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SUMMARY

1. Experiments have been done on anaesthetized, paralysed and artificially
ventilated cats.

2. Vagal single afferent fibres showing discharges in phase with respiration were
isolated in the neck. Two types of fibres were studied at different tidal volumes:
(i) showing slowly adapting discharges from the pulmonary stretch receptors; (ii)
showing rapidly adapting discharges from the lung ‘irritant’ receptors. The effect
of bupivacaine aerosol, administered by positive pressure inflations, was recorded
on the pattern of fibre discharge.

3. The pulmonary stretch fibres were further classified into low-threshold and
higher-threshold fibres according to the standard criteria. Bupivacaine aerosol
blocked activity in all the low-threshold and in the majority of the higher-threshold
fibres. :

4. Of the rapidly adapting fibres, bupivacaine completely blocked activity at some
tidal volumes and markedly reduced it at most others.

5. The fibre activity data are presented. It is concluded that although bupiva-
caine aerosol markedly reduced impulse activity in all three types of fibres, the data
suggest that there is a small difference in the ease with which low-threshold fibres
on the one hand and higher-threshold and ‘irritant’ fibres on the other hand are
affected. The reasons for this difference in the behaviour are not understood.

INTRODUCTION

Intratracheal administration of an aerosol of local anaesthetic agent, 59, bupi-
vacaine, blocked the reflex respiratory responses mediated by the pulmonary stretch
receptors and the cough receptors, but left intact those from the type J receptors
(rabbit: Jain, Trenchard, Reynolds, Noble & Guz, 1973; dog and rabbit: Dain,
Boushey & Gold, 1975; dog and man: Cross, Guz, Jain, Archer, Stevens & Reynolds,
1976). These observations have been confirmed by one of us in the cat (S. K. Jain,
unpublished data). The findings of these studies suggested that even though the
Hering-Breuer inflation and deflation reflexes were blocked, activity may not be
abolished in all the afferent fibres from pulmonary stretch receptors. By using a
similar technique and time course of administration of bupivacaine aerosol in the
cat, we have reported in a preliminary study (Jain & Fahim, 1977) that: of the
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thirty-five pulmonary stretch fibres studied, activity could be blocked completely
in 57 9,, partially in 40 9%, and remained unaffected in the remaining 3 %,. However,
no attempt was made to investigate whether a more prolonged administration of
the aerosol would abolish activity in all these fibres.

The use of differential pulmonary vagal block in man, by breathing bupivacaine
aerosol, may prove to be a useful method of investigating the role of lung receptors
in pulmonary diseases (Jain. 1975). It is therefore important to establish what such
an aerosol can achieve by way of blocking or reducing activity in vagal afferent
fibres originating from the airways. The present investigation was planned: (1) to
find out whether administration of bupivacaine aerosol for a longer period than
previously studied would abolish activity in all the fibres from the pulmonary
stretch receptors; (2) to study the effect of the aerosol on the activity of afferent
fibres showing rapidly adapting discharges from the lung ‘irritant’ receptors de-
scribed by Mills, Sellick & Widdicombe (1969).

METHODS

Experiments were performed on sixteen cats weighing 1-5-4-0 kg, anaesthetized with 70 mg
kg~! chloralose given intravenously, after induction with trichlorethylene (Trilene, I.C.1.). The
cat was placed in supine position; the trachea was cannulated; polyethylene catheters were
inserted into the femoral artery and vein for sampling arterial blood and giving injections re-
spectively. The muscles were paralysed with intravenous gallamine triethiodide (Flaxedil) and
the cat was artificially ventilated with air at a frequency of 15 min-!, with tidal volumes ad-
justed to 30-50 ml. The I, co, Was maintained at 4-5kPa and F, ,, was always morc than
10-6 kPa. The basal ventilation was kept constant throughout each experiment. Respiration
was monitored either by recording intratracheal pressure changes or with a Fleisch ‘O’ pneu-
motachograph interposed between the respiratory pump and the tracheal cannula (see Fig. 1).
The pneumotachograph was connected to a Statham PM 97 differential strain gauge whosc
output was displayed on one channel of the Tektronix type 422 cathode ray oscilloscope.

One of the vagus nerves was exposed in the cervical region and was separated from the
carotid sheath and surrounding tissues. By raising the surrounding skin flaps, a pool was made
around the vagus; this was filled with liquid paraffin kept at 37-38 °C. The rectal temperature
of the cat was maintained at 37 °C. The vagus was placed on a smooth black Perspex plate
inside the paraffin pool. Under a binocular dissection microscope, the fibrous and epineural
sheath of the nerve was removed. A thin bundle of fibres was separated from the rest of the
nerve by cutting centrally, and functionally single respiratory units were isolated. The activity
in the fibre was recorded with a pair of chloride coated silver wire electrodes connected to a
type 122 Tektronix preamplifier; the output of the latter was displayed on the second channel
of the cathode ray oscilloscope as well as fed to a speaker through an audio-amplifier. Photo-
graphs were taken from the oscilloscope screen with a C4H Grass kymograph camera at a film
speed of 5 cm or 2-5 cm sec~!. Two types of fibres were investigated: (1) showing slowly adapting
discharges from pulmonary stretch receptors, discharges identified by their characteristic
pattern (Adrian, 1933) and (2) showing rapidly adapting discharges during inflation from the
lung ‘irritant’ receptors as described by Mills et al. (1969). The fibre activity was also recorded
at higher than basal tidal volumes. )

Administration of bupiracaine aerosol

After recording the base line discharge from single fibres, bupivacaine aerosol was administered
with intermittent positive pressure inflations. The technique of preparation of the aerosol and
its administration was the same as described earlier (Jain ef al. 1973) and is shown diagrammati-
cally in Fig. 1. 5 %, bupivacaine, maintained at 56 °C was used to generate aerosol with a Wright
nebulizer (Wright, 1958). The temperature of the aerosol at the point of entry into the trachea
was 35-37 °C. The tracheal cannula (see Fig. 1) was blocked off from the pneumotachograph



BUPIVACAINE AEROSOL AND VAGAL RECEPTORS 369

and the respiratory pump was switched off; an aerosol of bupivacaine was produced with
oxygen at a constant flow of 15 litres/min-! from a pressurized cylinder. Occlusion with clamp
A diverted the aerosol into the lungs of the animal. With a visual judgement of the size of lung
inflation corresponding to an airway pressure between 1-2 kPa, the clamp A was released with
simultaneous occlusion with clamp B. The aerosol thus trapped inside the lungs was retained
there for approximately 10 sec and then let out by releasing the clamp B. The whole cycle was
repeated 3—4 times per min. With experience, it was possible to administer the aerosol so that
the F, ;, remained above 26 kPa and F, co, 8t 4-5-4 kPa. Occasionally, however, the airway
pressure during inflation rose above 2 kPa, in which case such an inflation was immediately

Oxygen 15 1. min~!

Trachea

Fig. 1. Schematic diagram showing the method of administration of bupivacaine
aerosol under positive pressure inflation; A.p. - to monitor the airway pressure; W.n.
—~ Wright nebulizer to produce 59, bupivacaine aerosol, maintained at 56 °C in a
water bath (not shown); clamp A diverts the aerosol into the lungs; clamp B retains
the aerosol in the lungs; clamp C shut off the pneumotachograph during the aerosol
administration.

let out. The aerosol administration was continued till & maximum reduction in the fibre dis-
charge, sustained for at least 4 min, was obtained. This was judged on the basis of the dis-
charges heard from the speaker or seen on the oscilloscope during a positive pressure inflation
at about 2 kPa. Soon after the termination of the aerosol administration, ventilation with the
pump was resumed. About 2 min later, the fibre discharge was again recorded, as before the
aerosol administration. The fibre was then allowed to recover and activity was recorded at
varying intervals. If the animal’s condition was satisfactory, another fibre was isolated, i.e.
about 2 hr after finishing the aerosol, and the whole experiment was repeated. Control experi-
ments were performed in three cats by administering, over the same time course, normal saline
aerosol followed by the bupivacaine aerosol. No effect was observed on the fibre discharges

of the slowly adapting type with saline aerosol, while complete block of activity occurred with
bupivacaine.

RESULTS

The effect of bupivacaine aerosol on the activity of twenty-two pulmonary vagal
afferent fibres has been studied. Of these, thirteen were from the slowly adapting
pulmonary stretch receptors and the remaining nine were from the rapidly adapting
‘irritant’ receptors. The duration of administration of the aerosol in the two groups
ranged from 8-5 to 13-0 min and 13-0 to 16-5 min respectively (see Tables 1 and 2).
These Tables also give the data regarding: the number of positive pressure inflations
and duration of aerosol administration; the pattern, frequency and duration of fibre
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TasLE 1. Effect of intratracheal administration of bupivacaine aerosol on the activity of fibres
showing slowly adapting discharges from pulmonary stretch receptors. Onset of recovery:
time interval after finishing the aerosol; 7): duration of inspiratory phase; Tj: duration of
fibre discharge; T,: duration of expiratory phase; V;: tidal volume.

Dura-
tion
of Onset Inspiration Expiration
High/ aero- of r A \ - A \
Cat/ low sol No. of recov- No. of No. of
fibre thres- adm. infla- ery | A T; T, im- T. T, im-
no. hold (min) tions (min) Event (ml.) (sec) (sec) pulses (sec) (sec) pulses
1 2 3 4 5 6 7 8 9 10 11 12 13
30/1 Low Control 30 15 15 164 26 26 82
40 18 18 172 23 23 72
58 1.8 1.8 181 23 23 4
12 38 6  After 30 0 0 0 0
aerosol 40 0 0 0 0
58 0 0 0 0
Recovery 30 1-5 143 2:6 68
(40 min) 40 1-8 145 23 60
58 1-8 159 23 54
26/2 Low Control 40 14 14 86 27 27 97
84 17 17 150 24 24 85
12 43 12 After 40 0 0 0 0
aerosol 84 0 0 0 0
Recovery 40 1-4 71 27 51
(25 min) 84 17 155 24 116
23/3 Low Control 50 16 16 103 25 20 73
12 40 7  After 50 0 0 0 0
aerosol
Recovery 50 1-6 121 22 73
(48 min)
23/4 Low Control 50 16 16 120 25 20 75
12 40 36  After 50 0 0 o 0
aerosol
Recovery 50 1-6 117 1-5 43
(60 min)
17/6 Low Control 30 15 15 125 26 24 90
50 16 16 163 25 14 50
84 175 175 174 235 1.3 52
12 40 12 After 30 0 0 0 0
aerosol 50 0 0 0 0
84 0 0 0 0
Recovery 30 1-5 82 22 90
(24 min) 50 16 131 18 54
84 1-75 144 1-2 58
16/6 Low Control 30 13 13 95 28 29

1-3
50 1-5 1-5 129 2:6 1-6 75
84 1-7 1-7 150 24 1-0 31
10 35 5 After 30 0 0 0 0
aerosol 50 0 0 0
84 0 0 0 0
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High/
Cat/ low
fibre thres-
no. hold

1 2

16/7 Low

31/8 High

28/9 High

27/10 High

27/11 High

17/12 High

17/13 High

Dura-
tion
of Onset
aero- of

sol No. of recov-

adm. infla- ery
(min) tions (min)

3 4 5
85 24 4
12 40 9
13 40 10
13 45 5

13 45 5

12 38 —

12 40 —

TABLE 1 (cont.)

Event
6

Recovery
(19 min)

Control

After
aerosol

Recovery
Control

After
aerosol

Recovery
(9 min)

Control

After
aerosol

Control

After
aerosol

Recovery
(45 min)

Control

After
aerosol

Recovery
(45 min)

Control

After
aerosol

Recovery
(10 min)

Control

After
aerosol

371
Inspiration Expiration

—A— N A N

No. of No. of
¥ T T, m T, T, im

(ml.) (sec) (sec) pulses (sec) (sec) pulses
7 8 9 10 11 12 13
30 0-64 40 0 0
50 1-24 71 1-6 18
84 1-48 98 2:6 26
30 13 1-3 120 2-8 28 140
50 16 15 155 26 26 102
30 0 0 0 0
50 0 0 0 0
30 1-3 125 2.8 130
50 1-5 157 2-6 101
30 13 1-3 57 28 0 0
40 14 1-4 69 2.7 0 0
30 0 0 0 0
40 0 0 0 0
30 0 0 0 0
40 0-46 21 0 0
40 18 1-6 22 23 0 0
40 0 0 0 0
40 16 1-6 49 25 0 0
84 1.7 1-6 556 24 O 0
40 0 0 0 0
84 1] 0 0 0
40 0-9 12 0 0
84 1-3 34 0 0
40 16 1-1 22 25 0 0
84 17 1-5 47 24 O 0
40 0 0 0 0
84 0 0 0 0
40 0-9 7 0 0
84 1-2 20 0 0
40 16 1-1 37 26 0 0
50 1-6 1-4 73 25 0 0
84 175 16 104 2:35 0 0
30 1-4 40 0 0
50 1-35 83 0 0
84 1-6 119 0 0
30 1-1 43 0 0
50 1-4 81 0 0
84 1-6 110 0 0
30 15 1-2 14 26 0 0
50 1-6 1-6 30 25 0 0
84 175 175 38 235 0 0
30 1-38 14 0-8 4
50 1-44 26 1
84 1.75 31 1
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discharge before as well as after the aerosol, and at a pomt of maximum recovery
after the aerosol administration.

Slowly adapting receptors

The thirteen pulmonary stretch fibres were classified into two categories: low-
threshold fibres (seven); higher-threshold fibres (six). The former continued to fire
impulses during expiration as well as at functional residual capacity in addition to
their characteristic discharge during inspiration, while the latter showed activity
only during inspiration (Paintal, 1966).

Low-thresho'd fibres. Seven low-threshold slowly adapting receptors were studied
at 15 volumes and in all cases found to be completely silenced following bupivacaine
aerosol (Table 1). The effect on the fibre activity was fairly uniform both qualita-
tively as well as quantitatively. The discharge, as heard from the audio-amplifier,

e
—_—

B
— —_—

[
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D L —
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_
1 sec

Fig. 2. The effect of bupivacaine aerosol on the slowly adapting discharge from a
pulmonary stretch receptor of low threshold type. In each panel the upper trace shows
the action potentials in the fibre and the lower trace shows the airflow from a pneu-
motachograph; inspiration writing upwards and expiration downwards. 4, before
aerosol. B, after aerosol; the fibre is completely silent. C, recovery from the effect of
aerosol starts at 12 min after the termination of the aerosol, with appearance of a
few impulses during the earlier part of inspiration. D, complete recovery occurs at
25 min after the aerosol.

was appreciably reduced after 3-4 inflations with the aerosol and then came down
steadily till the fibre became silent. The aerosol was continued for 4-6 min after the
discharge was abolished except in one fibre (16/7, Table 1), in which case it had to
be stopped (soon after the fibre had become silent) due to failure of the aerosol
generator.

The pattern of recovery of these fibres from the effect of bupivacaine was variable.
In the solitary example where the aerosol had to be stopped soon after the fibre
became silent, recovery started about 3-4 min later and was nearly complete in
about 6 min. In cases where the aerosol administration could be continued for some
time after the apparent silencing of the fibre, recovery started 5-36 min after
finishing the aerosol and the pre-aerosol pattern of discharge returned in 19-60 min
after the aerosol administration (Table 1). During recovery, the phase of respira-
tion in which the impulses first appeared was variable: towards the latter part of



BUPIVACAINE AEROSOL AND VAGAL RECEPTORS 373

inspiration in two fibres, in the earlier part of inspiration in four fibres and during
expiration in the remaining one fibre. A typical example of low-threshold fibre is
shown in Fig. 2.

Higher-threshold fibres. The behaviour of higher-threshold fibres was slightly
different from the low-threshold fibres. Six higher-threshold fibres were studied at
13 volumes; of these four at 7 volumes were silenced by bupivacaine, but in the
remaining two fibres at 6 volumes there was either little or no effect (three) or a

| |
1 sec

Fig. 3. The effect of bupivacaine aerosol on the slowly adapting discharge from two
pulmonary stretch fibres, both of high-threshold type. In each panel the upper trace
shows the action potentials and the lower trace shows airway pressure, writing upwards
during inspiration and downwards during expiration. 4, before aerosol. B, after
aerosol; the fibres are silent. C, recovery starts at 5 min after the aerosol. D, progress
of recovery at 30 min after the aerosol. E, recovery has progressed in both fibres,
recorded 45 min after the termination of the aerosol, but the fibre discharges have
not yet returned to the pre-aerosol level.

very slight reduction in activity (three). The data are presented in Table 1. From
this Table it can also be seen that although recovery had started 5 min after term-
ination of the aerosol administration, the intensity and frequency of discharge
did not return to the pre-aerosol level in the two fibres (27/10 and 27/11). In
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TaBLE 2. Effect of bupivacaine aerosol on the activity of fibres showing rapidly adapting dis-
charges from lung ‘irritant’ receptors. Abbreviations are as in Table 1.

Cat/
fibre
no.

1
30/1

29/2

29/3

27/a

25/5

25/6

24/7

Duration
of
aero-
sol
adm.
(min)

2

13-5

150

15-0

15-0

16-5

16:5

13-3

3

43

46

46

48

45

45

43

Onset

of

ery

4

11

10

10

12

15

15

11

No. of recov-
infla-
tions (min)

Event
5
Control

After
aerosol

Recovery
(45 min)
Control

After
aerosol

Recovery
(18 min)
Control

After
aerosol

Recovery
(18 min)
Control

After
aerosol

Recovery
(12 min)
Control

After
aerosol

Recovery
(45 min)
Control

After
aerosol

Recovery
(45 min)
Control

After
aerosol

Recovery
(20 min)

Ir

(ml.)

6
80
80

80

48
84

48
84

48
84

84
84

84

108
108

108

40
84

40
84

40
84

40
84
40
84

40
84

65
65

65

Inspiration Expiration
No. of No. of
T, T, im T, T, im
(sec) (sec) pulses (sec) (sec) pulses
7 8 9 10 11 12
1-9 0-68 11 2:2 0 0
0 0 0 0
0-48 4 0 0
1-7 03 6 2:4 0 0
1-9 0-5 14 2-2 0 0
0 0 0 0
— 1 0 0
0-13 4 0 0
0-560 9 0 0
19 04 16 2:2 0 0
— 1 0 0
03 8 0 0
17 1-2 9 2-4 0 0
07 5 0 0
07 6 0 0
1-5 0-26 5 2:6 0 0
1-8 0-82 15 2-3 0 0
0 0 0 0
0-26 2 0 0
Not recorded
0-8 15 0 0
1-5 0-64 7 2-6 0 0
1-8 1-14 20 2-3 0 0
0 0 0 0
0-22 2 0 0
Not recorded
0-64 20 0 0
1-7 0-44 28 2.4 0 0
1-7 0-20 3 0 0
1-7 0-46 34 0 0
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TABLE 2 (cont.)

Duration
of Onset Inspiration Expiration
aero- of P A — A -
Cat/  sol No. of recov- No. of No. of
fibre adm. infla- ery |4 T, T, im- T. T, im-
no. (min) tions (min) Event (ml.) (sec) (sec) pulses (sec) (sec) pulses
1 2 3 4 5 6 7 8 9 10 11 12
23/8 Control 84 1-8 0-6 18 2:3 0 0
104 19 075 24 2-2 0 0
13-0 40 6 After 84 0-24 3 0 0
aerosol 104 0-5 12 0 0
Recovery 84 0-6 12 0 0
(48 min) 104 0-7 17 0 0
18/9 Control 58 1-5 0-84¢ 10 2:6 0 0
15-0 48 12 After 58 0 0 0 0
aerosol
Recovery 58 0-5 5 0 0
(12 min)

another two fibres (31/8 and 28/9) adequate time for a maximal recovery could not
be allowed for technical reasons. The recovery pattern of discharge was studied in
three fibres. The impulses first appeared during the latter part of inspiration in two
fibres and during the earlier part of inspiration in one fibre. An example of higher-
threshold fibre is shown in Fig. 3.

Rapidly adapting receptors

In the case of rapidly adapting receptors the duration of aerosol administration
was slightly longer than in the case of slowly adapting receptors (cf. Tables 1 and 2).
Nine rapidly adapting fibres were studied at 13 volumes, four at two different tidal
volumes each and the remaining five at a single tidal volume each. The analysis
data are presented in Table 2. It can be seen that five of the nine fibres at 5 volumes
become silent; in another six cases a very marked reduction (> 809, of the pre-
aerosol number of impulses), although not complete silence, was observed; in the
remaining two instances the activity was reduced by 40-50 9, of the control number
of impulses.

The fibres started recovering from the aerosol effect 615 min after finishing the
aerosol and attained a maximum in 12-50 min, but the discharge seldom reached
the pre-aerosol level; in the fibre 19/9, however, adequate time was not allowed
for a maximal recovery. Typical examples of behaviour of rapidly adaptmg receptors
are shown in Figs. 4 and 5.

DISCUSSION

The results of these experiments provide convincing evidence that intratracheal
administration of bupivacaine aerosol can affect markedly the impulse activity in
single fibres from both stretch ‘irritant’ receptors. These two types of receptors are
located in the wall of the airways; frequency of their distribution has been reported
by Sant’Ambrogio and his co-workers (Miserocchi, Mortola & Sant’Ambrogio, 1973;
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Fig. 4. The effect of bupivacaine aerosol on the rapidly adapting discharge from the
lung ‘irritant’ receptors. In each panel the upper trace shows action potentials and
the lower trace shows the airway pressure, writing upwards during inspiration and
downwards during expiration. 4, before aerosol. B, after aerosol; a few impulses can
still be seen which represents a near complete block. C, recovery from the effects of
the aerosol recorded at 20 min after termination of the aerosol.

AU

A -
B —"\__—.
c
J
D
-
1 sec

Fig. 5. The effect of bupivacaine aerosol on the rapidly adapting discharge from a
lung ‘irritant’ receptor. In each panel, the upper trace shows the action potentials
during a respiratory cycle followed by the fibre discharge during a held inspiration;
the discharge shows a rapid adaptation; the lower trace shows the airway pressure,
writing upwards during inspiration and downwards during expiration. In the second
respiratory cycle in panel 4, C and D the lungs are held at end-inspiratory level. 4,
before aerosol. B, after aerosol; the fibre becomes silent. C, recovery starts at 11 min
after termination of the aerosol. D, recovery progresses; recorded at 45 min after
the aerosol.

Miserocchi & Sant’Ambrogio, 1974; Mortola, Sant’Ambrogio and Clement, 1975;
Bartlett, Jeffery, Sant’Ambrogio & Wise, 1976). Thus, it is generally agreed that a
majority of these receptors are located in the intrapulmonary airways. The aerosol
used in this investigation contained particles ranging from 5 to 9 um in size (Jain
et al. 1973); these are preferentially deposited in the airways and not in the alveoli
(Hatch & Gross, 1964).

The histological sites for the pulmonary stretch and ‘irritant’ receptors are be-
lieved to be the smooth muscle and the epithelial cell lining of the airways respec-
tively (Widdicombe, 1974). Von During, Andres & Iravani (1974) have, however,
suggested that the pulmonary stretch receptors may lie just beneath the basement
membrane of the bronchial wall. These findings are supported by the observations
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of Bitensky, Chambers, Chayen, Cross, Guz, Jain & Johnstone (1975). These authors
(including one of us, Jain, S. K.) used an aerosol of tritiated bupivacaine to block the
Hering-Breuer inflation reflex in a rabbit. By using an autoradiographic technique,
they demonstrated: that at a time the inflation reflex was blocked, tritium was
mostly concentrated in the lamina propria and epithelial cell layer with little label
in the smooth muscle. These findings would suggest that the pulmonary stretch
receptors (low- as well as higher-threshold types) and the ‘irritant’ receptors would
be equally susceptible to the effect of the aerosol. It is therefore not surprising that
in the present study bupivacaine blocked activity in all three types of receptors.

It may be stated here that this study provides no information regarding the
exact site of block of conduction in the receptor-fibre system, whether the block
occurs at the generator or the regenerative region of the sensory endings (Paintal,
1964) or at some site on their medullated fibres. As the vagal sensory fibres enter
the airway from outside the wall, the aerosol in the lumen presumably acts nearer
the receptor end than any site further up on the fibre.

According to the observations of Gasser & Erlanger (1929) and Nathan & Sears
(1961), the smaller diameter fibres like those of ‘irritant’ receptors are expected to
be blocked more easily than the larger size pulmonary stretch fibres. The data of
the present study, however, suggest a small difference between the ease with which
activity was blocked in low-threshold fibres on the one hand and the higher-
threshold and ‘irritant’ fibres on the other. The reasons for this difference in the
behaviour of the fibres are not understood. It is possible that the receptor-fibres
which proved less susceptible to the anaesthetic effect were located more deeply in
the lungs and the aerosol did not reach them in adequate concentrations. Alterna-
tively, there may be a difference in the susceptibility of these receptor-fibre systems
to the blocking effects of the local anaesthetic agents (Steinman, 1967).

We are indebted to Professor A. S. Paintal for his interest in the investigation and helpful
suggestions. We are grateful to Mr Anil Kumar and Mr Hari Krishan Vatsa for their technical
assistance, Mr S. Mazumdar for preparing the photographs and Mr K. Gopalakrishnan for pre-
paring the manuscript. We also thank AB BOFORS, Chemical Division, S-69020, Bofors,
Sweden, for the gift of bupivacaine.

REFERENCES

ApriaN, E. D. (1933). Afferent impulses in the vagus and their effect on respiration. J. Physiol.
79, 332-358.

BartLETT, D. JR., JEFFERY, P., SANT’AMBROGIO, G. & WISE, J.C. M. (1976). Location of
stretched receptors in the trachea and bronchi of the dog. J. Physiol. 258, 409-420.

BrreEnsky, L., CEAMBERS, D. J., CHAYEN, J., Cross, B. A., Guz, A., JaIN, S. K. & JOHNSTONE,
J. J. (1975). Evidence concerning the site of receptors mediating the Hering-Breuer inflation
reflex. J. Physiol. 249, 30-31P.

Cross, B. A, Guz, A, JaiN, S. K., ARCHER, 8., STEVENS, J. & REv~NoLDps, F. (1976). The
effect of anaesthesia of the airway in dog and man: a study of respiratory reflexes, sensations
and lung mechanics. Clin. Sci. mol. Med. 50, 439-454.

Dain, D. 8., BouseEY, H. A. & GorLp, W. M. (1975). Inhibition of respiratory reflexes by local
anaesthetic aerosols in dogs and rabbits. J. appl. Physiol. 38, 1045-1050.

GasseR, H. S. & ERLANGER, J. (1929). The role of fibre size in the establishment of a nerve
block by pressure or cocaine. Am. J. Physiol. 88, §81-591.

Harcr, T.F. & Gross, P. (1964). Pulmonary Deposition and Retention of Inhaled Aerosols.
New York: Academic Press.



378 M.FAHIM AND S. K.JAIN

Jain, S. K., TRENCHARD, D., REYNOLDS, F., NoBLE, M. I. M. & Guz, A. (1973). The effect of
local anaesthesia of the airway on respiratory reflexes in the rabbit. Clin. Sci. 44, 519-538.
Jain, S. K. (1975). The effect of inhalation surface anaesthesia of the lungs on respiratory

reflexes: a study of different species. Ph.D. Thesis, University of London.

Jain, 8. K. & Faum, M. (1977). The effect of local anaesthesia of the airway on pulmonary
stretch receptors. In Respiration Adaptation Capillary Exchange and Reflea: Mechanisms:
Krogh Centenary Sympos. ed. PAINTAL, A. S. & GILL-KUMAR, P., pp. 352-357. Delhi, India:
V. P. Chest Institute.

Miiis, J. E., SErvick, H. & WIDDICOMBE, J. G. (1969). Activity of lung irritant receptors in
pulmonary micro-embolism, anaphylaxis and drug-induced bronchoconstrictions. J. Physiol.
203, 337-3517.

Miseroceni, G., MorToLA, J. & SANT’AMBROGIO, G. (1973). Localization of pulmonary stretch
receptors in the airways of the dog. J. Physiol. 235, 775--782.

MiseroccHI, G. & SANT'AMBROGIO, G. (1974). Distribution of pulmonary stretch receptors in
the intrapulmonary airways of the dog. Resp. Physiol. 21, 71-75.

MorToLa, J., SANT’AMBROGIO, G. & CLEMENT, M. G. (1975). Localization of irritant receptors
in the airways of the dog. Resp. Physiol. 24, 107-114.

NatraN, P. W. & SEArs, T. A. (1961). Some factors concerned in differential nerve block by
local anaesthetics. J. Physiol. 157, 565-580.

PaiNTaL, A.S. (1964). Effects of drugs on vertebrate mechanoreceptors. Pharmac. Rev. 16,
341-380.

PaiNTAL, A. S. (1966). Re-evaluation of respiratory reflexes. Q. Jl exp. Physiol. 51, 151-163.

STEINMANN, J. M. (1967). Anaesthesia differentielle de fibres A alpha motrices et sensorielles
de la Grenouille. J. Physiol., Paris 59, 175-186.

voN During, M., AnbprEs, K. H. & Iravani, J. (1974). The fine structure of the pulmonary
stretch receptor in the rat. Z. Anat. EntwGesch. 143, 215-222.

WippicomBE, J. G. (1974). Reflexes from the lungs in the control of breathing. In Recent
Advances in Physiology, pp. 239-287. ed. LinpEN, R.J. Edinburgh & London: Churchill,
Livingstone.

WRrIGHT, B. M. (1958). A new nebulizer. Lancet i, 24-25.



