JOURNAL OF THE PHYSIOLOGICAL SOCIETY OF JAPAN

& #
PR, B I ONERE S 1 R DBI oo vveveeeessersssssssss

KIYONO, S., SEO, M., TAKASU, K., SHOJI, R., TAKEUCHI, I. and MURAKAMI,
U. : Spontaneous motility, EEG and sleep-wakefulness cycle

disturbances in rats suffered from fetal X-irradiation
& 2 b i W26 [0] [ A2l B 2 1 [E] o PRI 4 o eeeeeseremremre et e

£ L e 2
H51[a] H AR FH
SE5L[A] F AR A SR
006 1] [ s A T £ B ARAYI) e everre vt sttt e
23, 24[H) J.J.P. it ER e L e

HARE£IHEE
J. Physiol. Soc. Japan




!

""lll

i

umlllll
‘Hll |

“ : gﬁw_m|[[!!lnummmm

e,

I
|

s

i

¥ R

(REEAMECX L CREZEZET.

(iE, BERKF, HEES.
(3N 4 B TR%E, Skin Graft I,

(aymtE, k3, E, NHWE M,
IR{Avwbnx$,

Donryu Rats Z/ED L 7z HABAD

Conventional Rats H:EEHF 2 — s —

TY. SBRLBEROBRICZOLD
B-BrbrmETariBhnwikl

FrYa®3vh T.D 967394
Donryu-rat T.D 095227 - 3 8

RER#E— (Donryu) (Wistar) (Buffalo )

pEl%t'—:-v b (%)

BERHIITHIREE6 08 —3
TEL.(0488) 61 — 6850 « 6401




CE AR (1975) 37, 1-3)

EBHPONBEHEIEBRIEORR

HON O£ WA A X A
' (BIRK IR EEH — AT EHE)

Relationship between. respiratory frequency and depth during ex-
ercise Miharu MivAMURA and Fumihito YACHI (Depertment of Physiology, Kana-
zawa University School of Medicine, Kanazawa)
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Fig. 1. . The _effect of-‘work frequency for tidal
volume (Vr), minute ventilation (V) and respi-
ratory frequency (f) during exercise.
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Fig. 2. Relationship between respiratory fre-
quency (log Y) and depth (log Z) during exercise
as the value of incremental rate was plotted
against logarithmic scale. The number on
oblique line was represented the rate of increment
about minute ventilation. Black and white circle
is the value of 60 rpm and 100 rpm, respectively.
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Spontaneous motility, EEG and sleep-wakefulness cycle
disturbances in rats suffered from fetal X-irradiation

Sigehiro KIYONO, Misako SEO, Kazuko TAKASU, Ryujiro SHOJI*,
Tkuo TAKEUCHI* and Ujihiro MURAKAMI*

Department of Physiology and Depariment of Embryology*, Institute for
Developmental Research, Aichi Prefectural Colony, Kasugai, Aichi

In accordance with the recent development
of behavioral studies in prenatally X-irra-
diated animals, several works have revealed
functional changes in the maze learning
and avoidance conditioning in those sub-
jectsD?23), Since no reports, however, have

examined the effects upon the sleep-wake-

fulness cycle except that of the acute lethal
influence?®, preliminary results were per-
sented in this paper.

Male MP# 1 rats were used. Females
were caged with males in pairs overnight.
The following morning vaginal smears were
taken and examined. If the smears were
positive for sperm, that day was taken as
day 0 of pregnancy. Experimental animals
(n=10) were born from the dams X-irra-
diated on day 17 of gestation. A single dose
of 200R was totally irradiated at 200kVp,
15mA, 0.5mm Al4+0.5mm Cu filter, TDD
70 cm, 25.7 R/min. The control animals (n=

6) were offspring of the non-treated dams:""

The experiments were carried out at the

age of 100~130days after birth. Individual
spontaneous motility was measured by an -

Animex (Farad, Type S), setting both the
tuning and sensitivity levels at 40pA at
the start of the measurement for 24 hours.
Sleep-wakefulness cycle was measured from
the polygraphic recordings for 24 hours.
Parietal EEG was analyzed by a frequency
analyzer (Nihon-kohden, Type MAF-5) thro-
ugh the three states of this cycle. The
details of the method were described else-
where). At the end of the experiment ani-
mals were sacrificed by Nembutal injection
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and the wet brain weight was measured ;
the cerebellum was discarded and the brain-
stem was cut at the level just beneath the
superior colliculi. The cerebrum was ap-
parently microcephalic, and the mean brain
weight in the control and experimental
animals was 1.314+0.07g and 0.6140.09 g,
respectively, the difference being highly
significant (p>.001 by the t-test). The mean
body weight was also significantly decrea-
sed : 285.2+36.8 g in the control and 216.3+
36.3g in the experimental group (p<.0l).
Spontaneous motility showed that the experi-
mental group had more locomotive move-
ments than in the controls. Taking the
mean value obtained in the control group
as reference (100.04-37.9), the experimental
group had the percentage of 158.9+53.8, the
significant difference (p<.025). EEG fre-
quency analysis revealed a tendency of
increase in the fast wave components

" throughout the resting arousal (Ar), slow

wave sleep (SS) and paradoxical sleep (PS).
As indicated in Table 1, the B, component

_ showed a consistent and significant increase
/in the experimental animals. Sleep-wake-

fulness cycle parameters obtained from 24
hour polygraphic recordings were sum-
marized in Table 2. The significant change
was found only in the increased percentage
of the total resting arousal time (%Ar, p<
.01). Other items such as the 24SS, %PS,
PS/TS (ratio of PS to total sleep time),
mean PS duration and number of PS epochs
showed no difference between the groups.
Further analysis revealed that the signifi-
cant difference was found in several more
items if the calculation was made on the
Day data (0600-1800), in contrast to the
Night data (1800-0600) showing no difference
at all in every items. In the former, one



Table 1. Frequency analysis of the parietal EEG through the sleep-wakefulness cycle.
Ten continuous integrated samples (10sec each) were averaged and presented.in per-
centage )
0 4 a B B2
Arousal .
Control  22.240.5 31.8+1.5 19.3+1.5 14.04-0.6 121409% (n= 4)
Exp 21.6+1.9 26.8+1.9 19.4+2.5 17.3+1.1 15.0+0.9 (n=26)
N.S. »<.005 N.S. p<.05 $<.025
Slow wave sleep
Control 26.8+3.4 25.7+0.8 22.5+1.6 17.6+1.7 74+14
Exp 21.8+4.5 25.9+1.8 24.5+3.5 18.5+24 95+0.8
N.S. N.S. N.S. N.S. p<l.01
Paradoxical sleep
Control  18.14+6.2 33.8+2.6 23.8+4.5 12.9+1.2 11.1+1.0
Exp 16.5+2.7 26.8+2.5 19.8+2.0 19.0+1.1 17.3+2.3
N.S. p<.01 N. S. p<.01 $<.005
Table 2. Sleep-wakefulness cycle parameters (24 hours). Asterisk means the abnormally

deviated values of more than 3SD of the mean obtained in control animals. Ar:resting -
arousal, SS : slow wave sleep, PS : paradoxical sleep, TS : total sleep time (SS plus PS). In
calculation of the mean PS duration and number of PS, samples of less than 40sec in
duration were discarded

mean PS
% Ar % SS % PS PS/TS duration No. of PS

Control 51.6 40.1 8.3 17.2% 138.8 sec 51
(n=6) 36.6 54.4 9.0 14.2 144.2 53
40.7 52.4 6.9 11.6 101.5 55
36.2 56.6 7.2 11.3 133.5 46
414 50.0 8.8 15.0 105.4 70
41.1 51.9 7.0 11.8 130.7 45

mean+SD 41.3£5.1 50.94+5.3 7.94-0.9 13.5+2.1 125.7+16.3 53.3+8.3
Exp (R-200) 41.5 52.3 6.2 10.6 111.7 46
(n=10) 45.8 47.6 6.6 12.2 104.8 54
48.9 43.9 7.3 14.2 123.8 48
43.0 47.8 9.2 16.2 110.3 72
434 49.3 7.2 12.8 97.1 63

44.1 51.8 4.1% 7.3 131.5 26%
44.5 48.2 7.3 131 103.8 53
52.3 43.0 4. 7% 9.9 84.2 43
441 46.1 9.7 17.4 108.4 75

61.1* 36.1 2.8% 7.2% 147.1 17*

mean+SD 46.9+5.6 46.6+4.5 6.5+2.0 12.1+3.2 11284174 49.7+17.4
(p<.01)

could see that ¢,Ar increased (p<.01) and
both 24SS and 9PS decreased (p<.025). At
the same time, the number of PS epochs
was decreased (p<.005). To examine the
possible cause of the decrease in %PS in
the experimental group, we made a distri-

bution histogram of PSs of various duration,
from which one could establish that PS
epochs of longer duration tended to decrease
in the experimental animals. This was valid
both for 24 hour recordings and the Day
results ; in the latter a borderline level of



significance (p<.10) was found in the 3 ~4
min and 4 ~5min duration samples. It
should be noticed that the mean duration of
PS in the experimental group tended to
decrease, but the difference did not reach
the significant level : 131.3+19.0 sec in the
control and 121.0+17.3sec in the experi-
mental animals. Using the materials pre-
pared by the same treatment in our labora-
tory, Tamaki et al. observed that the spon-
taneous intertrial responses in the two-way
active avoidance situation were remarkably
increased with the higher score of con-
ditioned avoidance response in the X-irra-
diated animals (unpublished). The present
finding on the spontaneous restlessness
stands on the same line with their results.
The increase of the fast wave components
in the cortical EEG and also the increase

key words : fetal X-irradiation, adult sleep.

of 9%Ar in sleep-wakefulness cycle suggest
the relative dominance of the pathological
excitation or activationin the adult micro-
cephalic animals caussed by X-irradiation
in utero.

Thanks are due to Dr. Muneyuki Ito for his
kindly reading the manuscript.
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Bk, B, H—4H gk, B, FIAeNY)

BEHRLEE AV, WENES FREARIC
S =R LFE—RBIEOVWTRIT LTS, $H
ek R OMIgic RNA ORI E ¢ 5.5
3H-Uridine (*H-UR) DRV 2 ZDAELETS
& BF ¢ actinomycin D (AMD) ¥ X % ametho-
pterin (methotrexate, MTX) % 2 BfiI{EF X &,
ATP OARE, &8,
FF B oW T 7o, AMD, MTX & 3%,
SH-UR BX D = HRAEERINCAE, FLBRERE
ERAT B2, UCO ERB,HFHE LATPAE
BREBICIRZELR - Tinbs S H-UR XD
CHMEE L, WANMEECX 5 ATP A£RED

turnover time Zizk k-

Fﬁlﬁbiﬁ%ﬁﬂ@ﬁé%ﬁi}ﬁﬁ?é ZxXb; RNA &
IR ERRO ATP SEECHS LT

mé&%x%hé

F77, RNAGKRHEL T L ATPARER
ExEEE L IR L, FHEEPALR LWL &
13, RNASRIFIRSNhS ATP &1, T4 E
LT ERWEHETES. SHBIEAEAR, B
ik e on T hFERoRE2mz <, Mian
=R — RS OB A AR LIz,

8. *ﬁ’é‘%k%ﬁ@?ﬂﬁ?&ﬁfﬁ?ﬁ

BHER (REX, B, F&)

B DZ2RPER H = /L« Ringer N THH
L, FHREROWEITE S 5EE CHRAHAD

SREPHEIK L. FOBE, SMIEEE T

ampullopetal FEOBCHlg & 7 b, spike OEHM

&

BHESN, Bk X CHROBELREOBHE L,
ampullofugal O FHBHNK L 155 2 Lk 2w
Fo. Eio, B LHLHI K E % utricular
duct X W WOEE, BEOHETHRT 5 &,
T CiE, B8 (ampullofugal i) OEF spike 7%
L, $#E TR, B3| (ampullopetal i) DR
i spike ML, ZWECHKICR-TwHTE
MRy, Ewald OEfl% © OFBETIEHL 2
Z OHMIREHIE L BELHE L OB OB LG
HDE W IE, crista OFEE L O kinocilium
L stereocilia DAIEIZ L 5 DD EVbILTW 3,
L7etio T, Zhe S ERE T M cHis
U kinocilium 23EIE 4% TiX canal side 2,
SURIEHRE TP, utricular side HHER L
L#E U7 Wi, SMIEHE L BEERET
VX, BRI R BEMAVEDT, MHiCEE
Me4Be crista FRgRIC 4 B BEFED eminentia
cruciata ICOXEE L. LTOBR, <V A, =
&Y, Hx/BXOE E T eminentia cru-
ciatams Lz, B F, ¥, X2, EALEY b,
VY X INUBREELRWZ 8305, 20,
eminentia DEFJRICOWVWTHEELINL /2.

8 BERYICET I ERERENME
HR ¥, WA S (BIOK, B, Bk
EHER, BRI Y ORFRER LR
PSR LIELERRINZ ETH 5. L
L, B CHOBRMMOBERERT B L T
11, ERERZREV. SEbhDVIETIRERE
CHT 3BRAHEMMEOE LERBLLT, &
ANTEABIIR & 0 BIRAYIC Ringer KIELEWETE
A L7 FHik: 4 %O medial articular nerve i
RERES SR EBIIR & 1 #IRMC, 37°C Ringer X
¥, 0.01~0.10 mg/ml @ adrenaline &#Z, 0.01~
0.10 mg/ml & noradrenaline {A#%, 0.03mEq/ml
o -KCl BWEEHED 5 WX MELR. £ O
LR RBRAEHACHA LTV 5FE’
microangiography THE 28 L 7z. #5Fix, 010
mg/ml noradrenaline. @ 1 4%} %, 37°C Rin-
ger ¥k DINEE AR} D % medial articular nerve
XV EBBAARD . COBRCHLTE, i
SRRSO BRREROREE b ER LK
FHIE ST, 448, serotonin, acethylcholine,
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bradykinin F0ORBWE % F5 2 5BRG
ALENRS L BHREGE OBBREHASR, bk
Ringer EORBWEZEERHNCEAL, F
BAEZHEIEL TV E .

10, 1 X BlcdlT 3R EMBURDBHIC DU
< ‘

BHER WA s K 8 AR A
(BIRK, E, F—4538)

B OROHBHED 5 bREHRLZBSDDILD
W, Thicd Eh b ERE L BREMREER
DROLITEBEL W DB EOEER S D1 EE
FE R UMSEN R RERITR - 2.

FEEA ROBRMSE 3 X CBECESENS
mmOHFSFAETETE,) BEETSS
E OB SR B R CRIRERERR)
BT O WTEER BRI L BRSO E
ZRdI. TORR, EHEEERIEWVWT F
Bitaser ERSHEOHEIINL : 3~52%5T
BOEHBEBRNSVE VWS, EDiT, BA2D
¥t Bbh s b QiR OBFHBHERS > -
2. ZThX Y B OBRMRIBIEOR BRI
E& & 7% o TIUDERRHE & OB rOMEDLE
X YRLEINDDTRIEWPEEET 5.

T D EHRATRIE D B BER N EEF VI SRR < Vv
PIE T, il BAR, HPTRTERS HBEAH
FiCBs XA Tw52, KIRAICIREAET, V8
R RFETH - .

11. Raphe region [C&(J3=1—O DR
ZREEICDOINT

HE B KHEMN FEE- (UAX,
E, #—4H) '

ARBR T ol B Al s A7 Fry
vR¥ew b= ViEH UTERSEEETRTS, M5
DRIEDREIBRWEEZAMIAD SN2 LD,
IS 7 7 3 VIMFIRFAG MR EREE T modu-
lator & LTEINTWABIDEBLTWS. Fi-
Z ORTEMRR Tikic 5-HT B d % - TV 5
MK, BROBHBICRELTYSZ 2D,
KRR E RO —8IE AR 2N L CRHERT
WBEET S L MBRING, £ TETRE
75 5 0N % O B0 O R Amla s B R A e w
BT 50E», 2V CRERERKICR Uil

BRIEZETBrEBRE L. A

T VR VRRERY Y ¥ ORI VLT, EFR
X 4l 25mm iz thermode ZHEX AL, D
FERfz M INERc X VREL..

1. ZoERKBEZAMIENS SHEELT
¥Y, HEAMIECE LIBZAEROEIE BB
Hig s (26180 5 H20{ ).

2. RSB OIEEY thermode T—&EiTL
ThE, REECE~DIREMEEZTRSE, T
DOWOBEZEMADOE S BREET L (2HA
D5 L1T{A). : :

3. ZhHDRERE M fd vk, methyserqide
(0.3mg/kg) ZHIRNICEELCHMOOHELR
BHLITEBTERP .

12. Reflex vasodilation I DOHTERHRET
Bz HUIC B ERER A D5 5

HE B EHEST (WeX B $o4H)

BIERBR T 8075 & i Fh iR R i R e T 5 /
AT FLrFy v (NA) ofEHGEEEEELZH
ST b7 iz reflex vasodilation ZF5HEL L
THRE Lz, ZEBRTR—HIOFRCRENHE
iz, HRAIOEE T heat-flux 2HEEL, FDi
BERGZEE L. ,

1. AEERHRRIR TR OREZ R
XTRBE, AEZLHL, ZOMOBERZAM
fa 5 DEEY 51T Tn5 2 L BHEE b h 5.

2. BIERERTHRic NA 2 MBRET5E, &
FRIEOERIERCIFAING. DWW TZ O
ERTe A VEMERSLT, ToROBHER
T 5L, NA BEOBELARCKIEOREE
B he. TR bLRTIRRR TR AR R
BREELBSZECTEY, NA Bzofxs
HELTVWBHDLEINS. .

3. BRI~ NA 2535 %, KFEIED
REPELLKHEELE. DV TZORIERE T =
A VvEERETSHLE, NA LRAULEARGORE
MELLIWAL, I ARSRIICIEIRE
WTWBHDEBIN5. .

FloZ DR EIhZNAW, ZoRolE
EMET Ltk b, AREHERE, HBIE
BT EBHESMER 7. NA V3, BTERHEETEH
5 B N IR D TFERATIC 38\ TR UIISIER 218
CTw33dDLEIN5,



13, AiE-BEBERSCH (T 2HEFED
RO EREIEED

BT, #E R (RBX B, $TEH)

PR L & T BRI EER R RS
OB 4§ B o B EBiE A, RERDEXR
HIEBIOZE 1k &2, Pl -POBE R B E B IS A
DEEDF L HERETL, ThbBEDHGR
HOBRRSEZER L.

EByy, BE e TREE, M- B I OH
AR RS 2 T LT, ERE, BoliE .,
INIG & OB ERE E NIBMRO AT LicA R 2,
%7 3VCEHELLTHWE. '

A BEBREATE, TORER O E L H
5, KD 2ERHRED BN,

. (RERSTHML, MERFTERAST SR
s 1. (RERSCREmT 55, MHEAT
LR R S VR .

B : EMEEiNE A, FOMERK © Z ik »
B, WD 3EBHED BN,

. (RERETREST 523, HIHIREA T,
ESE-IBE S EHEOHETD, IS h i
BATHEOMELRSHEMT A 1. BE
BT beR S kv s, RS TR, &
Ba-RaREr RS, HERT, ThoBETHEMT
LIEIAE. T, {RERS TR 7k £, EHE-
P BER 3L DI A OIMEIR 4 TR eI 523,
HESE-HIBER 2 BT L 72D b OIHEIR S T, K
BEE(LE R EDIRWHIHIA.

14, MR EE) & SENESRESR

EEE, BAET MAED (BRX E,
A )

e F OXREGEBES. (MP) OREeH, WREE)
PO RER FBBMCAESREEL S X
Frz iz, PEERL v P ORFEREIER
L OBERERFT L.

1. BRER 2 B CEHIGEL 2 B R &,
FIRIC 2 7o BRE Rt Ic X IR EhHE & OHE
AR TV, THRR AL T R v PR bk R
RS B, TEHIPRO—EDPAET trigger
LEmE Licikikicd, eV 55 10 2V it
T HUEREZEEDS 6 Bl B HlicRnTh o7, T
NSOGB T L b —ERTEAZES
B ot FREHEREOKE SILEBFHAYERTK

s 11

Eh 4L, Lard 6ffdfglicisnwcid:
REATH 27, MP 05 b OB IEER S
EBECThOFERIC L > THERRTLD X
vz, LOELE LTEEIRS.

2. BB B YEARE L 2 R BT,
MP @5 bOUEMEMITIRIBARA L, 1 WER
D2 FRMEREDOBICESRIEEG Ul & 25
HORl#aTic4 T 5 contingent negative varia-
tion i b RRROBIRSIR B E T . ;

3. EAFHREMIC X BRMEEBREMN X
R X DR EMBREA 2 EE2E L TE
W35 & &, BR-CIRECH UERERENLD S
bk s @b,

15. BB FoHINHSE < HMshiRoME

HAN (BERK, ¥F, £3H)

Adrian %5 (1969) 43 » = /L THGHET, KB
TTECWERE- LR TN UBRREIC R TS
—30mV Dl L OS5 HE L R OFBR—Zic kb
L &R U . ARERTIXH 22°C Tk 1 E 50
msec DL AR UIEIE rheobase D EERAIRIE
TH 5 —51mV LI L OB 5HE & e o Tl
112mV msec & W\ 5 —FEOERTTZ LBHL
PITIRoTo, T OREFERIBER O LBRIIR W
Fic iz » THHEDOTEINTIE rheobase % HHE
BRI ETHHESBERHOEE VI ERWRIC X
STHESIND L LEZRTHODT, Adrian D
— KRS Z2RE U I HEFE 4385/ C rheobase T
13 RIRERRI 21T activator DR OERRIRE ICE
FTHZEEEELT, KETD —30mV L5
TESRHUIRIL L FE 0 T EE BRI L, XD
AEFREHTH B HIRT T rheobase pSFUEEAL
L A5z ik Adrian SOBEROELRL
BRI L —2 OERWIRILL Db D LE X
Hhn, Adrian ORI U 7205 2 A ERES
Bz, FiRTE- VAR O D RWEETH
79 activator DOFEEEH S rheobase DL DR S
BOKE JEIEHAILTEMT 52 L 2EKRT
%. Adrian SORFBROKIB T CHREEMBPRK
TV 5 O RR 4B TR I IR BRI O g A
HEENTVBDTH DT LBTHRINS.

16, WiZEHimEs Co 14
HheEs, MAEE (BIK, B, BREMWN)
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MUNERERRE T b = VR THOMRGES
WickiF s Co?t DEELFHI . .

ER#EH I Co?t (CoCly) & 2 5 EHIBE
(E.P.P) DiRIEIX Co®* IRE & & d B LE
(0.05mM P E). -¥72IEH Ringer # # ¢ Co?*
2Nz 5 EBMUNEIRENM M.E.P.P) O E X
Co?* DRELLDITBWPOEMERT. 2D Z
i3 Weakly (1973) o L3 &b, Kita 5
(1973) DL —FK T 5. F7-Kita 513 Ringer
werh oo K+ 218 LT (20 mM) $ R 2 5o
BxgnE Co?t itk M.E.P.P. DHEITEL
BMFLL5RBEDIEZRELTVWEDT,
BHEMWICBIRE K'Y LFAROE Lo alcohol-
Ringer #irhicds i 5 Co?* O ELFH.
% Ringer ¥z Co** &2 5& ME.P.P. D
HERSSETT 5 bbb & F 3% alcohol
Ringer JH Ci BB K -Ringer ikhic B %
LRz 5 Co?t DigEL Ldic ME.
P.P. OFEIHEA L 2. THhIIHEEKOBIC
B} 55AEZELEE S alcohol DIEFIZ LS
30 & Ebhb (Okada 1967).

1. S¥£42YR0O7 KL+ Y VEER

SHEZEF (UAX, B, $—4HE)

T & Y AKIIERREY, FEEHTT SA B,
AV FiciimERgie, LEFTIREN CIER
L, IREgOBEmE LBEHOBERERT EEx
ShTHi. L LIk, ¥ 2 Y RAREWH»R
B R (B2 E SA ) wiRERNCEIK T LA
HESINTWS. BEFReY O /v
BIVCLEHERAWT, 771 VoER2R:
L, XoERzxk. v SM VRERLHED
EHGRICX VR ERL, TOEREEED
EHTHHERERLOBVDIOKHT 5 DOMK
LAEETHY, HFE D EMIESTIRBEII
FLLTEDOBEERERS. LORHERLEEKOR
BEIIREOBRERKICI IV REINDZ &iT
Y, EEMCIHTOESRIIVETTS. LE
BT g L0 X 5 LB LEXRTS
A THFOEHEMITITEBR LA V. $x
CZF x Y ABDOLEFH AT HERITLERIC
S LUCTHEBEERTLOTRERL, Y¥FFYRLCX
S THRE®RD FFRBE 727 A F v =KD
BN X 9 BHET 5 LEMBHEOKBEM LD

W 5%

DLELBR, ZOERREDTT FLFIVo
FEREELLTVwS EVE S, :

18. oY FAEEERIRIC ST BFLER
PR, AR £ (REX, B, $—5H)
REREHEIE CIXE OB EMED DI BN E
EEHETZ LR TERV. bhvbhiiy ¥
ABHGERE A, £ELHTCERREDE
LB OREMNZHAE L, ILHEEMEEREE
BRIk ZOMERER LA &5 b
Y ARk BIEERICR U EBREOHERT
LEMOEM 36.7mV, BFh U ARKIDEE
HEDEEVE 36.2mV, {RiE» S EIROEIE 36.2mV
THY, ZhEOEZIRERFEZ ML B
Bk LTy 588 H T b b IEEA 374mV
L—ELTW5., HBREZTTERCTHEEMNE
EZEBEMICEE LR 1~ 2BB0ER 28R+
5L, WEME LEVWITEL T HEo0T, 5H
ETBHILAMEBERCE(LTS. BROEEA
Emn i B 8 flic k34 mV~4imV T
Z DI 3BAMY  Th o, TOERI &K
DREE XL —HELTWS. - EEMEEES
o B OREMZ I 3BmV X hEWL
NZEIE LIRS @ o mE Moz bick h 5
BENSEBL, ThI VRV V-LOBEETRE
BEEHREERE SIS, 3BmV fhEDEERORK
higw U-LICEE LRBAITE, ToiRIBZ L
W K& LT L IRBVERLIC X D EBERLHS
FRIN. DEOERIIREHSHIZT D8
BECHY T SEEMNPFET D LRRLTY
5.

19. o Y FRERHHEIRICHT 3 Cat PR
ARk, BB (KEX, B, H—4m)
AR SSHIRDTEE BRI, TORAIL L 0 HEE
PED CTEL TTX 138 Th 525, Mntt, Lattt
BECXVIHESNBZ LD Catt TXBHMA
STBROFEDSE L LI TE A, Cat* JBEZ 0.2
»5 200mM OFERICE Y EMIES L, Wis
BALV10fE 0 Ca*t IREECHAIL T 5mV O
BARL T RAIRRFEME Catt IREEHINE &
DI ER L. Lieh o TH—FEBHRIC LD
ERBEREZTRVIREMEE <« O VLIt Bb X
HIREAL L EEEMORASL L D HE L OBRE
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Hizk %, Tyrode ¥ GBI &AL B
DR & DRI S IR OBES B B A5, Catt
RS 10mM & 20mM kX g/ Tyrode
WA T S IR AR AL BB Lk KL b
D EEOREKEE—FE & 7z, Ca*t REZEL
R 7EAITVE S RIS b
BEaR L. Dok Catt ot Nat o
I S B E A—EEA Il n S € 2Em LR
LTHD, . ZOWHE Purkinje #kEickI 5 R
BOMWE & —F2 R/ L Twie. DL EOERITLED
H8 (HARHEE 36% 1974) LR, RBEH
HEBEMORASN Y BEMD Nat 23gdK
E R Catt RELER L LToRE
BHdHZELERLTWS.

© 20, 5y MRICRITIEEMESLT ATP LA
Mok &ETHEN, DL-TF 4= OFE

S BB BEERE (KRB, W, £

JEEMHNE (5 o M) R BIREA
D=FNF—KFEHEEZFES5HNT, Bie=F
F=VEERE X OCATP v-ulichx 8
ZREI L. i S

ILE GHIEEE) ORI E AT YRR 52
mV, EXEEFLOE — FiEixfy 1L.0MQ, ATP v
~LVEHY 2.4 pmoles/g. liver ‘T 5 7o FLMER40
S TIEERNI42% ~, ATP L~L1313%~%& 4
B Uz SRS S @ KB Uik d » 7o, B
X BEER OB, FHEE 1 4 v EElk
MK E WA, = RAF —RHEEEENSNO A
FVIBEEZORDERGCERTIILILLDE
Bbi b s, ﬁ@@ﬁ@mﬁwléT %%@%
XTER.

DL-= F# = V5144 5 R 205 T @ }ﬂ: ATP
v-L (M5 v b)) DT 75mg/100 g. B.W.
FeRBEECHBEILTED, ATP v-~ULidxt
WREED1T %~ BI85 % ~EA Lic. FRIVETE
BRILTRS IR, =FF=vick vifan
S Na, K 4 FVBREZIETTSEwbhT
VAP BIE PO REILEET 5. Lo URHL TR
ST HBEOBEBAIHEF I TVWAELY, =F
F=Vick D& ATP L ~LCh R RHEHSTTRET
HHDOPEREF=F I = VESHBREERITS
BERA LRV EVDRTWAEX VL0
TO=RNF ~HEPMRF I THEDLED

®

& 13
hs.

21, BFBHME A EEROMRAFEELO
7-& D spike counter OHI{EL{EFH

- MW B GERE RN, %%%*“(ﬁMﬁ
B, WB#FeRiLk, 885, #EL¥eY & ~
fX, I, BRIFE)

BEOEE B WE KRR K fa o A0 NS E
spike discharge ¥r#% [Flbic BNV ICERSRT B 70
BT, 2 channel @ spike counter DF{ERE
WiLo 7z, £QIERE, RETLrDENELRS
ERTHED D DBIERShi. :

. Spike_counter y accumulator & control cir-
cuit 257D, accumulator ‘G A} spike &—
EDOHNDCizZEHa L, control circuit ¢ sample
period % %X ¥ %. Accumulator 1%, A spike %
Schmitt trigger circuit, monostable multivib-
rator BS—FDOEWK ICER L, Thick?
microreed relay #3Ef U‘C, bootstrap circuit &
condenser %5 charge X% 5 R & L7z, Control
circuit ‘Ci¥, astable multivibrator ‘THIEL,
Z D Ek % binary counter ‘T4 /& L ‘T, sample
period JRED signal & L7z,

- BEFERO DR, =0 accumulator #—
@ control circuit THES % & © T, LB
frequency OIEVWERAB)E XM fg @ spike
discharge pattern %#J§ L C, sample penod 73
% 1min L TW5%

22 &%ﬂ%ék#ﬁﬁmﬂﬂeﬁ% S SARHLA
1=HOSHEREEBOMELER

MRl R OCHEE h BETHA® (F?uﬂ:,
&, IO« =558 (R)*)

HRHIIE OEE SUEFL DM £ OEERIT X »
TRIRBDTC, FhEEDIR polarization DE
FATHIZEL X5 &R, HHMBREETH D
2, ¥I7ABHEMNERE 2EKT T Y <M<
4 EE T RE I FE S h 7o PRI HEIA
L, 1Z&T pre-amp %1% L T biopotential % |
EL, WE1ATIE 50MQ 2B L CESEILE
W (BFERKEETE, isolator () & BEa4EM:
S5 (BIRCEMER, earth 25 free) 2 [F
FICBE LT, /& ]E polarization &Iz k)
LREPTEHEIE L 7o, ’
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ABEHRE CRBSERS TR W TRES
HRAIEREOEFIIHISMQ LEEXh, RO
R4 TV repetitive firing O & L 3 I EIEH
VIR L.

 OfRMEka: p-hydroxy (erythro) L-glut-
amic acid T X D@5+ 505, FHE3 x10™°
g/mli54, Z OMRIBIaBETIIER 3MQ
winh, ESEHRs CRBEERAKMCEAS TS
5 %, firing level % L H U, %/ firing pattern
HIEF T irregular {27 5 7z,

23, AEd3REHMEXHEHERICIEREZE
43 putative synaptic transmitter © pat-
tern

MR R B T, & BH, alREE (|
X, &, k&)

77 Y h=A <A ETHEHPCRE SRz
2 OB RERAEEXE M fa (PON, periodi-
cally oscillating neurone & TAN, tonically
autoactive neurone) Z{EF %A § %, putative
synaptic transmitter @ pattern iz oW CHi%T
5. WHOE L bath application (Z:HEAYIAWK
THWEEZE>» LU THRDHCEES X ) kB0
micro-drop application (&Y 100 z OB/
FEEAMEMRERCSX %) KXot

PON X 5-hydroxy tryptamine (5-HT) &
dopamine (DA) iz X Y % L, 5-methoxy-
tryptamine (5-MeOT), bufotenine (Bufo), L-
norepinephrine (L-NE), L-epinephrine (L-E) X
%@ agonist TdH » 7. £ OM I L-
homocysteic acid, g-hydroxy (erythro) L-gluta-
mic acid iz X » 4| S, L-homocysteine sul-
finic acid, g-hydroxy (erythro) D-glutamic acid
VX% @ agonist T - 7-.

TAN 3 5-HT it X hBEL, 5-MeOT, Bufo
1XZ D agonist THh o7z, F7=Z OFEKAE DA,
GABA, acetylcholine iz X b i X, L-NE,
L-E, y-amino, 8-hydroxy butyric acid X% D
agonist Th -7z,

24, )EBEEBCHITTHLERLEYD
vE

g R Rk, HEEMERA, £5)

HILE ALE VL, ELUTHUEREDOIRME

23

X v EESh, HEEOZBE X OHLEES)
ERHEGLTCVBI0LELIDNS.

ZOELE R /LT v ORI, 1902FEE X D ik
b, SBRE %, 196441 EED Gregory
& Tracy HABH ALY VYOILEREEEZH S 2 IC
L, BRELTHLLII—-BELVWEEREFTTET
Wh, LHLaRd, ZhboltErlevo
INEREER IR JIFTEEC oW, EY
=VEBRWTHEIh TV Y., EERRER X
D/NEHEERICOWTHRL TW5 A, SEE
BxOHLESVEVERVT, ZhHOHLE
wLEVBEER DX S hEER 52 B
EDOWTER LD THRET 5.

ERIZITRTI 223 bV, WThdxv s
& —/LCREE L7z, BEBOETNIEEOEELE L.
FEETHREF, LS FAEVIZVWTRDEIRNI
HEHLEL. kk, FALLEEERLEVRSA
VYV, FABTY, I VFY, R P2V
SEHTHS. LROERBREZENTHIZOE
DE>iD. Thbb, HEEFHEITESED
RILEVIIRER Y=V, I VFY, TRAREXS
SVYFY, FAVIVERDY, EFEFLLW
HEEDLRLEVRIN I T VED D,

25. /N FOEREEE)ICOT

dill R (FEILK, B, $T4H)

A~ MCEEEIESER (R) A/ Gm) 2
EEFE» S>HTWw5. Schmidt & Ivy (1937)
R ZORECRESD Y, HEE TR c@X
LTWBZ ERBELTWEDR, Thiioxe
7o TWiRW. £ TESEKANTEDL
gz, 16mm » 7 —~WRERY, EHEMOTH
&7 5 Litic, HHEBPEZAVC, NELAEY
B, EiEEEOHIE, MRNEMORSE, HEmw
BREHEOHRER Lo THRE T 5.

—RC AN TG RIBE S AT L CIRE)
DEEMS . HHEE CRERERENESS
WA, HAHERERESEEAETHS. EREE
1 9 ~17 mm/sec ‘T, JEESIX 464+1.0mV T
Hotc. 5~6cm HO0 ORNEEETEEISER D
Wi + 45, C ODRETLREBR TH - 7=
Acetylcholine, adrenaline, noradrenaline, phenyl-
ephrine, caerulein, BaCl, CrAERRERZ bh,
isoprenaline ‘TITH#EH B WIXHIHZIRE 22 2 b h



7z. Caerulein DJTHEXHEVE atropine FHET
H % b7z, Nicotine, DMPP ‘CFitdh 5 W ITH)
HEh B A OZ# L7, Atropine #¥57% nicotine
DITESHRITG & A E7H%E L7chs, DMPPIiz X %
TUERIRTIER Lind o 72,

WL DI ZiRIBERIC 5 + % & § cate-
cholamine DYERIRMET Licns, B 7% & & 1%
adrenaline, phenylephrine i X ¥ JL & 5 W2l

HIEhEM % Hh, noradrenaline “TITHEANREI 2

N7l & Th o7

26. =7 bV DOIEE, BIGERCOIT

IESREA (LK, B, $H4)

=7 P Y REEEN2EDY, 1E (FHf
WG, ARRE) IFE» SEETTHFIEB
BaL, ftho 1 RO IEBE (GRIEE) X
JEZEH 5T TII2mm BFEL B35 LTETL, T
O, WEEL 2RI a5, mERFET
WAL T 5. @ v & VR TREO%, [RIE
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