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FFEER S & YRR HEXRICOVLT

On the reciprocal innervation observed from the spindle discharge

612. 743 : 612. 748

= )I]‘ # = (Arakawa-Koji) *

L

Sherrington reported the law of the reciprocal innervation, but it has not been yet
explained whether the innervation, as inhibition or facilitation, influences directly the alpha
motoneurones, or indirectly by mediating the gamma efferents.

Gallamine triethicdide, 1, 2,-3—(2-triethylammonium ethoxy) benzene triidodide (Aaxedil)
one of the non-depolarizing muscle relaxants, was used in this experiment to make use of
its characteristicsthat the gamma endplates on the intrafusal muscle fiber are far more
resistant to its blocking action, than the alpha endplates on the extrafusal. .

The spindle discharges of the gastrocnemius and the soleus muscle was markedly
inhibited and the tension was decreased during stretching the ipsilateral antagonist, tibialis
anterior muscle or the contralateral synergist, triceps surae. Under the blocking state of the
extrafusal endplates by the injection of flaxedil, the same phenomena except decrease in
the tension was also observed in the similar degree. But stretching the contralateral antagonist,
tibialis anterior muscle tends to release such an inhibition for the spindle discharges of the
gastrocnemius and the soleus muscle and reproduces the spindle discharges again.

It was discussed that the reflex facilitation and inhibition of the motoneurones influenced.
by stretching these muscles is due to an indirect effect by mediating the gamma efferents.
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Fig. 1.

Blocking of the extrafusal endplate (a-system) by
a slow injection of flaxedil. In each record the
upper trace (SD) shows the spindle discharges from.
the soleus muscle, and the middle (Ts) and lower
(Tt) the tension of the soleus and the tibialis
anterior muscles. Recording the isometric twitch
curve of the soleus and tibialis anterior muscles:
by stimulation of the popliteal nerve, if flaxedil
is slowly injected to the femoral vein, the state
is soon reached in which the concerned muscles
do not almost contract by nerve stimulation but:
the afferent discharges from the muscle spindle
become marked due to the activity in the gamma
efferents during the period corresponding to the
pause. a shows the discharges before and b after
the administration of flaxedil. In such a state (a—
blocking) I tried again to test the effect of stre-
tching the tested muscle on the spindle discharges.
See Fig. 2-4.
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Ho THEHA»H LI (b). BUTZ 0iKiEx FIF
LTH4OERREITR T2, —F, 20T ay
JRECBT 2 & 7 A RIS L AR L ©
BREskwi. Fig 2, a (X Flaxédil FEHH7IC
I AMEEE 0, 2, 4, 6mm LRE LS
B ORISR S (SD) L2 0iky (Ts) D&k E
AL, WRERICHEOEKESL S, FR b
Flaxédil FHIC X VEAFPHRES W 2 B &
i, AL TRDONZLDTHS. Ty
7 HMRICB T B H R (mm) & SRR AR
(imp/sec), E7z135R7) (gr) & DBAfR%: Fig. 35
IO Fig 4 CRLE, BHE 7 ey 28k
RHBELA 2om ZMRLEVE, TRy Y
RZH b7k 9B SDB XU Ts OZALHH
bhielis. 2FEERA (OMB X U0
Fl), 1413 chloralose-urethane FRERE] (AFI)
Th-T (O e 7 A%, b2 FHIBEER),
TRIRFICTE B3R /7 (active tension) DS & 5 T
LS (Z DEAITZEIRE S passive tension D
HEBD) bPRVOETERTEICRS.
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STRETCHING OF CONCERNED MUSCLE
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Fig. 2.
Comparison of the augmentation of the spindle
discharges and the muscle tension during stretching
the concerned muscle with that in the a-blocked
state. a shows changes in an intact state and b
those in a state of a-blocking. After a-blocking
the concerned muscle (soleus) is required to be
stretched 2 mm more than in the intact state in
order to make its spindle discharges and tension
increase in lesser degree than in a. See Fig. 3-4.
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Diagram showing the relationship between the
concerned muscle extension and the spindle dis-
charges before and after a-blocking in three
preparations (various marks). Ordinate represents
the frequency of the spindle discharges and
abscissae the stretching of the concerned muscle
in mm. Solid lines indicate values in the intact
state and broken lines those in the state of a-
blocking. Circles and squares indicate values
observed in the soleus and the gastrocnemius
muscle respectively under decerebration, and trian-
gles indicate values in the gastrocnemius muscle
under the chloralose-urethane narcosis. In all the
preparations the concerned muscles were relaxed
by 2 or 3mm in the a-blocking state. If the
transmission in a-endplate is blocked, the frequency
of the spindle discharges increases almost in
parallel with that in the intact state, but in one
preparation {circles) it increases in lesser degree.
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Fig. 4.

Diagram showing the relationship between the
concerned muscle extension and the tension before
and after a-brocking in three preparations. Various
marks are the same as in Fig. 3. Ordinate indicates
the tension in gr. and abscissae the muscle extension
in mm. If the a-system is blocked, the increase
in the total muscle tension brought about by its
extension is lowered, for the active tension due
to the proprioceptive reflex disappeared.
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Fig. 5.
Effect of stretching the ipsilateral antagonist muscle on the spindle
discharges from the gastrocnemius and its tension. In each record,
a and b, the upper trace (SD) shows the spincle discharges from
the gastrocnemius muscle, the middle (Tg) and the lower (Tt) the
changes in the tension of the gastrocnemius and the tibialis anterior
. muscle respectively. a represents the intact state after 2mm stre-
tching of the gastrocnemius muscle, and b the a-blocked state in
4 mm stretching. During the 10 mm stretching of the antagonist
muscle, which is shown in the upward deflection of its tension (Tt),
the spindle discharges from the gastrocnemius muscle are stopped
(make pause) and at the same time its tension (Tg) is slightly
lowered, i. e. the muscle is relaxed. After blocking of a-system
(b) the same effects are observed as in a, i. e. before the injection
of flaxedil. The preparation in a chloralose-urethane narcosis.
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Fig. 6.

Diagram showing the effect of stretching the ipsilateral antagonist
on the spindle discharges (imp./sec.) and the tension (gr.). Abscissae
represents the time course in sec. The rectangle on the abscissae
shows the period of stretching the antagonist muscle. Ordinates
represent the frequency of the spindle discharges in imp./sec. (solid
lines) and the tension in gr. (broken lines). It is clear that in either
state the spindle discharges are completely inhibited, and the
tension is concurrently lowered during that period. Drawn from
the case of Fig. 5.
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ERBELOREBEARMICOEVLD LTS
ZLEHRTES. ETFEMC L REOTLERE
IS & BRSNS RN & % i isRR S o
ALY LR TES. BEARMIEM: =
TEMOE DG 2RI 5 L BEE I ATz
toE, ENEBIOEBESER L, A,
BIUERB BT THAERY, Z0
B, HEABHOGHERE BT 2 (Granit
et all0), % 7- ZERTEORIK (pintching) 12 X D &
RIS X OVEIE SRR U, AR X 0k
BOBREZR 2 ONRIMEBHRETH 5.
INLWKEH, BICEARSICLE T T A5
DRHERS (SD) BAEHicHEmL, LR

PINNA REFLEX

CROSSED EXTENSOR REFLEX

'
e —————

(deceredrate cat)

0.2 sec
Fig. 7.

Changes of the spindle discharges from the soleus
ruscle and its tension in the pinna reflex and
the crossed extensor reflex in a decerebrate cat.
In each record the upper trace (SD) shows the
spindle discharges, and the middle (Ts) and lower
(Tt) the tension of the soleus and the tibialis anterior
muscles respectively. Left column represents find-
ings in the resting state without manipulation,
where no spindle discharges are found, but right
column shows those under the stimulation. In the
pinna reflex (pintching the ipsilateral ear-lobe) the
spindle discharges from the soleus muscle are
markedly produced and its tension (Ts) is also
augmented. In the crossed extensor reflex (pintching
the ipsilateral fore limb) the afferent discharges
are somewhat produced, but the tension remains
unchanged. In either reflex there is no change
of Tt. :

PINNA REFLEX

) L e so

CROSSED EXTENSOR. REFLEX

|l

(decerebrate cat) ) ama——
0.5sec.
Fig. 8.
Changes of the spindle discharges from the gas-
trocnemius muscle and its tension in the pinna
reflex and the crossed extensor reflex in a a-—
blocked state of a decerebrate cat. In each record
the upper trace (SD) shows the spindle discharges,
and the lower the tension of the muscle. In the
a-blocked state the spindle discharges are markedly
increased in both reflexes as those in the intact
state (cf. Fig. 7).
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Fig. 9.

Effects stretching the ipsilateral antagonist muscle
on the spindle discharges from the soleus muscle
and its tension in a decerebrate cat. In each record,
a and b, the upper trace (SD) shows the spindle
discharges from the soleus muscle, and the middle
(Ts) and lower (Tt) the changes in the tension of
the soleus and the tibialis anterior muscle respe-
ctively. a represents findings in the intact state
under 4 mm stretching of the soleus muscle and
b those in the a-blocked state under 6 mm stre-
tching. A slight stretching (3 mm) of the antagonist,
tibialis anterior muscle, is in the intact state adequate
to stop or inhibit the spindle discharges from the
soleus muscle. The muscle tension is lowered then
slightly. In the a-blocked state the similar effect
are obtained as in a. The preparation is the same
as Fig. 7.
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Fig. 10.

Diagram showing the effect of stretching the ipsi-
lateral antagonist, tibialis anterior muscle, on the
spindle discharges from the soleus muscle. Ordinate
indicates the frequency of the spindle discharges
in imp./sec. and abscissae the time course in sec.
Solid lines show the effect in control (intact state)
and broken lines that in the @-blocked state. The
rectangles on the abscissae show the period of
stretching of the antagonist muscle. In either state
the ‘spindle discharges are completely inhibited
- during that period. Drawn from the case in Fig. 9.

STRETCHING OF CONTRALATERAL MUSCLES

JLAULILL L] L — . LLLLUU LI S
) ot
SYNERGIST ANTAGONIST
I I I IR an|
t
(decerebrate cat)
0.5 szc.

Fig. 11.

Effect of stretching the contralateral muscles on
the spindle discharges of the gastrocnemius muscle.
The upper trace indicates the spindle discharges
of the gastrocnemius muscle in the intact state
under 2mm stretching of the muscle and the
lower the same.in the a-blocked state under
5 mm stretching. Arrows show the onset of stre-
tching the contralateral synergist (triceps surae=
soleus and gastrocnemius muscle) or the contrala-
teral antagonist (tibialis anterior muscle). Stretching
the contralateral triceps surae soon abolishes the
spindle discharges from the gastrocnemius muscle
and the inhibitory state remains maintained even
after the stretching is stopped. Stretching the
contralateral antagonist releases this inhibition and
tends to facilitate the generation of the spindle
discharges. These effects are similar after blocking
of a-system as before (the lower trace).

AR EBEZRATL, O3 HirhERE O
Eabnie (Fig. 9, b). Fig. 10 37wy
Bio v 7 2 HEERS (4om MIRT, £ &
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$E¥4T (6mm HBET, W) SREFIEESH
35 (Ml Lo EFHORTHEM) X vEL
CHIENE T RHAME LT B 2 & BRT.
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£
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IR X o TR T 5 RS & B 85
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W OW I WO THER, BL e 72
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B R R OEEA DR L. T
DB BB OHRETH 205, Bl
T < FEHURB R & v O BERIERIEIC X Y R
HBABWCB BTSN VALYV T2Z
Az S/ 9N
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[FIF& D b @ T Philippson K523 ® % 2%, Zhi
EEY c—AlEEEZENICEREES (2
- OE, MR EENCElERTEND) L E,
RIS RABICHET L0 THS.
Sherrington (19069) 4 R DEHLKE AR L T
5. FHRCHRE B R OB EA O
B OB O R LF, FiEBEOBERICBV
THRET 5. Samojloff & Kisseloff (192811)
Z EERoBFoMIC, FHRAFIE O MR LR
BoEdh, i ERofi~DEEEEZ R,
Pi-Sufiar & Fulton!? 4, FECHESFZHEL,
TR LIRS RELTES Z
LEERLEZ. #oTzo—RERCEDRS
Philippson 41358 HIEIC & o THfh 2 M3
CHES B ®iz, Golgi BZABEML OR
DEA 7 22 & Y gREMEIHE]  (autogenic
inhibition) 2332V, Z ZICHBOKREH, E721X
Y IeterFr A 7 0HS (lengthening reaction
or clasp knife phenomenon) 23pkszL, 7224 L
THIRE N MHERET 32022563, 20
O TIEE L, 150 RGPS hizif
B O < R O R & H%E o BE SR

BENBHT THHWW,

Z D1k Hoff S1TER A = 0 — B DR
R rBRHET 5 L&, AEgEOAS
F, MBS B TS & 5 A B O RS BAL
DEFOBENBZ B LEEDTVD, £
AR X UEEOTERE 2 BT 3 FHHK
FHERERICIT © T A B OIEBHR 1 D B AR
L, BBAERDT B LT3,

B (194710, 195518) AR VT,
BOCBTFIEMT S TTHR2 TESEORE
T—RITEOBRERZMITT 28, ZOTHEM
REWichET s (BERESH) 0H56T,
THEDRRBEILT (60~90 msec) HEITHE
OHBYAL, Zhi3ERBHcREOHED
B\ IREE TR EMAI_L B oo ik & MR B oo s
BEBREDLN B L 2R, MEKEE AT,
Zof1x Philippson K& L FBETH B LR
ATV 5. FICORBEIUSER O EE) A % BRA
L7y, W{IBERES & BRI R S wioREE
TRESO MBI R Z BV ThICITR - T
b, FEEFEEEREERERAR S 0, HosH
KERE; O BB BEAL ORERIROERE B Z 5
L, MR (REB—EEAMEE) 2MD4T3 5 L
R LREMORKEEET 2 L BT 5.
Rz OREERBTHEMEL L THATER
BREOMEMNBRESCHEBEE LY, oMl
RER & U CEIEIE « BERZ » Tva -V
HAZBET TS, LrLEzORHEO—E (b
BRI OBA) 2R 5L, RAKOHRRIC
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Schematic representation of the reciprocal inner-
vation. According above mentioned results, the
influences of this reflex is indirect. The homonymous
y-motoneurone in the spinal cord receives the
reflex inhibition due to stretching the ipsilateral
antagonist or the contralateral synergist. This
inhibition lowers the excitability of r—cell, decreases
the discharges of 7-efferent, and relaxes the
intrafusal muscle fiber innervated by the 7-system.
So the afferent impulses from the annulospiral
ending is decreased or stopped and the mono-
synaptically evoked activity of the a-motoneurone
is inhibited : the extrafusal muscle fiber is therefore
relaxed. The homonymous 7-cell also receives
the reflex facilation due to stretching the contra-
lateral antagonist. Thus when a muscle contracts
and its tension is augmented, the ipsilateral anta-
gonist and the contrateral synergist relax and their
tension is decreased, and the contralateral antagonist
contracts and the tension is increased. Due to such
a reciprocal innervation, walking and running of
animals and men can be much facilitated.
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Study on the taste mechanisms of Na-glutamate and Na-inosinate

<t

2

l

(Apacui-Akira) *

The electrical responses of chorda tympani nerve of a cat to the five standard solutions
(0.2 M NaCl, 0.2 N acetic acid, 0.01 M quinine, 1.0 M sucrose and pure water) and to the
two test solutions (0.2 M, 0.05 M Na-Glutamate and 2.0 M, 0.05 M Na-Inosinate) were

recorded.
The results obtained were as follows:

1. Single nerve fibre preparation revealed an element that responded to both 0.2N
acetic acid and 0.01 M quinine but did not to pure water.

2. Single nerve fibre which responded to 1.0 M sucrose was also responded to 0.2 M
Na-Glutamate and 0.2 M Na-Inosinate, but some differences were noted in the response

patterns to each solutions.

3. The response of “salt” element to 0.2 M Na-Glutamate was a gradually developing
activity ; to the contrary, 0.2 M NaCl elicited an transient response.

4. Recording from single nerve fibre indicated that an existence of particular type
of fibre responsive specially to Na-Glutamate or Na-Inosinate.
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Fig. 1.
Response of chorda tympani nerve bundle to pure
water, Na-Glutamate and Na-Inosinate solutions.
Large arrows indicate the time of application of
test solution.
Small arrow indicates an unit discharge responding
to Na-Inosinate solution.
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Fig. 2.
Response of chorda tympani nerve bundle to acetic
acid, quinine and Na-Inosinate solutions.
Small arrow indicates an unit discharge responding
to Na-Inosinate solution.
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Fig. 3.
Response of single element from chorda tympani
responding to sucrose, Na-Glutamate and Na-
Inosinate solutions. .
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Fig. 4.
Response of chorda tympani nerve bundle to acid
and quinine solutions.
Small arrow indicates an unit discharge responding
to quinine solution.
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Fig. 5.
Integrated electrical response of acid element.
Temperature of solutions : 25°C.
Time scale : 1 sec.
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Fig. 6.
Integrated electrical response of salt element.
Time scale : 1sec.
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The effect of divalent metallic ions on the shape of action
potenial of toad’s atrial muscle fibre

ANEE T R SRS

(KoBavasui-Haruo + Erara-Sadahiro » Usupa-Sadao) *
(A3 DFE G NEFISAME 36/ B AL T ARAT B\ THEL LT

The effects of divalent metallic ions on the shape of action potential of toad’s atrial
muscle fibre were studied by means of the microelectrode technique.

1) Ni, Co and Cd ions prolonged the plateau-phase of the action potential, while
Mn retarded the repolarization—phase after the shoulder-point extremely, without affecting
the magnitude of the resting and action potential.

2) One of the organic arsenite, mapharsol, also prolonged the plateau and showed
an antagonism to the plateau-curtailing action of acetylcholine. On the other hand, p-
chloromercuribenzoic acid shortened the plateau.

3) The contraction of the atrial muscle fibre decreased remarkably under the influence

of these divalent ions. !
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Effect of NiCle. A-Control, B-2
min. after the application of 1073 M,
C-30 min. after 10734/, D-5 min.
after 5 x 1078 M, E-46 min. after 5x
1073 M. Time and voltage calibration
in all the oscillograms indicate 500
msec and 100 mV respectively. Time
scale in A refers also to B, C and

D.

Fig. 2.

Prolongation induced by NiCle and recovery. A-Control, B-1073 M
Ni, C-9 min. after the re-immersion into Ringer’s sol., D-treated
with 1073 M cysteine for 10 min., E~44 min. in Ringer, F-1073 M
Ni, G-5x 1073 M Ni, H-3 min. after Ringer, I-107% 3/ cysteine for
10 min., J-about 60 min. in Ringer. Time scale in A applies to all
figures except H and I
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Fig. 3.

Changes in each component of action potential under the influence of NiCls. Scale of

ordinate in the upper drawing is mV/sec. DT in the lower drawing means total duration.
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Fig. 4.
Effect of MnCls. A~Control, B-1073 M, C-4 min. in Ringer, D-44 min. in Ringer, E-1073 M,
F-5x1078 M, G-2 min. in Ringer, H-1073 M cysteine, I-42 min. in nger Time scale in
F refers also to G and H, all others are in accord with A.
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Fig. 7. : ‘
Effect of mapharsol and anti~ACh action. A-Control, B-1076 M/ ACh,
C-Ringer, D-1073 M Mapharsol, E-103 / Mapharsol +107¢ M ACh,
F-Ringer.

Fig. 6.
Effect of p-Quinone. A-Control,
B-1074 41, C, D and E-2, 16 and
24 min. after 1073 M respectively.

Fig. 8.
Abscence of anti~ACh affect in the case of NiCle. A-Control, B-
106 3f ACh, C-Ringer, D-5x 1073 M Ni, E-5x1073M Ni +106M
ACh, F-Ringer.
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Fig. 10.
Curtailment of plateau by CaCle. A-Control (Ca=
1.36 mM), B-653 mM Ca, C-11.7 mM Ca, D-
incomplete recovery in Ringer’s sol.

I VOER CIERESELER SRS
LEIMNY, 25+5 LR, L LEMmE)
PTRLEEOER Calog L T UK
L, Ni 0 k5 A fli&BA +rickwl
T, ERMRESETAHELE T, ZOE
R BBRTE .

ZEEBA A DERD, b »EE LIt
CHBOEMZED, FABEERTLLE
EB BN RIc LR ENH VESD (5
HRHED) nrofc, RBHAETEEVYRE
SOFEEMEDL B v, e EA At E
Bz, BIPELICESE, #HILEM, 1&
BB OKE EBNFhA R LRI KVERE
PHRT, CRYBERE~OEEEREEZ D
FREHTHS. '

Zif&BA A v OfERIC X o T, IEEIEALR
N YVER % T oo T T D component %
TR - T B S, IHESES L HE
TBEED, Al TEBRBA L EWELSR O R
b, DEFHCBCTLEFCRT % & FEIRICE
gixhiz. Zhix TakahashiZ Dk ~T\v5400
<, WNHERSRE » LT Actomyosin R HEAN
ERA A VICE S THHEND 2D THS ).

V. & &

1) # < DR O B ALY I R
+ 5 ZAEEIBA A v OVER & RN BRI &
- THREf L.

2) Co, Ni, Cd i3# 1B, FEHBEMOK
E & LS T, EEEM O Plateau iR
THEMAERL, ToMSE Ni KT, Co
¢ CdRRFRBETh -T2,

3) Mn (% Plateau X ¥ % & L 5 Shoulder)
BOBHBHEEDS LIERLE.

4) Mapharsol X% » Plateau Z#E&K L,
H-o Ach oFghEMEMRIEALER L (k
B Ni 132 ORFEMAR AR 7). p-Chloro-
mercuribenzoic acid % Plateau % 7> - THiffE
L7z,

5) ZfE&BA A I LEHORMHEED
LA BFHsEk.



622 AN - TR - FH

6) &)@ A 4 v DfER & DEFEERD
SH HORMEMIC >\ T L.

ZEML ﬁﬁl?a:’?}-—[{ 2o fulnvlﬁ@%’fﬂk Ws_><]L L"C, Y’m<
Bt L LB,

X [y

1) Takahashi, H., Murai, T. and S. Sasaki (1958)
Plateau-formation and sulphydryl groups in the
plasma-membrane. Nature, 182, 1675-1677

2) Takahashi, H., Murai, T. and S. Sasaki (1960)
Some chemical aspect of plateau—formation in
the action current of the myelinated nerve fibre.
Jap. J. Physiol. 10, 280-291

3) Kobayashi, H. (1962) The effect of divalent
metallic ions on the electrical activity of frog’s
skeletal muscle. J. Physiol. Soc. Jap. 24, 521-524

4) Woodbury, L. A., Hecht, H. H. and A. R.

LR GBI T 5 4B A + v OrEf

Christopherson (1951) Membrane resting and

action potentials of single cardiac muscle fibers -

of the frog ventricle. Am. J. Physiol. 164, 307-
318

5) Kleinfeld, M., Green, H., Stein, E. and J. Magin

(1955) Effect of cadmium ion on the electrical
and mechanical activity of the frog heart Am.
J. Physiol. 181, 35-38

6) Takahashi, H., Watanabe, K., Morita, N. and )

T. Tomikawa (1956) Effect of some sulphydryl
reagents on the mechanical and electrical activity
of the toad’s heart. Jap. J. Physiol §, 226-235

7) Hoffman, B. F. and E. E. Suckling (1956) Effect

of several cations on transmembrane potential
of cardiac muscle. Am. J. Physiol. 186, 317-324

8) Niedergerke, R. (1956) The staircase phenomenone

and the action of calcium on the heart. J. Physiol.
134, 569-583

%#ﬁmﬂ%QUWO%ﬁ&ﬁﬁOﬁ%kﬁhf

R AR 14, 384-400



OB

ENEESERSERES (OOF)

623

2 & B

W BRAOSTEEI0A 6 H (L) FETI0NE X b 4845 i
i & MF KBRS - T &M ARBH

6. HAUAE - HEFSH - BR & (KEHARE
1 4:38)
Mauthner $E3(C T 5 5 3 OMGIHF
&% L U THYV Mauthner iR %
BSRGARE HE & fAT Ui s 2R, SaBELT
X o LI FIOIIHIBE OHAET % T L 2D o
#-. Mauthner #fRCH S mMERRE2 525 & %
FTERRAEIEE T 5 ESMEIQME D Thic
Bl TR s - » 7 AERRI RS . 4
B OmMECHHBE SN TN THBETEBLE
% TWiehs, 2) oriicEZe bh b EPSP O
PEDWTELLBE Lick 2 h, That 2) ©
LTRESHPETER N Ehbbds - 7. O b
EPSP OE/E (2) OEADE D < Bl 514
FEETHOE - TEHEHI/SB. X procaine %
BELC—ERET5 & (1) RO Q) k&< Mk
T8 F DO b EPSP OWATER IS . —
J7 5 8 PR DIEBYE ALK T 5 M R & AL X
WBDOTZDE 3 OHIENI V3> ¥ B presynaptic
inhibition WET53 D& B 5.

7. AR - ZIFER (BORHSE D BRER)

WHSERICH ST IMBRBBICONT

FE LT KRR BB & 5 Y
(60c/s) BT 5z L X VEHAFEHRIID
LR Ui, AERIIHILFRCES 5 KHE
TRELHICTS LR EERHE Zh &K
BT & OBBEHBIRE ST LicbDTH 5.
KExACERRE T CRE TS L SREA
FB U OREFRT DA ERDI. KiloF)
EXEEFROCEHOB X I X 7. BaRIBicixR
VLA e L ERR 100 4 2 F— LB
WERBILA T VA 2+ v 2 IZBTHEA L. 50,
100, 500c/s #ifi 1.0 msec ORI A HV
To. BER TN URGEET 2 Ml LEE
AV, WSO v b LB - o
PIEICH /s DRIBTHHLEZ TR X T2
H - lc. BRBRIEEHOHIE & KB & D i

¥ 19 ¢/s ORI T IRELEFEFET D SHELE L.
CHLORMM X b FR Il BB X
DFR SN DWELE L UK L SR 0% 7
SHOFE N OIe DY ddc/s THoto. BHENE
BB BRI E R O A SEEl R R
Lis7e3 2 &0 b4a, BRIEHTEE» 5D
WHELT VAR ADTITRICY S L2 Hbhb .
AR E & U CE DMz S 20 c/s
DB CHILEFTRETEALD -0, Bk
DOWHENE T 5.2c/s THEITIIBLE R i
MBI RR . '
HINRBRE R, SR MESEIIRG D DIk sl S
RINTERDHEOIHER DB Uhe . K
TR ETERT B SO AR DI v
7o, FBbRE & D RS E B LB B O e
TR BT & > Ch T DB ik - 1.

8. FHEZM-E HHE-H TE.-OBE
(BRAEE 2 2= 71)
EREOHERRAZEMRBICRIZTHE
encephale isole cat D —{HEAMWEE (VA X
1L CM) WHhIRBEE 20 UUTD 2 v 27/ A5 v ik
3M-KCl % j# Lict 7 ABME B AHEAL,
FDOBMBLRET S . PR RO
DK B BEBELHEAL, chyl
LTERhZh 100c/s KO 3-8c/s DM T
W 5. PEEERCRSAFEIELICED 5 .

ERSR 218 5 BT EAEEk R E L, Zhiek

#) Ringer IWHIES. WIRNIBKOBIIKED >
BT A FEM ST H R R R o —E M i
WHET3L0, HBIIEERHEEYE T L0
BRAIE.

1) FEoEiRCHBERALIThE, oh
BB BB L OB R IR UREL 3 1 % 5
5. L LBOMTOLIES S, o, BHEN
DG D EHRERI B F D BO% W UL ) 2 ilod
5. '

2) ERSIRI Ligais 1) OBEXETLD LS
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TR SRR O RIBRIE L R D B &, R
TR L CHRES EFTHEARD S .

3) (EREIC sV B R, BRMORIKEM
HERREETEE > TRECZORERTS.
ey 25°C T el i b, BiRL
CT25CL EFETLHCRETS.

4) [T L BB B BATHKEL LI LiZburst
L BRNEFD AL 7 FRERERT, B,
EEETEA L CEST S . BEHRMERUG R
B 30C BB TRLREL D EHBBESNT
350, ZEb RRTBEERT > L BRRAZD
BB AR D T, & O EEEERIGD
BELCHETS X 5 kERERE, Hb, 30C
HEFIC 38V B BRI BRI BB E T EE 5~
roﬂ'ﬁt?ﬁ}')f:.

9. LBHE-RT % (%D%klhb‘_éj(%2éﬂf)

BRI Y R O MM DL T

19494E Ingalls HIZ X » - B X R B I
B v AT T SRR H T, BEDIR
Witk SN, BERBORECR BT D REE
WChD. BaIREEKZ DO~ v 2% Roscoe B.
Jackson WFZEIX DBAL, T DMiR< T ADHE
&Uﬁ%ﬁ%m%?b@i%*w%70£ﬁ&%
Wt B e WEREE >SF T 5, ZOMKS
af,%%ﬁﬂE@6EMTmmﬁ%®~M%ﬁ

BT -7,
ﬁﬁﬁ%mm:n%@ﬁﬁ&%mbtm@@@
Sk E (T Tz )

TR T o EA DR, NIRE L ERHRD
bhish ot b D& LT, FRIMERM, Ak,
~E s vE, OFEESEERE, RORIEL, R
MR RS2 BT Dl

—F, WBE L ERSED DD L LT
WOME L ORET LRI, :

1) EmERECRT, ) ¥R HES <,
A R Bk HEAO D T o T 2) (UBE(E
TS0 Bied Tl 160 mg% Rtk in b, X
R HA ORI o CHBEE S I & - A
5. 3) mrbASHAERII N REMIC H~1950% b
HWEim L, 4) MR v AT e — Al
’ﬁﬁﬁ%@wz%féokﬁ)m¢%uyﬁgu
| RBEWC NG ERR LR VAT R — A/
) viEE (BPs TC/TP) (xREMC A~ DT

: & #

DEERRLL. 6) Jk= x5 LTSN b
BEMC B WER TR Lz, 7) EEREER
HEIRT, EREYOBEIETLTWB 2 &h
HBP L.

10. NEHSL - K& & (HFEEKRSE14EH)

FRFERBECHT FREREBEERCHET
TR

bt FDFEAIER Plasminogen DRIEHEM
B LTWB Z &2, Albrechtsen iC X 3565
TRTLSR, BRI IRGEE LA T i
DEESEL T, FENBERINCRT 2R
RSB EROME MECERE LR TS . X
1 Plasmin %8 % i\ T O FERBICRT % 8R4
REMBESROMMCBIL Tk, ERITFELIE
R LA TS, EESIRAFRREOTENEM
AL, in vitro TRWT, ZOEBOEAS
#BEE R Plasminogen IEMALEER ST 5 &3
., #; Plasmin /B X 2B REL S LT K
BT E AR, R4y RS L Plasminogen
RENEO_BTFVFEETHEEH LML
7.

Gyshe, BRSMERNTEHE LTI, BERT
INEVERR Y, SAERRINE X B Fibrinogen 43f#
BERIEL:, SOMERIUC X 5 Casein SREESITE
o=V, HiPlasmin #H & LT, &
Amino caproic acid (EACA), Aminomethyi
cyclohexam carboxylic acid (AMCHA) i A
7o

BORCREYEHTRIROBADTHS.

1) RRTERESGYL, —BoEAS HER
oty COBASEEEFED Casein, Fibrinogen
SREEIREECH B A%, Fibrin SAFHE L7z

AN

2) FRTE AR T, PlasminogenfRIEHE
At T OREWEK X b iEHEL 3 A /cPlasmin
O Fibrin SHEEEE A5 D BEECH B 2%, Caseink
¢% Fibrinogen ZfREEIIERD CTHRETH S .

3) EACA, AMCHA %, RETFEABEERK
DEESRAERME L.

4) EACA, AMCHA 3, FATHEMBEES
. I M L X hie Plasmin @ Fibrin 4 f#8E%
Q&M 5. Linl, &k Plasmin © Casein
%O Fibrinogen 7 fREE#FAA EHIHI Lz,
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5) AMCHA oimizhFix, EACA DIHIZh
BIDLRETHS.

11. BTHA (KEFEREERATR) A BT
(RERTT RS 2 4:28) ,

248l Cytochrome oxidase [FHFHET D
s

EEORBE OB SH I AN KT X » THHEIC
SEEL TR 0 B & L RS . B
BSOS OFET DR L EICTEH L
fo. Fl, B ARSI GSERBE 2 RIS
BEERHLTVS. ChODOEREEND, 12
A EC IR REE SR FE L T\ TR R R B
LTC\WT, #Drhic Cytochrome oxidase % B35
LTWAYS5EBhS. LaL, Sjostrand X
OEDMOBREDORY LB THRMBIFHIC X
% &, BESEHZIE mitochondrial 3 L7z L,
oL, EENNMESOEOME Nadi 33
PEAS R CTOBMEATIRE S E bl -ic. B
SRR ESIIE Cytochrome oxidase BHEELY
WERICBbh S . ZhboEonDB RN RE)
& { 7=, Cytochrome oxidase DFFEAE
% Warburg BEFHCHEIE L. £OBR, BE
S Cytochrome oxidase (XFF#EL7g\Z &
b ot Tihbb, WarburglREETDOE=I
Cytochrome C, Semicarbazide, Phosphate buffer &
ORRRS IO BN % A, fIZ i Hydroquinone
AN THEER Uk, BRI U iclEns DR Ui
R4 CERRT 5 & Hydroquinone # iz X 5 A%
Mz EFeH, BEABNE AW, Lal, IR
LTl BHERE U/ 8Tl Hydroquinone
M ThMmein &b, BFELRIIRL, Hydro
quinone X 7BEDHEN, Ko THRFEORIL
BB TB. ZoFEXY, BEIGHE > CBEX
RBVHEIMBRENHCBHL T 0LEX
bhs. £ LTz oWEILE%Z D < Phospholipid
LEZDLRBN, TOWEDRDI, BRERL
BELXBNL TR, WRELTW5 X 5B
LhBEDTHA 5.

12. XTEH - & B (KKWARE24H)
ENEy MBEMRIRO B E & S BERR ORI
EREICDOIT _

FWARAT « EREORE UK BB M 1

2 628

BERHAYCCHBELTELEy FEH L O GE
R AR, MR, SESEHRET SR
I Uiz,

BIBFERT ST T ABREZEBERBTSE
Xy, F—BomMiREHESSRY, FHEL
B BOFRERRYE MO BT, EROTTE
TR ET BRI - iV MIDBARBRET 55
T L., BrREREE LTREREEL TWi
HIEDO MR HEEL TV 5 EFRRMAR A
BT 2 EEY Lz, ek g8 vFEL
ERERA L. SEMROBENREE Y~ TV
VEA S ERTHE LR 3TC 1M
1YY K. R P. éiwgh 2.65x 1078 pl TEIL
BOBAE 2.61x1076p L 2vin b BVEEREE
R LIEUERC AT H RZEN LDy - 1o

WANT pH OFE TR TR 74 0%
ERREOMMERLE. -

FRAD LB OEE LY T, NS
L TD-15 OASCUREZ L IcBKI63 )
TEOELEBRLIE. )

e 1 BRI R EEL D SRR S A
mEBhhs.

13. #E %E. K)IIEH - FEBR - RFER -
AXMBE (FKE2E£H)

FMBEEITY VECHODNDI - EREE
B 2 ZREHEO AR A THRNKELARE, SR,
BARE (light zone) X VA L &WBE L. NE
t% bound hemoglobin 12 X - THE I, RE~
%7 rEVICE Y MROMEHERRCRENRES T
LERMIE LTV . — e G T 5 0t
B, BEX KA EREREL BEbhs. BHER
0sO4 BB TIRFEA ERAEINTHD R B,

~ KMnOy [E%E Ti3 == dense IG5 .

THEHIRERERO 1 =) VERE TS L,
0504 [EETIE dense line @ BIREE D LA H
#HlE2h 55 KMnO4 EE R L il intermediate
line 2MZRXh 5. Fireo 1 =) V%, B
N RESERACTHMIRZ EFETH 5 Wi
7, HBWIL intermediate line A HERT 5
EABZEINS . FRMEEERD homogenate (in
0.32 M sucrose) % 0.8 M sucrose B EBL
BE U EET 5 & myelin 13 0.32 M HICESL D
T myelin JEZB5Z LR TES. ThEEE-
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LB T EMEE TG« OREICH
#Ehic myelin lamellae?’s Z SR BN DL &

?_%;&meMeﬁlﬁoﬁfza:a&%?.:

RBD A S myelin [BOFRITMEREC S b
% contact B L AREOMKE TR, BB GD
& 5T intermediate line %#{E5 L HEZI N 5.

b B EOEMMERMCRIEE Db DCEEND
b membrane disease & &5 NEBEXETS.
R PER MR (PNH) OBEmERTIZy » F
— A VIR X DBENR LR AH, BEYATE
TIHIRERG e ©, BWELBEREZETLHEN
BEr b oMETHBZ LM EbR 5. Z hiX
PNH R H bR EOREA & EEAR TR
CEBbh s REWEMER DOBEDRTIIE
ERR X TR HE L ER A DR,
MERBE AR o L2 B, Er0b

DIFHERERDDBNETHS S .

W #F F (KEKRS24E8)
" Euglena 0&RICOWLT
" Euglena gracilis © Lenco type % F\»TErnst
Kiister @ Peptone ¥ &8 7 % B CHESMD
T b & THR L&D B8R B~ fER,

1. HBRE 28-30°CHAT

2. &3 pH X 34 MfxT

3. %@Hﬁ:@;ﬂﬂﬂﬁ%{@ 105 cells/cc EAFCiE,
ﬁ@@%ﬂ%ﬁaﬁ@ growth rate I3 —ETH 52,
BRSTH B pepton BICKFEL TS,

4. BEROMED age BREWVWE Lag iR
¢, ¥ Culture medium EEWE ((NHE
W) BEBEIhDLLWE
EpB b LD, DhikdEE LTRE 30C

" pH 34, Peptonef 5 g/, BEREM D HIFRE103 cells/

cc, M4 T stationary phase D ¥ & iEETS
L Lag phase % 6-8 B:fd], Log phase (¥ 3-4 H,
generation time (X#10[ ), growth rate i% 1.03
fETH -t
+ Log phase W 2 &R EBALTb TR
eI BEIERL, I B ERE L feF
R, HIMD generation time D4R age
BAE S LT LHEHN I EROA - KRBT
 LE Euglena O&RFFNLRER, EEHEORK
RIOFEEY t-te &L (AL te X Lag time) Lag
time % toxic &' active substanec DifED B

SRR R

¥ & #

1 L%@fﬁ’D@ﬁﬁﬂﬂﬂEWﬂO %xﬁ%'ﬁ@ﬁ}#
DML LTEL LK.

HERD > bEERSCAERERE It T
BIBERE Y HIT growth rate, HRE, EE,
BRECSWURERE, BRE (15-20C) ¥%
X BENEHNEIC Arrhenius OFEDH Acti-
vation energy % §HE LTI L7c & &5, growth
rate, WPIEIT, BEREOSS 1520 fikE
A3 Dry weight, Volume, Activation energy 4
2o LS WE R bD T, OHTREOY
2 Cytoplasmic growth & Cell divisin X L
R otk effect &b o T BFE &b Lo 220
DIMERBFFETCIERLRETH 5. £ T
growth rate % Internal factor ¥ J ' External
factor DEF & LTFEI> L, Activation energy &
growth rate RIREE L U TN HEORREELE
BOWTHERON.

15. EHEA - SHEA GRS 14£H)
BHEOA X VREICBYTIHMR »
WERE D i A o 13 3E e Na*, K*, Cl7, HCOs™

THhHH, BxDHKBFCRT HREFOMEBHET

T, EROKSES I Acinus 12 TILEE Iso-

tonicd IR AR THBRIDICE B C 2 iuaiDuct

¥REBLENCFD Striated part IHRWT, FORH

DA F v D—IRHEWIN % Fi}F T Hypotonic IZ7¢
Y N—if K* O5WEZT CRBOmKE LT

COWERD LSRRI > TV 5. ,

F I CELEBIT T OFER Y ERACTED S B
wh > TRETHRE AWV 0.05%FAKREY 0.2cc

T Duct CHEA L TR EESTL

T Duct cell DLZEHHELI-RAEC 3 & Z DIRIC

54T Chorda B HIRE L T DM + V%

S SRFREA L REROBGE

AR BT BIC Duct cell IITHKOENE L HE

ORBIEES B 0, OB ORIHHIIK

EEET I, HCEBETMBRO BERHERYE

shB. BEL Aciuus part OHIFUIHREBETH

ste. T OREREIR DT Chorda HE¥R% & - T

FNTHEB E, Duct cell DR SRR

LT, Na*, ClI” EBEXELEFERCAOND

B HSEEE T A 5 BE O EA i { Kig—

EORBHEORIECRERYET S, XK' BE

BETEFERTHNTEL s, ez OB



o

1% Duct cell AT, Na*, Cl ORIV T
5. K" OB THhID L TARROER X
{—FT5. XoOHIFAMCE 2 »7 Stop-
Flow OF#EL XD TIL—&T5. XL
. 10% NaCl 2\ 25% glucose &#FEA LT
1% % Hypertonic X it Hypotonic OIRAGIC LT
FABOEREITS &, ARYEALLRIIES
RAMED A 4+ VBRI, MRBEEOELD
HEH Duct DRBELHHOHCEE TITicw.
- TMEBEEOERBEE~NDOFEIE L L
TEHBEN L THLh DD LE 2 b Stop-
Flow OFECR W ThEBERmMEY L%
£&121%, Duct cell To Na*, CI- OMEINDORE
EREELDALR>ThB. fEo THHRIC S
WCHIRIR BRI Ul 1 4 v OMRIRAHRih
B LELTER L. BESIEMBRETR
TEHMEOBBELEOELIMRHAOEREL %
b, MROFIR, B%5H BKTHDO Osmo-
receptor HFIW L, £ BHO Impulse HET
MR, AWM, PR AR TEKA A VR
AT L —T, MKRETh b g 0B EEL
Db DOHER T A VIRECEEYELBLDTH
T, Z0250%h%1% Additive TH 3 & Hhish
L=, & OFIMEEHEDEK A + v FEE~N
DT ABER & KD 2 7 Fic s\ ThTb
NAHERRRL, SEOKEE b —FKT5. XKt
RO TIE HCOs™ IR L v oW h 3 &
Ex bhiod, FREAMERIR O & EHER
Ol HCOs™ DEBEENR AL, TDE
RRESRDER SO RCIIERT A ETS.

16. ERFA - SHEN (GUEFIEKXRE 1 43)

BEROSWLBEMICETIMR

NEYGHR O3 WBEAIZ DWW TIRS L DR &
> Tl SR TR BEERR T I FFHH-
HE - BEARBSEHEEMLC OV TORELYHRE
L, chorda electrogram % 2347 L CZHHED
acinus part KR AEMOEHEE)E  striated
part TR BIBHEEOMEIT X % L DS
B3z U A, chorda tympani #I|3c & 2 BEEE#RD
R O KRR X ) RMREREO
Cl-pump O BhiE2 8570 TH5 TP L.
SEIBNERELC XY, acinus part DHIRARN
ERREEHL, LOMERHC X 558 % M55

& # 627

HBOLh L L CERNEO R maei L L
o, B REFER LK.

EEE LT, A 1a LT, 9015 M B
DHDEAN., X OGEMBNELY & -
BIZ # OREBIL R BT 5 b FHEBIE
& LTix, 25 M @ KCl RU05 M @ KsFe(CN)s
BT, MBITEEERLIERE & EERIC
BEEZOEZ A DOWTHE L. MfaP# LR
RIREEEIZWLT —30~—90mV TH5. &
chorda tympani % 20c¢/s 2V & THIET5 L&
WEMTIFECHL, 10mV 25 40mV ik
4 Hyperpolarization # L3, /2L ZOEE
Sympathicus DL T EBAICEENIE NI -
7z . chorda stimulation 12 X - T Z O#KC Hyper-
polarization #/RTHilAE~— 7 T A DEHE
XY BEBEME D FelCN)s™™~ ZilgHE LD T
%, HH20.1M FeCle %R 0cc  FEHIA T TEA
L OMERIR 2 RER L, COBEREHTR &2~ v 7
ALEWBEERE Ldte., 1 LTHE X W%
P L Cr DRBEAR R () T DI ER 50 ¢

BOF\ Spot & LTHIIC acinus part H3%H

IhTWwW5b. e chorda tympani & X b a4
By& <ML acinus part DiRMARTH S, &
microelectrode AP X b T HEDEIEERL
NEABCEBE TSI LBI 384V T chorda
tympani ZHI T2 L, ZOHES FEEEE
PREND . CEERNORBIC L ThMRNER -
VX IFAARIC chorda stimulation IZ X b hyperpolari-
zation ¥/ RTEMEHHROND. ChboHEE
1Y, FFCHENEDRAIBFRC X Bchorda
electrogram D& MZAETH O AL, < Dacinus part
DN EMDOREEIICERN T DL ELD
h, HREO AL RN D D BHR T &
2. (BL D84 Striated part 23 F LTRSS
(& R3REm R, X Sympathicus FIHIC X b fnf
75 BEALDNE D DTSR ORI B 7
LA

17. EBEHEF - 58 /8 Pikg14m)

D-7 2 /BRE(LBROBRKE (1)
ARG - T, WhE FAD, B#% FAD
¥ LOREER-FFR FAD oRRREBCHT %
RIGEx g Uiz,

RKIEEH (FAD), KEZHME (251



628 b2 s A\

=, Mb), KFEfgEHk (DH) B D, Bt
LCBEEY (460 mp A% & 0) V. K
ER%E Y v /SR ANBEREXER B & 1T 7x
\, Mb REEEERRELA.

FBROME, FAD f bBILRTEEET T

LRI o TR o T B L LR, B
AL L TELB L,

FAD+hv—li>FAD*(and/qr FAD') Q)
FAD*52—>FAD+h»f+heat 2)
FAD*+DHz—k—3>FADHz+D 3)
FADHz+1\/Ibi>FAD+MbH2 ()

FAD o & E1x (FAD) = (FAD)+ (FAD*) +
(FADH:), == CRISHC (FAD), (FAD®),
(FADHy), o\ TEFIRBAEALT 2 & RET
5L, '
log{(Mb)/(Mb)o) +a[(Mb)o—(Mb)) = —k{FAD)et,

= B

@ = koky/nkiks(DHz)+ ka/nki +ka/ks(DHz)
T BERMNBEIND . T OFMHETEBRINCHED
DE.

wie, RGO it a=0 L LTI
5 Mb Bl —kRIGTELEhS. ZTOREE
¥ (ko (23 FAD T 1600 min™, B3% FAD
¢ 12min"l, REEH-EHE FAD TRALO
TH-tc. BB FADH: & Mb & O SUGHEIFAD
PERECHEGTHEELIFDTA.

EFHEEICOWTIREHRNDH Y, FAD th
HEWKNEREABETH S, Renriz L-7 3
B, a-v FERIZIEEE FAD X L Ciifii5fh e
75, LavL L-7 3/ BIEE FADRXH LT
R EAR L T 0 B, ERREBRBREIHSE
L LToOWER bk, BIbEER FAD® LR
LB DX, 1) B FAD X L CHS
theteh, i) BEEELFEALTEESE FAD DEF
REBC B LA B ERET X 5 b0 ThRiThERd
fzus.
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