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Abstract. The response of the phrenic motoneurones to single shock 
stimulation of- afferent vagal fibres during inspiration was studied in 
rabbits. The rabbits were anaesthetized with halothane, paralysed, 
artificially ventilated and bilaterally vagotomized. To improve the 
detection of the response on the non-integrated efferent phrenic activity 
in the presence of background discharge, 64 to 128 single responses were 
averaged using a sampling time of 0.1 ms. No short-latency responses 
were obtained to single shock at threshold strength for the coarsest 
afferent vagal fibres. With increased stimulus strength activating also 
some finer myelinated fibres, as evidenced from the effect of low- 
frequency stimulation on the breath duration, a short-latency inhibition 
followed by an enhancement was observed bilaterally. The average 
latency of the inhibition was 8.5 ms. The results differ from these 
which can be obtained in cats. I 

INTRODUCTION 

Karczewski et al. (7) and Gromysz et al. (5) have investigated the 
effect of a threshold stimulation of the coarsest myelinated vagal~ 
afferents and of stimulations which also activated finer myelinated 
afferents, on the respiratory pattern. The effects of the stimulation 
were observed by measuring the integrated phrenic nerve activity or 
by measuring the activity of single phrenic motoneurones. These 



experiments revealed that the stimulation of the coarse myelinated 
fibres inhibits the generation of inspiratory activity and prolongs the 
expiratory phase, while, on the other hand, additional low-frequency 
stimulation of the finer myelinated fibrps accelerates the breathing 
rate. The authors concluded that the central processing of the respiratory 
information is based on the temporal and spatial summations of the 
activity transmitted by the vagus nerve. The temporal summation can 
occur with different time constants, depending on the type of excited 
fibres. No excitatory effects were observed on the inspiratory activity 
in eupnoea when the stimulation took place during inspiration. 

In the light of the investigations carried out by Berger and Mitchell 
(I), Iscoe et al. ( 6 ) ,  Bruce et al. 1 (unpublished), on the lateralized phrenic 
responses to a stimulation of pulmonary and laryngeal afferents in the 
cat, we decided to apply their technique to the investigations described 
above (5, 7). In particular, we have looked for the answers to the follow- 
ing two questions: (i) can a single shock applied selectively to the coarse 
myelinated fibres of the vagus nerve of the rabbit induce any short- 
latency response in the phrenic activity? (ii) can a short-latency 
excitation restricted to the contralateral phrenic activity be observed 
in the rabbit as it can in the cat? In order to answer these questions, 
we have analysed the averaged, nonintegrated mass discharge of the 
phrerlic nerve ipsilateral and contralateral to the stimulated nerve. 

METHODS 

The experiments were performed on 7 rabbits weighing 2.2-4.8 kg. 
The rabbits were under halothane anaesthesia 0.7 volO/o, paralysed 
with gallamine (Tricuran, Germed - 5 mg/kg) and artificially ventilated. 
The initial preparation and methods were similar to the ones described 
by Karczewski et al. (7) except for the preparation of the single phrenic 
nerve motoneurones, which was not performed here. In addition, the 
end-tidal COZ concentration was measured with an  infrared gas analyzer 
(Mijnhardt). The left and right C3 roots of the phrenic nerve were 
dissected free and cut distally. The proximal stumps were desheated 
and put on recording electrodes. The multifibre activities from both Cj 
roots were amplified to the same amplitude (Tektronix 3A9 preamplifier, 
Medipan amplifier - nonsymmetric amplification) and averaged using 

Similar experiments were carried out on cats by E. Bruce and C ,  von Euler 
(Karolinska Institutet, Nobel Institute for Neurophysiology, Stockholm). The results 
of this work are cited here as Bruce et al. (unpublished) in agreement with the 
authors. 



the ANOPS 101 computer (8). The sampling time for averaging was 
0.1 rns. The duration of a single stimulating pulse was in the 0.05-0.5 ms 
range, the intensity of the stimulus was between 0.01 and 1.0 V. The 
averaged phrenic activity was recorded by an XYA Plotter (RXY-101, 
ZDEMP). The averaging was performed from 64 or 128 consecutive, 
stimulated respiratory cycles. 

RESULTS 

The intensity of stimulation, which was used to excite the coarse 
myelinated fibres of the vagus nerve was set accordilng to the method 
described by Karczewski et al. (7) i.e., 1r;w frequency stimulation (40- 
50 shocks/s) was applied during expiration and the threshold intensity 
for a prolongation of the expiratory time was adopted as the excitato-.v 
threshold intensity for the coarsest myelinated afferent fibres. The 
threshold intensity for a reversal of the respiratory response and 
a shortening of the cycle time was considered as the threshold !or 
a group of the finer myelinated fibres (Figs. 1 and 2). When only 
slight respiratory effects, characteristic for excitation of coarse myelinat- 
ed fibres (prolongation of respiratory cycle), could be observed, the 
duration of the stimulating pulse was decreased to 0.2-0.05 ms. Then 
the intensity range in which it was possible to observe the effects of 
excitation of the coarse myelinated fibres (7) increased. The stimulating 
pulse was applied during the last two-thirds of the inspiratory period, 
since the effect was expected to be maximal then (5). 

The experiments revealed that a single shock stimulation of the 
coarse fibres during inspiration does not evoke any measurable short- 
latency response of the phrenic activity (Fig. 3). In one of the seven 
rabbits a weak bilateral inhibition of the phrenic activity was observed. 
However, it was most difficult to define the stimulus threshold for the 
coarsest fibres since, in this particular case, hardly any expiratory, 
prolongation could be obtained during low frequency stimulation. Such 
an increase in the stimulus intensity, which elicited the first effects of 
additional excitation of the fine, myelinated fibres on expiratory time 
(7), was accompanied by short bilateral inhibition visible in the averag- 
ed, nonintegrated phrenic nerve record (Fig. 3). The peak of inhibition 
was reached very rapidly with increasing stimulation intensity. After 
the inhibition a later enhancement could be observed, increasing with 
stimulation intensity (Fig. 3). The average latency between the shock 
and the onset of inhibition on the ipsilateral side was 8.42 + 0.70 and 
8.46 k 0.68 ms for the contralateral side. We never observed any 
significant enhancement of the phrenic activity on the contralateral 



Fig. 1. Sequential histogram of the respiratory time (2') during stimulation in 
expiration of coarse ( 1 0  and fine (n + 6) myelhated fibres of va.gus nerve. The 
horizontal lines above the X axis designate successive series of stimulating impulses. 
The length of each line is proportional to the numbers of stimulated breaths. N, 
number of the successive respiratory cycle; T, respiratory times in seconds. A, 
series of stimulations from left to right: a, 180 mV stim. freq. 50 impls; a, 180 mV 
stim. freq. 100 imp/s; 240 mV stim. freq. 50 imp/s and 280 mV stim. freq. 50 imp/s, 
(threshold for stimulation of finer fibres); a +6, 400 mV stim. freq. 50 imp/s 
(reversed response of breathing rate). B, stimulation frequency 50 impls; series 
of stimulation from left to right: a + 6, 350 mV, 400 mV, 450 mV, 600 mV; u, 

180 mV. 



side before inhibition in contrast with thje effect described by Isco2 
et al. (6) and Bruce et al. (unpublished). Unfortunately in spite of 
averaging 64 or 128 sweeps the background is not smooth (Fig. 3) and 
determination of its moving average is very difficult. This is especially 
true wben high-frequency oscillations (2) are present in the phrenic 
nerve activity. Hyperventilation was applied to eliminate the oscillat- 
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Fig. 2. Effects of stimulation of the coarse (A, B) and fine (D) myelinated fibres 
of the vagus nerve. Frequency of impulses: A, C, D, 50 imp/s; B, 100 impls. Records 
from above downwards: BP, blood pressure; C o t ,  end-tidal COz; INT. PHR., inte- 
grated phrenic nerve activity; stim., stimulus marker. Numbers above stimulus 

markers indicate intensity (mV) of the applied stimulation. 



ions in the cases when they interfered with the m~asurement  (Fig. 4). 
However, in one case, no short-latency response to single impulse 
stimulation could be observed, even at  stimulation intensities well above 
threshold for finer fibr?s. 

Fig. 3. Short-latency responses in the ipsilateral and contralateral phrenic nerves 
to a single stimulus applied to vagus nerve. C, control; the numbers above records 
indicate the intensity of applied stimuli in mV. Small bars below records are the 
markers of applied stimulus. A 180 mV intensity of stimulation evokes global 
effects of stimulation of the coarse myelinated vagal fibres. Records in this figure 
and in Fig. 1 derive from the same experiment in order to compare easily the 
global respiratory effect of the vagal stimulation with the short-latency response. 

Fig. 4. Short-latency responses in the ipsilateral and contralateral phrenic nerves 
to a single stimulus applied to the vagus nerve. Symbols are the same as in the 
previous figure. In this experiment high-frequency oscillations were observed. It 
interfered with the measurement of the short-latency response. After hyperventilat- 
ion which removes the high-frequency oscillations (see record on right), the short- 

latency response was again measurable. 



DISCUSSION 

An inhibition followed by an enhancement of the phrenic activity 
in response to a stimulation of th~e vagus nerve with trains of impulses 
or with single shocks during inspiration has been described in rabbits 
earlier (see 3, 4). However, the investigation with the application of 
automatic data processing (averaging with m a l l  sampling times) have 
supplied much more accurate results in experiments performed on cats 
( 6 ,  Bruce et al., unpublished). The new technique has demonstrated 
that in cats a short-latency enhancement appears in the contralateral 
phrenic activity before the early inhibitory response if the latter occurs 
at all. The purpose of the present study was to verify whether a similar 
enhancement can be observed in rabbits. The results obtained gave an 
answer to the negative. The model described by Berger and Mitchell (1) 
can not be discussed here since there is too much evidence as to the 
differences in the processing of vagal information at the central level 
between the cat and the rabbit (4). 

In the work of Karczewski et al. (7) and Gromysz et al. (5) the time 
constant for processing information transmitted by the coarse myelinated 
fibres of the vagus has been estimated to be about 100 ms. The same 
authors also found that only at frequencies above 10 imp/s it was 
possible to observe respiratory effects in response to threshold stimulat- 
ion. Our findings that single impulse stimulation of coarse myelinated 
fibres of the vagus nerve during inspiration does not evoke any 
response in the phrenic nerve activity seems to confirm this. A similar 
conclusion was drawn by Iscoe et al. (6) based also on the lack of 
inhibitory responses in the phrenic activity to single shocks of threshold 
intensity. The authors, however, in their experiments on cats, failed to 
observe any inhibition after increasing the stimulus intensity, but 
observed a secondary, and this time bilateral, excitation. 

The complete lack of responses to single shock stimulation of the 
coarse myelinated fibres within the first 100 ms may be explained by 
the time constant of the integrating process which takes place at the 
central level. To evoke an inhibition in the phrenic activity it is ne- 
cessary to apply a repetitive stimulation with a frequency greater than 
10 shockds. When the fine myelinated fibres are stimulated, an inhibit- 
ion of phrenic nerve activity can be observed with an average latency 
of 8.5 ms. The stimulation of the coarsest and fine fibres increases the 
breathing frequency due to a shortening of the inspiratory and expir- 
atory times. Since respiration is a quasi-oscillatory process, the increase 
in breathing frequency may simply be a normal reaction of an oscillatory 
system to inhibition. However, excitatory effects which are observeti 



e.g., in hypocapnia or during stimulation of the coarsest and finer 
myelinated vagal fibres in expiration (7), can hardly be explained in 
terms of short-latency responses. It is probable that the inhibitory 
effect in th,is situation cannot occur (complete lack of or very low' 
phrenic nerve activity) and the observed result is a summation of the 
excitation which follows. It is not clear whether the following excitation 
is just a post-inhibitory rebound or whether the inhibition and excitat- 
ion are transmitted by different neuronal paths. 
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