Responses Recorded from the Cervical Spinal
Cord(C2-3) and Respiratory Nerves to Stimulation
of Vagal Afferents in Cats
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Abbreviations : CIR, cervical-intercostal response ; CPR, cervical-phrenic response ; VCR,
vago-cervical response ; VCRE, one type of VCR potentiated in expiratory phase; VCRI, the
other type of VCR potentiated in inspiratory phase ; VPR, vago-phrenic response.
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Fig. 1. Distribution of VCRI at C,-,. Vago-cervical response (VCR) was recorded in
the cervical spinal cord (C,-s) by electric stimulation of the vagal nerve. VCRI, one
type of VCR, was potentiated in inspiratory phase and was suppressed in expiratory
phase. Inset shows the sites (Al-5, B1-5, C1-5 and D1-5) from which responses were
obtained. The frequency of stimulation was 1 Hz. Thirty responses elicited at 1 Hz
were averaged. Intensity of electric stimuli were 3~5V in all experiments of this
study. CONTRA, contralateral to stimulated vagal nerve; IPSI, ipsilateral to
stimulated vagal nerve. Monopolar recording, Upwards negative.
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Fig.2. Effects of respiratory phase on VCRIL
Records A, B, C and D show respectively the
maximum responses which were obtained from
A-4, B-3, C-4 and D-3 in Fig.1. Three records in
each panel show response to vagal nerve stimula-
tion at 1 Hz ( 1Hz), response to stimulation
delivered only during inspiratory phase (Insp) and
response to stimulation delivered only during
expiratory phase (Exp).
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Fig.3. Effects of tidal volume of respiration on phrenic discharges (PHR-a), their
integrated curves (PHR-b), VCRI and vago-phrenic responses (VPR). Respiratory
rate was 33 per minute. PaO,, PaCO, and pH of the arterial blood at each tidal
volume of respiration were described in Table 1. The frequency of stimulation was
1Hz.
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Table 1. Changes in pH, PaO, and PaCO, of

the arterial blood at various tidal volumes of 10 WWMM W»\f\xw
respiration
Tidal volume _ , 20 AN T
(ml/ke) 5 7 10 15 20
pH 7.42 7.46 7.55 7.57 7.59 25 .
Pa0, (mmHg) 7290 103 110 115 —d20,v ___|50uv
10 msec 10 msec
PaCO, (mmHg) 40 36 25 23
: & 3 30 Fig. 4. Effects of frequency of stimulation of the

Respiratory rate was 33 per minute. vagal nerve on VCRI and VPR.
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Fig.5. Suppression of the second responses to
paired stimuli of the vagal nerve at short
intervals. Interval means the time (msec)
between 1 st and 2 nd stimulation.
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Fig.6. Recovery curves of VCRI and VPR
Recovery curves were obtained by double stimuli
method and degree of recovery (%) was calculat-
ed by following fomula as; amplitude of
response to 2nd stimulation /amplitude of
response to 1st stimulation X100. ®, short
latency responses of VCRI and VPR; A, long,
latency responses of VCRI and VPR.
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Fig. 7. Cervical-phrenic response (CPR) and
cervical-intercostal response (CIR). CPR and
CIR were recorded from phrenic nerve and
intercostal nerve respectively in response to
stimulation of the location where VCR had been
obtained. 1 Hz, Insp, and Exp, see Fig. 2.
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Fig. 8. Modification of CPR accompanying
increases in stimulus frequency. The stimuli of
20Hz and 40Hz were delivered during only
inspiratory phase (Insp) or only expiratory phase
(Exp).



878 iE

fif, FRAK B2 BRETERY X LERCEST 2
Y7 ey —DRES L UHEE, PRI BT 2 HERY
ALRID A A=A LEL TR, HREMOERY
WO LS A TY S, 1923 4 Lumsden! V23 &

VCRE

CONTRA

10V
10msec

Fig.9. Vago-cervical responses potentiated in
expiratory phase. VCRE, the other type of VCR,
was potentiated in expiratory phase. The
frequency of stimulation was 1 Hz. CONTRA,
contralateral to stimulated vagal nerve.
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Fig. 10. Effects of respiratory phase on VCRE,
CIR and CPR. 1 Hz, Insp and Exp, see Fig. 2.
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Responses Recorded from the Cervical Spinal Cord (C,-;) and Respiratory Nerves to
Stimulation of Vagal Afferents in Cats.  Katsuo Shoin, Department of Neurosurgery
(Director : Prof. S. Yamamoto), School of Medicine, Kanazawa University, Kanazawa, 920—].
Juzen Med. Soc., 96, 872884 (1987)

Key words : descending respiratory pathways, vago-cervical response, vago-phrenic response,
cervical-intercostal response, cervical-phrenic response

Abstract

Descending respiratory pathways in the cervical spinal cord (C,_;) were studied in cats. The
animals were slightly anesthetized, immobilized and bilaterally vagotomized under artificial
respiration. Responses evoked in the cervical spinal cord by electric stimulation of the vagal
nerve were averaged and recorded as vago-cervical response (VCR). VCR was classified into two
types. One (VCRI) was potentiated in inspiratory phase and suppressed in expiratory phase.
The other (VCRE) was potentiated in expiratory phase and suppressed in inspiratory phase.
VCRI was composed of a short latency (3.3110.86 msec) response of 25 1V amplitude and a long
latency (12.15+1.70 msec) response of 20 uV amplitude. The short latency responses were
recorded mainly in the bilateral ventral part of the lateral funiculus. The long latency responses
were recorded mainly in the bilateral anterior funiclus. Phrenic nerve responses to stimulation of
the vagal nerve were recorded as vago-phrenic response (VPR). VPR resembled VCRI not only
in wave form but also in patterns of response to changes in frequency of stimulation, to conditional
stimulation and to changes in tidal volume of respiration. ~Cervical-phrenic response (CPR) was
recorded by stimulation of the site where VCRI had been recorded. Cervical-intercostal response
(CIR) was not recorded by identical stimulation. CPR was composed of a short latency (2.1
msec) response and a long latency (5.5 msec) response. CPR was potentiated in inspiratory phase
and was suppressed in expiratory phase. VCRE showed a short latency (5.61£0.71 msec)
response of small amplitude (10 V) and was recorded from sites more medial than sites where
VCRI had been recorded in the bilateral anterior funiculus. CIR was induced by stimulation of
the site where VCRE had been recorded. CPR was not recorded by identical stimulation. CIR
was a short latency (6 msec) response of small amplitude (10 xV). CIR was potentiated in
expiratory phase and was suppressed in inspiratory phase. It is concluded that the pathways to
phrenic motoneurons descend through the anterior funiculus and ventral part of the lateral
funiculus bilaterally. The pathways to intercostal motoneurons descend bilaterally through more
medial parts of the anterior funiculus. The discharges of phrenic motoneurons were suppressed
during expiratory phase, while the discharges of intercostal motoneurons were suppressed during
inspiratory phase at the medulla and level of spinal motoneurons.




