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Effect of motor cortex stimulation on recruitment pattern during
reflex activity of fast and slow motor units in the cat. Takashi Mina-
GAWA (Laboratory of Biomechanics and Physiology, Faculty of Liberal Arts, Yamaguchi
University, Yamaguchi, Japan)

In order to learn whether change of the fixed recruitment order is induced by the
activity of motor cortex or not, the effects of motor cortex stimulation on stretch or
vibration reflex of single motor units were examined in 43 motor units of the triceps
surae muscle in cats. On the single alpha axon identified functionally there was
observed two types of firing pattern in response to the muscle stretch ; a phasic change
and a tonic change in firing pattern. Then, according to the firing pattern, the fast
or the slow motor units defined by the twitch contraction time was classified into
the fast-phasic unit, the fast-tonic unit, the slow-phasic unit, and the slow-tonic unit,

The axonal conduction velocity was significantly correlated with the reciprocal of
twitch contraction time (r=0.812, p<{0.001). Since the conduction velocity reflects
the motoneuron size, larger motoneurons would correspond to the fast motor wunits
and smaller ones to the slow units. By repetitive stimulation of the contralateral
pericruciate cortex, the activities of the fast-phasic units were facilitated (11 units),
those of the fast-tonic units were either facilitated (3) or inhibited (4), and those of
the slow-tonic units were inhibited (24 units) except that only one slow-phasic unit
was facilitated. Namely, larger motoneurons with higher conduction velocity had a
shorter contraction time and a phasic discharge pattern, and were facilitated by the
cortical stimulation, while the smaller ones with lower conduction velocity had the
opposite properties.

Further, the cortical control described above, were confirmed by the experiment
which examined the simultaneous responses to the MG vibration of two or three
axons in a natural filament of the MG nerve.

These findings suggest that a stereotyped recruitment order according to the moto-
neuron size could be modified by the input system from the motor cortex.

{J. Physiol. Soc. Japan (1980) 42, 73-83)

key words : recruitment pattern, motor units, stretch reflex, motor cortex
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Fig. 1. A ; Schematic diagram showing dis-
charge patterns of a-motoneurons in response
to muscle stretch. Each pairs show reflex dis-
charge (upper trace)and tension profile (lower
trace), aa phasically firing pattern, b:a
tonically firing pattern. B : Histogram show-
ing percentage distribution of firing patterns
in fast and slow motor units. The open and
shaded black bars show incidence of the phasic
firing pattern and the tonic firing pattern,
respectively.
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Fig. 2. Effects of electrical stimulation of
the contralateral motor cortex on stretch
reflex of MG fast-phasic (left records) and
slow-tonic motor units (right records). a:
profile of twitch tension, b :reflex firing
(upper trace) in response to muscle stretch
(lower trace), c: effects of cortical stimula-
tion on the activities of motor units during
sustained stretch, d : cortical stimulation pre-
ceding to stretch. The lines above each record
of reflex firings indicate the period of cortical
stimulation.

FIBBIRELENOETARORS (KH). &
OEBEMATETHHIEE L UL EERN
Bk > THHSREZT CnDZ ERRLT
Wh. ZDX 5B R X BHRD OB
3% OEBE THRE SR

chest UTBiE i EF R CREROR
ooz — v EdThEeEM ST EBHA)
ThbH. ZDXIRECESEAMITHR L
CBREMDOIH AL —VvERTLONE T
(F1). OEFHBEMIGHBBRCT o oK
BHEHTRBC X h FBEERERERE L TR

l1xg

1sec

HERERNE L (0. ¥ REESERET
CHEHBELTLREABROR It ol (d).
Zh b DB B R 2 TR OE\ EB) B
(278 b OB VEB A B ER DR
BRI D ANDNHEET D ENHEEIID.
AERTHCIBEDOE EBEM D 5 HHE)
HoRBEER LR TIVEOES B (F-P EH)
BT T RCREES T S {REREXT
oo L LBERMEDORS X —vERTRIO
7TEOES BN (F-TEEM) 0 5B 3@ED
EEY AT R EER TR X REYR LR

c_/\_ | 108 V2 [
pros prowest
P T AT T T, L
b N— T ——

Fig. 3. Records from two fast MG motor
units showing tonic pattern. Record A and B
show motor units revealed facilitatory and
inhibitory effects to cortical stimulation re-
spectively. a : profiles of twitch tension, b | A
is the effect of cortical stimulation on reflex
discharge during muscle stretch, and B is a
reflex discharge in response to muscle stretch
alone. ¢ : A is the effect of cortical stimula-
tion preceding to muscle stretch, and B is the
effect of cortical stimulation during sustained
stretch on reflex discharge.
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Table 1.
and their functional characteristics

Number of motor units facilitated and inhibited by cortical stimulation

Motor unit type Discharge pattern F

Twitch tension
(g, mean)

Conduction velocity
(m/sec, mean)

Phasic 11
Tonic

Phasic

Tonic 0

Fast

Slow

110.0(S. D.4-14.0) 13.5(S. D.£7.5)

88.5(S. D.:t 9.5) 2.3(S.D.£3.9)

24

F : Facilitation, 1 : Inhibition
fo.
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Fig. 4. Relation between reciprocal of twitch
contraction time (ordinate) and axonal conduc-
tion velocity (abcissa) in forty-three triceps
surae motor units. All of the motor units in-
vestigated were shown facilitatory (open circles)
or inhibited (solid circles) effects to cortical
stimulation. The linear regression was signi-

ficantly different from zero (r=0.812, p<{0.001).
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Fig. 5. Records of EMG activity (upper and
middle records) and activity of a few MG motor
axons (lower record) in a natural filament of
MG muscle nerve. These records were obtained
from same preparation.
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ATHRE, HAE @EEX, B, #—%
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)

Xenopus laevis @ carotid labyrinth =ik, &)
IRMEESZEBIFLEL, Wb 5 glomus cell
DEETHIENTTRALAE S hi. 20
glomus cell =i exocytosis #RTENBLLN,
— LW TH B & LBRRB IR, &6
CEBBEERC L VRO EHXBELRIR R,

Xenopus o glomus cell i3, B, %<

12425 5 EOMRAAFEYL LTEEL, RVWE
BEHE-> T35, Z DBA, flakic, desmosome
S 18% X 0%, gap junction B3R LR 5. sup-
porter cell DFEZITEL, AMAXXISHEA
BIEBTELTWAEAEME. Dense cored
vesicle @ exocytosis %, LI LIEZ iR
bhb. i, HALE labyrinth K FET 5
smooth muscle & HEABEFZRICHD. Bic 17nm
ORFET, fboABoNTEL Lic, BEEMREER
ToEMAERLNRS.
BEkoz &b, glomus cell o—EiksiHila
LRbhBD, TOFWHED target O 1D
%5 <, smooth muscle ThHB EEZbR5.
FOEBFHERIETOLIAHL ,» Tkl
[N

8. #— F>3SF Y5 7kICLBERERE K
DL LTZDERDOHFRICONT

i £, A M, SAFEE KB X,
&, E-4H)

KE R OHERMED B ics1) B Mo T
1, EREBFENAHEC L - THRE » 5 8l
BE, MBS CERRS L, TORKITEEE
DEBREHBEINTWS. LrL, ThbDgG
vk, HRFHCHMOLETLIHRIh T
V. ZOERTIIAEME OB X B BaHE
MBEOFERNSHIC Y - T, MERMER XOKRR
oot —BRECTAZ LR ENE L.

ERIER AR X b pREOME LML, &
EE i MC-vA vV EMEEA L. 8RO
HE, Buitho 5 SEEEEOR WS 2
15~2cm/BThotc. Zhnb, EAEKIOH
WEOVHFrLBERKSTCRE L. Bol
By, BEXYEA I L CTRER
EGR, WRTE, BEBo BT, £Bo
BHER/BEOREEA—YSOATFT7 4 —

Tl ot MhoBe LBEEEED Y, B
WRGBEE ol A= F ST 74 —D
BRTR, chiiddLidiedcififEs X
CHBCERTN, SERLUTHFELTLSEVS
XEERTER. L L, HERCR, ST
DR O FI T b B o _EfHE e gEhinc b
BLTWS. ZDZEEBPLERICOWTL
SHOBETHD.

9. IEEARIHIREEIE & 4 O L HEE

PHEEE GAK, B, £4HE)

1 2 OBIE+IRIBEEMNIR (BERNIEE) O
hies4 3 eIETE FRl»S+ BB A
~) HBWCITHTE (FEEA»DIAAN)
JE Lie.

BRI 2 A0S = o — vEREA, 1RIE
BB+ IR EA T S CRIE L, b
DH == VEBB IR CUHREOEER2E(E
FHNRBGEFHLHE L. - 0hdEGREY
Ehn LB OB EL BN OBE L L.

BEEHEEYHA I E 5 LIETHE, AT
WERE bk L. BRI SRy
FEIRBFERTHHZ LAELIRDS. i,
JEFTH: DB L GE T o 2 hid BRI K
Thote. ZHBEHOKNMNHAEDSLS Z &
HEKRTS. SO THERBEOIEITHRKE
s, MEERERIR LD Lich-
TR ERBERIRED BRI, Shik, BENRE
OEGFE S THERL, TEBACEL
TWB T EEERTS.

—FRENIEEORBE T, TiEBil~ES
B, FI®EL ey, T2EBA~NLTR X5
CRIISh TW S HIREEF BE I . T ok
BEHEO BT, BRI KR LR~ T 5.

Dk & bBERNBEORE R, HTHX
BERERRO—RE Kb, T+ =EE
PR DM IEIC R - T B & 5 ATREMEAR
mwIhic.

10. $HHEA TIRRIRMEITIC3tS 5 Isoprotere-
nol O{ER

pogEfOEE, WEH 4, PR OB (UEBX, E,
EEH)

Sy F &=y ADOHHEETIE %, Krebs-
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Henseleit ¥ T L, Isoproterenol (Iso.) #il#
XD K A4 voRE & IRRERAERL O
kb, Iso. @ Kt A+ vEiREeH T AR E
L.

1) Iso. (4 x10-7~ 4 x10~4M) o 5 4R
5k, &K 2 pmol./gr. wet tissue/min. @ K*
1A VORY ZANREDLII. 2) =V AZEF
IRiAa MR DI EALIX 9 63.2mV T % b, Iso.
(25x107"M) o 1 drop B 5B I, i 9 mV
DBHFBERENEDBII. 3) Iso. & X 585
BHSIT, RO LT ACh % Phenylephrine #ij3
B DG & g o Tuviz. @ Iso. 12 X @541,
ATET OB & el 3o Is v ote. @ Ouabain
(1mM) &3\ % Propranolol (5 x10-6M). o
FETTHEE L. @& Kt 55 \I3{E Nat #
WP THHEE L. b, £ K gu47mM
O K+ &Iz e Rbh 5 BB Nat
RV 7 OFEME e X 5B BRI, Iso. o5
X THEEmIhi. D EOERENS, o 3~
YABIVS » b OFE TG MR © 2 E %
Na*-K* 2 v 7R EEEEIL L, SEFo K o
FVERHRACERD 24, 5T ML~
Nat f v uEHAETEDOELERTHLNTE
fo.

1. 4 X FRRICEHT 3 4-Aminopyridine @
BB ERIBIERIC 20 T

kTR, MIRER, P Ak GEILK, &,
IR

REIIR 2 & MW THER LBE TR, 4-
Aminopyridine (4-AP) #8jE LT, 4-AP off
FERE B L. 4-AP (LEESW, MM
wfd Lieht TTX G4k L1z, l-hyoscyamine |3,
WS IMEREZEE SR, HiERHl (hexame.
thonium 7¢ &) 1%, 4-AP OfFHZHMIIHE L
7S, BER-EMROBMM Y decentralization 1%,
4-AP DI %S 2 o hrodc. Mg?t, Cat
DFFER L b 4-AP OfERR TR IH S h
7o, LA EiT 4-AP 2 EIZC R E AR AR HE & IR
CHIB T ARERELBIDTHH &, L LTH
@ nicotinic FFAEEN LTWBDO T T,
T LA KD negative charge L7cififr
@ bind 3 L< ¥, screening 12 X 5 WREM: AR
Bani.

b & 87

12, [RHA8R DINHERLIS s & % f= R BRAS £ K
FERY D B BRI E R

FEILEAME, ZREEMER, PIRHERS (UK,
B, B4

Zy PRIV K 2 ORI (FTR, HTE,
BT ofbaskg (5~30mg) 07 4 —n
FESHE (FS) % IO HAEMRMNEERC LT
FRET DR, ZORMER (L) o
BEMETEARE R Lic. TXUERRIRC S
W, 30V, 2msec IEDEBHIE (1 ~100Hz)
B XV Ach #IBIC X - CRNOFERRIz. &
DEEFTFXT, atropine DE5IZ I - THE L
. oy FETEREW MO 3 X T OERR
=3\ +T, phenylephrine (Phe), isopreterenol
(Isp), noradrenaline (NA) 7¢B UM tyramine
X b BERONMELNER S hiz. Phe OfER
1, a-7 FUuF Y vEREERIKCH %S phento-
lamine . X b, Isp OfFBiL -7 Fv v v&
FAIERTIRTH B propranolol Ik » TH &K L
fz. NA B LO'7 Fura ) VB DRI
baFa—17 3 volkBa{gd tyramine OfE
Ay, i propranolol, —# phentolamine
X o CEMr I,

Dl EoSBRERE, Ty M ETERS LM
2 ) AEEIMEMREOSTEL O AT, TFVvF U v
EBIE R O TR A Z T 7\ 03, fLOEBRET-
TR R, =) VR XU FrY
VIEBIME R O B R AT 5 Z L RN TS
pyDERbhS.

13, BEERGICHTEr Y 2<1 > v ofeA
ik :

3k ¥ ALK, B, BHAER)

ELEy FOEBRYECT, Fvir=f vV
DG ETFIEHCRT 5 BMIHIER & £ oBky
PRI, FvrR=AL YL, 74— PR
W, K, 7542 ) vick sz
2%. ZOK, EF 7 v 7 ABKT Co®Rict
~C, Ca0.25mM BT TIRHIIFIRRIKE L,
Ca 10mM ¥ Tix % L #ds 7. single
Sucrose gap method & X b, EEA LEHDOLE
b RBRCEN. KBESB T, Fva<{ >
VIIBRSBHEDO A1 7 B EREE, ThicfE>
fufig> phasic 7cffsbHEK IR, HRHEA S
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£ I BRI LTE, ¥vE<A vy 104 g/ml
AR 7 REFEREA &2, 1073g/ml i3,
AL 7 DR L RIS IS e X
B, FRHELEHENRT>EIHM T LT
3, BIBGCHE C#E ¢, 107%g/ml Tk EL&K
U leotc. ZORHBETEE85E8%2 LW
HW3n. ik, ToHEL D600 LERAYC B
LTHhiz. ¥vi=4 v it b pErmewit
e iglT 50, D600TI6054H 4 IENES.
W X BEETIE, ¥V E~A v R10515%iIc
SEAICEE LizAs, D600 T X 6054 & MR 2
o Tz, P EDFESENS, Fva<f vy
BBEERGCH LT, Ca influx 2R
ZTWB EHH X h %, IREASBOMEIT
Ca influx OFliz X% gk activation OFNH
LEZB. FyE=A4 VMo Ca 7u yH—
Ivd, ZOPHERE, BERBELTLThT
WaEBbh3.

14, RABABEERHEEMEC O T
BLEL, #AF= FX, B, BHLE)
bhbhit, ErEy b, v, 9¥F, 72X
DOREZ,I L, TLE, FRBETFREGYHESR
DPWEXRE L. ZoRBERREKNC LT
e, i BE RIS ThTunik
L. BLEETHREEXE L, EPHRATIX T
7 e, 7 ¥R Eio, FOREEETERTE
wh7Try 73Rk,

= OHB it Substance R (relaxing
substance) L4431 T\ 5. SRITERMEMICI1LE
BRRETHEMN, TAPVEHTRAREETH
5. SR% pH7S5wt5 L, BEN4TTTD,
2CTTHRA L X 5 w—BERIAL &R« i stfEs)
BEE->THL . ThERFHC2Z2CTIRE Wi
SR X WL BT I s, 4 CTrE
SR i IEER I V. B, SR #40CTic
B &, WEEXbLTI205MNbHELRE X512
b, BFBIIFAL LIECELTS.
Sephadex G107 e= 257 4 —X T
DORSHHEETHZ ENTE. SR 11 void
volume = ¥FH LT %45, WEHERTh LY
PRENTEH L. EDERZ LY, SR
KETHBE, REL H 2B &t %
L, RAOBEYECELT AHER2 b oWE T

®» &

BB EDEB L.

15. EifFLR O Cl REEgRL AR 255
vy el

R, BUBERETGRILK, B, B—HEH .
BREH)

sr2z 75 veyv (PG)#ER, BEERR
BEANOEORELHERE T 5. OEF-BFAMO
Wtk IO BREEBREEELET IO LEL
BhTuwb. KEFge i, Cl- REBI#EI FEKE
A EERBEYE - TV ~EREERTE
B EEEN R X OEREETo—J5mE Cl- 7
5,272 (Ja) &1 5 PG OfE B L.
BERE5 D PGE,, PGE,, PGF2: i\ Tohi b
BERNBSEN 2T 25 s EHEREEN
A Sl FEARS L bNEAARS
I DEICERLGREVLRE ORI, AHBHROE
fi3. PGE,>PGE,=PGF: Th-1z. E & fll-
BEAfl Joi it PG w X v BATHHRHAR Ja
VIAOE L7e. A-23187 13 10-%g/ml LI T AR T
RERERCEEY 5 2 lahr o 7. Cycloheximi-
de 1 mg/ml YERBHREZEIFD X, PG
OEFHBRCH LUIEE Lth -1,

ZhboBEER,L 1) PGk Cl- ER#HIX
YT 5. 2) PG B EEROREINA A viEE
MrEE L. 3) PG Ofgfik c-AMP %
second messenger & LTRELTWAERLR
50, Mifap Catt BEZR(LI LOERAE S
FrEALTERALTVS LI3ELH#, LERS
ha.

16, 5 v MEMRISHOFLEY XA

EHF £ Gk, B, B#D

S BRI ARIN @ B (shedding) &
h, BF EEAR (phagocytosis) Ihs. T
fehb, BRAMBICEARY XABFEL, &
PARHOPFREEZ bR TWBREARHEHH LT
b, BEYFIVWI EXARLMT ST, 40
YT v PEBT B LERERY X ADFEE O
TBEYXTit-1.

EEAGBS , P REHARXVERL LI
1285F-12550 © BRI T HE L, A8k
EME CEZEIh 5108 B X v EBR 2R
HIOBRERLIH LEE L. ¥7c12H, 151, 18
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H, 2HEDZ » P BEIT7 100 (KEBE), 8 .
15, 9 :30, 10:45, 15:00, 21:00 (P4EH 2
RH) OERBREHE LEE, 200m e & ¥ h b
phagosome D & EHI Li-.

Phagosome D# i 44 2 BB X h k4 i
WL, 4BHTERIE-E, TibbH#HT v b &
RUv_irggElLi. 2EREHEANCEE
Tk, 4H%ISHECTHLM R, HEKER
L, QBRLo ) Radi—BHEELs1. 2D
LB EDAETEE Y XA DORBEH, BRB IV
T Ehiki R ORE L BRI T2 %
DEBbh3.

1. BREA 4~ REBORRERLE

RATE, K B, AR GX, &,
HBeT)

FEHFA 4 — FeXPBcHVaed, TR
B2, BREHTHRAEBEELELARZ b
MR TN, @GR (¥ — 7 3%KE560nm) o
TLG-113 (&5#), TLG-114 (§&F -Toshiba)
DFNILATO®ED TH 5. ERBHIZ2DBmA TH
58, BHEETHIUL 150mA LI
TZEMNTE, 100pW LI E o EXEHDHS. BI
LR o EiEM 2 115mA ¥ TREARTE D,
100mA 239100pW (= DO P& T 3 x 10! photons.
sec™l) KR IGET B, BEARNZ b ArDY— 2R
13 100mA ¥ TAET, ThH EOBHRTRER
B, 250mA ¢ 5nm b sy, £A44
— FIRBiEE 5, LicdioC, 100mA LI TH
NEBEBXRE LTRSELD = Ebvbole.
HEEITRD L5 LTE LK. llog Bfin%
(LR BREYE L 5L b, FhrthboXks
0.1log B ¥ oK% B1id, X% 2KHz o
ANELT, EOANAEXEH L. T4, &
DRIF A+~ F%&, ERG BEHRSRER o0
feavE 7 P VvV ARROMNG T =1 O
ERG %#MT5 &, b o RIBXEMLT,
bicicts Llog B DMIDORELRH o1z, D
BEIL, ERBOB & b 5h=LiEELT
b, —EONFBEYE % T ERG 288 T5 &
NTEB DT, EYOERIL ¥ HTRD DT
HETHS.

18, XA LEEB=2—DO VI F+TARE

& B

& 89
I S IBR P IRENIAEL O

RV, NIEE KB, B, H—488)
a0 EREBR, RbHE W EEEE (3-
15m/sec) % #> W L, BIBWEERE
(30-50m/sec) HF> Y $HED 2 BEOR MR
PR LTWSZ Laambh T 5. ABI% T,
FIRRAESE, Bfa (FrodvE) BT, 1I6ED
BE=a—r VOBBS XOERBEELTHS
Bé, TD=a—w vy 7ABEE LTS
PRERHED R & ORI OV THN . £+
DIER, BKEBOBRER XU HHBRELEL,
L ERENCKEE R EEABIREE Y H LT
NN =2 —w v (98 iz Wi (4-14
m/sec) 23, ¥hEELLEBRIFTHEEL
SBEOBREZELHB LA RED=0—r v
(3f) it Y #i4t (34-42m/sec) oo 7 A%
BLTWE. SHEFHE»BEBCHTCHFE
L, EEOEREA > CVERCEREREBE L
TWBERED=2—rv (448 O5%H 1EILY
i (35.0m/sec) b, 2EIL Y #fE (36.2m/
sec, 35.1m/sec) & WiHiHE (7.8m/sec, 6.8m/sec)
b, LEGWEHE(54m/sec) b Lh Zh AT
R T, SENL, ChbofERyER, &=
DEFBBD = 2 — v VERBRDOWTELETS.

19, REBEEFFHARBIE~OHEAS

EH B NIBE KEBX, B, £—48)

* = ORI EEBFF HEA AR (PTcell) ~
ORBANOEER LOEDRKEDOHLTS, B0
%0 X 57g PTeell OB EFETMZR/~NB %
®», 7rInr—XKEELICH 2 DR S FREO =
a=—BrVYRHLT, Fev7vl=u—BEB2E
WCHITRPIEE & Ml R R TR 7.
REGEROBKHMM % 721k flash light K
BL, ESEEAROBIHBICK LTETHR
BT % PTeell 3R S FRE « FEVELS 5
EE LR, Wb PR UKE OBk
fac, fladka b ot SHgh LB Tl
U T HEBNRERE L HB e EE AT
KEEREEI AN REELSLBEE IR,
AL OMRMRELR, HEE, EROBR
FIBR LT, BE103 VR, Refkieg20~30
I VBDOEPSPEETAEREDO AL 7 HEY
AL, Eyr ey AEROMNBCH LTit, &
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B I VHOEPSPIRER L THREDOI VAL A
B L. Flash light & LCkER#ET
PERES10 3 UV #~1003 YV # o ON, OFF, Fizix
ON-OFF BoRIG% R Lic. ¥ic, HHHER O
e A TR ORI OBER A LHEE S
zh b PTeell OfREEE & MlaOKAE 2O

vk, E-KE R, B R R oBIRe R S huie.

20. HILFEEAMISEE- 2 - O v OREHEM
FaANF S RISFROEEHEE
WOk, #AEXR GATK, B, HAR)

¥ARy FOWEMALARC, YART %
R TREOERE = o — = VIERRAANL. ¥
ARIEEL, A7 Y — v EOPIREARy bR
1-4BEEEIE, & 0 AR, FOEEMKE
ERRT 2 ~F v ERThEl. £ ORENE =
a— v VHAERBCRABEEYHE L =
—rv). chbD5L0 /21, BWERA-7
a2~y VRBRIDERKBEEXHEA L. 0L
X OEBHRCEERAN Y bVWEFT 5
B, BEBARCT 2 2088w X

S5HARIEL, =-—v VEBEFENL. BE
MED=2—r YN, Fa~r bt WEBE
HARC, BEMK-7 27 vk & AEEDH
AR Lic. 2O Enb, HMEMKIKE
LEBELTWAZ EREL bR,

YA, + OEEHAN, EEHERC EOEE
BIREAGREL B LETrE@DIed, ARy
F OEGEC 1,000Hz 0FLZRRL, chixdK
T a2~ ovufThilc. H{D=a—r Vi,
EEMA-7 = ~F VBT AL RICIEEER % 7~
o, SO Ehb, BEHKHI BRI
e EHARB IR,

21, BT X FLEHLFEICEL D EOG 0lf
I

FEIER, RASH Gk, £38)

SEbRDITREOFBO—DTH % ERHE
E¥%x, B=A7 VRN TRAN =1
(Rana catesbeiana) % TN,

HRa50% v & vIEBERESIT X D RRE:L,
BER L CEET X AR REN L. RBEc
UGN 7 A= 7 e BEYBEV. FBREEY
ABEE E LCABEREBV . FEciin 7 3

28

ATEF—b (nA), 4 V7 i AT7xT7— 1 (iA),
n7FA75—+4F (nB), 41V IFA T TFT—
I (iB),n 7mrEAr7e5—1t (0P), 4 V7=
EAT7eT— b (iP) @6 B2 A, BEFEA
L LT 052ml fRIEK/1,000ml EELESK /5L
Li-. Bjh#sco EOG o3k, iA %1 &7
% &, nB:1ll4, iB:1.07, nA:1.04, iP: 092,
nP : 0.85 tnB 23 d A&/ EOG 24 Ui, L
ML, HEEGTERZIhD 6 Rk ERELR
b3, PR 2 B TR BD63~T5% B H
MOBERRY L. —F, HERGTIX nB %
SERE, 1P % R BRRIBC A WARRE U K
fiipE 2 fpc54% L —FEKR &, iP-iB 28 83.7%C
mbH/NEL, fBRIZE 2 5FE3 nB>iB>nP>
iP DJREIsoTe. ZhbHhLRBIREVTHE
REEXRRLI, FZoPRIGV-OHEHE
TRILH T Edbhotc. 51, BESLYIA
RERZHED TP 2LV THS.

22, VY XFOERLEEICKITS 2 - 3OME
BlcoWT

BN, KR, JESH GHtEXR, B
A2

bbb gseE B REREST ST, AL
B A AREREREEORBROWTHERL
. S, RRFEZOEBL I VEBELETO
BR EHCREBELET L RBEONFET S
ZERH . UTFZh b2 Tt#ET5. #
Wi, 8 % BSA%&Tr a-MEM Ko HE
Bk (Het. $910%) Emzicdboxfv, &
Pishikiciy, Dextran 40% 4 % &1y a-MEM
AV, BREEOEEREEFEIRICY = = —
VEBALTERL, 8IkY = 2 — VIZEES
BLWTWB D TREC L AESIIThb ik D -
fo. ¥fe, WREZK60mmHg 7 5H10mmHg ¢
OFREE L, iz 4~ 6ml/min Tho7c. B
BRHBMRIFCho 7 L HITREEEH OB R
HBL IR A 2 6 BRI E - TR DR, ¥
Bl 1 GICrI/NERER DR 5 W0t 6 REE L1 Rk
Felic. Fi, BETOERABECEI HHKEA
ATPase (3B O WRC BT 5 L0 BL,
intact ThHot=. —F, “hboFEcd »irb
BY, BEES~6RHEE X W BEOLETL, h
> TEREXED L, Hd R fhiiE-T



LES. o, MECIEIRENEE LS
EEZbRAD, ZoFEMOFERELT, 1) A
ITE e - MR CORMKMOELE, 2) jkin
HEdDo 2 LRAT e —ADWA, 3) BIRETO
HABEOHEMBETFLRS.

23, OELETOERHBICLDREFREMR
D51

R, BAHEE, K B GFEK,
W, 43)

AERGERE O KIMEBERSE ORTE L B8
LT BT, F a0 OENERE (o
FIERIEE, 0E, k) CBRAHE 5 .,
S B A — VEEE A CEMNNRERREOKT
JI2E CHREBMERE Lic. COBRBELOE
#: primary response DOIFIEXIFE LT, 3K
FTIERB L OEBEMN A RD, SRIBHALHD
KM ENOBREFER LB Lic. REEEND
OFFHIFREO—HRR L, LToRHFELL
TEEB IO Y 4 v A LEFREOERBES
TETHRIVPPEBMACME LT, Z0Ff
LT~ HREE S Thhlenbmflks
Hricl, » o AlESIERRO. EH,
TEO OB b ORSFEEL B T2 &,
LSRR 5 DBRENETEMA X Dk eE L, »
OERHER LERHERD 2 ORBE S hic.
nE, HicEORA (DBEM) &% (HEHA)
DL OBRRBELY T 5 &, FHh»boRHR
EWT, RENOAHREEENOER X D
BMCHBC EuR L. DBEORBLES 4 RO
ETESHBCIET 5 HE EoSEMARIITRA
FEHTHOT, NEAEEORAERIZDE
W o rlEEIh.

24, EARBERLE (¥4 D = NP PR B O 4R
Fa

WS, FHEIE, MEREE RiX,
e, A - R

WRERE Hh 5 FIE oM, oK
WA EEERERCE > ToBn E 5 2, b
L, £5THhHib, ToMEHRGORE, KX
XENEIMEND Z ERTHRBID, HIRER
w HRP ##EAL, KO HRP Bkl %
wE LK.

91

Fra (EHR2~37 ) oF EEARRRE
¥ HRP (1~2mg) #¥FEAL, 3~4 A%
NENTATEY « 2 o VBREIER CRMPEDRT
EE, 50 ¢ OWEDR, “vevyv, 0, X
hRE, 7 VY RTHELRE L.

OB HRP Bl glE X hizas,
#kKAA D HRP Y Y v — Arfifadh® v £ 55
SEACH oI, QRIFEOAE X 218~60p T
HY, KNPAEEOHRETHE L. @ HRP
PRI 2 ~P 3EB S HBL LA, &
DI LRI FINEE R O MR 23 %\ BT ©
Bt ORIBECKIEE 25 MM 0575
#— i, Linden (1978) 0BSKEEME LA
RERREIGE = = — v vOLH 2 — v LIEER
L —FH LT,

25, RAICLDEERE SEMA

MEEERS, Bk, O #* Gk,
B, AT . 82 1Ry

BERO =4O IFCEE T bhbho—
HEOWR» D, T A0BEIAFCIERENEE
HREZ X LTWDE &, FRBEA20mm L
LERELIRD ERFIBENMETTHZ LM E
Ko T3, 3L, SEFEMOEIC LY =4
DEIREIEDL B Z EHRHLMILL oo, S
3, 7925y 7BBOLETR T 2%E- R
RWATHED I A LOFR LRSI, T4
DEISEXTTFAF 7 DEIRELT, &
BORELWHBBEOHMINE D X 5
% &, 15mm ¥ TREIAETIRE T ANREL
BUbh3. Lal, ThUEcaBE s
—EOEIDFETHRLILAS. Rz, TADE
SERELT, RABOBE LKA L BMEARE ZD
Wa—Eried L 5T 5 &, H15mm F T,
BRPEL B3 ETAREKLN R ULRS.
ZLTC, ThUEDEITI—EDEITRLL
ha. bbb, KARL 5 2 A OBEOKRE
%, B X o CHEL, $1smm ¥ TiiEr &
EHREBNRTRHU EZ—E LS. Zhboa
B2 RXACBETBEELONARBRELT,
WIREESAR, AnUHE, ERNssns
2B DD, FCFBMZARI, H¥1dmm L ko
N CHE IR~ THOREEREAXE LT
WHhDEHERINS.
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FAREBRFERA

AFREAREL (1972, BEER) 1, RBTILR
848, INKHASK, BFHEIRTE L. 224
DEBLCHEOHT, STEREOBEER H
D, BAERZELSIABRERERESOBEHEY
75K, AZnRBREFR L. 46, 4
BEPEACETIHBER YR Lc 2 A8 %
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