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Effects of stimulation of upper brain centers upon
flexor reflexes of the cat

H h f£ (Tanaga-Tutomu) *

The effects of single pulse stimulation of upper brain centers, e. g. the cerebellar nuclei,
bulbar reticular formation and pyramidal decussation on spinal flexor reflex responses were
investigated in cats under very slight anaesthesia by testing flexor monosynaptic and poly-
synaptic reflex discharges.

» Single stimulation of the cerebellar nuclei elicited usually two group facilitations upon
the flexor monosynaptic reflex, the early group and the late one. The late group facilitation
was susceptible to the animal conditions, particularly to the anaesthetic. )

The effect of stimulating the cerebellar nuclei upon flexor polysynaptic reflex discharges
set up by the skin nerve stimulation was characterized by the long lasting inhibitory action,
which continued for about 200 msec. or more. Analysing the effects upon the flexor reflex
discharges, it is considered that the inhibitory effect from cerebellar nuclei upon the flexor
polysynaptic reflex may be caused by a postsynaptic inhibitory action on interneurons in
flexor reflex arcs or by a presynaptic inhibitory action on cutaneous primary afferent fibers.

Single stimulation of the lateral part of the bulbar reticular formation produced a
facilitatory effect upon the flexor monosynaptic reflex and no remarkable effect upon the’
flexor polysynaptic reflex.

Scarce effect was observed with the stimulation of the pyramidal decussation upon the

flexor polysynaptic reflex.
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Fig. 1.

Effect of single shock stimulation of lateral cerebellar
nucleus upon the flexor monosynaptic reflex dis-
charge, set up by stimulation of the ipsilateral
anterior tibial nerve and recorded from L7 ventral
root. Test stimuli were delivered in combination
with the conditioning nucleus stimulation (at the
arrow) at time intervals increasing successively from
0 to nearly 200 msec.

Time : 50 msec.
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Fig. 2.
Effects of single shock stimulation of cerebellar
nuclei upon the flexor polysynaptic reflex discharges,
elicited by sural nerve stimulation. Test stimuli
were conditioned by either lateral cerebellar nucleus
(L. N.) or medial cerebellar nucleus stimulation
(M. N.) at time intervals of 0 to 150 msec (L. N.+
S, M. N.+S). The control polysynaptic reflex
discharges (S) before and after the conditioned tests
are showen in the first and bottom rows. Condi-
tioning stimuli were given at the time indicated
by the aroow in A and B..
Potential changes following the conditioning stimuli
are ventral root potentials elicited by cerebellar
stimuli.
Time : 50 msec.
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Fig. 3.

The time course of influences of stimulating lateral
cerebellar nucleus upon the flexor reflex discharges ;
upon the height of the flexor monosynaptic reflex
discharges (A), upon the height of the flexor
polysynaptic reflex dischares (B) and upon the
area of the flexor polysynaptic reflex discharges (C).
Ordinates : Amplitudes (A and B) or areas (C) of
reflex discharges recorded from ventral roots in
percentages of control.

Abscissae : Time intervals in millisecond between
conditioning and test stimuli.
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Fig. 4.
The time course of influences of stimulating medial
cerebellar nucleus upon the flexor reflex discharges.
Symbol, ordinate and abscissae are the same as in
Fig. 3. Each plotted percentage is the mean of
many observations.
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Fig. 5.

Effects of single shock stimulation of the lateral
bulbar reticular formation and pyramidal decussa-
tion upon the flexor polysynaptic reflex discharges.
Stimulation of the bulbar reticular formation (B.
R. F.) and pyramidal decussation (P) did not elicit
obvious changes in the flexor polysynaptic reflex
discharges.

Time : 50 msec.

flexor reflex discharges ; upon the height of the flexor
monosynaptic reflex discharges (A), upon the height of the
flexor polysynaptic reflex discharges (B) and upon the area
of the flexor polysynaptic reflex discharges (C).

Ordinates : Amplitudes (A and B) or areas (C) of reflex
discharges recorded from ventral roots in percentages of
control.

Abscissae : Time intervals in millisecond between conditioning
and test stimuli.
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Fig. 7.

Schematic diagram illustrating the selective reduction of the flexor polysynaptic
reflex discharges by stimulation of upper centers. In the left diagram (1),
the activities of interneurons in the flexor polysynaptic reflex arc are inhibited
by the IPSP mechanism by descending impulses from the upper brain centers,

while in the right diagram ([ ), the descending impulses discharge the D type
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interneuron (filled circle), which has a presynaptic inhibitory connection on
the cutaneous primary afferent fiber. FM symbolizes a flexor motoneuron
connected monosynaptically with group Ia afferent fiber of the anterior tibial
nerve, while joined polysynaptically with the sural nerve.

Excitatory knobs are drawn as open structures and inhibitory knobs are
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Electrophysiological studies of the bronchial smooth muscle

i % KX A B (Hojo-Takuma)*

Extra- and intracellular recording of restng and action potential were made on bronchial
muscle fiber of rabbit and guinea-pig. Glass ultramicroelectrode with final tip diameter of
less than 0.5 ¢ was filled with 3 mol KCl solution. Intracellular action potential of the excised
bronchus of guinea—pig was recorded. For extracellular recording, tungesten electrode with
tip diameter 3 to 4 # was applied to exposed bronchus of rabbit under nembutal anesthesia,
Throughout the experiment the right bronchial muscle was adopted. Although intracellular
recording of the action potential of the bronchial muscle of guinea-pig was extremely difficult
because of the smallness of the fiber (3 to 6 in diameter after 10% formalin fixation),
several successful recordings were obtained.

Intracellular recording ;

One of intracellular action potentials recorded was over 20 mV in magnitude, and
consisted of spike and plateau phase followed by positive after-potential. The duration from
the onset of spike to the end of plateau was about 260 msec.

Occasionally prolonged action potential to 400 msec was observed, but the size were
smaller than 10 mV in such a case.

Extracellular recording ;

Spontaneous random discharges of 100 to 200 £V in amplitude rating 1 to 2 per 5 seconds
were observed in many cases. Groupe of 4 to 5 spikes or continuous irregular discharges of
8 to 10 cycles was also recorded in less-cases. In a few cases the discharge showed rhythmicity,
but no correlation was found with respiratory movement. :

A droplet of 10739 acetylcholine (about 0.05 cc) caused an increase in spike frequency
in a few second after its application and the effect disappeared after one minute.

In 30 seconds after application of a droplet of 1072% adrenaline, the spike decreased
its frequency and almost disappeared after 1 minute, and the effect was sustained over 3
minutes or more.

Neither right nor left vagal stimulation with square pulse of 5msec in duration and
20 per second in frequency had effect on spike discharge.

Concerning the existence of such.a nervous mechanism as the bronchial muscle actively
changes its tone to keep pace with the ventilation ot the lung, electrophysiologically positive

evidence could not be obtained in the present experiment.
%
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Fig. 1.

Diagram of the experimental arragement for intra-
cellular microelectrode recording.

Tyrode’s solution was saturated by 95% Oz+5/
CO; gas in the bottle and circulated in the homo-
thermic bath. The bath temperature was kept at
36°40.5°C by the use of the heater (H) and the
bimetal (T).

" The isolating chamber was filled with Tyrode’s

solution and the bronchial smooth muscle of guinea—
pig was pinned on the cork board.

Glass ultra-microelectrode (RE) with final tip
diameter of less than 0.5 4 was filled with 3 M
KCl. The indifferent electrode (IE) was made up
with the silver-silver chloride electrode and was
placed in the isolating chamber.

The recording was made by a cathode ray oscillo-
scope through a pre-amplifier and a main-amplifer.

SRR URERIE 1= CHESIBR 2 N %, 5 1 R
Lt a7 ik b R A E AR &2 Tic L
—EOEN LU TCEELL. XERE
Tyrodelk DAY % 4% H L, NaCl: 8.0, KCL:
0.2, CaCl,:0.2, NaHCOs : 1.0, NaH,PO,: 0.1,
Glucose : 1.0, MgCl,:1.0, (g//) DN LD
#Hv, WEFR95% + F&w 2 59 THaFnL pH:
7.3 TR o 7. REIERME OBRER O T T
FEmSEERECEEERP A TE SN
10cc DEETHEREBZ L oTz. X—HIZE
B0 Tyrode & ERMEICHA LSS, % z
I8 Z BRI EEGE RO EALO/KIE T (B?'&@
i, FEREO AR R ORIZR

WONRES 57z, EoRVAY e —LORE
2HdEHE L. HiREPoRETe—#— (H)
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recording.

Fig. 2.

Diagram of the arrangement for an extracellular tungsten electrode

Rabbit about 3 kg under nembutal anaesthesia was used in situ.

The tungsten electrode (RE) with tip diameter 3 to 4 # was applied to
exposed bronchial muscle after opening the chest.

The indifferent electrode of chromium plated silver wire of 500 u
diameter was placed near-the recording electrode.

ECG was recorded according to occasional demand. Always oxygen gas
was circulated through tracheal cannula.

Slc. BESICITEEREE L Hy, BEIE
CCToANLEEZEZ TRE L. '
C. 4K EIH bR EMRREE
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BHEVRO-, KEL CERHEE TS Z &
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EEEFRT AI21 In situ [ TH VATV
MEmE RV CHRAEMERESG T2 8L

7. .

Bt 3kg RIBOBRARELH, *v 7
% — v 50 mg/kg & PERENIC S L A5 RRER
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L, MK DD /IR E S T I FERE S

n—v%ﬁﬂb,£ﬁ¢ﬂ@§%ﬁﬂé%t.
BEAICHIEKEEEL, A% ERLE -5
6 VEEEIBRL, BIDZRABEEEZ 3om
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Fig. 3.

| S WS ISR I W—1

One series recording of spontaneous intracellular action pontentials of the
bronchial muscle of the guinea—pig. (a) Typical action potential recorded
immediately after insertion of the ultra—microelectrode : the top of spike
scaled out showing over 20 mV in magnitude, and was followed by phases
of plateau and a positive. after potential. Duration measured from the
onset of spike to the end of plateau was about 260 msec. (b){e) show
records selected from the series of discharge. (b} indicates third discharge.
The height of spikes became smaller from (a) to (d), While the duration
of action potentials gradually prolonged.

Calibration : 10 mV, 100 msec/unit.
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Fig. 4.
Spontaneous intracellular action potential of bronchial
muscle with evident plateau phase.
Magnitude of the action potential : 14 mV, the duration
from the onset of spike to the shoulder of plateau :
338 msec.
Calibration : 10 mV, 100 msec./unit.

Fig. 5.
Spontaneous spike discharge with various pattern of
extracellular recording of rabbit bronchial muscle in
situ.
In many cases spontaneous discharge of 100 to 200 £V.
{a) spike discharge ratings were recorded 1 to 2 per
5 second, (b) grouping of 4 to 5 spikes, (c) recurrence
of grouping of 8 to 10 spikes in a few cases, (d)
thythmical discharge in rare cases.
Base line fluctuation : respiratory movement.
Calibration : 500 #V, 1 sec./unit.
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Fig. 6.
Effect of acetylcholine for spontaneous spike discharge of rabbit bronchial
muscle Extracellular recording.
(a) and (b) : control. (c) : A few seconds after application of a droplet of
1073% ACh. Increased frequency of spikes continued for about one minute. _

s~~~

Fig. 7.
Effect of acetylcholine in static condition of rabbit bronchial muscle.
(a) no spike discharge before application of Ach. Recording the same as
Fig. 6 before. (b) After application of a droplet of 1073% Ach., occurrence
of spike discharge, beginning with a burst like grouping. Calibration :
500 £V, 1 sec./unit.
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Fig. 8.

Effect of adrenaline for spontaneous spike discharge of rabbit bronchial
muscle. }

Recording as before. (a) State of rhythmical spontaneous discharge befoer
. application of adrenaline, (b) 30 seconds after application of droplet of
1072% adrenaline, the spike decrease its frequency, (c) almost spikes
disappeared after 1 minute. The effect was sustained over 3 minutes
or more. (d) Spontaneous spike discharges recovered again when the
surface of bronchial muscle was washed out with Tyrode’s solution.
Calibration : 500 #V, 1 sec./unit.

Fig. 9.
Effect of vagal stimulation for spontaneous spike discharge of bronchial

“muscle. . ’

"Recording as before. Upper record : Right peripheral vagal stimulation
5 msec. in duration, 20 per second in frequency between arrows ; no
effect on the spontaneous spike discharge. Lower record : E. C. G. The
fluctuation agreed with respiratory movement in both. upward : expi-
ration ; downward : inspiration. Calibration : 500 #V, 1 sec./unit.
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Fig. 10.

Effect of either right or left vagal stimulation for spontaneous spike

discharge of right bronchial muscle after bilateral vagotomy.
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Recording as before. Upper Record : Left contralateral peripheral vagus
in {a) and right ipsilateral peripheral vagus in (b) were stimulated
between arrows as in Fig. 9. No effect on the frequency of spontaneous
spike discharge. Lower record ; E. C. G. in both. The fluctuation of
the record : artifact due to respiratory movement. Calibration :

500 ¢V, -
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A). B) : trachea. C). D) : bifurcation. E). F) : bronchus. G). H) : bronchiole.
left side : low magnification. right side : high magnification.
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