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Peripheral functional organisation of vagally evoked
gastric motor responses in the ferret
P L R ANDREWS, I N C LAWES* AND A J BOWER

From the Department ofPhysiology and the Department ofHutmani Biology alid Alnatomy,
University ofSheffield, Sheffield

SUMMARY The aims of the present study were to determine the relative amplitudes of intragastric
motor responses evoked by different vagal branches and to establish whether the effects of acute or

chronic vagotomy could be predicted from these data. Intragastric pressure responses to electrical
stimulation of the vagus were measured in urethane-anaesthetised ferrets and acute or chronic
vagotomies were performed. The results show that the left and right cervical vagi were equipotential
and fully overlapped each other. Their contributions to the dorsal trunk were equipotential and
fully overlapping and so were their contributions to the ventral trunk. The dorsal trunk was more

effective than the ventral trunk and there was total functional overlap between these two trunks.
Vagal evoked gastric motor responses of the ferret are apparently organised in a different way from
vagally induced acid secretion or hormone release in the cat. Acute removal of a trunk led to a re-

duction in evoked responses that was not a linear function of the effect of stimulation of that trunk.
In contrast, chronic removal caused a relative increase in evoked responses that was inversely related
to the decrease caused by acute removal. The implications of total functional overlap and neuro-

muscular reorganisation after chronic vagotomy are discussed.

The majority of papers concerning vagal influence
on gastric functions usually fail to mention which
cervical or abdominal vagal trunk was stimulated,
apparently based on the assumption that the vagi
are equipotential. However, a recent report by
Bauer1 demonstrated that the left cervical vagus of
the cat evoked a greater secretion of gastric juice
than the right. It has been reported that each
cervical vagus induced the release of a similar
quantity of gastrin2 and the vagi were additive in
effect; a similar pattern has been demonstrated for
the vagal release of insulin3 from the pancreas.
The aim of the present study was to examine

whether vagal evoked motor responses of the stom-
ach were organised in a similar way to the regulation
of hormone release and acid secretion. At the same
time the effects of acute and chronic vagotomy on
gastric motor response to well-defined stimuli were
compared in order to establish whether the effect of
removal of a vagal branch could be predicted from
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the response to electrical stimulation of that branch.
By using the intragastric pressure response to a

standard stimulus it was hoped to obtain less variable
results than might be obtained from observation of
the gross electrical activity of gastric smooth
muscle,4 changes in the interdigestive myoelectric
complex5 or gastric emptying time.6

Ferrets were used in this study in order to relate to
extensive investigations of afferent7 and efferent8 9

traffic in the vagus and to previous work on vagal
regulation of gastric secretory10 11 and motor
activity. 12

Method

Fifty-four ferrets weighing between 400 g and 1600 g
were used. They were fed on a standard carnivore
diet with free access to water. Thirty-six animals
were anaesthetised with an intraperitoneal injection
of pentobarbitone sodium (May & Baker Ltd.)
(60 mg kg-') and subjected to left cervical, right
cervical, subdiaphragmatic dorsal, or ventral vago-
tomy (Fig. 1). Under aseptic conditions the appro-
priate nerve was mobilised and a section 5 mm long
removed. The wound was then closed in layers.
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Fig. I A simplified schematic drawing showing the
organisation of the cervical and abdominal vagi. The
vagus was stimulated immediately distal to R, L, CT,
VT, and DT. Acute vagotomies were performed at
R, L, CT, VT, and DT. Chronic vagotomies were

performed at R, L, VA, and DA. R: right cervical
vagus; L: left cervical vagus; P: plexus. At this point a

plexus is seen carrying fibres from the right cervical
vagus to the left thoracic trunk; CT: crossing branch;
VT: ventral (thoracic) branch; DT: dorsal (thoracic)
branch; VA ventral (abdominal) branch; DA: dorsal
(abdominal) branch.

These animals were restricted to a diet of water on

the first postoperative day, milk on the second day,
and dog meat or dead rats with fluid ad libitum
thereafter. Animals with cervical vagotomy dis-
played ipsilateral ptosis indicating the intimate re-

lationship between the vagus and cervical sympa-

thetic trunk in the ferret. Up to 20% of the body
weight was lost postoperatively. After 14 days these
animals were prepared in the same way as the re-

maining 18 animals as described below.
Food was withheld for 24 hours before experimen-

tation. Anaesthesia was achieved with an intra-
peritoneal dose of urethane (1-5 g/kg, 50% in 0.9%
NaCI); supplementary doses of 25% urethane were

given intravenously if required. A wide bore cannula
was inserted into the trachea via a tracheostomy and
the right external jugular vein was cannulated to
provide a route for subsequent doses of anaesthetic.
The stomach was intubated via the mouth with a
plastic open-ended tube and maintained in position
with a ligature around the cervical oesophagus. The
abdominal viscera were exposed by a mid-line incis-
ion and the pylorus was occluded by an external
ligature. The abdominal incision was then closed in
layers. The vagi were exposed in the neck and sep-
arated from the carotid arteries for a distance of
1 cm, gently cleared of connective tissue and sec-
tioned as far rostrally as possible. The vagal branches
in the thorax coalesce about 2-3 cm above the dia-
phragm to form dorsal and ventral trunks which
travel on the surface of the oesophagus. There is a
consistent branch in the thorax which travels on the
left surface of the oesophagus, caudal to the heart,
apparently linking the left thoracic vagus to the right
thoracic vagus. We have called this the crossing
branch (Fig. 1). The ventral trunk was taken as
being distal to the point at which the crossing
branch leaves the left thoracic vagal trunk and the
dorsal trunk as being distal to the point at which the
crossing branch joins the right thoracic vagal trunk.
The thoracic vagal trunks just rostral to the dia-
phragm were exposed by a left thoracotomy and
removal of the 11th and 12th ribs. The dorsal and
ventral trunks, and the crossing branch were mobili-
sed just sufficiently to allow them to be placed over
small silver or platinum stimulating electrodes.
After the thoracotomy the animals were ventilated
with room air by an intermittent positive pressure
system. An end expiratory resistance of 3 cm H20
was used. The rectal temperature was maintained at
39°C by means of radiant heat or a homeothermic
electric blanket.

NERVE STIMULATION
The nerves were placed over bipolar silver or
platinum electrodes. Stimuli of 0.5 ms width,
20-30 V were delivered from a Devices isolated
stimulator. The pulses were precisely timed with a
Digitimer D4030. Periods of stimulation of 10
seconds at 10 Hz were used, as these parameters
produce a single gastric contraction of maximal
amplitude. An interstimulus interval of three
minutes was used in order to obtain the maximal
amplitude of contraction from each stimulation and
to allow the intragastric pressure to reach a stable
level before the next stimulation. The nerves were
bathed in warm liquid paraffin and the electrodes
moved caudally at intervals to prevent damage to
the nerve by prolonged stimulation at one site. The
sequence of stimulation of the different branches
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was varied to prevent order effects. Three stimuli
at each site were used, except where a sequence of
stimulation was given to obtain traces for illustration.

INTRAGASTRIC PRESSURE RECORDING AND

ANALYSIS
Twenty millilitres of 09% saline at 37°C was intro-
duced into the stomach in order to provide a con-
stant volume system from which intragastric pres-
sure could be recorded. This was done by attaching
the end of the oesophageal intragastric tube to a
fluid pressure transducer (SEM 4-88, SE Labs,
Ltd.). The transducer signal was amplified (EMMA,
SE Labs Ltd.) and displayed on a Bryans 28000
chart recorder. The amplitude of the evoked changes
in the intragastric pressure was measured in cm H20
above the resting pressure.

PRE-STIMULUS VAGOTOMIES
When all five sites-that is, the two cervical vagi,
the ventral and dorsal vagi, and the crossing branch
-had been stimulated and the evoked increase in
intragastric pressure recorded, the dorsal trunk,
ventral trunk, or crossing branch was cut. The
remaining intact branches were then restimulated
and the evoked intragastric pressure recorded.
The sites of the chronic vagotomies were con-

firmed by dissection post mortem.

STATISTICS
In order to compare the different sites of stimulation
and vagotomy, a two-way analysis of variance was
carried out on the results from each group of animals
and a one-way analysis of variance was carried out
on the results from all groups of animals. Except for
the group which received an acute ventral vagotomy,
all the variance ratios were significant at the 5%
level or better. Comparisons were then made using
Student's t test. Paired sample t tests were used for
results from within the same group of animals, and
unpaired t tests when the results were from dif-
ferent groups of animals. All significant results are
at the 5% level or better.
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Fig. 2 Mean and standard errors of the initragastric
pressure response to stimulation of the vagus nerve at
the sites indicated in Fig. 1. The results are from 18
ferrets before acute thoracic vagotomy.

Results

Stimulation of the vagi evoked a single gastric con-
traction and the ensuing rise in intragastric pressure
was recorded. The amplitude of the change in
intragastric pressure depended on the site of stimu-
lation, as shown for the 18 acutely prepared animals
before vagotomy (Fig. 2). It depended also on
which branches were vagotomised and whether the
vagotomy was acute (Table 1) or chronic (Table 2).
Results are discussed in terms of relative and abso-
lute amplitudes of response before vagotomy and
after acute or chronic vagotomy.

CONTROL RESPONSES

Absolute amplitudes
The responses to stimulation in 18 acutely pre-
pared ferrets are shown in Fig. 2. Within any animal
the responses were consistent and reproducible
(Fig. 3).

Relative amplitudles
Statistical analysis confirmed the impression to be
gained from inspection of Fig. 2. The left and right

Table 1 Effects of acute vagotomy

Site of stimnulation Changes in amplitude resultingfronm:

Dorsal vagotonjy Ventral trrigoto_v Crossing ragotomly

Left cervical -8.7 + 2.8* -2-6 i 1.0* -9.6 2.6t
Right cervical -9.0 ±2 7t -3.9±05 -1 51i 0 7
Left with right -8.6±2.7* -1 8 0.7* -1.4±0.8
Dorsal trunk - -1-2 ±0-6 -0i4± 1.0
Ventral trunk -0.6 - IO0 - -03 ±0.9
Dorsal with ventral - - -1.4 0(8
Crossing branch -180 1 6 -0(7 00.8

Mean and standard errors of the change in amplitude of intragastric pressure responses brought about by acute dorsal, ventral, or crossing
branch vagotomy. The sites of stimulation and vagatomy are shown in Fig. 1. There were six animals in each group. Significance levels from
paired sample t tests are shown by: *P<005; tP<0-02; tP<0-001.
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Table 2 Efjectcs of clhroniic vagotoitiy

Site of .tiolla(tionl Changes in amplitudle brouight ab at by:

Left cerOical Right (cerri(al Dorsal abrloptinal Veniti al abdlomiinial
vagotonty lragotooly l tgotonly lagotoniy

Left cervical -1.5 1.5 6.6 2.5* 2.4 2.8
Right cervical 5.6 1l8. - 9.6 277+ 5.0- 25
Left with right - 7.2 2.6t 5.2 2.9
Dorsal trunk 4.8 1.81- -0.9 2.0 4.3 2.5
Ventral trunk 35 --23 -1.2 8 5.5 2.3*
Dorsal with ventral 55 1 9+: -06 1 8
Crossing branch -6.1 22: -10 1.5 0.0 0.0 5.1 2.6

Mean and standard errors of the difference in amplitude between acute and chronic post-vagotomy intragastric responses. The sites of stimulltion
and vagotomy are shown in Fig. 1. The differences are displayed as amplitudes after chronic vagotomy minus amplitudes after acute vagotomy.
Signifi an.e levels from unpaired sample t tests are shown by: *pOS.05; tP<002; +P<001.

cervical vagi had an equal effect on evoked intra-
gastric pressure, and the effect of stimulating both
together was the same as stimulating either alone.
The dorsal trunk had a greater effect than the

Lef t
30.

I \020 Vnr
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intragtric peu se hltor tcRight
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'~20.
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10l

Fig. 3 The upper pair of traces slhoivs the rise in
intragastric pressetre seen when the left or right cervical
vagi are stiniulated at the paramteters in the text. The
lower pair of tracings show the result of stimiulatinig the
dorsal or ventral trunks at the same parameters. The
smiiall bars indicate the periods of stimulationi (10
seconds).

ventral trunk (p <0-002). The effect of stimulating
both trunks simultaneously was the same as stimu-
lating the dorsal trunk alone, but significantly
greater than stimulation of the ventral trunk alone
(P <0-001). Cervical stimulation was marginally but
significantly more effective than thoracic stimulation
(p <0-05).

ACUTE VAGOTOMY
Absolute amplitudes
As shown in Table 1 and confirmed by statistical
analysis, dorsal vagotomy produced large and sig-
nificant decreases in response to cervical stimulation
(p<0-05). The response to stimulation of the cross-
ing branch was abolished.

Ventral vagotomy produced small but significant
decreases in responses to cervical stimulation
(p <0-05) but had no effect on the crossing branch
responses.

Cutting of the crossing branch produced a large
reduction in the response to stimulation of the left
cervical vagus (p <0-02) but it had no other signifi-
cant effects.

Neither truncal vagotomy had any effect on the
response to stimulation of the other trunk (dorsal or
ventral).

Relative amplitildes
Neither ventral nor dorsal vagotoniy altered the
relationship between responses to cervical stimula-
tion: left, right, and bilateral cervical stimulation
evoked responses of statistically similar amplitude.

After crossing branch vagotomy, however, the
left cervical branch was significantly less effective
than the right cervical branch (p <0 05).

CHRONIC VAGOTOMY

Absolute amplituides
The amplitude of responses to stimulation of sur-
viving branches after chronic vagotomy was com-
pared to the corresponding amplitudes obtained
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from acutely prepared animals. The difference
between the two is shown in Table 2.

After chronic left cervical vagotomy the response
to stimulation of the crossing branch was greatly
reduced (p <0.01). All other responses were increased,
the increase reaching significant levels (p <0.02) in
all cases except after ventral stimulation.

Chronic right vagotomy had no significant effect
on any of the responses.

Relative to the effect of acute dorsal vagotomy,
responses to stimulation after chronic dorsal
vagotomy were all significantly larger (p <005),
except in the case of the crossing branch. Stimulation
of the latter produced no response after either acute
or chronic vagotomy.

Chronic ventral vagotomy also resulted in larger
responses than were obtained after acute ventral
vagotomy, but none of the differences reached
significant levels.

Relative amplitudes
The relative amplitudes of response to left, right, or
bilateral cervical stimulation were unchanged by
chronic abdominal vagotomy-none of the differ-
ences between them was statistically significant.

After chronic cervical vagotomy the dorsal trunk
was significantly more effective than the ventral
trunk (p <0.05). Simultaneous stimulation of both
trunks was not significantly different from stimula-
tion of the dorsal trunk alone.

Mortality associated with chronic vagotomy
Mortality was analysed in terms of its relationship
to body weight, sex, and site of vagotomy. Animals
with a body weight less than 1100 g had two and a
half times the mortality of heavier animals. There
was no correlation with sex provided the animals
were matched for weight. The mortality rate after
ventral vagotomy was twice that for other types of
vagotomy.

Discussion

When we pool these results, several conclusions may
be drawn. Stimulation of left or right cervical vagi
gave equal responses even after dorsal or ventral
vagotomy, therefore the cervical vagi must make a
functionally equal efferent contribution within each
abdominal trunk. This contrasts with the assertion
that, in man, the ventral trunk is derived mainly from
the left cervical vagus while the dorsal trunk is
derived mainly from the right cervical vagus.14 Our
physiological results are in agreement with histo-
logical studies on rabbit14 and dog."5 It is therefore

legitimate to ask if the assertion concerning the
arrangement in man is a genuine species difference.
One of the main conclusions to be drawn is that

there is considerable redundancy in the vagal effects
on gastric motor responses. The left and right
cervical vagi showed total functional overlap, both
before and after single truncal vagotomy. Further-
more, the ventral trunk is completely overlapped in
its motor effects by the dorsal trunk. In other
species (cat) lack of overlap, and even addition, has
been shown for vagally evoked production of gastric
acid,1 gastrin,2 and insulin.3 While this may represent
a species difference, Kewenter16 commented that in
the cat there was overlap between the vagi in their
effects on motility in the ileum. It is therefore
possible that the secretory and motor functions of
the vagus may be organised in a fundamentally
different way.
Our results do not indicate the mechanism of this

total functional overlap. Anatomical convergence of
excitatory or inhibitory fibres on post-ganglionic
neurons or on smooth muscle cells, or electrical
coupling between independently innervated pools of
smooth muscle are possibilities. In view of this
uncertainty, and because of the double overlap first
of cervical effects and then again of abdominal
effects, it is premature to attempt to define a model
of the relative contributions to gastric motor activity
of each vagal branch.
A major finding in this study is the contrast

between the effects of acute and chronic vagotomies.
Acute dorsal vagotomy produced a decrease in
response amplitude of 41 % and acute ventral
vagotomy produced a decrease in response ampli-
tude of 9 %. While these reductions are not com-
mensurate with the responses to stimulation of these
trunks (96% of the maximum available response for
the dorsal trunk, 68% for the ventral trunk), they
are a logical consequence of the degree of func-
tional overlap between the two trunks. By contrast,
responses after chronic dorsal vagotomy were 57 %
larger than after acute dorsal vagotomy. Responses
after chronic ventral vagotomy were 30% larger than
after acute ventral vagotomy. Chronic vagotomy
appears to provoke neuromuscular reorganisation
of a kind that allows the surviving vagal branches
to become considerably more effective.

It is to be noted that stimulation of the dorsal
trunk gave larger responses than stimulation of the
ventral trunk, acute dorsal vagotomy caused greater
decrements in cervical responses than acute ventral
vagotomy, and chronic dorsal vagotomy revealed a
greater relative recovery than chronic ventral
vagotomy. If the potency of a branch reflects the
number of axons and terminals, then dorsal vago-
tomy should result in more extensive degeneration

815

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.21.10.811 on 1 O

ctober 1980. D
ow

nloaded from
 

http://gut.bmj.com/


816 Andrews, Lawes, and Bower

than ventral vagotomy. If the degeneration is the
critical stimulus for neuromuscular reorganisation
then it follows that dorsal vagotomy should also
result in a more extensive neuromuscular reorganisa-
tion than ventral vagotomy.

Providing that these two assumptions are accepted
-that is, the equation of motor efficacy with
numbers of nerve terminals, and degeneration of
terminals as a stimulus for neuromuscular reorgani-
sation-the apparent disparity between the effects
of acute and chronic vagotomy is resolved for
abdominal trunks. The asymmetry of increases
caused by chronic cervical vagotomy do not relate
to the symmetry of evoked responses in acute
preparations, however. Schofield"7 working on rats
found that left cervical vagotomy increased the
number of argyrophilic swellings found in the
gastric wall while right cervical vagotomy did not.
If these findings apply to the ferret then left cervical
vagotomy would produce more degeneration than
right cervical vagotomy and on the previous assump-
tions this would therefore account for the greater
increase in evoked motor activity after chronic left
vagotomy.
As with functional overlap, the mechanism of

neuromuscular reorganisation is not evident from
our results. Among the possibilities are collateral
sprouting from surviving branches as seen in the
superior cervical ganglion ;18 unmasking of syn-
apses;1l increased sensitivity of postganglionic
neuronal membrane to neurotransmitters;20 changes
in the levels of acetylcholinesterase.21 The simul-
taneous existence of total functional overlap and
increased effectiveness of surviving vagal branches
after chronic vagotomy presents a paradox whose
resolution would be of considerable interest.

Total functional overlap and marked compensa-
tion (even overcompensation) after chronic vagotomy
should both prevent any major disruption of gastric
motor activity after single truncal vagotomy in
ferrets. Unless the disruption of gastric motility seen
in man22 is a species difference, it may be that the
disruption is not so much loss of the vagal ability to
modulate gastric contractions, but more a dis-
organisation of vagal efferent discharge secondary
to a loss of afferent information.22
The implications of this work are clear. First,

because of total functional overlap (or redundancy)
and the inverse relationship between the effects of
acute and chronic vagotomy (plasticity), caution
must be exercised in the extrapolation of the results
of acute vagotomies to clinical situations. Secondly,
the changes in neuromuscular organisation of the
stomach seen here may provide some insight into
the problems of long-term changes after clinical
vagotomy.
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