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On the end—pléte potential caused by muscle degeneration—
“The degenerated muscle method”
(1. Influence of seasons)

mMooom

(Orapa-Katuki) *

When the sciatic nerve-sartorius preparation of the toad was bathed in Ringer’s solution
at low temperature for a long time, the neuromuscular transmission became blocked and
the end-plate potential could measurable by using the separated box.

The author proposes to name this new method of blocking the neuromuscular transmission
“degenerated muscle method”, because the muscle seemed to be degenerated.

Later it was found that this method was successful in winter, but not in summer
except when the toad was kept in low temperature for several days.

The reason of the seasonal difference is discussed in some detail.
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Fig. 1. )

Blocking of neuromuscular transmission. Toad in winter. Time is
- -indicated from the start of the experiment. The bathing Ringer’s
~ solution was replaced by isotonic NaCl or CaCly solution during the

 experiment,
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Fig. 2.
Blocking of neuromuscular transmission. Toad in
summer. The isolated preparation had been kept in
Ringer’s solution at about 10°C for five days before
the experiment was carried out. In this case the
new method failed.
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Fig. 3.

Blocking of neuromuscular transmission. Toad in
summer. The isolated preparation had been kept
in Ringer’s solution at about 2°C for six days before
the experiment was carried out. In this case the
end-plate potential could not be measured by the
method. ~
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Fig. 4.
Blocking of neuromuascular transmission. Toad in
summer. The isolated preparation from a toad,
which had been kept at about 10°C for six days,
was then kept in Ringer’s solution at about 10°C
for a day.
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Cholesterol biosynthesis in mouse tumors

o

oo

(Nakamura-Haruo) *

A study has been carried out on the capacity of ascites tumors to incorporate the CH
of labelled acetate and mevalonic acid into cholesterol. The Gardner lymphosarcoma and the
shimkin mammary carcinoma exhibited a high activity of cholesterol synthesis, on the other
hand, the sarcoma-180 and Ehrlich carcinoma showed only slight activity.

It is concluded from the present results that the synthesis of cholesterol is not an
essential requirement for the viability and proliferation of tumor cells.
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180 © ascites form & ‘shirnkin mammary
carcinoma (C3H-SH) ¢ lymphocytic mutation
% F\v 722, cholesterol @ ¥iEE # 13 sodium
acetate-1-C'* ¢ DL-mevalonic acid-2-C"
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Table 1.
Effect of substrate concentration in incorporation
of sodiuem acetate into cholesterol of shimkin
mammary carcinoma. '

pmoles of Na acetate
incorp. per gr cell x 103

Na acetate conc¢entration
g moles per gr cell

11.5 2.7

335 _ 6.0

61.0 7.5

116.0 7.9
Table 2.

Effect of substrate oncentration on incorporation
of mevalonic acid into cholesterol.

1 moles of MVA incorp. per

MVA gr cell %103 .
concentration - e
r moles per gr Shimkin .
cell mammary Ezﬁ'gifgma
carcinoma
3 234 4.3
9 287 5.2
15 250 33
27 215
33 2.0
39 96
Table 3.
Incorporation of C* of sodium acetate into
cholesterol.
pmoles of Na
. Substrate
Sample No. ggla‘tagie égﬁorf 108 concentration
Mean=S. D  moles/gr. cell
5
Shimkin
(mammary ) 41 =+1.8 61
carcinoma
5
(Gardner ) 43 =7 . 61
lymphosarcoma
8
(Sarcoma-180) 1.1 £0.03 61
6
<Ehrlich ) 0.56+0:11 61
carcinoma
Table 4.

Incoporation of C!* of mevalonic acid into
cholesterol of Ehrlich carcinoma.

2 moles of MVA

. -Substrate
Sample No. Lr;(lzlorg.lgser er concentration
Mean-tS. D. 2 moles/gr cell
5 6,0+0.6 9

cholesterol ~@® Incorporation (X wet tumor
cell 1gr »7- Y » micromoles TFb L7.
Incorporation=Radioactive counts

Total cholesterol
Plated cholesterol

st moles substrate % 1
cpm Wet weight
0. = 8B & #&

" HEOPEEE L cholesterol @ Incorporation
L OBRIEEROBA CEARICELOBEE
—5E b 75 0 B O activity OTRNIEEEILHY 60 ¢
moles per gr of cell it 12mM T - fzhs
mevalonic acid DA HAT Fic ALY
afxicEdril, MVA OBE X Y
i,

Incorporation 1% Tumor cell OFEFHIC X -
TELEH Th - LBERRIC O\ T active
i3 0 b ikactived b O 2P - 7. Bl b Gardner
lymphosarcoma & shimkin mammary car-
cinoma X icEVEREEEZE T 545, Ehrlich
carcinoma » sarcoma-180 {IMXV-ARRAEEH
L#. WL T Ehrlich carcinoma OAICIE
mevalonic acid % fEf+ % L Bk » b OAARAE
X 9 iX X 73, shimkin mammary carcinoma®
124 BB LD TE. Z OfEHE X Y Ehrlich
carcinoma D341 13 4> 5 mevalonic acid
I\ e B BRBEIC BEE A B B O Tidk e < T B
BOBRBECHEEN» D DIRICEZ DD,

N.oE m

Cholesterol®> & Ffix Tumor OFEEIC X
Lk » T 7z, Shimkin mammary
carcinoma & Gardner lymphosarcoma 1341
ECAREERE L, Shid~ v A0 Osliced
X VKRERMTH - 7o. Zhic K L TEhrlich
carcinoma & sarcoma-180 % ILiCAKEEMR D
T .

Emmelot ¢ Bosch® % cholesterol MARK
Beiz >V CHIE @ granulosa cell tumor &
sarcomatoid tumor & O & AEERI IO
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Incorporation ICEEEN LWL, B
{Z Emmelot & Van Vals® I p-dimethylamino-
azobenzen T4 U7~ neoplastic rat liver Tdb
R L D OGREEITIRD Lz e ERELT
W5,

PE> TLLEDEEL Y cholesterol O ARRAEIL
Tumor ZHRMEN D 5 LFERT 5 F R kR
Vv, L, ZUicHICiE{E cholesterol A K
#2o Tumor 2d YV, OSBRI TAME
NOXRERDLBLEZDND.

V. & e

1. E4ER &% O'mevalonic acid X Y cholesterol
DAEEITEERIC 2\ Tk Gardner lympho-
sarcoma & Shimkin mammary carcinoma %
BUAREEXAL, ZhicK L Sarcoma-180 &
Ehrlich carcinoma XXV &REEEH L7z,

2. Ehrlich carcinomam -5 12 i mevalonic
acidz WV Th, BREBRHEVEE BV,
$E - THEER S B mevalonic acid 1237z B B
CEERS B LEX bND.

3. cholesterol @& R%EEIX Tumor cell D%
F e W s LSRR LD TR .
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The afferent innervation of the oviduct, mesotubarium and uterus

&+ i % & (Aovama-Shingo)*

Studies were carried out on the afferent innervation of oviduct, mesotubarium, and
uterus in toads by recording the impulse discharges from the nerve trunks or single myelinated
nerve fibers of the urogenital nerve plexus. Furthermore, the electron—microscopic observations
were performed on the urogenital nerve plexus. The results are summarized as follows :

1) Oviduct, mesotubarium and uterus were innervated in an overlapped manner with
the nerve trunks of urogenital nerve plexus. From oviduct and uterus, however, afferent
impulses were rarely led off.

2) The receptors in mesotubarium were classified into three types from the view-point
of adaptation, namely, rapidly, less rapidly and slowly adapting;in uterus, of two types,
slowly and less rapidly adapting ; whereas in oviduct, only of slowly adapting one:

3) The receptive fields of single afferent fibers were from 2x2mm? to 450 mm? In
general, it was observed that the reseptive field was large in slowly adapting receptor and

- small in rapidly adapting one : corresponding to the rapidity of adaptation of afferent discharges,
three types of receptive field, i. e. small, middle and large, in mesotubarium ; two types, i.
e. large and middle, in uterus;and only a large receptive field was observed in oviduct.

4) In oviduct, duration of afferent discharges was longer on stimulation by air inflation
than by applying pressure on the wall. :

5) Spontaneous discharges from the urogenital nerve trunks were actively observed
in breeding season. Most of the spontaneous discharges from the urogenital nerve trunks
innervating uterus filled with ova may be caused by mechanoreceptors in the uterus wall.

6) In electron-microscopic study, myelinated nerve fibers of these nerve trunks occupied
10 to 40 per cent. The statistical analysis on 207 myelinated nerve fibers revealed that the
fibers ranged from 0.5 to 8.9 micra in diameters, of which the majority ranged, however,
from 1.0 to 4.0 micra. In regard to the myelin sheaths of the myelinated nerve fibers, they
were composed of either thick or thin sheaths. And the nerve fibers of over 6 micra in
diameter were possessed of relatively thick sheaths.
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Fig. 1.
Schematic representation of sympathetic innervation
of mesotubarium, oviduct and uterus of toad.
S : Sympathetic chains.
K : Kidney.
O : Oviduct.
U : Uterus.
M : Mesotubarium.
LNj;, LNg, LNs, LNy : Nerve trunks from left
sympathetic chain.
RN;, RN, RNz RN; : Nerve trunks from right
sympathetic chain.
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Fig. 2.
Diagramatic representation of apparatus used for
mechanical stimulation.
P : Pump.
R : Reservoir of compressed air.
C : 3-way cock connected to reservoir and tambour.
T : Tambour and rod with small plastic plate at
its end.
M : Hg-manometer.
A : Amplifier.
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Fig. 3.

Records taken from each nerve trunk showed that the central part
of innervating area was more Sensitive than the peripheral part of
that to mechanical stimuli.

A to F : Impulses from the nerve innervating the same side stimulated.
G and H:Impulses from the nerve of the opposite side stimulated.
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Ny 48 36 (76.8%) 4(8.3%) 2 (4.2%)
N, 46 27 (58.7%)  2(4.3%) 3 (6.5%)
Ns 32 13 (40.6%) 1(3.1%) 4(125%)
Ny 33 11 (334%) 0 3 (9.1%)
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Fig. 4.

Innervating areas.

Dotted areas indicate the sensitive parts of nerve
trunks of LNi, LNz, LNs, and LNy to mechanical
stimuli. Every nerve trunk innervates the opposite
side.
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Fig. 5.

Impulses in a single nerve fibers (RNj, LNg).

Discharge of impulses during the pressure stimulation on kidrey recorded from a afferent
fiber RNy (A), and on oviduct recorded from a afferent fiber LN: (B).

Intensity of pressure 5 mmHg 4 mm?---- (Above)

10 mmHg/4 mm?------ (Middle)

20 mmHg/4 mm?----- (Below)

Solid area: Sensitive area of the afferent fiber LNo.
Dotted area : Sensitive area of the afferent fiber RNj.
Horizontal dnd perpendicular bars show 1sec. and 100 ¢V respectively.

Fig. 6.

sec

Impulses in a urogenital afferent fiber RN, during pressure stimulation of mesotubarium.
Intensity of pressure 15 mmHg/4 mm?2:----(Above)

30 mmHg/4 mm?2--- - (Below)
Dotted area; Sensitive area of the afferent fiber RNs.
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ELEbns. ZoBRHRET ZLICLY,
RO HEEERILIER R R L, K95 SRk
WTIEATE. Zh B @ adaptation curve
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Fig. 7.
Impulses in a single unit of urogenital nerve trunk LNs during maintained distension of
oviduct by air inflation.
Inflated air was gradually increased from 3 »! to 19m! in oviduct.

A:3ml B:6ml, C:9nd. D:12ml.

E :Volume of air was gradually increased and at arrow 19 ml of air was added.

Solid area : Sensitive part of the single unit.
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Fig. 8.
Adaptation presented in different nerve fibers. .
Diagrams show the relationship between continuous mechanical stimuli and impulses.
A, B, C and D were taken from fig. 5 (A), 6, 5 (B) and 7 respectively.
Ordinates : Number of impulses per sec. Abscissae : Time in second.

IR oo

secC
Fig. 9.
Afferent impulses recorded from a single fiber dissected from mesotubarium.
Shaded area shows the region sensitive to mechanical stimuli.

Photomicrograph shows the innervating nerve fiber detected from the shaded area.
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3. L LBHOWS THERNE L ok
TR BEHSE b » 7. BUNEEE, T KESy
DFEEED bOROMERIZ, DX 5B
MR CERBRENI O THETE .

4) ROMEBBROLEEZENER

H2ik2 ATAEL Y, LE» 5HEDER
i ABD, ZOEILKE S LEBERNICH 5 I8
P, B OMEESNIC X Y, FEICAYEHE
Eha., ZOXHSRIRFECKBLTV5K
CRFEPRELELSR, TEESASICHL
BEBSHh T3, 20X ) mIRETE, bLF
FICHIRATEI 5 2 TROMEERE NG
X 5 IR A Bk, 10 LN;, RN;, RN
IR DB L DI, AR ERRED
BEsns., L2AN, FECEmL TS

Fig. 10.
Spontaneous discharges in the urogenital nerve trunks in highly distended uterus with ova.
No afferent discharges from RNz and LN; to mechanical stimuli.
Solid, dotted and dashed area show the receptive area of LNy, RNy and RN: respectively.
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Fig. 11.
Decreased spontaneous discharges after removal of the ova from the same nerve trunks as

shown in Fig. 10.
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Fig. 12.
Influences of spontaneous discharges by mechanical stimuli to the sensitive regions innervated
by the nerve trunks RNy, RNy, LN; and LN, in highly distended uterus with ova.
From left top to downward : Applied stimuli to shema Ay, By, Cy and Dy
From right top to downward : Applied stimuli to shema As, Bs, Cz and Ds.
The impulses by mechanical stimuli to the uterus B, D1, Bz and Dz were not clear.
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Fig. 13.
Infiuences of mechanical stimuli when the ova were removed from the same uterus as shown
in Fig. 12.
Removal of the ova from the uterus caused the marked decrease of the spontaneous discharge.
By mechanical stimuli to the uterus Bi, Dy, Be and De, however, the impulses clearly
increased.
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LN,
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: . Fig. 14,
Spontaneous discharges from urogenital nerve trunks by injection of
progesterone, 5 mg daily for 5 days, in breeding season.
No detectable changes in spontaneous discharges compared with hormone
free toads (in Fig. 16).
From top to downward : Impulses in urogenital nerve trunks, LNy, LNg,
LNg, LN3g and LNs.
Note : Relatively high amplitude of impulse discharges in urogenital
nerve trunks evoked by mechanical stimulation.

I T WO A T
LN: sassenssctaasRaRpRA e smnatamna. iy
.

Fig. 15.
Spontaneous discharges from urogenital nerve trunks by injection of
estrogen, 1 mg daily for 7 days, in breeding season.
No detectable changes in spontaneous discharges compared with hormone
free toad.
From top to dowanward : Impulse discharges in urogenital nerve trunks
" LNy, LNs, LNs, RNy and RNj.
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WD L BEIGNE {5 b Bl Spontaneous discharges and impulse discharges by mechanical
B SERERERELED L 2 e, stimulation in hormone free toad in breeding season.
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& s % Bl b DEAI0.5 Histogram of diameters of myelinated nerve fibers in urogenital
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Fig. 18.
Relationship between diameters of myelinated nerve
fibers and thickness of the myelin sheaths.
Solid line : 6 micra or more larger myelinated nerve
fibers. ’
Dash line: 2 to 4 micra myelinated nerve fibers.
Ordinate : Ratio of the thickness of myelin-sheath
to the diameter in the myelinated nerve fiber.
Abscissa : Frequency in per sent.

Fig. 19.
Transverse section of unmyelinated nerve fibers in

urogenital nerve trunk.
Magnification : 48,000,
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Conditioning of frequency characteristic repetitive response

ARG & (SiMok6eni-Minoru) *

Using unanesthetized cat or dog, conditioning was performed by application as unconditioned
stimulus of electrical volleys to nuclear structures or of flicker preceded by some sensory
stimulus (sound or light).

1. In the early stage of conditioning the enlarged generalized evoked potentials and
the following generalized desynchronization of cortex with the synchronized activities at about
5 ¢/s in the subcortical structures were elicited by the conditioned stimulus. The “Hippocampal
arousal pattern” disappeared when the frequency characteristic repetitive response was induced

in the cortical regions.

2. The frequency characteristic repetitive response can be divided into spontaneous
driving, time conditioning and conditioned response in narrow sense.

3. No characteristic can be noted between the areas where the frequency characteristic
repetitive response is elicited, depending upon the site electrically stimulated or upon the

modality of the conditioned stimulus.

4. A marked impairment in conditioning of frequency characteristic repetitive response
was produced in the fornix destroyed cats, which showed rarely hippocampal arousal
pattern throughout the same conditioning. However, nonspecific waves could be conditioned.

5. The roll of the brain structures, especially the hippocampal arousal system, which
involves establishing the temporary connection in_the EEG conditioning process is discussed.
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D ESHNE % N. lateralis posterior thalami (LP)
wE e, VIR0 BB O RIS

& B8 F 12 Gyrus suprasylvius medius (GSM),
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REERIT- 2B HICRED b s 7.
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Fig. 1, A-C. Dog. No.3.

EEG’s in the course of electrical conditioning
of the nucleus lateralis posterioris. The
conditioned stimulus is a bell sound and
unconditioned . stimulus, electrical stimuli to
the thalamic nucleus at 7 ¢/s. The top groups
of tracings (A) were obtained at the 34 th
reinforcement of Sept. 24. The next one (B)
at the 108 th reinforcement of Oct. 12, and
the last one (C) recorded on Oct. 19 is the
EEG’s at the experimental extinction.

In the fist tracings (A) augmented fast waves
in the cortex and 4 ¢/s waves in the gyrus
suprasylvius medius (GSM) are induced by
the conditioned stimulus that seen to corres-
pond to the hippocampal arousal pattern. In
the next group (B) frequency characteristic
waves at 7 ¢/s appear in the frontal cortex,
and slight desynchronization but absence of
4 ¢/s waves in the gyrus suprasylvius medius
(GSM). In the last group (C) generalization
was tested by giving a new stimulus, putting
off the room light, and the effect was

extinguished by the repetition. This is an EEG’s at the 86 th experimental extinction. Frequency
characteristic 7 ¢/s waves appear in the cortex, AR. 29 and nucleus lateralis posterioris (LP). Experi-
mental extinction of more than one hundred times did not abolish them completely, but on the next
day they disappeared. ’
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Fig. 2. Dog 5.
EEG’s in the course of flicker conditioning. The conditioned stimulus is a bell and the unconditioned
stimulus is flicker at 7 ¢/s. (A) was obtained at the 340 th reinforcement of Mar. 22 and (B) at 530 th
reintorcement of Mar. 25. In the first tracing (A) augmented fast waves in the cortex and 4c¢/s
waves in the CS; and MD induced by the conditioned stimulus last during unconditioned stimulus.
7 ¢/s waves appeared in the parietal cortex just before the conditioned stimulus (time conditioning).
In the second tracing (B) during the latter half of unconditioned stimulus the frequency characteristic
waves at 7 c/s appeared in the cortex and the EEG’s of the CS; and MD changed to irregular

spikes,
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C s Fig. 3, A-E. Dog No. 5.
EEG’s in the course of electrical conditioning
of nucleus medialis dorsalis. The conditioned
stimulus (CS) is putting on of the room
light and the unconditioned stimulus (UCS),
electrical stimulation of nucleus medialis
dorsalis at 5 per second. The top record
(A) was obtained at the 38 th reinforcement
-on Apr. 8, the next one (B) at the 134th
reinforcement on Apr. 9, the third one (C)
.C. Amm mwwmh“ at the 403 th putting on Apr. 11, the fourth
(D) and the last ones (E) on Apr. 15.
Br. C B T ey, Note in the top group (A) the synchronization
at 4 ¢/s in the parietal cortex (P) and in the
anterior part of the colliculus superior (C

’ 3
C. sup, A wu'““m NH } i Hf HH . supy) during the CS. Unconditioned response

of synchronized waves is not seen in the

C. sup MWWWWW cortex during the electrical stimulation. In
. 2 | i . .

the second group (B) frequency characteristic

- 5c¢/s waves appeared in the parietal cortex
C. sup. WWWWW (P) and 10-11 c/s spikes in the anterior part

- of the colliculus superior (C. supi). Uncon-
ditioned response of the cortex and cornu
Ammonis become observable. In the third group (C) just before the UCS, frequency characteristic
5c/s waves appeared in the parietal cortex (P), and the spike discharges at 12c/s in the. anterior
part of the colliculus superior (C. supi). Unconditioned response of the cortex and cornu Ammonis
was pronounced. In the last two groups (D and E) experimental extinction was tested, the fourth
group of tracings (D) is the EEG’s at the 5th extinction procedure. Frequency characteristic waves
disappeared in the cortex but they were still seen in the anterior and posterior part of colliculus
superior (C. sup; and C. sups). While in the last group (E) recorded at the 18 th reinforcement after
extinction, frequency characteristic 5 c,’'s waves reappeared in the cortex with the spike discharges
at 12¢/s in the anterior part of colliculus superior (C. supi).
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Fig. 4, A-C. Cat 9.

i
F-aT WMNMW EEG’s in electrical conditioning of the reticular formation

(RF). First record (A) is taken on the first day, the
MMWMN W next record (B) on the 7 th day and the last one (C),
on the 8th day of experiment. Conditioned and uncon-
ditioned stimuli are consisted of 1300 cycle per sec.

P-pT WW”MWM tone (CS) and of 10 per sec. electrical stimulation of
the mid-brain reticular formation (UCS), respectively.
pl-0
the anterior temporal-parietal (aT-P) lead, in the second

| i T ;
j he first group (A) of tracings, taken at the second
iy
t
!
Hippo MWW“M& group (B) 5 to 5.5 per sec. waves are Jed from the

aT-

o

reinforcement, are recorded 10 per sec. spikes trom
anterior temporal cortex (aT) and the hippocamps (Hippo)
i without the conditioned stimulus. The third tracings (C)
RF W“WM“MW] show 10 per sec. waves from the aT-P lead just before
the conditioned stimulus, and no synchronized waves
in the hippocampus.
A ’ B
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Fig. 5, A-E. Cat 10.

EEG’s in the extinction experiment of electrical
conditioning of between the nucleus amyg-
daloideus corticalis and optic tract of the
3rd day of conditioning. Conditioned stimulus
was room lightening (CS) and unconditioned
stimulus, electrical stimulation at a frequency
of 7.5 per sec. applied to between the
nucleus amygdaloideus corticalis and the
optic tract (UCS).

The first tracing (A) are taken at the first
extinction procedure, showing frequency
characteristic waves in occipital cortex (O).
It is noted in the second record (B) at third
extinction that the characteristic waves are
becomming remarkable, but a little slower
in the occipital cortex. The third record (C)
is taken at the 10th extinction procedure,

showing the decreased characteristic ‘waves. In the fourth record (D) are seen only the 15¢/s waves
(harmonics), and the frequency specific response are completely extinguished at the 40 th unpaired
trial. While in the last record (E), taken at the test following a single reinforcement, ‘slow waves at
a frequency slightly less than 7.5 ¢/s arise from the occipital cortex.

Note the harmonics 15 c/s waves seen from the occipital cortex are more resistant to the extinction
procedure than the specific 7.5 ¢/s waves. Other cortical waves are also influenced by the extinction

procedure.

7. 800 El#{kT CS %5zl i
CS & (UCSoiE#I) 1T 5c/s OFEEER: BN
P, O tHI+5L951i-7. C. Amm. &
UCS sty 28R R EHI BN Ic b
TSR AMEERREIA LD bR -
7.

EERIOWE R X Y EERREEHEERL, B
ORI E FETO 45¢/s WABUHNS X
5172 0 (Fig. 3, D), Higfkic & v HRBRE
BB CHBRO KA RREFORMIZIC L LY,
Z L T 25 Bt cEERRESFHR L
{Fig. 3, E).

$EH 3, Cat 9

1300 c/s DHiFEE CS L L, UCSE L THIRH
W 10c/s BRI E v, HEhT
egamib s Lz 25, &1 A B ICRISE-SEE
BEic (Fig. 4, A), BRICEWESIC, X3 AH
R R A R R S R L. Rk
2 B CREMFER & Rkic 5-5.5c/s HAER
CHIE L . GEBREERGL), T oWE Rk
Ao L, CS DOEHNCAEE R RIS

Cat No.,10

Fig. 6.
The time course of experimental extinction of
frequency characteristic waves.
Frequency characteristic waves appeared in the
occipital cortex in the case of Cat No. 10.
@—® :on the 2nd day of conditioning.
OO :on the 3rd day of conditioning.

JFE-BEEE I AR B L7z (Fig. 4, C).
s 4, Cat 10
UCS iz Tr. Opticus-Amygdala iz 7.5¢/s
@%ﬁ%ﬁ%ﬁ%, CS izt 450c/s OHiE % AV
kgl Bk T-0 i, $E2 BB
% W 3 B B RIEGAL I SR A R S B
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rBRERmICEEThERO L O I
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1) FEERREPHBRLLCS
PfFr e T, CS kX3
HREMP R CIRELZEL, *
AT e < TR BB I R & Pod:
D—IITHK 5¢/s DRNRENB.

2) T TIEERRED 5 LR
BERF RS CS #7% & Fmgic HER
T2 DB B3 (B3 O RMAERE),
CS oER (BRESMRE) KT
i CS LRI M (B Fi:
BRHAE) W CHBT DL 910755,

3) T OREERREEE I
b3 R L Y (AOY I NS T e g
BTo—#HicHEiT 5.

4) UCS Yt LToB®BRR,
B3 BOERRE S o0 HHEREBAL & 13
LRI R R HER L,
BOR UHALEHKL 7B & T
LEMWC & 5 CHEERREO B
EATIZE B (Table 1).

5) SHEERS R —E LT
LD LEEPRETH 22, —
HEEh 20, S3ERICHEE
EnTval L bEAREBERE
TR ok, L L) bl
FOBERILTHBELES.

6) SMERUG & LT ORI
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Table 1.
Preq. charact. Hippo. arousal
animal| cg ucs waves Pattern
Yasition | Pragnancy in in
tat 3 1320 /s RP 10 ¢/s T,RP(10¢/a) |RF,Hippo(50/8)
one
Cst °L | 11ght on NR Cin RP(Le/s)
Cat 12 1520 c/s NR 6 P,P,0,RP(NR) |RF,NR,LD-MD(Le/s)
one
Cet 103{1000 c/s MD 9 m R, Amy,CC, IR
tone . Hippo
Cet 12 |11ght off| LD-MD 5 0,RF,NR RP,NR(Lc/s)
Cat 10L4]11ght off cM 9 (0,P) Spt,RP, Hippo
Cat 11 [1ight off|  VA-VL 5 F,NR-NCP,Cd RP,NR-NCP,Cd,
(5 or ¥0¢/s) |VA-VL (Lc/s)
Cat 12 ;11ght on Cin 3 F,F,0,NR(6c/8]RP,NR (Lc/s)
Cat 11 |1ight on cd 3 VA-VL VA-VL (Le/s)
Cat 10 {11ght on TO-Amy 7.5 0 iHippo
Cat 108/11ght on Hippo 7 [ RP
Cet 105/1000 c/s Hippo- O(H4 H.
o e b 7 (Hippo) ippo
Dog 3 {11ght on LP 7 P(T,AR29,LP) |0SM
Dog 5 |1light on MD 5 | _0,P(CS) ¢s,6.For(lic/s)
Table 2.

Lesions of each cats projected onto the stereotaxic planes of the
atlas of Jasper and Ajmone-Marsan.

cat 53

BREISZ - 72 3.5-6c/s DRI, BE
R O%oBEFIRICHRT 5. - OLMHEES
HEKIESCHEESh, A oHEloERILT
BT 2. BEEEINE & HECENSHE
BRBELIHEEFETR R, RaDBLTH
By 5. Zh oot RN, B oRlK

# UCS i LIz B LR TH » 7.
2. BEHEEYIC T DEEMFT
1. BESMOTE
EREEIC L YV ETEEEBE LS Flog)

4 (Table 2)

B~ THEEOE T 5<%

D ESER OWB G AL, EAREE S E A
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Fig. 7. Cat 59.
EEG’s of the 342th reinforcement in flicker con-
ditioning.

The conditoned stimulus is a 400 c/s pure tone
and the unconditioned stimulus is a flicker at 12 ¢/s.
Note the appearance of the generalized synchronious
spindle burst at about 6¢,'s by the presentation of
the conditioned stimulus.

A

cs
ucs

[

Gt 33 Me 2857

TR VTV NPT RS P VT WRSPOITL o b I G b

e U e

Wi wwwwwwfww«wwm

- MM%WMMMWMWW

Fig. 8. Cat 59.

EEG’s of the 572th reinforcement in electrical
conditioning.

The conditioned stimulus is a 1000 c/s pure tone
and the unconditioned stimulus, electrical stimuli
to the VPM at 7c/s. Note the spike discharge
induced by the conditioned stimulus in the occipital,
temporal, N. ventralis anterior and reticular formation.

B

Gat 33 R 1957

RF

"MWMW

St

Fig. 9. Cat 53.
EEG’s in the course of flicker conditioning. The conditioned stimulus is room light and flicker at
8 ¢/s as unconditioned stimulus. First tracing (A) is recorded at 257 th reinforcement and second
tracing (B) at 1357 th reinforcement. Note in (A) the hippocampal arousal pattern in hipp, RF and AV-
MD lead with cortical desynchronization and in (B) frequency characteristic repetitive waves from

the accipital cortex and reticular formation.
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Table 3.

Summary of Experiment

EEGs sfter oonditioning

Location HY
of

)
Cat No. cs ucs UCR arousal S
Leston pattern SPFM"‘?’]H " Non !peclf‘A gpoclﬂc
52 cec,Px Bell Plicker P,P,0, no RF.LF RPO,LF 2¢/s slow no
Npr.Cin, RFOLP waves
(-Yr i (Be/a) (R¥O,LP.RF)
bc/s or Sp;clrlc CR wyftable
CC, Spt Room Flicker F,},0, frequent 12c/e 8ec/s 2¢/s large slow waves
3 (Cd::pr.h, Light (8c/») AV (AV,RP.Hipp) AV AV (F,F.0,RF} (F,},0) ‘gé’éo.Cd.‘V) af tor
Cin.
be/alvin, Slow waves (0,T)
CC,Spt 1000¢/s Plicker Amy . L}) or or
59 (Px.Npr) tone  (12¢/s) ToT:0 rare RP no 13¢/s n Spikes (LPM,LP)
vurst(P.P) efter UCS
100/ 6c/; or
. 1bta 0c /3 5S F,NCE. 10¢/s
59" tone  (VPM,7c/s) RP rare no no s},n)(g(r,r no 1b1a
NCF
F.0.T. Le/s
CC,Px 10000/s ES ﬁd./LD Spike (Pyt. Continuocus slow
(C4,AV.R, tone {vi, no (Le/s LD) no
ctn) 7€/8) By 1D rare burst) waves
Room BS P.PO 3¢/s Bscaps after 1300
Light 1. r waves no
55 ? & (1.7c/3) no el

oo B> TRFBRALRBEOLEL D Y, —i
(R 3BT BRI REEE L B 2 L AR
Do fo. BVCEBRESBBICED bhicb o
244 (Cat 52, 59) H Y, X 1HIICHFHENR
BN, ZH B 7 ARCEAREEE
EWICEAE L. 158 ie 1 7 A cifE
PINCIRIE, T RS T B Z L D
> Tet, EREW L KEF . REOEHL
RN R A2 145 (Cat 60) ik 4-5¢/s &
PAE BB TS EEAIC IR L. POSRERBhIX
Jin, WEBREUROIMBIXIER B L 20 72 B
biviz.
1. BERREORENT

PR < 1% CS ic X % ¥ R BRI 2%
HEBELCCCZ EWREETH - T, HAEEIT
> Tb CS I 2 BRI AET 52, BE
REARH B L d o 72, Lo U CHEER
B ORMAT 3B CRETH v, BLEK
& EWEW THRERRE AT BRE (19 800
) Bid 2 PL E2000[E & TRk L7245, & 5
PITRHERRETHBREY, a6 TIHR
LTh 20k 4E < A >HBEESGHETH -
. L LBERbINS0EMICRENCS b
bhBREEIE LTk, &FTIECE -
T CS itk Y 2-3¢c/s D& (Cat 52), 6c/s
burst (Cat 59, Fig. 7) giildsyk (Cat 59, Fig.
8) EXRHBTHETH B, Z0k 5 BPEE

BREEATICE - THBRLZE® S, FHK
SRR e E2 bhsoT, UCS DEEL X
£pLZHOIEREMMERIE LFALE. 20
PR RSP v B B T I IR LR I IR
CHET 2 R CHEERRK LIRS EEZD
N5, S OWESERE T, WESTE LA
BXVE» -7z Cat 53 TRRIEEEMW OS54
TIERRIC R S B L, BB YRR RERU
FOWEANERT, LoWRICEESREEIH
L7 (Fig. 9). WEEROBEREZ LD DL

"Table 3 DAL 7 5.

NV. & =

A, EHMFTBRECHKTIHBBHERERS
BEREROEE

T ORI P B IR R B 2SR D
ERBEELBE TR ENS Z & & HEERIC R
LTw5. B,

1) CS icky, RMEFEREME, Thic
ot IEYLMER R A HER T 52 L 06, B—
DEREL LT, &3 IERBiE R AL
bis.

2) 2 ORI, AFMEEREIMOIEE
DHEAL, HEREEEROEE LS b
ns. :

3) MEREEEAIN: % Bob ¥ % RIHI 23 i
KHbh2 X5k 3,
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4) KRGS E, BID P EES) MR W
N HORMEELSTED SR THRICHD TH
Bt 5. .

5) EEBERIHEEZ2TE, BB s0Lk
HONERF T, LA EOMEEPHEET 5.

B e _EEEo i < i A4 S D TERR D BRIT
FRREIE 1T BRBERY IS SR B, I RIS
F, TSR R & OB S R EE R A R0
CEERBEEETACLEEHLL. FEFO
17 R REOLEA T IR TL IR D
DS FIC BT 5 L R, RIUER

R, RIEBBEMOBERICKC T, WERE

BRI A IR L, Rx ORI
LT ENEFHA ST,

MR EERIRNIY 2 Gl U O — RO & 10 E
ERFEEE LTSI LT Grastydnl®
LWL 5. HEIEORETHB IV
PRBEEE) O SfE AT DEBRT, KT O
% CSIc X VR IC BRI B2, KK
IO somatic sign IZ—F L CHEE» L
Green and Arduini?® 0k Lo (KR
TOXTBERERRE) HPHET S L9k
Y, BICBbEET CHRERISPEET S X9
2B E, ZOBREORGRERS P - THES
BV, RCEHBOBRSICE B2 L EBELT
VB, HEE S O®RIEO BB E 2 2RO
Xz, Bl familization OFEEEIC L
FlL, B-ofFEEicid tonic orientation (z—
BysLonnbd, ZOWBHREN—HHRES
DERE RTHH, BORKEDEETH D
EEBFAL TS, BHREELOPEREA
LT3, BlbEROGEICEVC CEBEEE
P HIR L, FHEERRBE S NBLT 5 RERNE
RIS T 52 L1, & LAMED b O
F R EEKYE O TREHE 03 SR B R R R &
BT &z ADBIEMERE TN EEX DD
ThBH. XMBWEC L > THEERELR LT
Bz i, BEROEENEMK K ORI
BELREE LI LEFRERTEL O TH A
9.

—7 Ralston?D &3 EERAAILIC 2= ) »

SRR R D G

FPMEEATAZLICEIVRECHR TV 3
barbiturate burst %&b+ 5 Z L &R, K
B 8-12¢/s U R NHEE T RICYLIEARR R
DIEEEIc L » THEBE YT HZ L EERL
T 5. BEOBIHEERRKE, oHHEE
SR LV VBRMICENS Z E, 20K
R, FOHBHMEEZETNE spindle burst

LELOFERER DB LERD TS, Zh
HOEE S RN LS IERRRE N L TRER
N5 LIBBRENDZDOTHDH, b LZOEE
PIE L\ 75 b EHES RO TR R IR 5 R O 5y
VERICAT & o DB R 5 2 THRERRKEHBIC
MELBIBIERE T 225 LBGTAEZ LD
HENBTHAH. Grastyin HIIWEEEEER
PEIEERE AT B2 L, L LEEliER
LY L OMICARE HIEER B EET 5 L i
BWLTV B, ‘

B, HAMEERS LEEREEREMTL
7Y e

SRR B AT T oI, RIEFEE
br e BFEID R B, RS, PR,
ORKERE (R, BN, R CHERREE,
D8, BRI 4-5¢c/s IWBHIER D 5, Zhid
U CHER R AR EECR bh R
HicHh, BEEEESHEA L X L HE
ERC RV CRBICHERT S, oz LB
Hil % UCS 1z Fv:7ci b BRHRN 2 v 7o i
LEETh- 2.

ST b EERRESRECEHN ST
I VL S B ER R R AT 2 L C e L AR
LB LEHROEY THAHN, FHERRK
DIFFERCA THIAERFRE S HE 2 cRIC
YRR SR B0 <, HETARRSRLE
FR TAE & 35 AT ESE T 5 AR TELR
W 5. L eS0T REEIOHE
THECHRBEIS AL T 205, ZOoBEHLTY
7o i S R R I X B O R TR &R T
4. Z R VIEF LIRSS SEE
MR NELY T 50 E» SEELHEE
TEASBETHD. Z0Z L REERREIE
R RUERE A D= AL EBE LT, Th
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AR TR X VB RBAREEMI L b
DEEZHRDBETHREINDGTHAS. 22
EARM I IRERE A = X5 L Lo O adR
DYPMERKFFHROME ZEH L T 50 TH
- T, REERFRIE O RIREN O MR ER T
B b, TR 17 o B R e B pace-
makeriZ & b L ELREE BRVTH
5 9.

C. HEWELEESRELK

OB 03 S B W R sz o T
£ OWEN B 5. Kleindler™ 1R OFFELE
OMEIR Stk I iz >V TR,  pontomesence-
phalic reticular formation OREEEILSHR
TERRIC BB T 7m0 L3k, Doty?® %4 48oph
BRIEDOBE4, medial mesencephalic system
R ICBRE TR {, B LLALFTRD Y
&+ hid mamillary body, field Hy of Forel,
centre_median, habenulopeduncular tract <&
HLIEHL TR Y, WH & bRMELH O
& TR RO FESLETE D 508,
TSR L CO BN v L LT
5. PHERRBOLMATICBE LTI Yoshii
E3 PRI o LT TR T, FRlo centre
median FEE CII MR T ST 4y 15 4% B ETHE
TH 50O centre median *FEE+ 5 &
BREER BIE DGMEAHT S 72 B L3k,
X Morell £33 < Amygdala 12T A b Atk
FRE 0 < o 7l TP X 2 St o
B FEES R, O RREERNE BRI
B L7234&12ix CS i & v paroxysmal hyper-
synchronous response?sZE 35 L 3= Ty~ 32,

=5 5 IR AT & DRI OV TR A O
WERD Y R EHB LA, Green 13 ¥
R BN A % % B9 L, septum, dorsal
fornix Z i > T < ZROERBIC X VTS
Z OHg R EA X% 5 > & mamillary body #
TR R, O limbic cortex 1CHEN 5 = & 4
HLTw3.

EEOMDWEERL TN bOELE ¥ 2
BB L, FEERREAMAT I CRRR K
VRGBS ROESNEERREZE LT

HTENHEREENLD.
V. E #

SRRER O R O % v g0 BRI
FYehigz UCS & L, 2hicfefi+aEFXX
L MAEET, ST ELT- 2.

1) &iAHT omiicix CS o X A5HRE
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3) FEERFRBIRECHEN SN, ToHHR
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Nz, X CS ofEfE e bERBERTH 5.

4) BRSO W RER L SR AT TR &
> THMBERERR AL Y IHERE T, RS
PERCH PRI T B % 2%, SRR BB & 4%
BT B Z L Ak 2 - 2.

5) PR OB ORMEEL: &, —k
BB DR ICBMT 2SI > v T &
L, RBREEERORTREICOVWTELEL
7.

(RS coBES 2 710 A AR S4, H57E A4
FEHER AR S, BTN A AEHESBEROER
WHEER) € A 2 — 2 v v NCATIER Ui, WBFIE
B OB AR DF R RO B % 5
i)

i B lin s, KGR IEE L W2 -
TeE AR B @B IR W 2 AT RO 3
RIS E DR Lo BIEER LES

b's B

1) Yoshii, N. (1955) Principes méthodologiques de
I'investigation électroencephalographique du co-
mportement conditionné. Fédération Intern. d’
EEG et de Neurophysiol. Clin. Colloque de
Marseille, EEG Clin. Neurophysiol., Suppl. §, 75

2) Yoshii, N, S. Maeno and Y. Hasegawa (1957)
Electroencephalographic study of conditioned
reflex. J. Physiol. Soc. Japan 19, 706

3) Yoshii, N. and S. Maeno (1958) An electroence-
phalographic study of conditioned salivary reflex.



162 ' TR

Folia Psychiat. Neurol. Japon., 12, 296

4) Yoshii, N. and Y. Hasegawa (1959) An electroen-
cephalographic study of conditioned avoidance

~ reflex. ibid 13, 320

5) Yoshii, N. and H. Yamasaki (1959) Electroen-
cephalographic study on delayed and trace
conditioned reflexes of defensive movements.
Med. J. Osaka Univ., 10, 185

6) Jasper, H. H. and C. Shagass (1941) Conditioning
the occipital alpha rhythm in man. J. Exper.
Psychol. 26, 373 :

7) Morrell, F. and H. H. Jasper (1956) Electrographic
studies on the formation of temporary connections
in the brain. EEG Clin. Neurophysiol., §, 201

8) Yoshii, N., P. Pruvot and H. Gastaut (1957)
Electroencephalographic activity of the mesence-
phalic reticular formation during conditioning in
the cat. EEG Clin. Neurophysiol, 8, 598

9) Yoshii, N. and W. J. Hockaday (1958) Condi-
tioning of frequency characteristic repetitive EEG
response with intermittent photic stimulation.
EEG Clin. Neurophysiol., 10, 487

10) Yoshi, N., J. Matsumoto and Y. Hori (1958)
Electroencephalographic study on conditioned
reflex in animal. Premier Congr. Intern. Scien.
Neurol., Bruxells, Juil, 21-28 (Rapports 313)

11) Yoshii, N., J. Matsumoto,  H. Ogura, M. Shimo-
kochi, Y. Yamaguchi and H. Yamasaki (1960)
Conditioned reflex and electroencephalography.
EEG Clin. Neurophysiol., Suppl. 13, 199

12) Yoshii, N., M. Shimokéchi and Y. Yamaguchi
(1960) Conditioning of frequency -characteristic
repetitive response with electrical stimulation of
some thalamic structures. Med. J. Osaka Univ.
10, 375

13) Morrell, F., J. Barlow and M. A. B. Brazier (1960)

" Analysis of conditioned repetitive response by
means of the average response computer. Recent
advance in biological psychiatry. Edit. Joseph
Wortis, Grune and Stratton, London, 123

14) John, E. R. and K. F. Killam (1960) Studies of
electrical activity of brain during differential
conditioning in cats. ibid., 138

15) HFHEZLL - WA « IFEE - RAJIES -
\L5FH— » TR - WPHE= « IR - 35
il (1959) MR oS 3, 116

16) Jasper, H. H. and C. Ajmone-Marsan; A stereo-
taxic atlas of the diencephalon of the cat. The
national reserch council of canada.

17) FIBFEE (1958) MGG SA O RGEFARIBI

B OES 3, 203

18) B4 115514 (1959) R BH B4 I3 O I A BT 28
MR OMES 30 955

19) Grasty4n, E. K. Lissik, I. Madardsz and H.
Donhoffer (1959) Hippocampal electrical activity

TR BN DKM

during the development of conditioned reflex.
EEG Clin. Neurophisiol., 11, 409
20) Green, J. D. and A. Arduini (1954) Hippocampat

electrical activity in arousal. J. Neurophysiol., 17,
533

21) Ralson, B. and C. Ajmone-Marsan (1956) Thalamic
control of certain normal and abnormal cortical
rhythm. EEG Clin. Neurophysiol., 8, 559

22) Kleindler, A., J. Ungher and D. Volaschi (1959)
Influence of circumscribed injury to the brain
stem reticular formation upon higher nervous
activity of dogs. J. Physiol., USSR. (Russ) 55, 261

23) Doty, R. E., E. C. Beck and K. A. Kooi (1959)
Effect of brain stem lesions on conditioned reflex
of cats. Exp. Neurology, 1, 360

24) Morrell, F., C. Roberts and H. H. Jasper (1956)
Effect of focal epileptogenic lesions and their
ablation upon conditioned electrical responses of
the brain in the monkey. EEG Clin. Neurophysiol.,
8, 217

25) Morrell, F.; An anatomical and physiological
analysis of electrocortical conditioning. Premier
Congr. Intern. Scien. Neurol, Bruxelles, Juil,
21-28 (Rapports 378)

Abbreviations
Aco : N. amygdaloideus corticalis.
AD:N. anterior dorsalis.
AR 29 :area 29 (gyrus splenialis).
aT : anterior temporal cortex.
C. Amm : cornu Ammonis.
Cd :N. caudatus.
Cin : cingulate cortex.
C. sup: colliculus superior.
F :frontal cortex.
G. For: Gyrus fornicatus.
GSM : gyrus suprasylvius medius.
Hippo : hippocampus.
LD:N. lateralis dorsalis.
LP:N. lateralis posterior.
MD : N. medialis dorsalis.
NCP : N. commissurae posterioris.
NPR : N. praetectalis.
NR:N. ruber.
O : accipital cortex.
P : parietal cortex.
pT : posterior temporal cortex.
Pyr. C: pyriform cortex.
RF : formatio reticularis.
T : temporal cortex.
TO : tractus opticus.
VA : N. ventralis anterior.
VL :N. ventralis lateralis.
When two electrodes are in the same structure,
numbering is made to every one of them,
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Conditioning of limbic system stimulation effects
1. Conditioning of spindle burst discharges induced by low
frequency stimulation of dorsal hippocampus

# = (YamacucHi-Yuzo) *

i ul

Using unanesthetized cats and dogs, conditioning of hippocampal recruiting responses
was established, applying electrical volleys to the dorsal hippocampus as UCS preceded by
some sensory stimulus (CS). The results were in the following :

1. In the early stage of conditioning, generalized evoked potentials and the following
hippocampal arousal pattern with restlessness were induced by CS. In the later stage, this
arousal pattern and behavioral change disappeared, when conditioned characteristic waves
could be witnessed in the cortices. In this case, conditioning seems rather difficult to be
established, while it was not easily extinguished.

2. In the course of conditioning, spindle bursts were often evoked during or immediately
after UCS and later on they could be seen during CS. These spindles were supposed to be
" similar to sleep spindles because of their wave form, frequency, sites of appearence and

behavioral changes (dropping the head, closing the eyes and relaxing neck muscles).
3. It is worthy of note that these animals often showed behavioral changes suggestive
of experimental neurosis (irritation or sleep) in the course of electrical conditioning of

hippocampal complexes.

|. #&

PRERSBE O LEMT BT 258X, &0
BEYsHIBKIZ X v (Morrell and Jasper, 19561 ;
Yoshii, Pruvot and Gastaut, 19562, 19579 ;
Yoshii and Hockaday, 1958%), ¥R\~ CiMEEE
MO BSHIBIC X > T (Yoshii et al., 19589 ;
Yoshit, Shimokdchi and Yamaguchi, 19606)
T Tkl. BRICEHEHER S, REOHIC
e T bOSAKREARERE T I A A
TR & Rtk L, LR EN, Bl
BER# % & VR REER I A EE T 2 2 Lo
b, T b OFRMHRE OTRIC HEBRRIRTE
%, BERRERVBEE T 3ELBRL, &M
SR B s BB BT BRI, Y
BOWBREINME B 2 L EHALML
7.

il

* RIEARFESIME 2 £WFRE (FHEZHEE)
2 nd Dept. of Physiol., Osaka Univ. School. of Med.
(FBFI364E11H 10H %4+

FE IR C, WBEEIRIEE TER
FlIB+ 5 2 Lic X » TET 5 RERIER GYTE)
BACESRMERT X5 LR, FICHENED 2R
&7

I.® & 5 &

AEBR MR BT, K OV 8 VT
BEBOTER L. TORERETICREE
BMEBAEE L, $kHEEE%, FalOHk
BEFF-> TRAEMT 2BtR L7z

ZeHIE L Ui, 500c/s, 1000c/s Xixk
1500c/s #iF (PHEEOKREE) &HVR,
1RSI E v 7. ELLEHRELE, 6-9¢/s,
0.1-1msec, 5-12V OEHRKEZINE T, ¥
BB ABRE SN c—NOLHEBEREB L L
z b, SRR, BEEBEREEE
T, BEREBECRELE VX 5, BEELT
R Ui, EEAHET 3-8 BExbh, &
MR 2 B E 72k S Ehic AT L, EHRME
T L FRp I 28 A b S hiz. A TR
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27‘:. '

PLEDEBROEEP, zOWHEREE-> T
FHRERETCRAE LTV IEMR L Y MK
BB LG L. MEESII=RNE 8 T
ik 6 FBFA vy BERPEFHC X - 7. B
I ¢ L7 PN CB & 8% < HoOR L7
wH Y, EREIVETEMC B - THMEOR
5, FIHOBESE LT, FABCREBTTH
MOREEE B L.
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AP HIL, 2 05mm ZBHLELOE 2
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ArYrvie e TESEFCEEL, Bow2l
BB L. RERETEmRE, KAl LTHE
A L7z, v
EEEMROMER, MEREORRICE > TR
EL.

. & 8& B &

EEBHIC OV TRREZ LITLRELCEZ O
T, XU DEFIOBP OV THRET TER
UEBRIITE T RE 9 BN R ORGP R E
TRL, 2OBTINLOELO—EIEE %

FLHdZLILT A,

814 Dog. No. 202 3

Sl 2 L T2 1000 ¢/s tone, MELR{HIEL
{3 dorsal hippocampus-pyriform cortex I3
F5% 7c¢/s BEESH (1msec, 8V) V7.

T U ] T cortex & generalized
desynchronization }z ("hippocampus, reticular
formation 124 5c/s synchronization 23Eiv
s, fTEN B CRFRA E B I o Te. BhD
FraBMIR AR OGBS MR R IR I 1,
5 B 500 EILL EOBRTAEIC X THA L
habituate &iic. EERAFIRIC X > TEZE)
BFJ5iE, n. caudatus, n. medialis dorsalis,
area 29 F % frontal, parietal and temporal
cortices iz B 4, waxing and waning #%7R
T, T8 LIZERCBRES 2ETLS, FhA
ST - Tz

A OB TIEDOKICE, FREFT gene
ralized evoked potentials 12§ < hippocampal
arousal pattern BN 247 v, 10ER{L#E
TR—BERAL 7. BCHRILERT 5L,
fronto—parietal cortex 12 FELHIM O ERZ I,
afterdischarge @O T 7c/s FEHRFICHBEL
7o. 350-400 [EIFR(LO 4 12 i, FRAHRIETIC
7c/s A LI LIE fronto-parietal cortexiz,
Flzix temporal and occipital cortices, area
205z LN BT - 7. X ) SR

A B c D
cs — cs _
F-pP F-p A b ettt 1 =P mwmmym
P P oo i s =T i
T , DT et et T it
0 0 tememi gt > sabmbtsie O mei
D : MD-RE e f o] st S MD - R Fvsnaiaily
RF o : RF - i - v RE ol
Area 29 - Area 29 M"*"JMWW st e 29 owok il ,’;‘v. i
Hippo ¥ - Hippo i =eesisnes [JCS ucs— ucs
-pyr C -pyr C ,
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Fig. 1, A-F. Dog No. 202,
EEG’s in the course of electrical conditioning of dorsal hippocampus-pyriform cortex. The CS is
1000 ¢/s tone and the UCS, electrical stimulation of dorsal hippocampus—pyriform cortex at 7 c/s.
A. After completion of habituation. Little change was observable during the CS.
B. At the 9 th reinforcement. Generalized evoked potentials followed by hippocampal arousal pattern
appeared during the CS. 4 c¢/s synchronization was recorded from RF and Hippo-Pyr C.
C. At the 37th reinforcement. 7c/s afterdischarges were evoked in the fronto-parietal cortex
immediately after the UCS.
D. At the 618 th reinforcement. Frequency characteristic 7 ¢ 's waves appeared in the fronto-parietal
cortex during the CS, when 4 c/s subcortical synchronization (RF) disappeared.
E. At the first unpaired trial in the process of experimental extinction. Conditioned characteristic
waves were clearly seen in the frontal, parietal and area 29 leads.
F. At the 24 th unpaired trial in the process of experimental extinction. Frequency characteristic 7 ¢/s
waves appeared widely in the cortices and area 29. Experimental extinction of more than 300 times
could abolish them completely.

PESREE I B S BB ISR BIRIE, BT O
5 ¢/s synchronization XARBHREL 75 - TV 52
EHEHEINS.

BT, £ET1200E ko ZICiHEL
VEZRAT - 7203, {HZER20EE D SRR EFE
BRI — IR - TREE R area 29 1T
PED - THENCHB Y 28RkICa b, Thiis
WCIEET 5, 3 BRNCK 300 [BoiEETLE
BLEE L7z (Fig. 1, A-F).

& 94| Cat No, 112 ¢

SR 1 1000 ¢/s tone % FHVy, B fn

CIENTIE® 4T - /1%, dorsal hippocampus—

area 29 2% % 7c¢/s BRME (0.5 msec,
12V) ZHEE7. BEMHEBUC L - THEK
%, n. amygdaloideus lateralis, n. medialis
dorsalis, parietal and temporal cortices fz O
contralateral dorsal hippocampus IZ R &7z,
20-30 [EERIL RO, FMERIE T hippo-
campal arousal pattern (Fz’E ¢ desynchroni-
zation & hippocampus ¢ 4-5c/s synchroni-
zation) MBS 57z, BT T T
W< L, il 200-300 [E]EE > &  hippocampal
arousal pattern 1FZARBERELE K AEEIAH D,
FAb PO ESRBERS B 1% B2 (parietal and
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Fig. 2, A-D. Cat No. 112.
EEG’s in the course of electrical
conditioning of dorsal hippo-
campus-~area 29. The CS is
1000 c/s tone and the UCS,
electrical stimulation of dorsal
hippocampus—area 29 at 7c/s.
A and B. At the 617th and
646 th reinforcement. 12-14¢/s
spindle burst discharges were

_evoked in the parieto-temporal

cortices and n. caudatus imme-
diately after the UCS.

C. At the 672 th reinforcement.
These spindle burst discharges
appeared during the CS, while
the animal was quiet with the
eyes closed and the head
dropped.

D. At the 1099 th reinforcement.
Atypical spindles could be seen
widely in the cortices during
the CS.
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temporal cortices) (ZEFEAICHIIR L.

BB CERTREZ i, k500 [EE
2 LR S LiIE LIE drowsy pattern # 7R
TRIC Y, BICRESERBEOERIC after-
discharge ®F T 12-14c/s spindle burst #*
parietal cortex and n. caudatus IZFEFH I
7. SHie{bIiEERED B L, o spindle
burst X&4HEFICLR OB Y, B
RS BICR I o7, DR,
B RH CRERA LEEER TS, Zhb
O R F CATEIROS X, 1200[E38/L© Lid Lid
SHHIC LV FERSN DX 5 - T2,
SHREKET S Z LiCk » TRABICHANES
., ZO®BTIESLMERIRIC X Y hippocampal
arousal pattern i 7z (Fig. 2, A-D).

& 34 Cat No. 115. 3

A L L Cid 1500 /s tone, ES{AHIIL
{% dorsal hippocampus iZ 6 ¢/s
BERFRM (Imsec, 9V) &5

Mo, BRI LIE LT drowsy pattern %
TR LAk, LTI 11-12 ¢/s spindle
burst A% frontal cortex IZ#E 2RI - 7.
450-500 [EF{b o Tk, SHHEPIh G
® spindles 7% frontal cortex, BiC n. ventralis
anterior WHER SN BB Y, TFHERELE
Tix, BERMESST LS drowsy pattern %
REBCEC G, SRR S spindles o HFHH
Rbhiz. Zh b0 EME spindles @ HiER
122500E58 b DFE T LT LHEEH TR L,
SR O EFEO criteria 2E® 5 2
LIRES T, KI20[E 0 RERAITEE TR
X o T T spindles IFEF IR
v, arousal pattern 73 ¥ 7z (Fig. 3, A-D).

=44 Cat No. 105. ¢

S0 1000 /s tone, EESEREIL Tc/s
HEME (0.5msec, 5V) % hippocampus-

A B
T ee—————

iz, [EhITEIKRT L1,

SRR A AT 3 2 SRR Fo s i, A tnsisd WWWW
LA ERARIIC v
T AEBK i 1, n. ventralis T A A w’*“"’#M“W

anterior, formatio reticularis, n.
amygdaloideus lateralis K& %
contralateral dorsal hippocam-
pus R 61z,

30-40 [EB&fb oI, SRl
¥z X » T generalized evoked
potentials % #viz -2~ { hippo-
campal arousal pattern (£ 4 c/s

synchronization 1% formatio AL SR W’V““WW‘WMW
reticularis < LHEAEB) BE B |

BRIC TS o T ZURFOBHEIREERE  pippo ARty AN |
B, 150-200 [E]384k 0> EE >

bfrontal, temporal and occipital ippo A A e MWMWM
cortices I E(FEAICEH Tz, M, s
O BEERRE S REICE NS ucs
Brix, JHE T @ hippocampal

arousal pattern Iz T\ 5. 1‘-5;()

OB iE 58k 300-400 [EIEE
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Fig. 3, A-D. Cat No. 115.
EEG’s in the course of electrical conditioning of dorsal hippocampus, the CS being 1500 ¢/s tone
and the UCS, 6 c’s electrical stimulation of dorsal hippocampus.
A. Habituation of the tone was almost established.
B. At the 77th reinforcement. The CS caused generalized evoked potentials and the following
hippocampal arousal pattern (cortical desynchronization with syachronization in RF and Hippo.).
C. At the 1967 th reinforcement. In the frontal cortex, 11-12 c/s spindle burst discharges were evoked
during the UCS. )
D. At the test after 2033 reinforcements. Such a spindle could be seen in the frontal cortex during

the CS.

pyriform cortex i % 7= % 7-. hippocampal
recruiting response i¥ n. ventralis medialis,
n. anterior medialis, formatio' reticularis, n.
amygdalae, hippocampus } ¢ frontal and
temporal cortices \ZHE L7z,

S I SR 1A S s i3 frontal and temporal
cortices \CHUREHICELILIZ. TRk 500 [\ % #Ex
HEP LFEMEP B TRLZEL LY, Bk
SO HERAGER A T 0 kB LSRRI L LT
EMG REA LD T 58K > 72, TBIET
BIRVALP LR LACEESEL TS 5

720 L7 (Fig. 4).

#54] Cat No. 117. &

B 1000 ¢/s tone, ES{ERIEIL 7¢/s
B % dorsal hippocampus 2 5% 7z. &
4R e LTk, n. caudatus, n. centrum
medianum, n. amygdaloideus lateralis 12 @) &
FOGHE 7.

Wik, TBvE 4 HE (3R 160-200 [a])
D6, FEBRE O CHERETE-FRE Ok
TAETRRICIR VATRRIC 2 U, RIS I REE
BN SEEIC IR Lie. T SRR X -



I ——ER T AT X 5 & o (£0 1) 169
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Fig. 4. Cat No. 105.
Background EEG’s after 669 reinforcements. Alternation of slow and rapid waves intermingling
with EMG’s supposed to be the electrographic counterpart of experimental neurosis should be noted.

TR R 2T Ry, 10-15 EORET/FC
5T, L OEAEMESED Z Lk,

IR HORGEA, SRS R RIL O 1
HFhh Yoo 1.

# 64 Cat No 109. 5

ALY 1000 ¢/s tone, HEAAHIHIL Tc/s
&R (0.5msec, 9V) % hippocampus~
pyriform cortexiz 43 % 7z. hippocampal recrui-
ting reoponsely, E T M 4i%#E (n. caudatus,
n. amygdaloideus basalis, pyriform cortex) i
FHTH - 7208, RIS SR SHIBL LT,

habituation #THGEMUT ERMBET DL
ST generalized evoked potentials J%
T hippocampal arousal pattern 25 - 7273,
ozl LTz 6DRISEE» - 2. &
4 BT S PEAR S e 1, frontal, temporal and
occipital cortices 2RI HEL L7z,

T EkD 5 2 kic, 5E{k 150-200
B bR I Lid LiE EMG 23l ik
EEATZORE b, EEFHE~ OB OHL

TR S 7. F 72, TRAL 400 %k 26
NG, AN OELIZ 18-14¢/s atypical
spindle burst 7% fronto-parietal cortex (Z¥l

HEEIC/ Y, FAHL100E okl X - T, Bk
7 spindle burst 3ERC &M 12 WL & 1
7z,

Zofl, Cat No. 110 TiX, ZfiHnz
EMG oADK 5, Cat No. 116 Tk, 48
ZBR T LI LI growling MBS,
(ARSI I b - T2

IO —IE LT LRIk

PAEZ TS 20, R O 07/{\{’[“
ESU TR B s R,

1) FMI 8N, ZPFll T generalized
evoked potentials & 8% 1112 < hippocampal
arousal pattern 2R DFEIZLB.

2) HHMTIAEEIGED TV L, e
PEAIBL O E £ F & FIEE O Xl 23 afterdis-
Charge OB THEREN, K THRAER I

LIHB T D8Rz B (e UTRM). REICSR
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Table 1.

Animal CS UcCs UCR (EEG) CR (EEG) Behavior
7c/s recruit. response F, T, 7c¢/s waves (F, O, Am,

Cat 105 tlglgg €/S 0.5 msec (Hippo-pyr.C) VM-AM, RF, Am,  Hippo); altern, of siow & f}reerp e
5V Hippo.) ‘rapid waves ag
7c¢/s . -

Cat 108 light off 0.5 msec (Ffippo) R Toomonse P, O, 7 /s waves (0)
7c/s . Hippo. arousal; 7 c¢/s

1000 ¢/s . recruit. response (P, T, . sleep
Cat 109 0.5 . msec (Hippo-pyr. C) » 7 waves (F, T, O); EMG '
tone Cd, Ab, pyr. C) . N or rage
9-10V spind. burst (F)
Tefs .

Cat 110 tlgx?g c/s g% msec (Hippo-pyr. C) Sicrﬁ%t’ Iﬁi’ggg)s e (P, T, Hippo. arousal ; EMG

7¢/s s Hippo. arousal; 7c¢/'s
1000 ¢/s . recruit. response (P, T, ppla . sleep
Cat 112 tone 0.5 msec (Hippo-area 29) MD, Al Hippo-area 29) &v)avrle‘s 8’, (E[‘d)), spind. burst or rage
6c¢c/s & 9¢/s s Hippo. arousal; 6 ¢/s
1500 ¢/s / R recruit. response (VA, M sleep
Cat 115 1 msec (Hippo) . waves (F, T, O); spindle
tone RF, Al, Hippo) A or rage
9V burst (F, VA)
6¢/s .
500 . L . .

Cat 116 tl one c/s é{’nsec (Hippo) gicrﬁ’g ‘Xlsfg;ts)e ®T, Hippo. arousal growling

7c/s . . .
1000 ¢/s . recruit. response (T, Hippo. arousal; spindle
Cat 117 tone g..‘l]msec (Hippo) Cd, CM, Al) burst sleep
p Tc/s : . .
) 500 c/s . recruit. response (T, Hippo. arousal;7c/s

Dog 201 tone %I‘}"S&C (Hippo) CC, CinC, area 29) waves (F)
7c/s . .

) 1000 ¢/s / o recruit. response (F, T, Hippo. arousal; 7 ¢/s

Dog 202 tone ! é$%c (Hippo-pyr. C) Cd, MD, area 29) waves (F, P,sT, O, area 29)
8c/s - . .

1500 ¢/s / . recruit. response (T, Hippo. arousal;8c/s

Dog 203 jone 1 msec (Hidpo) CM, RF, Hippo) waves (F, T, O, Cd)

PERCEHARE R R AN 5 L & ik, hippo-
campus M U2 B Tl #EE D 4-5 ¢ /s synchroni-
zation I AR L 75 5.

3) SRMEBCHVERE R R o B, B
FOBEBLIIC X2 b DIl U TARRET
bBMN, —BEM EWHECEAERONET
R DB L T 5,

1) WEITEEL T, BHERRI MR
Behl{HET 3285 5.

5) ZhHO Rl Pz 11-14c¢/s spindle
burst 2%, 1% U ELRMFIMP ik Zz 0BE#KIC
FHESNBHIC D, R CTHRARE L 1
Byxs.

6) Zhon@imd, LdE L, RNk
L (R L RO 2# ), HENOER
A CEEHIEA~OIE), fTHRE (D> v
BB EIRYAL) FEIRL, ERAOPHE
M b w i,

V. % £

1) BEMBEREICONT
B &Y A 7~V 1 7 Vv CBE
THZLILE- T, FETIZAL (n caudatus.

- medial thalamus, formatisoreticularis amygda_

lae pyriform cortex, cingulate gyrus, corpus
callosum, contralateral dorsal hippocampus),

Rz /%% (frontal, parietal, temporal and
occipital cortices) 12 b HIRT 2FBERIG L5
Dz LWk, S DN B BRI,

BRI X 5 0D K L TREET
by, FCEEoREMICH L CRRENES
Z Lt b dB. waxing and waning BT 2
L%\, waxing DA T plateau 12ET %
ZEbd Y, FMERT D L RERBICREL
To. TOZ LRI OSES LEEIL T
WBEDR, TRNIVEELARAZETHD. Zh bk

ik ad
—
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BROBREEHAEECE 2 b0 THAH
2. EHHTMEBOREEICOT
ST WIENT Sl ¢ generalized evo-
ked potentials K U Zhizfz< hippocampal
arousal pattern EAFRIC/L - 72, ZHid
SRR (MRS, BHEN0D), X OYEE
B BT (fickeric X 5% 0, HKE
KW L B5b0) OHFELELRAKTHY,
reticular system } U limbic system o E5-23
RS 5.
J) EHENFHEHEERRECOVLT
SRR RRE OB, FIRECS
{  (#iz fronto-parietal), % ® & hippocampus
RO RS TeE#EE o 4-5 ¢/s synchronizationid
REEL A, 2 50FTRIE, flicker XixiR
RESKAWIC X 2&040 086 LFHLTE
0, X UoEEAT bhvizhippocampal arousal
pattern 2%, #z bh CREICHHERS R
FHBlsEseEX LD L LED, 5
FIHIC X 2 St PO PR PRBE A B0% 0 HHER 3
ERCTRD LAMENTH Y, REETH-
7o, THWREEEESERIEOANREEL L UOH
FE L EERHEERE S L, BiKkBbho
EREbhs.
4) Spindle burst [CD( T .
HOEBROKLBFICH bz spindle burst
X, FORBEEH 11-12¢/s Xix 12-14¢/s T
HbHZ L, HBREMNAE { 13 fronto-parietal
cortex, n. caudatus, n. ventralis anterior% ¢
b5z &, RUOZOBEOTEEL (8T, 5
EN, B2 L UL5B) 25L T, sleep spindle
KT 5 b0L#E 2 bvb. Lissik et al. i,
BERESHMB SRR Z T 2 R TH
Y, Andy et al.!®}%, hippocampal seizure W
[ /B IC sleep spindle AN 7-FlZIME L T
W5, %7 Kaada and Jasperl® ix, AR<T
hippocampal and limbic gyri & BSHELT %
Z iz k& 5 T, sleep-like response 25 % Z &
#HELHTEY, Green and Adey i, WE
MIERIC—EDBREERTEER T L T 5.
EHEORET, BENERCEELBERE L

ZEOBBMAEEHE TS, LOLEDAI=
X LEIT OV TRAHAD G135 L, R, ¥R
WCRCBRE b oo BB THEE BICHK,
BUR T EID R RHERRRS) & oHERRESE I ©
Wi, SBOMFER EiEi b,
5) RERMMBIEICOWNT

AEBROBEETIC, LR I R b h
7o BB Ll o AR Bbw 2 FRNE
DREENE (HRE & R, Higkk o 25k 75 24R),
S HE R 1 B BRI IE S s e L &
7R3 5 EMGORA, 9% T2 B
ERKRR D ALERAITHEY, SifhbER
HIREL BB S E 2 ERTH Y, Blicdr3
AR BRMA T OBEOTEHRET & i Bk
HEEILTH B, h b0k, WEROHE
BRI 2RV CEEL TS EEL bR
5.

V. & ]

1. SERREE, RO RK O A, 85
RO OB HREEE L RHE CESAB L <E
bi % hippocampal recruiting response % 4g
T3 5 3FG3EHI & aE .

2. SMFHT T, S G generalized
evoked potentials } OV % iz %t < hippocampal
arousal pattern 233Hh 5. -

3. TR s icED TV &, L)
B EERRENBNS LD, TOR
hippocampal arousal pattern (X RBEfR & 71 5.

4, ZTh bOREFIC sleep spindle 23S
RPN E 2 0ERCHERS NIRRT Y,
B ERERIBP I SRS 5.

5. ZefbfHiF Btz sleep spindle i, EB
IV FEIT & » TYEZ%& L, hippocampal arousal
pattern IR B D,

6. EBRIFIHIEEZ Bb¥ 5HERIC VT
B L.

(R OEE L, 89 B B ARG 4, ROEE3TE
A AR ESRREC A THE Lic. ¥ 1o o—if
VL SUE R TT R OB DT SR B D el & Z T )

T B i, IR IR E 5 1) - T I
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Abbreviations

Ab : n. amygdaloideus basalis.
AM : n. anterior medialis.

Am :n. amygdalae.

Al:n. amygdaloideus lateralis.
CC : corpus callosum.

cHippo : contralateral hippocampus.
CinC : cingulate cortex.

CM :N. centrum medianum.
F : frontal cortex.

Hippo : hippocampus.

MD : n. medialis dorsalis.

O : occipital cortex.

P : parietal cortex.

Put : putamen.

PyrC : pyriform cortex.

RF : formatio reticularis.

T : temporal cortex.

VA :n. ventralis anterior.

VM :n. ventralis medialis.

‘When two electrodes are in the same structure,
numbering is made to every one of them.
* Site of stimulation.
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B¢ FBEAI36E 1 A28F (k) AfE1EFXD
B & 4% HEERLCERb R RIS E  ARBHE

EHE: (BEMEREE & LTUYERENROERCKEC LTREEEHWEL

F LI

1. & & (RBKEE)
Segmented giant tiber OHABEEE RO &
LT
BT ROE b HUz D Segmental Septum KN
T giant-to-motor giant synapse A
RS R LU o Re B,

A.

1) &3 o BRI HEE Y o F 3R
ML % Schwann HIfgfEfkMiz Spiral DS
ERTHBEELTW5.

2) Segmental septum B KBRS Bl
Bi8) B ST e FREECEARRHEIT = O TR HiE
CRECHTHES NS,

3) Septum (¥AE#%ET % 2{Ho giant axons @
plasma membranes D& A b 7% % 2 BIERES Y T
LM oMM 100A b5, ERELShT
WS SR R Uiz,

4) Septum O—Fc it E O TEIICIER 1 HLHI
JE L\~ vesicles fLFI% R .

5) Synaptic process IFETE L7sb>.

B.

1) &Y o E RS HET— )= 0 Schwann
RS & HD SIS A AR & (R 7e i
AP ER B 5 BB EOWYHTS.

2) BT EOE KM EE L T,
Segmental septum %3& %A%, o Septum T -
OTNTOBERLE LTS,

3) Septum Lwcid, gEEXE, HETS
axons @ plasma membranes DX 57t 5 MK
WWEEE LT\ 5. HX¥% Axon membranes
ORI 100A Th 5. & OO axons 4
Zi¥ plasma membrane DE T D vesicles
BRFRICEE LT3,

C.

1) EEEE KD /NEE Synaptic process
PP E KR OB R 2.5 > THEA L,

B oAMHRENR & E#EH # L T, giant-to-motor
giant synapse %2 5.

2) ZOFMEHCIEFEEREELY o2 Sch-
wann @ifEx ST NTOMBENRHE L, &
Axon membrane 3. 100 A oRSIfEE ~ T THIS
T5.

3) Synapse i {3 % Vesicles % {* Tubular
component D FIIAETH D, Lo Synapse D
FHraeind s RfEE RS aw.

D.

1) HZnESN Synapses LB EHNh S
FI LA Synapse 12t L Synaptic cleft @
IV NE W, Synaptic membrane 7% Synapse
DI HEE D4 b%R Ld & 7a\H ¥ X O Synaptic
vesicles DS HFEMENRDBRINZ L TH
5.

2) Chemical synapse [V} %78 Synaptic
complex & Desmosome DAER O HEAE D B2
% Synaptic complex % Synapse +Desmosome T

HhH5 ELHERLIC.

2. BABZ (HITKE 2 4:7)
ARERETOMERREE

KB %7 3 7B GmM) XFLETF
7 $ Ringer Ff CIFKANT incubate -T5% &, 7 3
7 B DY AEL » THIBINICER T 5.
oW IR IVEE, TARTEVER, -7
3 ) EEE oI MR S B O CHEET S
7 3 B WTHICERIC RS b, MR
TOWBETHB. 7 1/ BOEBESEORRTIT
thiend7 3 /B CHD GABA T I VBT
BrrAx 3 v Bk cR#EhionwD-
sz vEBEBuvic., GABA DRD AL DRI
THilEA O Na, K 1 4 vt B FREOM
LA R bR B DR TH DM, /v F IVED
HEwMiENe s/ v 2 ivBEEFE L0 KT 0
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B, MRy XEETHS. ThbT
3 7 MO 0°C, RBERERMOHEINC X
> THR I E B2, X Ringer hod K %R
Kb 7 3 2 BRoMRSIIEE e N & haEBhiE
Bk K BMAVATH S, £2T, ZhbT7 i/
ML OBEAERD S BT, MEEOMRRS
L#% bR p Cytoplasmic Particulates % #45HEfgs
Y& 10,2000 g TED, Fh X b EiEE L
LP2DLDAZERF LTAD L, GABADE
RS &t CBfEE b phosphatidic acid,
phosphatidyl choline ~® P32 0 & AR 13
5T EARDdLR. B L OBRE ST GABA
DEEORD L WEBY A TIXESL V0 TH
B, —H7Ax I VBBOBRCE LTIX T ORR
HERAD BT, GABA & 7' & 3 VERTIXAE
BEROBRGEREL Z LB i, LT T
7 3/ B o EREEREORGHELRE LT
HZBHE, GABA L BT 5=V, Sz ivEe
7 ARG F oML BERNUO 7 3/ BoMTIX
HEHEENRDLRDA, GABAL 7L % 3 Vg
OEICIZEL BARAD b >t KT 3
JBOEEEERE OBREY A D Analogue %
FHOWTHEHRCTRBE, 0 fiD7 3 /7 K% T vF 1
ALz, IAEVEREY = AT AL LTS DOTIE
BRI LNRT, Xa-7 3/ EEL GABA lt
NT, ZOERIBECETTEOTH>TT 3
JEE IR VAN T 3 BEST O CE
BEO M CHEET AENEROSLALHGTH - 1.

ORI EHEETOLRRD bIET I /B
DREEIHER A N U TR MR D B A (L0
Poes T o0dh 5.

3. ED B ERE#EAER)

B+ F2E, —2—OVEOESHNE
#

BREBZOGHCRT BREORED 1Dk
LT, BRI == —» VEDEEROTEHOH
SDEERET OIS, CoFREEThZ DD
X, ROBERBBELETS.

1) BHREEZEOBER Y Fy 7R, ¥
# = SHUERHRERHE ORI (Septum).

2) 1 HAMEEOBRE Y >y 7 A, Bl ¥
= OSMUBE R RERRAE & EBRERME L O D
DAl

&

3) BRI~ F » 7 A, @ : Mauthner’s
cell ® Early late response 1 - T 5t o
TeDDYF v T A,

4) BRAER, : fl= ¢ oM R H o M
M, RO 7 okfh oM FET 5 ERN
HEFERORDOME.

1) 2) Okl, == —r v OROBEINEST
1%, FFIZ Ephapse & CHEh 523, Arvanitaki
@ Ephapse X} Eccles DER.> 7 v 7 ANED
FOBEE]YF v FTRAERBLLRRD. TDE
BoEhdox, 1) RFFEROJE. Ephapse
T 7 v 7 AREHY] - T Post X b Pre ~\Ji
NENEEDER Y+ v 7 ATiX Pre X b Post
~fihb, 2) L4, Ephapse TIMEL fmE%
BT oD OREN D NEEOER > T v
FATRE. 3) vy SABEMO B HNE
{t. Ephapse TixZMt:, REERY 7 » 7 AT
Btk 4) vy FRBROY I v T AKM
Jai % > Cofkat b . Ephapse TiXv 7 v 7 A
ETLSHBSERRS 2, RERRY 7y 7 A
TREZTHIHSBTH B, 5) ¥IF vy 7 AED
H%E M. Ephapse CiI—fD == — = v OEL[H
U EER oL TS, FEDER Y F v 7 A
T, OB EEEITIR.

4. RAKUBSE (HREKRSE1EH)
BEMEMERCHTIBLHEROEENTSR
AL E37E A A B ESR A R B HER
O TH B . FREFHETHOR 1 5 IR
2% BRINv. K 2A OERIBELTHS
2%, 2B 0RO 1/3.2 ORRBHITWS &
B LTF S,

I CHERFEVERCOIE T HMALCKT 5%
WHESHE, BFURE GEERE L »ONBERL
LS\ B) 8 LU spike BALY EREREEE
FT2d, MBERE UTIER &R (20~
25 psec) DOEFHEENR L OFIBMEBY O HEE
WL LCEENER LMAER (RESAKD
EXHIB, ABSEOE, SOE, FEE, 1959)
®HEATHZ LRI > TEOHMERRT Z LA
K%, ThbbEESIY, 0k 3 RFHRERS
IOBEBE T ) BEERMEoRIRT oM
ZEfEs Lo D) BTowl) BERNE0S
HOBAMEBRD oscillogram % E DA I
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WTKESEREE Lich, REEhbORER ¥ 1
REMEE RS LRI OV THRN S,

1) OBELFRIRE L ORBRRIEOME
3 25 psec BBHEMAIT, 1) BIRMESEOW
597 ARGBC YT AR, 2) SEHRIBOMER
We#E %, Bk spike BALCEL LcTB DR
BoBBMmE, 3) KHEHEOGKR-BTmES,
1) EREBEREREA X VA&, FRARH O
BT URMERME L bins. 1) BI00) o
L, 1) 1% oscillogram b i Bk 5 A
BT 5 rob 0L LTHPR, 2) 3) X
1) of&LAR B CHBR, DI 4) #
WERI kI L ERBEBRLTOS DR LS
BEMABEBLUHCHZ 5 XETHE0REENR
et Bl b oscillogram _EDIEFR IR
TREER, RO, 1) 0B, 5) & \spike
EATRNERCY R

5. BREHE (KFEKS 1L
HEMEEOBRERBCHT IHDEO FRAKR
IC3ET

6. JIFSETRE (HUKZEMm)

IR EEIC KT ZHERTFORE

77 b 14 v v LATPO KRG, FERHPHOE
FEREDCEALTWE, ChEBNRHRET
5% 00, HFERTF ) (Marsh BF) TH 5.
19554ED), #H Al X T, MERTFOARIE,
# 18,000 g T & h B\ ATPase % > 7
BRI EeS B 2 LA LA I TSR, %<
DOYFED, ToOFABEYERLUTKRE. 0

%<, COBERBETF»L, M FOBEWEM

14 BEBSRRBES

Fe FRAIS6E 2 HI8HAF/E1RFL D
FERE - BiF &

Fr&i®g  HABERRFHE

1. #3#EE BAEH) 2N 7 REETF(E
LA RREBRTT)
SYFEREICLIHEEHNOBEDOEE L
HICHTIRMBBREDR

By s CEET B LR TR S
Lix, BLOFERBEIMBRLTVBERTHS.
ZOREE LT, SERAEOWMRIS 3K
BRI & 2, EE)OWEIC D &3 EROBD

& W - 175

WL, EET 2 b AUV IET S LR MEE
LTWBR, F4ik, koEREcEE, HERT
W, 77 3idvunb CaEIZ LIS T
HEE DT HDOTH B L OFERICEL 2.

1) 77 34 OIECHED Ca BAHE
M LETHB.

2) EDTA/s X% v — FFIOMEIER LT 7
Pitovhb Ca kBT LICkD.

3) ERnbERT L, ATP oFE T, Ca
AT D, FOMEIL EDTA X9l
Th5.

WRRT B EREEERL, Makzod DX
Bro—BErELLRBN, oz & &, A F
Huxley? O i & Z#A T, E OB AIE
i DI CAEEIRS.

iEsIEEE, Ca X, PMakLEELTHD (b
fafkDELBL TARCEL bh b ob, BERE
CHEELTWBEONELHLN TR WD) BT
£8 5 BB, Huxley ©XiuE/MNafkos kg
ERE - THEREET B, Zhic X b/ Matk
CHEE LIz Ca pRlEREL, 77 + 34> v OILHE
w3, R, Ca HNEGCEREEGTR L
CXoThebd¥3hsd., —ZORFIIX, FEH
FARECENSBIRTVB, MHERT &
W B AR L LT R U RS, TRUBIAE
HEY Eu 5 ETERECBRSTbhB ETh
i, Bk BMETHS.

1) Kumagai, H., Ebashi, S., and Takeda, F.,
(1955) Nature, 176, 166

2) Ebashi, S., (1960) J. Biochem., 48, 150

3) Huxley, A. F., and Taylor, R. E., (1958) J.
Physiol. 144, 426

EBYRELBIS,. LirL Grant (1960) ©
W) %, Bartlett et al. (1953-58) £ fiiod A %
23R LTV 5 15BN /AR T 4 emotional hypother-
mia ORIENRD 5. L, BERD (1953, 54)
BEERS LG OENLHRE LTS,

B 5 EEOEELBHENIGE LTH
73 B 7c i, DELSOTREED 5 FEHA Y
TELLRTPHR LERPEE LWL, £ TLo
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DOEERNDIMOBEERC Y FEB LMD E
WATER L ode, FLTBERLFETAEL
o BERCEBB L TR kEETLIERL
7o PV EESTETE (WIS, 1958) &EN
RNTCH5.

1) F—Eo 2 EoBEEROMTY+FEBL
2% Th, ERROEEHIWERRTSHS. &
oL xEEBoBEARTHhE, 1°C BitDE
EXENIRLES. FioPRII2EYOBH
FHREhdhib Dy, i, coX5eERL
TR - B LS. ERciEE
HLNT Y FRER L. L Lo v+ To
EE A BEIBE L3¢, EROBE KRR
B EHL R b LWE koo X b iR

HHTHB.

’ 2) RIRZEE) L BISEE L i 1% OfRET
BEEOHBBIENEE L, BERESMEV-EEE
e bh s RREBI B TRTH D, BSR
EREVEEii—BcAB EARRORS. £
OERGEIT 25C M e 5. EHEAE TR
DENCHFCEHEERRE LA 2 E L BRETHS
5,

3) WibE LCiE B BRZ Lo AR EER A E)
DFF A L TE BB TH L. - THRIRETD
FER%Y SRR RO SR EDORBLITTS
B . ;

4) MNEBIT EMG. k& o, EBRO
Bt LA BRSSO E Lol 5 2 &
NTELS.

2. NERRME (ERBRE 1 4B

BEHEERCATEHT - U VAU EOERE
AN I TI A

=0y voublii (LH) X vilasasEc X
5T, FOEBEALO single unit activity %5
Lic. —fi#hco¥, P—0RiiERs3-5 2-F
9% 60 msec DOEIfET summate L THbh, &
DE—@ component (FE1IFHRORIBIZH LT
all-or-none 1= J& 5. X ZDBEMOFETILR
& Ui BRI X A b RE—F L
TEY, sjp CEUTS. > THEHEIFD
LH o unit activity {33 = ® s. j. p. »} summate
LTHERIN TS EELD.

BUATR O v~ € LH TEAR O (REE S

Fox W

HE L, 6.6-11.4 m/s%fEk. iTHK, Kuffler
&> small nerve DEHEEE L H oK EL, #
&> small-and large-nerve DERDOE L Bbh
%. '

LH ©2oWnT, ZDEHEME 20/, 771D
FIMBE L AL, LG EOWRE LIPTE ‘intra-
cellular potential” fliz x %/ 75 A% 1EI,
CD AN/ 7T AAEEEAL L DY 70 msec Eh
THD, Wa F— 2ROFER LS. L0 LA
(AR TR E L Ldy, XURPRRW». X
FOERBIEFERC LT, ToRNOI0%R
V50% D L~ TH 4, #9470 mseck UF 300 msec
ThHb.

o LH AT 5 ks, BHo sow
muscle system & & HEEEZE L.

3. BRSE (KE8E RESY)

2YF 3 HA CEOHEHE—HERD BEBHHEE
[ SBRMEL ..

R B O OO A BRE oW TiE, —iRiIC T
DHTE D IBEEN AT X B RENRLOT
75T, &FoLiEHEe B RVTEENE D -
TWBEEZLRTWA, ZO%E, FRELVE
BETHAEEMITH B0 MEE LS. ThiT
LT, O BIE TR A O o MRS R
EORBETHAERTH S LOELLHS. LT
T, 29 F I HA DLENED LR LB
wEAYMEE LT oo EOMER TR - .

COERTIE, MNERIC X 5 HRNEEORE
BB AR L, MEEERCHEbh D Slow depola-
rization DFETE B FED D, RWT, Z DSlow depo-
larization ARSI DML X > TED XS
CBALT B AR A, BB TR (23-
27°C) Tfiln -,

1B O 64.8 mV (834 227 il
DNT )y EBHEMLOFEIE 40.3mV 29FARSTH
Haizo\WT) Thote. EEHEMOWL Slow
depolarization } 0" Plateau #H & £z » 7% O T,
WA LROHETE b M SECERE
B LTW5%S, Overshoot ZREdM, MbED
DEKREE O (1-3 V/sec) DIEW ST EI1XHETE
HELTHS.

BB RIEEEMOKRE SR L > T
Fhh KB Uleds o fehs, —J, EEYEMOBIY
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VIMEEIC & o TZEfL Lic. Plateau OEAHED,
BB O AEAE A L, Slow depolarization @
HESRLTE .

Slow depolarization @ ZJELD N H FHEMTEE)
HEOWEINE 2D Z EIE—BCER IR TNWEDT
(Weidman, Arvanitaki, Bozler), Ll Eo#5HZ,
DFOMENFRE VERETHERTH I &
PEZETH LB I Bbh5.

4. K= - BHAT (FHAE 14
A HIURIC DL T

W Flaxedil w5 & aEEHRT I
Wit 35 2 -G E »> CTW A RER DL BT &
NTED . FERBOIFCE LTIIER 7 v K
b OFERE I RIET S C L BRR BTk
A%, Flaxedil B4 X5 aHEHGHET ORERES
FHHARAE Lic < 72 5 O TR 2 H#E 5 & r—Hik
DFEDBAMERE LI FEROEA T DI X b
P B HiEERS OB IEM 2 & 5. —
Fy Bir g s L gk X Xt LT
CEFRAHFEE AT B 2%, T OIS Flaxedil
whZ THELLigV.
RS BT - THE LTV 50
TN DR X DL LENFH ORI OELDLL
HExOMEOHEELWERRLES. Lich
o Tr-BERIse X 5 @PIRIFRIC X 5 i5#58EE
SHEENS, @RHOIORE S ELHEL,
FI BN A D ILFERL B A e BT — i
@ X AP X b, 2 OIUHRIERIE i
DEBEHOFRCEL LIEFERBW1IBTSHD
IEOKRE XL 40p THD. COHEHLEEN
IR BRI REN DI & & b
5. WEIRB AT IR Bk 5 BifhgEsE
o —B R AN TR T BRI NI
R~ 7 CETHDRETILDTHB L
5 B4 gAML R & GV AR o JLE 2
bbb,

5. ZARREE (AP « L)
BREEBOX X IDTHICRIZTHE
KR D BANTEEER I B TEICBS- LT

A

I 177

£
WAENERALMLTAZEEDOTHS. e i X

IR ACCEERHE L, EMRIT, R
e ), RBEEC R JIETHRERA
fz.

WHGEE & b BRI IS + 5 CE, IR
R H R0 R Fw R E Y 52, 10AFOE
EEIR$TCTF A b LIz, 7 A POFEE, 1)
WER I L Bibio &8 X B0 R T
o, ki B BB O ENRE I B RN
5. 2) HBEvL R0 b Lo 5 REY
WX TRE, BHERCHFEIRIBHET AT
217785,

B G——KH 7 )y FORTTHF— X D
wEoENIER TR 5. FE, Mk BT A
M 4T 1 B205T, 3 B, FH60RAT.

BRGS0 « FEF I Y B oARME CoMc X
B, 1 BI04, ke 2 HEsERn 5T
fivt .

KRB E AN 8 0B B KR AL, i
X3, 1 H ST, Hiki2 ARMSEERC S
SEP AT S

FE 1) ENREIG 0N, HEROHERC I
BIREBIFRA EE o T,

20 BESF OFE R O LB ERGT X -
TELLAES R,

3) HERE-HR AR DT b FE KO
BoWEENRD LI,

4) HHFHCHLTCLEERETIVELL
B OS5 T

5) —{ltk DYEEIRE T X - TXEARHEIR
BDbhish otz

ko<, milkEERGE B &85
BRI BEI R LT W5 2B L Hh b B
RIS IFa A ERREMA e WA, FRHIROGKREE
SO IEOFBROIBHLEET B & Dff
ERELRIERTH S,

LY lE 9
6. FRRR (BEEKEH 2 L0
427D



178 U5

= #

BREBFERESSTE - BESS (1)

¢ FAFNS64E 8 H22RFHTOMEL b

e MERFPESE B . LT

1. WBRE - =S8k - REER-BEFET (I
BREE 2 ) :

D-7 2 VBRRULBRICATIREOMFAIC 2
T '

bhbhi o D-7 3/ BEB{LEEROESE .

#% Flavin adenine dinucleotide (FAD) #3\E#s57c
AEL EHE LIcHE oA WT#HEL
TEf. BETD L 5 HEER ORI AL
HTH A SLOREE LTI » Tt &
WO EEH LR EED TS, SER T
)T X BEEROE TR L DNEKEER
DRERTTE & b 7s 5 fc AT D OB L s
Lichd, SERABRCYTHRECERAELL
o, BEREMRERIRA S b Ak DI A K
IRBEROBE & MBI REER L ZT B
WHRILENIM ER 2R T Z L aibholz. b
Hbh ORISR OB LRI HIG LT
AT i EOBMENEIELE D &\ 5 A
X LT T h e T R - e

¥ AR T B IRBOIEAR SO
TG & RO RERL L OEBENEET S
T EDHENRD BT,
SHIERENTIREDCIER LV IBAND
kinetics #AARBIIABEROEE CTHDHT 7=
VERBMMEEEYRTC EAHLMNE Y 2Ol
EEHILL8M Ch - iz, ¥ AFADE 3R
MR RT T & hibh - fe.

2. AEFMH-EE B KRES14H)

BEFREVHBEDOEBREAQIERH)

D-7 3/ BEAMLBERI—ETFRER X » Bt
BILCTE5T5 L KIGEENDHEEIR TS,
—BFBENE THIEE %/ VEIZREA LETH
iz b, ZoFEEFEEOEN% EPR Hic X
> T35,

7 7 € VER— R 2R OBYMIREE Y T,
PR L9 ORI E DRI D .

*+4 v VEMLEEEITZ FAD, Mo, Fe D54
% EPR BIU%mR3. 2D 5H Mo pILTIL3
ROBYMBEX RS 5.

FAD-En—>FAD-H-En—>FADH,

Mo*6—>Mo*5—>Mo*4—>Mo*?
F*3%e—>Fe*?

RH5—BTFBHOHTRELNS.

I BHER-F BN K (FEKUEKXR
31 4 3H)

BIHBRERGLEITZTaLF~ERRO
i

I haVF Y TR BT A EEERLASRL
i, RRFIC BT 2EBE OB X v Bl S h
ZRE W= 2 -, FERPEEE 1)
AR X (energy conservation), FiZ Zhas
I-X ¥R CE=3 V¥ HREE2HTHX-P
LS (energy transfer), HKHICZDOE=
Fob ¥ — A IR R A RADPI RS I h B
LIk -»T ATP &K T5% (Phosphorylation)
LDEELBRTWA. ZOIERIGH M HOB
7251k (Front door approach) &K EJHED S
$5Wge 5 (Back door approach) iRk
LB OSHICRD b 50, AhoJimnb
), RAPHCEILTWB O -FX &X
FAEFHEGEEUEETHS.

WMEET X1 UL X-P L& Etb=F1%
— RO RIGEEY, CORMERATHLEEL
LR BHERT, Pz IEet® DNP, [HEH
azide, "Rl R-factor £DEETIZR\T
i ATP-ase WEtko HEIZEL, X-I2X-P #
BEmli.

1) DNP X X-1 % 7 ViCKfBT B, Eibhe X
DT B X-P RKET 5.

2) Azide 1% X-I+PiX-P+1 RIG#MHET
B, FOMER a5 BFRROEERE
AU RET Az Ltk b DNP {ERZIET
5.

3) #LAT, Azide, R-HTF, ADP i flhd
DNP-#fil| #tE-ATPase Bk LT X-P 0%
BEREAMEEHETS2D0THAS.

4 B F8-EFEF - KNEE - GIR 30
BRE 14E)
BB ARBEROBERAEEEANRICETS
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B JCRDEERIGA LT, Neotetrazolium 15
2 X 5 MIEABREAmE BK SREBER TG I E w2 BY
L, XOKELEMLE. 1) BREEEREs
8 5 o Trypsinif{t & 1778 - 7243, 2% Trypsin
37°C, 207 DHILARBTH -7 2) NTROHE
HEEF b Y v 2 OBERIEERER O BB L O
THEL, Gey KIK: SR THIHIML BN
& NaCl DEERIE Liz. 3) HAHK (Glycerin-
Gelatin) WIE{LEES X I CTEARLE L, Lufa
ROMES Mg o T BT OXRIN A RIE L
iR, BIFROZRCET L bTnTdh
st 4) EREMRCR T, FoFEROT
O B DFEHE & BN OYRIR (BAK & Mg
BEFROZERIEIHBESC L B) & OBIR
RDB L, FEEOFODSFLE > TR -
TR ORI AL 5. XBEAKDOEITEY
P2 Th (1.44-152) = DBIRICITRENTD B
Nilghrote. 5) Wintr B RIGHER, RIGIEE,
HEBE RO NT BECRTh, BRNELED
FEMCER L. 6) E GIEm Ly v
A) WPHLEH (~ = VBT bV ¥ &) (FAMICES
W TSP Diformazan 4: i 3 KIS 5
o & D255 ST R  EARBERIE B B & & pddobs
oz, MU T—EREIAN (RIGHRK 15-25 24010
%) @ Diformazan A:RRE DYWL, HELHE
TR & DY H FM & AU EF DR & Hg
BAPRIZ S % & & pibtsols. ZhidB bk ~<r
VIR D EHHIFEPIC A TIRIARE & B A3
BT EERRLTWS. i, HERELEDIEHA
IERFII DM AR 2 FE 2 D 2 T DI EE » itk
FILLS, BRERBEYETCA— L MIMhos
FEAEIBD LT, - TN RT 3~
m VBOMEFRREL THNTH L BEIH
5.
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5. XML (MILUKE 1 4H)

FFARORRICREFTESKEORE BICEHE
& DEEMICHINT

IR RIS TRKEDPECHTITEL
DHEABREN TR BH, SEGFMIEE AvT
Z OIFR % E U & OB#Ek R 0 & LT
Uil a e T 5.

f¥, HREBROKRIK, BWEOMEEOLER
bt 300 kg/cm? FBEDKED S & TEOBHEN
BTTET S LR, MEERRELTWS
2, FECER~ PLIELDOROWTHEKEDOZ &
REBNDHE S5, Bic Ll X 28RN
B DI 8K T 5%, TCAY A 711
BAGRD B EE % AT, WarburgEstic CliesE
HE%, 47 +F VY Y A¥EWOI Thunberg
ExAVT, BIKREERIG: 28 Lk OoRinks
RBurBl. Z2EHTRE,

1) EARHEIT 300kg/cm?® O T4 TOHE
He Tt b ([RES R Blbh, BiEg, 7=
VEE Y Y b m IR OB AT 800 kg/em?® T b BT
HEMREZ R TS, et L 1000 kg/em? L
FTRETORECHNTIMHER AR S.

2) AATFIVSVy AEEACT 2~ 7B
IKEBEREE Y 2 5 &, 300kg/ecm?  TILAME X
DRI, FhU EoFTiismn e fF 8+
%

3) Thunberg T 2 F L vEDO P AR %5
e, HEL LTI VU, BESFoBYXL=
-~ 7 % e E 1-1500 kg/em? o FiFECflh
R OBIELY DS . AR LM 300 kg/cm?
TS TIIIRE R 2~ 2 B % FA 5 & BRI s
ELEmT5s.

(UTFTRBEROFE)
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AHBAMBHAEE06ES AUABEINELL, BLTER

DEEZRLET,

AETHE - FEBREASELBRINE2 AT RBERSWELL,
EATREORZEZRLEY,

E R (051-2%)
= T = iE
37 3 Fundmamental Fundamental
Ar37 A1 F v aF — R ¥ o — R
39 Fig. 3 B T 3 in normal (A, B) and spinal (C, D) in normal and spinal
39 Fig. 3 3B T 1 tim mark : 5 msec tim mark : 2 msec
47 ‘ i3 mammalien mammalian
2 S FER®R 2 76 69
Originals 2 76 69

76 ' i 4 (1961) (1962)

i





