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Studies on the Succinic Dehydrogenase System of Mitochondria.
1. Succinic Dehydrogenase Activity with various Electron Acceptors.

B — BB K

FH T B B A F O OE

(Tyuma-Itiro « Hara-Yoshiko » Kawasumma~Shaoshi « Tsuy-Tsukasa) *

1.% A & %

BERD offlc, ZHE oL i homogenate
kB a~ rBogiic kiE T ethylurethane
U) oEBeHTL 2B, FROBRLIER
B 0.16M) oUick » THA EHES LR
i bH#5 3 (10%LTF), BRAGEILEE & AR
LT B REMRATEIC I s B L D —
BFEL-BErRD 2. LrbBEEOSAH
B RERROCRFEHORERC L » THEE
CRBL, H o REERAALNZEHEL D
> 72D, T ORBRBHIBR T T 5 )i
&, kB BRE AR E e T, ARAR
252~ BBIKEEESE (SD) B BT EMAT
O LWL BT B, RUBRZOFROLED
BOCAERT AR E VI L ERET S Z 2P
PBErEbh3. SDREFELHI DAL R
T BRABEECHH T LT, 0O
AREEELELY, a~IBIrOBRECESET
E#OBRIC OV T L ORFBROBEL E
ULTws. ' ‘

J:ﬁoﬁ BRE I E ST, FF mitochondria @
B4 SDRE A, 0RO EBEFEREAERN
C UoEABME2BEL, Bh CEABSRROE
IS 2 415 HIN CREORMIT 2 EXL
2OThBEN, TOBNODITE, £ -T
BEx0ZEEE v 28560 SD RFoEkt e
BN BB RERL v, UL, 20
BEFHENT 2, 3 ORBICESET 5. (kR
bEEMAE U TRIGETTEREE Av 5 5613 M
* BRRTEMAZEBEHE
(FEFI3242 7 A 29 H 324D

{27 Thunberg ZRIC L2 O BNETH B4, Z0
FEE ZEES SWETT S h 580 Rff 2 AR
BIZAET3 0 Ch Y, FINREEZIET
B EBRTERCHED, BREE, DTHEHR
BB LD RE L KT 5 & SHABEORE
eI E BTE . E-FRAEEN
BRAGETEEY B b i, Zhic k58
R OMpBEERET 5 & v ) fic bEER D
5. TICARTRET 2, 3 OFFEHICL -
THe b T 5 0N FEEHRNERL,
Zh % Thunberg B PR L, TAEBEFZEM
L L T cytochrome C (Cyt. C) 2 & x D%
ZkE B 72854 O FF mitochondria SD 3R7E 1
BROFREHT 54 4 v 0HEBE R L
TR 2 THIRET 5.
I.% B /7 &

1. s

mitochondria i Hogeb60m3> OFBETHE,
—EBESEEY 4 2 2 2 X SOFD 0.25M
sucrose homogenate % &, Spinco L B 50
2k VW TOBEL 7=, Table 1 Kz 0fEE R
L7, Mwe # &5 12 0.25M sucfosé T
TR, L CEERMFE L .

Cyt. C & Keilin & Hartreeb g:ic X Y .08
DO REHLL 1 HER802 D & D & v Te.

2. EBFE

£-fraction D2 O EE 1% direct Nessleriza-
tion D 12 £ ¥, ~v t — X (PNA) X
V57 & % v v b~ %R (DNA) o 5H0
Schmidt & Thanhauser® & Ut Delory? ic it v,
o 72513 Fiske & Subbarow 3 i Xk 7=,
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Table 1. Fractionation of rat liver homogenate in 0.25M sucrose (Hogeboom)
' | 10ml. 1025 bomogenate |

layered over 10ml. 0.34M sucrose

700g.* |10min.

supernatant

5,000g. 10min.
|

supernatant

residue
| nuclear fraction: N|

residue+5mt. 0.25M sucrose

24,000g.{ 10min,

supernatant

residue 4-5mf. 0.25M sucrose

(
24,000g. 10min.
1

made up to 35mi.
54,000g.I 60min.

l

supernatant residue

supernatant

|'soluble fraction: S|

| microsomal fraction: P |

residue
| mitochondrial fraction: Mws |

* Centrifugal forces are calculated at the center of the tube.

SD o HlE. REREZEEZF RIS
T3 Rwic, MYERRICbEZ - TORRIED
EHENRFERIND LI IROEBREZL DAL,
Ferricyanide (Fecy) % 527Uk : ¥ 5 B8
Kuff & Schneider 3% & Slater & Bonner 319
#PE L 7= Table 20 FI5%R % Avy, 420mplz
BT AIREEOEDEIEL, EHEEX Fecy
o AR BT 2 BIeRE % 1.00410° cm®/mol
L L T L 7-. Ferrocyanideld = o E T
FEAEBRBERER . Cyt.C 2 RAKE T
ARz Kuff & Schneider® .t Cooperstein
et all) O HEHB L, Table 3 OEIHRT
550mp iC B SRR OHEMEEEL, EH
B EEEIC BT % Cyt. C0BILE & BT 0
AR £ % 1.91+10" cm?®/mol & L TEHL
7=. &, 2,6-dichlorophenol-indophenol (2,6—
dichlor.) #%%4KE T 585413, Thunberg
LA Table 4 © FiSHR < 610mp iz 817 %
EHEORDERREL, EEEEERCRY
% 2,6-dichlor. OKIERIE 1.23-107 cm®/mol
EUTESL 2. BEROCRIGETEREZE

e T 5 ERE T o < Warburg % O Thunberg
BIC XY R xBREWE OB ERRE ?iﬁ‘}%b ,
Fi5%RE Table 2 #C2b0 2Bz, v

Table 2.

Reaction mixture for K-ferricyanide method
K-ferricyanide 1.7-1073M
KCN (neutralized) 1.1.1072M
Phosphate buffer pH 7.4 1.0-107101
Mitochondria suspension 0.1 to 0.3ml

Water to make a final volume of 3.5ml
Na succinate 2.86-1072M
The blank cuvette was prepared by omission of the
succinate and a adjustment of the ferricyanide con-
centration to 1.27-1078 M, After incubation for 15min.
at 25°C, the reaction was started by the addition of

Na succinate.

Table 3.
Reaction mixture for cytochrome C method

Phosphate buffer pH 7.4 2.86-1072M
Na succinate | 2.86-102M
Mitochondria suspension 0.1 to 0.3ml.
Water to make a final volume of 3.5ml.
KCN (neutralized) 2.86+1073M
Cytochrome C 3.0-1073M

The blank cuvette contained all components of the
reaction mixture except succinate. After incubation
for 15 min. at 25°C, the reaction was started by the
addition of cytochrome C solution.
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Table 4.
Reaction mixture for 2,6-dichlorophenol-indophenol
method

Phosphate buffer pH 7.4 2.86-1072M
2.6—dichlorophenol-indophenol 8.6-1075M
Mitochondria suspension 0.1 to 0.3md.
Water to make a final volume of 3.5mi.
Na succinate 2.86.1072 M

The blank cuvette was prepared by omission of the
" succinate from the reaction mixture and adjustment
of the 2,6-dichlorophenol-indophenol concentrtion to
5.74-1075M. After incubation for 15min. at 25°C, the
reaction was started by the addition of Na succiuate.
B, BAE ORISR BE QB-50 B ER
CBIEFRIR 2 B L cuvette 2% 2540.2°C i
B oTH-7=.

.2 88 X #&

1. MEESEIOI s BEAEREEEY

FAv~ 7= mitochondria &4z % & ® homoge-
nate ® SD #EHER & OBEST Sh T 5%,
F A0 FES & OBREIRAL Tv 5 » EHET
U, B DEIFHOWNIL L SE415 DI,
Table 112t » T8 L 7z &8 0ikzesE,
PNA-P, DNA-P R SD iEi:x & L 7=,
Table 53 6 HlOFHELERT SO TH 5P,
DNA-P i #i o pictmglic BfEL, SDEMR
mitochondria 73&]ic EEIICZ { microsome
BOLREDECEFEAL EAED BRI,

2. BEOEE L REORNEE

SD w0 DN ERREVELT 541,
E T RISGMFIC OV TREL 72.

a. Ferricyanide # %254k & 3 5354 Table

Of /
ol 26-dichlor 4

3

o2 Fecy

4E /min.

oL

Fig. 1.

Effect of varying concentration of mitochondria. T .
Acceptor : Ferricyanide and 2,6-dichlorophenol-indo-
phenol. * Mitochondria equivalent to mg. wet weight
of original tissue.

2 O ISR CBENCREE OB 4E 2 BR
T35 &, AE LB oBERIE, 4E/min 230.04
PIF, BUERR 10minEo @ cERE b,
%, Fig. 12587 X 9 it mitochondria &3 E
FEFS T E R ICHRE L T 25mg £ COHETE
AE/min ¢ mitochondria & & BEHEBRIC b
5. KCN @afnz 72 < T b S ETs % 2%,
7107*M D) LORE cHRARELEZRL 2.

b. Cytochrome C # %%kt T 5854, &
FI Cyt. C ORI I3 fw T sharp ©H %
b, ZOHE slit Iz 0.02mm ULTIZEDH
E»db 5. Table 3 0Ktk T 4E LR E ©
BItRix, 4E/min 2% 0.05 LI'F, HEFAS Smin
FCOHPECERE LY, £7-, Fig. 2 icBHb
2ie X 52 dE/min &, Ei#E 3mg 290

mitcohondria & o € ¢, #

Table 5.
Distribution of nitrogen, nucleic acids, and succinic dehydrogenase FLERBERICRS. KCN &
activity (ferricyanide method) in fractions isolated from homogenates 1:107°M 8IFIL 7= 23, = h
of rat liver in 0.25M sucrose. . . ’
Values obtained by averaging the determinations on 6 rats. R x Tk dH 55 Cyt. Cr¥E
Nitrogen PNA-P DNA-P Succinic Dehydrogenase & #{EYV, BERENCEIT S
total  total PNA-P total DNA-P total 4E/min. < mzoc, Cyt. C &z
(vg) (#g) mg.N (#g) mg.N (4E/min.) mg. N e ;_ L
H 4032 888 219 221 55 264 066 CHEAICRERICMASZ L 2
N 911 12.3 135 213 - 255 .065 071 Liz.
Mw 933 124 133 148 159 c. 2,6-dichlorophenol-indo-
P 755 40.9 54.2 <.002 <.002 e A
S 1009 176 161 <1002 <oop  phenol &EE{KE T L&A

Each value in the table represents the amount found in or derived from ZO%EE Fecy 213 EREkkT,

1.0ml. of a 10% liver homogenates.

4E » FR e oBE: 4E/min
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05

! 1

10 2.0

mg*
Fig. 2.
Effect of varying concentration of mitochondria. I .
Acceptor : Cytochrome C *Mitochondria equivalent
to mg. wet weight of original tissue.

2% 0.04 IF, BEEH 10min o HF cE
L7, X, Fig. 1 IZ/RL 72X 9 iz 4E/min i%
JE#B#% 20mg % 7= Y @ mitochondria B O EFE
T, BHE L EHRBEREERL 2. KON 7.107°M
ECORECEBA EREN LD > O TR
Lo iz,

in8, ER3IZEEREACEEE, »Thi
endogenous OEITTIZLL AL D LT, =~
7 BR1% 1.5-1072 M o BE cfIFIL 7=,

3. BREMECRETEREORE

Call; R AlCEs 43, SD @ activator & U

7

B

‘5 7o o €

Liks ’

< o Mb

X %0 "\\

% 2,6-dichfor:
w-
1 1 1 L 1
02 0k ,06 .08 ,10
Phosphate concentration (M)
Fig. 3.

Effect of varying concentration of phosphate on succi-

nic dehydrogenase activity with various acceptors.

Thunberg mettod for methylene blue. Other condi-

tions as for tables 2 to 4.

T, 2, 3OWFEEMD ck-THR T
DT, TOFREBEIL 228, wTFhifar
CARERDRE R & D2 Teds o T

iz phosphate D ¥+ HEL 7223, Fig. 3
WRL &S, 3REREHvIfMhoSea
<b, BEOHET % Hh phosphate iz & Y &%
&h, Fkx02FEMEicK T 5 phosphate D B
EEHFEE, Fecy:0.1M P E, Cyt. C:0.01~
0.05M, 26-dichlor : 0.025~0.035M T % > 7z.
iz X U, Thunberg kT X > 7z methylen
blue (Mb) ® #4123z phosphate iz X v FE
EEh5FEEEE7-. 13, Fig. 3 © phosphate
B0 o fid tris (hydroxymethylaminome-
thane buffer (Tris) 2 B 726 DT, pHIZ TR _
T 7T4ich-Ths. 3, EHEEIEEEESR
100 U, zheNTrEGRTRARL .

Tris, Veronal (! borate buffer # v 725
Ficix, wEEZZHAG OBEIC X > TRFEA E
BEINRD) > 28, T hi phosphate 02
AT A TEEMEL, RN EESRD T
BHEMERL 2. '

4. BHE eH

BxoREEEBVR2860 SD B0 EE
pH i1 Fig. 4 1I© —#EL = X 5 ic, Fecy RU\
2,6-dichlor. 1 74 ic, Cyt. C 12 80 i, Mb
(Thunberg #) X 9.2 cE#@ pH #3#L 7=. H
L, FiZ23#1X phosphate %, Cyt. Cizix Tris

00

0
2
=L
g G4t.C (Tis)
N pof \

26-dlichfor. Mb (borate)
nor Fecy
S T
pH
Fig. 4.

pH optimum of succinic dehydrogenase activity
with various acceptors.
Thunberg method for methylene blue. Other con-
ditions as for tables 2 to 4.
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%, Mb icix borate % buffer & U TfHv, &
HER 3 0BE AL FETHLDLL ThS.

73, Thunberg ¥ # v % & 2,6-dichlor. ®
3 pH B —% 65 R AL Db B2, =
O BT B I ON TH L e BFNE
A hBDTIORBES ChMEETSZ L
X sk

5. SREOBEIEESN
Wi, BUrRAERBRER S LITXoT
SD 7EMER E ORI BT B0, vz iud
SD Ric T 2 x OREMLRO BT RAEREL L
BAETL 2. Warburg RO ERIC
X 3§45 84% Table 6z, Thunderg #:iz X 558
i3 Table Ti2R/L 7228, HHERZEROE
FUEFBRCAN, FiEEE 200mg 729 0
“mitochondria # v 72856, &%&AH lmin
2T L 2BFO pBETHODbL . 2B
2EwIc, Bvi- pH KB 3 4525k EE

BAGBRTTEM Eo 2 5T 7.

Table 6 75 baBkic, 0TV ERPZE
ETehHs Cyt. C BDELIZABENLKREL, BFR
itk e U 2B Cyt. C Hfmic X v FiEss
W3fEEOTwd. LB E2EREL ORI
13 ERE 7 AR < fRITBRIIL 7228, —fs Bo’ @

Table 6.

Succinic dehydrogenase activity of mitochondria with various acceptors. T .

‘Warburg and colorimetric method.

Values obtained by averaging the determinations on 5 rats.

B b O OFRDEEERKE - & v O I ER
L.

V. & %

FHUfESEIC DT O x O ERERT SD
TEM: O DAk BT Hogeboom et all? o pRig &
E—FBU, DEFEOZLEERL Tn5.

iz, SDEHEOERIEC DV TTH B,
Cooperstein et al.lD iz Cyt. C #2584k e L T
—REISIC 723 & v 5REE2TBY, E/z
Neufeld et al133 2,6-dichlor. # BT, #if
R BERE L OB ERERE 2 Tv 54,
R 100sec IR T & v, F#H 5
Bv 5 ZFEROEREZBIIL, blank cuvette
O SREOREREEINL, KISHIERO A
BB S &) FRERALFSER, LE3%
FARIZ DT TR LESERERICE Y 0 KK
IS E 72 REE R, EEo BB fktht
BrZeHBTER. o

Ca B Al © B2z o\ T Potter & Schnei-
der® R ¢ Keilin & Hartree!® & 13, BBE*
FRE L 2E &l vwih b SD G2 RET
5 LW T 3 2, Cooperstein et al D F (X
Neufeld et al.!®3 3 x Cyt. C & * 2,6-dichlor.

T RRe, chbAF o
PREFTEL T b. FHS
ORI B ORBE L —F T
50C¢hHhB. X, Keilin&
Hartree™® .00 5840 SD 7%

—dichlorophenol-

189 P REE AR E T L &

Acceptor Oxygen Ferricyanide Cytochrome C 26 indophenol
Eo'atpH 7.4(mV) 780 360 255
Activity* 0.32 0.76 1.54 0.40

1.04%*

* pequivalent of electron accepted/min./mitochondria equivalent to 200mg.

wet weight of original tirrue.
*% 1 5.1075M cytochrome C added.

phosphate i X v 20z {_HE
Sh, BEEER 01~02M
ChHdEeMELTWER, =

Table 7. Succinic dehydrogenase activity of mitochondria with various acceptors. I. Thunberg method
Values obtained by averaging the determinations on 5 rats.

Acceptor 2,6-dichlor. 1-Naphthol** thionine methylen eblue toluidine blue TTCH***
© Buffer used phosphate phosphate borate borate borate borate
- pH 6.5 6.2 9.2 9.2 9.2
Eo’ at pH used(mV) 255 171 - 56 —-56 ?
Activity* 0.33 0.08 0.18 0.10 0.17 0.15

* pequiualent of electron accepted/min./mitochndria equivalent to 200mg. wet weight of original tissue.

** 1-Naphthol-2-sulfonate-indophenol.

*** Triphenyl-tetrazolium chloride.
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NixFEE L 2 Fecy K20 Tx il & et
© 5. —7, Slater’® % Bonnerl? & i3 0o
¢ Mb %54k e U 2841z, Cooperstein
et al D3 ¥ homogenate © Cyt. C #5224k &
U 2858, -« SD J&Mix phosphate 5 i
FERTH B LIBT3, Singer et al.l®

13468 SD A, SD F EERETS D |

#% phenazine methosulfate % 5224k & L 7%
2k, 0.05M Li_bk.o> phosphate 233647 L 72 &
BAREEERERCEHREL Tr5. RxOR
Tk 2,6~dichlor. B U Cyt. C iz 2 Tk
phosphate iz X {2145, Mb iz 2w Tikifiic
MR ALDBNT. RL, BMEFRCI Mb
12 2T % phosphate iz & W {B#ED sh 3. =
o ORBETRS v TESRER0ZR LD
EFboEEzrzbNS.

SD & © i@ pH i< D T OZE AT
HEVFTHN T2, Schnider & Potter!®
12 FF homogenate TMFE % 5K & L 7= Bz
7.5~7.7 iz Singer et al1®) [ JEHELEEIC O T
phenazine methosulfate # 2% & L T 7.8 1
FxZE pH 2O T 5. FHxoz = Fecy,
2,6~dichlor. Ut Cyt. Cliz o TofEix, 1
INEOHMEL—-HKTHLOTHEHH, Mbo
ZEpH 923 Y~ >Tw3b. Z OBHL
{E#5 < mitochondria & Mb & WAL,
pH OEMC X BHEOBMIC B SN 5 iR
TARPAIPEEBLbN, BTFZOREBIE
HThD.

Wiz ATEOREERE v I-56 0 SD Efo
O i< d 5 4, Green et al.20 1584 SD
Tt 2w T Fecy>Cyt. C>2,6-dichlor. DEiz
FEHRRT A LB T w5, Ll sy,
Singer & Kearney!® 2 £ 2.1, T OB s
7z SD iZ phenazine methosulfate SI4%- 0 52k
ERBL{CRFBLARvE V). fE-TEET
e eZEET T TSD L Ex0RFEMNL
TOLRRET DD EE2 N5, HEEE
¥k & mitochondria & CRZOBEOEY &
TH0I, DLAURTHAH. X, EBIZ
FRTh 5 Cyt. C BPEARZEELELRL, 55

w2 %AEE: Eo & oflicik, 1-Naphthol. @52

CEERTE, SHREERRA D R,

d, FHERD I Eivg, HEkhsEET
»5.

BBELZERE LU 288k, Cyt. C 2&&m
THZ LI Y EESE3 ST s & n
b, TOFRTIE Cyt. C OEENEHEE L
STWBIENbhrs. #-T, MHOZHEED
5&b, bLZh6 N Cyt. C 2AL TEFZ |
2 e sbochiiE, Rk EEE Cyt. C
OREIEGETLELLRZDTH BN, T
OHBRLZDEERZ XD LEHET L0
ThHY, KRCHET LT 5.

V. # #

Bx OEFRXEREBC B0 5 4 22
A 2 FF mitochondria @ =~ 7 BRHE /KSR EER
(SD) Fiff: & HEBMEIL, Ko RS 7.

1. Ferricyanide (Fecy), cytochrome C (Cyt.
C), B 2,6-dichlorophenol-indophenol (2,6-
dichlor. #®%4ke L 2540 SD iGtE% 5%
BNICEET 5 HREWELL 2.

2. BRI mEMkE v B4 SD Bl
t% phosphate iz X V{R#E S h, = OE MR
Fex DREMICHL, Fecy 0.1M LIk Cyt. C
0.01~0.05M, 2,6-dichlor. 0.025~0.035M ¢ -
7=. —7J5, Thunderg #:iz X ¥ methylen eblue
(Mb) %574k e L =g 1z phosphate iz X b
Bl sz,

3. SD #EME0 Bi# pH 1E 2k x ©BFEMIC T
L, RO X 5Tdh >7. Fecy ZWt 2,6~dichlor.
74, Cyt. C 8.0, Mb 9.2.

4. FExOZFARO SD R T 5 HEANE
FZERIIROKETH > 7=. Cyt. C>04+Cyt.
C)>Fecy >2,6-dichlor. (1 F Warbrug R U4
HEeHhE:), 2,6-dichlor.>thionine >toluidine
blue >triphenyltetrazolium chloride >Mb > 1-
naphthol-2-sulfenate-indophenol (L1 _E Tun-
berg #k). \

5. D EokER %2, LA O RE & HEEE
L.
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(BB OEE T, F13E BN ERFZLFHKRTEAT
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R BAPIEO—BILIB AR LR RS (F
Btk 7.
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Summary

A study of the succinic dehydrogenase system in rat liver mitochondria has been
made, with special reference to the activity of the system with various electron acceptors.

Results obtained are as follows.

1. A spectrophotometric assay method for succinic dehydrogenase activity with ferri-
cyanide, cytochrome C, and 2,6-dichlorophenol-indophenol was described.
2. Phosphate showed an activating effect for the activity when above three acceptors

were used. The optimum concentration of phosphate was;
cytochrome C : 0.01 to 0.05M, 2,6-dichlorophenol-indophenol :

ferricyanide : above 0.1 M,
0.025 to 0.035M. On the

other hand, when methylene blue was used as an acceptor (Thunberg method), the acti-

vity was inhibited by phosphate.

3. Optimum pH of the dehydrogenase act1v1ty was found as follows: for ferricyanide
and 2,6-dichlorophenol-indophenol 7.4, for cytochrome C 8.0, and for methylene blue 9.2.

4. The relative efficiency of various acceptors was as the following order of decrea-
sing efficiency : cytochrome C, oxygen (excess cytochrome C added), ferricyanide, and 2,6—
dichlorophenol-indophenol (Warburg and spectrophotometric method); 2,6-dichlorophenol-
indophenol, thionine, toluidine blue, triphenyltetrazolium chloride, methylene blue, and 1-
naphthol-2-sulfonate-indophenol (Thunberg method).

5. These results were discussed by comparing with those of previous authors.

(The Department of Physiology, Nara Medical College)
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.-Studies on the Succinic Dehydrogenase System of Mitochondria.
I . The Site of Electron Transfer with various Acceptors.
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Effect of antimycin A on the succinic dehydrogenase
system with various acceptors.
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Effect of cytochrome C on the reduction of 2,6-dichloro-
phenol-indophenol by succinic dehydrogenase system
in the presence and absence of HCN, II. Effect of varying
concentration of cytochrome C.
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Summary

A study was made to determine the site of electron transfér with. various acceptors
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_in’rat liver mitochondrial succinic dehydrogenase (SD) system. Results obtained are as
follows. ' o v ' '

1. At the amount of 0.06ug/mg. lipide free protein, antimycin A (AA) inhibited the
reduction of cytochrome C (Cyt. C), ferricyanide (Fecy), 2,6-dichlorophenol-indophenol (2,6—
dichlor), methylene blue (Mb), and triphenyltetrazolium chloride by SD system by 100, 50,
30, 35, and 50% respectivly, and further increase of the amount did not influence the -
degree of inhibition (Fig. 1). When brilliant cresyl blue was used as an acceptor, however,
AA did not inhibit the reduction, even it increased up to the amount of 50,Ug/mg lipide
free protein. ‘

2. In the presence of HCN, the add1t10n of Cyt. C activated the reduction of Fecy -
and 2,6-dichlor (Relay effect), and the activation was completely abolished by the addition
of AA (Fig. 3 and 4). The maximum degree of activation was found with 0.06u# Cyt. C .
as 602 for Fecy and as 1002 for 2,6-dichlor. (Fig. 2 and 5). In case of the latter, a lag
" phase of the activation appeared with further increase of Cyt. C (Fig. 6).

: While in the absence of HCN, the reduction of 2,6-dichlor was inhibited by the add1
tion of Cyt. C (Fig. 4 and 5). '
3. From these results, the site of linkage of various-acceptors to SD system was
. discussed yielding following conclusions.
Conclusion

There are AA-sensitive and -resistant pathways to link SD system with Fecy, 2,6-

dichlor, and Mb.: One of the factors in AA-sensitive pathway is Cyt. C.
(The Department of Physiology, Nora. Medical College)
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Studies on the Succinic Dehydrogenase System of Mitochondria.
B . The Interaction (Relay Effect) between two Acceptors.
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Fig.. 1. Absorption spectra of acceptors used. ‘
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Interaction of cytochrome C and ferncyamde
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" Interaction of cytochrome C and 2,6-dichlorophenol—
" indophenol in the presence of HCN. 1. Observed optical
dencity changes. Cytochrome C:0.062#M, 2,6-dichlo-

rophenol-indophenol : 0.1#M. HCN : 10424,
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Interaction of cytochrome C and 2,6-dichlorophené]- -
indophenol. II. Time course of the interaction calcu-
lated from Fig. 3.
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Summary

The interaction observed between two electron acceptors in rat liver mitochondrial
“succinic dehydrogenase (SD) system was investigated. Results obtained are as follows.
~1. In case of the coexistence of ferricyanide (Fecy) with cytochrome C (Cyt. C) or.
2,6-dichlorophenol-indophenol (2,6-dichlor), the reduction of the former preceded during -
which the latter was found as a completely oxidized state although it turned over between B
_ Fecy and SD systerh, i e. it was reduced by SD system and oxidized by Fecy. When the
' reduction of Fecy proceeded fairly to completion and the oxidation-reduction potential, Eh,
of Fecy dropped to the level of the latter, the reduction of Cyt. C or 2,6-dichlor started
(Fig. 2 and 5). ’

2. Wh_ile in case of the coexistence of 2,6~dichlor with Cyt. C, the reduction of each
acceptors preceded independently at the initial phase of the reduction (lag phase). And
just when the reduction of Cyt. C proceeded to approximately 78% and its Eh dropped
to the level of 2 6-dichlor, the reduction of the latter was activated (Fig. 4). In this case
Cyt. C turned over in a reduced state.

3. From these results the nature of the interaction observed between two acceptors

,v was discussed yielding following conclusion.
Conclusion
‘When two acceptors coexisted with a reducing system, it is general that an acceptor
(A) having higher Eo’ may be reduced via another acceptor (B) of lower Eo’ (Relay effect).
It is poseible, however, that B is reduced via A. In this case a lag phase for the activated
reduction of B is observed, which corresponds to the time required for the reduction of
A to obtain a Eh value as low as that of B.
(The Department of Physiology, Nara Medicai College)
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Effects of esophageal distention upon the movements of
the stomach and small intestine.
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Balloon inserted into pyloric region as well as into
the lumen of the small intestine.
K : rubber ballon. R :olive made of synthetic resin.
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Fig. 2. -

Responses of esophageal distention upon the movements
of the stomach and small intestine before and after the
severance of the extrinsic gastro-intestinal nerves.

Dog (11kg); decerebrated and non—anesthetized. Tracings
from above downwards are gastric movements, blood pre-
ssure, duodenal movents, signal and time in 3sec. interyal.
A. Vagus and splanchnic nerves intact. Pressure of disten-
tion:40mmHg. B. Vagus nerves bilaterally severed. Pre-
ssure of distention: 70mmHg. C. Both vagus and splan-
chnic nerves severed. Pressure of distention : 80mmHg.
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. Responses of esophageal distention upon the movements of the Lo &5ICH 2 Il DU OFFRE & 1R
stomach and small intestine bzfore and after the severance of THHEL - TBIC 5'6] B0 2
the extrinsic gasiro-intestinal nerves. nj o Qo
Dog (12kg) ; decerebrated and non-anesthetized. Tracing as in L =iz “i‘[ 2 125 acetylcholine

fig. 2. A. Vagus and splanchnic nerves intact. Pressure of # VIR 0D 1 HH
distention : 50mmHg. . B. Splanchnic nerves intact. Pressure IR %MI e ;-@m #1& ;“
of distention : 50mmHg. C. Both vagus and splanchnic nerves WHshs»bThs (3 6XB).
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Fig. 5.

Responses of esophageal distention upon the gastric
"motility before and after application of acetylcholine~
vagostigmine solution to the supra—cardiac region of
the esophagus.

Dog (9kg); decerebrated and non—anesttetized. Tracing
from above downwards are gastric movements, signal,
time in 3 sec. interval. Major and minor splanchnic
nerves cut and lumbar sympathetic trunks removed.
In A thoracic esophagus distended with the pressure of
80mmHg, and in B distended with the same pressure
~as in A after application of 2% acetylcholine-225 vago-
“stigmine solution.
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pressure of 50mmHg after section of superior laryngeal nerves.
pressure of 50mmHg after section of reccurent laryngeal nerves. D. Distended with
pressure of 80mmHg after section of cervical vagi. .
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Effects of application of 125 acetylcholine to cardia.
upon the gastro-duodenal movements.

Dog (9kg) ; anesthetized with urethane-morphine.
Tracings from above downwards are duodenal, ga-
stric and cardiac motilites and time in 3sec interval.
A. The spinal cord and vagus nerves intact. )
B. After complete destructiono of the spinal cord si--
tuated caudally from the 2nd the segment and Vagus
‘nerves bilaterally severed.
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Fig. 7.
Effecta of esophageal distention upon the gastro-intestinal movements after severance
of the affecent pathways involved in the esophagus.

Dog (11kg); decerebrated and non-anesthetized. Tracings as in fig. 2.

A. Afferent nerves intact, distended with pressure of 50mmHg. B. Distended with

C. Distended with
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Summary

On dogs decerebrated under urethane-morphine narcosis or transitory electrical shock,
the effects of the esophageal distention upon the gastro—intestinal motility were studied.
The movements of the duodenum and the pyloric region of the stomach were recorded by
means of the balloon-water-manometer system on the smoked drum. The results were

o
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summarized as follows.

1) Distention of the cervical as well as of the thoracic region of the esophagus pro-
duced in meost cases augmentation of the gastro-intestinal motility, while the inhibitory
effects were obtaingd in rare cases. . )

2) It could be ascertained that the efferent fibers pass through the vagi and the
splanchnici, and the afferent fibers through the superior laryngeal, recurrent and thoracic
vagus nerves, while the reflex centers exist in the vagal and splanchnic nuclei, the former
being the excitatory center and the latter the inhibitory.

The occurrence of two kinds of effects described above was proved to be due to the
predominance of the one reflex center to the other.

3) The excitatory reflex response of the movements of the stomach was occasionally
preceded by a transitory inhibition. The inhibition may be thought to be due to the in-
trinsic reflex elicited by esophageal and cardiac contractions.

(Physiol. Dept., Okayama Univ. Med. School)



(J. Physiol. Soc. Japan (1958) 20, 27-31)

'8 & —

X B K B 612.315:612.367

Effects of esophageal distention upon the movements of the colon.
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- Fig. 1.
Responses of esophageal distention upon the movements
~-of the colon before and after the severance of the extrin-
sic nerves of the colons.
Dog (10kg) ; decerebrated and non-anesthetized. Tracings
from above downwards are proximal colon movements,

" distal colon movements, signal and time in 3sec. interval.

A. Extrinsic colonic nerves intact. Pressure of distention :
50mmHg. B. Vagus and pelvic nerves bilaterally seve-
red. Pressure of distention : 50mmHg. C. Vagus, Pelvic,
splanchnic nerves (major, minor and inferior) severed.
; Pressure of distention : 80mmHg.
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Fig. 2.

- Responses of esophageal distention upon the move-

ments of the colon before and after the severance of
the extrinsic nerves of the colon.
Dog(9kg); decerebrated and non-anesthetized. Tra-
cings asin fig. 1. . A. Extrinsic colonic nerves intact.
Pressure of distention : 60mmHg.  B. Splanchnic
nerves (major, minor and inferior) bilaterally seve-
red. Pressure of distention: 60mmHg. C. Vagus,.
pelvic and splanchnic nerves (major, minor and in-
ferior) severed and lumbar sympathetic trunks re-
moved. Pressure of distention : 80mmHg,
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Fig. 3.
Effects of esophageal distention upon the colonic movements after severance of the afferent pathways involved
in the esophagus.
Dog (12kg); decerebrated and non-anesthetized: Tracings as in fig. 1.
with pressure of 60mmHg. B. Distended with pressure of 60mmHg after section of superior laryngeal nerves.
C. Distended with pressure of 60mmHg after section of reccurent laryngeal nerves.
D. Distended with pressure of 70mmHg after section of cervical vagi. -
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Summary

On unanesthetized and decerebrated dogs, the effects of the distention of the esophagus
-on ‘the movements of both the proximal and distal colon wers studied. The results were

summarized as follows.

1) Distention of cervical or thoracic portion of the esophagus produced in most cases
the augmentary responses on movements of the proximal and distal colon, while the in-

hibitory effects were in rare cases obtained.

v

2) The augmentary response of the proximal colon was eliminated by bilateral section
of the vagus nerves, while that of the distal colon was abolished by bilateral section of
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the pelvic nerves.

The inhibitory response of the proximai colon was eliminated by bilateral splanchnico-
tomy, while that of the distal colon disappeared by bilateral section of the inferior splan-
chnic nerves.

3) When superior laryngeal, recurrent and vagus nerves were severed on both sides,
the reflex responses described above were completely abolished.
_ 4) From the results mentioned above it could be consideed as follows. Afferent im-
pulses produced in the esophageal wall by the esophageal distention are conducted by way
of the superior laryngeal, recurrent and vagus nervés to the medullary parasympathetic,
spinal sympathetic and sacral parasympathetic centers, resulting in the excitation of these

31

centers ; the parasympathetic centers exert the excitatory effects upon the colonic move-

ments through the vagi and the pelvic nerves, while the sympathetic centers exert the
inhibitory influences upon those through the splanchnic and inferior splanchnic nerves.
(Physiol. Dept., Okayama Univ. Med. School)
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The innervation of the colonic motility.
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Fig. 1.

Effect of electrical stimulation of the peripheral cut end of

the cervical vagus upon the movements of the colon. ‘

Dog (11kg) ; decerebrated and non-anesthetized. Tracings

from above downwards are proximal colon movements, distal
~ colon movements signal and.time in 3sec. interval.

A. Strength of stimuli : C. D. 15cm.

B. Strength of stimuli: C.D. 8cm.
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Fig. 2.
Initial inhibition of the colonic movements produced
by electrical stimulation of the cervical vagus.
Dog (10kg) ; decerebrated and non-anesthetized.
Splanchnic nerves (major, minor and inferior cut
and lumbar sympathetic trunks removed. Tracings
as in fig. 1.) Strength of stimuli: C. D. 10cm.
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Fig. 4.

Effect of electrical stimulation of the major splanchnic nerve
upon the movements of the colon.

Dog (10kg) ; decerebrated and non-anesthetized. Tracings
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Fig. 3.

Effect of electrical stimulation of the pelvic nerve upon

the movements of the colon.

Dog(10kg); decerebrated and non-anestheitzed. Tracings
A. Strength of stimuli: C. D. 18cm. .

as in fig. 1.
B. Strength of stimuli: C. D. 8cm.

as in fig. 1.
B. Strength of stimuli: C. D. 8&cm.

A. Strength of stimuli: C.D. 13cm.
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as in fig. 1.
chnic nerve. B. Stimulation (C. D. 8cm) of hypogastric ne-
C. Stimulation (C. D. 8cm) of colonic nerve.

FIROKERD 5 TR ORI
R D R E N T 5.
TR DOERIR & R 2 JFHL CTRIBICB T 2 Mg
HECAE & R A BET L 2.

1) "FREfEE S

HEMRLCBRMEE 52 L 0 URL 2
T, FHEME O D 5 v iE R T2 18
S o HER R Ml s, & 6 il
w5 itk - T (C.D. 9%em) HPEIZHE B
BEFc s (B5FB). & OB R -
AEFREE A X120 B CTRBEE O BT 12 h 2
bbb FEalc—HKL TRDL N, T FEMWE
1z thyratron RIEEEE & v THRBEREEEO X
PR AW AICEEL THEE S X 225,
TCHUEEAE S, RESREERD Az &
sk 5.

%Lﬁ%bm2§@4xgkvdeﬁ@ﬂ

WORIE DU 21> b & T RS O B 70
ML, BiEo LR, BEMgEoRT oBkE O
XEL 2. ZOBERC2-TRALAETSLS
25, B < sksno hormone 17 X - TR O
BBl AT b LRV (3
6 ). 7o 35 L MRERS O SEEN TR X
> TIEORE LT I - 1.

2) REFHEFE

Z OMEE ORI PR O p b b
3 (C.D. 15cm~C. D. 8cm) w{llkals, il
Blosg L e il e T 5. Bls 2~3sec
®ﬁﬁ%V%oT§fﬁ%b<ﬁTb @ﬂ
kL, MR bl THIRET 5 E T

Nl Tfﬁj Ive.

A B C

' Fig. 5.

Effect of electrical stimulation of the lumbar syrnpathetlc
nérves upon the movements of the colon.

Dog (9kg) ; decerebrated and non-anesthetized. T racings

A, Stimulation (C. D. 8cm) of inferior splan-
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Fig. 6.
Effect of electrical of the hypogastric nerve upon
the movements of the colon.
Pregnant dog(11kg); decerebrated and non-anesthe-
tized. Tracings as in fig. 1. Strength of stimuli:(C.
D. 15cm).
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Fxg 7.
Effect of electrical stimulation of the \entral and dorsal roots of lumbar nerves upon the movemts of the -

ileum and the colons.

Dog (10kg) ; decerebrated and non-anesthethetized. Tracings from above downwards are ileum movements,
proximal colon movements, distal colon movements, signal and time in 3sec. interval.

A. Effect of weak stimulation (C. D. 12cm) of ventral root of L.
C. Weak stimulation (C. D. 12cm) of dorsal root of Li.

root of L.
D. 12cm) of dorsal root of L.
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Fig. 8.
Effect of electrical stimulation of the ventral and
dorsal roots of the sacral nerves upon the move-
ments of the colon.
Dog (9kg) ; decerebrated and non—anesthetized. Tra-
cings as in fig. 1. A. Stimulation (C. D. 10cm) of the -

ventral root of Sy. -

B. Stimulation (C. D. 8cm) of the.
dorsal roct of Sy, . ot
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Fig. 9.

Diagram of the innervation of the colonic motility.
C.n.: colonic nerve, D :distal colon, G :inferior
mesenteric ganglion, H:hypogastric nerve L n.:
inferior splanchnic nerve, Li.:ileum, ILc.:cae-
cum, L.a.:major splanchnic nerve, L.e.: minor
splanchnic nerve, P:coeliac ganglion, P.n.: pel-
vic nerve, S:tonically contracted region of the co-
lon, V.n.:vagus nerve. '
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Summary

On the nonanesthetized decerebrated dogs, the peripheral cut ends of ‘the autonomic

nerves which innervate the colon were electrically stimulated in order to study their effects

on the colonic motility.

The colonic motility was recorded by balloon-water-manometer method on the smo-

ked drum. The vagus nerves were exposed in the neck or the thoracic cavity, while the

greater splanchnic, pelvic and inferior splanchnic nerves were exposed retroperitoneally.

The nerves were stimulated at their peripheral cut ends with induction shocks. The ‘

results were summarized as follows.

1) Peripheral stimulation of the vagus nerve exerts purely an excitatory action on

the movements of the proximal colon, while the pelvic nerve stimulation purely an aug-

mentary effect on those of the distal colon.

2) Peripheral stimulation of the greater splanchnic nerve produces an inhibitory effect

on the colonic movements, the effect being more remarkable in the proximal colon.

3) Peripheral stimulation of the preganglionic fibers of the lumbar sympathetic ner-
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~ movements.

B F —— K 5 B o [ ST AL
ves (inferior splanchhic nerves) exerts an inhibitory action on all parts of the colon. With
regard to the stimulation of the postganglionic fibers of the lumbar sympathetic nerves, .
the hypogastric nerve stimulation exerts its action on the distal colon, while the colonic
nerve exerts its action on all parts of the colon. '
4) Peripheral stimulation of the ventral roots of the lumbar nerves from the L to L
exerts an inhibitory action on the movements of all parts of the colon, while that of the
dorsal roots (Li~L;) is entirely ineffective on the colonic motility.
5) Peripheral stimulation of the ventral roots of the sacral nerves from S to S exerts
an augmentary action on the distal colonic movements, while peripheral stimulation of
the dorsal roots of the sacral nerves from S; to S; is entirely ineffective on the colonic

(Physiol. Dept., Okayama Univ. Med. School)
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b Pk K K. R, LK REoMIR
OB OIS ET B B ), A%
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R, BB i % 15 D 72 B BISHE KRS
R M TT L BB 5. M Rko@En 1%
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x [y

1) Baeyer von W. R. (1951) Die moderne Psychiat-
rische schock behandlung

> CAEEEL Y

2) Fritsch, G. & E. Hitzig (1870) Uber der elektorisch
Erregbarkeit des Grosshirns. Archiv f Anatomie
u physiol wiss med 37, 300-332
3) ¥EH £ (1952) KCN iz & 2 AR E I H W T
i & Pk 4, 151-154 .
4) TR 4R (1942) BEMEEYECH T 4K
5 4, 70-82
5) REEDS - Al R« EHRZE) (1942) KN
EEBIBICKT % Picrotoxinization W UNC Stry-
chninization [T £&HK 5 3, 76-92
6) L A hREES (194) RicRi) 2 EERE
T 655 11-12, 63-68
) RE 2 BREA (1938) Insulin & 2 v 7T
BT SEBER R 42
8)/hHE W (1952) BUEMESTERNC R BHERE -
REOHERS B ROBMR BRAEEE 14, 64-69
9)/hHE W (1952). &Eﬁ%@ﬁ&%@@ﬁ%k%
T HALEE 14, 315-322
10) BligiE (1942) $URMEEECE VT &HERS
5, 79-88
11) fepafes- (1952) Bz EVEABATHERD & SEBA Y Athetosis
T MAHEAIR 5, 271-280
12) fepite B (1944) RiCRT 2 ERRBOMHICHE
T SRS 11-12, 63-68
13) Stief, A. u L. Tokay (1922) Histropathologie nnd
Pathogenese der Experimentellen Insulin vergi-
ftung. Zeitschrift f. d. g. Neu. u. Psy. 139
14) BAME (1941) 2, 3 EREMITHT % Insulin &
2y 7EERO B KEESEE 40
15) M 3B (1942) HEMERIREE O fE T &
R 4, 100-115
16) T-HIET (1955) (LM HE OEHMKIL I
CEBIRESHC & 2 PIREEREBROPIE  HAd
=k 18, 585-593

Summary

An acute introduction of insulin into dog’s body, produced a generalised clonic con-
vulsion when the dose reached to 2000~3000 units. But the chronic introduction e. g. 50
units each days produced the convulsion when the total dose reached to 150~500 units.

- After the incubation of éach 50 units 2~3 days, the acute rapid introduction of 5
units through the carotid artery a generalised convulsion resulted, however it did not pro-
duce when the same dose was introduced through subcutane or intravenous injection.

It means that the insulin should produce the convulsion from the motor cells of brain.

When the cerebrum was extirpated, a generalised clonic convulsion did not occur through

the carotid introduction.

(Department of Physiology, Nihon University, School of Dentistry)
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Pathways of the Insulin convulsion.
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15 K. (+ ) L K. (+)
15 27 K. (+) LK. (+)
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14 48 T.K.(+)

53R BEEFEORET, K.K, T.K,
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KE O TR E IR\ A TRIEORET
BFUDTHEL2 &R -2 2 &k Insulin RED
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% Bk

1) Baeyer Von W. R. (1951) Die moderne Psychishe
Schock behandlung
2) RE— 8 (1958) Insulin 38 O MR EBLITTE
HAREHEE 20, 41

Summary

Insulin convulsion of a dog was studied in case of the longitudinal severings at the
levels of the peduncle to the thalamus. The types of convulsion werechanged from K. K.,
L. K. and T.K. into L. K. and T. K. at the upper level of thalamus and into only T. K.

at the under level of it.

The authers reached to the conclusion that the pathways of insulin convulsion belon

ged to -the extrapyramidal tracts.

note K. K.—clonic convulsion, L. K.~locomotive convulsmn, T. K.~tonic convulsion.
(Department of Physiology, Nihon University, School of Dentistry) -
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The nervous level of the acute glucose convulsion of a dog.
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zol, V% I v Na, 725XV Na,
Fo#kER Na, BB NaZOKEK T H 5. ER
OBEI R EFEMTEALICE R L MK 0 BE
i, OEBRToRI 5L, £
SRS D I ESIBIIA & D B x T 2 o Mo
B e U o2 o B fkgg (KK,
AR (LK), shigtkxE (T.K) oflic
SRR, ZZEOREE L TOBEL B R RER]
O ERF AFEM: 0 EE & SR 72 L2
BEL TRl BE, iR #SKE, RX
B8, RBE2LSF 0 DICFEL 2.

HothsEE, BIR~EEEEREZEAL
B2 o> I HE o %2 1z Hargedron Jansen? o %
B > TREICH U CHIEEL 7=

I.x 8 B &

A) S, B, BERA~OB SRR
& D BEMmETEEERE R 0 .
o AmnE (BEBE) & S%R, e

53

RO EHIRICFICRBIR~EAL TBRL .
SRR 1~3 B2 ERT. :

ES 4D

A

fkE 7.5kg

W

Z)

FrEE

HFEE

10

10

11

11

12

-13

22
24

1
2

LR 2

FIAUSEE KB, AR
Wik DR (D&
& U Riln)

10 117K 50cc £
MEEKIES O.B.

40 1127 MERW 50cc £

fUsESkES O.B.
10 112 EFINEVRYE 50cc &
FUsER k=S O.B.
40 11977 50cc £
RSESFES O.B.
10 119557585V 50cc £
EEFkES O.B.

40 119875 50c: &
fIsE# K iES O.B.

10 112 E BRI 50cc 7
TREKES O.B.

DR L1 5Eic

50cc
100cc
150cc
200cc
250cc
300cc

350cc

10ccD I 309 & X i i gt

30 1125%5E8ERI 50cc 72
fusaREkES O, B.

00 11264558k 50ce /&
AR KES O.B.

18 3t -

1250cc

2600cc

% 1o FNERw SRR 5

X 3

107mg/dl

170mg/d!

385mg/dl .

B

t B ske

s

)

FrEE

IMBEAE

5

1

05 THHRMIKEEH, A%
Bk vk (AR
X 0 BRifn)

15 A BRFIK~ 112 8EER
¥ 10cc #4F O.B.

16 5Bk~ 112 2R
W 10cc & O.B.

17 HBRE IR~ BE
¥ 10cc &4 O.B.
PR L TEHT S

28 HBREIK~ 119 25I0E Y
¥ 10cc F45t O.B.

42 FHBER KA~ 112685
¥ 10cc 4 O.B.

15" 74 Bk~ 1126 B HE v
W 10cc 5 O.B. ‘

55 7 RER K~ 112 BHIHEE
¥ 10cc ¥ 5 O.B.

42 Ak~ 112 A7
¥ 10cc 5 O.B.

05 75 R ER Ik~ 1126 EENEEE
¥ 10cc ¥E& O.B.

13 HBREIk~112 80
¥ 10cc ¥ 5+ O.B.

14 B3

10cc

20cc

30cc

100cc

260cc

500cc

1100cc -

1500cc
1800cc

1830cc

% 1o HREER REKES

130mg/dt

385mg/dl
HE



54 -

53 . x 3 hE  10kg

B A e

MBEAE

5 30 W{IREIKERE, A1
WEIK X v £Ri (LR
) X D ¥R1im)
T B Bhik~ 11 26 B bE
¥S¥E 10cc 4+ O.B.
10U By B~ 1196 ke b
AW 10cc 4+ O.B.
oAU R BN~ 11 26 A b
% 10ce T4 O.B.
DABRRRIC U TS
= B Bl ~ 1126 #IHE
¥s¥E 10cc T4t O.B.
AR B~ 11225550
R 10cc w4 O.B.
Lo R BN~ 1196 27 b
¥ 10ce 5 O.B.
2P Bk~ 1126 75 1
Wik 10cc ¥4t O.B.
BB R~ 1126 27 bE
Y5 10cc E5t O.B.
R BBk~ 1126 B2
¥ 10cc 5 O.B.
W BB R~ 1126 252555
¥ 10cc 4 O.B.
LA B B~ 11 26 A% 58
YRR 10cc T4t O.B.

9 05 It

5 # 11%%;5@%‘(’5% W Eh ik St

Be 2B 1 cEB T, EHIR~112%%
VTR 2300 R IC 5Ccc SEEAL 7248, *
DAL 15 300ce THEIC 385mg/dl Pk
OEIBEZRL Tws0I bbb, Uk
2,600cc b OKREZEAL T bIAIEEEHEL NS
CBbhiav. ZERHRECRIIRES TR
T3 ERETHE <« 200cc 2> & 300cc fi7.11 255575k
VR EENT 3 & 385mg/dl P ko B iuiEE &
KA, 2,000cc RAtOREEZEAL T L&
FHEHARMSE & a0 & @RI ORI
Bh, RErE I,

Bl B8 < ic 42 L 7= @Ml o i3 M S o g b AR
UhvieEbhRiEnbn.

B) sz EERL YV —ERETEATE L
ERHED

K] 4

[

10 40 TRISHEDPKEEH
50 7EHRBIK~5.526 FAEGHEVA K 10cc
E O.B. LIUTRERIC L T/ES 5"
~10" OEETEAT S

38 10cc

39 20cc

40 30:c

6 06 200cc
=
08 210cc

10 230cc

6 39 500cc
7 24 1000cc
7 55 1500cc
8 12 1900cc

-9 00 2380cc

fkE 6.5kg
PEE

B

10cc

106mg/dl

385mg/dl

12

12

12

12

i

KR 5

BB —FRIRE O T

30, ZEXHBENIK~5.52 AV 10cc
E LZal{EZLKT.KY &
HE R R

40 ZTABHK~5.5% FAS VAT 10cc
ELZ<{WmET.K 1" LK
5~/ Ei S I=EH 10/ L. K. 20

45 B K~5.52 FEHEVAWR 10cc
I L.Z 72 T K. 2'~3" B 2k
HEEh JREE

50 7ESEENK~5.5% BEREVEWE 10cc
IE L.Z. 72 { LK. 2//~3/'~10/!~
20" BARER PrE

00 ZE¥AENFK~5.5% ATV 10cc
B L.Z ke T.K. 5 $ E RigE
B 20" % L. K. 5~6" RIFEIRE

% 5.5% HHEMEEE BEKEA

A9 #E

970cc
1020cc
1030cc
1100cc

1110cc

11kg

2

7

ERE

HuBEAE

10 40 FRARBLKERH, ZHT

11

12

12

13

13

14
i

45

mkm (RN LY
FRIM)

BB~ 112655
¥ 10cc &5 O.8B.
(LRI L T4 10cc
% 5/'~10" DEE CHA

10cc

kR B)

G0
12
45
47
56
00

05

20
%

FHIRE K~ 1126 BT
¥ 10cc 74+ O.B.
HSETE K~ 1126 2R s
¥& 10cc w44 O.B.
EIABNK~ 1126 BAHEE
W 10cc ST L. Z. 72X
L. K. 10"~2~1!" IR,
I~ Bl BRI
HERABIk 1122 EAE s
W 10cc HEH L.Z. 1<
LK. @ {RE jrm
ASERIK~112% SR
¥ 10cc HEH L. Z. =<
2EK.K.6" B T.K.
BIRE AT REMET)
HRREK~ 1224 AR
W 10cc TS L.Z. %<
Zuckung BEDER) IREE
ETR LK. ET)
ETERIK~ 1124 B2 VA
¥ 10cc 5 L.Z. 72
2R REF FBNOKFE
A ERT.K. 2" # LK.
51 ~~10" *}E
g0 RE 2 Y,
REIEEREARCE -
T3

I (EAGE) — 1480cc

1126 HHIBEEE. TEIREA

100cc

150cc

660cc

670cc

730cc

780cc

800cc

120mg/dl

270mg/dl

385mg/dl



BB —ERIEEREC ST

W10cc s L.Z. i < K.

B % 2005HEERE \EIKIES

55

LEAG] 6 X 5 B Tkg K.12/ FRT.K.2 AT

' = B R DSIRER L

16 30 WUSHEIPKEEN, AH%H KEMEGEL TR 5
Bhk X DR (DERA 13 18 ATRENK~112EAHEE  1080cc
& D) ¥ 10cc 5 It

40 EHEBIK~1123EMER  10cc 110mg/dl i % L% EEEEE TEOES
¥ 10cc F 4+ O.B. .
LA RBEIC L CE 5 10cc HEAH 8 X B hE 8kg
10! O3 Cha:
g%?*m éo PRRTEA B PTEE  IbEE

16 48 ATBIK~112FE78Ys  50cc 210mg/dl 221

17 10 SEHIK~112 45758 190cc 385mg/dl ERTEEK X D B (B
¥ 10cc E4 O.B. MU BRI X b ¥Eom)

18 26 EEBIk~112675%RErs  750cc 18 00 BREEMHIFINSE T, LIgk
% 10cc ¥4t L.Z.5" L. 17R MR E
K. 12//~51~ 20" ~5/20" 23H
P IRE B v dReE 10 38 ﬁ@@;ﬂﬂ‘g«ll%%ﬁ%ﬁ% . 10cc

19 00 ATEEIK~11227%58E % 1010ce W 10cc {44 O.B. Ll
¥ 10cc F&F L.Z. 72 < [Fikic U CTH45 10cck 5
L.K.18" 4 H R E SR ~10" OEECEA LS
HH R Bl R ‘

19 20 ETEEIFK~11225858E5%  1100cc 11 19 EEB~1122%755EYE  160cc  385mg/dE
% 10cc 8 L.Z. 72 < % 10cc H 4t : Mg
L.K.4/l~8'~11" ~12" 12 15 FESHK~11%%E Y 700cc
HIREE 57 ~10" 4% L. K. ¥ 10cc 5 L.Z. 7 3R
Z OEENWHT LI 10cc BEkic LLK2' iREH i
TARZ LK. 23L& 3 THE

19 57 AR~ 119445857  1180cc 12 42 ESHEIK~ 11284808 vR
¥ 10cc & L.Z. 71 ¥ 10cc &5t L.Z 7<%

K.K.12" L # & & Ic IR : BK.K.OHE i B8  1000cc
2R Bl e . 13 10 AFEBIK~112627585%  1809ce

20 07 AEBIIK~11%HA58E7E  1200cc ¥ 10cc {41 REL.K.O
% 10cc HE5 T.K. 2" IRIE

20 08 KT 30 gﬁa%&\;%%ﬁﬁ‘fé 1330cc

v 194 Aty ! ’ 10cc &4 O.B.
i % 112EERRE Sk 13 40 ggﬁﬁ%« TlecHER R 1400ce
> 10cc #5+ O.B.
ERREHI 7 R o2 {zii 6.5kg 3 42 BIE

Al PSR MBI gy % 11ooAmSRRE BEMRHIR  EDREL

10 30 W{USEEKEL, ZHE
Wbk L VRl (AR KRB 9 X 8 {RE 15kg
X0 i) . i o——

35 FEBM~LIGATE 10 9mg/d T D R
¥ 10cc E4 O.B. S 10 T SRED PR ER H
LI ES 10cc & 5'~19"  100cc 10 15 ZEXEEIK~202%5ENEYAIE 10cc 10cc
DORETHESZHT S 4 O.B.

10 47 FEEIK~112684 87 100cc  230mg/d! DA SR IC U THE5H 10cc & 57~
¥ 10cc ¥4 O.B. 107 ORECTHEHEHT B

55 AETEEIK~1124%758rs  180cc 385mg/dl 11 36 ASREANK~20% HHBEVANE 10cc  450cc
¥ 10cc 4 O. B. [N EH L.Z. 72 K K.2/ IR

12 25 ATEEIK~11245788YE  650cc 11 50 AEFHBIK~ 202 EEHEEIR 10cc
¥ 10cc 4§ O.B. L.Z. T4 L.2.2" K.K.32/~2 ¥R
10" L.K.5'~7"3RERE ¥ K. K. 5" $REl# ni tagmas
7= UiE JREH 2/ B K.K. 12 30 K.K. MR &4 <
P 12 38 IRIEED & L. K. 107~5"~3" ikt

12 33 ATEIK~11%E%50Y  700cc BK. K45 ~K. K. Wit DB
% 10cciE 5 L.Z.5" i #12 K.K~T.K.~L.K. OJEic
T.K. 2" K.K. 10" ~3RHEE &Y Wk

12 38 ATEBIK~11%%758r  760cc 1 35 KT .



56 EBE—ERIERSc O T

RERGI4 T T R, 5.5% WEEER
(&BBIE) & 45 10cc 55 5~10 % 0 HE ©
BEAL T 970cc AL 2B T.K. 852 Y,
1,020cc EAL 2B & b it LK. 288 » C
W5,

S5 5 13 11 25 R B HEVE W % B 57 10cc 58 5~
10Fb 0 BEE CHEAT 5 & FFEEH 150ce ORI

TEHE I 38bmg/dl P E&RL Twd. R T
660cc £ THEAT 5 & &Rz { F#el0f o L. K.

BFEFT 5. T30cc FAEAT B &R < Hifk
6 WOK K. 2AFkL THks. ZoLK, KK
B—BEBIZ3%EEOEBRLL T 1,480cc AT
FEICE BB I BB ->Tv5b. -

SRR 8 1R R R L 1T L 2 e
SRR~ 112 BEERREEALZHITH 5.
Z OEA T MEEE 385mg/dl Pl Eic s 5 DR
oo SRR O BERR ORI EE RN
e O TS I R 5~T CRLEBE LR
FREN 2 - T2

HZERE1 9 13, 202K & HEIIR~EA
L7=flcd 5. oSEEEE O BEARER
450cc TEAEFER L BB ORI 55% KU 11%
HEEER  FEIR~EAL 2B L Bk Y,
KK #3m@e LT LK, TK ##->Tw
2. ZhbOEHEAN R 1 REESE L it
L TFERE» T 5.
PLEOERC S I L T bR & 5
RS SEAT B L, HMECE > TRENTE
KL THRSBZ L, Rz Bk RES
7072 & EHENR L Y IEELER R IE A~
AR R R A FEE - ToRES. 20z
& FE Y E S AR E BRI B 2 b
R#ETE, FEEIER RS ORE s
ZHOM IR 5. AL Z OBEBRETE
B ATV D b, HEY AT VTIEASER
P EoEAI X » T b AE5EERAR OR & fl
BOBTCRHIBFEL. TOoZExvTh
AARFER DM 72, —F2ET 5 L%
z5.

PR BE OBEMBEESEIR~EAL 2
Bl ERTEREOWL k5.

1%k

| AEsW RERREo0  HEEROES

- OERE (%) BITEE (o) K K. LK T.K
55 900~1000  0/3  3/3  3/3
11 650~ 800 5/8 8/8 8/8
20 450~ 500 4/4 2/4 4/4

SEHIOIEE TR R AR BERT.

S TTHMAEI L BEANEE, o
HEFHERRICIEAT 5 L REEETTH

R :
C) HERITERARARE, R, I+, e
[CEATHEBRREEDLN
LR EI10 P KE 7.5kg

2 KT L ER B HY
2 05 #5 Cruciatus ~11258&285 33K 0.5cc 5+
. 0.B.
10 # Cruciatus ~112Z7E¥EE¥E 0.5cc &
0.B.
15 7 Cruciatus ~112% %7585 0.5cc E4t
O.B.
20 /¢ Cruciatus ~112% 27 ¥EYEUE 0.5cc 5+
0.B.
25 #2 Cruciatus ~112% %3385 0.5cc HE4t
0.B. )
30 7 Cruciatus ~11% 273 0.5cc TR
O.B.
45 K E R EMAGLIRE
FRIK~112 754395 0.5cc T4 O.B.
00 APLIR~1125%7385v5¥% 0.5cc 4 O.B.
05 AR~ BEEI 0.5cc 4 O.B.
10 ZEMRRA~ 1127455550 0.5cc E4t O.B.
15 LR~ 112%48 %A% 0.5cc T4 O.B.
23 FKIL
w * 11%%@%#&?’5?§ KEEE UK ESH

w NN
[51]
3]

FERRHIL

X ° AE kg

11 FREEEREH
10 75 Cruciatus ~112 %4585 0.5cc TE4F
0.B." :
15 #5 Cruciatus ~1124 %4580 0.5cc T4
O.B.
20 #5 Cruciatus ~11%44585V% 0.5cc T4t
0.B.
39 HRMN B EHBRGIREE
35 AR~ IL%EE G 0.5cc w5 O.B.
40 FBIR~112%E%0 AR 05ce E4 O.B.
: 45 FRR~114EEIERIK 0.5cc 1244 O.B.
12 ERBGEREH
10 7¢ Cruciatus ~112%747%58E %0 0.5cc &
. O.B.
15 72 Cruciatus ~11% %% BEYA% 0.5cc E 4
0O.B.



BB —ERIEREIOVT ’ 57!

" 20 72 Cruciatus ~112%&7458 5% 0.5cc EE%T

O.B.

35 HHLR~1126FPABEVEW 0.5cc EE% O.B.
Bt
W% LA ﬁﬂm&ﬁ AN fﬁﬂi S

12 30 ERBMEESNRERIKEH
" 35 %{%gﬂll%ggﬁﬁﬁ 0.5cc ¥4t O.B.
40 ZEBR~1126ATEREYSIE 0.5cc ¥4 O.B. 2RI EREREFVCEEL b e, KR
45 EHRRA~1124%058E Y 0.5cc T4 O.B. %%M_ : WA fvBAEH . Rk
13 15 WEVEREIGHINEEERE PR BRI (B P T 119 B VE T & 0.5cc
20 DS LR 05 A spastL eblT, BEBATELR. EiCHE
95 AR~ LA 05ce T8 ERURL, BREEHIL, Zic A EREEN
3 % %;%- : BT BB b o 7o . B T 4R
% LR KBEE BUR R FoRRC LT, EEET S a0 B
A 7 o 7o . 124501 RN B B OV INRE~ SR
SZEAGI12 X 3 fkE 9.5kg RANERERAHTH BN, 2N
Bo v >l DR 0 78 U EEERR S R R E
4 45 KIGTTEREHE - ERETNIACAERT 5 72 5iF, fERMBA T
50 % Cruciatus ~L7GHIBMARE 05cc B8 5 1 5 1 g s SERUIREESY I £ > TR
55 7 Cruciatus ~11%%4#EVAHE 0.5cc 4T T /& C Nicotin, Picrotoxin, Glutamin # Na
0.B. d N5 A s TR R A
5 00 75 Cruciatus ~11% %7550 0.5cc TE4F Lo ERERD 2 6 B BT L RE S KB
0.B. o i LRz IETTHS.
5 05 (7)E.I§I.ruc1atu= ~11%FTENERR 0.5cc FE4E DT o
5 35 /NN SR SESEEAE B ME R L3
40 /PH~1196 7SR 0.5cc ES O.B. P
45 INN~1194 ARG YYE 0.5cc TEdF O.B. ToH%.
50 /NI~ 1126 %8BS 0.5cc 14t O.B. Z 2 CEICHSBEERNICEEEO N » 1215,
5 55 /Ni~112%804ETE 05cc S O.B. BRC AR SR (A
6 20 KEEE /PMEHlk FMRKEH Bt i R R A A A
25 FERRIR~112752585 9 0.5cc EST O.B. e . S s a1 X .
30 LR 11 AR 05ce TE8 O.B. %F%%ﬁv Ziﬂi“ﬂiE%ﬁ?U%& KBHDTHBEV
35 ABIR~LLGATAIMEN Obcc 4t O.B.  DBANET 5.
. gflJ g%ﬁi«u%%ﬁ@%féﬁz 0.5cc 4 O.B. EHE, Coo L REROCHEND L 5 LR
i # 15 EEEER kﬂi‘ﬁ&:iﬁ NESE BUR HESt M. ‘
SERRpI13 x5 B Ske SRR X 9 kB 1%ke
oA B4 ER
20 30 KASFEHEERTEH 10 00 WHmEEK KixEERH
35 (1)5 Cruciatus ~112 #ZEHEEEH 0.5cc E4 05 ZERIEHT K ~2026 42588 vR¥E10cc  10cc
B. 14t O.B.
40 75 Cruciatus f\ll/%]ﬁj%ﬁf“?f?i 0.5cc & iR U THS 10cc & 5'~
0.B. 10" OEE THEB EHT D
45 7 Cruciatus ~112%#Z5EEH 0.5cc T4} 11 00 ZE{NSEENK~20% HAEYEHI 10cc 400cc
0O.B. W4 O.B. EARFRIE
50 72 Cruciatus ~1126 %S 0.5cc E4T 05 7 Cruciatus ~ 202 580
0.B. 0.5cc &t O.B.
21 20 /PEBHIERT 10 % Cruciatus ~ 2025 AW
25 N~116%7E e 0.5cc S O.B. 0.5cc FE45 O.B.
30 /Miu~11273EREERR 0.5cc F4t O.B. 15 ZRITEBIFK~2026 % EHEVAIE10cc  410cc
35 /NN~11252725%5v5% 0.5cc St O.B. o4t O.B. EE RT3
40 /NIMA~112237EREYVS IR 0.5cc 4 O.B. 30 E{SEBIIK~2025 257555V 10cc  500cc
22 10 KIMEE /DSl WARKER EH O0.B. EAHIE

20 ZRR~1LATEIREATE 0.5cc PEAt
25 LR~ LRI 05cc HEAf

B
B
B
B

15 EHR~1128ZREKR 0.5cc w4t O.B.
o)
o

30 ATRA112EZTFEE 0.5cc 5 O

B
.B.
.B.

B

35 #5 Cruciatus ~ 209 EEREAIR
0.5cc 4 O.B.

40 % Cruciatus ~ 20% %ﬂ%#ﬁf’?&
0.5cc &4+ 0.B. -



50 AE{UBEENFK~202 %7 10cc  510cc
TSt O.B. st &K 5
12 00 ZBISEBIIK-~202545 K 10cctE  600cc
. & O.B. EAAFIE
10 # Cruciatus ~ 202 ZEZE¥ERIE
0.5cc T 5t O.B.
15 % Cruciatus ~ 20% %A
0.5cc ¥4t O.B. .
LIS Rk L CEEEIK~ 202 7§
BB EEAL 2 OFEEN
100cc BALCRE A 0.5cc FETE 5T

LidBbis L
14 00 TEEIK~DEAE 100cc THBER  1000cc
Wik
B # 20275 EAKIEENKIE S Cruciatus ~
. EERBI15 AN RE 12kg
B 4 ER

13 35 FO{ISHENKA MK B &Y
40 7= BISHEED k-~ 2026 B4 BE VA 10cc
E4 O.B. :
ARSI LT 5 10cc & 5~
10O CHES 2T 5
14 45 EITEENK~202 25507 10cc 400cc
E5 O.B. fEAHIE
14 55 75 Cruciatus ~ 202 ZZIHEVAIK

0.5¢cc 14t O.B.
15 00 7= Cruciatus ~ 20% 48R
-0.5cc iE4f O.B.
10 HRISABN K ~2026Hi4EYE¥ 10cc  410ce
T8 O.B. .
DRk U CHREIk~TH &
FTR)

15 AUTREIK~202 7% PEYA I 10cc  450cc
EH O.B. mASIE
20 7 Cruciatus ~ 202 IR
0.5cc T4 O.B.
" 15 25 /£ Cruciatus ~ 20% ZEERK
: 0.5cc E45 O.B.
30 AIEENK~2026 3 10cc 460cc
w5t O.B.
PAERBEI U TERERITS
15 45 A{USEEIIK~202EANEA W 10cc  600cc
T4 O.B. A
50 #5 Cruciatus ~ 209 EEMEVAR

0.5cc %5 O.B.
55 7& Cruciatus ~ 209 Z&EIHERIK
0.5cc 15+ O.B.

16 40 DAEFRRC U CEEBhBK~ 10cc 58
100cc A U 7z Bic Cruciatus ~
0.5 SEFEST U 7= AL I ds 5 72

i % 20 EERIRSETIKEA BRI
BB~ S ‘

1000cc

RERFI14~16T R U 7= BRI 20 2 B HE VS &
GEEIR D DEAL, TOREFREEEEAL L
HICHE~ 05cc FTEAL 24, [AEREnE
57, BEREEBEEREEMEAL B ER

EE—ERIERBICOWT

BE~EALEBITH B, 0B b
OB R - T B EERE cEEELS
Z % &) HREAESRARNICEEE 2 ITEL
THRLEELEE LD SHEL b0,
ROTFHRE VEEEEEAL TBZ 2%
Bao» SGEIRE VEAT S VI 2 &R
BHRR D HBICETZOTH S, HWIIE
EHrEERECSEZ 5 v 5 2 L HEIR X
Dz TRECES LS I & EfEris -
REBRDLOTHBH.
TOZEBREL BRI VESBROEEEY
E2 TRV BICHEERE V51 nid, K83
BIBPEPE I ERORKERIC X - THErY
T ERHRE. RizoZ ERPRELLS.
D) #ik& VHLBEOEHEES XTI, B
B~—EEETEA LB TERRRER ST

EEAF16 R 8 hE Tkg
. P
S - (EDK)

1 00 4TS BN
05 RIS~ 2095 PR 10cc

EH
DIBBEER~EA ST 5
1 40 ZhE TORTEE 600ccTH ik~
DOEANEFIE
41 ATEEN K~ 2096 ZEEIREYRHE 10cc 10cc
5t O.B.
PSR L TEHE8T 3
54 AHREIk~ 2026 FHEIWEAW 10cc 130cc
T EET.K2'2E50RE 4 :
HlE
58 HERB K202 HENEEW 6cclE
L.Z.5EREL.K.5'~7" BEE  136cc
© K.K. 10" L.K.12'~17" %
IREA
2 03 ATENK~2025 A5 g 8cclk
LZ72<TK1 K.K.2/ LK. 1lddcc
10"~15" JEEE &S T $ P T.
K. 17 K.K. 5" EHH 10" % K. K.
127 T.K.5' 2HOEIEH
EEOKK.BS
2 08 AThk~202FENEEW 10cc 1
L.Z 72 L.K. 12" &5 DiRE  154cc
157 L.K.3"#% K.K. 2" L.K.
5l !
15 READIEE K K. it K& IR
DI ETRD .
46 FEEFEE 2 KK Bs
55 I
£ 0% HEBGEREEIFEAR W
Bk A

Foote



B — SR 2\ < 59

HZRRGI16 T 3BT M T o SHBIR~ 202 %%
R x 600cc AL =881, TEIR~20% 7%
BRI R A L AL 136ce AT B b Eib
5~7#0 LK. 234 U =& » K. K. 25108
Bic LK 21280 b170%kL Tws. 22
THIC 8cc (BF144cc) EATZ XL L.K,
T.K., K.K. 25K T 5.

ERRILT X 6 HE ldkg
EE
L (EBH)
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Summary

1) When 20% glucose solution was introduced into carotid artery of a dog to the
dose 450~500cc, the generalised convulsion occurred. '
2) When the motor cortex was removed during the continuation of the above con-
vulsion, it was suddenly ceased, but it did not by removing other parts of the cortex.
3) If we removed the motor cortex before the injection of glucase through the ca-
rotid artery we could never obtained the convulsion.
(Department of Physiology, Nihon University, School of Dentisiry) '





