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Reversible abnormalities of the Hering Breuer reflex
in acrylamide neuropathy
PAUL SATCHELL

From the Department ofMedicine, University ofSydney, Sydney, Australia

SUMMARY The sensitivity of the Hering Breuer reflex was compared in anaesthetised rabbits
before, during and after the induction -of acrylamide neuropathy, and was measured as the
tracheal pressure which produced 30 seconds of apnoea. After four weeks of acrylamide (400
mg/kg total dose) there was ataxia and the conduction velocity of hindlimb motor nerves was

significantly reduced. At this time there was a marked and reproducible reduction in the sensitiv-
ity of the Hering Breuer reflex. The ataxia resolved within a month of stopping acrylamide
administration. Three months after the cessation of acrylamide the sensitivity of the Hering
Breuer reflex had increased significantly but had not returned to normal.

The mixed nerve conduction velocity of the thoracic
vagus is reduced in dogs with acrylamide
neuropathy,' and this reduction is due to failure of
impulse conduction in the fastest conducting nerve
fibres.2 In these animals there are also abnormalities
in the baroreceptor control of heart rate and blood
pressure consistent with damage to cardiopulmo-
nary baroreceptors.3 It is likely that the impairment
of impulse propagation in the fastest conducting
vagal nerve fibres and the baroreceptor reflex
abnormalities are causally related. The fastest con-
ducting vagal nerve fibres also innervate lung stretch
receptors as well as cardiopulmonary baroreceptors4
and lung inflation reflexes, which are dependent
upon these receptors, should be damaged in
acrylamide neuropathy.
The Hering Breuer lung inflation reflex is the

inhibition of inspiration and the promotion of ex-
piration by lung inflation.5 Slowly adapting lung
stretch receptors play an important part in this
reflex.6 The presence of an abnormal lung inflation
reflex in animals with acrylamide neuropathy would
imply that the myelinated nerve fibres innervating
slowly adapting lung stretch receptors were dam-
aged. In the present study, the inhibition of inspira-
tion produced by lung inflation was used as a meas-
ure of the sensitivity of the Hering Breuer reflex.'-'°
The aim of the study was to determine if the Hering
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Breuer reflex was reversibly damaged in acrylamide
neuropathy by comparing the degree of inspiratory
inhibition before, during and after rabbits had
developed neuropathy.

Methods

Animals
Mixed strain rabbits, weighing 2*8 to 4.4 kg,.were given
acrylamide twice a week as a subcutaneous injection. The
acrylamide was dissolved in saline and a total dose of 400
mg/kg was achieved over a period of four weeks. Control
animals, housed under the same conditions, were given
saline alone.

Estimation of the strength of the Hering Breuer reflex
All animals were anaesthetised with intravenous pen-
tobarbitone (30 mg/kg) and intubated. The endotracheal
tube was connected to a T-tube. A pilot study suggested
that the simplest way of obtaining reproducible volume
changes independant of the stage of the respiratory cycle
was to pass a constant flow of gas over the opening of the
stem of the T-tube, the pressure being set by a resistance
piece attached to the outlet arm of the T-tube. Oxygen
from a constant high pressure source was passed through a
high resistance valve, producing a constant flow into the
inlet arm of the T-tube. A range of resistance pieces could
be attached to the outlet arm of the T-tube, raised the
pressure in the T-tube and endotracheal tube by reproduc-
ible amounts. The percentage of carbon dioxide in the
expired air was measured (Datex CO101) by sampling at
the junction of the endotracheal tube and the T-tube. The
tracheal pressure was also measured (Sanborn 267B Man-
ometer).

After a supplemental dose of anaesthetic had been
given, a bead electrode was passed under the xiphisternal

670

by copyright.
 on M

ay 22, 2023 by guest. P
rotected

http://jnnp.bm
j.com

/
J N

eurol N
eurosurg P

sychiatry: first published as 10.1136/jnnp.48.7.670 on 1 July 1985. D
ow

nloaded from
 

http://jnnp.bmj.com/


Reversible abnormalities of the Hering Breuer reflex in acrylamide neuropathy

Table 1 Motor conduction velocity studies in rabbits with acrylamide neuropathy *

Sciatic-ibial Popliteal-tibial

Animal Before After Before After
number acrylamide acrylamide acrylamirde acrylamide

Range Mean SD Range Mean SD Range Mean SD Range Mean SD

Control 4 56-66 59 5 55-65 61 4 46-56 50 5 51-55 52 2
Treated 5 50-63 56 5 46-59 5it 5 45-57 51 5 39-51 44t 4

*AIl values of MCV in metres/second.
tp < 0 005, paired t test.

cartilage to record the diaphragmatic EMG. At this stage
the expired percentage of carbon dioxide was between 6-5
and 7-5%. The condition of the animal was allowed to
stabilise for 15 to 20 minutes. Different outflow resistances
were placed on the T-tube outlet during expiration. At this
time, the expired percentage of carbon dioxide was be-
tween 5 0 and 6-5%. An outflow resistance was found
which consistently produced 30 seconds of apnoea. The
tracheal pressure which produced 30 seconds of apnoea
(P30) was used as a measure of the sensitivity of the Her-
ing Breuer reflex.7 Apnoea was limited to 30 seconds
because asphyxial death can occur in the rabbit.7 In each
animal multiple estimates of the P30 were determined and
a mean value obtained.
The duration of apnoea at other tracheal pressures was

measured. An inhibitory ratio, another measure of the sen-
sitivity of the Hering Breuer reflex, was also determined.
This inhibitory ratio was similar to other inhibitory ratios
or apnoeic indexes.7-'0 The ratio was determined by com-
paring the duration of apnoea, the time interval from the
pressure increase to the onset of phrenic nerve activity,
with the time interval between breaths before tracheal
pressure was increased. Mean values were again obtained.

Nine rabbits were studied before and after four weeks of
acrylamide administration. Four control animals were
studied simultaneously in an identical manner. Three of
the treated animals were reexamined 3 months after the
cessation of acrylamide. When a study was repeated in an
animal, the P30 was measured only when the expired per-
centage of carbon dioxide was identical to that of previous
studies in that particular animal. Tracheal pressure, heart
rate and the diaphragmatic EMG were recorded on a
Grass Polygraph.

Hindlimb electrophysiology and histology
Motor conduction velocity for the sciatic-tibial and
popliteal-tibial nerves was determined in five affected and
four control animals. Techniques, which have been
described previously, were used with minor modi-
fications." These included: (a) the latency and interelec-
trode distance measurements were performed in triplicate,
the stimulating electrodes being withdrawn between
determinations, (b) the compound muscle action potential
recordings were stored on computer (PDP11/40) and
latencies were measured with a computer generated cur-
sor, (c) the leg skin temperature of each animal at succes-
sive studies was matched exactly using a water filled heat-
ing blanket which surrounded the leg and thorax.

Rabbit hindlimb nerves were fixed by perfusion and

myelinated fibres were counted using methods described
previously.'

Results

Peripheral neuropathy
The only clinical abnormality in rabbits after 4
weeks of acrylamide administration was ataxia. The
motor conduction velocity (MCV) in the sciatic-
tibial nerve and the popliteal-tibial nerve was
significantly reduced (paired t test, p < 0.005) (table
1). Swollen and occasional degenerating nerve fibres
were observed in hindlimb nerves. The myelinated
fibre diameter distribution was not appreciably dif-
ferent in the treated animals (fig 1). Ataxia resolved
within 2 to 3 weeks after the cessation of
acrylamide.

Lung inflation reflex
When tracheal pressure was increased by attaching a
resistance to the outflow arm of the T-tube, the
resulting lung inflation inhibited phasic diaphragma-
tic activity (fig. 2A). The tracheal pressure required
to produce 30 seconds of apnoea (P30) in normal
animals varied very little from study to study. The
maximum difference within any animal was 2 mm
Hg, even when animals were examined repeatedly
for periods as long as six months. In nine normal
animals, prior to acrylamide administration, the
maximum difference in the P30 between animals
was 3 mm Hg; the P30 ranged from 3 to 6 mm Hg
(mean, 4; SD, 0.4) (table 2).

After four weeks of acrylamide administration,
animals no longer became apnoeic when tracheal
pressure was increased. The respiratory rate, the
phrenic neurogram and the change in tracheal pres-
sure with each breath were little altered by lung
inflation (fig 2B). Substantially higher tracheal pres-
sures were required to produce prolonged apnoea.
At 4 weeks the P30 ranged from 10 to 14 mm Hg
(mean, 11; SD, 0-4), which was significantly
increased (paired t test, p < 0.001) (table 2).
Two of the nine animals with neuropathy were

used for morphological studies. In these two ani-
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Fig 1 Diameter distribution ofmyelinated nerve fibres in the posterior tibia! nerve in a control (A) and an acrylamide
treated rabbit (B) after four weeks ofsubcutaneous acrylamide (total dose 400 mg/kg). The differences observed do not
suggest that there is a loss oflarge myelinated fibres in the treated animal.

mals, and in two animals from the pilot study, there
was no evidence of pneumonia after the cessation of
acrylamide administration. Four out of the remain-
ing seven affected animals died of pneumonia within
seven days of their second anaesthetic. Control ani-
mals never succumbed to repeated episodes of
anaesthesia. In the three animals that recovered, the
P30 had not returned to the original value three
months after the cessation of acrylamide (table 2).
The inhibitory ratio was determined at various

tracheal pressures in all animals. The relationship
between tracheal pressure and the inhibitory ratio
changed markedly in the animals with acrylamide
neuropathy, there being no overlap in the ranges of
ratio values before and after the administration of
the neurotoxin (fig 3). In the three animals that
recovered, the inhibitory ratios at three months after
stopping acrylamide administration were outside the
range of values obtained when the animals were
ataxic but had not returned to the range of values

observed in normal animals (fig 3). At this time, the
Hering Breuer reflex was still abnormal, although
the ataxia had resolved at least two months previ-
ously.

Discussion

The present study has demonstrated that the sen-

sitivity of the Hering Breuer reflex declined
significantly when rabbits developed acrylamide
neuropathy and increased after the cessation of
acrylamide administration.
The method used to measure the sensitivity of the

Hering Breuer reflex had several deficiences.
Methods which rely upon the inhibition of inspira-
tion produced by lung inflation cannot measure dif-
ferences in inspiratory force nor can they assess the
expiratory activating component of the reflex.'
However, these methods have advantages of non
invasiveness and simplicity, essential features in a
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Fig 2 The effect oflung inflaton on the diaphragmatic
EMG before (A) and after (B) acrylamide administration in
a rabbit. Upper trace; tracheal pressure: lower trace;
diaphragmadc EMG. Acrylamide has abolished the
inhibition ofrespiration produced by lung inflation.

study involving repetitive experiments on rabbits
with evolving neuropathy. Anaesthesia also affects
the measurement of the sensitivity of the Hering
Breuer reflex.'0 In the present study, the level of
chemoreceptor drive was not precisely controlled in
the comparison between animals. The sensitivity of
the Hering Breuer reflex is affected by the prevailing
chemoreceptor drive, being increased when
peripheral chemoreceptor effects are abolished.'0 A
systematic effect on the results was unlikely, as vari-

Animal Before After Three months
acrylamide acrylamide after
(mm Hg) (mm Hg) acrylamide

(mm Hg)

5 3 12 5
7 4 11
8 3 10

11 4 11
12 3 11
14 5 10 -

15 5 13 8
16 6 14 8
17 4 10 -

Mean 4 11*
SD 0-4 0-4

*p < 0001 paired t test.

7 14
Tracheal pressure (mmHg)

Fig 3 The relationship between the inhibitory ratio and
tracheal pressure in nine rabbits before (open circle) and
after (closed circle) acrylamide administration. The areas
between the lines represent the ranges for the control and
treated conditions. Three animals recovered. Their ratio
values (crosses), 3 months after the cessation ofacrylamide,
lie outside the control and treated ranges.

ations in chemoreceptor drive were reduced by ven-
tilating with pure oxygen, and were strictly control-
led for the comparison within each animal.

In the present study, the fluctuation in the sen-
sitivity of the Hering Breuer reflex was most simply
explained as being due to damage to nerve fibres
innervating slowly adapting lung stretch receptors,
the receptors most important for this reflex.6 The
results were also consistent with damage to the
receptors themselves. There are several observa-
tions from studies on the acrylamide affected dog
that support this explanation.' 312 In acrylamide
neuropathy, the fastest conducting vagal nerve fibres
are damaged' and it is this type of nerve fibre that
innervates slowly adapting lung stretch receptors."
As well, there are degenerating myelinated nerve
fibres in the thoracic vagal trunk.' Tonic vagal affer-
ent nerve activity, which is dominated by cardiores-
piratory rhythms in normal animals,6 is absent in
animals with acrylamide neuropathy.'2 This lack of
respiratory related nerve activity suggests that at
eupnoeic lung volumes there might be little or no
nerve activity in fibres innervating slowly adapting
lung stretch receptors.

T P 101
(mmHg) J
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Table 2
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There is also a reduction in the sensitivity of the
Hering Breuer reflex in rabbits exposed to sulphur
dioxide.9 This reflex abnormality is associated with
significant alterations in the discharge characteristics
of slowly adapting lung stretch receptors, while
there are only small alterations in the firing proper-

ties of lung irritant receptors.'3 The findings from
animals exposed to sulphur dioxide support the sug-

gestion that the reduction in the sensitivity of the
Hering Breuer reflex in animals with acrylamide
neuropathy was due to dysfunction of slowly adapt-
ing lung stretch receptors and their innervating
nerve fibres.
The innervation of the lung is damaged in differ-

ent ways in sulphur dioxide exposed animals and
animals with acrylamide neuropathy. Sulphur diox-
ide is thought only to affect slowly adapting lung
stretch receptors. The distal parts of nerve fibres
innervating receptors, as well as the receptors them-
selves are affected in acrylamide neuropathy.'4
Thus, damage to both muscle spindles and to their
IA nerve fibres have been demonstrated elec-
trophysiologically.5 16 In a study on the innervation
of the oesophagus in dogs with acrylamide
neuropathy, there appeared to be a group of nerve
fibres innervating slowly adapting mechanorecep-
tors that were not conducting, as well as nerve fibres
that were innervating abnormal receptors.'2 The
changes in sulphur dioxide exposed and acrylamide
affected rabbits may be different in other respects.
The incidence of pneumonia in the neuropathic
group, after anaesthesia and intubation, suggested
that receptors subserving the cough reflex might also
have been damaged.

In the peripheral nervous system, acrylamide
affects the distal parts of long, large diameter sen-
sory and motor fibres as well as various types of
receptor.'4"' There might have been other parts of
the nervous system, important for the Hering
Breuer reflex, that were affected. Thus, dysfunction
of phrenic nerve endings was possible but this would
appear as a reduction in the amplitude of the
phrenic electromyogram rather than the loss of the
inhibitory effects of lung inflation. Because the
neuropathy was mild it was unlikely that the short
intercostal nerves, responsible for proprioceptive
chest wall reflexes, would have been affected.
The consequences in man of a slowly evolving

decline in the sensitivity of the Hering Breuer reflex
in the presence of a developing distal axonopathy
cannot be predicted from the present study. There
are large species differences in the sensitivity of the
Hering Breuer reflex.7 The use of an anaesthetic and
the lack of information concerning the expiratory
activating component of the reflex are other reasons

for being cautious about the implications of the

Satchell

present work. A study which is examining lung
inflation reflexes in conscious dogs with a chronic
side-hole tracheostomy will be more useful in this
regard.'8

This work was supported by a grant from the
National Health and Medical Research Council of
Australia and was carried out in the Gordon Craig
Laboratory, Department of Surgery, University of
Sydney. Helpful comments were made by Prof J
McLeod, Prof T Sears, Dr P Kirkwood, and Dr M
Hersch.
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