A v o S R < BB B LT Sl A
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BTN T 2 ARG L, B e
BsHE A 2t e S L2 58T 5. 0
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3) FRAEH: A v LR RS I X D
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SRR DA E <

36, TTX [C & BH4MFIIRAE[C (T D abortive
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PIEFE, G (oK, B, TR

TTX MM RG22 52 210X » T, I=/
HiER B ORDRHESR 4 1 abortive spike (Ab)
DLINFEE L, (2 spike MRS Uin w23
KHEZ ST T & 5. ZORETHI{E spike
(An) 2% DRATZ 2T 5 25, WEThich
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TDrE Ab 13 An SIS REELT
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WAHB R EBbhis, & OME
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ZIFE LIz, 1R o process O i HO
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15 (), —EOREFEHNNC B 52 08% ny &1
L&, FWELETT, 4% process I TH L L
OGRS 2, 1) T () BEETkE D,
2) i i B0 G () WERATH D, 3)
TEOL L jwmiwy LT ng=nyg, L ()= )
PRI B, L SEMSIEOREZREIN 5 &
LAVTE S, PRIAEIZ S LT Ab T An D
B LIS TH - 2 2O T EVE Ab RO
Mg iy r OV B LT w5 2 Bk
L EEbbh s,

3. 9 5 AERNEROBHEACOUNT

Kb v FANER, REFZE FESEO
(IR, 5tk

H T AN D W T BRI T &
LA O IV I X O & TRHHEHT & D BIER & B
S U7m. OPEHE IR (ki PD-5) &
vy, #4510, P9EE 0.5 mm DA Vvl A5
B, G s A B L Lc e L
Foo TEBIEIEC X AE T, e WL
oS DR O A A R B IR % R L7
FAREEE B F /NS LB R DR < 7
3M KCl LBz 2 n T,
Ringer, A Tz (ASW), 8 M-KCL - CHERE 2 ]
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