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center, phrenic discharges, bulbar respiratory neurons.
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Effects of Electrical Stimulation of the Rostral Dorsolateral Pons upon Phrenic Dis-
charges and Bulbar Respiratory Neurons in Cats. Hiroaki Ohnishi, Department of
Neurosurgery, (Director: Prof. S. Yamamoto) School of Medicine, Kanazawa Univerity.
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Fig. 1. Effects of repetitive stimulation of the rostral pons upon phrenic discharges.
The stimulation of nucleus parabrachialis (NPB) and its adjacent area (circles)
shortens respiratory cycles and increases phrenic discharges (A), while that of
reticular formation medial to nucleus lemnisci lateralis (squares) reduces phrenic
discharges (B). BP, brachium pontis; BC, brachium conjunctivum ; Pbm, nucleus
parabrachialis medialis; Pbl, nucleus parabrachialis lateralis; Llv, nucleus
lemnisci lateralis ventralis; PY, tractus pyramidalis; Ph, phrenic discharges; In,
integration of phrenic discharges; St, stimulation (0.5 msec, 5 V, rectangular waves
and 50 H,).

Fig. 2. A frozen section (40 gm thickness) of the rostral pons stained
with cresyl violet. Arrows show stimulation sites which produced
respiratory acceleration. Those are situated in NPB.
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Fig. 3. Effects upon phrenic discharges by varying intensity of
stimulation (50 H,) of NPB. The stimulus threshold to accelerate the
respiratory cycle is 2 V, and the supramaximal response is obtained
by 5 V.
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Fig. 4. Effects of phrenic discharges by varying frequency of stimulation (5 V) of
NPB. Marked acceleration of phrenic discharges is produced by stimulation with 40

- 70 H,.
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Fig. 5. Effects of NPB stimulation, applied in differerent restiratory phases, upon
respiratory cycles and phrenic discharges. Stimulation delivered in the early
expiratory phase causes no effects (A), while that in the late expiratory phase causes
shortening of the phase (B) and that in the inspiratory phase increases phrenic

discharges (C).
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Fig. 6. Simultaneous recording of phrenic discharges (Ph and In) and arterial blood
pressure (BP). (A) Respiratory acceleration precedes an elevation of arterial blood
pressure following NPB stimulation (St). (B) After stopping stimulation, respira-
tory acceleration is immediately discontinued and arterial blood pressure drops

slowly.
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Fig. 7. Effects of decerebration upon respiratory response to NPB stimulation.
Respiratory response is further accelerated by decerebration. Before (A) and after
(B) decebration.
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Fig. 8. Distribution of 133 bulbar respiratory neurons. Squares, 75 inspiratory
neurons (Insp) ; circles, 40 expiratory neurons (Exp); triangles, 18 phase spanning

neurons (Phase).
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Table 1. Classification of bulbar respiratory neurons based on the pattern of
responses by stimulation of NPB.

Phase spanning neurons

Inspiratory Expiratory
neurons neurons E I Total
Recorded 75 40 14 4 133
Examined 52 30 13 4 99
Rhythmic 51 29 8 4 92
Driven 1 1 5 0 7

IE : inspiratory-expiratory spanning neuron
El: expiratory-inspiratory spanning neuron

(A)

Ne i S

Ph e

L L b L L LU

St

(B)
Ne | ... ..

Ph - -

N 8 A T e e | H\W
A 0 D e ﬁn.ﬁ‘ﬂwww o

1sec

hmv

150w

St

2 sec

Fig. 9. Effects of NPB stimulation upon bulbar respiratory neurons. (A) Firing of
the inspiratory neuron is increased by stimulation. (B) Firing of the expiratory
neuron is decreased by stimulation. Ne, respiratory neuron discharges; Ph, phrenic
discharges ; In, integration of phrenic discharges; St, signals of NPB stimulation.
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Ne - L T |2 mv
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—e | SOC
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Ne rly-'v Y ‘y'tr 'Uv ¥ lv lv ‘Ur 4 'rl-“‘hmv
Ph  ~estrmrmeoy ) 150 uv
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Fig. 10. A phase spanning neuron (cell No. 6 in Fig. 12), driven by NPB stimulation.
The neuron discharges synchronously with inspiratory - expiratory phase (A),and
responds to each stimulation (triangle) in both the inspiratory and expiratory phase
(B). For (C), the tracing (B) is magnified in amplitude and in time.
(A)
Ne === U PR S i mV

Ph mpe—————————— e - it |50 Ly

1sec
(B)

Do g ]

-4
®
e

Ph -1 AR Rl 11 Yo m'"rmﬂ'"w .50 UV

—— 200 msec

~—— 100 msec
Fig. 11. A phase spanning neuron (cell No. 7 in Fig. 12), driven by NPB stimulation.
The neuron discharges synchronously with inspiratory - expiratory phase (A). The
stimulus frequency is 1 H,in (B) and 30 H,in (C). The unit responds to each stimulus
(triangle), delivered in any respiratory phase.
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Fig. 12. Sites of respiratory neurons driven by NPB stimulation. The seven neurons
driven are composed of five phase spanning, one inspiratory and one expiratory
neurons. Five neurons respond to ipsilateral NPB stimulation, one to contralateral
and one to bilateral. TS, nucleus tractus solitarius; Am, nucleus ambiguus.

Table 2. Respiratory neurons driven by stimulation of NPB.

neuron stimulation latency (Mean=®S.D.) msec

1. Expiratory ipsilateral 4.9— 6.9(6.1%0.8)
2. Phase spanning (IE) ipsilateral 12.4—16.4 (14.6t1.2)
3. Phase spanning (IE) ipsilateral 2.8~ 3.3 (3.0%0.1)
4. Inspiratory ipsilateral 3.0— 3.9 (3.4%0.3)
5. Phase spanning (IE) contralateral 4.3— 4.9 (4.6%0.2)
6. Phase spanning (IE) ipsilateral 20.0—23.6 (22.1%1.3)

contralateral 20.0—24.8 (21.6%1.3)
7. Phase spanning (IE) ipsilateral 5.8— 7.2 ( 6.6%0.4)
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Effects of Electrical Stimulation of the Rostral Dorsolateral Pons upon Phrenic Discharges ang
Bulbar Respiratory Neurons in Cats Hiroaki Ohnishi, Department of Neurosurgery, (Director:
Prof. S. Yamamoto) School of Medicine, Kanazawa University, Kanazawa, 920 — I. Juzen Med,
Soc., 91, 137—152 (1982)

Key words: etectrical stimulation, rostral dorsolateral pons, pneumotaxic center,
phrenic discharges, bulbar respiratory neurons
Abstract

To elucidate influence of pneumotaxic center on respiration, effects of electrical stimulation,
delivered to the rostral dorsolateral pons, were investigated upon spike discharges of the phrenic
nerve and of bulbar respiratory neurons in cats. When a train of repetitive stimulation (2-5 V,
10-100Hz) was given to the nucleus parabrachialis (NPB), respiratory cycles were shortened and
phrenic discharges were increased. Ninety-nine bulbar respiratory neurons (52 inspiratory, 30
expiratory and 17 phase spanning neurons) were recorded from the nucleus tractus solitarius,
nucleus ambiguus, nucleus retroambigualis and their vicinity. During a train of repetitive NPB
stimulation, 51 inspiratory neurons, 29 expiratory neurons and 12 phase spanning neurons all
discharged synchronously with accelerated respiratory cycles. Seven of these inspiratory neurons
increased in discharge in accordance with increased phrenic discharges, while six of these ex-
piratory neurons decreased. The remaining 7 neurons included 5 phase spanning, one inspiratory
and one expiratory neurons; all the neurons were driven by single shocks to NPB in both inspi-
ratory and expiratory phases. Among them, 5 neurons responded to NPB stimulation ipsk
laterally, one contralaterally, and one did bilaterally. Five neurons had a latency of 3-7 msec and
the other 2 neurons had a latency of 15 and 22 msec, respectively. The results suggest that
respiratory rthythms are produced by networks in the ponto-bulbar respiratory centers and also
that there are some synaptic or fiber connections betweeen them.
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