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On the Study of a Method of Evaluating Physical Fitness by Means of a Step Test.
| . The Several Measures of Respiro-Circulatory Functions Available
for Indicating Physical Differences.
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Table 1. Mean values of respiro-circulatory measures in the subject groups.
The parenthesized are standard deviations. W. means body weight including clothes.
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Abb. is as follows ; M :long distance runners, B:boat men, S:sprinters, C: male controls, L :full-skilled laboranta, W :workers, E :trained females,
F : female controls, O : healthy phone-operaters, O : phone-operaters who ever suffered from TB, Pi:Lung-resected convalescents of months, Pz :lung-
extirpated patients.’
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Fig. 1. Relationship of metabolic measures to body weight.

1. oxygen requirement (ml).
square weight (m{).
6. excess~pulse per body weight.

2. oxygen requirement per body weight (m!).
4. relative metabolic rate per body weight.

3. oxygen requirement per
5. excess—pulse at the end of exercise.

Abscissa : body weight. Solid line shows the regression to the loads which are given the same subjects.

@®:---athletes. (---male controls. @---patients.

x ---female controls.
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Table 2. Mechanical efficiency of the stepping.

groups net efficiency
M*— 18.7%
B — 194
S — 18.0
C — 174
L — 19.7
W — 17.8
E — 199 -
F — 189
o — 19.5
o' — 19.9
P — 17.0
P — 15.8

* See footnotes to Table 1.

Table 3. Significance of group differences.
** Ps<0.001 * Ps<0.05
* Pg<0.01 * Pg<0.1
See Table 1. for abb.
difference between each two group

variance oM __ 0 P O
measures .. ‘(Ps) M~S S C C~0 C~P O~P
OR 559 ** * * *
OD 2.62 * * *
OR/W 1.66 — * * *
OR/W? 5,78 ** * * *
RMR/W 3.24 * * *
OD/W 6.23 ** * * *
R/E-V 481 ** * * *
R/E-Q; 8.13 *** * * *
R/E-CO; 6.49 ** * *
RQ-E 5.80 *k - ¥ * * *
RQ-R 6.73 ** * * * *
Excess-C0211.34 *** * * * *
vC 6.59 ** * */ * *
Ho 18.58 *** * * * * *
EH 18.32 ek * * * * *
EH-H, 351* * * ¥
EH‘H{)/W 9.10 seskesk */ * % *
RHy.5 20.10 *** * * * * *
RHi.s 15.59 *H* * * * * *
RHs.0 9.80 *** * * * *
RHis-Hp 941 *** * * *
CR 8.09 *** * * *
OP-E  64.50 *** * * * * *
OP-R 22,50 *%** * * * *

T, test [ZEFEAL 7244 (L) w10k 20kg @
EEWERFLE Ttest U Th. RBIBIWE
DN E AL TESEICBINL  (Ric AT
AY), OR 2w TRAECNT 3BR L 3
—FT s HREIB L. L 2 L OR/W,
OR/W? RMR/W 2w TRARELHELCK
TGS, WE-RHEOE o B
L THRE-RFEOEREIZEMHAIMHE L
85 (BIR2~4) ZtBA bRl E- T
ELRPEOEBRECERORER ) CHE
ENELOTRRCI EBbRE. ZEIOLE
Bz z o SRR sz (BIR5~6)
OR/WREEBER OHE BT E AL TH
T 52, ZHRETTEN step OFREFET &
5720ThsB. ZhicHL OR/W? IfiE &
HHI3 2BR e RTH 5, ZOBBEEIHRO
HEIE L CREXR. -

B. [0 HAEL hICKREINBHE
B=

2B 1RIRL HEEEEDO PHfEIC >V TE
B0 BEL LD 5 i, EEEHES (M),



FEA——Step test ik A M OFMikIC BT AW |

IHIEEERT (S), WA (C), BatscHRE
B (0), FiviaEd (Py), IR EH (Py)
D6 BT DOV T 4 AR EERICEY, AT
BECEBEZBTEL TAh (B3%K)

1. BEREE ORBFKBEOEVEFH TR
KERTH, RMR & OR/W g 3£ A &
» b, OR/W2 RMR/W @ RO
BRE.

2. BFEEOD R REEEIADNRIR A,
OD/WitBER T/, BEBHTRE V.

3. BEEL COAME bREICILAIL T3
RETBP D, £0OFEETRERAOHEECIIEL
e, B2 SEoRSE(E) iy sH
HE 3 Dok EE (R) 0 R/E @ EET,
TR EREY. ThEHRKEC DV TO
R/E HEIE3E, BEEREROY CO, HitlE
o THEESNS R/E Hic b AkOFER
RRENB.

4. BEEOBRFEYE (LRHBSERK), Tk
bbb 1l OBFERERICET 2HKELHERET,
ThEEE EREVEERT.

5. MR RQ iC SREENSRE h, EEIREE
HEEE L RATEED 2 iRy, CO. BB
# (RQ 10 8Bz THlEh 5 CO, 0&E)
LEETH 5.

6. OHPILRHR Ho bIEES EH & T
BEOHINAT T, BEEROLARERTL - 2H
HEROCHEMRHC LB CEBERRENS. %
7= 3EEhC X - CEIINL 20 (EH-Ho)
OREFFHIE EREL R, HIE 15 D8
O OER (SREEOHE, RHius-Ho) i Bk
ERRKRT, THREEHEOB I WEFEL .
Bt~ CHEBE t SoRER CR: &

CRt=<]_ -
SEENE t 4 OREE RN .
S R ) X100 (22)

PHEHT e, E4E 15080 CR i HFH
BREEPRIND.

7. oxygen-pulse (0. EERE /BRI O.CHE
) LEBEEFERL, bUBEEERKE
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Table 4. Measurements from some maximal tests.
Parenthesized : standard deviation.

group M B S C
number _ 4 4 4 8
maximal work at the end of
. . v 1873 2055 1778 1620
2.5 min. exercise (bicycle (67) (106) (50) (147)

ergometer)—kgm/min.
longest duration of endurance 6.0 58 30

: 2.0
(bicycle ergometer) (0.00) (0.35) (0.34) (0.39)-

maximal Os intake (800 m 60.80 56.1 56.1 52.7
run)—ml /kg/min. 0.2) (49) (3.6) (4.0)
Og-pulse after 800 m run 22.64 19.96 20.06 15.55
—ml/beat (1.3) (24) (1.4) (1.8)

coefficient of pulse recovery 784 57.4 564 49.2
after 800 m run —% (69) (54) (8.3) (14.0)

* —The subjects were instructed to stop this exercise
in six minute.

Table 5. »
Correlation coefficients between maximal oxygen
intake and respiro—circulatory measures.

correlation

: measures coefficient
OD/W —0.416
-V —0.458
R/E{—0O —0.434
—CO2 —0.496

RQ during exercise —0.184
RQ in recovery —0.276
Excess. COs —0.609
vC —0.005
Ho —0.551
EH - —0.426
RHi.5 —0.627
CR 0.449
OP-E 0.559
OP-R 0.511

See Table 1. for abb. .

.

R - BTAREE (M, S-C), RURREEL
BHEEE (C-Py, P) oM EEELRTHE
1z OD/W, R/E i, RQ, #5485, CO, 8
BEEHE, OB (H, EH, RH), REIHELE
e EERRU Opulse T, “hbOHTET
& LT (C-O) o BEE T i OEE & Op-pulse
wREh, EREFH (M-S) 0k RQ, CO:
RPN E, O L OFpulselt RS iz,

C. HAELEARERENE L OHEBEE

FEEEE (M, B, S) & WHEEE (C) 02041 800m
EEEF O BERE ergometer 1 & 2 5 R{EE test
BT - kB, BABOREIESNI-.

b O 2 SfElic ergometer O BT & AL 72
%, AfrEEL GOHEREERE ¥ i
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Table 6. Correlation matrics between each of physiological measures.
R/E : '
N=69 VC RQ Bxc, Vent. OR/W RMR/W H, BEH EA-H, BRH,g RH,;s BRH.s CR OP op
(V) (02) (CO2) (R) COo2 (R) ~Ho (E) (R)

R/E-V +829  .921 099 .475 .398 .244 .107 .438 417 .323 .272 .461 .388 .402 -.466 -.492 -.412
R/E-02 .829 «898  .356 4427 .484 .251 .066 .474 471 - .439 .263 556 .568 .496 -.537 -.614 ;.460
R/E-CO2 .921  .898 2199 .460 ;520 2179 .052  .403 ..400 «407 4325 .525 4448 465 -.521 -.585 -.449
ve .099 .356 .199 412 1594 .111 .240 .455 557 549 .293 1556 4606 .476 ~.437 582 ;.575
RQ-R 475 427 460 .41z .872 .654 .347 .401L .489 ;475 .289 ;596 2592 .609 -.589 -.301 -.382
Bxc.-C0p | .398 .484 .520 .594 .872 .387 .218 .425 544 .561 . .289 .662 .678 624 -.665 -.566 —.539
Vensil. R| .244 .251 .479 .111 .554 .387 «497  .104 .231 ;129 .022 .176 .188 .100 -.184 151 .150
OR/W .107 .066 ,058 .240 .347 .218 .497 .099  .283 .140 ;..054 .204 .330 .246 -.272 .023 .028
RMB/W .438  .474 .403 .455 .401 425 .104 .099 .506 594 .262 559 .534 507 -.439 -.370 ;.494
Ho .417 ;471 400 557 .489 .544 .231L .283 .506 JT67 247 825 884 J570 ~0598 -.676 -;.744
EH .323 .439 .407 .549 .475 561 .129 .140 .594 767 784 0940 o824 699 -.648 -.824 -.775
EH;HO 272 .263 .325 .293 .289 .289 .022 -.054 .262 ,247 784 4633 404 634 -.403 —-.617 _,4'33
BHos W461 .555 .525 .556 596 662 2176 .204 .559 .825 .940 .633 +88l 786 -.761 ;.842 -.609
BHy.g 388 .568 .448 .606 .592 678 .188 .330 .534 ,884 .824 .404 .881 +866 -.860 -.725 -.778
BHq5-Ho 402 .496 .465 .476 .609 624 .100 .246 .507 ,570 .699 .534 .786 .Bsé ~.946 ;.624 __553
CR ~o466 —.537 —.521 —-.437 ~.589 —.665 -.184 -.272 ~.439 -, 598 ;.648 -.403 -.761 ;,sso -.946 616 o664
OP-E ~.492 -.614 -,585 ;.582' -+301 ~.566 151 .023 -.370 _.476 -.824 -.617 -.B42 ~.725 -.624 .616 . 904
(BP-R ~0412 -.460 -.449 -.575 -.382 -.539 .150 .028 -.494 ;.744 ~s775 -.488 -.609 -.778 —.665, «664 904

DEEMEE T B>M=S>C, % r—R0HH
B (3 1400kgm/min) % @ CEeG: L 158720
AR M=B>S>C Th Y, 800m FEEFR
OFER 0, EREIX M>B=S>C, 0O
Og—pulse & CHERERS @EOIHEERL 2. &
DX 5 BRRIEEROLEE & ABIFHER
BETL & —FL v, FROJERE & step
test OFUE L O CHBERK L HE T 5 &
(B85%%), r=+04L LOMHEELRT L OERR/E
I, OD/W, CO#EEH:HE, OEiE zoq
HHE, O.pulseT, mTH CO; WEHHE,

HEMOOHER, Orpulse BFA O HHE L H
WHEEEZRL . '

- D. ZAEHEEZBOEEBE

CODfERE O FEIE O I CEAARBIRE E R @
5L (B6:), H5E, 0. |EE, CO:. HiH
E® R/E lizHEIC 0.8~09 0B HEE 2R
TH, @ic Or-pulse LEEOHEE S b1
BEREY. CO. il RQ & & b HEER
CRECR, HEROERE b 0.6 D oY
Lo T3, MKEHIHSED R/E s
CHEEERE T, COBEHNESLOERE O
MBAR . OEEGIRHRE EECRE &

B AR 08 Ll oM Eo—F, 1
BhcBET 2 HE L AR RBEERT. O
pulse & 0L & REHEREO KRBT ie L 0.5LL
LOMBEERL T 5. HRHEsT O litkhe
E—RicECREBEZ RTIcT & kv, OR/W
X v & RMR/Wo B3 ifse & o8B E <,
ool e oRAEL v, BETHOBRS
B0 XS RE— R s A &
BEEAEL k.

V. & %=

A. step test OEFEFEME

step test O EEIGMHEEAEOE S, HFFE0HE
&, FORERO SERTREEY, ol
AbOEIC X 5 Ttest D BAYIIEL 725555
T ERHSRE. FEHIIEIHIIC Z h b OERIC
DTS test I T B A DR EHETL 7=
ETEHORE IR AE & tempoD i, WK
DERECERL, BREHEBEIZO3IEOREL
B4R ERT (Lundgren'®) 55, AT
BEEMIMEEIR 0 TH 525, F Y OEEj0HLSE
B e#E2T, thiaHEEOREEL 2R
TZILERTES.
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RECOVCTEBRTSE LT, ETEEX
HEEESGE, EoRBE~0HAE %2
57551, FETLITR L 2EWH TSRS 2T
BMEZE T3 (Johnson”) Z.& NEEL .
BEOMEEE RS R &b, BRI T
SERRAED BRI T 5 LR (RMR 6~7) Of¥4e

ABREREN B b, FEFRZZOREITHET

B4EE L THEEOcm, E030E 2 8AL 72.
Harvard test TiZ & 51X 20inch TH %28, H
AANCREERE CGEEIOREHAE . 218
330 % EA OB EBIOSL YV a0l L,
WS AR LA tempok & BRI H D
72D ThHD.
WICHEHRERI T H 5 25, BB 0.56~0.7 521
W oI hIE, BPUEIE  anaerobically
CiThhbhBZRoREEEL R, WRE
FRAREEIIEES L 72 v (Simonson®). AHFRIC X
% Og EUT 0.7 JLBIC RTINS 525, M
WO ARIERN R &S N5 £ TEMlg~o CO.Hk
HAREM L v 720 RQIEZFPIETL, 154
E IS (AW, OB EBIRLG
EBFEE e T 52, ZhinEXO T-P
RABE D 5EHEIC X 5 & 0T, OBGERR (Q-T) ik
RN EFEARZET 050305 15 53 ORI Wi
ERT T2 (BARMO-LFERER). 6> TE
Blic X 2 MPRIERFRO Fb & A5 iddinl &
b 153 hoHmE NEE T 5. Ll O
Bk 2 LB EL, Orpulse b 2 57 T
RIEZRT BERWD) 25, FiEik 20Tk
FERTIC. P EOFEENHELIAE0.3m,
4330, HEE2 oERAL k.
BEBICI R & 5 DR, BHIL BT
JBE, EAOEMIC L VKO T HEEIRE
v (F A8 ikiE-Herxheimer!s), Barcroft 517,
Mateeff!8'), HuLEIR~ QBT ORI s
5 IR OS> (Grollman'®, Turner??,
- Asmussen 5%, HE®) EREMO.OERE
(Asmussen 5202, F4A2) B3#ibh, 07
wic, BEBOCHEBERBETS. ZhEfl
AL CERZOERORT L AL 9 &L=
bTh%. BAICE 5HEHEILE SRS IS

e r o AEMERRERCBE LN VR, Z
N ER & 3 EBRic postual test & L THIA
L 7= % @iz Schneider®, Turner?®, Schellong?)
Kb, BEIDLEH S BT~OERIC LD
E s E AR KT FB U .

B. step test OEHMNMELFREOFEIC
20T

Lundgren!® ftv& b OHEEE D & EBRD
RyEWT 5L, BFEORBCHERAL EFOH)
RIEERTHRIVLEL, BEETIR®
&\, Frickson 529% Robinson 53 iz ki
FEEBIOBRITIC X VEBERRVE VD
25, Cogswell 5103 step test (Harverd) it
BEIERET B 2 v 5 T 5. ¥ 72Ryhming?®
i ‘steptest DRIR T HERERE I IEFRR L,
BT 16.2%, &F 159% THEER R VEN
5. EFOBRBETRLFRBT I 410%5
WETRERL 288, ThEEMEREERICHRE
L 7= RMR/W TiR#ic10%E 25, BL
DOERFEFERFOMEICIZSDOTHSS.
steptest CRAERHEEOER L 25025,
BMIcRHEL L3P TCRENZRERSLA
v, FOEIEE & L TOR/W, OR/W?%, RMR/W
BDEZLhDHR, OR/W? [ZKE & ZH 3
BeRT L ARcERANIC X 2WECHL T
LAHEEERT» 0, EEZO D MRIIZED
2o oI EE L. OR/WHKRE & 48
HrRERvoREREFOFROF LT
HEELLDT, ThekiTE r=—02300

AHEA LT 5. UL OR/W s &g

A & EERERIE TRV b, RO X
5z RMR/W % & - 255X v. RMR/W &

@ﬁﬁ@@m(MLﬂ,zmj%fh)mmw

FEOFBERLIIBERENS. o TEES
& ERFROERROBIPNERT 5 L B2 R
s bl b, Master3D?2 234K E T step
tempo #EEL 7 & 5 I EBIEEY BET 3 &
ThiE, BEFCHL TRETETEBEEL
THRERERS.

72U iz step test 12 & » THRERARFIRE
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K (Baldwin &33) Tixdh 3%, BHECELOD

BEEZ LRI TRTCOEBHTRESD L LHERE
PEBCBEST 30T, ROoELHFEE
BCOREL LB Rl U Oofiitkas 2 ghR
T 2 TREATEB EATIV. s
bHLEENKRNESZEO 122 L THEfMban T
VwaEELNE, KECL - CEEIRREET
32210y, KB BEHEOZRICHL
THRBREACPRZHESERTrLVI ZE
PERIIEM O ERE E5FERDL ABR T3
LEZzHNRD.

C. gk 2 REMNEHIEEEL LTEI>H
[ZDWT

IR RIEEE (85, B, UdER
MOBKRIE) 2L %ET A, ZoFEE
AEFRHERED it & A EBb v (Jokl
%30, Gemmill 539, Knehr 53) & vhbh 3.
UL LBRE A X VL T bh s EER
W L B L TIIEL CHMEL, T ORHCHER
TBAERNRERZNELECOBBRICET %
(Taylor3D) 2 b, D iHEFED L THRBEEOO =
PEENEN B DI URTH S 5. Balke® 3k
EEENIEBIBRTH 05, HEELLT
E L, BROMESEPGEHMES 2 REE L
Vo T s, REUEEREMEL 5 & BT
DEABROESHE DN 725 (AstrandD)
» 5, AREO X 57 moderate test T
& R R IR E OB TEBEEOR
S BRERFMAEEL AR dhided v
EEOSAIEENET L BEE TR E T 355
FERC OV TR OEMERITL 1285, A
FREEE U CHAIRERR L 2L ORAENS Y
B3E%, R/E H, RQ, CO. MEHHE, WK
FRB, EERROEER O, 78 %, O
pulse TH - iz,

WEH D REME (OD/W) EF#EE s RE
v, Simonson3 & TR & EEIME DR E
- OEENENDS &, EEIE Do EEEE

R E ‘

Re={* foncalt

(Cal. A : B3, Cal t: tHUBROBRER)

b EET 3, ReEAOHEHERETERL,

THHTIC X > THRT B e A, LD
U BB cERRE (10~154) 2ZEL,
ERREECEE NS EIREAERRE ERE
ExRELEZ 25, BREUSOBEICIZHEL
s,

BRREIPRE COTEEROMERBL NS
7z (Simonson®) T, fREER THEE L&
Bl U BRI s EmERT. 4
> CEEN2 4T (E) & [ 3 2/ (R) oREHE
Ok R/E ZRkopiE, T &z okik
L. B MEEHK I EEME 3 SN
EEOR < pZE L v (Campbell & 0ZHED)
Evpohs b, REHIZEEO/EERNOFR
T2 TH B .

MR RE RQ 13— E O EE Tl ok

C BBV (Hills40, Bock 54D, Christensen 42,

Lehmann ). #3F0 BE < b EEMER O E1E
o RQ Iz ENEOFIMEY. ZhidxlgED
/HNE Tz (Christensen®) & CO, BHHE O
BHES L30T, 283E o T CO.
HEHLE-O, B EEZ RO 2 hE CO. EiBH:HT
BeThid, BEEEcEHRERERAL
wohd. ZORERFESRFASOHESL
L CHEBL 723 0C RQ 1.0 2z CHiEx
hs CO; Ezv\v, BRUEREDEDMER
D BHHIE EREREERT N, FEOHEE
EEREIERCOEFEE L5003 BTH
5. CO. B ER RQ & r=0.87 0iEHE
AL, ZERSBERERNC RQOET
HIET T3 CREERER) ZrafdiiEEe
LTRSS TH 5.

PSR (Christensen®®) 3BRSEEE» D &
7HE0FREH & b L, Schneider 540 %
Simonson®®  ZFIHEIEO R VvEiERE & v 5.
Christensen 1z X W idEH OB VEIIBRKRE
B—EEERT S, ARSERICR B &k
RT3 &wvv, Bruceb ) RO fiEHFCHEHER
BENE & & D, Th& BT, EBs
BEO 3 AF5 b E I % B 72, Taylors
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{% submaximal test X Y % maximal test T
BEECEVRE T2 L v i, BEEHTE
K[EOBRILFIEIC & » TEFa#EmnL,
B5E0 R/E HEECIBET 5 HR~ZEL
T35 (r=—0.004) 5, Z 02 00REEI7]
L CTEHilig 25 L. )
CHERUFIRIC X - TRREMREIRMEO B IR

8 < (Bock 54D, Christensent®, Knehr & 3).

2, THREHED CIEXR (Steinhaus®), i
HEE 0K (Christensen®), X\ 1 BFI% ©
vasculalization &' O: FIF » k3 (Miillers®)
st vbhTws., EEORBETH e
i BRI RIRERL, BETR
RET 2HEBED - 2. '
EENRR ORI JEER AR © 738 72 L (Lund-
gren®) Th 528, HEjOBIHAERIC IR
& & EH R RSB h 5 (Borgardsh)
25, CPHERTE S EFCET 5 1550k B
EISROCER) % & o hak . EEEOE
Bk teEme L CRLELABE h T v %
2, ZOEEERESESREDLSL Y (Knehrs %
Tuttle5 ). Z&EED.X 5 7 EEISH T2 EENE
1I~15 Fie—BEOBRIR (R ixEiksa) 28
B (@BARY), chid i cBEREREC
ZLvds, RIAEEE L CIAIRMEI Y 5 [E
81550 0ENE & 52 FB I v & - EEEE
b ZORIKIBETOMTRE W (IBEY) 225,
EERE

OR=- i TR <100 (%)
Ckvskwre, chiEHZEOoRViEEE
3. EEROER

y=a+be Kt

TEREN S (Johnsond ™). a 3RO
¥, bREHCROBROCEROEMUET, #
EREK

=1 o0 b
K tlogy

ThHV, BEHEOEBERIT 1-b/y Xz b,

=;%_mg1—CR)

Y, MERIAEEECHETLD 5.

723 Schneider test?® X EERE IO L
U CEERE % v T 3 25, RO 0 (4
B50) 30 T, OHEBOBHEO b &
ORRERERT A3k - THET S »
b (Karrasch60) 5t i3 x 7a .
oxygen-pulse (X.0ED 1EENZ & i fREE A~
RV ZENABEE, TRLLIEROM» D A
EERRONERLEEDLTLOT, HHEE S
Bh#IRMEEREIC X Vi EE 5 (Reindell559) &
5. Schneider 1FHEHE Ic 53 5 Jgo
R E T 5 Ric&IL o & v, Balked® 3
NI TE L EATV S, BEOR
BebPmEHEOXELZRIMABCERL, %
T bR O S OBE L T r=+05 I
LoMEEFET 25, Orpulse HIFRIEEER D
aerobic capacity DFAFEEEL I EL LN LS.
O, THRE & OEM O LR 34881 Lundgren®
o THEEBRAFTHRBER Ty 5 2,
Miiller®) i3 0H53/25 X 1ogO, FEHLE % Puls-
quotient &METN, Brfefh O REEEORELIC
bEOKEFREADTHTEE VY, ZOHD
INSCECRENZHBANERT L ONRBN T
LEATS.

D. SXMEENE L OWHEE

FEA NI E BRI TIEIRR O FRE
Yo THEENS (AstrandD, Simonsond) &
whh bR, ERPRFRORFEEEC % 800m
PERHCHENE U - oA O HHEE, HER
ergometer I J 3R A E LM AR & %
TLL—FEL b ok L UEREEDERE
MEEECIEECREE, SNGEE, Bk
A7 & 0EE O RT (Astrand?, Taylord™) o A,
CHBEEOBENESEPIRCICERT 205,
EROR—FE LT SEELH# . EHoR
K O BROWEES AstrandD 559 o gigic
HLUThrRVECDRED X 5 REREEOR
BicX st E2oh30THa%, »0ics
EFRREENOREME RRL T, Theigo
step test D EkiE & AR R A B L EE B
EARL RRREIEORBIT =204 L OB
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BAREDONE. ZOREE LB T TAR
& DT, FEREHE ARG OEENEE & &
AT EERETREERTERY»EBbh
5. Gt > THIROFEHIEE 12 aerobic capacity ©
MR O¥E L L T EhENERTH Y,
zhpDw o efldbehid, BEECH
T BIPRAEER RO BN EE 1% SRR M AT 2
ZENHRETHA 9. -

V. B #J

BECIH S W EERET b HYRER &
T & & e IR ER e AR IV I i T A 0 R RE TR AT
PR T 5 EHNOL Lie, EFINCEAL
EEIGAFE LT, B 30cm, tempo 5330
O AEEE (RMR6~7) % 2 pHRHELD 2
Fke AL . = OB L EER (IR
#Br3n) OFARBEEOERPOENED
EREBILODEELDL N 5 0 BEOMELE
&, EEIRS, BEBgRE, BERREO6HE
OPBEROB T EHEOEBELMNEL .

DR O FHME O HCRHZEOER R L O
ERDIL TH -7z
HAEE, O ERERC CO; BHHEDOZNZ
nicowTkwz R/E H (GEEIE 3 20N
SR /EE 2 RO RSE), EHER & EHER
» RQ, CO. Wil E (& CO, BlE» B
2 O, FEHUE ¥ 25\ - ), SR (1L 0 O,
BRICEL 2 H#&E), REROER, HEOR
O, BERCER GRCEER 1500
), oA R GEER 1.5 47) U Og-pulse.

bSO R O ERL . Op-pulse T X B IEEE
ET LIRS, EEAT e LTOMTLAE
BEPRL L. EEEEF L BFARBC
CTBRRBEERELIEL, ché Lok
BELOMBBELZ kD3 L, BEREEEZRTH
BaAkEYY 0. /& R/E I, CO, @EH:HH
B, OHEEEEER, OrpuseTh 7z fE-
TEEOBEE D v L 2h & # 2 i¥moderate test
2 X » T HEAMER ST aerobic capacity @
SEREHECTH S Z & hbh o 7.

BB 0: BEE (OR) BREICHHIL T

BT B 205, steptest TidfR 3L L T
iz, EREHY O BEE OR/W 3H:M
HRIROWETLH B, KTFEHELELARE
BFicowvTREE L BEE RS ARV, LAL
BRlic AR ERLAKCEL B TRE
{, BHETREC. F-LTRERRHME
W BETF LY 102%E EEVCEIRERL .
HRUHEYS Y 0%k (RMR/W) % & hidk
FoznE BT LD L. RMR/WEOW.GH
A= FEATHEE R T»L, BEHE
EEEIOEBHARRECEEZLND. b LEAE
k- CEEREFBETHEEEEOAMITIE
CEMT 220, TOBEEETCRECLS
BHEOXERCNT 3 WS ARORAE L
criterion & U TEHli S 5 Heka & 5 HB X .

YRR HENHER 2 b Mg
WiEEWEZ EEHEL, BLBRHOBERLET.
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Summary

In order to evaluate the physical capacity of a wide range from highly-trained athletes
to patients the writer appointed a test suitable for this purpose, which consists of stepping
up and down on a 0.3 m stool at the rate of 30 per minute (RMR 6-7) for two minutes.

From the metabolic and heart rates during and after exercise the author drew some -
20 physiological measures on which noticeable physical differences were expected to appear
among the following subject groups ; marathon runners (M), boat men (B), sprinters (S),
male controls (C), skilled laborants (L), workers (W), trained females (E), female controls
(F), healthy phone operators (O), those who ever suffered from TB(0’), lung-resected convale-
scents of months (Py), and lung-extirpated patients (P2), 65 subjects in all. :

Group difference is significantly shown in the following measures ; R/E ratio (measure-
ments during the first 3 minute recovery/those during the 2 minute exercise) calculated from
each of ventilation (R/E-V), O, intake (R/E-Os) and CO: output (R/E-COg), respiratory
quotient during and after exercise (RQ), Excess-CO, output (Excess-CO.—total CO, output
minus total O, intake), ventilation coefficient (VC), heart rates at rest (Ho), at the end of
exercise (EH), and in recovery (RH—the best was in 1.5 minute after exercise), pulse recovery
coefficient (CR—in 1.5 minute after execise), and oxygen-pulse (OP).

The heart rate and O.—pulse above all differed significantly between the marathon
runners and sprinters, the male controls and female. ,

Maximal oxygen intake showed a significant correlation with these measures : Op-debt
per weight, R/E ratio, Excess-CO., EH, RH, CR and OP:

Therefore it may be possible to estimate aerobic capacity even in a moderate test by
use of some combinations of them as criteria.

Mechanical efficiency (O: requirement per body weight) of the athletes and the skilled
is high, and that of patients lower. A women's efficiency is 102 higher than a man's,

* probably due to her low basal metabolic rate. An efficiency per basal metabolic rate was
found to be lower in women and have a high reverse correlation with body weight just
like heart rate. This means overload on lighter weight groups. So if exercise intensity is
corrected according to weight, the lighter will get more handicapped. It is desired, therefore,
to detect physical adaptability by the criteria above mentioned regardless of body weight.

(Laboratory of Medicine of Labour, Welfare Dept., Japanese National Railways)
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On the Study of a Method of Evaluating Physical Fitness by Means of a Step Test.
[. On the Integrative Estimation of Respiro-Circulatory -
' Capacities by a Scoring Method.

B & M # (Hasmmoro-Kunie)*

1. #&
AR TR, AR (aerobic capacity?)

il

. moderate test 12 X - T LHFAf & hig s 2 EH

PEEDBENT, KB OWRE T steptest %
L TR, O RERE O BB © T ATAMER T
HZOFERCHEILOPEHRTTL Thl. ZOiEER

 Oy-pulse DHEZROBEEE 2 = O B B AL

ZE RN, Thb ORI EREAMER S
BT 2 HBRFREEN TS5, MO
HEC R EE—OHELZ LIV, B3
B e RET 2 LHOREE & 558, Dk
BEDMEINEE N & £2 A5 2 B IXEL T
5. % TEEHTRO B> b WRAtEE L L
THEARICEORE 2 RE, KHEI LITREZ
FERMAL T, 200 OREFTAL» b AR
T EHi Y 5 5k SR D step test WAz,
B TR O694 O IC O\ THAFES
Fk®, ZhEFELOI0EOEIE & O BEER
B b FATHARE L TOBHELERL Thlk.
BBk test & U CEELT ML D
3 field work T AR BLEEN B DT,
A D step test KHZDOYUEEINZ, FEK
ZTOREGHRLEBBHFFERX 2.

AR T b7 & 9 ic moderate test & L T
DB S W SEBIOBFRM TS X vb
FTH B, BB L2 THRESEZEERIC
BOE3D flAEMo AR (&2 @R mEReE
O BALRFOFAN) KISETE S0 T, FHEI
* HAERSEEERFBEERRE

C(RRFIB34E10 2 HZA)
A OB E 1 H35E B AL BERTHR L.

Y, MRERHIZ CILok®K, AR

steptest #EAL 7-.

A E COMSAE test 1T 12 LRESRE e H R
FKFEESHTBY, step test 2% Schneider @
FE3)D, Tuttle © Pulse-Ratio test, Harvard
testh = DMAED W TV BB, £ 0% ILE
BhSepE & e ki B« ORIERB ST 35
FEEIINCIRBL 129, ERCOHRE O AR
FHEL U TE L O test NEBEIBOEN 7 12
BB o TwaHIE, 724& % 2hd submaximal
test O FCIIHE D EHEL 18 535k (Johnson 5 9,
Taylor”) T, BREFEENELBVHEEZR
7 (AstrandD) 23\ 2 EEOBRBHTH - T,
PRI X » THEBBOCEEEEE s s v
(Knehr®). 308 B o B b EEI O RiE
DOEMIFEIRE SN T3 (Simonson?) 7z
EORE D DI L e, L DO BTN
WOBELEZ & 2BRL Ty 32, 234
TRELFIENCEANRMEKIE=EE L TFLD
DT, BHDFEROWELRD 1 i EEH RO
Brfv, ZoEEEEEREL Thk.

1. Steptest O 5%

A. REEBOF

FIRICEL 2 X5 ES 30cm OBRICEREE
O, metronomeX XFPEEEFT 281z 1B 0
EfE/s tempo & V20, LTFERTEHICH
BEEY
5. ZOBERIGRCORREEE, ROME
TERPLBEUGRIES. Z0EEY 20
DI 7=88, ArEET 3RS ¥ £ T
5.
. B. flxk
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CBRCBERYBTERT, EOCREEED
FTHhDH 3I~5 S0 e2RIE T 5. cardio-
tachograph #{EM T 5 5& 3B H Vv CERR
25 EEPE CEEL TRSST 58, OERE
BOE 5 B4, EENEF 05, 1, 1.5, 1.9 (KTE
Bi) Do 4EEET, FEEIfRE 05, 1, 15,
2,25, 350 6BACHENE & - TOEHE
k5. ZhEFTU CGERR: 2 AR CE KA
B3 DREOMK EERL, FAThOERE,
O: EHLE, CO: HtEZ2R® 5. RHOMRGH
BEHEEL K.

C. test i LDEE

—R OO g test E AU TH 50, FrcE
HIR&ER:2H T3 L,

1) EBcEoEnSE5 L. steptest iz
IR 2B bR (Cogswell 510), 1ERT
BHERAHREIEL 2D (AR

2) 8% mask BFERO/PE VL OEES,
4 140ml OFEREE b ST mask TREIER
BB 20~40% HiNT 5 (EARD) »o, BR
HRLETT 5.

3) e & HEMR O OB OB
BAY Boedrb, > LEBEORECSC
EREEL .
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5) TREEEERSLT TRWHITEL WLE
BORED = DARREEE RTHIL .
> TE1E O test DRBIETBEHEIT E TR,

. $1 % o F &%

A ZEREOKRDH

O iTERE O FEHIEE O FR TR JIFRM O 2 & s
HEZMRBEEL Y K EERE L4517 5.
EER 2 0 (E) & B8R 3 41 (R) ic 2 &K
- R E LD EH A b, RO 10O HUERIE
EEHET 5.

1. &5 &E0 R/E k. (R/E-V), S
T % EEROIERE O .

2. 0, #EiLE D R/E ik (R/E-0y).

3. CO: & D R/E H (R/E-COy).

4. CO; P& (Excess CO,), MENR: &
EERO 4 CO: HilEr b4 O, EIE 25
Wizb O (FBERAFTEREFTEE L D)

5. ¥SARH (VC), U 0 O EHUCE T 58
KET, BROWMED 0.2 OuE % 100 57
F e
6. EBCROHEN (EH), JEER: 15 025
KTERE CoOEY, BoRAEETRD 5.

7. [ (L55) O (RHys), SEERK T2

— A2 - ALl » 3 =
A 4) PWEFREZIEAH, R EEH 0BRSS LS Ho 0T, 125005 L7553 £ TOF
BbIv. : BiEE L 5.
Table 1. Scoring table.
SCORE
measures 0 1 2 3 4 5 [ 7 8 9 10
over 1.31 l.22 1.13 1.05 | 0.97 | 0.90 0.83 | 0.78 0.71  |wnder
B/E-Ventil. 1.41 1.4 1.30 .21 + L2 1,04 0.96 0.89 0.82 0.77

over 0.94 0.89 0.84 0.79 0.75 | 0.71 0.67 0.64 0,61  |under

B/E-07 0.99 0.98 0.93 0.88 0.83 0.78 0.74 070 0.66 0,63 0.60
R/BCO over 1.31 1.22 1,13 1,05 0.97 0.90 0.83 0.78 0.7 |under

~C02 1.41 1440 1.30 1.2l 1. 1.04 0.96 0.89 0.82 0.77

Vontil. Goeff over 24,51 23.11 21,81 20.61 19.62 18.51 17.61 16481 16.11 under

entil. Coeff. 26.01| 26.00| #4.50| =23.10| =21.80| 20.60| 19.50| 18.50| 17.60| 16.80| 16410
) over 221 a -119 -120 - |-280- -420 ~560 -680 -800 wmder
Excess~C02 400 220 40 -279 -419 -669 -679 ~799| . -899 ~
EE “(exereise over 156 47 - Q38 130 1 1ee 15 108 102 96 under

end pulse) 165 1585 46 187 129 121 11e 107 101 95
RHqs5(xecove over |116 107 98 90 8 | 75 68 62 56 wder

M5 (zec pulne) 125 115 106 97 89 81 e 67 €1 55
Pulse recovery | under 50 58 66 74 81 88 94 100 1056 over

coefficient 49 57 66 73 80 87 93 99 104 109 110
or | 5.00 5.90° 6.80 7.70- 8.60 9,50 [10.40 f11.30 [12.20 |over

02-3‘1159, (ex.) 4.99 5.89 6.79 7.69 8.59 9.40| 10.36| 1l.e9| 12,19 13.09| 1s.10
- [umger | 3.7 - | 4.3 4.9 5.5 6.1 6.7 . | 7.3 7.9 8.5 over

0z-pulse (rec.) 3.6 4.2 48] " b 6.0 6.6 7.2 7.8 8.4 9.0 9.1
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8. .oEEEE (CR),

(EH‘RHI .5) I2)
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Ho @ 228 0 .
9. JEBFO oxygen-pulse (OP.E),

EER O, BiE (BAE)
SRR © EEOER
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_ EENE 3 S0 O, HRLE (B3 {E)
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B. ki IPC &2 O
FREOIGHOEREREIC O T, B 1RO
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OPEe=

BB OB I0HETORFAE 2T, £H

OFEOE R EAEHIPC &35, FHEHIX0
A 100 HxCToER L 5.
WHEO KA & b O— MRS (R & IIE) ©

J8 A —Step test ic X BRA MR O BRI BT B 1

VIO S LR, FERO/NSER
ThER S L FHET 5.

B 0694 ORkET IPCR Rk, &Rl
MRL 7= & © 38 1NTH 5. —RERSBT
(C,L, W) RU%T (F,0) id xR prsafiiy
CRTT o R, BEESR & oFlEE oL
e HL, FBCEHANOEN RIEFESS
B PEFI0L L OFEBRIC A S F L.
F 7= U R 3 R RO X D TR DT
BEMBLL, B AMafmtE i 20l T O
IPC 2 RTERD 5. 0L 5 CHEHELEED
PRAFEB BB INCE 2 b h B ERIIFF] & REK
—FT BOMHERL T 5.

IPC & 7 ORERATF & 7s » 72105 O ZEHERIEE
L oMicE, $B2RCTT X RERPRY I
. Thbb IPC E3 < ToEEAEICEL

RIFEHT BF40~60, ZTF30~50T, Th & =06 P OB CEEE RS, FICIERR
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Fig. 1. Distribution of individual IPC in each group.
A chain of circles indicates four IPC obtained on the same subject, meaning intra-individual variation as Well

Abb. is as follows ; M : long distance runners,

B : boat men,

S:sprinters, C:male controls, L :skilled

laborants, W :workers, E:trained females, F:female controls, O :healthy phone-operators, O’:phone-

operaters who ever suffered from TB,
patients.

Ps : lung-resected convalescents of months,

Ps : lung—extirpated
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Table. 2. \
Correlation between IPC and each measure of respiro—
circulatory functions.

IPC-1 IPC-2 IPC-3
original |simplif.|simplif.
method | meth.I [meth.II
B/E-Ventil. -.699 -.632 ~.534
R/B-0, intake -737 -.768 -.580
R/B-C0, output -764 | -.726 | -.564
kxcess;coz) ~.736 -.749 ~.685
Yentil. Coeff. -.611 -.621 - 548
BH-—cxercise pulse -.809 | -.87¢ | -.s82
BH, g ;;reccvery pulse | -.856 -.869 «.910
Pulse recov. coeff. 798 781 +868
0p-pulse ;T exerc. -879 +898 «859
Oz;pnls- - recov. .851 2795 .829
Ho--resting pulse -.754 -.759 - 762
EH-H, —.B44 | -.498 | -.652
BH,g (at 0.5 min.) ~.875 ~.869 ~.930
RHy5-Ho -.782 | =776 ~.876
RQ early in recov. —-e611 -.613 ~.837
Ventil. in recov. -.183 | -.108 —o177
‘or/wW -.133 | -.139 | -.225
' BMB/W ~.618 - 573 -0 546
IPC-1 .961 .904
IPC;Z .908
IPC-3

OEELEFL T r==x08 ULERL, 8k
OAEERBULEEREO Oz-pulse & ORic A b
ni.

V. % =

HETHBRALIIKAEOBND 1 2, &
BOREHBIC S EN T BFAEERTF R
FROFEEEEIC L - TENS R, HKaEFRM o
criterion & U CHILE 5 B0 E D B ERIEPD B
e Thote. TOBEMERBEETLTEEE
fJiz aerobic capacity & BHELO b 2K HEFE L
LTREMR D OTRINERD IR\,
FEARIGEORERFE IR AL X 2 2fah
LERFIEDE HRISETH » T, R/E HIiLEE)
CRT s RBHEEEO MO BB TR, B
BRI PR b A 5 R %, CO, Bl

L R B T B B R R
%. JEEHSCK R O EEI ORI TEETR O #IS
He%, JC\?@[@]@$H'@@;@§.2, Oq—pulse b I
WHEOREFERT 5. (£- CZhdOilE
B3 EENC T B IRABESR O FUS % #RE I
BET? LA ThILELZLND. ZOH
TEEIEED Ocpulse &0, HEED O
pulse &OEH, EIERRPCER & EERZZL
FRELEEEOHADETHHR, FMTHE

15 AR AEOERICERHIR L D IERRO

HEOBENENTH » b, BEOAICLE
DECHEGT LRI CBREL AT .
REGFHUCEB LA IR U TERDRAET
b, REHRBEEIABCEOLOELT
VA B 288 T7 2 35 L 72\ (AstrandD Simon-
son®) ki, field work T {EHEMED B ’
FIXRBTH 300, FETEHFHMEELE R
BOWEES & 32 2 2T 2. 2 LOERO
EEROBER BT IAERAL .

FHEKOL I L TRz, ThbbgH
Eicov TEEETORE: & i, BF
D EE R B T, EENEEL R T
0 A»bl08ETEE YD, ZhrbifEE
A o —EOBRE K TR ALE 0 FHHH
ERED .

SEUEHIEE DIV H B AL THEBL B [PCRRE
N OWE E ORI B VB2 RT 2 &SR
THBH, FOMDEL OOHROWEIHL
THLECHEEZRL 20X, 105E O FHERIEE R -
RS & KEBRICREL T B e BAD
na. erEURSEEBEC e - 20, Bz
FEETHORSREICEL Tled MEE RS
v, ZOHER Lehmann 512 28538 %MT-
BB ORLHET S 2DICBviEETh
5%, steptest TRAKTIE ORI IIBIL 18
v, &7 IPC REEmEEIR (OR/W) & & 188
FRER (r=—013). LU EEEFELEE
BRI EL Y ok (RMR/W) &1 r=-0.62
OFERRAEERL 2.

10O LA O T, [H x OBIFE & A DB
JE: OMEORBEREK (RiRE 6K »FHL
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THELREVOE Or-pulse &EEIBCEIT
BRENEBEEED R/E BIBRMERT.
ORI AEOHEE & IPC & 0EBERE O kic
LZDEEFRRENT 305, IPC i2R4ER
BEoaEEEMiiigEchbr 52 5. XIPC
& FRERIEE O 1058 & O FHEAERIL O T4 13 U
O &B P HEEC R THRBERRO PiH L Y FH
KR&ECHS, IPCRIFEQHEDO NI YD
HEREAERCTL TRCEBEFEL T3 2
&, BETHEOIRO BENREEEE, £k
{¥ aerobic capacity # ¥ DEIE X V L BRI
TL T s Bbhsb. 4o TIPCidaerobic
capacity ® 1 DOFRETH Y, BAEKIIO
BEMEEM @ criterion & L CTHEILDEVWH Z &
BTE5. IPCHRZ DL CENRE e
T % DR EBERE O FHE O T 5 RER T
B, TELOFEREEIC X > TIPCO LicEHE
NIERTHBLABZENTES.
—HEAEHEIE O L£THIZ DV TR D RER AR 7

T A —Step test 1T & B AU OFRMEICEET 5558 1

NZROEEED b DHSORE MU order T
FRT 5 (ZoBAEOHRUIFEME 4~6 TH3B)
b, BN THEINCEIIL 232 8458
e E, ZThick Ve oESLSP—HL T
HAICE BRI ENDD. k22 ORTHEAMEE
O RENZ T b 2 IEEHER O TE O
HNBHERT 500, RIS OB IFH
AL 2E DT, HERREIFBEREOHRE
LB THL LD ENTES.

V. HEHOBARLEE)

BEESET (L) 54, &F (0, 0) 84icowv
T 4~7 BOBRT4HOMEL TR\, i
HEN A2 RKD TH—AR 2 E LB OFFEA
OEBNE BB L (BB 3R), FRELOF AL
Yo TREEE - el & Y, ZOBEREA
BlOZEC L FHic/h S . 2 3EOLIHD
RCEARZERR 2 SEUR O b O BRES
(802) &k, 4B EOEEALZLD (FH

Table 3. :
Individual and group mean scorings and their variations of the four measurements taken at the intervals

of 4-7 days.
Parenthesized : standard deviation. Asterik shows an intra-individual difference over 4 among each of the
four scores. ’
RB/E-V R/B-0, B/B-CO, V¢  Exc-C02 RHyg CR OP-B OP-R IPC
I, |4 5.3 5.3 4640
(0 00) - (0.83) (o 44) (1 41) (o 71) (o ez) (0.83) (o ss) (o 50) (o 83) (2.55)
1,]|3.8 4.5 .8 .8 4.3 45,
2 (0.44) (o 44) (o.so) 0.71) (0. .71) (1.50) {1.30) (1 48) (0.44) (1 12) (4.83)
Ig 5.5 4.0 £.8 3. 4, 6. 2. 43.8
(0 71) {0.83) (1.12) {0.71) s(g -83) (0.71) (0.83) (1.64) {0.50) {0.44)  (2.59)
Te {o 50) (o 83) (o 71) (0.83) (0.83) (0.83) (o 71) (1 00) {0.83) {l.12)  {5.68)
1-]6.5 5.5 4.0 2.5 4. 4.0 .8
. 78] t0.50) (0.83) (0 87) (1.12) (1 30) (0.44) (o 71) (1 00) (o 50) (o 00) (3.42)
groupf5.96 5.00 4
means| (2.07) (1.29) (1 69) (s.oo) (o 57) (1.05) (1.06) (1 70) (1.os) _(1.07) + (6.15)
o 1.0 1.0 36,
1 (1.92) (1 48) (1 92) (2 35) (0.44) (0.44) 4(0.87) (0.87) (0.00) 3(0.71) 41(0‘44)
.5 4, 3. 5. 3.8 .5 0
O2f’ (o.so) 4(0 44) (0.44) 1(1 .12) 4((5).?1) (0.83) (% .08) 4(% .48) (o‘.'so) 1(3_.71) (4.27)
°5wuhm«)wm%m?Hmw)gw)mnuw“)@mybm) {2.50)
8 .0 .3
i (1 09) . (0,44) (1 22) . (1 45) (1.09) (o 50) (1 09) (1.09) (0.00) (0.4¢) - (1.79)
'Eﬁlﬁﬁ (1 02) (1 25) (1 '70) (2.31) (o 69) (o.es) (o.xs) (o.oz) ‘ gg‘_’,,g) 2(2?08) (2?37)
0t 63 8.5 50 53 :
} (o 44) (0.44) (o.a'r) (8.44) (o.oo) (o 83) (0.44) (0.87) “{5,00) - {0,44) (2.06)
of (o sv) l(o W71) o(o .87) (0.00) (o 83) (o.oo) (o 44) 1(o 44) (8 ,00) {o 00) {2.16)
o;:, (1 50) (1 30) (o.s'z) (% .09) (o 71y (0.71) (0.44) 5(0.8’7) (o ) {o 83) {3.94)
3.8 ;
04 (0‘44) (1 12) (o 71) ~(0.50) (o 44) (o 87) (o 57) (o 85) (o ) (o 83) (2.49)
group |3 3.03 0
meens (1.79) (0.57) (1.34) (1.01) (o.vo). (1.46») (1.78) (1 so) 0 51) (o 59) (8.12)




FEAR—Step test i X ZFAMA T OFMIEICBIT B HT5E 1 247

S TRT) BI0%Ic UV, ERMAN
EEIO R & HFEHRSER L OERE g R
(CR) T, ZBID/IE v DiE Oe—pulse & R/E
Tdh - .

BIHEH LA L » TEERE - EEZRT
2B, EANBEIRIOEPM EERL 2EX 445
5 2. MIOKRIL O T ik IPCOZE)Z L 5~8
HORmERECHIRIFWEOFADOZN X
Y LZHIC/NS VA S, IPC OEANEENT &
BECHEDhIBE L Y b—Fic/hsvi )
ZENRTE 3.

V. @5ElCDBT

test D BEIZIRL TR O X 5 nfiG k% A
T5ZELTES.

A BEE1®
o REETRAARIIER O R Iz 105H 0 ZRHERIEE &
BAezd, Zhzfzkl T, OfZREDOR/E
b, COMBEHEE, HELSORCEE, EE)

(B1ROFEEREMED) I ERPIEBLLD.
COBERHAB0EE RSP, FEkichd
> TPtk % O RER * 5¥F16~24, LT
12~20& FHiE L.

OB EEE - THRO B O IPC kK
H3E (82N), FkegERBYOERDHmS
Bohs. FEcyd s HEERET 095T, o
IitgRE O A MBI ST 2 HEBRIEEE 2 RICRL 72
Xy, MEEROKAE S b A TEED IPC
LEBEIARBY. LB OHMBLIIRE
BOMEES & BEE LR ETRERLY
LENLTVYBEELLY.

B. BHE =%

#lsEic cardiotachograph 3 i cardiometer
FHERAL e BAERR O OB R #2
& D, FBARERT4HIZ O Tﬁﬁ%&k&b

AEt% IPC LT 5. _®%A@§m§$m
%Eﬁlﬁéﬂbf&é
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Fig. 2. Distribution of individual IPC in each group obtained from the simplified method I.

See Fig. 1. for explanations,
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Table 4. Scoring table for the simplified method II.
Ho : heart rate at rest, RHo.s:recovery pulse at 0.5 min. after the stepping, RHi.s: recovery pulse at 1.5

min. after the stepping.

SCORE
measures 0 1 2 3 4 ] 6 7 8 9 10
over | 140 130 120 111 102 94 86 79 72 uder
RHo.5 151 160 139 125 118 110 101 93 85 | . 71
over ’ 116 107 98 90 82 75 68 62 56 under
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over 58 46 40 34 28 23 18 14 11 under
RHp.5-Ho 61 60 52 45 39 33 27 22 7 13 10
BE VH over 30 - 24 19 4 | 10 . 6 3 0 -1 under
1.5700 36 35 29 23 18 | 13 S 5 2 -2 -3
IPC by the Simplified Method—II Average Range
(’j 10 l‘lﬁ Male -
1 ) 20 30 40
LM . O 0 00|
— M 7/ A1 A I I
| B
T T 1 ALY LSO I I

B o

L ¢ o Xe % 00 00
IL ' . 0—0-o=8 8—0—0
| w 00 o ?% o B

o
1o
o
S S I S—

| E | | o8 o

[F o 6c>@>o 0 '
I I 1

LO oo—0—85 B -

Loz l o—-o0 = %mgfém :

Oo—O0—O0—0
T P 27227777 27272 T

|RR o 00 & oo 8

[e] 10

Average K’anqezo
of Female I

8‘_4'__1'1_!'__"1_‘%_1_1

Fig. 3. Distribution of individual JPC in each group obtained from the simplified method II.

See Fig. 1. for explanations.
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Summary

Based.on the author’s last study a moderate step test was contrived with the aim of
estimating physical fitness (areobic capacity), which copsists of a 2 minute step on a 0.3 m
stool at the rate of 30 per minute and a 3 minute rest in a standing posture.

From the metabolic and heart rates during the 2 minute exercise and during the first
3 minute in recovery were guided the following 10 physiological measures, all elementary ;
R/E ratio obtained from pulmonary ventilation (R/E-V), O: intake (R/E-O,) and CO, output
(R/E-CO,), ventilation coefficient (VC), total CO: output minus total O inteke (Excess-COy),
heart rates at the end of exercise (EH) and in 1.5 minute recovery (RHy.s), pulse recovery
coefficient (CR) and oxygen-pulse (OP).

Each measure js changed into scorings (0-10) according to Table 2 and the total of
them in each measure is regarded as the index of physical capacity (IPC). The average
index of males is 40-60 and that of females 30-50. The higher index means the fitter and
the lower the less fit. The IPC shows a high correlation with each elementary measure
and the average correlation (coefficients calculated) between IPC and each of the elementary
measures are much higher than those obtained among each of them.

This means physical communalities characterized by each measure were represented
in IPC by the scoring procedure and that there were indicated the equal integration of
-respirocirculatory capacities. Therefore this method of estimation is more excellent than
that of choosing a single measure.

Some of the simplified methods are: —

1. The four measures are employed, R/E ratio of O. intake, Excess-COs:, RHy.5 and
OP, from which the IPC (0-40) are given after the same treatment. The average then
ranges from 16 to 24 with males and from 12 to 20 with females (Fig. 2).

This method has a correlation =096 with the original and is very desirable because
the estimation is possible without any measures in resting state.

2. The simplest one ;the heart rates both in 0.5 and 1.5 minute after exercise guide
the four measures in Table 3, out of which is got the IPC again.

Though the method shows a lower correlation with the original (r=0.90), it has
some advantages and is more excellent than that which picks up only recovery pulse as
a criterion.

(Laboratory of Medicine of Labour, Welfare Dept., Japanes National Railways)
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Fig. 1.

Two arrangements for recording of single nerve fiber response.

E. Stimulator, Amp. Amplifier.
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Fig. 2.
Action currents of the single nerve fiber by repetitive stimulation
of various interval as shown. This experimental arrangement
showed as A of fig. 1. Time mark 1000 c. p. s., Temperature
22°C,

1000 c.p.8e
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Fig. 3.

Time course of magnitude of action current by
repetitive stimulation. Curves are plotted from fig. 2
(22°C).
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Fig. 4.

Action currents by repetitive stimulation of various interval as shown. (Records

after few second onset of repetitive stimulation).
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Relationships between the stimulus interval and

threshold, (O@) or magnitude of action current

(AA). Curves are plotted from fig. 4.
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Action currents by repetitive stimulation of various
interval as shown. {Records by faster sweep).



256 BIR—— AR I B M B OB & B > T

BEM < hn o (HIFIBS 6, Kol
DML FRIC R - TBLT 200 EEx b
n3. 5RO S CHIESEE L BEE o
BRERLELOBEONTH YV = ORI bk
CAEBEOBROREI L2 Z8H 6t Rsh
T35, EILiRE 16°C () <l 30/sec @
RIS SBREO LA 234% D 200/sec DIk
DERE TSRS E L H/NERERN) i
BT 5. ZicwL T 22°C (i) TRBEE
AR P FIF IR T/ E £ 500/sec DfilERD
CHETESTH 5. WCHIEEMC KT 5 Mk
PO Efe i & CEROBRIC 2w TR 3.
LIRR I 0BRE 25 50RBH] (RE
16°C) TH VEE 8 ik = iz o\ TR
AT 2 HEmORE S, s, LR
CEBLERL 200 Th 5. REEREN
{Tedifbe, EmoRE oD L Fkic
MBS 20T 5 AR 023k (7)) &
AE» T D 5. — FRAE (Mekosrb kY
B IE SISO RE) 3R o L5 & Shic
BIC R 2R . ER (R & g
DOF, RlSHOL2 b HEWA E T 3em) L2
WIER AR 2. 72 0BG O, LA

nsecz. \“\, - 200 2¢
o
\
i \q\
\:‘\
14 T L 100
A—b sz —0
b'br _—
o
07
o

T T T ]\l (]
O Interval. 5 50 m sec.

; Conduction Time (m sec).
: Time of rising phase.
; Duration (’/.§
5 Spike height.
Fig. 8.
Conduction Time, Time of Rising Phase, Duration
and Magnitude of Action Current by the repetitive

Stimulation of the various Intreval,

obex

50.C.P_S,
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Action currents on the single nerve fiber by repetitive
stimulation of various interval as shown. This
experimental arrangement showed as B of fig. 1.
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REORERMOENE (EdE azheh
1.3 msec, 0.2 msec U 1.0 msec Th 5.
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Bz RAEHEL » T 5 (FlEE o
0.05 msec OEFE). 2%V “h3BEEOLE
EEDLTLOT, Fla 3 fEELE 7 msec TR
H2REEHBUTRE L VEVS 2 2 Tk
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Fig. 10.

stimulation. Curves are plotted from fig. 9.
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Fig. 11.
Action currents by repetitive stimulation of various
interval as shown. (Records after few second onset
of repetitive stimulation). This experimental arrange-
ment showed as B of fig. 1.
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Relationships between the stimulation interval and
Time course of magnitude of action current by repetitive threshold (), or magnitude of action current (V).

Curves are plotted from fig. 11.
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Summary
Single nerve fibers were isolated from the nerve innervating the m. gastrocnemius
of the toad (Buwfo vulgaris). The responses of the single nerve fiber were recorded with
two arrangements of the “bridge insulator” method.
1. The magnitude of the action current, latency and threshold did not show any
obvious change when the interval of repetitive stimulation were too longer than relatively

refractory period of the nerve.

2. When the stimulus interval was at the ending of relatively refractory period each

recovery curve was almost equal.

3. When the stimulus interval was near the absolute refractory period, recovery
curves showed remarkablay delay of recovery for a short time. And after the transition
stage a magnitude of action current, threshold and latency showed the constant value.

4. Threshold and latency have changed with the magnitude of action current.

(Department of Physiology, Tokyo Dental College)
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Urea, Uric Acid, K, and Na in Brains and Livers of Albino Rats in Anesthetic States.
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= 5

il

I. #&

MR & R OB BEE U - £ 0 [ ER
OW, EHE Jon & L Tk Na, KZU Ca BE
ERERPEOL 0L —RICEL O TES.

1 < 1xDémolel 3 E RN I I I K3 BER T
ZEERBRCES D, BAD ZZh A0,
% L CfE 5. Miiller?, Baumann®, Eppinger?,
Cloettae® (3fEfE, AARNEEIRCIEE,
AZLOHR» blnEFR e K, Ca »EEIT 3D
CRL Naxoh e BHOFRCEEIL, &#H
R OBEHEIREEIC RV T4 HOBEITD &
hiz LR TE5. 3 Lasagna® X Phenobal
C OBRERC X B IEIRRRR 2 KO&GIC X » TIEES
FREBIHSR EWE L, WA FLRAEE
® K, Na E2HET 5Bk -T, Ro¥g
L OEENREROBREL T RHREORE 2
CETAERHEs 2NV EE - TES.
—7J5 Hodgkin® 13 g 0 H@ERECBHEL 21
B AETRRE O 5% & Neuron DEERCEEL T,
Wmpas-wE o Na i Neuron iz A Y, K23
35 &\v 5 Sodium theory #IEWEL T
HEHSh TR REDZLAERREALCEE
Fe#s L - aERgREATmEFD K, Na
B % R LN =m0 K2 5 RN o Ton 945
IRpE2 EE, RN T4B L T
V5.

El't, Phenobal, Amipansoda JR35#4 o I
R TRERO K BSERT 2B ERE L2
28, Miiller? Zp#2g L 7= K, Na o5
THRRO LN 72T ). AFHEINVE
X, SEBEOREREEETIC X 5 TERRRLE

* W RFESREEYEE (MhE—FER)

(FEAI334E 9 H 9 AZAD -

ok

(Torsuka-Masao) *

B OMERSIERIC X 2 BERECS 32 ARN
##o K, Na Bl x 0ZELic—20HERIE
Fodohr R K/Na b BSEEREOK VO
BRI R CEEZ R TBERD T3, B
CHIEED G ERRHEY TH 5 REVEWE
ZHie se A HErBE3ERERL, W
BRI T b 5 REEVEMIOBE LR S
EAHMEARD 55 L CEEREL, FHOI
R, REE, AchZr K, Na O X -
TEN L OYEOEBBELEES N 3BE]
HUTES. FHOECZSWEROMEERER
FERT LR ECREHREEC S 2 HEOK
B OISR A 2 Hv T K, Na, JRFE, REE
OB EZTEPD B 12 DICIROBE LT - 7.

I. % & 7% &

R I AR E 2kg B O R EE Vv 7=,
e BROFT O8I & v 2 B iR E130g
FEOBEE Bk,

A FRIFWVICER, HAIREE:, Phenobal
ik Urethane ##&5 L 7= &BrcgEtvT 38°C
® Krebs-Ringer-Bicarbonate (JIF K. R. B |
EET, FOMRIE, 0.9% NaCl 100mol, 1.15%
KCl1 4mol, 1.222; CaCly 3mol, 2.1125 KH.PO,
1mol, 3.829 MgSO0.7H:0 1mol, 1.39 NaHCO;
20mol). 19~47mg/dl [R3E% & 0.92%NaCl X
O K.R.B # 1.5m 0¥ > THEENR &
D 14508 8cc OFE THEAL, REHR® LY
BELL 7. Z OBHEEEIIRAEZE L T . T
TR Rk 2S5 L TR v 1 35 3cc
DOFEETEANUFFIRS TREIRCER 3 53
DOWREHEL oM VERELREZERE
BL7. 7 19~47Tmg/dl O RFERE L - T
WL i-0n, EhPORFZEEOLE 2 —Eik
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MCTB7-2DTh 5.

B. i SEREH O X > THIEx
PRERBE I 2 % B U B VT80 - % 60mg/mify
DEEI, 38°C FRMic 20mg/dl DRFER &
¢ K.R. B frRIC & %, BHERPORE,
RER, K, Na B2 MICHIZEL 72, BB
WOHKE L LT 0.02M © 7 ¥l 0.005M
Arginine® iz 7z AR CIEBRFE O HE TR
T AEOERET - 72,

C. R3E11 Diacetyl Monoxime %:. FRERIT
Cyanideurea #. K, Na 3 Hir#$ EPV [ &l
FHEFCK > TRIZEL 72.

D. MitxBsw s 40HAL - ERR U FE
X, 1. RS EEEREEE & L T 10%Phenobal 0.3~
1.0cc BEFiEgt. 2. EEMRREEAI & L T Ethyl
Ether & A. 3. 10~40V 32y & EIER IC 1~5
MHEEEL TES Shock »BEEZH DI
WTHEIEL 7z

M. % & & %

A ZRBEVUCFERRHEERORZR

1. FERRMERALERORES

3C o K.R.BEEFREFERE VIEAT 3
& K155 07T PARR BT 13 R D W P i W i
WBITEAL 2L 725, AL W20 Hiz6.1lmg/dl
D RFEEBPEHSF, 455 C 2.6mg/dl #RL
TE% B5DBITIIFRAL ETRD bR 5.
HOBEAZEIEL CIODERET 2 L BUR
FHB U C, 1.3mg/dl 22 sk 2. 47mg/dl
DRFEE & K. RBERU 09% © NaCl %
T L e A RE60T B T I REEARICEZL
CIREENAEES N 5, ROBONNRESR
F3x 221mg/dl, 228mg/dl TE1RIZREL

2B TH 5.
2. Phenobal REIFRUEFHRHEAPOREE
102 Phenobal lcc % B Fia544£3047, 47mg/
dl ORFEE &t 09% NaCl IR L, Ho
#3047, 4547, 6043 DREPEREE R O RFEOME
W3 x 425, 44.0, 444mg/dl TH 3%, A
TiX 16.5mg/dl TIEFHHKRICAT 2EI VS
PEPRCRZOBERIZES b2 bR,
3. Urethane KEIBFORBIFEFRBZPOR
ES
10% Urethane 15cc #¥:%%, 19mg/dl @R
&L 092% NaCl iz CH#EWT 5 &, 3047,
4553, 607 CIRERIMHEKFORIE & 1T R
17.8, 18.3, 189mg/dl 7z Y 60538 CIIFEA &
BEAROFH EEL 5.
4. MF
FEME 38°C o K.R.B i THEMEL, ¥
HERORFE 2 ERET 5 L 60T ITME « R
HREPCRTFEL RS, EENEVFE
19~47mg/dl ORFE* & K. R. B &, ik
0.9% NaCl #E THEF L T b RE Y 6008 i i
ENBIE LW« { 72525, 10% Phenobal
BREEDSE, BMANORFZFRESMOBI B L T
BEZRL -,
B. AERBR U SBERPOREER
1. BERBYEEFEFOREER
a. EHE 38°C HRIEHETRT 31K
FRFEEL S HlOBETHEZBEMNC LD L
FOREINARCE2ETH 5. WREC L
# L T Phenobal FkEkE:, Ether FREMEE:, BX
Shock BEfeic AR TS 1.8~3.4% o L&
ERED 5z, ¥Eric Phenobal # T L& N
FHWTh - Tz LARERTETI26075120.006M

Table 1. The Urea concentration in perfusing fluid.

experimental\ Time (min.)

anesthetic condition Example Control 30 45 60

70 Brain Liver

groups )
Krebs-Ringer — 5 0 61 26 09 13 — —
Krebs-Ringer _

+47mg/dl Urea 4 470 443 447 462 456 221 —
0.925 NaCl _ .

+47mg/dl Urea 4 469 443 449 457 440 228 —
0.926 NaCl 1025 Phenobal lcc

+ 47mg/dl Urea Subcutaneous inj. 5 470 425 440 444 424 165 —
0.926 NaCl 10% Urethan 15cc

+19mg/dl Urea veneous inj.

6 188 178 183 189 — — 173
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neh -z, WL CHAMRBEERAN D EREZ LD L, i
b B HE e LT002M 07 Fyfk  Phenobal ik 58% OLEEEER L. RL

O 0.005M o Arginine *‘zﬁqﬂkbnx Sa% BRT 5 B0 SA L Ak Y XA Arginase ©
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Fig. 1. Urea in brain.

Table 2. Urea, Uric acid, K and Na in brain.
Urea mg/dl Uric acid r/m!

Experimental\ Time
\ s Examp.
groupe (min.) K .10 30 60 70 K 10 3 60 70

Control 5 2824 2020 2956 29.92 2996 0095 0195 0240 0.350 0.425
Phenobal 5 2804 3040 3098 3134 3L16 0068 0138 0198 0236 0276
Ether 5 2864 29.82 3050 3064 30.86 0100 0.158 0236 0.368 0.360
Electric Shock 5 2892 2074 3004 30.80 3090 0068 0122 0230 0234 0.294
Ekperimental\ Time K mg/dl Na mg/d!
groupe (mnin.) Examp.
K 10 30 6 70 K 10 30 6 70
Control 5 2103 2798 3115 3243 3440 3060 3013 3005 3288 3343
Phenobal 5 2304 2812 2950 30.80 3274 3016 3230 3118 309.0 3066
Ether 5 2280 2690 2970 3160 3370 2033 2918 3042 2962 31L6
Electric Shock 5 2345 2807 2938 3052 3252  297.2 3038 3048 2932 3054

Table 3. Urea, Uric acid, K and Na in brain (Substrat 0.02M Glucose)

. _— Urea mg/d! Uric acid r/ml
Experimental\ Time Examp. o o

groupe (min.) K 10 30 60 70 K 10 30 6 70

Control 5 27.80 2874 2934 3034 3038 1685 1785 1918 2025 2.030
Phenobal 5 2848 2090 3172 3232 3262 1648 1606 1844 1926 1976
Ether 5 2798 2940 2980 3104 3118 1684 1784 1816 1898 1.936
Electric Shock 5 2792 2056 3028 3122 3170 1640 1720 1820 1940 1.960

Experimental\ Time g K mg/dl , Na mg/dl

groupe (min.) K 10 30 60 70 K 10 30 60 70
Control 5 2188 2400 2476 2548 27.32 2924 3158 3240 3204 3290
Phenobal 5 2164 2492 2764 3164 3172 3004 2860 290.4 310.2 313.8
Ether 5 2286 2664 2870 3040 3234 3018 307.4 319.8 3155 33L6°
Electric Shock 5 2146 9558 2770 3146 29.12 2992 30L8 3094 3028 3080
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Table 4.
Urea, Uric acid, K and Na in brain (anaerobic condition)
Time (min.)
~__ Examp.

K 10 30 60 70

v253

c. ERZOSGHECRT ZMRFELE
IRKICRUE 4RITR LU=, hoHatmo
W B L CTHs P EERZRL, &K
Bt e AR MEE R L 7. B B8 A SRR
T AR R OVREASRIE DN A & KPR RE

Urea mg/dl 4
Uric acid r/ml 4
K mg/dl 4
Na mg/dl 4

35¢p

30

B 7

28.10 29.85 30.60 31.53 31.90
0.095 0.160 0.195 0.263 0.318
21.70 22.80 27.13 29.38 29.70
303.3 286.5 299.8 310.0 321.3

Arginine

CHRL TECREEEZRTOCH 5.
2. AREFFORERERORER .

a E2NARUVESRLCRLEZLD
P9 IR R © R R I B0 5
AL Al Y IERE L ARREEEE : Ol
FHRERITD OBV, WTho
SEREET % 6053421 0.005M D Arginine
BNz 2L AR CEEAREED
THEHIARETR D b . E Krebs @
Ornithine cycle DFAEDE EE 2 bh
%. .
b.. Ak 0.02M & 7 ¥ R
O 0.006M @ Arginine ##E & LT
B 2 5e, ROBEIERL 0K
E2o2XBROE6ETHS. R &
By, 1008 REREOZEN R L
ARArEDdbNE. Zhic X - TR
D X 5ic Arginase BT LVEEH
»AENHR S, C OBAR RN
PREMECEHBR LU C, Ho P EEEZR
ULTREAPBRMOSGE L & WERT
HEEHTRETHAH.

K10 30

607 K I0 30

—— Time (min.)

Fig. 2. Urea in liver.

c. 0.0053 @ Arginine %
%z, 38C28mg/dioRFE %+ &1 KRB
WICBEY 52 R CBET OV TOE

60 70

Table 5. Urea, Uric acld, K and Na in liver.

Experimental\ Time Urea ing/dl Uric acid r/ml

grou] (min.) Examp.
pe : 10 30 6 70 K 10 30 60 70
Control 5 2934 2992 3048 31.24 3990 0120 0548 1375 0.750 0.453
Phenobal 5 2966 30.18 30.78 31.60 3890  0.130 0360 1.216 0.703 0.536
Ether 5 2032 3052 3054 31.64 40.12 0110 0300 1.568 0.764 0.376
Electric Shock 5 2805 2018 2952 30.62 36.8 0110 0376 0.888 0.800 0.632

Experimental\ Time Examp K rig/ dl Na rig/ d

groupe {min.) K 10 3 60 70 K 10 30 6 70
Control 5 ' 2172 2625 27.20 2865 2913  300.0 290.8 3058 317.8 3135
Phenobal 5 2240 2620 2660 27.34 28.90 3074 299.2 307.0 3040 3250
Ether 5 2290 2740 2694 29.80 30.70  293.8 3054 2868 301.0 3016
Electric Shock 5 2246 2570 2685 2835 29,36 2940 3184 311.2 309.6 3056
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BERIIE TRICRLEEB Y THBY, RE
BRI B L CEEEZRL TES.
3. ME
PEEIHIC AT B IRREE R 2 /MET 5 & Y
R TIIRERE I I U CEARRBE AR b BfE
¥ L ® L, %z Phenobal B RV TEIHTH

5. MEBFRECR TEINRETLRONE
EELdlLz. XEEHELT002M 7 FYyHEE
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Table 6. Urea, Uric acid, K and Na in liver (Substrat 0.02M Glucose).

Experimental\ Time Examp. Urea ng/ @ Uric aiiii r/ml

groupe min.) , 0 30 60 70 K 10 3 60 70
Control 5 28.12 36.76 43.54 46.04 4694 1.635 2188 3.283 2075 2.060
Phenobal 5 © 2884 34.70 40.64 44.08 44.94 1.678 2130 3.046 4.140 3.888
Ether 5 28.72 3386 37.80 40.24 41.38 1.574 1.888 2.686 2.366 2474
Electric Shock 5 27.70 34.82 40.09 42.84 44.64 1.620 2.000 2.790 4.080 3.790

Experimental\ Time Examp K E’g/dl ) Na T,g/dl

groupe (min.) 10 30 60 70 K 10 3 6 70
Control 5 21.94 2536 24.70 25.00 26.24 295.2 292.0 289.6 2984 304.0
Phenobal 5 21.28 2470 2550 26.18 26.88 295.8 291.8 3102 3074 299.8
Ether 5 22.38 2558 26.78 28.65 29.30 308.0 310.2 3228 319.8 3054
Electric Shock 5 21.12 2480 2558 25.05 27.50 293.0 297.2 3080 292.8 304.8

Table 7.

Urea, Uric acid, K and Na in liver (anaerobic condition)
Time (min.)
~_ Examp. K 10 30 60 70

Urea mg/dl 4 28.43 34.80 39.98 42.30 42.58

Uricacid r/mi 4 0.130 0.505 1.198 3.528 4.190

K mg/dl 4 21.18 25.13 26.05 27.45 28.63

Na mg/dl 4 303.8 318.7 313.8 309.5 329.5

.58

“.Liver

%

10b Liver

0.5k Brain

Brain

Fig. 3. Uric acid in brain and liver, .

Fig. 4. Uric acid in brain and liver,
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Summary

Immersing the brain- and liver slices of albino rats, urea, uric acid, potassium and
sodium in the medium were measured in order to verify the correlation between the
quantitative changes of these substances and sleeping or anesthetic states of animals.

Results obtained : .

1) By sleeping or anesthetized brains, the value of urea was higher and the value
of uric acid was lower than those of control animals. .

2) The value of potassium shows a tendency to increase with time and goes parallel
to that of urea. '

3) As to sodium, the measured values are very labil and shows no definite significance.

4) By the liver slices of sleeping or anesthetized animals, the value of urea is lower
than that of control animals, while the value of uric acid increases with time constantly
in anaerobic condition and decreases later again in aerobic condition.

5) Transfusing brain and liver of rabit with Krebs-Ringer-solution, containing 17-47
mg/dl. urea, the urea concentration of the outflowing fluid becomes almost equal to that
of infused fluid after 60 minutes.

From these experimental results, the positive correlation between the sleep-awakeness
phenomena and the quantitative changes of urea, uric acid, and potassium in brain was
suggested. Moreover the productive process of these substances and the quantitative
relationships between urea and uric acid with reference to the sleeping and anesthetic
states were discussed. i

(Physiological Department, School of Medicine, Toho University)
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Fig. 1. i
Lung Automatism. Tracing of intrapulmonary pressure. Time : 30 sec.
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Form Changes of the Coitraction Waves. The time
interval between two curves is ca. 90 min. A short
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change of 10 mmHz0. Time:30 sec.
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Fig. 4.
Various Types of Lung Automatism Appeared in
a Lung. Between each curves there are ca. 90 min.
intervals. The position of each curves has no bearing
on the absolute pressure value. A short vertical line
" indicates a pressure change of 10 mmH:O. Time :
30 sec.

Fig. 5. .
Transitional Change of the Lung Automatism by
Artificial Lung Inflation. Arrow indicates the lung
inflation. Time :1 min.
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AU 7= B ATIRLHE O B MO IR & D & The Effect of Acetylcholine Pourmg on the Lung Surface

JiligRH 0 BAMBED U R & kg &
FEEhLEBELRV. PO
i BAUIBGEIC 5 [igE
OEMEERET S L0 TH
59,

iz & Dy eE, Ao
SRR T B 0%, O
& & LI LI o BES S
aha. k7, iE" 5
KSR o ST I Y
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The Effect of Adrenaline Pouring on the Lung Surface upon the Lung
Automatism. Time : 30 sec.
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Fig. 12.
The Effect of Nicotine on the Lung Automatism. Signals N show the
pouring nicotine-Ringer—solution on the lung surface. Signals R show the
pouring Ringer-solution. Time 30 sec.

Fig. 13.
The Automatism of the Lung after 50 min. Immersion in the 1073
.nicotine-Ringer-solution. Time:30 sec.

-

Basl part
Apical part |

Fig. 14.
The Lung Automatism and the Ligation of the Lung on its Mid-Portion.
Arrow with tail indicates the ligation, and arrows without tail the pouring
Ringer-solution on the Lung. Time:1 min.
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The Effect of the Electrical Stimulation of the Vagus
(Bar V) and the Sympathetic Nerves (Bar S). Time:

1 min.
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Summary

The lung of the amphibia and of the reptilia often exhibits various types of automatic
" rhythmic contractions in vitro or in vivo. The author investigated this lung automatism
in the isolated lung of Japanese toads by means of intrapulmonary pressure recording.

The lung automatism often appears in summer, but rarely in winter. However,
warming of the lung may cause the automatism. in the winter lung, too.

The automatism developed during first 15 to 60 minutes or more following isolation
of the lung, lasting several hours, occasionally more then 24 hours. ,

Of the amplitude of the pressure change with the rhythmic contraction the highest
value of 6 to 8 mmH.O was demonstrated at the intrapulmonary pressure of about 20
mmH:0. At either higher or lower intrapulmonary pressure, value of the amplitude was
smaller. Frequency of the contraction showed about 12 per hour at the intrapulmonary '
pressure of about 20 mmH;O while it increased as the pressure rised. ‘

The apex of the lung seemed to be a predominant part to the lung automatism.
Commonly more persistent and more active automatism was observed in apex part of
the lung. : A

Adrenaline caused generally a fall in muscular tonus of the lung, while acetylcholine
always caused a rise in it. The automatic contraction was depressed by both the drugs.
But, the application of acetylcholine on the lung in a continuous tonic state, sometimes
caused some rhythmic after-contraction, which never proceeded to the continuous lung
automatism.

The parasitic worm in the toad's lung did not play a significant rdle in the
development of the automatism,

Nicotine could not inhibit the automatism. The cause of the automatism might lie in
the pulmonary muscular tissue itself. To clarify this problem, a hypothesis of the balance
disturbance of acetylcholine formation and destruction in the muscular tissue was discussed.

A question was presented, that the lung automatism would have been. due to an
abnormal muscular activity, which appeared in some kind-of abnormal conditions, and
did not exist in the physiological. As the abnormal condition, disturbance of the pulmonary
circulation and hypoxia of the pulmonary muscles may be considered.

It was suggested that the pulmonary muscles were innervated by the parasympathetic
motor and the sympathetic inhibitory fibres through the vago-sympathetic nerve. However,
to clarify this problem, further experiments are required. '

(Depar¢ment of Phystology, Niigata University School of Medicine) -
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Effects of Inhalation of Low Oxygen Air and Those of Mixing
Carbon Dioxide to Human Spinal Reflex.
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Summary

By the suitable stimulation of N. tibialis in human beings, two typés of electromyogram,
i. e. M- and H-wave after Magladery'® et al., can be obteined from M. gastrocnemius
with the surface electrodes.

The author has examined the effects of the inhalation of low oxygen air and those
of mixing 6% CO. to M- and H-wave of three normal persons.

1) The amplitude of H~wave is scarcely or slightly depressed as long as the inspired
oxygen concentration decreases to 132, but when it is less than 13%, the amplitudes are
increased as the inspired oxygen concentration decreases. (13% O: in the inspired air
corresponds ca. 55 mmHg of alveolar O. tension 1 at. pressure).

2) When the concentration of O, in the inspired air is between 21~6%, same figures
of M-wave are obtained.

3) The effects of adding CO. to the inhaled low O, air as following : i. e., when the
alveolar O, tension is less than 40 mmHg, the amplitude of H-wave were increased. On
the contrary, when the former is more than 40 mmHg the latter is depressed. As stated
before low O (30~40 mmlg) inhalation augments the amplitude of H-weve, but in CO,
adding cases it is smaller than the low O only. ,

‘From the experimental data mentioned above, the author concluded that the functional
level controling the human spinal reflex is intimately related with that concerning
respiratory and circulatory regulation. V

(Institute of Industrial Medicine, Yamaguchi Medical School, Ube, Japan)
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Effects of the Temperature on the Action Potential of Single
Myelinated Nerve Fibres.
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Fig. 1.

A. Equivalent circuit of isolated nerve fiber. Ny, N2 nodes of Ranvier:N, nerve
fibre bundle ; Ro, external resistance between the nodes ; Ry, internal resistance of the
axis—cylinder between the nodes (Nj and Na).

B. Experimental arrangement. Ei, E., Ag-AgCl electrodes ; Es E4 platinum
electrodes ; Amp, pre-amplifier ; C, variable condensor (0-3 pf).

C. Calibration of the fidelity of the spike. a, rectangular pulse with low input
resistance. b, rectangular pulse compensated by the negative capacity when shunted
with 100 M® between the grid and the ground of the pre-amplifidr. ¢, d, regulated
pulse and action potential when a single nerve fibre was set on. Temperature 12.5°C.
It should be noticed that the amplitude of the spike is not so high as expected, being
probably due to a high humidity of the room.
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Experimental arangement. C, stopcock ; B, irrigation
bath ; E, G, Ringer pools ; Th., thermister.
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Fig. 3.

A § e

Changes of the wave form of the spike due to temperature changes. At each temperature the square
pulse was applied to the input to know about the change of the impedance. A, 12°C;B, 5.6°C;C, 4°C;
D, 8C;E, 11°C;F, 13°C;G, 18C; H, 20°C;1, 17°C. Room temperature 10°C, '
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Fig. 4.
Effect of low temperature on a toad Slngle nerve fibre. In this instance, the distance from the exposed node
under investigation to pool edge was relatively long. The temperature was gradually lowered from 15° to
5.5°C (A-E), and progressively raised to 17°C (E-L). Room temperature 17°C. A, 15C;B, 13C C, 10°C;
D, 65C;E, 55C;F, 65C;G, 95C;H, 14C;I, 16°C;J, 165C; K, 17C; L, 17.5C.
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Fig. 5.

. Effect of low temperature on a toad single nerve fibre. In this instance, the distance from the exposed
node under investigation to pool edge was relatively short. The temperature was gradually lowered from
13’ to 4°C (A-D) and raised to 20°C (D-K) in 30 minutes. A, 12.8°C;B, 10.2°C;C, 8.0°C; D, 4.6°C; E, 3.4°C:
F, 7.7C; G, 11I'C; H, 135C;], 16.3°C;J, 184°C; K 20°C. Room temperature 12.5°C.
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Fig. 6.
The measurement of the external resistance of the miyelin sheath and its equivalent circuit. From upper
to bottom, recordings are action potentials obtained by shunting the input with e, 100M2, 50M&2, 10M2,
resistors respectively. A, 13.5°C;B, 9°C;C, 12°C. Room temperature 13°C.
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Table 1.
Effect of temperature on duration and amplitude of
ook . o' the spike.
R.T.13C 3 Experi- légg:e_ Tempe- Durat‘ion (msec) Aﬂgé:'
2  ment r:(:}ge r?g:éu)-e total ;;:;:g f;%i;-gg %)
8 6/11 12.5 12.8 2.3 0.7 1.5 100
8.2 5.0 0.8 4.1 91
4.6 6.5 1.3 4.7 83
3 3o 9.5 1.6 749 66
10.8 2.7 0.7 1.9 82
13.3 1.7 0.6 1.2 86
s 16.3 14 0.5 0.9 113
20.0 1.3 0.4 0.9 119 -
22.5 1.2 0l 0.7 116
30/XII 15.0  14.5 2.3 0.5 1.8 100
10.2 5.1 1.1 4.0 67
6.7 8.2 1.3 6.9 56
5.6 9.5 1.5 8.0 48
3 - i T —— 5 20°C 13.8 1.9 0.5 1. 96
Fig. 7. ) 16.0 1.8 o4 1.4 119
Effect of temperature on total duration (full circles) 3/ 13.0  15.0 2.3 05 1.8 100
rising phase (squares), falling phase (hollow circles) 9.0 6.3 0.9 5 9k
and amplitude of the action potential (x ). 4.6 10,0 1.7 - 8.3 80
14.5 1.7 0.5 1.2 95
e, %6 REto%fE 18.2 1.3 0.l 0.9 110
BROEBE TH 528, SR 21.6 1.2 0.3 0.9 11
oo, 100ML, 50ML, 10M&L 2%.5 1.0 0.2 0.8 109
TEEL 24 D0EEOIRMO '
WA HE B & BEVE O TWRATHL O TR Table 2. . .
SR e, BEVEOERE K Effect of temperature on duration of the action potential.
ShE% 27z, i & .
@E.l.ﬁitv@—ky) Shn. Hb Experi- tgrE;e- Tempe- Duration (msec) Qp (5 ~157C)
g > . y ment ratu t isi fall
? ' (563° TEC)T  votal [RRCEE hiteed total rlslne falllne
1. jol A} L/11 10 %.0 8.0 1.3 6.7
q=14— "~ .
R(p+Ro) 1.5 1. o4 1.0 7 32 e
U, q: BEMESR BAL 11 1 35 sk 13 g0
15 E L AR DB O O ook e
] 3171 13 4.5 10.0 1.7 8.3
BYEMOIRT O, p: BIZEOH o~ 2 o5  1a Ht 3 we
¥ R:EREMEBAEH. Rk 6/11  12.5 3.4 9.5 1.6 7.9 .
1o % BEHH O VL. . 133 17 o6 1.2 0 6 6k
B0 X VRS LRI 0 5 56 95 15 80 ss b
i . . . 7
BV E Y, A (135C) Wes 23 05 18 '
. o 1/1 9 3.5 10.8 1.5 .
% 150MQ, B (9°C) #580M2, D s a9 s
12.0 . 2.3 0.6 1.7

C (12°C) 9 130MQ L i{REET

X VR T ARBRHITRT ~ A/{7~ B20% OB AR LD bz, F, Laget 78
ROBE OB S FEEL TRy, BREY HEL L, Wb LIREOBRICRVT
5°C BwH L =R REERMICE L, BR70%, FEM I hystérésis thermique 234 b iz (88
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Fig. 8.
Spikes in low temperature range. Notch (indicated by arrow) on the falling phase of the spike may be
recognized in the low temperature range (2.6°C to 9.7°C). A, 85°C;B, 9.7°C;C, 6.3°C:D, 56C:E, 3.6C;

F, 13.3°C; G, 2.6°C. Room temperature 7°C.
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Fig. 9.
Increase of negative after—potential by temperature
rise. Temperature 15C°. Room temperature 7°C.
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Fig. 10.
Comparison of the spike. Note that the negative after—
potential increases with rise of temperature in the
higher temperature range (from 8C to 20°C).
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Temperature effect on the after—potential (full
circles) of the spike (hollow circles).
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. Summary

In observations made on effect of temperature on the action potential of the single
nerve fibre of winter toad, it was found that;

1. The action potential of singel myelinated nerve fibre was recorded by the new
method reported by I. Tasaki and K. Frank using “negative capacity” type preamplifier.

The amplitude of the action potential reached approximately the theoretical value
(120mV).

2. When raising temperature, especially from lower temperature rapidly, initially
effect on duration, later on amplitude of the potential became prominent.

3. The resistance of the myelin sheath was reduced remarkably at lower temperature.
The rate of reduction of amplitude at 5°C showed 20% to 70% compared with the
amplitude at room temperature. ' ‘ ~

4. Within the range from 15° to 5°C, Qo of tatal duration of the spike was 4.2 to
5.7, rising phase 2.6 to 3.4, falling phase 4.4 to 6.7, the mean values were 5.0, 3.1, 55
respectively. ,

5. Notch was recognized on the falling phase of the potential at lower temperature,
but vanished at higher temperature.

6. Negative after-potential became recognizable at higher temperature (Ca. above
10°C), and increased with rise of temperature to 22°C but, was hardly recognizable at
lower temperature range.

The after-potential was thermolabile and reversibly abolished by cooling.
(Dedartment of Physiology, Niigata University School of Medicire)
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 Plateau Formation of the Action Current. by Divalent Metallic
Ions in Single Myelinated Nerve Fibres.

T % K

il

[. #

AR OEEIER S 5 1T IFEEME
Plateau R OBFER CIZEOBEIC X -T2
SO TTFES. .

EEROGEOEEEMS Plateau #4/8- TR
2, Weidmann® iz X - TEHELLALBARD
iz 3, RaBEEHOEBIC X - TEEWE
I BT 4 Plateau AR & 581, &k
M%&) 3B CE%. Plateau RO DT,
EENE AT % Hodgkin® ©Na-2
BCLEEOH LHETD 5.

ek, BB 12, Plateau BB %, hbd
OEFOBANBA & BT 2, WHER
EoRgEe oBErLHB T 5 EBHL TR
fz. %LU OO Plateau i3 2 7 3 HUHIH

RF-&, HRWERIEOT M) Plateau HEUR

FHRE—TH VB BB RMAT . Th
BRI b BN L ERODHZ LT
b5, BHEHITZ OFEBBCE > T, HEIM
SBEA Vi » T, HEEWREREDEEIER
O Plateau XRS5 Z L CEEVT, O E
e 5 LRA T

I.® & 5 &

BEoA MR Y Y, BRI
¥HE- T, BRU L. FEERE, HEOHEHE
EBELEREED®) [t k> THBUE, BrammEEFH -
TEBRL Tz

VERvR oS, »OBAER, YHMEOH
BRI THAMLEBE T Ldhv.

* WRERARAEREZEHE

(FRF0334E 9 A29H %)

7l

(Sasax1i-Toshi) *

[. % & W ##

1. EEBREO 2 2OBICHWVT

EX OB MESREO BB, STHEA
ZARCERT 2 BHREOECSOTH 5.
A, OFOFBEIBMORER, EEORE
Ry, HRRlofmy CRWEERERREE T
5. FIRO XY, OHOBEEMZ, 34
IV -TWwT, £h#h 1. initial spike,
2. plateau, 3. shoulderd Ay b TV 5.
TRHRARME O TR EVEDE I R EVEN & O OIS

BB : omBOo bR, 1) EEEEoE
4, 2) plateau O V4L, 3) shoulder
HETH 5.

2 Zfi&BEA A0 plateau FNEECHE
WwT ’

Fig. 1.
1-The action potential of a single myelinated nerve
fibre of a Japanese toad (RT. 17°C), Time- 1.0 msec.
2-The action potential of cardiac muscle fibre of
a frog recorded with internal microelectrode (RT.
22°C) ; 1-initial spike ; 2-plateau ; 3-shoulder. Time~
100 msec. i
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Fig. 2.
The action of p-chloromercuribenzoic- acid on a
single myelinated nerve fibre of a toad (RT 19°C).
1-control in Ringer solution, 2, 3, and 4-the effect
of PCMB 1076, 107 and 107* mole/! respectively.
5-time 1.0 msec. '
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Fig."3.- _
The effect-concentration curve of ZnCls (RT. 15°C).
Ordinate-spike height as expressed in the percentage
of the normal value (the left hand) ; Rheobase in
mv and the duration of action current in msec.
(the right hand). abscissa-the concentration of the
chemical in. mole/l. O-spike height, I-rheobase,
A-the duration of action current.
In all the following graphs, the coordinates and
symbols are the same as in Fig. 3.
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The effect—conoentratlon curve of CuCle (RT. 21°C).
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Fig. 5.

The effect—concentration curve of Ni ion on a single
nerve fibre of a toad (RT. 20°C).
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A, The effect-concentration curve of MnCls (RT. 20°C).
B, The effect-concentration curve of FeCls (RT. 20°C).
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The effect-concentration curve of cysteine~HCl
(RT. 17°C).
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Fig. 8.

The cysteine-recovery in Ni or Co treated nerve
fibres. The left hand column-Ni-treated nerve fibre,
the right hand column-Co-treated nerve fibre. 1-
control in Ringer, 2-after the administration of
NiClz or CoClz (107¢ mole/l), 3-after the washing
with fresh Ringer, 4-after the addition of cysteine
hydrochloride (1073 mole/!), 5-time 1.0 msec.
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The effect of various metallic ions and some oxidizing

agents on tne duration of action current.
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Fig. 10
The plateau—formmg actions of hydrogen peroxide, -
phenylmercuric acetate and cadmium chloride and
their cysteine recovery.
The concentration of cysteine was 1073 mole/! in
all the experiments. The experiments were perfor-
med in the room temperature.
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Fig. 11.

The time courses in the plateau formation by hydrogen peroxide and cobalt chloride. The left hand figure—
hydrogen peroxide-treated nerve fibre, the right hand figure-cobalt chloride-treated nerve fibre.
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The competitive inhibition by PCMB upon the

plateauforming action of CoCls.

The left hand column : l-control, 2-after the
administration of CoClz 10™* mole/! and PCMB
107* mole/! (the final concentration), 3-after the
washing with fresh Ringer, 4-after the washing
by cysteine 1073 mole/! and then by fresh Ringer
again, 5, 6-after the administration of CoCle 1074
mole/! alone, 7-1.0 msec (RT. 21°C).

Theright column : 1-control, 2, 3 and 4-respectively
6, 13 and 19 min after the application of 1073 mole/!
CoClp, 5-after cysteine addition and washing by
fresh Ringer, 6, and 7-6 and 15 min after the
application of 1073 mole/! CoClz and 107¢ mole/!
PCMB, 8-1.0 msec. (RT. 20°C). :
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The inhibitory action of PCMB on Ni ion plateau
formation.
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Summary

The plateau-formation in the action current by divalent metallic ions was observed,
using single nerve fibre preparations of Japanese toads. The results were as follows.

1. All the metallic ions capable of the plateau formation belonged to the transition
elements.

2. In the activity of plateau formation nickel ion was the strongest, and cobalt ion
next to nickel. _

3. In one and the same preparations, the activity of each ion was compared and
the result was as follows : Fe, Cu, Zn, Cd : Co: Ni=0.1-0.2:1.0:3.5.

4. Some oxidizing agents such as p-quinone or H;O: showed likewise plateau
formation. : : ,
5. By the addition of cystein (10 * mol/l), the plateau formed by metallic ions
disappeared completely.

In the case of exidizing agents the cysteine recovery was observable, although only
. slightly when high concentrations of oxidizuig agents used.

6. p-Chloromercuribenzoic acid itself had not plateau forming action, but 1nh1b1ted
competively the activity of the metallic ions..

(Department of Physiology, Tokyo Medical College)
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Plateau Formation of the Action Current by Divalent Metallic Ions
in Single Myelinated Nerve Fibres.
I. Plateau Formaing Activities of the Transition Element Series.
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Plateau formaing activities of the transition element

series.
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Fig. 2.
The effect-concentration curve of .cobalt ion. The
experiments were performed in room temperature.
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Fig. 3.
The effect-concentration curves of cobalt and -
cadmium ion in a single Ranvier’s node. (RT. 18°C).
At Ist, the curve of cobalt ion was observed, and
then cadmium.ion was applied, after the recovery
by cysteine,
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plateau kit PmS-Me-SPm OREEZE I 2) Hughes, W. L. Jr. (1950) Cold Spring Harbor
ST 2L 0:EVES. FFLEL, £&8ERN Symposia on Quantitative biology, XN, 79
Summary

Using single nerve fibre preparations of toads, the following observations were
performed.
1. In the activity of plateau formation, nickel was at the peak among the transition
element series.
2. In the activity-concentration curve of metallic ions, the optimal- concentration
was observed, usually in 1072 mol/l.
(Department of Physiology, Tokyo Medical College)
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The Effects of Sodium, Potassium, Narcotics and Acetylcholine on the Plateau
of Action Current in Co-treated Single Myelinated Nerve Fibres.
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Effect of replacing Na by Li on the action current
and rheobase of a Co'*-treated nerve fibre.

The plateau was formed with CoClz (10 3mole/I).
(O-spike height. A-duration of the action current.
=-rheobase. x-shoulder height. Spike heights and
shoulder heights were indicated as the percentage of
the spike height of the fibre before the replacement
of Na with Li. ’
In all the following figures the symbols used were
the same as in this figure, if otherwise described.
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Relation between sodium concentration of external
solution and action current of a Co**—treated nerve
fibre. NaCl was replaced by sucrose. Abscissa :
sodium concentration on logarithmic scale expressed
as the percentage of the sodium conc. in Ringer,
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The effect of sodium ion concentration of the
medium in the duration of the action current of
a Co-treated nerve fibre.

/\-total duration of action current expressed as the
percentage of that in the normal con. of NaCl.
x~the duration increased by Co ion.
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Relation between sodium concentration in external
solution and action potential of a Co-treated nerve
fibre. Abscissa : Sodium concentration on logarithmic
scale. Ordinate : Spike height and duration of
action potential.
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Fig. 5.
Relation of sodium concentration in external solu-
tion and action current of Co-treated nerve fibres.
Abscissa : Sodium concentration on logarithmic scale
(dotted line shows the concentration in Ringer's
fluid). Ordinate : Spike height and duration of
action current.
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Relation between potassium concentration in external
solution and action current of Co-treated nerve
fibre (RT. 19.0°C).

Abscissa : Potassium concentration on logarithmic scale.
Ordinate : Spike height and duration of action current,
and rheobasic voltage.
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The effect of hight potassium on action current of a.
Co-treated nerve fibre (RT. 22.0#0).
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The antagonism between the action of urethane and
that of -Co ion on a nerve fibre (RT. 20.0°C).

Arows indicate the replacement of Ringer with test
solution. Percentages mean the urethane concentration.
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The curtailment of plateau without change in spike height by urethane
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The effect of cocaine on the plateau of a Co**
treated fibre. (RT. 23.0°C).
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The effect of ACh on the plateau of a Co* *-treated
fibre (RT. 20.0°C).
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Summary

In single myelinated nerve fibres under the action of Co ion, there was observed

evident plateau formation of the action current or action potential. The author investigated

the effects of various ions, narcotics and acetylcholine on this plateau formation by Co ion.

1. Complete replacement of sodium ion with Li ion caused hardly change in the

plateau.

2. Replacement of sodium ion with choline or sucrose curtailed the plateau as the

concentration of sodium decreased.

3. Increase in the sodium concentration of the medium prolonged the plateau.
4. The change in the potassium concentration did not affect the plateau, but if -
increase of potassium caused depolarization of the membrane, the plateau was curtailed.

5. Narcotics, such as urethane or cocaine curtailed the plateau.

6. Acetylcholine affected only slightly the plateau.

(Department of Physiology, Tokyo Medical College)
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GABA X W FrEZfE 5 Tise.
B, AHOREYBIELE L0 TIE
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2. BERRESICHT 5Chlorpromazmea
GABA DR

Fig. 1.
The action of GABA on the knee jerk, blood pressure and respiration
of a rabbit (2.0kg). The knee jerk was elicited by Johnson's hammer

kb bbhi.
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o FH T BEEERREEHT ik
WL 72, Z oflTi, * 0,
Hic GABA #BMMULZH LD
PLEOWBERAEDBRIED
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Ffic, CP o¥flfeHE, GABA
ORFEM R, HRNTH
PEN, BHTH k.

Wil & B CP Tl b ¥
VERREALEIST TR

every 6 sec. GABA was injected intravenously. 2, GABA X BN o HP4
Table 1. ¥, CP orzwic Bz Edx
Effect of GABA on the knee jerk of intact rabbits under urethane T 5,
anesthesia. MR CP THBRIET &7
Exp. No By Tho angunt of 1n. i3 A L%, GABA ##57T5&
. . " o F— EhicEEOERTERL L.
‘ . ) ] ] ] 253, CP & GABA o
. - . . FHifE i 0 BB EH OBAR T
5. :
¢ e il : mRED 4 T b, CP &
moe e = ® GABA ORBSHCHN T 235
v 1 e " ez, Vv YRR OSE
e " 200 -20 " LEEEETH - .
a2 2 -40 3. BEESICHT 5GABA
b d 400 -50 0%{}5

YV VB FOFRRICGABA
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05mg/kg Pk % #IRIES T
5 &, BB SHECERL
7. GABA OuE§TE 28T
Bk, FEEHEERIERPEMEL
{e RIS R L 7.

GABA & /NRIFEBERE N IC
ALTH, BHEERERLZ.
GABA o R#FS#EAERIZ,
HIRNESF 0 BE L Y NES
DFEBBRINCFEILL 7=.

# 3 Mz GABA 0EHRS
T Ao, ARG
WESF 0SS, AR EIRNE
HoBae Th 5. EEHE
0.8mg/kg (2%, 0.lcc), #IRA
EHNE dmg/kg (19, 1.0cc) @
GABA ##5L7:.

GABA otmEShc X b,
MR v 3R 2 3Pl 0 B 3 FR® &
i, MR O ER I E L e
Tws., MECEKTLFENHT,

Fxg 2.

The Chlorpromazine-GABA antagonism on the knee Jerk A. rabbit
(1.8kg) under urethane-anesthesia. The knee jerk was elicited every
5 sec. B. rabbit (2.5kg) under urethane-anesthesia. The knee Jerk
was elicited every 1.6 seconds.

Table 2.

The antagonistic actions between chlorpromazine and GABA on the

I s I11 v v Vi viI

2.5 2,2 2.5 2.6 1.8 2.0 2.6

BoBRME- T3, ZhiE, knee jerk.
FGREHOEEC 6T RED

ENBEATHB. —FRBRK
S 20 o biRL, coiy Sl

with "

K330 b #E v 7. GABA

C.P ((mg, 1,v )

0.5 1.0 2.0 5.0 8.0 4.0 5.0

B,.P ( mmHg )

-20 =30 .15 30 35 40 .20

dmg/kg OWETIE, FERIEZ—

Enee jerk % of the-height contraction

iﬁ‘ﬁ@ﬂﬁﬁiﬂfﬁ%lm iz ,ﬁ;@ L, iR Value Before the injection. T 30 30 50 24 55 ‘ 3
; -9 = - I GABA ( mg, 1,v ) 20 20 100 100 10 20 20 100
EoZPERMET S AR ED T B.P (g ) 20 20 0 -3 -0 10 .20 -

. —HEBRHERED

Knee jerk % of the height contraction

Value before the 1injection 60 67 87 100 66 100 0 100

Ldkl, 185l -z, {E

Duration ( min.)

45 50 30 37 20 x 0 )

RE303miciERL T, GABA

Recovery of reflex by GABA 16 37 47 50 42 45 o 97

BEHOMICIREL 2. fERE

5, BRAES, wThoBEacd, BEHRS
O GABA 2 X5l 1HIL D bl -
o BIRAES OB, MEETEROWERE
b, FEHERERRE R Ty 3B RERT
REHBECTHB.

$3EE, BHERHCRET 2 GAGA oM
EBELULEERMOBE T 3. Z0oBOER

FETl, BROBERIETED VR, &

IRAEF O 85& T, 308, HERES 205
WHOEEFRL T 5. GABA ofEfRER
BRICE » TR Y OEHERD - T, THHK
T 10mg W PCHE 24EM, fREN T
2~3mg DEATELN TV AECEbh 5.

LHIRNER 054, 4~8mg/kg TRE OB
RIZFERICD L R VEFIT 2 HFB R 5

L UPE Rz B & I ZER L T L 3.
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Fig. N
The action of GABA on the flexor reflex. A. rabbit (2.5kg) under
urethane anesthesia. 2.0 mg of GABA were injected intracisternally.
The flexor reflex was elicited every 3sec. B. rabbit (2.6kg) under
urethane anesthesia 10 mg of GABA were injected intravenously. The

3.

flexor reflex was elicited every 3 sec.

Table 3.
Action of GABA on flexor reflex in rabbits under urethane anesthesia.
Exp.¥o B.W GABA Latency The rate of Duration Remark
. (Kg)  (mg, 1,7) (sec.) inci'%r)nent (min.)
1 2.0 1.0 22 123 10
i1 2.3 5.0 20 - - 144 20 ,gégin;':zered
IIY 2.0 5.0 0 152 22 lntraver'x‘ously
w 2.4 10 36 139 13
v 2.5 10 20 140 35
vI 2.6 10 24 180 34
viI 2.2 10 32 190 0
IIX 2.4 20 3 159 40
X 2.5 20 27 160 45
X 2.5 50 25 190 87
XI 2.5 1.0 18 180 20 GABA was
2,0 20 200 0 administered
3.0 15 230 34 intracisternally
Table 4.
The rate of increment and decrement of the Anterior tibial Flexor
reflex by CP. )
Exp No BW Anesthesia CP / Total Latency Flexor reflex ’
(Kg) doses  (sec.) % of the neight of
(mg) (1.v) contraction ‘response
I 2.5 with 1.0 / % 39 180 / 37
II. 2.2 " 3.0 / 25 50 141 / 23
II1I 2.4 [ 5.0 / 25 15 142 / 45
v 2.5 " 5.0 / 25 78 156 / 12
v 2.5 n 5.0 / %0 27 154 / 38
vi 2,6  without 5.0 / 20 54 144 / 24
vII 2.5 " 5.0 / 25 37 157 / 86
1IX 2.0 " 7.5 / 28 45 154 / 41
IX 2.4 n 10.0 / 10 24 90 / 90
P 2.4 " 10,0 / 25 45 144 / 93

4. BRI 3 Y % Chlor-
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CP 1.0mg o # IR ryiEst
kT, TV VEREYTFOR
RoEHER, TFHCERL
7z. BEL, CP oEFEE2EL
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BEIZL - T, BHOBGERED
FRMERET . chl
KD BN BBLKT, CP ofF



Ao loolE#<chs. GABA ici3HRiEl
ST AEAERED bR, 8, BHFORGE
SRR, BIRNES T, BRECSE
iz, CP OFBLDHRCEETH 55, GABA
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Fig. 4.
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S VRRBET CHOBE & GIT L, B
B dets, GABA 10mg R
CP 3.0mg ##IRMEHNL, &
BT A EEHE L
o s.

BitRLU - 5EHci, vvs
REET T, ALROBEE Iz
72, 10mg GABA, 3.0mgCP
BiE LTz

b, FEHEh

The actions of CP and GABA on the flexor reflex of a rabbit under

urethane anesthesia. Rabbit (2.4kg). The flexor reflex was elicited

every 3 sec.

Fig. 5.
CP-GABA antagonism on the flexor reflex in a rabbit under pheno-
barbital anesthesia. Rabbit (2.5kg). 25mg of CP were injected. The
flexor reflex was depressed to 45%. 50mg of GABA incréased this
reflex to 852 of the height contraction value. In this experiment, a
small amount of CP (5.0mg) was injected under non-anesthesia and
the effect on the flexor reflex was observed at first.

CicmRL <z, AL
- 04T, GABA 50mg, RO
CP 30mg @ BE#H ST 3
EREHELE. CTFhoSe
b, GABA, CP oREfR i
NT 2 HBILBH D bRR
' .%@%dﬁ%@@%ﬁ%k
ST B RN, FEERS R
AT 2EEERC L0 Th
CEERL TV 3. /
CP OMERESHCHT 540
Ve G, TR PR EEME
HizksbochvEsr, B
OFETHEP D=,
B. ARKRERR
T RIRBGEEEE o I, %
CEHARMEESEO MR E T
572t b, GABA, CP z#
£33 &, intact OBAFRE,
BHRSEOBABRD bhis.
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C. k&R (Basal ganglia) DZIk
RWEEEHIRL = 8, RO & X Y
I~2mm MU IR 5 TUIT & A, KEFEEER
EHIERL 72, PTBBARKRICHRTIE, GABA®

Fig. 6. :
The actions of CP and GABA on the flexor reflex after the transection
of the spinal cord. The spinal cord was transected between 9th and
10th thoracic cord. A, C were performed under non-anesthesia and B
under urethane anesthesia. Each experiment was performed on different
rabbits.

Fig. 7. i
The action of CP on the knee jerk after the spinal transection. A:
rabbit (2.5kg) without anesthesia. The spinal section was performed
between 9th and 10th thoracic cord. B:rabbit (2.0kg) under urethane
anesthesia. The spinal section was done at the same level. The flexor
reflex was elicited every 3 sec. in both experiments.

: Table 5.

Influence of the.cerebral cortex and basal ganglia on the facilitatory
action of GABA on flexor reflex in a rabbits (2.8kg). under urethane
anesthesia.

Eliminated region GABA Latency Duration The maximal increase
(mg, 1,v) (sec.) (min.) [¢:4]

Bilateral motor

areas 10 24 9.0 160

Basal ganglia 10 6.0 25 200
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Fig. 8.°

The site of action of GABA on the flexor reflex. Rabbit ( 27kg) under
urethane anesthesia. A :The action of GABA after the ablation of the

cortex. B, C:The actions of GABA and CP in the mesocephahc

WL T
ORI, EBROEH O
GABA iz X 5 R SRR

upper colliculi.

rabbit. The brain stem was transected at the level just rostral to the
D:The action of GABA after the ablation of the )
cerebellum. Artificial respiration was started at once after the cerebellar -

N ablation.
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9) GABA ofERBMCEVT, ETOE
EER A

AERTRRITICY - T, KRR ZBEDL Y, &
BB EATHRBOSEBD - 1=, BFAKER
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Summary

In rabbits under anesthesia, the actions of GABA and CP on somatic reflexes were

investigated.

1. GABA did not produce any change in the knee jerk, but CP (in the amount of
more than 0.5 mg/kg) caused pronounced inhibition on it. GABA antagonized the action

of CP.

2. GABA facilitated the flexor reflex at the dose of 0.5 mg/kg. Following the
administration of larger amount of GABA, more remarkable and longer lasting facilitation

was observed.

3. CP showed both facilitation and inhibition on the flexor reflex. Thé¢ inhibition

became rather apparent in larger amount.

4. GABA and CP caused respectively fall of blood pressure. But, some occlusion

between them was observed.

5. The actions of GABA and CP on the somatic reflex were not observed in the

spinal animals.

6. An intracisternal injection of 0.8 mg/kg GABA increased the flexor reflex by

two-fold larger as the initial value.

7. The facilitatory actions of GABA and CP on the flexor reﬂeﬁc were observable

in the mesencephalic animals.

8. The mechanism of the action of GABA on the somatic reflex was discussed,
(Department of Physiology, Tokyo Medical College)
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Mechanism of Action of Lobeline on Spleen Volume and Blood Pressure in Dogs.
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(Cuisa-Masako « Yamazaki-Toshihito « Nocucar-Humio) *
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Fig. 1.

Action of lobeline after denervation of carotid
sinuses. Dog, 14kg., urethane anaesthesia. Both
carotid sinuses denervated. Cervical vagi intact.
Records from above downwards are : Resp. = respi-
ration ; S. V. =spleen volume; B. P. =blood pressure
(mmHg); S.=signal of injection; T.=time, 6 secs.
At the singal an intravenous injection of 1.0 mg
lobeline was made. Note immediate action of lobeline
on both spleen volume and blood pressure, but
no effect on respiration. i

Fig. 2.
Action of lobeline after section of both carotid
. sinus and cervical vagosympathetic nerves. Dog,
10.7kg., urethane anaesthesia ; artifical respiration.
Both carotid sinus nerves and cervical vagi cut.
At the signal inject 0.6mg lobeline intravenously.
Note that the immediate action of lobeline on both
blood pressure and spleen volume was still retained.
In this and the following figures, records denote
the same as in Fig. 1.
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. . - Fig. 3.

Action of lobeline after denervation of spleen. Dog,
9.5kg., urethane anaesthesia. Spleen denervated.
Both carotid sinus nerves and cervical vagi intact.
At the signal inject 0.5mg lobeline inttravenously.
Immediate appearance of respiratory stimulation
and rise of blood pressure, but distinct delay of
splenic contraction. :
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Fig. 4.
‘Action of lobeline after splanchnotomy. A:Dog, 12.7kg.,
urethane anasthesia. Both carotid sinus and cervical vagosympa-
thetic nerves intact. Bilaterally splanchnotomized. At the
signal inject 1.5mg lobeline intravenously. Note immediate
action on respiration, but the distinctly delayed effects on
both blood pressure and spleen volume. B:Dog, 12.4kg.,
urethane anaesthesia. Both carotid sinus nerves cut. Cervical
vagi intact. Bilaterally splanchnotomized. At the signal inject
0.4mg lobeline intravenously. Note no effect on respiration,

but the delayed effects on both blood pressure and spleen -

volume.
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Fig. 5.
Action of adrenaline after denervation of spleen. Dog, 12.4kg.,
urethane anaesthesia. Carotid sinus nerves intact. Cervical

vagi cut. Spleen denervated. At the signal inject 4#g adrenaline
intravenously. Note the close resemblance of these reactions
of both blood pressure and spleen volume with those in Fig. 3.
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Fig. 6.

Influence of hexamethonium' on the actions of lobeline and

7. . adrenaline. Dog, 15kg., urethane anaesthesia. All nerves intact.
PRz XY, =~Y vigic X - T A:Control experiment;i v. injection of 1.5mg lobeline. : At

&D%éﬁ&ﬁ%ﬂ%%?%,iﬁﬁ
IR T 5 % e & Rk # b
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arrow, injection of 10mg hexamethonium intravenously. B : 16
minutes after hexamethonium :i. v. injection of 1.5mg lobeline.
C: 26 minutes after hexamethonium ; intravenous injection of bug
adrenaline. Note that after hexamethonium the contraction of °

spleen by lobeline was abolished, but that by adrenaline retained.
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Summary

The mode of action of lobeline on respiration, blood pressure and especially on spleen
volume was studied in dogs under urethane anaesthesia. The results obtained were as follows :

1) Splenic contraction and blood pressure rise which was caused by intravenous injection
of lobeline were almost wholly retained even after the section of both carotid sinus nerves and
cervical vagosympathetic trunks.

After the section of splanchnic or splenic nerves, the initial phase of this splenic contraction
disappeared, but its later phase with longer latencies was still observed as a delayed form.

Under the influence of hexamethonium, all of the respiratory and circulatory effects of
lobeline were completely abolished.

From these results, it was suggested that some chemoreceptor reﬂexes other than sino-
aortic origin were also concerned in the splenic contraction and blood pressure rise caused by
lobeline. On the other hand it was infered that in these circulatory effects of lobeline some
humoral mechanism might also participate, which may be regarded as secondary effects of
adrenaline, secreted by the direct action of lobeline on adrenal medulla.

2) It was shown by the present experiments that in urethane anaesthetized dogs, the
reflex respiratory stimulation by lobeline was mainly elicited from carotid bodies, and that
chemoreceptors such as aortic bodies, having their afferent pathways along cervical vago-
sympathetic trunks did not take a noticeable part in it.

(Ist Department of Physiology, Tokyo Medical School)
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Effects of Small Doses of Chlorpromazine upon Blood Pressure Reflexes.
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Fig. 1.

Pattern of blood pressure reaction induced by asphyxia. Records
fromabove downwards are : S.=signal ; Resp.=respiration ; B.P.=
blood pressure (mmHg);S. V.=spleen volume ; T.=time,
6 secs. At eath signal tracheal occlusion was made.

A : Dog, urethane (1.4g/kg. i. v.). Vagi intact. Tracheal occlusion
for 60 secs. B:Dog, urethane (1.6g/kg. i. v.). Vagi intact.
Tracheal occlusion for 30 secs. C:Dog, urethane (1.3g/ kg.
i. v.). Left vagus cut. Tracheal occlusion for 45 secs. D:Dog,
urethane (1.5g/kg. 1. v.). Vagi cut. Tracheal occlusion for 40
secs.

Fig. 2.
Pattern of blood pressure reaction to electrical stimulation of
central cut end of cervical vagus.
A :Dog, urethane (1.3g/kg. i. v.). Right vagus intact. Faradic
stimulation of left vagus (2V, C. D. 8cm, 13 secs.). B:Dog,

urethane (1.5g/kg. i. p.). Vagi cut. 1. Faradic stimulation of
right vagus (2V, C. D. 6cm, 15 secs.). 2. Faradic stimulation
of left vagus (2V, C. D. 6cm, 15 secs). C:Dog, urethane
(1.3g/kg. i. v.). Right vagus intact. Faradic stimulation of left
vagus (2V, C. D. 5cm. 10 secs.). In this and the following
figures records denote the same as in Fig. 1.
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Fig. 3.

Pattern of blood pressure reaction to electrical stimulation
of central cut ends of sensory nerves of extremities.
A:Dog, urethane (2.3g/kg i. p.). Vagi intact. Faradic
stimulation of right femoral nerve 2V, C. D. 8cm. 20secs.).
B:Dog, urethane (l.4g/kg i. v.). Vagi intact. Repetitve
stimulation of left peroneal nerve with rectangular pulses
(0.5 msec., 50 cps, lv, 5 secs.). C:Dog, urethane (1.3g/kg.
i. v.). Left vagus cut. Faradic stimulation of left peroneal
nerve (2V, C. D. 6¢cm. 10 secs.). D:The same as C, but
with differnt stimulus strength (2V. C. D. 8cm. 10 secs.).
E:The same as D. ‘ '

Fig. 4.
Influence of intravenous injection of chlorpromazine (CP)
upon the circulatory action of lobeline. Dog, urethane (1.5g/

kg. 1. v.). Vagi cut. A:Intravenous injection of 1.5 mg
lobeline. B:Intravenous injection of 0.34mg/kg. CP. C:
4 min. after CP, repeat the intravenous injection of 1.5mg
lobeline.
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Fig. 5.
Influence of intravenous injection of CP upon the blood pressure
reactions induced by asphyxia or to electrical stimulation of central
cut end of cervical vagus. Dog, urethane (1.3g/kg. i. v.). Vagi cut.
A : Befor einjection of CP; 1) tracheal occlusion for 60 secs.; 2)
faradic stimulation of left vagus (2V, C. D. 4cm. 10 secs.); 3) faradic
stimulation of left vagus (2V, C. D. 7cm, 10 secs.). | :Intravenous
injection of 0.26mg/kg. CP. B:After injection of CP.; 1) faradic
stimulation of left vagus (2V, C. D. 7cm. 10 secs.), 2 min. after CP;
2) do. (2V, C, D. 4cm. 10 secs.), 3 min. after CP; 3) do. (@v, C.
D. 4cm, 10 secs.), 4 min. after CP;  4) do. (2V, C. D. 7cm, 10 secs.),
5 min. after CP; 5) do. (2V, C. D. 4cm. 10 secs), 6 min. after
CP; 6) tracheal occlusion for 48 secs., 13 min. after CP.

Fig. 6.
Influence of intravenous injection of CP upon the blood pressure
reactions to electrical stimulation of central cut ends of sensory
nerves of extremities. Dog, urethane (1g/kg. i. v.). Vagi cut.

A : Before injection of CP; 1) faradic stimulation of left saphenous
nerve (2V, C. D. 4cm. 10 secs.); 2) faradic stimulation of left
femoral nerve (2V, C. D. 4cm, 10 secs.). | :Intravenous injection of
0.8mg/kg. CP. B:After injection of CP; 3) faradic stimulation of
left femoral nerve (2V, C. D. 4cm, 10 secs.), 15 min. after CP; 4)
faradic stimulation of left saphenous nerve (2V, C. D. 4cm. 10 secs.),
19 min. after CP,
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Fig. 7.
Influence of intracisternal injection of CP upon various blood
pressure reflexes. Dog, urethane (1.2g/kg. i. v.). Right vagus
cut. At arrow, injection of 0.25mg/kg. CP ’nitracisternally.
A: Asphyxia for 60 secs; 1) before injection of CP; 2) 38 -
min. after injection of CP. B:Faardic stimulation of right

saphenous nerve (2V, C. D. 8cm, 15 secs.);
of CP; 2) 26 min. after injection of CP.

(3)3'

1) before injection

Fig. 8.

Influence of intracisternal injection of CP upon the blood
pressure reactions to electrical stimulation of central cut end
of cervical vagus.

A:Dog, urethane (1.2g/kg. i. v.). Left vagus intact. At arrow,
injection of 0.25mg/kg. CP intracisternally. 1)faradicstimulation
of right vagus before CP (2V, C. D. 10cm,. 20 secs.); 2) do.
(2v, C. D. 6cm. 20 secs.); 3) faradic stimulation of right vagus
2V, C. D. 10cm, 20 secs.) 29 minutes after CP. 4) faradic
stimulation of right vagus (2V, C. D. 6cm. 20 secs.) 32 minutes
after CP. B:Dog, urethane (1.5g/kg. i. v.). Vagi cut. At the
arrow, injection of 0.1lmg/kg CP intracisternally. 1) faradic
stimulation of left vagus (2V, C. D. 8cm, 10 secs.) before CP;
2) do., but 40 min. after CP.
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Summary

In acute experiments in dogs under urethane anaesthesia, author studied the blood
pressure reflexes which were induced by asphyxia or electrical stimulation of the central
cut ends of cervical vagosympathetic trunk and of sensory nerves of extremities.

On the basis of these control experiments, the effects of small doses of chlorpromazine
(CP) upon the above-mentioned blood pressure reflexes were investigated, using intravenous
and intracisternal application. The results obtained were as follows:

1) When small doses of CP (0.26-0.8mg/kg) were applied intravenously, it was
observed that during 2~30 minutes after injection, both pressor and depressor reflexes
were inhibited, and that especially the pressor ones were markedly depressed or abolished.

2) When small doses of CP (0.1-0.25mg/kg) were applied intracisternally, it was
observed that during 10~80 minutes after injectiOn,‘ the depressor reflexes were definitely
inhibited, but the pressor ones did not undergo any change or became rather enhanced.

(1st Department of Physiology, Tokyo Medical School)
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Studies on Reaction Patterns of Smooth Muscles of Spleen.
(Part 1) Automatic Responses of Smooth Muscles of
Spleen to the Occlusion of Splenic Vessels.
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Fig. 1.

Typical changes in spleen volume evoked by occlusion of splenic artery.
Dog (12.7kg.), anaesthetized with urethane. Room temperature, 25C.
A, ‘Spleeyn innervated ;: B, 1~1/2 hours after denervation of spleen. In
both A and B, the splenic artery was occluded for 3 minutes. In this
and the succeeding kymographic figures records from above downwards :
S, signal of occlusion; Resp., respiration;B. P., blood pressure in
mmHg;S. V., spleen volume; T, time scale in 1 minute.

1 I

L1}

AR

|

Fig. 2.
Comparison of changes in spleen volume in relation to the duration
of occlusion of splenic artery. Dog (12.7kg.), anaesthetized with urethane.
Room temperature, 25°C. A, spleen innervated ; B, 2 hours after
denervation of spleen. The splenic artery was occluded in I A for 30
seconds, in II A for 3 minutes, in I B for 15 seconds and in II B for
4 minutes. Short horizontal bars indicate time scale in 30 secs.

Fig. 3.
A different type of change in spleen volume evoked by occlusion of
splenic artery. Dog (14.4kg.), anaesthetized with urethane. Room
temperature, 19°C. Spleen innervated. The splenic artery was occluded
in 1 for 30 seconds, in 2 for 1 minute and in 3 for 2 minutes,
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Fig. 4.
Typical changes in spleen volume evoked by occlusion of splenic vein.
Dog (12.7kg.), anaesthetized with urethane. Room temperature, 25°C.
A, spleen innervated ; B, 1-1/2 hours after denervation of spleen. In
both A and B, the splenic vein was occluded for 3 minutes.
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A B
Fig. 5.
Comparison of changes in spleen volume in relation to the duration
of occlusion of splenic vein. Dog (8.6kg.), anaesthetized with urethane.
Room temperature, 21°C. 1-1/4 hours after denervation of spleen. The
splenic vein was occluded in A for 34 seconds, in B for 1 minute. In
A, h denotes “hump”.

) Fig. 6.
Comparison of changes in spleen volume in relation to the duration
of occlusion of splenic vein. Dog (12.7kg.), anaesthetized with urethane.
Room temperature, 25°C. A, spleen innervated ; B, 1-1/2 hours after
denervation of spleen. The splenic vein was occluded in I A for 30
seconds, in II A for 3 minutes, in I B for 15 seconds and in I B for
3 minutes. Short horizontal bars indicate time scale in 30 secs,
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Fig. 7.

A different type of change in spleen volume evoked -by occlusion of
splenic vein. Same experiment as Fig. 3. Dog (14.4kg.), anaesthetized
with urethane. Room temperature 19°C. Spleen innervated. The splenic
vein was occluded in 1 for 30 seconds in 2 for 1 minute and in 2 for 2
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Fig. 8.

Relation between “after drop” and the third type of fluctuations in spleen

TEFROFSHER & 3R R D
oGRS bhi. Hb,
87 MicRT o 1 FRBEk
BRI 58 3R e EfIT
BB, WHREETHE R
FroBELEL 2L, MES 110mmHg #itt
iR T TRt b b 5T, FAEROETR
o, 298 Th LR oERRL, Thic
SIS L THESRB LAV AVEIBERC T - 727
FCh ot AR, mERE, 19~200CL v
HECEBTERY TR o2 &2, Mofle

volume. A :Dog (8.6kg.), anaesthetized with urethane; room temperature,
21°C; spleen innervated. B:Dog (10.5kg.), anaesthetized with urethane;
room temperature, 23°C;45 minutes after denervation of spleen. The
splenic vein was occluded in A for 2-1/2 minutes, in B for 2 minutes.
Timemarker, 6 secs. Note that in both A and B, there was no relation
between the 3 rd type of fluctuations in spleen volume and “after drop”.
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The effect of small degrees of venous distension

Summary

The author studied the effects of complete occlusion of splenic artery or vein upon
spleen volume and systemic blood pressure. Dogs were used in all experiments under
urethane anaesthesia. The results obtained were as follows :

1. In case of occlusion of splenic artery, 2 types of reaction pattern were observed
in the change of spleen volume. ~

In the type, in which during occlusion spleen volume, following its initial rapid
decrease, turned to increase gradually, the volume increase, i. e. R. H., was always
observed after the release of occlusion. In the other type, in which during occlusion,
such a recovery from volume ‘decrease was not observed, R. H. did not appear on the
release of occlusion. -

In the first type, R. H. was different in size by the duration of occlusion, having a
certain time-threshold ; and the longer the duration of occlusion, the more the increase
of volume. In the second type, on the contrary, the longer the duration of occlusion,
the more delayed the recovery from volum-decrease after the release of occlusion.

Of the 2 types above, the first was observed regardless of denervation of the spleen,
but its R. H. showed a tendency to increase after denervation, whereas the second was
observed only in case of intact innervation of spleen.

In all these cases the release of arterial occlusion was usually followed by rhythmic
waves of splenic volume, having a period of 30~54 secs. In the first type these waves
appeared in the same degree, regardless of the duration of occlusion and of R. H., and
they were more remarkable than those in the second type, in which they were rather
depressed as the duration of occlusion became longer. Generally, after acute denervation
of spleen, the size of these waves became larger.

2. In the reaction pattern observed in many cases of occlusion of splénic vein, it
was noted that during occlusion, spleen volume increased at first steeply and then slowly
to reach a “plateau”. Then on the release of occlusion, there appeared a marked
volume decreasg below the initial level, i. e. “after drop”. Generally, the appearance and
size of both “plateau” and of “after drop” were related to the duration of occlusion,
having a certain timethreshold: and the longer the vein was occluded, the more marked
they were.

3. In each case of experiments, R. H. and “after drop” corresponded to each other -
“in respect to their appearance and size.

4. As to the changes in systemic blood pressure due to occlusion of splenic artery
or vein, any significant effect was not observed by the arterial occlusion, regardless of
denervation of spleen. In case of venous occlusion, however, a evident rise of blood
pressure was noted only when innervation of spleen was intact. This effect might be
regarded as due to pressor reflex via the splenic nerve, evoked by the rise in intrasplenic
yenous pressure. :

(Department of Physiology, Tokyo Medical College)



- 350

o FH

¥ & B

#EQERE - OE#FERER (D5X)

B FERIB2F11H30H~12H 18

FredE IUnRVERAFEERHE b B

28. EEREZED - EREE - WA Bl - RERS
(RHLAEE 1 A48

KA R hROES & RS ORSBREE D
BElCOWT
bhbhBERN R EESHFEOEIMS &L
5 5%z, K& (motor response) DIt BHEFF,
AEB RO RIBRIE, FISEE X B PROE
BB LTHkD ZAMAER, ThORTAT
FEESPROTEREFIL VO T ERHELT
WABZ LR T

ETEMEACEERT, BESHKTRGEE
ZEE L Betz KRASMIRE I—FET, THK
FIR T EREP TR, EEERTE» R
VEIERIRCD &, ARG ORIMENER LR
BDELEL, ROTH, LTHEARKTERD
Bk, A—3Th Betz KifzO® il
WCREMERRBEL , BRALBTRE T
thhEEamosi. -

Zhb0EP D, BERNMIC X > TRIEPES
O Betz RMBHOFEELTLOIBELET,
BetzESMATh 1 EAOHMEOLDOHETIES D

DTk, AUHROLE O OMRFARICHE

LTRLHTESLOTHY, HFROREDE
BREORGEETCAERMEROZLDH S LD
C, BECECLER, BECHCTELD &L
ROoMBRoRECKERESbOLEL BN S,
Kic, AORERDELNBSMLBLACEL
TRBLTHSZ L, BREZEDTHIERLY,
BN ORMEER D DAL OBMER ~ L EBT 5
ZeEM o, WEESEEKICT B2 &, pulselg
2BLTHZLRREZETELD S, FilRo
COEENIRS RCEES T I CEIERET TS
R 200/sec CHRELRD, ThUEETELLA
BEx EATS. FEOER X ZFROEENIIR
RS I 5 2 LI X - TEMESHORIER X
VECEETEDIS L R -TL 3. &7,
ZOFROBENIRETHR TRE L LN,
ZOBFIEETHRICERT 20 TERS, &
UAREEEMRICS Y, PROTEERTICGER

T3H5DEbhbRIZEL TS,

Kz, BRE1, 2 3, 4, 5mm ORLAERRE
U T, MOREESRICH T, Ba OBHER
OHAOMEE KD, K TEOHWOKPR B
PR - TEOAEROMEWICA BBetz K fa D
BeHxi.

ROAEBRDOAS & Betz Kfifafk & 0BFE
ABic, MBFPRTRER Imm T THKO KR
&R, #20E0 Betz Kz B/ T 58, #
R G Imm CRBALEREE R 2mm T

RUBHTRIGEREL, M30EOMREBELTS

:&:Efﬂv?’:.

BetzKHifa & BIfE & OBIRE A DIz, MRS
% B - CHERETL, BRI
BREFROFPBREI B LR o T

RERC LY, TENERCIBERTH -T2
£HROBECERRGE BT CET sk
EBLrBb0OTHBEILEEELLRLOLET
3.

29, FH—EB (FILKE 2 4£H)

Panting [CEE 9 2 &R EZHHR

Panting OBFZHLNITTHHIC, 1 2D
BOY T - TEOFROFELHED, XEA
OFETIEL T Panting ORELEEBREL
7=,
Urethane FRE:D S &l 4 % 2 EEL, KMiE
BExBEL, NHERICEN» bR~ 2 IR EE
Tz T &, SR TBORERRRS HERK
TRz = B MO PHic X - T Panting iXiH
%7 5. 2OF, FRMEREUCEKRTHRARE
RO T M —;D A Xz R~ T Panting 1377
T 528, GRTHMEAROTM ClRTO A R
ERAWTHET 5. #¢ > TPanting PR IX BN
CHEETHMERIC > THEET 5 EL bR 3.
Ko KBEBRYBREL TRR TR EREER
TR U2, BEricPERFEEHALEOAT
Panting #E&d o7 LA LEOHEICKE

COMBEEMZ e 2 AR Panting #E Lz, 2D



E: A AN

ERKTHMOMEA % 1k % & Panting % (k%e.
XA XOTEEOKELFBEL T T % NE
L T% Panting & 228, L¥EHORER
HEL T ELEOMEY L & 2 5738 Panting %2
U7z, #IREE ST B & EAIC Panting 1X1EX,
FTVF B & B Panting L 7. TELEOKE
IR 3 L WESEE R BT 5.
CRIETEE ORI X - T Panting 281 Tv
24 2OFHE D THMW LIz & Z 505 Panting
BikAE. XABO&BEOA X OBFBERE D
XV D £ THHL, Dis iRV THEBIRN %
%72 & = APantingiZ 4k Uiz, THREOMEL
k% F¥HOMBIC Y ) Bl & 2 5% Panting
RELUE.
DEZXVROX S THRTHIHENRHRL 5.
1) F738 Panting AR HR TSR IE - TF
£ET5. 2) TOPRBERSIBECEALT
VAR EEBCREAMBE L bNB L, T
R EERPRICEL CRE RO
U, % O#ER Panting 34L& T 5.

30. B sm= (WK 243E)

ATV OFRBHROAFLLEDONT

Ji = A DR AFE O B TETALIC DV TR 7= 8
FETIvw., 22 CHEEOBEEERIC & - TRkt
WOFEZBB/THL &b, BEERNCHIE
BEBAL TEREROFELRAAT.

RO BEMTIC R U CIEH M FREB S EER R ic

BOT5HAEEASc R TREBEERAET
»Y, BAFKCBCERERESABTH - 7.
2 U CHEERMAGR X b B OB R
HIIEEERICE 28, WHEBOEEIALR
2 ofe. Lleh > TIEERHRPHRKIIHEEER
B bRPEOMCHET 250 EL NS,
PEO#HER S &S WTHEERMR X v R
el BEEICHENER (JIRK 30 ORR) %
FEALE. T35ERO3EHLVERERIC—3K
Ul R 4 7BNBFESRRE. 1) MEER
AR &V FES - EEREE  BillicHm -

TH) 0.5mm OWES ETCHATSEE, EELTH.

BHNC—B LR 7BARFESh. &
7B x RBOFINEIERIZ—B L2 200D R 24
7BEMBPARCE DL, SRENREC L
AR IIE Nu. Acusticus vent, OEIFICHEL

2

& i 351

T, N.V. mot. DIRGMEDEFIC—HL T3 &
Eph % Fibrae arcuataé int. 2>, i:-#DOEic
e /MBI RS hiz. 2) TEEE
EEEHE LV FEShE-EER . FA» 68
0.8mmOIPAL T HEDOH/N L IR —F L7z 2/
FO R, 7BEMPARICHEESNE. 2O
X Nu. VI Riedh - T, ZOREORETET
% Fas. long. med. OFALIicHYT 5. 3) B
EEAS» b HE SN - FER - § 0.7mm A
THhERBROF/NM—F Lz R 31 2 BAH»BD
hic. ZOHE 1) 2) L2 eiab DEOF/NE
Kie—F L 72220 A4 7EBAEEDREP -
7= FEALMEE Nu. centralis @‘%“{EIJENC%L
T N.sp. [(N. XI) OEBRRIZOMICHET
B/NIRRHBALIC ST 5.

Ll kD #ERA HIER ORI £ 0BT T E
EIERPRRDH B D EELIVHET I L
Hskinis - 7z,

. =FE= (BEIKE 2 4H)

KR ERSIC KD EE, BECOWT
TORMNEEOHEREET 2 %L, B
R OEBIBEMOBLIC O TREHZ L £ L
. EPHEEBECELELCE, HEvAv ey
I CHER L, SRR OEBEAL & 0, B
FFEA VR b)) a— A THBLETE, %
DOEERHER & Far &R HIM U RSPk
SURIBMESDS & ORBCPZ Y ET. ZhidE
BABRTEILEZRTCWE3HEE L2 B UERTD
V&Y. RICEHERBEUELTE, YvEveT
FRE L, MEOBA L FRATETHBLET
7 OEEATER RV TIFS PN LUK TK
EICED LSBT O MRS OBERRES
hET. COFEIEHAREEBL TR T 25K
LRUTT. AIbHMERTOELEREL, 20
BhrcHEL, AMKTERELHMEER> ST
BohEd. MU EOEBPESHEHROET
EfLE & - T BBREREHE R Y BEE
D52 HHEERETHIZ 22T ML TRE
7. P ERRAMEEOMMERE 2BESNT
g L EERAEROFEEMCT T 28 &0
WTERPIKREL YA v 2 I VB EFCERE
RT3 &k Y RBFERS T, PR
W BRI E A U C IR R O B L



352 : 5

FETHZLicKIBEZLOTH Y, XHERS
RO BRI & A U CHEIERRAE 2 MUY 5
eIk VEDZ &R HEEMOWBITK D FEH
BUELE.

3. BH - BHEBE - SIS - @FES -
BH OB (TR 24 )

LBARTIHIC X 2EEOES

SE OB EERRIEC X B BEHRE M L EAL
BRrOBERUEERICLIZDOTHY, HERE
HFE BRI BEEMRILEEZ R Tele.
BOLE ~ LB AR b OWBEALDH
BRIITAEPHEZOTCINEHELLT,
SRR L BRI AT
BEABAOEEEHLPIZLEI I & L.

ERIZIBEL T v ¥ RBEEL, TRGREE
TR CYIN U 7= FRBR AN = BB R = 2 v,
EEREMRE B OREL, ThroBE
UiziGEBM e BA vy v /7 7 ICfEEE L 1.
e L TRRBRLEREE By

EROBERIIKROML TH 5. _

1. FEBRIN A = OB AR O B—RHEOH
BERISFHEENRC X > THPTE. XZO
TR DI L e SRR IR~ O RS &
> THEMT 5. .

2. BRBA 2 AT b EER AR O HER
B BRI LY AReEL T 5.

3. MEEAEHFEOM~FHEOCHRINE L T N v
T, SEMHENEC X > TERBEROENT 5 4]
B LR, olk. '

4. L EOTSE S LERERHIC L > TR
BRKD S, BRWELEHL TT 2H%ER
Kuntz S0 % BR &R OHEREDOE B X
STOERBIENZLOTERL, HNCTEDE
R OFEREOPRAMFIshTOE R
ENBLOThBLERENS.

3. @mE B REILE (RIKE 24:3H)
SEBRR IR ORI

TR D SRR E O YW R AR & BUSE IR TR
BT B L, FERFHORCEEIEL, BMeRiic
ReTRAEET 22 22 AH UL, b Ol
BEI BRI X ) TR OB R 2 M
RELDTLH, BDbh3. X, HERORE

7N

: = W

K& # = OFRERCESFEEMBOERET 5D
ERDE. COTERMEREIYT FLFY Y
EWERAMESNEbDOEEL NG, X, 20
WIBESII 7 FrYv AR LV INETS.
PLEORBFER LY, HMOEEREHRFIX
adrenergic fibre & cholinergic fibre i)QE.%Eb,
FIE AR RESEL BERHSRERE L O
LEZBNB. X, WELLTrREVIRIDEZ
ORESERIIERT 5.

3. BHR - HHEE- - SBELSEHER (B
BUKEE 2 42 H)

EEERGHROBEHERICHTIANEOHE

FarEHT, EEREEEORE - ERE
ORERMEL Y OBBEM LB L 2D, A
BeXz2BRETIZLICE > TOERBINDEE
BAMEOFEHEMOB(LEBE L. ZOFERE
BKO X SIS .

1) EERERE O MR BT 5 EE
P 3~14/sec TH Y, BicEZRHEMNREBEHT
BETS.

2) ks X > CEBRGHREOERER T
WAT 52, ZOBEMOBREENHOBME O’
WG EEEERY, TOHEIIX80/secitET S.
BHERREL T3 e, WKZ OERFERMD
TB55R, BEHOZAIVZE3PcEHETH
3. BXHoEkckY, ZoEBRIEDLES
HOBERFEETAHALD B3, Ui UITHEE
7z after discharge RXEDH LN 5.

3) after discharge {3YRIB O S BEFRL,
— RN FEETH B

4) BRENZH 40~80 msec TH Y, FIED .
HEAIBERL, HEOEE XTEEL, Bve
R ERT 5.

35. HHE =-BHAEE- SHES EHUEE
Tk 2 )

SNEREROEHEMEICH T EREMNEOHE
BxxSEi, BLEWEEANRER, SR

" @ Tonus RN¥ETZ &%WEEB@&U%%@DLZ‘P

BHEW, BT, AROTKICE > TOAL X
Siz, SRE, BRCHRFHEX R DA E G ROR
RESHC A CER ZORRP TP EDZ &
Z, WERCTORRTMY, RO TIRIER
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IV EOREBREHEELREL 2.

PO BRERDP S, SRR OEEEIC A
BEORBBMEPORERETELHIEL, =
DRIERCTHREET 7. Tinbb, EFRE,
BELLBBCY L 2V EBEBLEEE2TO LR
LI CEIMBRI L 28, BEEOEE L A
B2 UKD e o % I —3B IR U NS 210
BOTR\wizth, HBRENEREE DV 20 &
Manupulator “CAHHEMEER & Bbh 3 Bk 5%

7

WEMEFE L. PAMBEORERCIE, HEE

BEABRERICHCTEOMELTBREL, YT
DR R BRI AR OB SKRE 2 i L &
TR EREROERET -
BoNBHEMCIZE 2 DR RED bR,
b ERBERD - THEIC L Y 20 BER T
L0, BREERLFBLTHDTHLLRS S
D, W X 3WRBHKEBEOH Adaptation DG E
AURIEBREIC L D off burst BOKBEERT D
D, NAFHIEBEIchE - THEORET 3
LbOERALBN, XBOB-BRELSGLE W
TELADBNZ. THLDOHBEOREA ML, &
FREAPEBL-ABENMC IV AEG»OHE
RicEMO SRS CEERDE.
PEOERP S, BANES ZCHEEL 7= KR
BOBEMF BHRZ LD EE L.

3. @R - HHEE - BRELSESHER (B
KRS 2 4 3)
FPLFY U EBERUTFLFY viEmoks
BRIMER TR A = 2 BT, EERGER
LYV DOEBEMEFEL RS, 7FLrFI v O
BIKAREC X s TOSRESh BB ERBEL,

7 Fuvr by OEFLE NPT B ER 2 TG

U, ZORRBROL SRS,

1) FERB AR 22T, 7 F v 0 v (0.05
mg/kg) DFRREREIC X - TEERGHROE
HRMLOMBINOERENS. Z OMEIORER
TErVFIVOBREBNTIEEEELRS.

2) Bl =B THT FLH+Y vic k 3
) OBHFEHEL, HFRAEOHNAELIS.
T OTTHER ERAEORMAEE X Y, B,
EER, WRMO=#cXilshs. 0.1mg/kg
DT KUY vRECE - T, FRO=SHico
T postexcitatory inhibition ORHEIREbLH
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3) ZR=AT T ETHREL IR
FIRBOTHE, 7 Fr) vy ORKKNELEC X
> T 2) Wl~iz L P OBEEEE OB{LR 0 &
mEhs.

4) EROFKRICIY; RN 2B T BT
FLr vic & 3 BERAEROBBERL 0TS
BHBMIY L OB T FLay v, =
ORALOMEMARZ BESE, Zhi)0RE
DTHEL TRMOBEILAN PR EIH L, = o
HR BB PRI T 27 FL+ 0 v OR
EHRIVOERL TVBEICOSEINS 32
EEZBRD. _

5) BREMA 21238\ THDE A~ O MR 2 58 L 7=
BT rvryveBET3eEROEESH
5. Thid 2) ROREBREMROBEIEN
DRBEEBDT L EHKT 5.

6) FEMBA BT BT ¥ Y vk
TPy Y vy OKBEBROMIC, MHEPRKICBIT
LRI X 2 RTF N EET 3 EETEL,
EBIL—EPRBEDTTCRT FL+Ivick-T
MEROEEIShZZ 22T LR,

31. BREZ (BHASE 24

ABL VNS W RN EOEBHEHIC R
FEFEECONT

FEAOHETRHSNHEWED, L2
HROTHEO—BE LT, LEBROFBGIC T
BIEfE, KOHFBEICL > THELE. Thabb
VX BEOF 2 OJMTE, Y, BOES Y
Trendelenburg FRIZKY, N ETFEESS
T LBRBRICHK - THEE LR B, £RUH 2 0%
BIRhHW (EEYEZ20W) 2ERSE, 20
EHOBEEERLE. 2OBREKROL 510
Eahs. .

1) SEMERIHTEOREGRCRRGO
EECH LT, STl R, BsRUAK
OEPBEDbh, ZThcEELTY X4 0HER
INIEERB DN S, FROBBRFIEYEDOEM
EBEHENT32EEEEEL D, EoEHEEST
3. BEOTEEBRCRLTE, JHTEOESR
DB B5F & EUOHERMET 5.

2. EEWEOINEESICT T SRR, TE
BT AR L U OBERR RS,
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3. WEMEOEES ICHT 5IEAE, FEE
BT 2 HEE CEZE TR ARVDS, REEMHRD
BRG S L, BoESOREHRERL, BSRUT
AEPMEP RS LR UREBT, ) AL2BEIL
BT B8, RREIICHT 3 RENEAOTRE
HicHbLS. _

4 LROBRLY, AEBOTEHCEZCL
<, Al VB ShsEEDEE, —RCITE
IEAT 5 LD L HRT 52 L HRS.

38. PEB=E - SFHE GUIRAREHE)

Histamine BS(CEET DR

HCl-histamine f#&5i3 T. Lewis © Triple-
response A3, HCl-histamine ® 5 Btz 55
BREREE LT, HERRECEREZMS DI
BERERHE CHF A ST 5. fiba
BB EMRT 59 HEEHk Y HCl-histamine®
K7z 3, HCl-morphin, Benzil-imidazolin 4
2~30HESTOEN TS, PEL Ik Histamine
EEREARFCRC T RBRARTFET 50O TH
803 i FERR A O BTIE PO B2 PO BREAR 5 O JREE
BMEHEAL, BT CBRL RO
RelBk. _

1) HCl-histamine O—EE & BHHE N %
e, BREICE Y, % O RKEHRRRR
v, T. Lewis ® Triple-response I ADBEIC

CORBAD BN, ROBEICE, LEEEDRVE
BEWRL, FE, =rey b, KERR SR
BEHE L.

2) HCl-histamine 13, BMEWIEARBO
KRB XY, WEOKES, ZOMBTEY KE.
{EHEND.

3) HCl-histamine O KRE 1%, BRAEE
BAA VI k> TERACRESILS.

4) HCl-histamine [ZZic % L Hyaluronidase,
Vitamin C, Adrenalin, ACTH K" Cortison X
IMEIETIc Acetyicholin, TEAB. KU Novocaine i3
RERC/EAL Vitamin P RO K BERET
b5

39. @ErERsk (RILREE 2 4 3)
BEEHRAOBTEHICRIETY
ERBRIRIC DOV TREE Y R & E2G E ORA

SHEBAELD ST EIC EOTHT 5% ED

2 #

OPfLE, TLHECE > THRELARD3D0H
ADZ AR, BETTHER, NHBROR
BEID3SOTHB.

JLER BT, RBYABRABRE S 2K
e RREHAUEBREL P UERTS. RA
BELTBEEE5ETEPE > TB - ERRBIMET
URBHC BB b N & 72D, HOBRAIIE
HeEHTS. '
WEE BV TIR, RAERCRIELIERASH
APEL T LRI EREBUABNEGEL
NEL B BAEESI R RRROEEIGE
AECTIKES.

AERIZ BT, Fikic AR HEY
BEEBRR S

T DRI RER T ABRAR X B/NEEBI OB
BaEARBHEEETHR, TORER

Ju R 43.3%
E | 40.02%
o R 16.72%

EROFCERATHE L Y bEEERL, M
FRTZEROMELER TS, ZORRER
EZ T 5P, ZORBEASEOTRICFEDLE
. '

40. ==EREME (FILIKER 2 42 3)
PE-RBEREICOWT

AT 4V e TV RYRREEA R E A, KB
FBTEI T LR RS LRSS OES) %
Bl ooERraficBEL, Z0BEDR
BZRGEBOEMEWHE L. ZORBEIRD L
SICIRIETES.

1. AR TEIECIHERD 0L,

D EMEBCRBERRNEE, B TEERED

. EAESBCHNE DB REE T
R R T 5 &, PSR LAk iR
3. F R AT b T B B
FYMT B 2, FEEHAL THERHET 5.
ZDZ EEPNBEHRBIC X - THRL4E LTz Impuls (T
X o THERED VIR & Fol ik i BT
378, MIHIFROBERTTEFRO TR L Y B
BE BTTERERE & 2 b THHAT DA,

. TLEFROEBERRCHEAENEERIBE 2

B TIERRDLND b DL E L BHAHIRKS.
MR IR L 75T R B R AR O YR X U
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S UTTED SR L 72 B AR AR & T R
O X VKT 5. e BREREITERD
BThY,&5B THEAEMRIINHEORTHS.

2. BREZRLYN L CHEREEBRA LR
T, HEHED VI THEEREEATET 5
TV EOHHA~OTEOBREERF UL,
Z ORI LT HEB R b O E AR
BoMEicBERY, TEERITRMEEOZ O
HicBRT 5. RBRABE TSV TEEWE
BTHEARL ) TEOERAKTHS.

3. EUEEE T BT B T AR O Yk
DB CIEELETEC Celiac root 2 HI¥IT 5 &
U TR OB HER L. $E - TR -
TEESRCI TRBRAE? 5045, MR
g 5% Celiac root AL THIHIRMESEA
T5LDEEbhB. -

0. EE R UERE- R K (RLKE2

4 H)

BREGICONT

ERE:D B CEKEEY (£ X, 32, THF)
CRWT, FH2ELUBHEMEEINE L TFE
DTSSR D EREL T NE R iRV TBAKR
BEWRLE. FOBRI2E¥OLHSBFETE
3.

1) BRI 28D > T, 20 1ok
BEER S, ISP b0ERENS. ThDD
a) PNEHEEZERNC (RIED 3R X
BEEEY) b5 Vvix{esEiic (01 N HCL, i+,
1/2 f3f0 CuSOs, NaCl %) W hid, %
O ORIO/NESOEIRSEA L, BENEES R
Sh, PEABRCEBEICEZ OWHSEEL T oM
S THAEERIMT L 9chs. ZhicK
U THBAL L Y BHIOFHRRIIETL, BB
FEAH SO VIRBEIET 5. & OBREEBM
BEHR 2 LRI RSB BT HEE
ZE B3 A%, hexamethonium D Lz & - T
2L MET B0 LBENCIFET 2HEAREEZ N
LTHRebhaRFTHDEELD NS, b)/NE
TEERNCHBET 55, 5k acetylcholine,
histamine, pilocarpine, BaCle £DBHilC X - T
RSB L ERTORABIVEMOBEOE
BIEAMH S NS, CORBRBEEEROTE
% 5\ % hexamethonium OB 5T k - THE%

%
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L. 202 ik EROBER 150 neurone
k> TERENIFBNRRFTHDH, 5
VRPREERICEDONS X 57 synapse RE
ACRZREREBRVCRFTEZ2 b LhRvT

LERBLTC3. ZOERERIC L - TRED

MaEBEROEENZEELFHPEHh S,

2) pace maker » 5%V H &N BHERKIC
2 “C/J\P&@)%Fﬁ#ﬂﬁ?‘huﬁﬁm BARIKE -
THP e bR SHh, RENIEREHERSh
5. ZHIC R UGB IC BT 5 NBI AL T FEIE
BOHrbHRENIRCE - THICEDED
HHSh3. LEXR-TEFT 2 W #li3 pace
maker % & 3% Y H &4 3 AR © B Al RETRIH
BMBRETHZ EERRICHLETE L LI, )

EEOBEO—EE b7 - T 5. MNBEROH

FEOCFELZERI EROBEARS A £
5.

42. PEEERE (MIUKXE24H)

HZLOERBICETT N D EEBTERBREICD
wT

R 4~6 BIREINE 1~6 HERBLEH
=1 OFOHREGEZHE, WHLEEL, O
RIS RIS & AR O VIR R RIS & 247 7x
WEEBCRETRREEECEERF L. &5
CRIBERI T, YINAROEUERREZSIHL
iz 2T Marchi REWB#EAEC X548
BEHOREERT - 2.

1) BASERERIRIEEHOTEZ V&
BT, HoPLOYHL TS AEEBL ER
OFRMEHABE L BHRTH - 2.

2) GIKERI4B B D 6 RIROGIMPRM TR
LHERIEORTE2Z BB UBZ IR ER I & &
F 5. GINRRH T & B D #2026 %
EHLTW20RTAD b, £/ 4~5 %R
Pz BCTHEBOFRERRD bhiz.

3) LA EOEREERD b B HEEHE20~25%
IFREPICIET S MRS b R BB OMERR
feEzxdh, £ 4~6 BRI X 5 5EBIO
FLERZ ORMER IR S h B DI BI 3408
Zabhd. hBSECHEL BRI RHOS
SOTERLERIT T OBRMERELET IO L EL
bhs.
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3. % B Bk 24:m)
ERAENRORERR (201)

BHRAZRV FTHEAZOUS RS ESNY
HRLONT

4 2 OEEENIERRRICR T 5 BEAR RO TS
RO G AR E SRR R L

1. ARKNEZ K Balloon Bic & - T, B
PHERIBR B OB CIUE &, RIS
CERBRICE D ELHROIFEETORED b
7=, Bit, ZOBRBOIMREBERETZIKRL,
BEENEO B E ZRICRAL TRV THES C
& 2%, Balloon FHETCHEID BRI,

2. HoPUDREL Y EE 2% L iz B
~~, {& Ringer ¥, BB CITEBENRIEKA 2
TUWHT 3 L5 CRER S 2 TR X BRMEL T
B3 emHEELE. 2, WER TR
AERBBRTRbARVEEIRL TREHKT 3
&, P X 3mHBERALRR» 52, Wi, B
BEX D REM~ESRHT 551 LTRE, B
BERE RS UM & #1EE L TR TRl
RO &, BHAED B L IRBAKL &
D, RERETT B R THHEES NS S
DREIIIEFIET 5. _

3. THMRRHEE, PEESBCRL TR
IRMETCERNCER T 58, AR LU TiREER
EEREZRIET T E Ry,

4. BRIV RE~KERHBELORR L TH
MERERET 5, BRAEREEO LAY TT
bbb 53, WIS LR, WO LR
BRI B R OB A L ) DB - 1.

DIEOREE Y, Bl NSRRI v L
T, BT 3 L REONEERAEESLOT
HBHLEXBND. Bz, THEBELREHNRIC
BASERIC I A%, 7 OIS ORERT B AR X
5bDLEZLHTHS. ’

. FHEREB - EMHE - BBEA (BEKREL
AR '

BEY — A OHER CRIETHE

NaF fEEHEYEE LT Embden X
Lippman&ic & Y &% OHEBER SN TR S.
UL VEFHOHEFICRIETEE L O TIRRAA
EREERBVOT, ZRVENE AV NaF ©
HEPEETHLMCFEIC Mg B ATP 24

= W

ABL LT NaF OERARGHICERT 55
ERE L. B OS Sk EALERIEE
EUTT7RHEY 9B ETIRAT -7, BEAHLET
BHER & MR sk U B EEBEI X W L
T, BALR Braun®+ v o v /'3 7 CHEL =

NaF 1324 g0.15mg, 0.1mg, 0.05mg ® 3 82 L,
HABHY v BECES U, ML EREE
U 35Hlek, 344k, 35W8% 1 e L, NaF
EEIEO I HORMBAKTHEESE L 2. £
(A) RRSHAEOBMNE M RIETHES RS
Olz, WgkEERI0ME, 20, 50w, F—
EDO NaF B#5Hio—flzdREe U, BE1554
DR & B L 7. BR10E BTk
ERCBMOET 20D, GH0ECLAETS
> e RS0 Tk - BB S E I ETT 5
HREALREP -T2, EB (B) CEEHI0T
NaF 854, 851558, RUCOSHOEIE R o
TEORMENEE LTHELE. #5158

Y L6050 BOBADETHAENCH Y, HEOR
WEFIHHE DEPREL B -T2, EBBR(C)T
tk MgSOs %4 g 0.2mg % NaF #Effici 4L
72. Mg HINEE T2 NaF BEHB GBI YV EMO
ETRBER SN, EBR(D) Tt ATP-Na % g
0.05mg % NaF B5aiicits Uiz, ATP ymt
Tit NaF BUBBEH L VEMRELRALERR
TR L 2.

MEmE LT NaF 1385 50 & v 2 i3I
FrEEWEL, PRFEEEZEETZ 0TS
Y, Mg, ATP 2¥57% & NaF OfERBERM
EhBERTD - 7.

45. FEWXR - REEL (WIUKE 1 4H)
ATP-ase activity [CRI(F3TEHR
Rana ni gromaculata DEEOH R & Perry ©
FERRE, EREOMBE TE LN % Myosin A,
KOERMEORE T& 5h % Myosin B % Myosin
ATP-ase & U CTHRHEL 7=. Mg activated muscle
ATP-ase i Killey OJ5HEic#v, U { Rana
nigromaculata DEFEDFHAD HIHFTERL /=,
ATP % Oryctolagus cuniculus 33 L8 Canis
Sfamiliaris OFERHL B Lohmann OEEIZHE
MHEBEMLEZL0E RV, :
Mg activated muscle ATP-ase cBJL CiRE
77 (2000kg/cm?) 12%1Z Enzyme activity %FH.2E
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LT3, X, BENEEEDELAERD LR
.

Myosin A (3¥# /s preparate OBESE ST k&
% Enzyme activity DJLERTHD DL, TH8I%48
e % 4 3 B i e FE IR E I R T 5

Myosin A OB EIcENIC LS Enzyme
activity %1% B3 Hic ERE/ SRR EoR
BREEIZR5&, E/CHERE A FEENICHE:
Bl de#EimlL Tvs. 20X Myosin A @
preparate (3% FEIC A TR B & 3tz % Dactivity
R, BERXIEREQOEMR activity %
HUORTCBT AN TV 2HEYES.

Myosin B iz A U CTiRZESZ2Ric Enzyme
activity #{RESTHH~ERT 5. HlHMyosin
A [IEf & 3t Myosin B EEHICHUTCRLE
HEERORRICRS.

PCMB #Mnz 5 & ATP-ase activity 3% F,
METHICIEE A ELLactivity® k5. L L,
Cysteine % [F— Mol RERMZ T, BUTLO
activity #FUE$. Z OZiX Johnson £D#E % T
w3 “EJ71X Enzyme -+ Inhibitor D56 % BT 1E
FAEET” LS5 RBEFETS. SoRHEHD
-SH #nx 7=3%-&cik Bozyme activity 13K -
THESHhS. ZOHIEL ZEREOHS, &
ETRGELUD=DIEL, activity 2 AkTh 2D
Bhb, WERXIHREFOEMEE -SH 28
HT22R5F2ORUEEHRIFCRS.

4. RAEL - AW EWE (WIURE 1 4H)
BEalCH3 3 aE-EhzR
EFEEBCRT 2 BEORB T AMED 1

2ELT, BEHRCNT A EOIEHE A, BRHE

LTk, FomE, BE X VBRLIP albumin

BERALL.

453, 2000kg/cm?, 1RO IMERKSERD
74t % pH, viscosity, surface tension, chromato-
graphy &5 5 A 7278, surface tension [z A>T
FEPDOERRDES, pH, viscosity iz i3 £ %
BB Tz, )

Ric, EERMICEREERLLOIREEL T,
FAECBEZFRESEROHEROMEEL
VWEFEDIERHEKRE. AL, BEKRKENI,
IMEETE B L T, albumin fraction A3

AU, globulin fraction R¥EMT 2 INEE(LE R

2

= #% 357

Wi, W, RE-ENSRCE - TESEAOWH
BERBEAIC Db, RBRORAAKE Y
ZERARMK S, EMENC AR, O
25213 Johnson %MD % 5 heat-resistance & %

BRETHEEKEDOHDZZETHS.
Bics5BRE A 5 E» bEADOER X 5%k
FBEBELTOLSTFETHS.

8. REEE - HEEK - SREAS (MIUkS
1 A=)

EEEEEEBICLD 2, § OFE
WHROBKRKEOERIEDOR VLD TI - 2
B, HRBEC X VEESL, ki, TERER

TR 572 DT 2, 3 OERERSI.

1) ¥%fk® Compressibility »
BRI, 77 Y =4, @A, AvAVER,
OR3E, FERIEEK, SEFIREK, A V-7, Tz
—~ A DIRT, KECEMHRIHEMT 2 BNYEOE
Bl X2 A& .

2) 20kt L OO

ME XV EREARECTRbh k< &
Y, 500kg/cm? T3 MO RBlz & EEIX
BRIGESHRC L T b ER RS,

3) ALAZ

WRaE{L E LTIt 300kg/cm? &K
BORMEZEL T 5. MROMFOTIEH M
FEedickeEicsti{ iy, 500kg/cm? iV T
HEOHMFOREBROEGN L EPRD 5. AN
ERO 12 UTOEBBERETEE L BT
5%, KEREZY 300kg/cm? % TIXRERRE
A, 800kg/cm? A L CROLEEIOEILE RS, R
UMERCBRROEHIMNAD b, FECH
%% & DEENIRET 5.

4) LI EEHBHBE
EEORHIBE g% S T Ringer % i
i, FiR 18~20C TEO L Tic X Y IFREE
BELE.

50~300kg/cm?® TIXMAEREE 2 b, ABIINGE
DOEEOELITFEA Eixv. 400~500kg/cm? T
REBIGE LFa A ERD bhTB A BIERED
EEHT. BEUHCYRR RETFERRBIC R
STV HD) BABRBZERHY, SHBOF
HTHEPL 2. BEBEZ—BIFEREBIREDY K
FRIEFCET. REROIHEINED KR 38



358

WO o & B
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