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Fig.1. Effects of vagal stimulation with varied
frequencies upon respiratory discharges of the
phrenic nerve. Vago - phrenic response (VPR) is
facilitated at the inspiratory phase. Note waxing
and waning of responses at 5 - 10 Hz and cough -
like patterns at 20 Hz. Upper trace, phrenic
discharges ; lower trace, electrical stimulation.
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Fig. 2. The same experiment, as in Fig. 1, recorded by recurrent sweeps.
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Fig. 3. Averaged VPR produced by varied intensi-
ties of stimulus at inspiratory phase. The thresh-
old and supramaximal threshold for long latency
response are 1. 1 V and 5. 0 V, respectively. The
short latency responses are detectable at 3.0~5.0
V. VPR is composed of three components; a
short latency response with low amplitude (4.2
~17.0 msec, 50 ¢V), a long latency response with
high amplitude (14.0~18.0 msec, 150 V) and a
subsequent suppression period of spontaneous
discharges lasting for 25.0~40.0 msec.

4 IBEREIW &L % VPR OF{L %KY, room air,
3.5 ml/kg X33 Bl/A T3 EBHEREOBRBM G HhE
FIEFITRE VM, VPR DK E S BB Ebh s 20,
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Fig. 4. Effects of various tidal volumes of ventila-
tion upon phrenic discharges and VPR. Hyper-
ventilation with 3.5 ml/kg increases inspiratory
phrenic discharges, but the size of VPR is as large
as that obtained at 10 ml/kg (standard rate). VPR
is decreased in size and suppressed at 20 ml/kg.
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Fig.5. Effects of barbiturate upon respiratory
phrenic discharges. Intravenous injection of
thiamylal sodium (barbiturate) stops both res-
piratory discharges and VPR ; the former begins
to recover at 10 min and the latter does at 25 min
after the barbiturate administration.

Table 1. Changes in pH, PaCO, and Pa0O, of the arterial blood related to

different tidal volumes

Tidal volume (ml/kg) 3.5 7 10 15 20

pH 7.33 7.44 7.54 7.57 7.59
PaCO, (mmHg) 45 34 29 26 23
Pa0O, (mmHg) 54 92 102 107 113
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Fig.6. Effects of transection of brain - stem upon
VPR. Transection at intercollicular level (A) or
at ponto - medullary junction (B) increases res-
piratory phrenic discharges and VPR. Transec-
tion at level of 1.5 mm rostral to the obex (C)
eliminates VPR and respiratory discharges.
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7z,
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FEEEDY 2.6~5.1msec (3.5%£0.7msec) DEL LH b
NEVRIG &, #EF12.0~16.0msec(13.8+1.5msec),
Fft 5% 15.4~27.0 msec (20.4+3.8 msec), {RIEHS
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BT 2 IR AN B B & UV DT & S
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b, TTHEZEOEETH >, BRETCRERIE
g CRBOERIIRE <, FlEKEORNB R
RBs 57z, Lch>TMPR - A BEHOY
BIOIEREERE I, MPR - B I [EAERAEICE SN,
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Fig.7 Recorded sites of evoked potentials in response to ipsilateral vagal stimulation
(vago-medullary response : VMR), and stimulation sites from where phrenic evoked
potentials (medullo-phrenic response : MPR) are evoked. A, ambiguus nucleus; S,
solitary nucleus; G, gigantocellular nucleus. @, VMR (+) & MPR-A (+); O, VMR
(=) & MPR-A (+); A, VMR (+) & MPR-B (+); A, VMR (-) & MPR-B (+);

M, VMR (+) & MPR ().

MPR-A : phrenic responses to stimulation of dorsal

groups (solitary nucleus and commissural nucleus of Cajal). MPR-B: phrenic
responses to stimulation of ventrolateral groups (ambiguus nucleus and ventrola-
teral reticular formation) and ventromedial groups (ventromedial reticular forma-

tion).
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Fig.8. Vago - medullary response (VMR) and
medullo - phrenic response (MPR) in solitary
nucleus, commissural nucleus of Cajal and ambi-
guus nucleus. MPR - A is produced by stimula-
tion of caudal 2/3 of solitary nucleus and
commissural nucleus of Cajal (traces D-H and
J), and MPR - B produced by stimulation of
ventral reticular formation neighboring to ambi-
guus nucleus (trace K). However, MPR is not
produced by stimulation of reticular formation
rostral and caudal to solitary nucleus (traces A
and I), and rostral 1/3 of solitary nucleus (traces
B and C). VMR is recorded in the sites indicated
with D-H, J and K.
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Fig.9. Comparison of VPR, MPR - A and MPR -
B. Averaged potentials. MPR - A resembles VPR
in shape except for the latency shorter than that
of VPR. The latency of MPR - B corresponds to
that of the short latency component of MPR - A.

Table 2. Classification of medullary respiratory

neurons
inspiratory expiratory
neuron neuron
recorded 59 units 22 units
examined " 20 2
driven ** 4 0
not driven 16 2

* The neurons for which stimulation of vagal
nerve was examined.

** The neurons driven by stimulation of vagal
nerve.
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Fig.10. Distribution of respiratory neurons for which stimulation of vagal nerve is examined.
Dorsal view of location of neurons (left column). B, the inspiratory neuron driven by vagal
stimulation ; @, the inspiratory neuron inhibited by vagal stimulation; O, the expiratory neuron
inhibited by vagal stimulation ; A, the non - respiratory neuron driven by vagal stimulation.
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Fig.11. Unitary discharge of an inspiratory
neuron driven by vagal stimulation. A, single
sweep ; B, superimposed sweeps.
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Fig.12. An inspiratory neuron driven by vagal stimulation. The neuron is driven only at inspiratory
phase, so that the driven firing is masked by inspiratory discharges. Discharges are depressed by

stimuli higher than 5 Hz.
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Fig.13. An inspiratory neuron inhibited by vagal
stimulation. Upper trace, unitary activity of
medullary inspiratory neuron; middle trace,
respiratory discharges of phrenic nerve; lower
trace, vagal stimulation at varied frequencies
(indicated at left).
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Abstract

The central mechanism of the vago-phrenic reflex was studied in cats. The animals were
anesthetized with thiamylal sodium and immobilized with gallamine under artificial respiration.
Phrenic response to vagal stimulation (vago-phrenic response: VPR), medullary response to
vagal stimulation (vago-medullary response: VMR) and phrenic response to medullary stimu-
lation (medullo-phrenic response: MPR) were recorded in an averaged and continuous fashion.
Medullary neurons firing synchronously with respiration and those responding to vagal stimu-
lation were also explored. VPR seen in the inspiratory phase was composed of three components;
a short latency response with low amplitude (4.2-7.0 msec, 50 uV), a long latency response with
high amplitude (14.0-18.0 msec, 150 V) and a suppression of spontaneous discharges lasting
for 25.0-40.0 msec. As the frequency of the stimulation was increased, the waxing and waning
of VPR was produced at 5-10 Hz, developing to a cough-like pattern at 20-50 Hz. VPR was
suppressed in the expiratory phase and hyperventilatory hypocapnea. The transection of the
brain-stem at the level of ponto-medullary junction facilitated VPR. VMR was obtained at the
following recording locations, the dorsomedial group (caudal 2/3 of the ipsilateral solitary tract
and nucleus), the ventrolateral group (neighboring reticular formation to ambiguus nucleus) and
the ventromedial group (ventromedial reticular formation). Phrenic response evoked by the
stimulation to the dorsomedial group (medullo-phrenic response: MPR) resembled VPR in
waveform but showed a slightly shorter latency (about 2.6 msec) than that of VPR, MPR
induced from both the ventrolateral and ventromedial groups was assumed to correspond to a
short latency component of VPR, Respiratory neurons were distributed diffusely in the three
above-mentioned groups, whereas the neurons driven by vagal stimulation were found to be
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restricted to the dorsolateral portion near the solitary nucleus, The results indicate that the
dorsal group of the medulla received afferent inflows from the vagal nerve and played a role in
integration, constituting a relay nucleus of oligosynaptic pathways. The reticular formation of
the medulla seems to be responsible for wide integration of the vago-phrenic reflex, and the
ventral group is likely to be a major portion responsible for efferents of the reflex activity.




