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Experimental studies on‘ binocular rivalry by flickering-method
Tamotsu Somiya and Kazuko Somiya -

Threshold value of a small light patch increases as it approaches in distance a given figure
and-CFF becomes larger as a small flickering patch nears the figure. These two results are
opposite each other in terms of light sensitivity ; since the raise of light threshold is the
decrement of but the increase of CFF means the increment of light sensitivity.

One of the authors explained the contradiction on the basis of on- and off-responses in
the human fovea measured by means of psychophysical technique and proposed a theory
that the light sensitivity possesses two sides, r-sensitivity and k-sensitivity.

In order to test whether or not the theory is true, the flickering-method devised on the
basis of k—sensitivity was applied to binocular rivalry phenomena. The results obtained are
shown in Figs. 1~6. They suggest that r-sensitivity is a fundamental factor of visual

perception.
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Voltage clamp [CH T Z3BESILFHEERBOIESE 612 816.5-083
H H JE

Current flow under the voltage clamp through the electrochemical
system of iron-silver nitrate or silver-nitric acid

Jun Tanaka (Department of Physiology, School of Medicine, Gunma University, Maebashi)

The current flow through the electrochemical system, the iron-silver nitrate or silver-nitric
acid, was observed by the voltage clamp technique.

1. Under the depolarizing voltage clamp only outward but no inward current was
observed. The time course of this outward current was similar to that of the inward current
produced in the iron-nitric acid system under the same condition.

2. After the application of depolarizing voltage clamp of a certain intensity to the iron—
silver nitrate system for a certain period, strong inward current was observed. By hyper-
polarizing voltage clamp inward current decreased simply with approximately exponential
course.

3. The outward current flow under the strong hyperpolarizing voltage clamp at first
decreased and then increased. After the clamp was interrupted, the current increased for a
certain period and then reduced.

4. The inward current occurred by application of hyperpolarizing voltage clamp through
the silver-nitric acid system showed a similar course to that of “action potential” observed
in this system.

From these experimental results, the author confirmed that whether the inward current
was produced or not in these systems was dependent on the intensity of the clamping voltage
and the potential generated at the destroyed site of the membrane by the voltage clamp, it was
not required to consider selective permeability change of the membrane under the voltage

clamp.
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Fig. 1.  Records showing changes of the outward
current due to clamp of the depolarizing voltage of
different intensity, which became stronger from
record 1 to 3, as 1.25, 1.49 and 1.54 volt respectively.
A represents the time marker (20 msec) and B onset
of the clamp. The iron core used was 3 mm long
and 1 mm in diameter immersed in AgNO; sol.
(2 %) containing small amount of nitric acid.

Fig. 2. Same as Fig. 1, except that the con-
centration of nitric acid in AgNO; (2 %) sol. was
little higher than the case in Fig. 1, and the
clamped voltage was 0.84, 0.87, 0.90 and 1.01 volt
in 1, 2, 3 and 4 respectively.
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TEI v clamp BENH SHMELLRIC K R
i clamp i DO K/MC ko TER P - 1B D
BB LB 5. Clamp B S—EEL
TOBECIBENNES VA L FRECHIE
5 e REBIZ R B s 2 clamp IR S 5 k&
S EOBAICIEZ O system IR BEIEE
L ELlOREY & 2BHEIABE bR 5 (Fig. 3-
1, 2, 3). Z DA clamp BN E VHFRE
BE LD L EREETE» .
2. WBMEERI clamp L7254
BOWEBET clamp L7zHARIEBRD
TR B B T clamp OFIH I B v T
capacitive surge & RS 5 —BHEOBR
Ko TeBFh A LD &R S I N & B AN

Fig. 3. Records showing the outward and
inward current during and after the off of the
clamp of depolarizing voltage (0.72 volt) of different
duration, which became shorter from record 1 to
4 as 800, 300, 100 and 80 msec respectively. The
others were the same as in Fig. 2.

& (Fig. 4) = 0EWRIZ clamp BEA A S VT
ER& v fFL2ofRIC AN CERS—
RIEKERTHRA BN S (Fig. 4-2, 3).
Clamp # 1 L7z d & OB OFNE & sy
B¢ clamp #if o A/ MBI FREKICB VT

Fig. 4. Records showing changes of the inward
current due to clamp of the hyperpolarizing voltage
of different intensity, which became stronger from
record 1 to 3, as 2.1, 3.1 and 3.3 volt respectively
The others were the same as in Fig. 1.

Fig. 5. Records showing changes of the inward
current during and after the off of voltage clamp
(1.52 volt, const.) of different duration, which became
shorter from record 1 to 4 as 700, 300, 100 and
20 msec respectively. The others were the same as
in Fig. 4.



flifi——Voltage clamp iZ#{4 % B KL HIRIE 510 o IR 1% 951

R T, SRELEOFKHEST 5 system ICEHR %
MLCINEFRT LA LIAAL Y RETH S
(Fig. 5).

B. SREMEEERIZOWT

1. B HatEEFIC clamp Lizigd

A REHEFEIE T clamp L7 FA Iz BTl
THHBOREIZ X - THLN 2 BRZEILH 5
BERK 5.

THER D IREE M/ N TH B A% clamp
BEBCRLECEA T clamp 245w 3 LA
EEMRP B b clamp 2 H1k L& idific
P & BIRIC /A B, 2 ORIE ML = 5 %
KERER L 2BABL O IR ET - e
RoNBEROBBLIAL EED D Z LM
(Fig. 6-1, 2). JFLUBEMIEFICRCE A 12 1%
clamp BA#AE4% capacitive surge % E{&é b
BIRD D B o - o0 & BRI Ok
LTEDE E#e3 5. Clamp 2H 1L L7480
- EETEESF A L EDb b (Fig. 6-3).
TOd LB OB BIEEEC clamp LTH
VT DR IR 12 & 2 B clamp BE %

T~ , "
—B
1H0OmA |

Fig. 6. Records showing changes of the outward
and inward current during and after the off of the
clamp of the depolarizing voltage of different in-
tensity, which became stronger from record 1 to 3,
as 0.42, 0.72 and 1.25 volt respectively. A represents
the time marker (20 msec) and B the duration (100
msec) of the clamp. The used core was silver wire
2mm long and 1mm in diameter immersed in
nitric acid.

»

WL Z20o%BoOEE TR LEAIERIT S
BROBREIT Fig. 7 1R TM ThH-TZ

A iE clamp BIE 2 #83 L FIRFICAES R E v

Fig. 7. Records showing the course of current
flow with increase of the clamping voltage depolariz-
ing for 120 msec form 0.5 volt-to 1.51 volt in 1 and

from 1.0 volt to 2.01 volt in 2. The others were the -

same as in Fig. 6.

Fig. 8. Records showing changes of the inward
current due to the clamp of hyperpolarizing voltage
of different intensity, which became stronger from
record 1 to 4, as 0.74, 1.36, 1.60 and 1.70 volt
respectively. The others were the same as in Fig. 6.
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S E BRHS TR L 2 SER 2 IS LIERE
FOBBFETHEAR L ZO%RITY 500D T %
73, clamp FEEE b & ITR LIHAITHEER
& WA O surge RNEDLNWERIMO 5 Bk
MEFRIZEB.
2. @A HEIEB A O clamp DA

Clamp EE 25/ S WiEA1E clamp O BRE & 4k
A E surge BB S BEHECEILE
DT & —EEOBRPFFRT 5. BEN
Rk i clamp BA L i K& VAR E
o surge RNEbLNEDEICH 2EE TR TS
DEOBITHERIY B b IR T B D
%, E5ICHABEABEERTEBLEORIZY

BRI LTEIGESL . AT 2BREN.

Bhh 58 5% clamp BEAKEVIE LRV

Fig. 9.  Records showing the current at the onset
and after the off of the hyperpolarizing voltage
clamp of different duration, which became shorter
from record 1 to 4, as 600, 300, 150 and 50 msec
respectively. The others were the same as in Fig.
7.

(Fig. 8-2, 3, 4\

Hlggk 2 VWEBET clamp Lo capaci-
tive surge L Rf&S 2 EEDO BRI - otk
MAkEVABIERIERTS L RBAIE
WTHEA QRS T clamp IR LEBERE
clamp %Wk L7zl fic X » T DB OBZE
BT RS,

K& VN E B T 5 HIHIC clamp &
ik LA iddmE o (Fiab b A E)
capacitive surge BHbh B0, KEVAME
LA Licfkic clamp ZHIE L2BE I
MR T A N X BIRASFIC L BT TE
LM Ic s b B X ) nEROBRBITHE D
Wi o 7o (Fig. 9-1).

% #®

BT & X IORAZD LI EIHRRIC
B L BESER % LT voltege clamp % i
L7z BAe BT 2 BRORIIC OV TERET
Fz OFER Ly Hodgkin®® 2 offy o 52 F °
giant axon {2->\T voltage clamp #4775 -7z
BAz b ERER L R B LIE LB
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theory Ic 12 b D L 3R A ZHEHAEE 2 3%,
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HoS bk L REERERIAI R IC IV TR E
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BT AR EDORP P BIE - &Y Lk
B %R —BAMICIHD T 5. TAvEER L FHER
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Slow potential changes in the cerebrum related to
frequency of flash stimulus

Toshiyuki Ozaki, Sechiko Sasaki and Hisashi Itoh *

First Depariment of Physiology, Faculty of Medicine, Hirosaki University,

Hirosaki

It has been studied in details by Sato et al.®
that there are evoked electroencephalographic
(EEG) responses caused by rhythmic photic
stimulation, which are known to drive the
response of the same frequency as the stimulus.
In our previous investigations?)39, on the other
hand, it was suggested that. the negative shift
of slow potential (SP) in the cerebrum during
rhythmic flash stimulation may be closely
related to photically evoked EEG responses. It
seems to be very important to clarify whether
this negative shift of the cerebral SP changes
elicited by flash stimulation is related to any
component of photically evoked potential or not,
as indicated in our previous reportd. The
present experiments were furthermore per-
formed to study this problem from the stand-
point of changing the frequency of flash stimulus
delivered.

The SP changes between the cerebrum and
extra-cerebral reference point, such as the root
of the nose, were recorded unipolarly by means
of a 'SP recording techniqueD4 through non-
polarizable calomel electrodes and a DC chopper
amplifier with C-R filter preceding from
depilated scalp of the occipital region of
unanesthetized or nembutalized rabbit during
rhythmic flash stimulation at different frequency
of about 0.5, 1.0 and 2.4 per second, whose
intensity is 1 Joule in electric energy given to
a xenon gas stroboscope. In addition to cerebral
SP changes mentioned above, the electroence-
phalogram (EEG) and the average response of
photically evoked EEG - responses were also

. traced simultaneously. The average response of

photically evoked EEG responses, that is pho-
tically evoked potentials, were obtained by the
Average Response Computer, ARC (AR-201,
San-ei Sokki Co. Tokyo) and, if necessary, the
* BUSELT « o4 AT « GHE A BARTA
(Received for publication July 29, 1968)

digital computer for data processing, Mediac
(MC-401, San-ei Sokki Co., Tokyo) was used
for the determination of the latencies of the
response.

In Fig. 1 are illustrated the SP, EEG and
the averaged evoked responses of evoked EEG
responses during rhythmic flash stimulation of
about 0.5, 1.0 and 2.4 per second under the
awaked resting and moderately nembutalized
conditions. In the awaked resting state, as
shown in Fig. 1 L, there were observed con-
siderably marked negative shift of cerebral SP
changes by rhythmic flash stimulation of 0.5,
1.0 and 2.4 per second. In averaged photically
evoked responses, there were recognized marke-
dly the secondary components with peak latency
of approximately 110 and 330 msec by every
flash stimulus of 0.5, 1.0 and 2.4 per second.
The primary components of averaged evoked
responses, that is the initial triphasic sharp
deflections with each peak latency of 23, 35 -
and 54 msec, were found to be caused most
markedly by 0.5 per second, moderately by 1.0
per second and slightly by 2.4 per second flash
stimulation respectively. In the nembutalized
state, on the other hand, as shown in Fig. 1
R, there were found no marked negative shift
of cerebral SP changes caused by rhythmic
flash stimulation of 0.5, 1.0 and 2.4 per second.
In averaged photically evoked responses, the
secondary components of averaged evoked
responses were considerably decreased or almost
completely abolished in amplitude by rhythmic
flash stimulation of 0.5, 1.0 and 2.4 per second.
On the contrary, the primary components of
averaged evoked responses were observed to be
considerably increased in amplitude by respective
flash stimulation, although no negative shift of
cerebral SP changes was recognized. From the
above-mentioned results, it was also concluded
that the negative shift of SP changes elicied
in the cerebrum during rhythmic flash stimula-
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Fig. 1. Cerebral slow potential (SP) changes, electroencephalograms (EEG) and averaged
evoked responses (AR) of evoked EEG responses during rhythmic flash stimulation of 0.5
(U), 1.0(M) and 2.4 (D) per second in an awake (L) and moderately nembutalized (R) rabbit.
PS shows photic signals during rhythmic flash stimulation, and the last signal indicates the
20 th flash stimulus. In the SP tracings, shifts above baseline are negative, below positive.
The P and S, which were indicated by the arrows, show the primary and secondary com-
ponents of averaged evoked responses respectively. Each vertical line of right angle indicates
100 £V in the SP, 50 #V in the EEG and 10 £V in the AR, respectively. C: Control tracings

before stimulation. S : Tracings during flash stimulation.

tion was not so related to the primary com-
ponents, but to the secondary components of
photically evoked responses.

References

1) Ozaki, T. and Fujiwara, K. (1965) Some Observa-
tions on the Determination of Cerebral Slow
Potential (SP) Changes. J. Physiol. Soc. Japan.,
21, 416-417 (Japanese).

2) Ozaki, T., Fujiwara, K. and Itoh, H. (1965) On
the Cerebral Slow Potential Changes during
Rhythmic Flash Stimulasion. Proc. XIVth Ann.
Meet. Japan EEG Soc., 235-237

3) Ozaki, T., Fujiwara, K., Itoh, H. and Konda, Y.
(1966) On the Cerebral Slow Potential Elicited
by Rhythmic Flash Stimulation. Proc. XVth Ann.

Meet. Japan EEG Soc., 68-71

4) Ozaki, T. and Itoh, H. (1967) On a Modification
of the Equipment for Determination of Slow
Potential Changes in the Cerebrum. J. Phyisol.
‘Soc. Japan. 29, 666-667 (Japanese).

5) Ozaki, T., Sasaki, S. and Fujimori, Y. (1968) On
the Cerebral Slow Potential Changes Caused by
Rhythmic Flash Stimulation, with Special Refere-
nce to Photically Evoked EEG Responses. J.
Physiol. Soc. Japan 30, 183-184

6) Sato, K., Ozaki, T., Mimura, K., Masuya, S.,
Honda, N., Nishikawa, T. and Sonoda, T. (1961)
On the Physiological Significance of the Average
Time and Frequency—Patterns of the Electroence-
phalogram. Electroenceph. clin. Neurophysiol,
13, 208-215




£J. Physiol. Soc. Japan (1968) 30, 957-9583

Evoked EEG responses to rhythmic flashes in
eye-opened state

Hisashi Itoh and Yoshimasa Konda *

First Department of Physiology, Faculty of Medicine, Hirosaki University,

Hirosaki

Amplitudes and wave components of the
visually evoked response (VER), recorded from
the scalp above the human visual cortex, have
been related to various stimulus parameters)2)3),
background EEG activity®), visual field defects®
and more subjective factors such as attention®
and stimulus meaningfulness?. In connection
with the stimulus frequency, Cigdnek® reported
that the early components (I-III) of the VER
remained unaltered up to 10 flashes per second,
and the late components (IV-VII) following
‘these reduced in amplitude at higher stimulus
frequencies. Kitasato? and Satol®, on the other

hand, observed that the maximum amplitude

of the VER was. detected at the stimulus rate
of approximately 10c/sec. Their observations
were carried out in the subjects with eyes
closed.

The purposes of this report are to point out
the existence of two kinds of response type
from a frequency point of view and to provide
the basic consideration about mechanisms invo-
lved with the genesis of photic driving in eye-
opened state. In the present .experiment were
employed fifteen normal subjects ranging in
age from twelve to sixty four years. Photic
stimuli -were delivered from a xenon tube
affixed at 30 cm from the subject§ opened eyes.
The stimulus intensity was one Joule as an
electric energy given to a xenon gas stroboscope.
Interstimulus intervals were two minutes. Recor-
dings of the VER were carried out by means
of computer averaging technique, being moni-
tored with an ink-writing oscillograph. Analysis
time was 250 msec or 500 msec, depending on
the experimental condition. All subjects were
instructed not to blink during each train of pho-
tic stimulation so that the fronto-polar artifacts
of muscular origin could be minimized. There
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was, to some extent, intersubject variability of
the waveform, but an accurate replicability of -
the response was found in any one subject. In
Fig. 1 are illustrated the sample records from
the two subjects. From the standpoint of the
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Fig. 1. Peak to peak response amplitude de-

creasing gradually in A, and maximal at stimulus
frequency of 7c/sec in B. A and B are records
from two subjects respectively. Electrode placement
occipital-central. Negativity at occipital electrode
upward deflection. Numbers at the left side of each
column indicate the frequency of flash.
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frequency response curves made by measuring
the maximum peak to peak amplitude of the
response to each flash, it is possible to divide
the VER recorded in eye-opened state into
two groups of response pattern. The one is
“non-summation type” which shows a gradual
reduction of the response amplitude in parallel
with a frequency increase (A). The another is
“summation type” which shows the maximal
amplitude at the stimulus frequency of 7 c/sec
(B). The incidence ratio of the former type to
the latter one was 7 (44.5%) to 8 (55.5%). From
the work of Kitasato, there is an evidence that
the rhythmic after-discharge (alpha-like waves
according to his terminology) makes summation
in eye-closed state. In eye-opened state, how-
ever, there is no after-discharge. It seems,
therefore, that there is no possibility of its
influence upon response summation. From our
data it is suggested that the most important
component of the VER influencing upon the
generation of different response groups is the
secondary response®), especially a positive wave
with the peak latency of 110msec and a
negative wave with the peak latency of 170
msec.

The authors are indebted to Professor T. Ozaki
for his kind advice and criticism, and to K. Iseki and
H. Niino, San-ei Sokki Co. Tokyo, who provided the
apparatus with which this woak was done.
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Cholesterol turnover in rats exposed to cold

Mikio Kato *

Department of Physiology, Osaka Medical College, Takatsuki

Exposure of an animal to low environmental
temperatures induces various metabolic changes
involving a marked decrease cholesterol in liver.
These experiments provide evidence of the
sensitivity of cholesterol turnover to environ-
mental stress if the animal exposed to cold.
Although it is generally agreed that there is
a decrease in fatty acid synthesis in the diabetic
animal, grossly divergent results have been
reported for the cholesterol phase of lipid
metabolismD2)3)4)5)6),

The present investigations were designed to
compare the cholesterol turnover of diabetic
rats liver with that of controls and further to
compare the cholesterol turnover of alloxan
and pancreatectomized diabetic animals. The
rate of cholesterol turnover in liver of diabetic
rats has been studied by Wong and Van Brug-
gen? using acetate 1-C'* as the radioactive
tracer. The results indicated that the diabetic
rat had decreased rates of cholesterol turnover
as compared to control animals ; this may be
due to a defective mechanism of cholesterol
degradation. Similar studies will be undertaken
in rats exposed to cold.

The animals used in this study were male,
albino rats of the Wistar strain, weighing around
200 g. Alloxan diabetes -was produced by the
intramuscular injection of 0.06 ml of freshly
prepared 109, alloxan monohydrate per 100 g
of rat weight to rats fasted for 48 hours.
Pancreatectomy was performed on animals
fasted for 24 hours ; the pancreatic tissue was
removed with cotton swabs to strip off approxi-
mately 95% of the diffuse glandular tissue.
However, unfortunately, we could not succeed
this operation on these rats, and so the alloxan
diabetic rats were only used in this study.
Purinal Lab Chow checkers were given «d
libitum to control and alloxan diabetic rats.

All diabetic animals were used 5 to 7 weeks
after the diabetogenic procedure, at a time

* IR« KBRIERIREE 2 AT B
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when their fasting blood sugar exceeded 165 mg
per 100 ml of blood. The urine sugar of diabetic
rats was also tested by Lilly Test-Tape M-73.
The test was specific for only glucose, but other
sugars did not react with the tape. When the
test-tape strip was matched with the color chart,
the reading indicated the amount of glucose
either in percent or in relative figures of
diabetic grade in the rats. At the onset of the
experiment, all rats were fasted for 12 hours,
being given food for 1 hour and then injected
intraperitoneally with 30 to 60 pc of acetate-1 .
-C!" with a specific activity of 0.19 mc per mg.
A few hours after injection of acetate-1-C*,
some rats of each group were killed for 0 time
determinations. All remaining rats were trans-
ferred to the cold room (+42°C) in hooded cages
to minimize radioactive contamination. Represe-
ntatives of each group were killed at 4 days
intervals up to 28 days.

The liver tissues were separated operatively
from the experimental rats. The total cholesterol
was obtained from the excised liver after
saponification and fractionation to determine
its concentration. The cholesterol specific activi-
ties were determined by the plating technique
of barium carbonate as digitonide and related
to the acetate-1-C'* injected. The samples so,
prepared were immediately placed in a gas-flow
end-window counter (Nucleare Chicago, Model
D-47) and were found to be active, much in-
excess of the background and self-absorption.

Therefore, the turnover rates of liver chole-
sterol were measured as C. P. M. /mg cholesterol
for their total activity. The specific activities
were plotted statistically as a function of time.
All these data were expressed as counts per
minute per mg and compared to the results of
Wong and Van Bruggen? which were obtained
in rats maintained at room temperature. In
Fig. 1A, specific activities of cholesterol turn-
over are given. There are four decay curves
of cholerterol turnover. These data were
obtained from the control and alloxan diabetic
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rats killed after injection of acetate-1-C!* at 4
days intervals up to 28 days. The diabetic rats
have decreased rates of cholesterol turnover as
compared to controls. If the control and alloxan
diabetic rats exposed to cold, the cholesterol
specific activities were less than those of the
control because of the defect in cholesterolo-
genesis. o

If the similar determinations were made in
diabetic rats after 3 months maintained at room
temperature, the specific activities of liver
cholesterol fractions of the diabetes decreased
in each month. Also same determination was
carried out in normal rats, but these normal
rats were exposed to cold for 3 months, and
then the rats were killed at the same intervals.
The data indicated the more decreased specific
activities than those of alloxan diabetic rats at
the room temperature. If the alloxan diabetic
rats were exposed to cold for 3 months, the
data showed the more decreased ones than the
others. Although a similar tendency of the
decay curves was observed in each group, the
exposed rats differed from the normal untreated
rats as shown in Fig. 1-B. These data were
tested for statistical differences by the t-test.
The data of alloxan diabetic and control rats
was not significant, and also the difference
between the exposed normal rats and alloxan
diabetes was not significant.

500 Cholesaterol specific activity of the rats
400 chronically exposed to cold (+ 2°C).
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With respect to the studies which led us to
these findings, several points may be made.
First, the diabetic rats differed from the controls
in having decreased rates of cholesterol turnover
in the liver. On the rats exposed to cold, the
cholesterol turnover rates of diabetic rats
decreased more rapidly and also if the exposed
time was extended to 3 months, the rates of
cholesterol turnover were more clearly decreased

"than the others. It is concluded secondarily

that there may be a defect in the mechanism
of cholesterol degradation in the diabetic rats,
and the effects of long, continuous cold environ-
ment on the normal and diabetic rats produced
the decrease of cholesterol turnover rates in
the liver. Further investigation is to be required
to determine whether the latter events occurred
as the result of, or in addition to, the space
environmental stress.
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Significance of Na ions in determining the effect of Ca
jons on the frog heart

Yasu-Ichiro Fukuda *

Department of Physiology, Chiba Universily School of Medicine, Chiba

As has been reported in a preceding paperD
the so-called ‘Ca contracture’ or ‘rigor’ of frog's
heart induced by an excess of Ca ions in the
perfusing Ringer's is characterized by regular
large electrical oscillations of high frequency
(500-1,000 c/min). They developed from small
after-oscillations following the ventricular de-
polarization and continued so long as the auri-
cular excitation, which remained unaltered
throughout, was conducted to the ventricle.
When A-V conduction was disturbed due to
hypoxia in the contracted state the electrical
woscillations disappeared and the ventricle relaxed.
After recovery of the conduction the electrical
.oscillations reappeared and the ventricle again
became contracted. Thus the wax and wane
.of the contracture were repeated. In this respect
the denomination of the ‘Ca contracture’ or
“rigor’ was inadequate and should be called ‘Ca
tetanus’. Tissue analysis revealed that the Ca
content of the ventricle was almost doubled.
Any conditions which inhibit the ‘Ca tetanus’,
such as a simultaneous increase in the K ion
concentration of the Ringer's solution or a low
experimental temperature, inhibited this accu-
mulation of tissue Ca. The most remarkable
event was that the ‘Ca tetanus’ did not appear
and the ventricle remained relaxed even in the
state of increased tissue Ca content, when
auricular excitation was not conducted to the
ventricle. This might imply that the Ca in the
ventricle acts as ‘activator Ca’2 only when it
is released by repetitive depolarizations in
response to supraventricular excitation.

The present experiments were designed to
.determine the effect of a reduction of NaCl in
Ringer’s upon ‘Ca tetanus’ by replacing it with
.an isotonic sucrose solution. The experimental
procedures were similar to that described in
the previous reportd : Yagi-Hartung’s self-

perfusing frog's heart preparation (Rana cates-
*RHRE— G . TEERFEERT 2 AP E
{Received for publication September 19, 19683

biana), isotonic registration of the ventricular
contraction, surface lead of ECG, and flame-
photometric determination of the Ca content
of the ventricle. )

As shown in Fig. 1 A the necessary amount of
isotonic CaCl, solution added to the circulating
bathing fluid required to induce a continued
ventricular contraction was progressively re-
duced by replacing the NaCl in the perfusing
Ringer's with sucrose. With the complete
replacement of NaCl with sucrose a continued
ventricular contraction appeared immediately
even with a normal Ca concentration in the
Ringer’s. The threshold Ca ion concentration
for this induction was 3/5~4/5 of the normal
Ca ion concentration in Ringer’s.

The continued ventricular contraction obser-
vable in the lower NaCl range, as marked by
the filled circles in Fig. 1, was found to be’
different in nature from that observed in the
higher NaCl range. The ECG recording in the
higher NaCl range revealed that the continued
contraction induced by raising Ca ion concentra-
tion was due to the ‘Ca tetanus’ mentioned
above. However, in the lower NaCl range, as
shown in Fig. 1B the characteristic electrical
oscillations which appeared immediately after
removal of NaCl soon disappeared when A-V
block ensued, but the contracted state continued.
Here the continued ventricular contraction
was maintained without ventricular activation
and should be designated as traue ‘contracture’.
Even when the A-V block was temporarily
recovered, the electrical oscillation wave no
longer appeared. This ‘contracture’ was ap-
parently due to Ca ions, since with a reduction
of the Ca ion concentration in the medium to
less than 2/5 of the normal in Ringer’s, neither
‘tetanus’, nor ‘contracture’ appeared. The NaCl
content range in which such a ‘contracture’
phase appeared was less than 1/4 of the normal
NaCl content ; thereby the lower the NaCl
content the shorter the ‘tetanus’ phase.
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When the Ca content of the ventricle
was determined in cases of perfusing
with normal Ringer’s, 1/2 NaCl Ringer's,
and NaCl-free Ringer's, the values
obtained were as follows : 4.6+0.5,
52307 and 7.0+04 mM/kg, d. w.
(n=7), respectively. It was apparent
that the ventricular Ca content tended
to increase when NaCl was markedly
reduced, even when the Ca ion con-
centration of the medium remained
unaltered, and a sufficient Ca gain
occurred to induce the ‘tetanus’ and
the following ‘contracture’, when NaCl
was replaced by sucrose. The most
important inference concerning the role
of NaCl herein obtainable was that
the state of the tisssue Ca was also
influenced by the NaCl concentration.
In the higher concentration range of
NaCl, the tissue Ca increase which
occurred by raising the medium Ca
concentration did not act as ‘activator
Ca’ unless repetitive ventricular activa-
tion was not induced by supraventri-
cular excitation, whereas in the lower

A .
! catt
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:E, e Ca-Contracture
2
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<
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© x5
=
=3
&
4
-
=
(Normal)1
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S0 14 vz 34 1
NaCl
Na-free
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200 A A A A Ak

RO
Ssee [1mV
Fig. 1. A. Threshold concentration of Ca ions for the
induction of continued contraction of the ventricle in relation
to the NaCl concentration in Ringer’s solution (Normal
NaCl (1)=111 mM/L. Replacement with isotonic sucrose
solution. Normal Ca ion concentraticn =1.0 mM/L. Experi-
mental temp. =25°C). Each point is the mean of 4 measure-
ments. B. Changes in ventricular contraction and ECG after
replacement of NaCl in Ringer’s solution with isotonic
sucrose solution. Experimental temp. =25°C,

NaCl concentration range the increased tissue The auther is indebted to Prof. Tokuro Fukuda for-
Ca seemed to be directly available as ‘activator his advice in carring out this work and for preparing:
Ca’ without ventricular activation. Thereby the the manuscript.

mechanism responsible for the development of
the electrical oscillation in response to supraventri-
cular excitation was also abolished. Thus the

significance of Na ions should be evaluated not References
only as the antagonist to Ca jon as suggested by 1) Fukuda, Y. I. (1968) Jap. J. Physiol, 18, 570
Littgau and Niedergerke?), but also as a deter- 2) Liittgau, H. C. and Niedergerke, R. (1958) ..

minant factor of the state of the tissue Ca. Physiol. 143, 486
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