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A Study of the Auricular Flutter caused by Electric Condenser Discharge.
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Tv %. Lewis?, Rosenblueth®
&3 “circus movement” 2 X -
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EBREEY 52 C, LEHEIN
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EBHEE L T, B Bufo
vulgaris formosus) OOEE
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372000 & 0 BEE R CT AR & BT
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Fig. 1.
After the ventoricle: is cut off from the heart (1, 2) and then
wall of the right auricle is incised and developed (3, 4).
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Fig. 2. Apparatus for stimulation.
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FRBREERL T, 1EavFrvy—icE
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& Uiz (Fig. 2).
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Fig. 4. By means of separation box by Sugi, cathode is situated on the side of lever,



BE— R L B OERB OB

AL CiEBIc A, Ringer BWHCHBEDOL
WELZTTBIEOHBEEDC L (Fig. 3).

BRSO PROBEEAEER e Uk
BEEmE U L 21Tk - 7.

A) HIBHZEZEERE LSS

FIBEEDR 5~6V 22 5IEF Y X & O Rz
BICE U T, EFY X ohiciseGERED
R, LEOHEMELERH B 0HAICTY XAIILE
el v, B Y X s OBEEOERECEE
RRCHE Nz 5 L IBGEE 2 E < e VIERIM
2B L& B (Fig. 4, A). BEEZKEBIZHE <
LT, BEES 9 30V k) ©E5E, K
ERBLRERERESE L C—BAEI IR T
5. TOBKBEMERLIEO 0w, LEHOF
BERECTEAR L, BROBBICHEY, FEEhR
FHCD LTI Th 5. RERBREE
PRHEFEAR D TR R B &, R Y XBic XA
WEPRKBCESEHLTHROREI b £5
(Fig. 4, B). Epciz k& nBREREERT,
EFY RbO/NERBEEPE > T0DZ 0D
% (Fig. 4,C). ZhiEdoBErEbhiz
LD LELLND. EFY R 5 O/NS IIPHES
EbhTeRWESICRY T, WEEICRY
TIRIER Y X s HBGES RIRAICER D 2 2 &8
Hiske 7z,

Wi B REREEREIC R 2R Y X s Ok
I4ix block L X 2D Th B EEbh 3. L
TIEH Y X5 OWEFEO HERE, block ORI
o T - TR Y X5 O0EGH~OGEH;
DEETHHEELILNS.

Z 0%, MLl TR D BR
B ERO BB OBEML b0k Ak
(Fig. 4, E). =ME 1 e e T o A B REE:
R CHERA R Y, OEHEIO HIRE

B0 Thsn, BEREENEE L OEMEIO

mechanogram XU <t <b %%, HigE
EFEI ST B K L, BEr R
BT, HrEKHT5 2 &8RS, Hi
HOBSETH B, ZOFER X5 OCEREIOR
AERETROHIE, MNcHERET 0L,
Brzhohdnt ke (Fig 4, D).

1031

: " Fig. 5. .
By means of separation box by Sugi anode is
situated on the side of lever.
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O LPEER /NS v (Fig. 5, A). BEEE 1
30V DIR) @i d & RBUCS U T, BRI R

BL, TORMEREERY X200 XY b/

S E U TR TER Y R 5 OBHEA E

LT, REBCBEEYHEL TR Rs  (Fig
5B). ZOBETEEY X s 0B RIT v,
NS CHIMREO BT 5 2 ki, BERED
ThDdr®, LROEHIFEH RO
TEBROHMESRET ST OIKL 50, Wi
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ZOWHEOBAENE-Tw5EATHS5. AL
BB, (30~180V) v T, RRICEL T
5 EMRRIC IR T, BB REIO B E
F,7- (Fig. 5, C).

2) ZRICHLIES

b el R ZERic B L UEBRERZ serre-fine
TR ATEEL T, Thi 1 o0fe Lok
# LT 05cm WO HICHEL T serre-fine THj
ATEREZBL 7= (Fig. 6). Ml smic&E
OiCERY, BHE e Ringer A EW
T O & Tz,

Tz 0.1V kv 01V i 2V £z,
2V I v 2V [EpEC 80V EThHAx. 19
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THEEsBKREGEE L. 80V Blhicikd
Lo mlEoB®RIcXY, TTERAMRTA
BLTHDOT, ERIEL NPT,

A) FismEEES LI5S

04V R TENCIER U X & RIS

U CWIsHBEES b, 9 4V DIk 80V @0
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27476 310121 16 182022 2426 28 30 323‘1-353840424446

Fig. 8.

" Percentage of the appearance of auricular flutter

and voltage of stimulus by means of hanging in the
air, when cathode are situated on the side of lever.

MR T, BRI X ) EKREEMEES
BTV, ERY XL LHBHERMERT 55,
FEB TR, BEY Aaic X 528 kBEE R
ayam&% Lo LEKEREE® LI
R, BV Xa L 2B5EREDbh, KE
CBGEE AL TROES KRS (Fig. 7, A).
6V~38V FTofic, BREREOERT
five THIR OB OCEREIOFR T 5 02T
5o &Sk, OCEMBNEREICE, BOE
WY XA ABEENIRE Y, BiEEP R
BNl CEUOTTERES (Fig. 7, B). L2 UOE
HEIDNE » 724 < OFBE IR T block 24 -
Tv52e0b5 (Fig. 7, C. ZoHea0&E
Eo, OEREOFBRE (Fig. 8) oRT.

B) B2UZEEE LoBe

04V IRV TIEH Y Xaokiz, HR/MNE
&L THBC S U RBEA RS, 4V PR

8OV @O ic AT, BRI X ) EREE
OEEESBRDLIT, EFY X5 X 5BGEETE

Fig. 7. Hanging in the air, cathode is situated bn the side of lever.
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KT DHN, ZOBLFELTRIER Y XA07H
P B ASER YD b, BREEMNOEHESK
25k, EEY X5 5D BEES
i, kEIBELTTURES (Fig. 9, A). 4V~
50V ORICIE, BEREMOEEICKRCT,
FEVSE D BB OFEB A S0 - 2. HokE K B
&, EHY XA X 3BErHbN, KB
EEr#EL R (Fig. 9,B). L LOE
HEIZEL Tv 3£ 0Ba v T block %
5 T3 (Fig. 9,C). = OB T 14
O EMBIOEREERL Ty 350080 512
(Fig.9, D). £BEOOCEFHEIOBERE (Fig.
10) wwRT.
PEOERIC LY 1) ®A), B), 2) ®A), B)
DFRxOBAOCEHEID BB ¥ 38i1cT 5
L (Tablel) &7 5.

V. = #

LoD R3, BEFEERAYR2 1) ~
A) &, 1) ~B), OEBRICRVTE, 1) ~

hll MO0

Y —
Fig. 10.
Percentage of the appearance of auriclar flutter and
voltage of stimulus by means of hanging in the
air when anode are situated on the side of lever.

Table 1.
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@312 28 | 90[30-10
Hanging | 2~® 2311 24 (103 6~33
nthesic o-®)227| 41(18.1] 4~50

A) waisA ECERENB LAY, 1) ~B)
TRZOFAE A T3 ihicRL LS4
b, 2) ~A) TRFHXEVL, 2) ~B) ©
FROCEHEIORB OB AL . B it
DHEE LY LEREOBER I, OEHEIOF
BERRL . UL L 0RO Z BL5 i,
ERRIEME O EER R HRHE B TR S
PREEAEO L LT 5. BRGEEIEL
THET S & ST, ORI CRER
T U, #REESIERT 57810 2 Sbh,
CFEHI R HRIBE SR T 5 & &g, AEE
HELBIZTY LEDLRTV5D, ZOHKED
BRICAT SBREOCE TR > TRBERLOT
b5, AEOFROEESIBHERE O ks
EOHCHGIC R P EMBELTFTHIRLY
b, 2) OBAICRT L CBREEOKRE
HD, CEHEEZELRSTVEECELOT
bDH, ThIFIEEIC X5 block 3 KHEHHICE
ET AR, CHEHEINES b0 LBbhb.

V. #&

OEHEIOFHICEL T, BT CEHOLH
2 block 232V, Z® block ® & CiXMEENT
Bbhimwdt, %o block & iz REOE
Tick-T, BEMEERBLC B <5« 0
multifocal 7oBfE% L, mechanogram 1Z#)
WEROT & 72 > TLBHEIN RO h 5 b0 L%
Zbhs.

B, #FEFoOERE, CESHOMENT multi-
focal automaticity 2k - CLEV B2 ¢ %
bl Tw50TH D2, g atrial flutter 23
circus movement T 52 B & HET 5 b i
Tk, ©UsBHEIOFER RS 2R%ET
HBHLEZD.

X, BEZEEEZE . CBrvEeExbh
5, mOLEHCLRCEREESIREL S 2
HEHT, —EMECABELZERETAL0THS
ZEERL T BN

#

WERDITOZ &, RIRHRE R 5 E8HEE & B
Eigb - i BEFEB R, W e RBOBERT
3
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X N 6) IRt (1941) BREIRICOWT  HALEHEEE
1) Lewis, T., Feil, H. S. and Stroud, W. D. (1918~ B, 433
20) Observation upon flutter and fibrillation. Am. 7) ke =R (1937) BHoomik s ELEE HAL
Heart J. 7, 127, 191, 247~293 HEE 1, 330
2) Rosenbleuth, A. and J. G. Ramos (1947) Studies 8) FIIFEES « |Lrp {2 (1939) Fi BB KB EICEE VT
on Flutter and Fibrillation. Am. Heart J. 33, 677 BAGIHEEE 4, 88
3) Katz, L. N. and A. Pick (1953) The mechanismus 9) %2 tH (1957) OESOREIECET 3R
of auricular flutter and auricular fibrillation. Am. HALESE 19, 903
Circulation. 7, 601 10) ELHZE (1940) a) AR HEIC R T 2 BB OfE &
4) Prinzmetal, M. et. al. (1951) Auricular flutter. i I o» T (B—IaiE & 24 X 5 EB)
Am. J. Med., 11, 410 AAEZEEE 5, 14
5) AFtS— » 2Ofll (1953) L) O FEERRIFIIE b) BMEFE IZ DT (BE—HiiER eIt X 3
HAD(LE: 4, 233 FER) HAAREE 5, 260
Summary

Electric current by condenser discharge was applied on an excised auricular muscle -
with sinus venosus of a toad (Bu fo vulgaris JSformosus), and its mechanogram was studied.
Auricular muscle contracted rhythmically following sinus rhythm and at the application
of the weak electrical shock extrasystole was elicited, but when the voltage of the dlscharge
was increased, electrotonic shortning was appeared. '

This electrotonic shortning was parallel to the intensity of the condenser discharge
current and had the shape of exponentially decreasing curve.

During this shortning normal rhythmical contraction was almost or totally diminished
(blocked) and after that it gradually regained its amiplitude.

At the strong anodic discharge the exponentially decreasing electrotonic shortning
was followed by a contracture, which the author assumed that it was flutter.

According to the opinion of the author, this auricular flutter was elicited by the
blockade and the multifocal automacity of the muscle due to the electrotonus.

(Department of Physiology, Nippon Medical School)
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Studies on Pulmonary Edema and Hemorrhage Induced by Injection
of Concentrated Sodium Citrate into Brain Ventricle.
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MR o fEE, ROUMEORESE, B SEE
O, EAD, RHEME X - THRE SRR
14T » 72, AR BV 72 2 E 130.1~2mol
7z viEg Na ¥ 0.01~01cc T, EHEHI
gk Tuberculin FESEE &, HESHBTEARN
lumbal #t%EAL . BETFTEMNOHES,
HToAEHBIL T, Ak lumbal g% K
HICHIAL TEBEIR 2 RA L, SrEORENICE
BUEC EEHERL BIEDE OENET
ol ZOREEICR~HBESEL R X
HEE L, EEWE OEANEE IR 52T
BRI n - . RIREZFRcEL <y, —/@

* HRUREIRRE nA R E (O RiFZ#8E)
(FRFN344E 5 B14H 341

(Isuiwapa-Kiyoshi) *

BT o B USRI - TEFoR
ANEEHEL 7=,

Thiopental Na %k k#: O T CTILEEWE & K
BRNIZEAL, HEH20~305E BB I
B L CEIG 2 A L, ARNCHOREDCHE
WA D, RHBME K 102 formalin 7K i fEl5E
L, &gz 2w CTEEO D & L paraffin Y15
#fe# 1, haematoxylin-eosin ELER LT
Mallory (K azan s %137 - TEERKL 2.

I. ¥ 8 % &

MR O 2R 22 Y, £TKO
FIHER T - 2.

1) Thiopental Na #pkERE: O fifiic B T8
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ML T & AU U 7 kEE, SRR 4 Bl 1B fifi
KERCHBMERD R o7, RUBRBLE
W BEORMIEY Y Ldaplic Rbhik.

2) 7 =g Na PRERICEAE L L TH
b I RICRI & Tt EB T 2 TRel: &8
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BRNICEAL TA B L, ENLFBA ERBT
BRI REL, 3~ L TEARKBEZA
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BloE» c FHEL Th b b M BicEitd 5.
S 124 < ML B OUKIE 23 7 5 Tz

iz 2mol 7 = E2 Na 0.lcc #—lOREH
RN IEA L 20~303 i Wl & S U 7261 <
i, 1ELMKERCHEREZRD 2 L3k
»ote. A7 =R Na Olcc % HEIRKN,
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B R 72 HESRIER A HIEEIZEEII R o his
o 7z,
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3) Luisada!®® @4 ERT 5HMT
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T2 #%icBAM L TEi 2 Al L 72 & 25, fAlh
b FEH; o 20 72 K B O L I % 3R 72

4) 2mol 7 =V Na ZREWITEANL 2
BATPRERNC EE R BB Hbh 5 2 L3k
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L TR I PR v {8 1 03 B e 0 & SRl i
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FHAVNER 3 b 5 Z AR H « T
L, EAT~10 5 CHFEMRCBITTH5
MEEFEA EETT 5. RIRNEEAN & RERE
A& TEMWR, mEOEMIAREN MRS
M fev. RS ORI VR AER20~3043 T
* x A fliciKER O ML % 3, RO
BESHFRHE L b AR—THZOT, &
EEICRVTEEE L TRERNEAEBY5Z
L Ute. BUHEL T — AR I i o0 05 2
FiKE X ViZ s R {Bbh 3EHRAED D,
Fi7KIE 37 A & RS huin v O BEZE 7o i Hh i
HBEBZ L LTI,

5) A=Ak 0.04cc ZRIENICEANE
20~30 43 % B L CHafli & AUHE L T A T b vk
&, MimEEEaL Asdid k. LEHEE
7 = v Na KAEREANRIC IR 2 Wk
5k, EEGEEIE L, BESREROME L OR
AL Rbhish Tk

V. ® B B #&
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HMmOREE & DB

HR DR { KAERICHREME 2 A L T20~
3057 DERE I U T, SEER14H0 A &4 ik IE
BROMHLEZEE L CHOoMERCE» 2. X
EAR L 0 S oA R i BRI
BB L T &, 2EE# OB cE
AB20~3073 OB L L, X 0 KR
A LD 5., TR—EKE DR < iZs s
BB EERL TARRML, EABIOTICL ThA

BREN Y T, BLREZticaEn»s3
S L TERicftnz@Bozflob o e T
bb. 203508 )BT RENEARIER
{10 5 O 2 HED T, BEbihiz Lk
BPREORTH - /2. DL CEARLAM B
MBS Y B2 hB8abh X ). LEAR
i 500 A D RS R & T . & o0 RN RAREEK
MEERER S 52, LITLbHEI ThRVWEERD
D, EEEHICHHL 286 T bR VEEL
RALNhEZ LD B.

= OB EFIRT 5.
No. 929. 1957. 1. 12. 10.2kg &
h m s

15 41 00 KAEPYic- 2n0l 7 = v Na 0.03CC &
A, BEHINERERS.

41 5 RREE. BILECR. MEEEHTHER.

42 30 THEAIBAERHE. Bk RK O E
RIRY/ NERIC T, IREREF R
BNRRE. EAH /WK SICER ARic
FoiE U T B AR ,

52 00 WidERA®RL e D, HALIRTORREIR
BLo2bH 5, PHRTENOPPOKAR
BLDE, 2B bLDERREA—FETR
LT . BHOWRUMEER O o/
tXikFe.

57 00 FERBIEMALI NSV & ERTET
W & EARNCHE T, BEFLER & U THK.
£ 5 OIREEL, WRTRHRRE R
o T2, B &I RFEE OEHE

16 100 (FEAT2055) BAKIEALA.

300 FoMHKEs.

S EARRAYPT R« Al Lobus apicalis, KU
Lobus diaphragmaticus {Z B3 n& KKK & b BHE
FADIHRMMAR SIS, ElfiCidfh i
LRECKERERD 5.

MR R - MRS R RAKESH,
MR OMSEDSE, REENMEREFMmKE,
NI, MR, MRS OENEE, M
BRI, MRS (Fig. 1~Fig. 6 21R)

B. MERFALCEIMHAERTHHOLOE
RAEE

KNI 7= Vg Na 23 FEAT 5 & likER
VIO 5 2 L FHIROBY TH 28, W
CERlOMcBARER IS LIRS k.
Ei% 338 2w THEZE L 7240, FH 01241 (33%),
BRI K E R O & R 23, 29 0214
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(67%), z—@offiic 0 2F», oL ATWHICE C. BENFABRUFEAZEREE &MKE
BEIOFR, Ll ol OB O KR ROhntm & OEE & &

EB Bk, MARERPBFHIICSVTHITO 7 = vk Na RFEpqE NI G O R &
B O 1261 (33%), N0 & o ik 9 4 20~3055 L L, EEE% 2mol t—REL THEAER
(27%) CEAINCIERE T v, L OBERFTHRTH B L, 0.03cc BEE O0dcc EE

Fig. 1. Fig. 4.

Anterior aspect of right and left lungs. Right lungs: Hemorrhage and remarkable congestion of blood
Significant hemorrhage in the apical and diaphra- vessels of small sige and capillaries.

gmatic lobe. Left lung : no hemorrhage.

Fig. 3.
Pulmonary edema and infiltration of blood cells
into the tissue. Bronchiolar ruptur due to strong constriction,
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& T AR b AR b MK S X UM
R AFEL B>z OBREICKREN RV OIK
U, 0.0lcc BT AIRAYIZ b AERREEAYIC & K
BRI MIEFEA L8 - .

WicEAER % 0.03cc it —E L TERE &L OF
Barkl ThBic, 0.5mol BT B O tizKIE
RO E 3 O U, 0.1mol B¢ ixifizk
EROIMBIIEFEA &b hEd - T,

PIEodm < ik RO i o FEAERRE
7 =g Na 2mol Tix 0.0lcc & 0.03cc Ol
b, 003cc Tix 0.Imol & 05mol & DR
ODBEICHDERZB.

D. shpKEEERE, AMEXIIXEREA

KAGPNE AR CREENE D CERE O IR R
VIR RCERT s 35 BCELLND
MCH DY, BRENCEALZES TR, 8
MR 2R TN RENICA > TERICE < O
b, BINIEEE & EERIC/ERT 200 R RET
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EMRIcEL, Vg parafin 28U /8K %
F ORI U T [ RO VIS & 71 i
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b fifiic B KER AR > 2L, % 0f
BEoxbLEohkhvEia- k. PREK,
MmEZ, EREGEEZEAE U BESREAS N
HEAKETH » 7z, (HUKIEREANEO T 2SR

SEEARL Y, Mo BmEr OER X ¥R

ELUTHEINEShHERNR D DL TH 5.
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Summary

1) Pulmonary edema and hemorrhage are easily elicited within twenty to thirty
minutes,-sometimes three rninutes, after injection of concentrated sodium citrate into dog’s
lateral ventricle or cisterna magna in spite of open or closed aquaeduct mesencephali and
one-third are bilateral, two-third unilateral, each lung being at same rate.

2) The threshold in which pulmonary edema and hemorrhage occur is between
0.01-0.03 cc as the constant concentration of sodium citrate is 2 mol and is between
0.1-0.5 mol as its constant quantum is 0.03 cc.

3) If the carotid sinus denervation or extirpation of stellate ganglion or phrenic
exeresis is previously in both sides made, pulmonary edema and hemorrhage are significantly
inhibited, therefore it suggests that the concentrated sodium citrate administered into
subarachnoidal space has an effect on lung via carotid sinus, stellate ganglion or phrenic
nerve. ' ,

4) If cervical cord is ligated and severed with dura between the fifth and sixth
cervical vertebras after laminectomy, pulmonary edema and hemorrhage were also observed
by sodium citrate injected into subarachnoidal space, therefore, even if it is assumed that
there may be such as descending fibers to lung passing through the spinal cord, and
causing pulmonary edema and hemorrhage, they may not pass through the cord under
the origin of phrenic nerves.

(Department of Surgery, Tokyo Dental College)
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Influoj de antidroma ati ortodroma kontratiflanka stimulo
antaimetita sur monosinapsa reflekso en homa korpo.
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Fig. 2.
M-ondo (supre) kaj H-ondo (malsupre).
Tempomarkilo : 250-ona sekundo.
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Fig. 3.
Sangigoj de H-ondo lail intervalo inter kondi"a kaj testa stimuloj.
Tempomarkiloj : de maldekstre dekstren 5-, 50—, 100~ kaj 250-ona sekundo.
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Fig. 4.

Restituada kurblinio de refleksarka ekscitebleco post antidroma stimuligo de
motoneiirono. Supre estas montrataj la altecoj de M-ondo pro kondita stimulo.
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éanéoj de Ia restituada kurblinio laii rilato de fortecoj inter kondi¢a
kaj testa stimuloj.

A :kiam la kondi¢a estas pli forta ol la testa.
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C:kiam la kondi¢a estas malpli forta ol la testa.
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Rilato inter H~onda alteco kaj intervalo inter ambai stimuloj.
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Resumo

Stimulante la tibian nervon ée genukavo kaj elkondukante la agadan potencialon de
la gastroknema muskolo, oni povas observi monosinapsan reflekson ¢e homa korpo en
formo de t. n. H-ondo, kaj la agada potencialo de 1’ muskolo kiel sekvo de stimulifo de
eferenta nervo estas nomata M-ondo (Fig. 2) (Magladery?). Utiligante la fakton de krucigo
de i-t-kurblinioj de aferenta kaj eferenta nervofibroj, oni povas efektivigi stimuladon de
sole eferentaj aill sole aferentaj fibroj per uzado de rektangula kurentpulso de tre mallonga
afi pli longa datiro respektive (Homma k. a.9).

Kiam la eferentaj fibroj estas stimulataj, la impulso ankati kuras antidrome supren
kaj atingas la motonetironon en spina kordo. Por pruvi la influon de tia impulso sur la
restituio de ekscitebleco de la refleksa arko de H-ondo, oni aplikis en le duoblastimula
metodo la eferentan stimulon kiel la kondi¢a, kaj observis gian influon sur la H-ondo
kiel rezulto de la testa stimulo aferenta, ¢angante la intervalon inter amball stimuloj
(Fig. 3). Restituada kurblinio (Fig. .4) konstruita el la supra eksperimento montras krom
la unua mallonga (2-3 msec) inhibitado la duan longan (50-150 msec), kaj tiu & dua
inhibitado aperas (Fig. 5) des pli notinde, ju pli forta estas la kondi¢a stimulo kompare
al la testa stimulo.

Due estis observata la influo de unuflanka ortodroma stimulo (kondi¢a) por la H-ondo
siaflanka sur la H-ondo de alia flanko (kies stimulo estis la testa) (Fig. 6). La restituada
kurblinio (Fig. 7) montras nur la komencan inhibitadon, kiu glate malfortigas kaj nuligas
Sirkau la intervalo de 50-60 msec. Tiu & inhibitado estas latikvanta reprezentado de la
“reciproka nervado” de Sherrington.

(Unua Sekcio de Fiziologia Instituto, Medicina Fukultuto, Tiba Universuato)
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Studies on the Threshold Polarization by Constant Current Pulse

Stimulation in the Neve Trunk.
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Fig. 1.
Diagram showing the circuit to stimulate and
record the threshold polarization potential from
the nerve. Ro, Ri, Re, Rs are resistances. Kj,
K, Kz are contact-keys of Helmholtz-pendulum.
E is accummulator, X nerve with electrodes. A
Brauntube oscillograph with an amplifier. To
record the potential, break of the short circuit key
Ks was used immediately after the stimulation
pulse. :
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Fig. 2.

Diagram for the same purpose as Fig. 1. To
record the potential, the bridge method was
adapted here. ro, ry, re, 13, I, I's are resistances.
Other figures are as above,
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RoOACRTHEN TV v EEBECEINAD
Lo nAmEENERTEENBONE. TT
YUEF yvw VT 7 AR EAETEE
P L B dE 775msec Th 5.

EHBICIIEINED X 5/ Ringer ¥7 5 v
mEREmREEAL, &£ (1934) - TlE- T
RE R AERC R AN, HREIE
Y XY Y ERGICEAAL THERETLD D
iz, EUEMOEL£E Imm B8 Th 5. Hike
1 Ringer ¥HE X v 15cm DO®E, TEhib
THEE FICH 20 CEEL T

R ORE : TRRILEE O FREMR A A FHRIC

Fig. 3.
Diagram to show the fluid electrode in which
the nerve is mounted. E is non-polarizable
electrode, N nerve. NI, Nr denote the-portions
of nerve at both sides of the slot,
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AT BEL Y 2~3mm FHE Y Y BREEE
PT %20 TR OBEEL B & U TR
FRET B LU

g 2, 3 BBz,

i) B1IERTEE LR v T Ri=2002,
R.=20k#2, Rs=1002 & U T—EEEHZEREL
TRE, ~VuaRVYIRETIC X STERER 22
b, FHEFL Ro 284kl TXTr»5RE
BhTricERic ks = 0BT 27
HEEVrEDS. BELBETEOEEDCER
3% LT s T4, ROBEEIMEL
A OMEH L0 - THENITE, %
OEOBEZ LT »ICREREERE L U TRlsk
L. B3R ImaEHELEEh Ty
57, BoECEEMEY B L b Th
5. ZOEBCESMmETET 5, W Ky,
Ko, Ks, #B85L T E, Ky 2B L FIBEENR
B, v T—2ORIBRHER K. 2L
FERERE 2 50T, Ko 2 2HER Ks
2BIC L X ABL 20mE ARy TR
BTz encEs K, Ki OfBRE—ZED
AHe g ] 0.0029msec icEEL . E=
2V~21V &Lz

i) B2EBIEEA— P ALY TY » FEFR
ALzboT, 82Ky XIS 16
BoBa LBl T K 3L TRE
(Zhid 2 ESmBERBOBRERT %) re=rs
=10k &1, re=200~40082, r; XX OEWK
e CEBETREUERICU .

Blba-b-c, a-d-cClZBHERHN T ThH,
BOEREFICE L TR b-d ki 7w ik
ROV ALed X I kAL .

Ko, Ks 2L THVT Ko 253 &, B
Wik a-b-c B X vta-d-c Zifh, Ks B &
FhAKS. Ko BB LEBL LOWmEME
2k v bd icBMELED, shCHHILT
VT T Y VEREBICEEESh 3D ThH B,
Rz v 5 26 MR OIFEIEMEFEA £ 2
DFERITN D I\ PIUTER JofRiigo &
D> THobh2BEHIBRETHS.

iii) KicHERIC O 7 2 REEUHEE cRlET

AT v FHEERAVIE 2ROEE I
Lofd, BirdLZA3TORYTHE. ¥
RbbEH K 22 0BERT 50 TRBOI
Uwic Ky 25860 12 & 1,0002 2L o %
W LT, PWARCERD T 8 v HlEeeh
(0.0338msec) i T A HHBOBESY K. Ks
AT i) Rk, 20 1/2~1/3 i
B, LBHOHEOEEETX Y IECVERE
ZindZ &< ro 2D T—RBRAERET 5.
Wi 2B ETT o> 0l Ky, Ks 2EUTH
ri+re WEIC—E (HoHax 1,0000) L T
FIBERE R T 5803 o /&L, &L
TEHERE rn 2KELL, RO Tre 2K
Ridhied s, Ko 206 33571 35508
EA 11 OXR/NCISL 7256 S Tih, t B
Bz Ko 22 0 b 3 Bk T 28 mMEn
ri+re ORE R TR, tREOBK 2R
VbR BEZRBKS. ZDX5 L T2
SR ORBA T b Tz, ‘

LU THIBROBEZ KD, 7 OBOOm
B OREL BETEL -OTH B,

i), i), iili) Mh OFH®IC L2, FERRN
o THRETSET 554 ORI T E TS
B1OL5LERTVRVEIICHE - TV 5,

I.28&o#R

1) SHBEHES > THEETRLIHE
i) BLEEEC X Y RBEL 254 0 omEMN
(m) ORIEEER () g T 2RI E 15, H4
X (A), B), (C) D 7z - f=. '
EEREEERARSEL Ecaific ks
FZLUCHEBERRED R T, B LV EFOM
B bosh 25~115mV Th - T, FIEE
Iy B cCEREBSEL R it - Tk
BCOBOBMPEL 2> T 65~242mV %
FELE IO OEBRTEBLhE V-t B
Vit BFREIEIR (D) KRTHEY TH - 2.
JiEs L - igE o 2R E 5 (A), (B), (€
DU Th 5.
BEEROSOBEMRHEBEL 2-Ba kv d
AR, 20 A0S T TORER
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" msec

6.75

4.50

2.25
‘ 25‘|

1125
0.563 feemmted

e

0.1125

0.0675

201

151

107

TC (V)

~—r—r—r—r 6

. RKC.PS.

Fig. 4 (A)
(A):An example (corresponding (B): The correlation between height of threshold
the curve C of this figure (D)) polarization and duration of current. Four cases * R
of records of threshold polar- are summarised in one figure. —@— : A,
ization potential obtained with — A— :B, —+—:C, —F— : D. The same . . .

the circuit |. The figures throughout the figures.

beside the record give the
duration of current. The same
representation being used

- throughout.

Table 1.

Stimulation with constant current pulse by the
use of circuit |. :

V : threshold voltage (volt), T : duration of current
(msec), = :threshold polarization potential (mvolt).
This table corresponds to Fig. 4.

A:24. 4. ’58, 19°C. B:31. 5. ’58, 23°C. C:22.
4. °58, 23°C. D:1. 5. ’58, 23°C.

A B
v T v T Y T vr T
0,061 6.76  0.544 2.6 0,051  6.75  0.344 8,7
0.051 4.50  0.230 2.6 0.052 2.25 0,117 8.7
0.048 2.25  0.108 2.8 0,074 0,563 0,042  10.0
0.089 1.125 0.086 2.9 0,192  0.1126 0,0216 15.6
0.087 0,563 0.049 3.6 0,051 4,60  0.230 9.9
0.166 04226 0,057 6.8 0.060 1.125 - 0.068 846
0,283 0.1125 0,0319 7.8 0.124 0,225 0,028  13.1
0.461 0.0675 0.0304 8.6 0,273  0.0676 0,0184 18.5
L D
ki 7 T It v T VT I

0.059 6.75 0.398
0.063 4.50 0.284
0.063 2,25 0.140

i 0.061 6,75 0,416 11.3
4
0:074 1.126 = 0.08%5 4.
4
5
€
]

0,081 4,50 04276 10.0
0.069 2.25 0,133 10.2
0.067 1,125 0.075 10.7
0,083 0,563 0.047 14,3
0.144  0.225 0.082 17.1
0.220 0,1126 0.0248 22,8
0,326  0.0876 0.0220 * 24.2

0.093 0.665 - C.062
0.1656 0.225 0,037
0.269 0.1126 0.0292
0.0676 0.0294

TMONUAO DD

0

™o

4 ' 6 tMsSEQ
Fig. 4 (B)

2KCPS,

Fig. 4 (C)
(C): Retouched curves of the decay of the polarization after the
stimulating current are superposed, Above : original records, steeper
curve is. obtained after 0.0675msec stimulation, slower one after
6.75msec stimulation. Lower : Initial heights of both curves were
equalized to compare their slopes.
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Fig. 4 (D)

(D): Strength~duratioh curves, These figures correspond to Table 1.

Table 2.
Stimulation with- constant current pulse by the
use of circuit | . Desheathed nerve. This table
corresponds to Fig. 5.
A:19. 4. 58, 18.5°C.
C:15. 4. ’58, 18.5°C.

B:25. 3. ’58, 19°C.

A B
v T VT b9 v T VT JT
0,051 6475 0,346 7.0 0,077 4.50  0.347 5.6
0.061 4450 0,230 645 0,084 2,25 0,189 7.2
0.055 2425  0.125 5.8 0,097 1.125 0,109 5.8
0.065 1.125 0,073 7.5 0,211 0,225 0,047  10.9
0,083 0.563 0.047  B.0 0,421 0.,1125 0.,0474 13.3
0.161 0.226 0.036 12.8
0.313 0.1125 0,035 1246
0.554 0.,0675 0.0374 12.8
L
v 1 v JT
0,098 6.75  0.662 5.0
0.111 4,50 0,500 5.0
0,106 2.25  0.239 3.5
0,123 1.125 0.138 5.0
0.167 0.563 0.094 5.0
0,345 0.225 0.078 6.9
0.609 0.1125 0.0s84 8.0
1.205 0.0675 0.0813 9.8

o msec
=
= 615
<
£
5=r04
1 450
=
Ea N
= 04
i 2.95
e 102
=04
T 1.125
0.2
D 041
o 0563
oz
- O 225
0.2
- 0 :
0.1125 KR
_0
Tossto

0.0675 &

JC{mv) ok
- 15 Fig. 5 (A)

1 Representations are the same as in Fig. 4.
Circuit |. In this the desheathed nerve
was used as material.

These correspond to Table 2.
(A): Threshold polarization potential.
104

03 1

6 tMsEo
Fig. 5 (B)

(B) : Height of threshold polarization and duration

of current.
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Table 3.
Stimulation with constant current pulse by the
use of circuit [ . This table corresponds to Fig. 6.
A:4. 6,759, 22°C, B:12. 5. 59, 21°C, C:26.
5. 759, 21°C, D:26. 5. '59, 21°C

A B
v T vt T v T vr JL
0.056 6.75 0,378 3.1 0,065 6.75  0.439 4.0
0.056 2.25 0,126  S.1 0.065 2.25  0.146 4.0
0.087 0.563 0,049 3.9 0,105 0,563 0.058 5.6
0,234 0,1125 0.026 5.6 0.271 0,1125 0.0302 8.6
0,053 4.50  0.236 2.6 0.063 4.50 0,284 3.8
0.062 1.125 0.070 3.1 0.079 1.125 0.089 4.5
C.146 0.225 0,033 5.0 0,164 0,225 0.037 7.2
0.350 0.0676 0.0236 5.6 0.350 0.0675 0.0236 8,3
L. D
A T VI T T vt JT
0.072 6.75  0.486 2.4 0.070 6,75 0,475 1.9
0.075 2425 0,168 2.5 0.074 2.25  0.167 1.9
0.113 0.563 0.064 3.4 0.121 0.563 0.068 2.8
0.296 0,1125 0.033 5.3 0,314 ° 0.1125 0,036 4.1
0.071 4.50  0.320 2.4 0.078 4.50 0,351 1.9
0.087 1.125 0.098 2.8 0.100 1.125 0,113 2.5
0.192  0.225 0,043 4.5 0,213 0.225 0.048 3.8
0,418 0.0675 0.028 5.6 0.439 0.0675 0.0296 4.4

©
B -
&
=
L mO'G’
o
=
-
06
5
= 04
05<
__% |
|02
M.
2 ]
C 4
i 0
8 b
02|
- 0.
8 4
. 0
2 4 6 8 T QISEQ
Fig. 5 (C) Strength-duration curves.

Fl— R O ST HB IR B 1 BB E OB

msec

6.75

4.50

2.25

1.125

0.225

0.112%

Fig. 6 (A) Fig. 6 (A" -
(A), (A'): Examples of records of polarization potentials
which were obtained with the circuit [. On the left (A)
the record obtained with threshold stimulation, on the
right (A’) with just-subthreshold stimulation. Both records
are quite similar. (B), (C), (D) represent the same as in
Fig. 4. These data correspond to Table 3.




FH— WS OSBRI 81 5P BOHE 1059

i
i
+
1
'
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%L (mv)
101

| - ' 2M;1
0 2 4 6 - tmsec)

Fig. 6 (B)

2KCPS,
Fig. 6 (C)

VoTp

02

D | 02d

10.2

02y

0 : ; " : T T
0 2 4 6 T(MSEC)
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Table 4.
Results of stimulation with constant current pulse
by the use of the circuit [. Desheathed nerve.
This table corresponds to Fig. 7.
A:28. 5 ’59, 21°C. B:28. 5. ’59, 22°C.

A B

v T Lk T vT L

5

0,050 6.75 0.338
0.050 2.25 0.118
0.074 0,563 0,042
0.185 0.11256 0.0208
0.049 4,50 0.221
0.056 1.1256  0.083
0.111 0.225 0.025
20262 0.0676 0.0177

0.085 6.75 0.371 1
0.057 2.25 0,128 1
0.083 0.563 0.047 2
0.223 0C.1125 0.0250 3.
0.056 4.50 0.252 !
0.070 1,125 0.079 1
0.149 0.225 0.03¢4 2
0.337 0.0876 0.0228 3

5000 b b 09 p 1
RO X7 RERERIRH
€4 0O C e 1O

msec
6.75

4.50

2.25

1.125

0.563

0.225

, Va
0.1125 &8
' 0.4

0.0675 B

~ Fig. 7 (A)
The same representation as in Fig. 5. circuit

JL (V)
107

o 2 4 © 6-tMsEQ

Fig. 7 (B)

(B) : Height of threslold polarization and duration

of current.

=
;a
A% =
04 /04
=
] ol
021 02
0.2
£ -+ B
1 . : , : , 0
2 i 6 1
o A
0

I.
These data correspond to Table 4.
(A): Threshold polarization potential,

4 6 Twsee)
Fig. 7 (C) (C): Strenth-duration curves,
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msec
6.75
Table 5.
Results of stimulating the nerve with two-steps
450 rectangular pulse. Ve was fixed with constant
) strength (0.615V, 0.637V, 0.618V, and 0.420V for
A, B, C and D respectively) and duration (0.0338
msec. for four cases) throughout the experiment.
V1 was varied for stimulation.
2.95 The strength and duration of the pulse and the
polarization potentials are tabulated.
This table corresponds to Fig. 8.
A:26. 5.°59, 21C°. B:4, 6. 59, 22C°. C:26.
5.°59, 21°C. D:14. 5. ’59, 21°C.
1.125 a , B
v T vt T v T T T
0.059 6,75  0.398 4.3 0.061 6,75  0.414 5.5
0.068 2.25  0.153 4.4 0.061 2.25  0.138 5.4
0.078 0.563 0.044 4.5 0.071 0,563 0.040 6.2
0.131 7.1125 0.047 4.6 0.154 0.1125 0.0174 5.9
0,068 4.50  0.506 3.8 0.061 4,50  0.276 5.0
0.563 0.068 1.125 0.077 4.7  0.061 1.125 0.085 6.2
: 0.122 0,225 0,027 5.0 0,100 0,225 0,023 5.2
0.188 0.0675 0.0127 4.7  0.162 0.0675 0.0110 6,1
L 2
v T vr J v T vr JL
0.088 6.75  0.455 5.6 0.099 6.7 .
0.225 0.059 2.25 0,133 4.8 0.099 g.zg g.:gg :g
0.078 0,563 0.044 5.3 0,113 0.5665 0.064 4.2
0.213 0,1125 "0,028 6.1 . 0.251 0,1125 0.0282 4.3
0,069 4,50 0,311 4.4 0.084 4,60 0.378 4.0
0.059 1.125 0.078 4.8 0.089 1.125 0,100 4.1
0.123 0.225 0.028 5.6 0.156 0.225 0.035 4.1
0.326 0.0875 0,022  §.6  0.335 0.0675 0,0226 4.1
0.1125
A JC (mv)
0.0675 g 1
ARRezacanannanas 10{
2Keps.
Fig. 8 (A)
The results of stimulation with two-steps
rectangular pulse. Four cases were sum-
marizing drawn in (B) and (D). 5
The inset in (D) illustrates the two-steps
pulse. (A), (B), (C) and (D) indicate the
same as in Fig. 4.
0 ; . . .
0 2 4 6  —1 (MSEC)

Fig. 8 (B)
(B): Height of threshold polarization and duration of current.
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Va

2MV1

2KCPS,
Fig. 8 (C)

=)
o . ) =
Q|
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£ 06
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Vil . o4
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=
04 04
| 05
Q2 102
041 \ 04
02{" D E
1 \ 041
RO * i & o o
02 ° + + C
/ 0
A A i — !
] i
P C e
I 0
0 5 1 6
O 0 - A
0
) i 6 Touseo)
Fig. 8 (D)

Table 6.
Results of stimulating desheathed nerves with
two—steps rectangular pulse.
This table corresponds to Fig. 9.
A:28. 5.°59, 22°C. B:28. 5. 59, 22°C.

A -
v T vT e v T vr JU
0s048 6475 0.324 2.8 0.057 6.75 Ge385 3.1
0.042 2.25 0,095 2.8 0.057 2.25 0.128 2.9
0.048 04563  0.027 246 0,083 04563 0,035 3.1
0.093 0.1125 0.0105 2.7 0,122 0,1125 0.0137 3.1
0.048 4,50 0.216 2.6 0,057 4450 04257 2.7
0,042 1,125 0.047 2.6 0.057 .1,125 0.064 3.1
0.071 0.225 0.016 2.5 0,077 0.226  0.017 3,1
0.098 0.0675 0,0062 2,9 0:152  0.0575 0,010 3,0



msec

6.75

4.50
2.25

1.125

0.563
0.225

Va
0.1125 os

0.0675 g

v 02
L KC.P.
Fig. 9 (A)

Two cases of desheathed nerves.
(A): Threshold polarization potential.

i O GEEh I B T B B O BFSE 1063

T (mv)

0 2 4 6—~tmsEo

B Fig. 9 (BT 2 R0 0
(B) : Height of threshold polarization and§duration
of current.

0.2
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C<
(32
SN
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o

Blic B ohRERRVEVZ B,

AN (C) BRI oREIC X 5 0MmREk
OHBERLEZLOTH B, —Ricxzhix
TSR & > TR D, Hb B 0¥
THMMEE 4N (A), (€), B5K (A), oL,
1l 2 6. 75msec D341 0.125msec 725
%, 0.068msec ©EHa1x 0.075~0.080msec 12
U, BFEmEHFCIEL CalicEET sz
BB T

i) 2EBOWML Y v FRERL REE
h, SEREMOEBICT T 2BERRE IR

3 4 ' 6
Fig. 9 (C) Strength-duration curves.

Touseo)

ERC X 2 EELBALLREE CH Y, B6N
(A), B), (C) » TH 5. (A) B TEETO
SaofERRTH 58, REeiiricEnio
TA) LDOEFRBALEROOR RV L ERL
hOThB. FEMIE»L DL LS TLIEE)
BALOBRAZFED U THHE SEE (Fig. 6 (A))
Td - T prepotential ZEDEANIFT A & b7
AN

Zh b0 V-, V-t BERIEE 3IREX (D)
RS, B Weiss OERIC X ¢ —F%T 5.
WBEBECHSE T EEBbh3t0L AT
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AAEEEOE S 2 1.8~4mV Tb 535, B
- 0.068msec DFEOBAICE 4.4~8TmV TH
5T, W2EEL > T o,

B L EAOBARE4RE TNOWL,
BEE, STHEELLCHELEVIOXVE
BitEyv.

L, FHEESRE < i B i oh THBEN
BEL B IBIRBLARVESLEAL TS 5.
LBmOBEORMINERD 1) 0BG LA
LR, B6X (A), O), BT (A), ol
FijgEE 2 & &R E < e > TIT <L
HOBRLRET 2B LChPbb TRET
»5.

R AEREOMNEC R TOREM O <KL
i BERA AR OBECLAD LI
D) 1BESREBHEL > THREENHLLS
O

i BoBARE2HEE A CRREITR
> Tz

EFE 5%, #H8X (A), B), (C), (D) »4nl
S oIz, }

SBEMIVHRELZEALEESHE D 473~
6.25mV G, F—EAC R TiZEARM 6.75msec
D4 L 0068 msecPBHE EBEICR-TED
i b DEIHE 5% W TH - T, S
B0SHs 4N chThE—2ECH R
ICEBEL TV B E 5 T
Mgl oE B e b 5% NIME-
TrbbBhb, EREHEE XV —BEECH
BN ERLLELRCTHS HYERBEELE
b b, DRBMOLEFR LEERCS
A0 X 5 7 REHER O AR IC X 5 YR AR
W bR -8, HloE-e rERcE
I BHERERD 2.

Bl =543 E6REIN (A), (B), (C) 0
L Tho-T, MWL BARRLE256X
Y LESECC R TRER S, ERICL B
ERRELIMSLTULEOL S iR T ad
-7z,

#H8X (A), B), HIN® (A), (B) ol T
b5B.

V. & #

MR R T 5 A CEER BT hE,
RRE D fon OEFMME A T HREROWE
i ion LFEHOEEL H 5 —BRECHE 5
WEIEELZET L —RICEZLNL TV 5.

Nernst (1908), Hill (1910), Schaefer (1938) £
fAln OEFICB T, MRAEOREECR
AN —RETh B LRI L
T 5.

#R % iz Dittler, Heimsoth ORI IhiE
R EWIC X D T 5 B A R E R ©
Bk v ) 2 ERRIBEITHEES A LT AT
B OB S E L & FR T ke
BROMBEED S LR EBEHKE. 22
THENDE A CIEEENIE v L X
VERWERERS RThE R RvrE, 20
B S ROFTHEOERB L Vb LB
b s, ULabEiEkihid, BE0oEETS
HiCHACHR B 2 O CETORMELE LT
BiEE, EVvEORBICTITHEE WL LR
LD LRCERCE - TEEZEDRThE
b isye.

PLEARBRORRE, fEROME»L TR
naiER e~ T, EROEFH»PLPREL
LEEH L 72 5 7=, Nernst REROEVFIE O
BACEEOEA L —K L /2 v O T, acco-
mmodation &\ 9 BN S AL T, &HE
BDECEEAZEFSPERL T 50 TRk
wir ke, Hill oFFL B (1936) T, B
FABEL % P ERL T 206D
local potential A —Eic 755 T4 LA E \ local
potential B F4 L T EH U RICEIZEL kiTh
dﬂﬁaﬁ&ﬁv.:n&mﬂmmM&M1a
L T 52, AERO 1RSEREERIE TR
B O H RO R E < 2 BAREENR
BoOBA TR mA—EOEIEL T, v
L BEHRE - T 5225 accommodation 24
L BLDQEFBD LN TRV, BROE W]
RN ZFERLEERRE FAvhid &
5B PRSBOMETH S, A30FAMAE
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2047Vl 2 b @, BIUAREEOMEEH
D EEEICR T AR L ABICGBEEL 2
B L, WROBACELL = otk 2
Bioh = o & FEERD 52 & CHFTIEET
5 .
WCERDBRPE - kB2 BERTZ0RE
%858 S HE R o e B R RS o
BEvBAIGRCERE, R TR Ev 3B
B BETRECEBEEL S L, ERE»S O
PEEEC & % ion LRI B ST AR 2 Wi CIH
—T <, HbHHiHTRaqait oEkE TiREa
BETh2HE2ELHE, FRBPHEEL TR
PR SH 2 ESCER (FFTRELE
TR ) EETEEINEEBELN B,
E I, —EO ion EFOBEEOLERLT S
= ¢ ORI NI A OFEGER (Stimulation
Process) 2585 e id s 3, o220k
i< ion DEE LRI BT E b T
T, EEEHEICGEE? H 5 @ TERE OB
BTRECHE IV b RECEE LR BSBEI
kpeEz2bh 5. AbPULATICHRCTIEE
Wk v Tion ZBFCERL TE» R ThE
TSR R bbb R ik d. RBIT2
By i ED & 0 Fl v % 72 513 don MR O
BEirvob@3iEAL L oicixsd s &8 X
bOWz Hhb, Z OBEICIECTEREERIIC
LU THEFOERICHRCERE A 2icks 1T
T, EAMS Db —ET B &\ 5 TR
Ehb. xLTHEG6N B), £8K B) RUE
IN (B) 0f% mn ORESERB L t OFD
Bk zaTrBlPLRECERCSH D DIEE
FIEREzEL TRLECE BRI Eh ik
BThD o LERENS. ‘
MBI R A pbEN T i, Bl
BEmoKmS, MEomidcrrbd TEES
BB 2REWRICY - CHRBENER AR —E
KRBZETERVIPEVCIRETHL S, Th
R B8 1 SpkiiED & 28 2 SuniEEl &
PBEORNOIETH T, ki b1 X
5 2 S EENIRME O 1/2~1/3 itikd T
550 LREO 7 DI 1 E5EE 0 FE 8

KA E BT 50, BE

MM H DL oI UTHRBRL 2. REE 1550
WEOARETERCL THR-OTH 50, B
EUTOBE TR 2 BESiEENE LR OO
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Summary

It has been generally accepted that the excitation occurs if only the ion concentration
or the electric potential change brought about by electric current attains a critical value
at the boundary membrane of the protoplasma. On the other hand it has been known
that the excitation can be abolished without initiation if the electric current in reverse
direction will be given immediately after the stimulation. So it will be supposed that some
process (stimulation process after Sakamoto) should occur after attainment of supraliminal
ion concentration but before the initation of excitation, and the concentration should remain
increased for a brief but enough time for the process proceeds. Since the spatial distribution
of ions evoked by the current will not be the same for every duration of the current
pulse, the rate of the dissipation of the accumulated ion will not be the same after the
short, strong pulse or the long, weak one. Consequently the necessary concentration for
stimulation may not be constant for different current duration. Sakamoto has reported that
somewhat higher voltage was required with the usual rectangular pulse, than that
theoretically expected, especially for short duration of pulse, and that, the theoretical
strength-duration curve was obtained when two-steps current pulse was used, and the
rate of decay was nearly equalized.

On this problem, it was investigated in this report whether the polarization evoked by
the threshold current of short duration was really larger than that of long duration or not
and, whether the critical polarization brought about by the two-steps current was of
equal magnitude or not. The polarization potential of the nerve after the cessation of the
stimulating current was recorded by the method of short—circuit breaking or by the use
of a usual bridge (Fig. 1, Fig. 2). The nerve was placed in a fluid electrode (Fig. 3).

The result obtained was as follows: (Fig. 4, (A), (B), Fig. 6, (A), (B). With the
constant current pulse usually adopted the threshold polarization by the short, strong
current was higher than that of the long, weak current. (Fig. 4, (C), Fig. 6, (C)). Moreover
the rate of decay of the polarization potential after the short current pulse was faster than
that after the long pulse. (Fig. 8, (A), (B)). With the two-steps current pulse, the magnitude
of polarization potential was nearly equal for short and long current and (Fig. 8, (C)
moreover the rate of decay of the polarization was nearly equal for both kind of pulses.
(Fig. 5, 7, 9). On the sheathed and desheathed nerve, the results were the same.

These facts are consistent well with Sakamoto’s theory.

(Department of Physiology, School of Medicine, Tokyo University)
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On Electrical Properties of Frog Skin.
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1. # e

SRR, SR P, BT
v F, BTV v FICK B HEk, REEMEE
U7 DELEZFEDHECK > THRitHE X 017
b T 502, 7 H Hermannd (1872,
1888) I, EWT Y v T - T, B, RO
HHES R, #MERTHEEDCD 528, FE
WEBUOmERL T 5. DuBois-Reymond
(1882), Gildmeister? (1922) x, FrEoMm%
“sekundér-elektromotolische Erscheinung” &%
13 “bei elektrischer Durchstrémmung entste-
hender Gegenkréfte” &% 2, HiHXENE M
W, #, MR, BRAERECOSHTEET
By, BEFEAE T Y v F & microammeter &
VR I oW THIFEL T v 5. Einthoven®
(1923) BRI » T, ANMEKEECEEE
B -BOEENIREESY msec. © order T
Bl L, Hozawa® (1928) i~V &k YV HRT
L HENEWRET & v, = OB b AMRBH
DHEFiE, FEfEE wsec. © order THIFEL,
Wakabayashi?”) (1939) 1z — @B\ EBEIC 2T
BRT D7), ~VsRVYVIRTICEAERE
FRAL, AMEEECHCTHIEE L T v 5.
Ballin® (1926) R HEBEEh EEBREERKEE
LTHEB S 72 0BMOBLEFAEL T, &fK
OHL, RESEPBEORLIY, H2H, $3
POZ L BT 5 e|MEL T 5. ERET
EEELFIAL CHMEMRL T2 OBRENLRE
HOER % Oscilloscope FicBZL #h b 3K
B, BMCRRETY v FEA, HREOE
BRI BEDREED { DB RN L v, IHENERS
ORFEIC v B Tw 310,

* W R B

(R34 7 A 9 B AP

(Sarro-Tadayoshi)

EROSROTIGE, HEIEREEORE, B
VLR A T IT b i B RS O ISBIRFIC R
i BHEPT, %5&, Impedance DZEL ORI Z
DF 2 FF D% SR BT A & B IR
BhIEBRBREEMRLOLEHE > TEDT
b B W, EERICNAET 5 IkH%E (Gledmeister?
1922) # ZET B, P LEETRThE
bivEEZbN D, ERCEREBL HE
DIFRIT OV T A 7 ATHABE (Anfangszacke,
Gildmeister® 1922, #MR® 1928, &M 1937)
OFSRTERN R BT EEE K - THEHIC
EhBa X5 -7 (HHEWD 1935 Fabrel?
1939) 8, EFEFHEECIIHEMEVOT, Z
ZTIRBIAR BN A EAL T, FEGOK
BEEICAEERE AN 5HEC X > THICESR
FIMEE 2aEsk L, BiffpEiie U CRZBKHE
BR, BECE - T BET 50880 2
LX) ez, EREERE L TRRETR
S eREREWRET 5.

I. 2 & 7 &

i) B

BREEE 1 NI RL Th Y, MIZIREWARE
fr2%3t, 1, re, Ra i38k#t, Co BEBEEE,
SK @ s sl (Stosskontakt), B xR Th 5.
Ble 202V 0B E &, 11, 12 B2l THET
Yea AP Y v ZIRGEL, 122 500mV OF
Er&¥lws. 2ty FE on LT C O,
BE%E 506mV ICHRET 5. ~ kA VIR
¥PU-TAF e F2H0 Co 2FEMEM»D UIHL
TH#, ks 72 0BEvEHEc (Imsec. BUTF) T
FOEmIEMmE » T, W THE» EE
(0.038msec.) HEFE B RO RaZ®L THEEL,
Z0BD Co DEM Vo # M 20 - THET
5. Ro % 30~1,0002 BiZ 0 LT, #hiC
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83 % Vo 2HIFEL, Z OfEE 0 5 B OZAR
Al O R OHEHE, AEELRD 5.
BCEOFELE 2RO BEHEC L #
R :2WFNcBC2L 0, BIbRE, 2EER
Lz, Co oWIEME V,S. K. o
WETET 5 L&,

Vo= 7CLV”€—%CJ(% +%n> (1)

C+G
g X b,
V. _Tlge , 1
log<—=—cic, "R
Tlog e _ G 1.
+{R(C+C) log-=Fe @
Elt, R, CA—iEThnid, logr\—y; ‘}:_1%;‘1
3 —_ g V — 1 L
EMBERE T, y=logV-c—, x= - -¢B8
Va Ra
{Ly=mx+b e FHEHPHBRE S, #Hic,
Tloge _ ~ Tloge _ c__
C+Co~™ RC+cy 8 i, P
b5 foT, C=-T0ge
m
m
R = RUSSR 3)
.—w‘mco
b—i—log(l Tlogs)

, e
PW SONE NG

The circuit of the experiment for measuring resi-
stance and capacity of frog skin immediately after
passage of current.

E

_—

Fig. 2.
The electrical models of skin. See text.
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1 1
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RV ——— " ta
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ta=to+(n—1)4t (tn ELEZHFP O = & LBk

U, told#J8, 4ti3RE nix 1,2 3, 4--)
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_RV _ R r . ccan—
& [J’ R+ Ay C+Co a e M
LB E,
Va=A(l—e 8t 5)
EELLEN RS,

Vao1=A(l—e 37
I Va=MVa+A(1—M) GEERE). Hb
t # ta=to+(n—1)dt 7 2EEEPIc Bl
¥bHE, Vak Vo1 & REBERE 2% TH
5. BOEMHLY M AU Al-M) ko,
FHic

log(1/M)

T .
f/v\/\/\ K3 K2
'l' E Ki 695

Fig. 3.

The circuit of the experiment to measure resistance
and capacity of frog skin during passage of current.
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EEE & T A WAERIE 4 RIOR TR

HEOWMTAESEL By, A & B ualEagln
L, 7V Ak THEEsh T3, G D
BEZ lom OEMRRER T, EEL OEME
PR gEN Y E-Thsb. FOovvrFay
reiEn s e, COWMTFOLBCIALTH S
LEBOYARE F Licky, A NOEKE
BEzbndLokcli
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BEERORE :

EEERCRA T & 9T, SRR OSE B &
LCE2REEL, BEMNROR © TE
CERRICEE 5 T, MO AREYE, ABER 1)
OFECE - TERELL. £ET CGCOoBEER
V=500mvolt itEEL, BxDOHEMR. & B %
BLTHBES®-BROEE Vo 38 1RICRT
iz, logV/Va & 1/Ra 355X, H6X

He

F

\0Q
Fig. 4. The fluid electrode.

log V/un
2001

1.00

* . %‘ geoo
Fig. 5.
Table 1.

Ra2 50 100 200 400 800 oo
Eﬁp' VomV 39 58 70 81 8 103
logV/Va 128 106 093 0.87 082 081
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50 100 200 800 oo

Ra2 32
EXP Vamv 13 24 44 63 109 158
logV/Va 159 1.32 106 090 080 0.8

This table corresponds to Fig. 5. & Fig. 6.

log V/vn

L50
100+

050

1 1

10 20

‘ 30
o x800
Fig. 6.
The linear relation between log V/vn and 1/Rn.

ORECEMBERERLE. Q) 2HeTEL
B, B2HoR, CryrETHIT,

#H5X Xy, R=40.32 C=0.182uF

6Ly, R=4642 C=0.229uF
LT

BRI LB :

0.038msec. IR OHI[E, HEBEOWREDS
i, i) OFHERICK > TRE xEOKE % Hi%E
Urkasid, 28, E3R0HCkS.

Bs8E 2%, V=205Volt, Co=09uF,
r=1600£, ta=to+(n—1)4tic R 5 to=144pusec
dt=88usec DEEORETHY, E3Ei V,
Co 1, to BHIEEETH 523, dt=220usec &
LIEROBRETH 5. Vo OE/D (4) Ol ©
bhid, EXRFEEEMICRIT S Vo 0RFlic
2T, MRS Vo OFE0—#T o2 Wl &
->T (% Py, Ps, Ps--vein b §3), Fuy b
LB EZRRERY RIETH 3.

MUB2ROEEN, ETRER3 &, Py,
P, Py, Py, Ps 3—EBECH 22, Ps Bk

1071

Table 2. ‘
tusec. 144 232 320 408 496 584 672 760 848 936
VamV 41 71 99 120 141 160 178 193 210 224
This table corresponds to Fig. 7

Table. 3
tusec. 144 364 584 804 1024 1244 1464 1684 1904 2124
VomV 38 118 174 222 261 298 329 357 363 406
This table corresponds to Fig. 8

Un(mV)
300
o7
200 &
;’d
¢‘o
—/0

I’o

100} o
o
100 200 300
- VUn-1(mV)
Fig. 7. '

Definite differences diagram. |.
Ordinates : Vn, Abscissae : Va1 ]
E =2.02Volt, Co=0.94F, r = 16002, to =0, 4t = 881sec.

VUn (mV)
pe
400} o
o
o
d
300+ P
f’g'
/g’
200
o
o’
: ' : 200
100 200 00 o
Fig. 8.

Definite differences diagram. [.
Ordinates : Vi, Abscissae : Vn—1
E=2.02Volt,, Co=0.94F., r=1600L2., to=0, 4t=220xsec.
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EHEOEEICIZERD v, Ps~Py B0
ERcE s, BAfcEIE0EER, BRI
Pi~P,; P.~P;; P,~Ps CIEREBICEN SR
5.

Bl ekt (5) OFICHERD 2ETHEER
2, i % B T R LRI (6) IKHHRY,
LB L i 2 ORCHA T HHASEL
3. Wi 7 OEBE OB iT E AHHE IRV
<, FaEosENkicEsERE Ay, (6) KK
o TEER OHHE, FEELRDERITO
BYTHD.

140

A) : V=2.02volt, Co=09xF, r=80048,
t;ﬂ%%aAhﬂM%a&bt%%f@%4%
DEX5icky, hoEEXE, EIRALR
v, Pi~Ps, Po~Ps5 Ps~Pio 7z BEEMREE
%. , .

WwoERKEY L, L, Ls £35L&, X 6) &
v%& xR, CERkoHHENPHNKS.

Li v R=3508L C=0.30uF

L. X v R=4582 C=0.65uF

Ls 19 R=7702 C=1.22uF

Hb=o>0@fic v TExjjxic R, C%x
sk, MERBICKRIBRELSL2TS.

B): V=202V, Co=09uF, r=8008, to=
88usec. dt=55usec. TELBFIIELET,
Wh b eENeles &, H9BROIR LS.
Pi~P. © Li, Po~Pio T Ly %5 5.

L v R=682 C=0.31uF

L. T v R=1972 C=330uF

C): V=2.02volt, Co=0.9uF, r=800%2, to=
80usec, 4t=220psec & L TH7-AHIZH 63
o, roEENEHEICKT, Pi~P i ?
Ly, Po~Ps; X9 Le Ps~Ps XY L; #18%.

L X v R=1322 C=199uF

Lo T v R=20182 C=350puF

Ls £ v R=2372 C=410uF
ol TL BRI AR, R, C 23KEL
otz AT H B,

PDLrBaeT 5 o ERCER r 28U TER

PEU RBORTE FREERT L, B

A OB DT

Table 4.
20 31 42 53 64 75 86 97 108 119 130
21 52 75 93110 122 137 150 160 171 180
This table corresponds to Eig. 9. A

tusec.
VomV

Un (mV)
20071

150

100

150
Un-1(mV)

50 100
Fig. 9. A.
Definite differences diagram. .
Ordinite : Vn, Abscissae: Vn--1 )
E=2.02Volt., Co=0.92F., r =8008., to=20#sec., 4t=11psec.

Table 5.
80 135 190 245 300 355 410 465 520 575 630
77 131 171 207 241 271 299 321 347 373 395
This corresponds to Fig. 9. B

tusec
VomV

Un(mV)

400

200 400

Vn-1(mV)
Fig. 9. B.
Definite differences diagram. V.
Ordinite : Vn, Abscissae:Vn—1
E=202Volt, Co=09uF., r=70082., to=80usec.,
4t =55usec.
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Table 6.
tusec

VamV 60 207 306 389 452 508 558 597 632
This table corresponds to Fig. 9. C

Vn(mV)

600 +

400

200

80 300 520 740 960 1180 1400 1620 1840

200 400 600
Vn-1 (mV)
Fig. 9. C.
Definite differnces diagram. V.
Ordinite : Vi, Abscissae : Va—1
E=202Volt, Co=094F., r= 800!2., to =80 usec.,
At =220usec.

o X

emeee | R uF

::7 400440

1300430

20042.0

/ 100410
)

500 1000 1500 (11sec)
‘ Fig. 10.

The increase of resistance and capacity of frog
skin during passage of current.

Table 7.

95 150 300 700~

tusec 15 30

R& 35 46 77 132 201 237
CuF 030 065 122 197 350 4.10
This table corresponds to Fig. 10

Un(mV)

600

400

200

L

200 400 600
Un-1(mV)
Fig. 11.

Definite differences diagram. V].
E=205Volt.,, Co=0.9uF., r=800£2.,

Li:to=44pusec., 4t=11usec.,
Lo :to=154psec., 4t=22usec.,
Ls:to=374usec., 4t=44usec.,
Ly:to=5%upusec., 4t=440psec.

TEOML 85,

HoR, CoZzRRT 5 &HEI0XK 0L
7 5. 200msec. frigix R, C 3o MAERRIICHE
L, Dtz O EE L, Imsec. {1 T
—EOHICE L.

22 Bl

A): V=2.02volt, Co=09uF, r=_800£,
to=44sec. dt=11psec OB O RFEIIE 8,
®11M Ly &7, h kv R=4702, C=
1.31uF.

Table 8.
tusec 44 55 66 77 88 99 110 121 132
VamV 70 80 89 99 104 111 117 124 132

This table corresponds Fig. 11. 1a

Table 9.
tusec 154 176 198 220 242 264 286
VomV 138 150 162 176 188 198 208
This corresponds to Fig. 11. Le
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Table 10.
tusec 374 418 462 506 550 594 638
VomV 246 263 277 292 308 321 334
This table corresponds to Fig. 11. L3

Table 11.
tusec 594 1034 1474 1914 2354 2794 3234
VamV 383 475 537 580 609 629 646
This table corresponds to Fig. 11. L4

o x

oo | Q | MF

7 Yoo 4o

1300430

A 100420

/ Joodio
)

500 1000 1500 (usec)
Fig. 12.

The increase of resistance and capasity of frog
skin during passage of the current.

B): V=202volt, Co=09uxF, r=8002,
to=154usec. dt=22usec. DEEO RIFITE 93,
SBIIRL:I25RT. b X W R=1059, C=3.97uF.

C): V=2.02volt, Co=09uF, r=8002,
to=37dusec, dt=4dpsec DED R B10%,
FIR L @RT. tbh kv R=14482, C=
5.08uF.

D) : V=2.02volt, Co=09uF, r=800%,
to=5%usec, dt=440usec DEF ORI, 11
#, #8IIK L, @27, fth kv R=250%,
C=T772uF &1 5.

UEEHBAL, R C oRBNZELEEHT
B, Bl2Rom 2y, B1FtALERE
B5. ‘

ERRDERDOR

A) PRERE
RBIORBTIE r OEHE —BIC L CERICE
BLEOTHE, WO r 2B RHBOER
OHFHL, FEIWACELTHTHA 9. I
OREEBET A7 L CBREMIL Y, =
P, FEER—ETHHRHEE (thi
ET3) RAIETAZLIC U ML THOE
BELRFVEEERZAVS I LT, &
b REHICH L C, 4t AT B0
EHZ LEEDBD IT, r=10092, 2002,
400£2, 800L2, 160022 hs¥ BEicT % &,
r=10020FF L ¢« DEL KRB LEELZBN DD
T, HOREt=to+h—1dtic v Tto=0, dt=
S5.6usec LT B HIOFOER IR CERE
ROFLE b DT r=224psec « (EIL n=5)
Thole. Zhitlbh L v EL R 28I ET4E
WEEZLRBDT, 4t FROEIZEOML
B 7z,
Table 12.

2 100 200 400 . 800 1600

4t 5.6 11 22 44 88
4t is the appropriate interval to apply the method

of definite diffeffences diagram for the respective
value of the resistance in series.

B) 14

E=205Volt, Co=09uF & L TEBL, ric
T35 Va OFEZRDTRSZ &, $13=0m<
%Y, HOBEERIIEISNA & 3.

FHx Py, Pe, Ps, Py, Ps 8, Sz 2NLL
LA E S TERBERE AT, LOoESRELY
r OFEMLICEL, BEROR, C #etE+2 L8

Table 13.

r=100£ r=2002 r=4002 r=8002 r=16002

to=0 to=0 to=0 to=0 to=0
mV 4t=56 4dt=11 4t=22 4dt=44 4t=88

HMSEC.  uSec.  psec.  #Hsec.  psec.
Vi 516 234 142 89 43
Ve 544 298 170 112 66
Vs 564 322 197 132 86

\Z 576 346 218 152 104
Vs 590 360 239 172 120
- Vs 600 378 258 189 134
Vr 612 398 279 205 148
Vs 621 412 311 217 162
Vo 634 432 324 235 175
Vio 648 452 340 252 189

This table corresponds to Fig. 13. A
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Un(mV)
700

600+

500

400

300

200

100

500 600 700
Vn-1 (mV)

200

100

200 300

Fig. 13. A. Example 1.
The time at which the relation begins to deviate
from the simple exponential curve.

Table 14.
r2 100 200 400 800 1600
RS2 251 39.2 632 920 146.0
CuF 112 277 346 492 6.30

Electrical constants of the frog skin obtained
from Fig. 13. A.

Table 15.
2 100 200 400 800 1600
Tsec 44 77 176 308 616

This table cosrespondends to Fig. 13. A.

UEOMESBS. LHISTA LY c ¥ kD5 L
15K 218 5.
C ®2

r&toBLiTtEs Vo 0FLE v ROELS

%=, FI3RB%E%. A& x0ERICHT 5 1,

Un (mV)

700

600

500

400

300

200

100

1075
s
v‘)’
100200 300 400 500 600 _ 700
Vn-1(mV)
Fig. 13. B. Example 2.
Table 17.
r2 100 200 400 800 1600
R2 338 472 736 ' 124 190
CuF 088 241 315 380 459
rusec. 392 770 154 308 616

Electiical constants of the frog skin obtained
from Fig. 13. B.

R, C 2k 5 EITELES.

D) £34
r,twﬁkkwovn®2k%%w% %B
, T gf%uaikﬂ‘\j_

P E3FIOERCRT 2 ERERORILT S
B «r, zOoROEME r & OBKRERD
3 LEUREBS. Bib r, v BBEREBES

Table 16. Table 18.
r=1002 r=2002 r =40082 r=8002 r =16002 r=1008 r=2002 r =4002 r =8002 r=16002
to=0 to=0 to=0 to=0 to=0 to=0 to=0 to=0 to=0 to=0
mV 4t=56 4t=11 4t=22 dt=44 4t=88 mV 4t=56 4dt=11 4t=22 4dt=44 4t=88
psec.  psec. psec.  Msec.  psec. psec psec psec psec psec
Vi 640 277 152 80 41 Vi 439 280 151 87 46
Ve 669 308 184 111 71 Ve 529 352 233 160 110
Vs 692 339 212 136 99 Vs 600 407 289 216 162
Vi 710 369 241 101 120 V4 643 455 349 264 203
Vs 730 391 265 185 141 Vs 684 490 393 300 239
Ve . 750 415 286 206 160 Vs 715 543 450 340 270
Vq 766 439 308 225 178 Vz 755 586 491 380 297
Vs 780 460 328 245 194 Vs 797 626 533 422 320
Vs 797 482 348 265 212 Vo 826 664 573 455 . 341
Vio 713 505 367 288 230 Vio 701 621 483 361

This table corresponds to Fig. 13. B.

This table corresponds to Fig. 13. C
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Un(mV)

700}
600+
500}
400}
300

200/

100 /*

100 200 300 400 500 600 700
Un-1(mV)
Fig. 13. C. Example 3.

Table 19.
r2 100 200 400 800 1600
TUSeC. 22 44 110 176 352
This table corresponds to Fig. 13. C.

T (psec)

600

400

2001

100 200 400 800 1600
T(R)

Fig. 14.
The relation between 7 and r
7 is the time at which deviation begins.
r is resistance which is placed in series to frog -
skin.

EgE 3.
WicKE—20BNET B &,

v=Kr
LEQERHEK S,
HEINOEBICR G THEE LB ERE 1 &
T5E,

;= V —-at V — ot
1= r +R+r(1 e
1 L
_ _ R
ZEiT a——mC+CO g 5.
tO@%@l&I&k<&I—%L

[=KV
Bl e o HIRE ¢ ATAE R &, EREROR
MTAEEEEHE T L oBlR—E L o 7.

V. & =
B O % iR KRR
e O A AR OFRFETRW T Y v F &
72 Hozawa (1926 icik 3 &, # O&(finl

B e U THEFEESNTIEE L 284 (B15
MA) EF &%z 3254 (815K B) 0 2 »
%5ﬁ%kaﬂﬁﬁi’“ﬁﬁé R, C;R, C
L9 5L,

I R o= 1
R pgrone O~ o)
% BBIRA B, (A), (B) OfTn 0BT Y

vl Twa.

C
M e
. Cl R/
R .

(A) (B
Fig. 15. Two possible electrical models of frog skin.

ARG T, # OSEEEBERIL L L T
(A) DI EZ T 2D THBH, BLEFRN
B) THHELTHEINOD B & R itfk-T
BETS Co @’%'-;i{i& Vo b3 5L,

o & ()
dve Vo
dt " CR'+Co*Rn

@%Kﬁ@,:ﬂ%@wf%l%%ﬁaéfﬁ

=0
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B e OBEREERERIRT LB . &
> TEROSMEK e LT, $5MNAZACS
DRFELLEDbN 3.

EERE®E \

—fic f(t)=Ae 2t 72 BEHR b B

log f(t)=log A—at
ELT log f(t) & t LOEBRBERERML,
SERCA it b a2k BESHEE S,
Ft)=A1—Be—at) ccoorveeeeiineis 7
OEERE S 5F, b L t=oc iCRT B f(t)
Off, Blb Ansmh CRAEERL T,
log{f(t )—A}=log AB—at ceveeereeeenn (8)
ELUTHRBERAFBIN 3R, t=c TR
5 f(t) off A BEn Tk e, 2E
A t=2 BREYETITEDL RVEERECE,
t=o0 RITZ f(t) OERERLTVTY, %
NEACTERERD 2RI v, RL
CORt BRAE At OFEEFRICLELR TS
e, HD ta=to+(n—1)4tn=1,2,3-----) Ok
e B Thiid {flt), flt)}, {flts), flts)}---
FOEMOEOMICRERBERERIL T 2 »
b, ZhdbERHERD 2ERHEK . B
i, 1069 IC i~ - B ERETH 52, £hidd
AR OFEROMBICEIHEL T3 EELD
NE0OTH 5. Aol s EERE 234
Flit L CHEA~DOBEHAEEL C, EEROEND
BREETRy, BEOBRER L 2 OXFHEH
EEREET L, BREOEZOEP AR T
2o OBKERS—B L RON BERBMO
ERABBOR B8, BLICHIRESh BELY
LEMBEIDEL RS, X - T—EOHH R,

#E C PE2ZRORMEROMIEESH T

WBHELTHY BT, t=o TR 5EMNE
AV 2EBHER 2L THD. & - T O
o R, CB—EoRMo®FEN OEMN Vi,
Voo, Vo #BVEER BRI, 7OME
BERAEBLR R, CBROOLNDE. 2h 2 b
AEHEASEN SRHIHR c1c R, CEnkx
2% & UTHERZE, B5—& RN o Hip 72
TREROERP B LN, BeXicBibT sE
WoOMEs Z OFETEBT 2B/ Hk2 0 THE

10X, BLR2ER+hERL TV 5.
MEEE :
Ballin (1926) R E B OMEL KEE®BL T,

BxOBMHE s CENEIEL EREA

KR ELGE - TREY, RO OME 1008,

0.1uF ;¥R 4002 %R ro i & AR & W

—BT 505, I3 B OEIRSY, BERS 0%

HRZSOHEAn 3 & v T30, Th
b OEMEBHHENTH 5 DI U TIEARE S

Rons. PFLELAERBION, H12NiCR
U #ilfE T, FEROEROBE R L4k

IR L, Y O L ORICE RS B -

T, BALOTRKMD OB bR E CEAR D B &
Vo THEFZRVEbEN R, AW
B RO FHHERT, 2O BER & FEcED L
TR, 2 3 EROFET T v
TERRCEHLRTESY, ZOREROET
2T, MHEOEIRD & EERD OB T
5E64EIF R. Kriiger'® (1927) @ & » THEw
BRTESR, ZO0BIAERCKRTIS C R
DOEFRMER & U T R E s Bkl b
3.

TERZEOER

NERE CEE 2 BE L 2 ORI » 5,
Hozawa® 2:tELL 7z 2 OBRMERIT EE
BETH 2R, t=o CRITZBEMOME i- 2558
SN H 5 WS T, i SREOER
iPBEBCTEHEL TV 20T, AR
K& vz,

Fig. 16. The electrical model of human skin.

Bl AR #El L U TR0 KidE
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HEBIERE L LT 5L, ‘
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= B W (o

E=64volt & U =BOEHREMIZBLITO 4L
5.

in(mA)

600
400

2.00

100 200 t(psec)

Fig. 17,
The initial current (“Anfangszacke”) of human
skin after Hozawa, 1928.

e Wep 3=
i—le=di &P &, 4i=AB e—at
logdi=logAB—at log ¢
logdi—t #RRT % L B8R 0L I 5.
HORIZRTS t=0 55 t=50usec iG L
TR & 72 BE, SMBEICEK Y t=0 © logdi &
VEROEA»S a 28 5.
_E . W, E
W+W' W O W4+W
)
HEoRXxn, W, W, K 28BHT50TdH
5, WORHECRCWT 4 #Bv38B0406H
BB AL TH B, o W, W, K iZ

:I’

PREBWIIAME & R U 7oA, AEE ER

dBDIT, WL EEICEEEREICL

* K3 Pfliiger’s Arch. 219. 126. 123 % Hozawa
DOEZOMY 7 ORER L 250 T, HITX OO
R, KEO 1. E=64Volt DLOTH B,

logai, 10*amp
300t
2008

I
T

100j 8=

50

10¢

I

= ;zt,}xsec
50 100 100

Fig. 18.
The relation between logdi-t, 4i=i-i~. i is the
current which passes through humman skin, ie
is the current when the time is infinite, (Hozawa)

.
W+W
BRic t= OBERCEER2EHE LD W ©
BIREEREL TEBDOTH S, FhTHIE
EENEFEALTCZOELEET 2BERAA
7o t BERRICE bR TV B ETHhIE, 108
NP EMRE RTBIC /5. Hozawa OREIENE
Tt REEBRETRVOT, RORLEZLIOK

=i AL, K, W, W Off

ST, EERRIC R B 72 AT B ik

BT, o LoHEREo t cldsi OfE
BEBEY, 7 hiC o TEERESEAL
7. 19 A 1% 20~bHO0usec., 19K B &
50~90usec., IO C i rhlBoEERT
H5b.
__E
W+W
LEDOTHERHSE 3. t=to+n—1)4t, e *4=M
3L t, Va=MVa1+AQ1—M) ‘
khiv A M zkwbhs, n=1 ORO

—A 28 E O i=A(l+Beay)
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400f
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C
Fig. 19
A., B, C. Definite differences diagram applied
to Hozawa's data. A :Linear relation during
initial phase (about 20~60usec.), B: during second
phase (about 40~90usec.), C: during third phase
(after about 90usec.)

1079
o x | O
KQ | KQ | uF
12.0040,0 004
11.00 42004002
100 200 t (psec)
Fig. 20.

The change of resistance and capacity of human
skin during passage of the current. The result
. obtaind by applying the method of definite

differences diagram to Hozaw's data.

“Table 20.
mA w'e we KuF
(s i =0.07 90795 635  0.033
(n A=0.558 11800 543 0.025

i% In=1,
In-1=A(1-4Be—ato)

Hiky BBKkwoh, A, B, M Xy W,

W, K #"kobh 5.
IO A,

B, CXv@Bohs W, W, K

OELERRT 5&, HROmL /b,

BAIOBEBCRT S W, W, K

o &,

Hozawa © %@ (), RV ORZERETRD

vo (1) %,
H—HOBRCEEDL T3,
Ir=const [ D\ T

HRICRL THBER W 8

ECHEEY (1935) iR ICEE L Ty

Kbz As,
DTEIBBLUIPR AR T2,

SKEREEERICEL LIRS 22Tt b 3 258%
ZhizBve

IRt DEM RS /NE L B - 20D TH

59 EELL.

Z OB 72 [\ B OATL DK
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Summary

1. The electric equivalent circuit of the frog skin can be regarded as a leaky condenser
only for a short time immediately after passage of the direct current (t=238.2usec.). Usually
the resistance was aout 40£2 and the capacity about 0.18uF/cm? in initial 38usec. in this
experimental condition. ,

2. The resistance and the capasity of the frog skin increased during the passage of
the current. They increased linearly with the lapse of time within first 500usec. After
which the rate diminished to attain to a constant value after about one msec.

3. The time at which the time course of the current begins to deviate from the curve
expected from a simple condenser model is proportional to the resistance of the circuit.

4. Tt is not reasonable to calculate resistance and capacity of the skin by the use of
the residual current or potential which was observed beyond the region of the fitness of
the formulé. For this purpose, it is better to adopt the method of difinite differences
diagram and the results were demonstrated. '

5. The data of S. Hozawa on the human skin were re-examined by this method
and the results obtained were also demonstrated.

(Department of Physiology, School of Medicine, Tokyo Universily)
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Effects of Stretching the Respiratory Muscles upon the Respiratory Movements.
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s, BER

. & = 4
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Fig. 1.

Effects of stretching moderately the inspiratory and expiratory muscles upon

LEBET AL 0ICE
%E'&ﬁo . TZW*xE
OFEREMET S

the discharges of a single inspiratory neuromuscular unit in the decerebrated
dog. Tracing from above downwards are time, pneumogram (inspiration upwards),
electromyogram and signal which indicates duration of stretching. Same

explanations are applied to the subsequent figures. The discharges led from the

I. =BF%

intercartilaginous muscle (inspiratory) in the 2nd intercostal space are accelerated

by stretching the intercartilaginous muscle (inspiratory) in the 3rd intercostal

T OERRICIE, EEE
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space (A) as well as by stretching the rectus abdominous muscle (expiratory) (B).
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Fig. 2.
Effects of stretching powerfully the inspiratory and expiratory muscles upon
the discharges of a single inspiratory neuromusclar unit in the decerebrated dog.
The discharges led from the intercartilaginous muscle (inspiratory) in the 2nd
intercostal space are inhibited by stretching the intercartilaginous muscle
(inspiratory) in the 3rd intercostal space (A) as well as by stretching the rectus
abdominous muscle (expiratory) (B).

Fig. 3.
Effects of stretching moderately the respiratory muscles upon the discharges of
the expiratory and inspiratory muscles in the decerebrated dog.
A : Electromyograms led from. the internal intercostal muscle (expiratory) in the
7th intercostal space.
B: Electromyograms led from the intercartilaginous muscle (inspiratory) in the
4th intercostal space.
In both A and B the discharges are accelerated by stretching the intercartilaginous
muscle (inspiratory) in the 3rd intercostal space.

A
B

Fig. 4.
Effects of stretching powerfully the respiratory muscles upon the discharges of
the expiratory and inspiratory muscles in the decerebrated dog.
A : Electromyograms led from the internal intercostal muscle (expiratory) in the
6th intercostal space. ,
B : Electromyograms led from the intercartilaginous muscle (inspiratory) in the
2nd intercostal space.
By stretching the intercartilaginous muscle (inspiratory) in the 3rd intercostal

x5 % O T space the discharges led from the expiratory muscle are accelerated (A), whereas

BT, ZIicHibi those led from the inspiratory muscle are inhibited (B).
BRERBIPE L OHEFORG SN b D EEL rBEoSEIE, BESCEREL KT L

RE sy, LabRiE, MREERe Lo CX - THETHRHEE 4BERRL, hbk
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Summary

Effects of stretching the inspiratory and expiratory muscles upon the discharges of
the inspiratory and expiratory muscles were electromyographically studied on unanesthetized
and decerebrated dogs. The results are summarized as follows.

1) The discharges led from the inspiratory muscles respond excitatorily to moderate
stretching of both inspiratory and expiratory muscles, whereas they respond inhibitorily

to powerful stretching of the same muscles.

2) The discharges led from the expiratory muscles respond excitatorily almost
always to stretching of both inspiratory and expiratory muscles.
(Physiol, Dept., Okayoma Univ, Med, Sehool)



{J. Physiol. Soc. Japan (1959) 21, 1085-1090]

K B—f B &% ¥

B X &b 612.833.217:612.79

Skin-intercostal Muscle-spinal Reflex.
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Fig. 2.
Schemata showing the extent of the excitatory (+)
and the inhibitory (—) skin area for the discharges
of the expiratory neuromuscular unit of the internal
intercostal muscle in the 6th intercostal space (A)
as well as in the 2nd intercostal space (B) on the
right side.
A circlet in each schema indicates the spot wherefrom
the discharges were led off.
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Effects of pinching the various skin areas upon the discharges of the expiratory
neuromuscular unit in the spinal dog. '
Electromyograms were led from the internal intercostal muscle in the 6th
intercostal space on the right side. A circlet in the schema indicates the spot
wherefrom the discharges are led off. The spots pinched are indicated in the
additional schema. Straight line indicates the duration of pinching.

The discharges are inhibited by pi;lching the skin at the spot a and b respectively
(A and B), whereas they are accelerated by pinching at ¢ (C).
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Fig. 3.
Effects of pinching the abdominal skin areas upon the discharges of the expiratory
neuromuscular unit in the spinal dog.
Electromyograms were led from the internal intercostal muscle in the 6th
intercostal space on the right side.
Pinching the abdominal skin areas (spots @ and b indicated in the schema) inhibits
the discharges, as shown in A and B, the degree of inhibition being, however,
greater in B than in A (explanations in text).
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Fig. 4.
Effects of pmchmg the various skin areas upon the discharges of the inspiratory
neuromuscular unit in the spinal dog.
Electromyograms were led from the intercartilaginous muscle in the 2nd intercostal
space on the right side.
The spots pinched are indicated in the additional schema.
The discharges are inhibited (A), not changed (B} and accelerated (C) by pinching
" the skin at a, & and ¢ respectively.

Fig. 5.
Schemata showing the extent of the excitatory (+) and the inhibitory (—) skin
area for the discharges of the inspiratory neuromuscular unit of the intercartilaginous .
muscle in the 2nd intercostal space on the right side (explanation in text).
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Effects of heating the skin areas upon the discharges of the expiratory neuromuscular
unit in the spinal dog.

Electromyograms were led from the internal intercostal muscle in the 7tb
intercostal space on the right side.

The spots heated are indicated in the additional schema.

The application of water heated to 50°C to the spots @ and b respectively produces
an acceleration (A) and (B) of discharges.

Fig. 7.

Effects of cooling the skin areas upon the discharges of the expiratory neuromuscular

unit in the spinal dog.

Electromyograms were led from the internal intercostal muscle in the 7th

intercostal space on the right side.
The spots cooled are indicated in the additional schema.

The application of water cooled to 0°C to the spots a and & respectively produces

an acceleration (A) and inhibition (B) of discharges.
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Effects of electrical stimulation of a nerve branch innervating

the excitatory skin area upon the discharges of the expiratory

neuromuscular unit in the spinal dog.

Electromyograms were led from the internal intercostal
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muscle in the 7th intercostal space.

The discharges are accelerated with moderately strong stimuli
(I~6 volts), whereas they are inhibited with excessively
strong stimuli (20 volts). .
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Fig. 9.
Effects of electrical stimulation of a nerve branch innervating
the inhibitory skin area upon the discharges of the expiratory
neuromuscular unit in the spinal dog.
Electromyograms were led from the internal intercostal
muscle in the 7th intercostal space.
The discharges are always inhibited regardless of the
intensity of stimuli.
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Summary

Effects of pinching, stroking, heating and cooling the various skin areas upon the
discharges of the expiratory and the inspiratory neuromuscular unit and effects of electrical
stimulation of the nerve branch innervating the skin were studied on dogs, whose spinal
cord had been transected at the level of the 6th cervical segment under local anesthesia.
The results are summarized as follows.

1) The excitatory skin area for the discharges of the expiratory neuromuscular unit
is localized within a triangular area in which the apex faces the sternum, including the
spot wherefrom the discharges are led off, and the spine constitutes the base. The area
is surrounded by a belt-shaped area having no reflex effect. All the other wide area is
the inhibitory one.

2) Both the excitatory and the 1nh1b1tory skin area for the d1scharges of the inspiratory
neuromuscular unit are exceedingly narrow in constrast to those for the discharges of
the expiratory neuromuscular unit, having a tendency to be limited to the area surrounding
the spot wherefrom the discharges are led off. _

3) The weak electrical stimuli on the skin nerve innervating the excitatory skin
area accelerate the discharges of the respiratory neuromuscular unit, whereas the strong
stimuli inhibit them after momentary acceleration.

The electrical stimulation of the skin nerve innervating the inhibitory skin area
inhibites always the discharges.

(Physiol. Dept. Okayama Univ. Med. School)
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Effects of Gastric Distention upon the Movements of the Small Intestine.
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Fig. 1.
Effects of gastric distention upon the movements of the jejunum before and after the severance of the
extrinsic nerves of dog’s small intestine.
In this and succeeding figures, tracings from above downwards are the movements of the jejunum, signal
of distention and time in 6 sec. intervals. the numerals show the pressure of distention in mmHg.
A : Extrinsic nerves of the small intestine intact. The gastric distention produces the excitatory effect on
the jejunal movements.
B: Vagal nerves bilaterally severed. The gastric distention produces the inhibitory effect on the jejunal
movements.
C:Vagal and splanchnic nerves bilaterally severed. The gastric distention produces the inhibitory effect
on the jejunal movements, the effect being less than that seen before the severance of the nerves.
D: The reflex response is abolished after eliminating the vagal and splanchnic nerves and the lumbar
sympathetic trunk.,
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Fig. 2.
The role of the vagal nerves for the gastro-intestinal reflex.
A : Extrinsic nerves of the small intestine intact. The gastric distention produces the excitatory effect on

the jejunal movements.

B:The spinal cord caudal to the 5th thoracic segment was completely destroyed by inserting the metallic
probe of appropriate diameter and length. The gastric distention produces always the excitatory effect
more remarkable than that seen before the destruction of the cord.

C:When both cervical vagal nerves are then severed, no reflex effect is observed.
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A B C
Fig. 3.
Effect of atropine upon the gastro-intestinal excitatory reflex.
A :The spinal cord caudal to the 5th thoracic segment was completely destroyed by inserting the metallic
probe. The gastric distention produces always the excitatory effect.
B: The excitatory reflex response elicited by gastric distention are abolished after 12 atropine has been
administered intravenously (0.2mg/kg).
C: 30minutes later the reflex response appeared again.

Fig. 4.
Effects of gastric distention upon the movements of the jejunum before and after the severance of the

extrinsic nerves of dog’s small intestine.
A : Extrinsic nerves of the small intestine intact. The gastric distention produces the inhibitory effect on

the jejunal movements.

B: When the splanchnic nerves are bilaterally severed the inhibitory response is diminished.

C: After eliminating both the splanchnic nerves and the lumbar sympathetic trunk bilaterally the inhibitory
response is reversed to the excitatory.

D:When both cervical vagal nerves are then severed, the reflex response is abolished completely.
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Fig. 6.

‘The role of the dorsal roots from the 5th. to the 10th. thoracic
spinal segment for the inhibitory reflex response.

A: Cervical vagal nerves are bilaterally severed and the spinal
cord caudal to the 11th. thoracic segment is completely destroyed.
The gastric distention produces an inhibitory effect on the jejunal
movements.

B : When dorsal roots from the 5th. to 10th. thoracic segment are
then bilaterally severed, the inhibitory response is abolished.

o (86K B).

PLEORER D & B~/ INEPIH ST o ool
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Fig. 5.
The role of the ventral roots from the 5th. to the 10th. thoracic spinal segment for the inhibitory reflex

response.

A :Vagal nerves bilaterally severed. The gastric distention produces the inhibitory effect on the jejunal

movements.

B: Then the spinal cord caudal to the 11th. thoracic segment is completely destroyed The gastric distention

produces the inhibitory effect.

C: By succeeding bilateral section of ventral roots from the 5th. to IOth thoracic segment the inhibitory

response is abolished.
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Fig. 7.
Schema showing the gastro-intestinal reflex arc.
af. : afferent pathways. c.:reflex centers. ef. :efferent

pathways. med. : medulla oblongata. s.c. :spinal
cord. v.n.:vagal nuclei. sp.n. :splanchnic nuclei.
Ls.n. : lumbar sympathetic nuclei. v.: vagal nerves.
sp. : splanchnic nerves. ls.t. :lumbar sympathetic
trunk. c.g.s.m.g.:celiac and superior mesenteric
ganglia. j.:jejunum. i.:ileum.
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Summary

On dogs anesthetized with urethane and morphine, the effect of gastric distention upon
the movements of the small intestine were studied. The results were summarized as
follows. )

1) When the antrum of the stomach was distended with the pressufe of 40 to 120
mmHg., the movements of the jejunum and the ileum were in most cases inhibited, but
augmented in rare cases.

2) a) The excitatory response in the small intestine reversed to the inhibitory,
after severing the cervical vagal nerves bilaterally ; when the splanchnic nerves and the
lumbar sympathetic trunk were then eliminated, no reflex response was observed.

b) When the spinal cord caudal to the 5th. thoracic segment was completely
destroyed, the gastric distention produces always the excitatory effect more remarkable
than that seen before the destruction of the cord ; when both cervical vagal nerves were
then severed, no reflex response was observed.

¢) The excitatory reflex response elicited by gastric distention were abolished after
atropine had been administered intravenously (0.2mg./kg.).

- 3) a) The inhibitory response was reversed to the excitatory, after eliminating both
the splanchnic nerves and the lumbar sympathetic trunk bilaterally.

b) The inhibitory effect was observed after severing the vagal nerves, the effect
was abolished when the spinal cord caudal to the lith. thoracic segment was destroyed
and the ventral roots from the 5th. to the 10th. thoracic segment was divided.

¢) The inhibitory effect was observed after severing the vagal nerves and destroying
the spinal cord caudal to the lith. thoracic segment and was abolished after succeeding
severance of dorsal roots from the 5th. to the 10th. thoracic segment.

4) From the results described above, it may be considered that the mechanism of
the gastro-intestinal reflex is as follows : Afferent impulses elicited in the gastric wall by
its distention are transmitted through the vagal, the splanchnic and lumbar sympathetic
nerves to the excitatory (vagal nuclei) and inhibitory centers (splanchnic and lumbar
sympathetic nuclei) of the movements of the small intestine, resulting in the excitation of
these centers. The vagal nuclei exert the excitatory influences upon the movements of
the small intestine through the centrifugal vagal nerves, whereas the thoraco-lumbar
sympathetic nuclei exert the inhibitory influences upon them through the splanchnic and
lumbar sympathetic nerves. The effects produced by the excitation of the centers described
above may be integrated sometimes to the excitatory and sometimes to the inhibitory,
the degree of excitation of the centers being the determing factors.

A ( Physiol. Dept., Okayama Univ. Med. School)
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The Intrinsic Reflexes in the Stomach and the Duodenum Adjacent to the Pylorus.
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Fig. 1.
Schema showing the sites of balloons inserted
into the stomach as well as into the lumen of
the duodenum.
a:antrum. b:duodenum. p:pyloric sphincter.
g and d are the gastric and duodenal balloon
respectively. In the right is indicated the structure
of balloon.
r:rubber balloon. v:vinyl tube. h.hole.
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Table 1.

Length of duodenum inhibited in the mucosal

intrinsic reflex which was produced by applying

HCl-saline solution to the gastric mucosa adjacent
to the pylorus.

Concentration of Length of duodenum

HCI (N) inhibited {cm)
0.01 8
0.05 12
0.08 12
0.1 12
1 13

Fig. 2.

Effects of chemical and mechanical stimulation
of the mucosal surface of the stomach adjacent
to the pylorus upon the duodenal and gastric
motility.

Dog 7kg, decerebrated under ether anesthesia.
A : Application of 0.1 N HCl-solution on the
“mucosal surface elicits the excitatory state orally
(stomach) and the inhibitory one anally (duode-
num). B:The similar responses as in A are
elicited by repeated stroking of the mucosal
surface with a small brush. The tracings from
above downwards are the duodenal motility, the
antral motility, signal showing the duration of
mucosal stimulation and the time in 3 sec.
intervals. The explanations are applied to the
subsequent figures.
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. Fig. 3.
Experiment suggesting the reflex pathway of
the mucosal intrinsic reflex.
Dog 10kg, anesthetized with urethane (1g/kg)
and morphine (Img/kg). When the muscular
coats of the stomach are transected at the level
a shown in Schema A, the application of 0.1 N
HCl to the gastric mucosa (b), produces an
inhibitory response in the duodenal muotility,
while it produces no effect in the gastric motility
(B).
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Fig. 4.
Experiment suggesting the reflex pathway of
the mucosal intrinsic reflex.
Dog 10kg, anesthetized with urethane (lg/kg)
and morphine (Img/kg). When the muscular
coats of the duodenum ave transected at the
level a shown in schema A, the application of
0.1 N HCI to the gastric mucosa (b), produces
an excitatory response in the gastric motility,
while it produces no effect in the duodenal
motility (B).
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Fig. 5.

The application of 0.1 N HCl to the gastric
mucosa just oral to the pyloric ring elicites the
mucosal reflex as shown in A. The reflex is
completely abolished after hexamethonium bro-
mide has been administered intravenously (100mg)
and locally (50mg) as indicated in B.

Dog 6kg., decerebrated under ether anesthesia.
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MR EN B B2 b 5.

2. gHhsORRE

Mo TE il o B MR E . 0.12 ace
tylcholine ¥/ & 18 L = M2 BN T 5 &,

OIBHLNIRESICEREIHE U 5-6 T BiR
MR TR S B, o o BRIRMBGEE —
PCHEEIL 75y, 2 oERC WP A o

iR O BEPGEEIH s h s, TRbBES6
MACELNS X D TG — i EE)
PEIAS AR <, RS 3 Mo EEI R T 5.
Z ik AR BT b REGEO R E h
RO ERBEN B, T OIPFIEhE T —i%
A THRBC BT MR Xy & v #
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R o B S HEEE & B R RIBE OB X 5 T
B BREECHELESE R 23 1%
acetylcholine ¥R % SOFPEIALAT U 72356 1 i
i b B~ 1lem O EEEEC b 72 - TR
WIS RONS. E MR

Fig. 6.

Effects of chemical stimulation of the muscular
coats upon the movents of the duodenum and
stomach.

Dog 7kg, anesthetized with urethane {1g/kg) and
“morphine (Img/kg). Filter paper moistened with
124 acetylcholine is applied to the gastric serosa
just oral to the pyloric ring, the inhibitory reflex
responses being elicited (A). The reflex is not
abolished (B) after hexamethonium bromide has
been administered intravenously (100mg) and
locally (75mg).

‘Fig. 7.
Effects of electric stimulation of the gastric wall

just oral to the pyloric ring upon the movements
of the duodenum and the stomach.

Dog Tkg, anesthetized with urethane (1g/kg) and
morphine (Img/kg). The electric stimuli produce
at first extrasystolic conduction waves E and E’ in
both the duodenum and stomach followed by an
inhibition.

D: denotes the descending wave.

P BIONTRET 5. ko RIS
iy Tyrode JECHED &, EHEHFELEL D
< HEILTL 3. 20fEEE L THEAR
~EFEESE Y B EN . Z oBEOBKERIEE
BT S, TIEB B THv. EEio
PRSI REICEEL D, DwvIicilENREER I
MAB. "

F 7= iR o0 < 1% hexamethonium bromide
BRET b b#HkNIC 100mg & F#ME, +
AR OEE I Thmg L T b FUNEHLE T
F Lk (BEEB). Uy LHBLS & EEHE
A OB TEE A T DT B L TR T 5.

% 7= 1% histamine % 7-1% 12 pilocarpine’
FRCEBeCbLEREAUHBEAERA LD LR
5. & OICKIER OSEE & h 2emBBEIE & 0,
BEORE EBROFETHHLTL, 220
B & i U C b & < Ao B
BoEmahs.

- E WMo E A o B BE i BRIREGER 2
R s AFLEIHR < (10V 70c/sec) B0
BRI E < (1L15 %) BB A nA 5 L8 7
Hic o1 3 X 5 i~ DGR 55 U
B, YEERAENSE S, Z oMMBERE —I%IT
-PTAEE X v B R S Blbh 5. BRERENME:

Fig. 8.
The responses elicited by electric stimulation of
the gastric wall just oral to the pyloric ring is
not abolished by administration of hexamethonium
bromide.
Dog 10kg, anesthetized with urethane (1g/kg)
and morphine (1mg/kg).
‘D : denotes the descending wave.
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kR s Hisk 7e W ICRIBE O Hh S & 5K L
(5V 21c/sec) BofE AR & 50> < 7 5 & (98),
FETHIMBGES TS MR L, 8RR oHH 8
BoH, DV CHIBERMR VR LEEI LI
DL R TEORBEIZH 2 5. BRRIB O
MEOEBES © X ) I RBEEER RS s e,

7 B ORAIBEE D 1T Bt < EERhR
hexamethonium bromide #5412 & 14 L 72
v (8.

V. % #

FROIER D b WPISE 0 B e+ =158
BT, /MNECBT 3 &2 AERBEY
CHERFROERBEN 2 ZEBHLP TSN
7z

Bkl zRFiEscBET 2098 & L Tk
Canmnon? DO LOMBH 3. K a0HHEE D
BEYYyey PTOELHZEICE 5T, Ofilic
g, BB e T s, BELY 2B
HEL T 5 &) KHE B T 5 BFT R
i, MEXvobok, BHLXVOLo L EHE
OEHFBRKIMENE L0 THY, BEELOED
EF R EHEROHEFPARCEB S, AR
BHOBEHMRBPBEbN T B0, Z0X)
R B BT BT BB 5 R S LT
BARBEMTH B, % 7= Sick & Tedesko® iz,
AIHEREmICEA T P Y v sk, HEib D
valEmEEAL, HAMM S 0.75cm Bih
Tz OB RENCKEZ D Tv 528, Zhid
AR OB EEP LR R AT DD EE 2
‘B s, 7 Cannon? X 3 = BT I8
FEE-T, TOEANOBEDEEATS
BTSN OEL, MMBBC 2Rl Th
BRICE - THEANFERPE - -0TH 5. Z
ORI R OB RAIC—FKT 5.

IR R BRI R B B N AR BBER
EboTwaBI LBy ik, B
NEBHUEF O BT 5 202, BYE
O ZOELIZ BT 2 NEMRCEE T 2R 1T
7‘;::392%7‘;6)‘%0;*‘7;?)%;:10.

V. # - EE

ERRELEIN B % i3 urethane-morphine T
FREEL 724 2 & BT, BROVNG O Mg
EIEAICEERTL T, WPICTEET 5 BEEE O
BCHERE S 5 i ERRE Tz, 708
HAFIEE o BN R O B O BB BT T )
EWEL Tz, 2 ORREBIET 5 L oF 0L
Th5.

1) AR 2 >oBHoORH S, =
O 1OFKER» S, ME3Grs0*BEh 3K
Hedbs.

a) BAPNCHE 8 3 5 BB (e ah
(0.1-1 HiseiEme, ML+ U v A58, TR
BT 5) b5 BEH 5 v
B/NRERCEIE T %) 2Nz 5 e, 2o pfld
Ieb b BMPTHIC T BBRER O B S 1 -
THREMR RS RS 5. —HRIE O BIE+
bbb T TIEBIC B TR ER D s s
NEREIBREE I S h 5.

b) WMIEET 5 B O fhicEmATIE
(RET5) &5 3 EERTE (acetylcholine,
histamine, pilocarpine #*B& = 9 BiEs
BEARS ) iz nE, 7o ok o RN
FIRRED O S S hE - TRENGR I IIE s h
5. zLCzodfoRERnfEl X v & BAlic
BOTERATH 5. ‘

2) FEBEN F4HE hexamethonium bromide
DEGIZ X > THERT 22, HAEHEELRL
B, fEoTIRD ORI OREFEY Bicd
5LDEEZBNS.

W& #B IR, KIAHERE L 5E5E L R
B - I BMERREECN LR 28EEEL,
R CrhiliRSedk, W RS OHRICR U TR
CEHELET

X Bk
1) Cannon, W. B. (1912) Peristalsis, segmentation,
and the myenteric refiex. Am. J. Physiol. 30,
114-128
2) Cannon, W. B. (1907) The acid control of the
pylorus. Am. J. Physiol. 20, 283-322
3) Hukuhara, T., M. Yamagami, S. Nakayama (1958)
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On the intestinal intrinsic reflexes. Jap. J. Physiol. bewegung mit besonderer Berlicksichtigung der
8, 9-20 Ausdehnungsfihigkeit des Hauptmagens (Fundus).

4) /IR R (1956) AEBFEEE FMILE RO Deutsches Archiv f. klin. Medizin 92, 416-451
5) Sick, K., F. Tedesko (1908) Studien tiber Magen- .

Summary

In dogs decerebrated or anesthetized with urethane and morphine, the effects of the
mechanical as well as the chemical stimulation of the gastric mucosa and muscle adjacent
to the pylorus upon the antral and the duodenal motility were studied. The results were -
summarized as follows.

1) The intrinsic reflexes are consisted of two different kinds of reflexes, namely the
one is elicited from the mucosa while the other from the muscular coats.

a) When the gastric mucosal surface adjacent to the pylorus is stimulated chemically
(0.1 N. HCI, crystals of sodium chloride, mustard paste) or mechanically (rubbed with
brush or cotton-wool), the excitatory state is elicited on the oral side of the stimulated
spot (antrum), giving rise to an increase in the strength of contraction waves, while the
inhibitory state on the anal side (duodenum), eliciting the decrease in the strength of
contraction waves.

b) When the muscular coats adjacent to the pylorus are stimulated mechanically
(stretched) or chemically (with acetylcholine, histamine, pilocarpine), the inhibitory state
is elicited on both sides of the stimulated spot, the effect being alwayé stronger on the
anal side than on the oral.

2) The mucosalintrinsic reflex is completely abolished after large dose of hexamethonium
bromide has been administered intravenously and locally, but the musclar intrinsic reflex
is not. As a consequence two reflexes appear to be essentially different from each other
in their mechanism. .
(Physiol, Dept., Okayama Unw. Med. School)
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The Substances Producing the Intrinsic Intestinal Reflexes.
2. On the Purgatives.
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l. #

& FICTRE R O SRRt 13/ N A SO 05k
BAES L GRS X sh 58 RE LY,
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R AEEERL TR EEWMELREYY. h
1o TRL L E SRS 2RI R RS B U
NEHFET L EWMELEY. Zhii2eT
HERTHE LY DT k.
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BEMGEOREM LERT 5. HFRACE T
BRI oEBOZELEFEA EEHERL (LTS
HREEOETFTAREY, BREMGELINE L, B
CRFRA ETWET 5. JIEL L 7= 3K 2 R R 2
LELY & = OBAIREE 10 72 Tyrode %

Fig. 1.
Effects of saturated sodium sulfate solution applied to
the mucosal surface of the denervated jejunal loop
* upon the movements of the loop.
Dog, 8kg, anesthetized with urethane (1.0g/kg) and
morphine (3.0mg/kg). Tracing from above downwards
are changes of intraluminal pressure in the oral
balloon, changes of intraluminal pressure in the anal
balloon, signal showing the beginning and the end of
mucosal stimularion and time in 6sec. intervals. The
explanations are applied to the subsequent figures.
The stimulation of the mucosal surface produceé a
remarkable mucosal intrinsic reflex, the effects being
consisted of an excitation above and inhibition below.

ALttt

Fig. 2.
Sodium thiosulfate applied to the mucosal surface of
denervated jejunal loop produces a remarkable mucosal
intrinsic reflex. A and B shown the effects of saturated
and 152 solution of respectively.

TIATICTEME U 72 PRI R Bk 5 T b3 SRl
HOREBICRES DO TERL, S 0B+
oy RRoFEIc X 5 EN RS, b
N 38 o TR 5 L BB O R & BE
RO OMRIZE >3, —FBMiz v
T HEGEO R T RO BEMGEO W RN E L 2
DB A CRET S ZoBe I
ARG & D DR O BUE R A & AEhiblE o HR
MOERE I 2 v Lk TORECRES
(rebound phenomenon) (Fig. 1). ;
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EBLEOLINEFAETHS.

WiEE Y — #0102, 20%, 30%, 402, 50%
BOBFNER 23 T2 OBEL & % 1230%
BIET Z O SIS & s & & s ik 7. 2
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RPN B2, BEEMELT U LE
JEEEPIIE L e,
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§FO5E L ABRICHERFE 2 0 &y 5, =
DORRER20% T = OB 0RO BIE LR
Rohsn, BT 58k EEL
TTv. 3020 EoEE @ n{lloBiE
FEWPT, BAOESRMET b T 3208
R O TR IS IR S 2 s 5 72,
BB RS2 552 5 5 W R BB S Eh S —i% i
TLHERSRAEIC & B A n{ll o TR O
FR R OIPEIEE L b b —EBih{Hbh T
{BEHIThHD. Linho C%EEICHEIT
2560 X5 C BRAIOIMEIRIER B A EHb
Nie < Ch O THESE S - T v Bbh
A AR A S B Lo L HiE kS
LlEbhB.

3) B~ o T

FRCE VLN THTH Y 72 OBR
HEEEL T <H T3, ik dBEOE
WORR SR & RS e, BRERT D
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4) FAEEY ~ ¥
INEERRNCEEEAE LTH-bh, F
AMELTRbEY AL TIEVRCGY, Kb
FURL R T 5 » 72, BlD T OVERLORLE
R e BT EER10%T, cnTE o
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LR T & ARG OB N R b B, 15%%
ﬁki@wfﬁwkﬁ%ﬁkﬁ%bné.%%
PN (2 BRE - & BEEEURE O R T O R AL
b, BRI @IMEEs s cmibh 5 (Fig.
2, B). & bICEEE sy TR Z BRI
TH 5 (Fig. 2, A)
5) K, v FrRUmnAg
Rk i 0 My % 5025 0 Bl I SRR TR IR I
Lizb0rMicBEss CBREBECHATS. =
OBE BT R U R4 { [0 )X
SR LD TR O RN &4 <2
L. AR L TRy 7R e o 4 & REEE
WA U e SRR A s < BURTIA & Rl 5
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b, KICTE®DOTHIZONT
1) e~
RO v~ & & iR B £ 8 CRRIBEE W REA
T5. ZOBEIL IUROERM & g
E g i s i,
2) Hik
TR LRI B I SRR O IR TTES IS
D — SRR LT SR E RIS B EE B E i
BEROLOZOEFRRBERIC ST 52052 v

R AEEEFEERCS VAT A K L TE
mﬁbwt._m%%ium ZZEOR T FUUELD R

N f:"ﬁj L olzh ﬁiﬂ&v\ %ﬁj\“ LI
W 7eZs bbb - 26d & - 72,

3) B
SRR ek 2 X JBILT I E

FftciRc B e TBHECIEE L =28a R
DENEBER D &) 5 7.
) e—n

—REEELTHF Y v~ & vz

f@ﬁTﬂEL—N,Syﬁ/KFWLOVg

MR — B TR E 2. 1107

Fig. 3.
Beer and hop applied to the mucosal surface
produce a remarkable mucosal intrinsic reflex

respectively. A:Beer. B:hop.

LT - A EERERASE T - 2. C -
FCEET CHEECHBT S L ED o/
ICEEAA AR EE LR Y, —FRAic BTk
T LR ERET & BENMBE O 7R A & THS
TroREsn5 (Fig. 3, A)
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a) Taua e~
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I b &S (5 HlHR 4 H), 7

FEHEE 1T HIC 38 TR 202 8L T RO
&ﬁ’%&)%ﬂﬁ.. ifl@k@%*ﬁ@—aﬁ/ﬁ@f::
BT, ¥ & FEE U 2 D3RI S 7 25 4k
TR B 5 T ’
b)) kv

L2 LB bk y 73 filok s < R I iz s
R R L. BRI L e e x
Ringer JRTILFRIC THEIICHY (kv 7Ol
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IR PR CEIRO PANRB I Y, BEMR
MEOIRMLIFRICHEAR TS, —FHEMILB W T
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%ﬁ%&%%m<ﬂE®ﬁTﬁ@D,%ﬁﬂﬁ
DML LERETH B (Fig. 3, B).
FRov—~n, TAa—~AREUKy T DR
DOPBRRE ST, ¥ kBB
BiAy 7Lk THEBSh OB EHE 2
bhd., ZOZERFEOFEY ~LOT =
~ V&R 3.37% (2-5%) T, TOWEED
TF =T a VR AEOER 2D v 2
ENBPALNTHB. ,

Y- AR O ERBTAE, BRSO
mmb?éa%%ﬁ%Wﬁb = OFEE ST
M &R I E B 27T L, 2o TRZ
FLLDOLEZOLNS.

B. mprkst

R EROTHEZBEOFEER /R & ¥
T, BHRERFBPEE 2 E I 0k Al BIFEO
MR X % &, KRG 2ERIC0ERBTY
BRmARHEE bFBWHICOEET. 2oL
THIZ2VCTHEETS - 2. BIbik b
FSRoBb i b DR F A Y — § Tt
MY ~F, WY~ IR IhCREREE~ 7 3
YTRELESERbE M o7z, DUTFF A5
Y — F oo TN &R 5.

FABRER Y — & O FFIE 2 Sic B £ T

Fig. 4.

Effects of sodium thiosulfate solution applied to
the serosal surface of the denervated - jejunal
loop upon the movements of the loop.

The saturated solution of sodium thiosulfate
produces remarkable muscular intrinsic reflex,
the effects being consisted of inhibition above
and below the stimulated spot,

BEE RT3 LRI EAOSE L& (&
D, FHICBWTRES CEECET & HEMK
FEORPEE S UE b 7 { BEMUEEHEET
5. —HERMCB - TREAB TR TE
IREOE F AN IS BENEIR ST 5. 3
MEEs &M b REESE Y B

EEAMRET AR OB —RHEAT L D b
F5. BATEpHsnflicd sxXTiidnrc
B oD% (F30) wEEickET B0

¥ —E BT ER T 5 h 5 (Fig. 4).
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Bh 5. RN EE = OB Z R e
T s 0EL 554, MNEERIBTAT
HRLE L COTERGES D .

V. #& ]

YV vEOELE FTHEEL 72 10kg NAF
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Summary

In dogs anesthetized with urethane and morphine, the intrinsic intestinal reflexes were
studied by applying the purgatives to the mucosal surface of the denervated jejunal loop.
The movements of the jejunal loop were recorded by means of the balloon method  in
the regions both oral and anal to the spot stimulated.

1) Sodium sulfate and sodium phosphate produced powerfully the 1ntr1nsxc mucosal
reflex : Both muscular tone and amplitude of the rhythmic contractions were increased in
the region oral to the spot stimulated, whereas in the anal region both muscular tone
and amplitude of .the rhythmic contractions diminished or inhibited completely. By
magnesium sulfate only an inconsiderable effects were obtained. ‘

2) Castor oil, rhubarb, senna and aloe did not produce the intrinsic mucosal reflex.

3) Sodium thiosulfate produced powerfully the intrinsic mucosal reflex, while by
application of suflur and calomel any influence was not observed.

4) Beer produced powerfully the intrinsic mucosal reflex, among the components of
the beer, no effects was observed by alcohol, whereas hop produced a remarkable mucosal
intrinsic reflex. _

5) The purgative which remarkably produced the mucosal reflex, elicited also a
remarkable intrinsic muscular reflex when they were applied to the serosal surface: The
movements of the loop were inhibited on both sides of the spot stimulated.

(Physiol, Dept., Ok ryrma Uriv, Med, Sehool)
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Studies on the Normal Variation on the Content of Plasma Fibrinogen in Rabbit.
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BEIE2 LB ENTES.
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% 4 1 OBKREIZEI5E ©1,000mg/dl, BN
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TH B, BeRE & B/MEO M EERE & BEffc,
BIE2 LB ZENTE S,

INLOEREEAD L, BEEICL, £

RO IERFEOET T b, RAMERR
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BOWKE, v FBEEFREE, 125fo%H
< 570mg/dl (+150mg/dl) &7 5T\ 5.
B, v EMMSRREROERNE

vy FomiEgEEEES, SMov XL
FRLC, SHBEHFAALERLE 2R LR
L.
ZoREETE, &l T, 3ENESH

OB E b - TIERMERFE LS P PRI

LT, iz, BiflcidigEE
TO¥5802mg/dl, 5HH X ©F#H610mg/d,
R, #B54TiE 3 EEETHOFYE 540mg/dl,
4 BEHXY B 682mg/dl Ly, FOEEFK
252 JhE40%TH 5.
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_8%@&%%%%w,mHKbKDMﬁﬁﬁ
KER x4 EFES i,z oEoBIEHE

PRYVKWZ EEkE s, UL UEBREL R |

Table 1.
The variation of fibrinogen content in the plasma
of 8 rabbits.

Animal Number Ist day 15th day 20th day 60th day
No. 1 - 660 870 605 648

No. 2 625 560 690 730
No. 3 525 620 690 740 -
No. 4 425 1000 735 635
No. 5 690 800 800

No. 6 570 570 423 790
No. 7 320 520" 555 790
No. 8 580 760 580 640

Average 570mg=+150mg/dl (125 rabbits)

Table 2.
The variation of fibrinogen content in the plasma
of 5 rabbits, measured every day for 8 days.

Animal Number
Date No.| No.[ No.ll No.lV No.V

day 810 525 630 525 500
day 870 570 520 620 580
day 720 745 540 560 560
day - 810 560 570 610 740
day 645 485 327 500 690
605 423 555 690 615
day 565 340 430 755 690
day . 625 460 620 780 680

=i
o
&

BA IR EENcERT sEms Al s h
72. Madden B0 Gould ® S* %#{EfL =8
gE ki, A X0 MAERHERE R oI
42 HeEleoTwd., RPFFRICE VT, REE
@72 v 3 X o MAEGHERF & X BRI I 7e
DVRELEFHL TS, LAL3EHESHE
WICET 5 BIHEEIEE 3 S/ MED40% & Tia .
ULo#ERY Y, &EKiCB T 3 mSERERR
BEOEBEFELE L THIET 2541, BH
P 2 HE & CHHERFEL A < & b 3[R
ETHILENEE L. ZDX5m3ECh
LHEZEEPR/NMED 140% v s By, &
HREEIEHAEDER . SLEHEBEIEL
BA, BEYEEE 100% 55 L%, z0%
B50% LB & T 5 BRI, 7 OfEIR R B

HTHENO LD WD B2 Nk,

V. # B
A) E¥ Y EBECBWCE0E ITbz Y 4
HEL TE LN FERESEER BT, *

DEREKNERF/NMEOK 2 5T 5.

© B) EEEEIR Y X O IBEHSESEE ofE
CEWLT, 1EBRNCRBELR2HEBS IS
ERRISE U 723k 2 D fEDS, B/MED 140% © NI
b5 biE, *OLARREREEEHRGHEAN
HBLOLTEDEB.

C) BEHBEL 7z v ¥ X o mIFRMERFE
BEIWCS0% U Lo ZEERRL LR, 2 OBHERIE
HEMEEE L b0 ;Y 5 5.

CREFERIREEE 1AM EEE O, K
Blc S oE2E L, NI soREEHARER O/
WHECHBERT 3. M2 OPFREO—ERESCRE R
BHGERIC L 572 2 & KT 5. '

X Bk

1) Gerok, W. (1953) Method for microdetermination
of concentration in plasma. Klin. Wochenschrift.
31, 135

2) From Bennhold, H. et al. (1938) Die Eiweisskorper
des Blutplasma. Dresden und Leiptzig.

3) Ingram, G. 1. C. (1952) Determination of plasma
fibrinogen by clot-weight method. J. Biol. Chem.
51, 585

4) Madden, R. E. & Gould, R. G. (1952) Turnover
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rate of fibrinogen in the dog. J. Biol. Chem. 186, 208, 159

641 7) Stirland, R. M. (1956) Rapid method for deter-
5) Ratnoff, O. D. & Menzie, C. (1951) New method mination of plasma fibrinogen. Lancet. Lond. 270,

for determination in small sample of plasma. - J. 672

Lab. & Clin. Med. 37, 316 8) Wycoff, H. D. & Augusta, G. A. (1956) Micro-
6) Saifer, A. & Newhouse, A. (1954) Photometric assay for plasma fibrinogen. J. Lab. & Clin. M.
- microdetermination of plasma fibrinogen with A7, 645

thrombin-ninhydrin procedure. J. Biol. Chem. '

Summary

A. Tt has been known that the plasma fibrinogen easily varied its content with normal,
physiological condition. These experiments were undertaken to decide the range of the
variation of the content of plasma fibrinogen in normal rabbits.

B. The measurements of the content of plasma fibrinogen in each of rabbits, which
were kept in apparently healthy condition, were carried out 4 times for 2 months. Results
indicated that the maximum value of plasma fibrinogen was about 2002 of the minimum
value in each animal. The average value of the content of plasma fibrinogen in 125 times
of the measurements on different rabbits was found to be 570mg/d1==150mg/dl (Table 1).

C. The measurements of the content of plasma fibrinogen were carried out once a
day for 8 days in each of 5 rabbits which were kept in apparently healthy condition. It
was noticed that a certain level of plasma fibrinogen in each rabbit was maintained for
3-5 days, and that the level varied rather abruptly to another level, the latter also
maintaining for some days. The range of the variation from one level to another was
found ,to be within 40% of the lower value (Table 2).

(st Dept. of Phusiol., Kobe Med. College)
(Dejt. of Physiol., Keio-gijuku Univ. School of Medicine)
(Kwwasski City Hospital)
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Studies on the Property of the Prolonged Action Current
of Single Myelinated Nerve Fiber.
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Fig. 1.
Two arrangements for recording of single nerve
fiber response.
E: Stimulator, Amp : Amplifier.
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ot B, vz Ringer KIKOMEKD 1
ROEETH - 7=,
NaCl: 0.65g/dl, CaCls:0.012g/dl,
KCl:0.014g/dl, NaHCO;: 0.2¢/d!
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A —EFIRER
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2RI, 81K AOHHRC X b BiHo B

Fig. 2.
Action currents of the single nerve fiber by double
shocks of various interval as shown.
This experimental arrangements shown as A of
fig. 1. Time mark 1000 CP.S. The stimulus
interval is indicated on the upper right hand
corner of each frame.
A. Control. B. Prolonged action current.
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Fig. 3.
Relationships between the stimulus interval and
threshold, or magnitude of action currents. Curves
are plotted from fig. 2.
® : Changes of magnitude and threshold of the
normal A. C. in the refractory period.
(O :Changes of magnitude and threshold of
the prolonged A. C. in the refractory period.
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1
Fig. 4.
Changes of prolonged.
Action currents of the single nerve fiber by
double shocks of “various interval as shown,
Time mark 1000 C.P.S.
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Fig. 5.
Action currents of the single nerve fiber by
double shocks of various interval as shown.
This experimental arrangement showed as B of
fig. 1. The stimulus interval is indicated on the
upper right hand corner of each frame.
Time mark 1000 C.P.S.
A. Control. B.C. Prolonged action current,
spike duration B:3.0msec. C:6.0msec.
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Fig. 6.

Relationship between the stimulus interval and
threshold, or magnitude of action currents. Curves
are plotted from fig. 5.

@ : Control. % ® : Prolonged A. C. (3.0msec).
»x (O : Prolonged A. C. (6.0msec).
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Relationship between the stimulus interval and
spike duration curves are plotted from fig. 5.
@ :Contral. @ :Prolonged A. C. (0.3msec).
(O : Prolonged A. C. (0.6msec).
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Fig. 8.
Action currents of single nerve fiber by repetitive
stimutation of various interval as shown. The
stimulus interval is indicated on the upper right
hand corner of each frame.
Time mark 1000 C.P.S.
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Fig. 9.
Relationship between the stimulus interval and
spike duration at the repetitive stimulation.
Temrperature 16°C.
(O :0n the spike duration 3.0msec.
@ : On the spike duration 4.0msec.
@ : On the spike duration 4.6msec.
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Relationship between the stimulus frequency and -
spike duration.

(O : On the spike duration 3.0msec.

@ : On the spike duration 4.0msec.
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Fig. 11.
Relationship between the stimulus interval and
spike duration, or duration of rising phase at
repetitive stimulation,
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Summary

Single nerve fibers were isolated from the nerve innervating the M. gastrocnemius
of the toad (Bujfo vulgaris). :

The responses of the single' nerve fiber were recorded with two arrangement of the
“Bridge insulator” method.

Prolonged action current was obtained with tetanized nerve fibers and with ZnSO,4
treated nerve fibers. v

1) The duration of prolonged action current showed contraction when the interval
of double and repetitive stimulation were too shorter than relatively refractory period of
the nerve, and especially shown remarcably contraction when the stimulus interval was
near absolute refractory period. '

2) with the prolongatioﬁ of spike duration, recovery curve shown delay, that is the
prolongation of refractry period.

3) This contraction of the prolonged spike duration was mainly falling phase.

4) The magnitude and the duration of action current have changed with the recovery
of excitability. '

5) The changes of the action current of tetanized ﬁbérs were similar to the changes
of the action current of nerve fibers treatad ZnSOs.

(Department of Physiology. Tokyo Dental College)
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