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Comparative study on maximum aerobic work capacity
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Studies on absorption of proteolytic enzyme (Pronase-P)
Immunochemical experiments in vivo on the behavior of Pronase-

P in the blood

Isamu Sugie, Seiko Miyachi and Hatsuo Nitta (Firsi Department of Physiology,

Nagoya City University Medical School)

To investigate whether or not Pronase-P (proteolytic enzyme of high molecular proetein)
is absorbed in the intestine after given orally, the studies were performed on the behavior
of Pronase-P in the rabbit and human serum by the double-diffusion test and immuno
electrophoresis, and on the inhibitory action to Pronase-P using the e-ACA-containing
standard fibrin plate method. The results obtained were as follows :

1) After repeated intravenous injection of Pronase-P to the rabbit, antibody to Pronase-
P (hereinafter called as antibody-P) was found in the serum and the inhibitory action to
Pronase-P (hereinafter called as anti-P action) was enhanced. The- intimate correlation was
shown between the dosage injected and both phenomena above described.

2) After repeated intramuscular injection’ of the adjuvant-containing Pronase-P to the
rabbit, several precipitation lines (antibody-P) were recognized in the serum and anti-P
action was enhanced in accordance with the increase in number of precipitation line.

3) We confirmed that the antigenicity of Pronase~P was not simple because of the presence
of several precipitation lines, and that antibody-P in the rabbit serum was contained in

r—globulin fraction.

1) After repeated oral administration of Pronase-I’ to the rabbit and, human, antibody-P
was not distinctly found in the serum, but anti-P action was gradually enhanced during two

months of experiment.

5) From the results obtained, we speculated that Pronase-P orally given would be absorbed
in the blood through the intestine and then reversibly combined with specific inhibitor (anti-
body-P) or non-specific inhibitors (substances with anti-P action) and its compound would
be divided to Pronase-P and its inhibitor by the metabolic substances produced in morbid

sites such as inflammation, edema, or infection.
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fibrinolysin, bromelain, papaine %% FAlL L
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(J. Physiol. Soc. Japan (1967) 29, 523-532)
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2T 4 BRI 4 HFEEL, SRR ET
HEOMmEC 2T, o 2¥icix 4 B BEic
CEIfFEL, ZoEfmERi, ZomEcov
TENENFAEOBREB X O fi-Pronase {EH
ERE L. ZoOERTERRHIW KOS
O & SRR & 5 ik OB 5571
DCTHRBET R 572,

II. Pronase ofEA#EIZ X 25k VT
Hi-Pronase {E] D&

A, RERIZDOWVTIRZ DERD 2D 4]
{2 M L7z Pronase 1,000 PUK # 2 Y05 H
(A®) ic, 2,000PUK %flho 2 Fo5xE (BE)
Iz Eh 6 AMEEEARE LT Bk,
BHEEM, 2 EE6[E (63@EM) 1755
oo BBA, BEEEOS 1IN0 THEEEH
IEBRTEBRLELL, wIFhbZzofmEco
WCHLR DR, Fi-PronasefEH & 74 L7,

B. AC2VWTIBERAEF2L£D5 L
142tk Empynase (Pronase-P 7.5mg, H#A
)55 Pancreatin 60.0 mg/cap. FLHHMLE
Co.) 3caps. # 1 [1H:& LT 7 85 1R D#
5L, ZoREERI, o l4 12X 6caps.
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& 1GERE e, 2 o MRE £ 721% 3 1 B4
BRI L, % DMiEIc > THE o iR, Hi-
Pronase {EH %% Liz.

V. #EEA

A. HFEHARISO#FE i Ouchterlony
@ double-diffusion test19202D) % F\~7-. 71
b LR (%) lg, borate buffer (pH
7.8~8.0) 5ml ZAERKITE L TLEE 100ml
LU, JnBRER% Z 1uic Marzonine (2,000 fi#
FRK) 1ml 2z, o 16ml #M% 9em
D ¥ — iz At penicylinder T well 24D
KRER Fic#BET 5. well OER 7mm, well
ORfE (PO OERE) 20 mm, well (< idikE
(fi%) %73 HF (2 mg/ml Pronase &)
0.1ml #is&, 37°C, 48 5[EEEE Lizig well
FHE 0 PeisAt o HERI & A Ui,

B. #i-Pronase fEF DHIEIZIZ Fibrin 3
WEDER . Thbb&MBE (1, 1/2,
1/2%, 1/2® mg/ml Pronase) ¢ Pronase A=&¥%
CERZNRBOMFELZEL T h 23ke
L, FIRBEED Pronase Afikawtfle LTx
o 0.02ml 5% c—amino caproic acid (PL
T «-ACA LEEFR) e Fibrin SER Eic#r
B L2, 37°C, 188%f incubate U 7z4%3#K
LOBFEEREEREXRE (mm?) THIEL,
Fi-Pronase f 13 K O W MEE R 3 5 40
filZRTRb L7e®., BAEMBREOHEICIE 0.1
% fibrinogen P&yt 8ml iz «~ACA 40mg %
Mz T L7z «ACA jfpE#E Fibrin 4R %
Bz, A L ®$K iz fibrinogen : bovine
fibrinogen (Armour Co.), #&#&#E : 1/15 Mol
phosphate buffer iz 1% NaCl %Jnz /=70
(pH 7.4), Thrombin (#FHHUE) : 50 U/ml A&
%, «ACA (E—R3K).

C. Pronaseizst+ 5Hifk (LAF Antibody-
P) BEOmMEEASEICET 5, i Pro-
nase DHRERHE—IL b OhE» 2FET 572
Wiz, Grabar & Williams?03s & (8 Scheidegger
Do GEEBRIKEEEH\ e, Thbb barbi-
tal-acetate buffer (pH 8.2, ©=0.05) | pure
agar (Behringwerke AG) % 1.0W/V 9 n#|

WAL TR ECHEL 72 b © 2X#fE &
L, Z0¥iR EicEE 55mm, M 2mm O
EIED, BoOWMICER 2mm O/NLEES
Joo NFLITIEX Y Smm, BEMEEIE Y 30mm
DALE IR 7o, BAREIZIKENE & 7] U buffer
FHY, FHEERECES 10mm ¥ Y 7volt,
RENE I 1.5~2.08: M. BiciiBx 72 3R
DOFTEEE AN, =R THESICISEEFHE L
TUMME TR LIk, Y% BLTT I F
7Ty R TYRERE L. M OREE
ORI 2\ TR A M & 2 hiest+
HPIMESE U T R#EHAME (Behringwerke
AG) TR L.

£ B K #&

1. PronasedZREHEIC X 2FifASB & U~
Pronase {EH ok

EBRICISL B RE 3 P 0 Mg iz > v T
Antibody-P o4 #%# Ouchterlony #:%
AR LB TE o7, L L #H-Pro-
nasefE 1358 bz, Table 1 i34 FEUEE D
Pronase &% D «~ACA fjiiE#e fibrin SEHR
ki) 3 fibrin BEREEZHMEL, The
F#gE D Pronase £R/AKEFRMFLOEE
BAW e fibrin FAEEER X OE» BEH L
PR AR Lc b 0T, @EFROMIEFIC
{3#i-Pronase {Ef] © 5 Z L ABD bNT-.

WOTERFE ] BEONICE~2amL,
WHERIP Ry R, Re—FEBRFEER) %
NZENREE kg %Y 05mg (R), 2mg (Ry), 4
mg (Ry) @ Pronase A®¥k% 4 HEFICTH
BEL, REHERI08 BICRIL L CHAILiED
$i-Pronase {EF 584 L7z, = ORkiR ik Table
2 RTINS BB ER T Hi-Pro-
nasefEFIZEP IR, £G5B L $-Pro
nase{Ef & O MIC IR IEOHEBRA S 6 vz,
ThERBREELMEIETRT L 05mg R) T
I INH|ER58%, 2mg (Ry) Tik73%, 4mg (Ry)
'C“@igg%f‘&) 2 7z,

)7 Z ORI HURMED & L B 5 2 i 7R
b, BEREOBEIC S, Hi-PronasefE
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Table 1. Inhibitory action to Pronase-P in normal rabbit serum using e~ACA-containing

standard fibrin plate method

Inhibition of fibrinolysis by normal rabbit serum

Concentration Lysis area

of Pronase-P by Pronase-P R, R, Rs
(control)
Lysis  Inhibition Lysis  Inhibition Lysis  Inhibition
(mg/ml) (mm?) area area area
(mm?) (%) (mm?) (%) (mm?) (%)
1/2 - 1720 1410 19 1015 41 910 47
1/22 1100 700 36 588 47 504 54
1/23 675 256 62 270 60 156 77
1/24 418 0 100 0 100 0 100
1/25 270 0 100 0 100 0 100
1/28 195 0 100 0 100 0 100
Number of precipitation zone (0) (0) (0)
Table 2. Precipitation zone and inhibitory action to Pronase-P in rabbit serum after its

repeated intravenous injection

Concentration of

Inhibition of fibrinolysis (%)

Pronase-P

{mg/ml) Ry R: ‘Rs

]’ 1/2 19 41 47

. 1/22 36 47 54

Normal rabbit serum 1 /28 62 60 77
1/2¢ 100 100 100

Number of precipitation zone (0) (0) (0)
1/2 58 73 93

Rabbit serum after Pronase-P 1/22 72 100 100
injection 1723 100 100 100
1/2¢ 100 100 100
Number of precipitation zone ) @) (4)

Fig. 1. Photograph of precipitation reactions. Center well : Pronase-P (2 mg/ml). Circum-
ferential wells : Rabbit serum of R;, R; and Ra. Ry, R, and Rs : Number of experiment.
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MO B & CHEEETHRE
D, WEROK HikoR) £k
5> Tv5. Fig.1 {2 2mg/ml ® Pro-
nase 0.1ml % center well iz 3%, R,
R,, R; oifif 0.1ml %% circum-
ferential well 133\ 72 DRLEE & 7R
LicboT, Ri T 1Ak, R, Tix2
A, Ry CRAKROEEHBRPBESN
7z, & iz Antibody-P o A& F~
BIWITHRE LTHE 2mg/ml o
Pronase A #&¥, 0.1ml % center well
IZ3%, Ry Ry Ry oIz zhz
NREEFRN LT, o 0lml s5k
circumferential well =3B\ 72723,
EROTIRIE L 1/2 58K T+ Ticik
MEROBERIZTE 2 d 5 72 L L
center well jzfiyE 0.1ml » ¥,
Pronase MW & AR (2, 1, 1/2,
1/22, 1/2%, 1/2*mg/ml) L, %o 0.1
ml %5 % cirumferential well (233 &
R 2mg/ml~1/2 mg/ml % Git 4
Ao, 1/2°mg/ml Tk 240, 1/2°
mg/ml Tk 17 O EERAHER S
Tz. TR OIERE © BTk center
well F9 Db oA 1/2°~1/2° mg/ml
DUREE THICEY bhi-. Fig 2
E R lzovw T ofEeRLELD
T, TOR#EN D Pronase oHFM:
HHE—Lb0 Tl (Db
PURMER L) Ao OFEMEICHT
DH DT LHWEShT-.
II. Pronase D EAEIC & 5 I
Piffds X Ui-Pronase {EH D #isk
K-FEIEPEE © Pronase A& ¥ & incom-

plete adjuvant DERRA LS EKE
CHEL (EBRFEL V) oMk
DWW THE ORI & U4i-Pronase
EMERE L. FRAPDS 5 R,
WIERE kg 24 Y Pronase 4mg &7
DA, Re 12) 8mg o SLH)
T X4 B BECHERE 4 EGE

Fig. 2. Photograph ot precipitation reactions. Center
well : Rabbit serum of Rj;. Circumferential wells : Pro-
nase-P diluted with saline range from 2 mg/ml to 1/24
mg/ml.

N""’P?{;’f Rio | (0) (0) (n (2 ;1 (3)
Soner " Ri [ (0) ©) () 2 1 @3
1007 Jort: Administration ==
7t
i '
: i
1
i
Inhibition / VY
% g [
(%) Concentration of 1 1
Pronase-P : !
X /2 mg/ml : :
[
bttt
Week 0 2 3 ' 8
Fig. 3. Appearance of precipitation zone and changes

of inhibitory action to rabbit serum after repeated intra-
muscular injection of adjuvant-containing Pronase-P.
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U, BMME#RT B BRI, £OMFc>v

THAEOME 2177 (Ouchterlony ), R, T
Z2A0, Re Tk 1 ROWEBREHERL, L
2% Adjuvant OfEFIZ LY bb@?ﬁ’]fﬂ,ﬁﬁ?ﬁmuﬁ
BHAER GBS 2 2 BB L 2IC 5T,
T Ry 01X 5mg; Ry 12 2.5mg *,:iz;a'q:
DHFIE FhE R 4 B BEICER 6 BIFHTELS
2, o7 HBEKEL, FoMFcovT
FREORBRTRV, S bICEKHERSEE
OMBZSCTHHE L. T ok#EE Fig.3
ORI, WIERE% T B B o3
&< RIS hF, Fi-Pronase {EF 1k BHEERT
R Ry TIETT 5 ERAD, Ry Cg
DTEED LABRA LN, 2EE TR Th

Fig. 4. Photograph of precipitation reaction.
Center well : Pronase-P (2mg/ml). Circumferential
wells : Rabbit serum diluted with saline range
from 1 T to 32 T.

bERIC BH L TIHERIZ0% B D, [
BT 1 AR DEBAR TR S hie. 3B T
HI=RiE 100 %38 < £ T RF LIRS 2 ARRERR
&hiz. 5EE TRIPHRIZIZEFI00%L 7Y
3 AR O VLR S wéht Z DR OHE DT
flizWET 2720, EE 2mg/ml OPronase
GfJE) 0.1 ml % center well IC3 &, EEAMAR
(Ix, 2%, 4%, 8%, 16X, 32X) Licii
0.1ml 35% circuamferential well [c 3 < & fi¥E
HEEOEY well (257K ET) T 3ARDE
B0 b, 205 b LRSS
 SMEAMRE CHIRRICBE CE . Fig 4 i1
Rye 2oV ToOREE R Lizb DTH 5.

. Pronase #i{& (Antibody-P) Dk
BiC X s

Pronase @#ER L ORI X D KRRMF
HUADEAES NS Z L BHERS MO T, FlR
DLEER X OEE E AEEXKIEE AV TREL
Tz, FTinhbERER EO/MLICHIRE LTER
B 2mg/ml ¢ Pronase #J 0.02ml %k T
15 BRfEvkEIEE, HWOPICMIELT LIEERIC
ISREMRHE L v iva L, RAL VR
Mic 3ADIEERR & 80 7o, ZORRPL
Pronase 123 < &b STFHOPRMEDH 5 T
EABELP LR ST WI/NLUICIEZ BT
1.5 EpfipkEhse, Eodic 2mg/ml @ Pronase
¥ LT incubate LYufs L7cfER, HKAHA
MBI X - T Clc AfLiE OFE 0532 b H#HE
HILT, Antibody-P i% y-globulin 4yijic—%
THILERERLL.

iRk oRBEER S Pronase 1 IFHEE X
I X Y MiEPc e obifEEEEAT L LD
iz, Hi-Pronase {Ef OIEHR (kIME O¥EIN)
+%Z L, Pronase OFFMFZE—72b DT
PV EREoSBE LRI T o HRER
B LHSHRECHTEOS 5 Z LB LK.
oz ki Pronase OfFAKEHE, MmHHiik
O X Ofi-Pronase {EA © PiEIC LD,
ZOBERINE invivo TEIELS B2 L &R
B3 BHLDEV 2D

V. Pronase ofEH#5.1c X %ifi# Pronase
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ks & Oi-Pronase {EF O
A. FRICOVTDESR

ERFENOZLL, FRIAFDS>H 2]
Rey Re—A Ff) 101X 1 HEE L T Pronase
1,000 PUK #, o 23 (Rs, R—B £f)
1Z1% 2,000 PUK % 6 ARER#ELTIHE
Ctkik, BT HBIREL, R A 6 [EE
Z L7 BA, BEEOEK LI (Re R
2V TEREBE/RTHTHBCORIML, &
IfiEic >\ THi-Pronase {EH, Fifk o it
AT o Ry BREMADBIIEEGHR 2 ~
38 % Trx¥-Pronase fEH 1 BT L7275,
ZOHBITEITR L2 b1 LRIk T A
Boflick e cbiEmERmLz. LrLZo
ERTRHAOBRBRTE R 7. Fig. 5
OB ERLELOTH B,

B. Ao TnEE

BERAETF24 H, H) o, H, i2ix
Empynase 3caps. % 1 HEL L 7 HEEEHR
Ay, zofaEEtRm, H, X 1H 6
caps. % 14 EAMEH®EL, REEIX 3B
BICERIL, BB oV THiE o B, Hi-
Pronase {Efj 0B 2T L7z, $Hi-Pronase
VERic >k Fig. 6 iom+4m<, H, <k
WREEICEIR Loz iEm, H, TiRE
BALHIE L, 1488 Ti50% A 0ikE %
58k L7z. Antibody-P 13354 9@ E £ T4
R ERD 5720, 1088 B LA TiR bk
BLEDDORALNZ., Z OERTIXBEREL
BRI H bR eh 57208, BHEokO
BEICIDERO LELO B A b A, 2O
#i-Pronase {fEfIA #8538 L7z = &2 5, Pronase
DR ARG X 5 BERI & 7o mHBAT
DFREMERHER S e,

% ES

TR IR TRRE - BEOBEICED T -

DEABHBZRNANER S L, zoRO&ks
WX BHBAILEHERESh TS, L ULE
REFIC O TOEBWFE D, BREA
RH O BBERIL, RIRE O MKNER, & 561

Fig. 5.
in rabbit serum after its oral administration.

Dosage
Re| | 1000 Puksday |
Inhibition (%)
100+ R, *—*| 1000
Re| 2| 2000
Re| &2 | 2000
50

Before

Changes of inhibitory action to Pronase-P

Inhibition (%)

00+ -
! Dosage

Hi | Empynase 3cap./day
Empynase 6Scap/day

I
by

50

—+—

Fig. 6.
in human serum after its oral administration.

Before} ! 2 3 4 5 6 7 i%l‘l
Week

Changes of inhibitory action to Pronase-P

BRI B 3 RIHF 7 EREHE T SR
i sh T,

2 £, 10013 551 Pronase {22\ T R HEN
ERE &, TOBEBITORESE in vitro
AR L Pronase DRI AN L
TS BERRRE ORRREIC B L AR OB B Z
EERE LK.

AW in vivo 2381 5 Pronase DEE
RROFEEFRBL VALV THELD
DTH%. ZhiZf L Pronase & v TORE
A FRBRNVIAS, trypsin, chymotrypsin,
bromelain 7 Pz >V CiREEhTva,. L
L2 ORI EIERERE A i3
BB YRR LTS L, ERE O M
PRATICE > THEERNEZERA L2 OT,
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WS 1 O TG L o CORRBIEA S 0)
Th Y, REBERLEABESRL OBfRIcOVT
LAHBETH S, EHLR I LEACEEL
THRIBICFIRRB 2T -7, ThbbUEER
Hiz Pronase EIEE/-EBHEL, mPCH
JABURBUARE (FifkoBEL), 7o b 0N Hi-
- Pronase fEfj% Ouchterlony %, «ACA i
¥ Fibrin SEAREER L OB EREE VT
RERN L. '

EBRR]. TOoRECABN 5 T &L {FHET
1% Pronase O¥EE-EMHERCLY, I
Pronase 2%+ 54k (Antibody-P) e L
#-Pronase {Eff © HEAHERSh, L b
HOMICIXIEDHBENRA bz, F/- Pronase
OFFHEITE—7 b DT b bR
HYE-oZzoHFEHEKRBODZ Z L, EHIT
FIEBIRRIC X Y 2 ORI r-globulin 43
BEICBT5 L bR LA, L TRA
BE#OMEIC > T o Antibody-P ofH 7
5 iz Hi-Pronase {ER »F#& 1L Pronase 0§
BRI EETEL > 5—FHErEL 6N 5.

Pronase #iEZN#5H LcBE (EBRV), ¥R
Tk 6 BE®%IC BT L 2 oIk ok
XX 7720, Hi-Pronase fER 344 & o 18
WL, ANTRIOGEBZICHRETI D 5723k
M (B 5 LE b 22338 bh, $Hi-Pronase
TER R 2o #BR Lz, DL E0ind = 0ERT
FRAEOBRHBED THRE TS - i, HIE
I HRERE ORI X VIREFTH 573,
WFRIZ LT Hi-Pronase {EF OWiE Lz
&L IFERINFTREIEOTEET 5 Z L1k R4
HHEh .

W ERIL & H 7z Pronase o ffii s o
5%, REBRTHOLMICK - 2 & & i Anti-
body-P o pEA: L $;-Pronase {EF & DS ED
MERED b2z & T, ZTHIREREEHOE
FA#FFiC inhibitor NEEABEZHE I T3
CCLER®TELOLVRED.

MHCBIT LBEREHEZOX EOW TR
FricEdh s b o, BHEEHLZOMEYE
LORARBIL LTERh S b 0b, %3 EMm

ERE IS Pronase-P OBIUCT 2%

BRICING & 7 I S LTI B § s &
EiZm L, ZoRLAHTH S, FEEHERE
B%2521% native protein [ZIX{Ef Lz v v bl

TVBW, invitro TIRHLPICHEEA S

%?6.L#Lhw@oﬁd:@ﬁﬂ%&bﬁ
V. ThhbBREBRFEEAOMPICBT 220
BERIE LT L b EERRIC—E L TR

LV, ZhboZ b MPRINEhE
FR R IEE  E A LT, NEHE
BREAEERK LTS b ELLNG. T
b b E ARSI M Tk free type & L
THEETHLOTRAVEEZOBND.

BT (R « BE) 2B 2BEREEAOER
KEEIlc >V T oRZE S 72 4 £, Innerfield?®
1X in vivo TiX trypsin 23 fibrin %2 %3
TEREEL, IhEmBREEHRIRREE RS
LCENEZRD IR,  ORPEFERTMARD
R X 3 b 0Tk <, miRREEORIEMK
BOWMEIKEZ D TH B L v s T B,
Martin (3988 0 FHHESIC X 3 ERIRE
{z trypsin, chymotrypsin, protease B, strepto-
kinase 7z ¥ 2®E LT, ZhOEREPITIT
REBEERO S ZLERE L TR Y,
trypsin OFLRIEIEA 12 BASFERIC LD b 0
LE L Tv5. —J Innerfield3Oyd &N T
E @ polymerization & depolymerization
BB EME- T 52, MikicEEEED
FERICIE = ¥R T polymerization #
WA L, ok fibrin O, B
T OFBMERD, BIMBROBEE & LT RE
IR T 52, Bl ofEBicfkicy polymeri-
zation¥RE M T U T RIEREMR L, ERIRERICIE
T35 L, ZOREAREESREEEThE
FREOBBEEHELO B LD LEELTY 5.
ARSI AR N O R A RS SRIRIERICBE L€
OIENAL & FIRE I 2 Hic w5 % inhibitor O

CHREWEL, B % o inhibitor b{LFEE

MRS A EIEY, 2 EREME trypsin HEIME
BAKE R E 2 I A HEICEA LT 5
Lo TeB A, S BE LT AERRICA <
TFfE+ % plasmin 22T HEEHI TV 5.
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REIS2 Y AR PAIE 2 MM M I DU RS A & 4
AEREE LTV B0, = 0fES1E chloroform,
ether, alcohol 3L UFIRA Yiz L VEHICH
BT 222 2E LTS, 20T LIREAN
BICBRETRCZ L EFRR LTV 5.
TREBEEAORFTICBY BERBFIC O
TIREEDD D RERFERIL 202, Z ORE
COWTROMEERERAAT. ThbLRED
#E.& e Pronase |3BASBEMIRE B IRIY &
TP BTL, TR PIcEETS
non specific inhibitor 7> ¥ 7 X 5EEFIC L
T4 U7z specific inhibitor » A AYICFES L
ZOREEERNEOE F OB E 7213 H BRI
WD B RTINS LT BFTCEE R, R
£ U B EY D 72 % 1 Pronase % 71X # 0%
PEERAL A3 7 WA I i A 0> & 28 L T, Pronase
AROERIRIEF & J6 18 LRSI EE
BEEET O TEAEPA 5. ZOBEENSE
INB75HITEEHREN (Pronase) DIRMOEEIC
L BBER, mFEE, BRI Y —E D
TEMBF 28+ 5 2 L v T (Fig 7) IT4EE
REFICEL EAShED 2 DT T2 5EE
HEMRBEROERF, S bIcEWERORER L
T OXR I ERA LB L, BARER
D 52bDEELZOND. LiLIOHEED
HBRIZOWTRABROPTE BRI h i i b
v,

1 E

Pronase-P (BEWMER) 2RERRICH
B BEL SHREREBIVCACRAOREL
T, BEBOMIEIC > v T HE 0 B, Hi-
Pronase-P {2 THERT L TRk OEE® 2
7z.

1. Pronase-P #{E¥RBICHEL, ZoiMm
HicHi-Pronase-P £ o 58 &L Fifk O 2
78 U H.o¥Hi-Pronase-P {EH » #5843 X UL
{REEA & $Hi-Pronase-P 0 5E L oic ED
THEE % 38 72,

2. Pronase-P (Adjuvant 27) *EEFE
CHEL, % oMiFichi-Pronase EF o EH

Intestinal

% Enzymé
canal 3
U Active site
Epithelial 3
cell1 @
Non specific
@/ inhibitor /F2 P
Blood o 2} g
Specific_inhibitor
Bé
Metabolic
Morbidi ] Tproduet T
site ? 2 Y
Proteolytic
lL -activity U'
Fig. 7. Schema on behavior of proteolytic en-

zyme in blood after its oral administration.

e AR L HUAOEA R RY, WEICIENCTEREEZ
BTz,

3. Pronase-P o#FiEIHE—2 b O Tidiz
S L OVBREEEE T 5 b, TohkR
r-globulin EICHEET S 2 & 2 WD 2.

4, Pronase-P # R E B X O NicER#KEE
L, FOMECHEOHBEZRIHIZTE R
7ehS, Hi-Pronase {EF] ix Wi ¥ 5 EHm 289
fz. ZoZ k» 5 Pronase-P o FERKILOF]
Bt & fEFBSFFICB LT inhibitor 23EZELE
HEBELUTVDZ ERERES . ‘

5. REBRRED O BAREEROEENE)
m7 b OIAERBFFICE T 2 EIC >V TR
L7,
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Note of the dynamics of human muscular movement on the basis
of equation of motion of the muscular contraction

Yoshiya Shinagawa, Yasuko Shinagawa and Akira Inouye (Department of Physi-
ology, Kyoto University, School of Medicine)

Since Furusawa, Hill and Parkinson (1927) studied on the dynamics of sprint running, the
eqation of motion provides fruitful means not only for analysis of the human muscular mo-
vement but also for selection of the athletes for a given sport. The equation of motion also
provides energy dissipation function in steady state, @, as @/t=ks? at a given speed v,
where ¢ is time and %, a constant. The relation was proved applicable to muscular exercises
at middle speed range. In higher speed range e. g. sprint running, however, the energy
requirement becomes proportional to the higher power of the speed, that is @ Jt=kv", n>2.

The authors have attempted to extend the equation of motion on the basis of characteris-
tic equation of muscular contraction (Hill, 1938). The equation of motion of muscular con-
tsaction is given as :

dv 4b—v
i >
where P is power of the contraction, « and b a constant. On the analogy of the equation,
an equation of human muscular movement is given as

m —Z?—=f—lzlv—k2v2—kgva.
and the energy dissipation function in steady state is derived as @ /t=hp2+ky?-+kgt. The
proposed formula was shown to fit fairly well to the results on running reported hitherto.

(J. Physiol. Soc. Japan (1967) 29, 533-538)
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The equation of motion of the human musclar movement and the
speed-distance relation of the records of sports

Yoshiya Shinagawa, Yasuko Shinagawa and Akira Inouye (Department of Physiology,

Kyoto University, School of Medicine)

The authors previously reported the equation of motion of human muscular movement as

follows
mn _dv_ = f—kw—kov®—kav®,
dt

where m is body weight, » given speed, ¢ time, f power of the movement, %;, k2, ks a constant.
The present paper reports a speed-distance relation of the records of sports derived from

the equation of motion as
@ /% =R+ kav®+ k3o

where x is the distance of speed sports, @ energy dissipation function in steady state. The
relation was shown to fit fairly well to the Japan and world records of the running, skating
and swimming, e. g. the relation of the world records of running is given as

81.536 x 103/x=11.523 v—7.567 v?+03.

The limit of speed of the sprint running is also discussed on the basis of the equation of

motion of human muscular movement.
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Skating records : Speed as a function of

distance
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Fig. 3. The records of speed skating title game

of Japan (1966), speed as a function of distance ;
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Effect of stimulus interval on action potential
of rabbit papillary muscle fiber

Tsuneo Tosaka, Koji Saito and Shuzo Kinoshita

Department of Physiology, Tokyo Medical, College, Shinjuku-ku, Tokyo Japan

It has been shown that the configuration of
the action potentials, particularly their re-
polarization phase, in rabbit atrium (4 and 5),
rabbit ventricle (2), mouse atrium (3) and dog
ventricle (1) varied widely with stimulus fre-
quency applied after long period of rest. On
rabbit atrial muscle fiber, the action potential
obtained after long period of rest was char-
acterized by faster repolarization with the half
duration of 7 to 10 msec. The plateau phase
of the action potential was gradually growing
up during repetitive excitations, reaching to
the given shape depending on the stimulus
. frequency. The similar observations on the
action potential of rabbit papillary muscle fiber
will be reported in this paper.

A papillary muscle of rabbit right ventricle
was immersed in Tyrode solution kept at 36°C.
The solution was aerated direclty in bath with
95% O, and 59 CO, through the glass tube
with many holes to minimize fluctuation of
the surface. The intracellular microelectrode
was suspended by a silver wire with diameter
of 60 . Two successive stimulating pulses of
various intervals after the rest of 1 minute
were applied extracellularly through a coaxial
electrode. The distance between recording and
stimulating electrodes was less than 1 mm in
this experiment.

The repolarization phase of the intracellular

BIRER - LT « KT ERERAY
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action potential obtained after the rest of 1
minute (the right trace in Fig. 1) is consisted
of six phases ; initial rapid falling phase (corre-
sponding to phase 1 in atrial action potentials
(5)), early small shoulder (phase 2 A), the sec-
ond falling phase (phase 2 B), late large shoulder
(phase 3 A), the third falling phase (phase 3B)
and the last long tail (phase 4). Maximum rate
of fall of these phases were 2.2, 1.0, 1.25, 0.7, 1.0
V/sec and 15 mV /sec respectively. The half du-
ration (the width at the level of 509 of ampli-
tude of the conditioning action potential) and
the total one including the long tail were 58
and more than 250 msec respectively.

The action potentials evoked by test stimuli
of various intervals after such skinny action
potential are shown in Fig. 1, in which the
half duration and the overshoot are also plotted
against the stimulus interval. As the stimulus -
interval became shorter, the phases 2A to 3B
fused together and developed finally to the
typical plateau phase. The maximum value of
the half duration was 127 msec. The initial
falling phase remained distinguishable from
the plateau but its rate of fall decreased mark-
edly. When the interval was shorter than
350 msee, the duration decreased and the ini-
tial falling phase disappeared. It is of interest
that the action potential was affected by the
preceding one even in the long interval of 2.8
sec and that the action potential evoked at just
after absolute refractory period of about 100

msec was not shorter than the conditioning one
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Fig. 1. An example of series recording of rabbit papillary action poteatials evoked by

two successive stimuli with various intervals. Each conditioning stimulation was applied after
the rest of 1 minute. Overshoot (circle) and half duration (square) of action potentials by
test stimuli are plotted against the stimulus interval. Time and voltage calibrations, seen in
the upper, indicate 50 msec and 50 mV respectively.

in its half duration even in total one.

On the other hand, as the stimulus interval
was shortened to the same point as that of
the maximal half duration, the overshoot in-
creased gradually from 21.5 to 27 mV but de-
creased remarkably beyond zero level by further
shortening of the interval. This increase in
overshoot was more clearly demonstrated in
repetitive excitations after long period of rest.
This fact has been already shown on rabbit
atrium (5) and ventricle (2).

The results mentioned above are similar to
that seen in rabbit atrium (5), ventricle (2), dog
ventricle (1) and mouse atrium (3); 1. e., the
action potential was affected by preceding ex-
citation for a relatively long period. This char-
acteristic seems to be common in mammalian

cardiac working muscle fiber.
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The relation between membrane potential and-tension in
the depolarized muscle fibre of the frog ‘

Hidenobu Mashima and Yukimaro Nakayama

Department of Physiology, School of Medicine, Juntendo University, Hongo, Tokyo

Kuffler? (1946) and Sten-Knudsen®)? (1954,
1960) pointed out the fact that an essential factor
to develop tension in the frog muscle fibre was
not the current through the membrane but
the depolarization of membrane. The relation
between membrane potential and tension inclu-
ding the inactivation against the tension was
successfully shown by Hodgkin and Horowiczl)
(1960) with potassium contracture of single
muscle fibre. Orkand® (1962) also found a linear
relation between membrane potential and
tension in the crayfish muscle fibre, applying
electrical current. These results indicate that
the tension development depends on the mem-
brane potential but the lower membrane poten-
tial, if it lasts more than one minute, inacti-
vates the contraction.

In the previous report (Mashima and Naka-

yama?), 1967), we have shown the rise of me-

chanical threshold potential in the depolarized

. muscle fibre. The purpose of this report is to
show the change in the relation between mem-
brane potential and tension in the depolarized
muscle fibre, in order to elucidate the details
of inactivation of contraction induced by main-
tained depolarization.

Small bundle from the sartorius muscle of
the frog, Rana nigromaculata, was used. In
order to pick up the tension from only adjacent

region of the potential electrode, the muscle
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was folded like a hook into two parts, the pelvic
part of less than 4 mm and the residual tibial
part, and mounted in the Ringer bath horizon-
tally and longitudinally with the pelvic part
upside, winding round a small glass rod (diame-
ter was 0.5 mm) fixed horizontally and trans-
versely in the bath. The end of the uppér
pelvic part was tied to the perpendicular glass
capillary attached to the anodal pin of RCA-
5734 tube, and the end of the lower tibial part
was lightly streched and pinned to the bottom
of the bath. Two intracellular electrodes were
inserted into a fibre at the centre of the pelvic
part, the distance between tips was less than
100 . The one was a stimulating, and the other
was a recording electrode. While the space
constant of frog muscle membrane is about 2
mm (Mashima and Washio®), 1964), the change
in membrane potential produced by the current
through stimulating electrode must spread over
all the pelvic part without much decrease.
Thus, the changes in membrane potential and
tension of the pelvic part were recorded simul-
taneously.

The muscle was immersed into Ringer’s
solution for about one hour after dissection
and then the solution was exchanged for the
sodium-free solution which was made by rep-
lacing Na* with isomolar choline, in order to
suppress the action potential. The depolarizing
current pulse with duration of 200 msec was
applied through the current eléctrode. Increa-

sing the current intensity, the amounts of

Te
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The relation between membrane potential and tension in the frog muscle fibres.

A :in 5mM K*, Nat-free; B:in 5mM K*, 0.06% procain Ringer; C:in 8mM K*,
Nat~free ; D : in 10 mM K* Ringer ; E : in 14 mM K*, Na*—free ; F : in 20 mM K* Ringer.

depolarization and developed tension increased.
When the concentration of K* in the external
solution was increased to between 5~20 mM,
the mechanical threshold potential became
higher (i. e. the minimum contraction appeared
at less membrane potential), conforming to the
previous report (Mashima and Nakayama®), 1967)
and the slope of the membrane potential-ten-
sion curve decreased, as shown in Fig. 1, A,
C and E. When 0.06%, procain was added to
the external solution or the K* concentration
was more than 10 mM, the membrane poten-
tial-tension relation was obtained without rep-
lacing Na* with choline (Fig. 1, B or D, F).
From these results it is concluded that the
lower membrane potential inactivates the con-
tractile machine in ways of not only lowering
the peak tension (Hodgkin and Horowicz!), 1960)
and raising the mechanical threshold potential
(Mashima and Nakayama®, 1967), but also dec-

reasing the slope of membrane potential-ten-

sion curve.
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“Drived” diphasic waveform of skin potential reflex in cats

Yosizumi Niimi, Katuo Yamazaki and Takami Watanabe

Laboratory of Psychophysiology, Department of Psychology,
Waseda University, Sinzyuku, Tokyo, Japan

It has been generally believed that the wave-
form of the skin potential reflex (SPR) in the
cat, as Wang and Ludwig (5) has recently
pointed out, was consistently monophasic néga-
tive, unlike that of humans. There are, how-
ever, some reports showing that the diphasic
waves are obtainable following repetitive nerve
stimulation in anesthetized cats : The positive
components of the diphasic SPR observed in
these studies, were either of very long latency
and duration of the order of minutes (1, 4) or
of very low amplitude (8), compared with those
recorded from humans.

The waveform of SPR in humans was sug-
gested to be affected by the basal skin potential
(BSP) level. In this line, Wilcott (7) found in
humans that an artificial variation of the BSP
‘markedly changed the SPR waveform. His
findings were readily verified in this laboratory
by a modified method (2,.6). In case of a cat,
however, Wilcott (8) showed that this procedure
produced no effects on the waveform of SPR.

This paper is to report a successful attempt
to evoke diphasic waves by an artificial vari-
ation of BSP in the unanesthetized cats, as simi-
lar to those found in humans. The methods
used in this study, the same as those employed
in humans, have been fully described elsewhere
(6). The SPR and BSP were recorded on the
equipment having DC amplifiers with high
input impedance. Ag-AgCl disc electrodes with

Froe R« (LRBEDS - RS - BRI RS
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a standing potential of less than+0.1 mV were
taped, with ager and 50 mM NaCl, on the foot
pad, and on a skin-drilled (3) area on the ankle,
as an indifferent site. The waking cats were
left unrestrained in a shielded box. Stimuli to
elicit the SPRs were sudden noises or square
wave pulses to the shaved spots of the leg. The
BSP was varied artificially to as low as —360
mV, applying a DC voltage to the experimental
electrodes from an external circuit, monitoring
control records from the other foot pad.

In this study, a total of 4 adult cats was used,
with each animal tested more than once. With
2 cats of 4 tested, diphasic waveforms were
eleicited by increasing negativity of BSP ap-
proximately more than —200mV, but never
changed to monophasic positive waves. The
original BSP in the cat, without applying a

DC current, was approximately —10mV, as

shown in the lowest right trace of section A

in the figure, and at this normal BSP level the
SPRs showed consistently monophasic negative
waves. In this case, lowering the BSP to —40
mV produced monophasic negative waves, and
lowering it to —120mV could now produce
diphasic-like waves and then further changing
it to —190 mV or more caused SPRs diphasic
waves consisting of an initial negative and
followed by a positive wave as found in humans
(section ‘B). In this case, of the 16 SPRs evoked
at a drived BSP of —170mV or more, 14
were diphasic and 2 diphasic-like. For another
animal displaying diphasic waves, 60 percent
of the SPR evoked at a —200mV were of
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The SPR waveforms evoked on varied BSP levels, compared with control ones recorded
continuously (A) and simultaneously (B). The lower right trace in section A and upper trace
in section B show control SPRs without inducing a DC voltage. In section B, a pair of the
last SPRs were recorded at the faster paper-speed. Upward defleciton in each record denotes

increased negativity.

diphasic-like waves and diphasic SPRs were
always present at a —360 mV. Of the 2 cats
showing no effects, neither lowering the BSP
to as low as —200mV for one animal nor
lowering it to —300mV for the other had
any effects.

The relation between the BSP and the SPR
of the cat differs from that of the human in
the following : 1) The BSP levels of the cat
are extremely lower in negativity and display
little variation. 2) The diphasic SPR waves in
the cat are produced with the BSP of the
remarkably higher negativity. 3) There are
considerable individual differences in producing
the diphasic SPR waves at a BSP level around
—300 mV. 4) The monophasic positive waves
could never be produced by means of an arti-
ficial vaiation of the BSP with a range of
+180~—300 mV tested. The results of the
present experiment are at variance with Wilcott’s
observation (8) that no diphasic wave could be
produced by a driving the BSP in cats. A

possible explanation for this discrepancy is that
in Wilcott’s experiment the range of lowering
the BSP was not sufficient enough, while in
the present experiment it was lowered to as
low as —360 mV. These results clearly demon-
strate the possibility that there exists a positive
component in the cat’s SPR, presenting some
cues for the dispute on the peripheral mecha-
nisms underlying the SPR between the two-
membrane hypothesis and the sweat gland

hypothesis.
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Presynaptic effect of oxygen on neuromuscular
transmission in the frog

Takashi Maeno and Saburo Hashimura

Department of Physiology, Faculty of Medicine, Kagoshima University Kagoshima

Prolonged anoxia or asphyxia invariably causes
a complete block of synaptic transmission in
the monosynaptic reflex in the spinal cordD.
This failure in the synaptic transmission is mainly
ascribed to some deteriorative changes in the
membrane properties, which affect conduction
and transmitter release in the presynaptic nerve
terminal and also excitability of the soma.
However, they reported that there is an initial
period‘ of enhanced reflex activity prior to failure
of the synaptic transmission.

On the neuromuscular junction of the rat,
Hubbard and L¢yning? described similar initial
{acilitation of synaptic transmission during hy-
poxia. They also reported marked increase in
the post-tetanic potentiation of e. p. p. amplitude
and m. e. p. p. frequency after the termination
of repetitive stimulation in hypoxic condition.
These results suggest that there could be some
facilitatory changes in the transmitter releasing
mechanism in the presynaptic terminal during

hypoxia which are obscured and abolished by

gradually developing deteriorative changes in

the nervous membrane.

The isolated mammalian preparation shows

rather higher rates of oxygen consumption at
body temperature compared with those of am-
phibia at room temperature. Consequently,
degenerating effects of hypoxia on nervous
system could be eliminated if hypoxic exper-
iments are conducted on thefrog. In fact, the

normal functions of the frog neuromuscular
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preparation are able to be maintained for long
time without spécial steps to provide oxygen-
ation.

Using Mg-paralysed sartorius muscle of the

frog (Rana nigromaculata), the effect of oxy-

‘genation on the neuromuscular transmission

was studied in the present experiments. In
Ringer solution containing Mg, transmitter
release from the motor nerve terminal by in-
direct stimulation is depressed to such an extent
that e.p. p. responses in a train of records show
discrete fluctuations in amplitude due to vari-
ation in quantal content of e.p.p. (see Fig. 1).
As described by del Castillo and Katz%, mean
quantal content of e.p.p. () and quantal height
of e.p. p. () could be calculated from coefficient
of variation (c. v.) and mean amplitude of e. p.p.
(V) with the following equations ;
m=1/(c. v2.)
v=V/m

The effects of certain agents on the transmis-
sion in the myoneural junction are able to be
analysed most simply with this procedure. The
effect on transmitter release from the motor
nerve terminal could readily be shown by. a
change in m, whereas effect on the sensitivity
of ACh receptor in the muscle end-plate mem-
brane is easily demonstrable by an alteration
in 2.

Initially, 200 e. p. p. s were recorded in hy-
poxic condition (without oxygen supply) at the '
stimulating frequency of 6c¢/s, and computed
m and » were taken as the controls. Then the
preparation was perfused with oxygenated Mg-

Ringer. In order to allow to reach equilibrium
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Fig. 1.

Effect of oxygen on e.p.p.s. A and B, records of e. p. p.s of low quantal content

showing ineffectiveness of oxygen on . A, control ; B, oxygenated. f indicates failure in e.
p. p. response, and v denotes e. p. p. corresponding quantal height (»). Although the amplitudes
of e.p.p.s were decreased and failures in e.p.p. responses increased with oxygenation, no

marked change was noted on (v).

C and D, records of e.p.p.s of high quantal content demonstrating invariability of the time
course of e.p.p. with oxygenation. C, control ; D), oxygenated. Despite of marked reduction
in the amplitudes of e. p.p.s with oxygenation, the time course of e. p. p. remained unaltered.
Stimulating frequency, 6 c/s. Voltage calibration, 1 mV for A, B and D, and 2mV for C.

Time scale, 10 msec.

condition, recording of 200 e.p.p.s in the test
solution was not made until 5~10min after
the start of perfusion.

The present results showed that oxygen
suppresses the transmitter release from the
nerve ending to about 599 of the control value
(average of 6 cases). Such a reduction in # in
oxygenated condition is statistically significant,
since Edwards and Ikeda® had indicated that
a decrement of m of about 25% is the crite-
rion for the statistical significance. On the other
hand, no evident changes were observed on »
and time course of the e.p. p. during oxygena-
tion (Fig. 1). This fact suggests that oxygen
has little or no effects on the sensitivity of ACh
receptor and the activity of AChE in the
postsynaptic membrane.

It may be concluded from the present inves-
tigation that oxygen specifically affects trans-

mitter release in the motor nerve ending. The

results also imply that initial enhancement of
transmission during hypoxia observable on the
neuromuscular junction of the rat?) and on the
monosynaptic reflex activity in the spinal cord
of the catD are due to an increase in transmit-
ter release. However, the increment of post-
tetanic potentiation of e.p.p. under hypoxic
condition?) and our unpublished observation on
the effect of oxygen on the mobilization of
transmitter suggest a possibility that change in
oxygen tension may act on the process of trans-
mitter mobilization.

The authors wish to thank Dr. C. Edwards for
reading of the manuscript.

References

1) Eccles, R. M., L¢yning, Y. and Oshima, T. (1966)
J. Neurophysiol. 29, 315-332

2) Hubbard, J. I. and L¢yning, Y. (1966) J. Physiol.
185, 205-223

3) del Castillo, J. and Katz, B. {1954) J. Physiol.
124, 560-573

4) Edwards, C. and Ikeda, K. (1962) J. Pharmacol.
Exp. Therap. 138, 322-328



552

(Jap. J. Physiol. #:§%)

Vol. 16, No. 4 (1966. 8)
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AEERE (FRHEREDY)
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TREFHC o> T DER L 2 b T BB REY
Bic. ke LTQLER TR LIS ChEshic
< DBE DR AT L TLERIE LRk
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b, UL ChoKkEI R 2001 k3450
1T HRRECAHEC /I b BIEHEMAORI L
BT 5. U B8 B B IEENT B
75 plateau 12T 5 X H Lig\Z &A%\, Q0LE
HOMEERAC Y s TY RAaRE N B T B
plateau M ET B Z LM%\, E£ITTH
OER OFEEIETT A OEHEFRI T
5 & &, MIEBEMHOBRNE S LAEMTH
X, RTTHIFHEMO plateau 2 EHic X
5T ENZ\, DL &L plateau i >3\ T

BB D, BFOEN OEBRThr s e

L, &177 5o plateau 1338 T &5 % §lHi%
W (RO - EBET S EF ORI X 5T
plateau HZEHIC/ %, BMER/NEMLICLE - TH
FRSER R Z 5 E Mo LER O plateau 133/t
$5. (5 plateau |3 7w F ~ L 2 ) vig FCHREE
LI isds o s [EE Licus.

LED X 5% 5+ 0LEFEHEE plateau %
B 5T B E Wb Tilious., L b BRI
plateau # 23EHNC 75 - 7o b RERIC 7t 5 72 D3
5. e B o BEVNER E LTOOY
&, X ORI X 5 T plateau N EBIC B &
ERB B IROBER O, DHHES
e 5 BEREC A A+ VBB IR LT pla-
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BNEEEREES v bOF renin Fit
BRI AR - B7E  FITAIRIE)

Okamoto ¢ Aoki 1%, Wistar %5 » X b,
KR EDCHRCEMEEYETS 1 Rk 5
WL, ChEBmEHRRBET » b AT
SO TREVREINTEREL, ko 3{Ucbi
5T, RBNCEIERY ET 5 & BHR L.
DTy Mo, MFEERR E BRI EE
HLC, & renin {EH &G Lic.

Renin [GHEOHEL, 3o0HEEPMAL, %
T X —g Lic, W, 4% 58, 118,
15 7c\s L 30 38, 50 BETHED 4 BRI\ THT -
fo. ML 5BCIERA S ERERT, 1LETIR
£ 150 mmHg % 7o, 15700~ L30ETIL,
i F R EF DRSS, 2 v br—A kL
i}, Donryu %, SEhHFO Wistar R, IV
HAEM v 2 — 0 Wistar % (ST HRRIE
5y bEHERRALLTAHED) O 3RFELIHE
Liz.

EMEEASIES » O renin iEHIL, 1LET
W ERIEEBEEEST, 1570 L3GED O TiX
B RAbR, S0EE CHRTZ LY
Zte. Al EAESMEE EEhAEIWELT
¥oEM, renin JHEEXEAER LI, oz k

1%, renin FHHEOHISAMEEROKERT S

b DTHDH T EERT. SOEFTED DR
TR EoERE (G 1T
Uiz, :

Pl Lok, aldosteron DM RMEERETTH
%, renin-angiotensin /A ME FF OFERE LT
FOEERES LicboELbhS. TCILAl
OB O ERIE MR BT, Bk 7 7
vIENMITR b LTI, renin ©
R — A LTn b Z 23 b Tn 5.
ChH0FER, SMFFEDORKES renin-angio-
tensin RUAD LD X B L%, HWTETS
LDTHB.

HBEDERAFLEE (nucl. centrum median-
um, CM) neuron OFZ§#, IRICETDIH
%

MERZEFCAE « FRNIER « EERESF (GRKEL
SEH

WEFEIREM LIS o W T, UNEBRIC XD
CM neuron W.3\F% HAENE, RMHZR B
£ % CM neuron DIEBYEAL, HEFIC L BTE
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FhFEA A %2 L€ CM neuron 4% B &5 T
Lic. Zo84, CM neuron #[FET 5 1-DIC
PSR, SE AR, FRORIT X 5 ThEE
FF5t (driven unitary discharge, DU) 23% & %
B, A0, BERBICSIGT B o Lkt
Ute. R0 Q4R 5 83units & Biaixt
KLl
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discharge, SU) o Z&4HJHEL 5~25/sec TH D,
WEMPEII P 36.0 = 13.6 msec L EHE I Xh
B, DISOTRBHICH 5 25, REETF TRV
burst kOB R T Lidio. © 01 RFEE
(SU) ik Mgz o JBIEECHE - THmL, 3
thb, KEERI ML L, HECE I ARRL
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PR AR ) 0 45 U € CM neuron i€ 38\~ C 3%
JeFe5 (DU) 23Ze 8 Lo sici3 3 26568t (SU) o
WEBOLEINT 5. Leps DMNFEMELINNAINL
TFsesed (DU) X ¥ % & 2D 500msec
WE D 7R (SU) g Zm L.

TR o 0% AY 10eps DA icie b &
CM neuron &} 5iAdk 54T (DU) wxzhth
ol follow Lzgwas, 1158741 SU)
B LWiglE AR L,

AR S IE i) e X B & CM neuron @ [
F95 SU) il x b0y, F oL 4 5
Wi E R 7z, CM neuron 1T %5 \» T spindle
burst o MBI FEH LT HJedest (SU) ofitili%
IR THID neuron X 4:AD16%TH 7.

FEMNB G5 CM neuron [Ty, JER
JatED, KOWANCE S receptive field %43
. 1etd, WO X - T CM neuron 1%
VB IET)REALO FESHEIE WO after effect D ff
RN RS

iR (MRFE), #7ix, sl CM %10~
100 cps THI L TR\T, K H SR A N
%% & CM neuron o &S (2D FEGHHAIE 21N
L, after effect DFFFMFEINERE LT,

ML EDB#EC X - T CM neuron oA 4D
PR RE DI R R W D v fe L e,
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T b, IR HEA T panting J545 0D R i
Wk B BRI = v iR 5 T
W5,
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HBZERRDENI. TRBIKELID hs
B, B RKOL it SIS I DV S e S e,
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S v EHEREARIEL, SR FES G X B g
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DU RC I CTE L B TR D, HijEIRITE
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& UTHGE, B &\ o 7SO & AT 1 3
DL 2 KT b DTH BT L, HBLIIT
WK S R D T B AR LI T e P e 0 7ol L
TebDEELLRS.

6. Libodgnc i, I S &
EP IR & 2 AE L, WIRE OB X O
HEC U T E e it

REXBIRS LV LB OEBEEEA & NRICET
DWE

BFH H-EBMZ BLIH . FHEREX.-%
kL - HERA JLRNED)

KILDIT LIS R BRI B IR HHE B D 2 B
nh. ZoOHOMRNIEEEN & INFE Y, #NE
Hi & strain-gauge & JH\~TC, (OB & R
Uik Dfs g (G,
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Co. DEREIREAR TR b R IHET 5 O
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3. FRBIRCILOE & AL OME - -
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G NE R L - e AR5E 4 tetanus BREAB D
MLLREE RS, RBEFEERSCEWT, kX
BHIRLOBELD b inhibitory process 1T L M
<, EHNRET .

4. SRR L W OB RE A B, EAH
MR & DB T DAY, BRI AEAN & 702 FIBL
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min “CH 0, WiahRERRD .

5. kFREIRC L OFEERT L, BB
DEE L KFEHDOIER R E 57 rest potentiation
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5, ﬁﬁ%“ﬂi potentiation 73144kT % DWHEE
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Y4 £ paradoxical sleep RIFEE(CET
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NMEES - B3l - SER%T BEmAE?2
A1)

BN RS A R A R 2. & ATE Y
% F\~ paradoxical sleep (PS) ZFF&RAEI O 4
W HBREONTE 21T\, HIRE, +7v*7
A F—D PSItE JIFETHEVBR L.

w1 bromvaleryl urea 80 mg/kg, ethina-
mate 0.1 g/kg, pentobarbital sodium 12 mg/kg
35 X 0% morphine sulphate 2mg/kg %535
L sSholfd PS oRBUIESh, PSH
TR Y BRI A U, ), 2-me-
thyl-3-otolyl-quinazolone (MTQ) 40 mg/kg %4
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LB (1% PS ORBEIRE L < ML,
PS BRMHEET, Mk B A L.
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0.1g/kg 36 X T8 MTQ 40 mg/kg DL X il
INZIED KR % 208t pd chlorpromazine 1.5 mg/
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PRI B LA I SRR I L ey,
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€ 7R DIENCAT 72 5 & BRIMRIIHILR S
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TRAHGH 7 » 10 PMS 25 L b B
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HRIREEN T, WRATEFCHS b0 LiEESh
5.
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FAEICHE L TEOREEEL T 5.
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