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Gastric acid and pancreatic polypeptide responses to
modified sham feeding. Effects of truncal and parietal
cell vagotomy
S J KONTUREK, T POPIELA, M SLOWIACZEK, AND W BIELANSKI

From the Institute of Surgery, MedicalAcademy, Krak6w, Poland

SUMMARY The effects of truncal vagotomy and parietal cell vagotomy on gastric acid secretion and
plasma gastrin and pancreatic polypeptide release were studied in 28 duodenal ulcer patients under
basal conditions and after modified sham feeding and infusion of pentagastrin (2 ptg/kg/h). Before
vagotomy gastric acid output in response to modified sham feeding was significantly higher than
basal acid secretion in all subjects tested and reached about 45% of the pentagastrin maximum. No
difference in the increase in acid response, or in the pancreatic polypeptide response to modified
sham feeding was found between patients with high and low basal secretion. Plasma gastrin
concentration was unaltered by modified sham feeding before and after truncal vagotomy or
parietal cell vagotomy, although after vagotomy it tended to reach higher values than before this
procedure. After truncal vagotomy, basal pancreatic polypeptide concentration was decreased and
modified sham feeding-induced pancreatic polypeptide increment was completely eliminated.
Four weeks after parietal cell vagotomy, the modified sham feeding-induced increment in plasma
pancreatic polypeptide was significantly decreased and observed only in seven of 12 patients. Four
to five years after parietal cell vagotomy all subjects responded to modified sham feeding with
pancreatic polypeptide increment similar to that before vagotomy and in three of 12 patients acid
response to modified sham feeding was seen. This study indicates that (1) truncal vagotomy
eliminates gastric acid and plasma pancreatic polypeptide responses to vagal excitation while
parietal cell vagotomy abolishes gastric acid response and reduces temporarily the pancreatic
polypeptide response to modified sham feeding (possibly because of transient impairment of the
vagal innervation of the pancreas) (2) A high ratio of basal to maximal acid output in non-operated
duodenal ulcer patients is not associated with a low acid response to modified sham feeding, nor
with a high pancreatic polypeptide concentration, and (3) Restitution of the pancreatic polypeptide
response to modified sham feeding five years after parietal cell vagotomy does not indicate
ineffective denervation of the parietal cells.

Cephalic vagal excitation induced by sham feeding high vagal activity, were reported to secrete little or
results in a potent gastric secretory stimulation no additional acid and to release less pancreatic
accompanied by a rapid increase in plasma concen- polypeptide in response to vagal stimulation by sham
tration of pancreatic polypeptide seen in animals' and feeding.67 The spontaneous release of pancreatic
in man.' Duodenal ulcer patients with increased polypeptide appears to be regulated by tonic vagal
basal gastric acid secretion, presumably caused by cholinergic activity and the plasma pancreatic poly-

peptide concentration fluctuates synchronically with

Address for correspondence Prot Dr S J Konturek, 31-531 Krakow, ul gastric acid secretion. Although the secretion of
Grzegorzecka 16, Poland. gastric acid and the release of pancreatic polypeptide
Received for publication I July 1986. are not related, the plasma pancreatic polypeptide
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determination was proposed as an independent indi-
cator of vagal activity of the oxyntic glands.9

Previous studies showed that truncal vagotomy
permanently abolished the vagally stimulated
gastric acid secretion and pancreatic polypeptide
release.4 10"12 Selective gastric vagotomy also was
found to reduce both gastric acid and the pancreatic
polypeptide responses to insulin hypoglycaemia'3 but
little information is available regarding the effect of
the parietal cell vagotomy on both gastric acid and
pancreatic polypeptide secretion in man.8 13

This study was undertaken to compare the effects
of truncal vagotomy and parietal cell vagotomy on
gastric acid and plasma gastrin and pancreatic poly-
peptide responses to physiological vagal stimulation
induced by modified sham feeding in duodenal ulcer
patients.

Methods

PATIENTS
Twenty eight male patients aged 42 years (range
17-60 years) were studied who had endoscopically
proven duodenal ulcer for at least five years. In most
cases perforation or haemorrhage were recorded
before the submission to surgery. Sixteen patients,
aged 40 years (range 17-60 years) had a truncal
vagotomy and 12 aged 36 years (range 22-45 years)
had parietal cell vagotomy. In all patients secretory
tests were done before surgery and twice after
surgery; once four to five weeks after parietal cell
vagotomy and again four to five years later. The study
was approved by a Human Research Review Com-
mittee and informed consent was obtained from each
subject. The patients received no anticholinergics or
H2-blockers for at least five days before the secretory
studies were started.

In all patients, gastric acid was examined under
basal conditions (BAO) and after stimulation by
modified sham feeding (SAO) using the 'chew and
spit' technique and after pentagastrin infusion
(PAO) as described before.45 Gastric acid outputs
were measured in each juice aliquot collected 60
minutes before and 180 minutes after modified sham
feeding and during 90 minutes of pentagastrin (2
rig/kg/h) infusion. The values of BAO, SAO, and
PAO were expressed as acid outputs per 30 minutes.
Basal acid output was calculated from the four 15
minute outputs before modified sham feeding.
Stimulated acid output and PAO were calculated
from the sum of two consecutive highest outputs after
modified sham feeding, or pentagastrin infusion,
respectively. In all these subjects, vagotomy was
complete as judged by insulin tests carried out 10
days after the operation. The dose of insulin was 0-2
U/kg injected intravenously and the response was

considered to be 'positive' or 'negative' by multiple
criteria. `

In all tests except those with pentagastrin, venous
blood samples were obtained from a peripheral vein
at 15 minutes and just before the modified sham
feeding and then 7.5, 15, 30, 45, 75, and 105 minutes
after the start of the modified sham feeding. Blood
samples were collected in chilled tubes with 10 units
heparin and 400 KIU aprotonin (Trasylol) and
centrifuged and the plasma frozen within 15 minutes
of sampling. Serum gastrin and pancreatic poly-
peptide were measured by radioimmunoassay. Anti-
body to gastrin (rabbit antiserum 4562) was kindly
provided by Professor J F Rehfeld at Aarhus,
Denmark and was used to measure plasma gastrin
concentration as described.4` Antibody to human
pancreatic polypeptide (rabbit antiserum 146-10),
kindly supplied by Dr R A Chance, Lilly Research
Lab, Indianapolis, was used at final dilution of
1:1 250 000 to determine pancreatic polypeptide con-
centration as described before.' Both gastrin and
pancreatic polypeptide were labelled by an iodo-gen
method'` and the tracer was purified on SEP-PAK
cartrige C18 column 16.

Activated charcoal was used as a method of
separation. Synthetic human heptadecapeptide
gastrin (G-17-I) and highly purified synthetic human
pancreatic polypeptide were used as standards in the
above radioimmunoassays. The detection limit was
about 1-5 pM for plasma gastrin and 2 pM for plasma
pancreatic polypeptide.

STATISTICAL ANALYSIS

Results are expressed as the means±SEM. Student's
t test was used to determine the significance of
difference between the means, with differences
giving a p value of less than 0-05 being considered
significant.

Results

EFFECTS OF TRUNCAI VAGOTOMY AND PARIETAL

CELL VAGOTOMY ON BASAI AND MODIFIED SHAM

FEEDING AND PENTAGASTRIN INDUCED ACID

SECRETION
Mean gastric acid outputs under basal conditions and
after modified sham feeding in 16 duodenal ulcer
patients before and after truncal vagotomy are shown
in Figure 1. Before truncal vagotomy, mean peak
acid response to modified sham feeding amounted to
about 43% of the pentagastrin maximum. After the
truncal vagotomy, basal acid output was reduced
significantly by about 68%. Modified sham feeding in
patients with trunical vagotomy failed to cause any
change in acid output while pentagastrin infusion
resulted in about 45% smaller mean peak acid output
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Fig. 1 Gastric acid outputs under basal conditions and after modified shamfeeding (MSF) (performed during 15min) and
after infusion ofpentagastrin (2 Fglkglh) in 16 duodenal ulcer patients before and aftertruncal vagotomy (7V). Mean±SEM
of16 tests on 16 patients. * indicate significant (p<005) decrease below the control values obtained before
vagotomy.
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Fig. 2 Gastric acid outputs under basal conditions and after modified sham feeding (MSF) (performed during]15min)and
after infusion ofpentagastrin (2 Rsglkglh) in 12 duodenal ulcer patients before and 4 weeks and 4-5 years after parietal cell
vagotomy (PCV). Mean±SEM of12 tests on12 patients. *indicate significant (p<0OO5) decrease below the conltrol values
obtained before parietal cell vagotomy (PCV).
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than that achieved in the same patients before the
truncal vagotomy. All the patients after truncal
vagotomy had negative insulin test.

In the second group of duodenal ulcer patients
studied before parietal cell vagotomy, the mean peak
acid response to modified sham feeding expressed as
per cent of the pentagastrin maximum was similar to
that in previous group of patients submitted to
truncal vagotomy. After the parietal cell vagotomy
mean basal acid secretion was reduced by 85% (Fig.
2). Modified sham feeding was without significant
influence on acid output while the pentagastrin
infusion produced the mean peak response reaching
about 57% of that achieved in these patients before
the surgery. All these patients had negative insulin
test.

After four to five years after parietal cell
vagotomy, three of 12 patients had positive insulin
test and all three patients showed a small but
significant increase in gastric output in response to
modified sham feeding. Their pentagastrin induced
maximal acid output was within similar value to that
recorded soon after parietal cell vagotomy and
reached about 68%X of that recorded before the
surgery.
Among 28 patients tested before the surgery,

six showed an increased basal acid secretion as
expressed by BAO/PAO ratio greater than 0.30. In
these six subjects, the BAO/SAO ratio tended to
reach higher value (0(54±0 06) compared with that
in the remaining 22 patients (0.33±0.05) with
decreased basal acid secretion (BAO/PAO ratio
smaller than 0.30). The increment over basal in acid
response to modified sham feeding in these six
patients with higher basal secretion was not signifi-
cantly different from that in the remaining 22 patients
with normal or reduced basal secretion (Fig. 3).
No significant correlation was found between the

ratio of BAO/PAO and SAO-BAO.

EFFECTS OF TRUNCA1 VAGOTOMY AND PARIETAL
CEILL VAGOTOMY ON PLASMA GASTRIN AND
PANCREATIC POLYPEPTII)E LEVELS
Mean basal value of gastrin in patients before truncal
vagotomy was about 77± 10 pM and modified sham
feeding failed to significantly affect plasma gastrin
concentrations. After truncal vagotomy the mean
basal gastrin achieved significantly higher values than
before surgery but modified sham feeding again did
not significantly change plasma gastrin concentration
and these results have been omitted.

In the second group of duodenal ulcer patients
submitted to parietal cell vagotomy the mean basal
gastrin concentration was similar before and after
surgery and again modified sham feeding did not
cause any significant alteration in plasma gastrin

701
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Fig. 3 Mean (±SEM) ofbasal and modified shamfeeding
(MSF) -induced peak plasma pancreatic polypeptide (PP)
levels in 22 duodenal-ulcer patients with low BA OIPA0 ratio
(less than 0.3) and in 6 patients with high ratio (0.3 or higher)
(upperpanel) and mean (±SEM) ofbasal (BA 0) acid
secretion and ofpeak acid response to modified sham feeding
(MSF) (SA 0) and pentagastrin (PA 0) in 22 patients with
low and in 6 patients with high BA OIPA0 ratio (lower
panel).

concentration before nor after the surgery. In these
patients examined four to five years later, modified
sham feeding was also without significant influence
on plasma gastrin concentrations.

Basal plasma concentration of pancreatic polypep-
tide in patients before truncal vagotomy averaged
19±4 pM and modified sham feeding resulted in an
immediate and marked rise in pancreatic polypeptide
seen in all 28 patients tested and reaching about
53±14 pM within 7.5 minutes and a peak of 70±18
pM within 15 minutes after the start of modified sham
feeding (Fig. 4).

Plasma pancreatic polypeptide tended to decline at
the end of tests - that is, about 105 minutes after
modified sham feeding to the level not significantly
different from the initial basal value. After truncal
vagotomy, the basal pancreatic polypeptide value
averaged 14±3.7 pM and no significant change in
plasma pancreatic polypeptide was observed during
or after modified sham feeding in these patients. No
significant difference was found in the increments in
pancreatic polypeptide level after modified sham
feeding among the patients with increased and
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MSF
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Minutes

Fig. 4 Mean ±SEM ofplasma pancreatic polypeptide (PP)
concentrations under basal conditions and after modified
sham feeding (MSF) in 16 duodenal ulcerpatients before
truncal vagotomy (TV). * indicate significant (p<005)
decrease below the control value obtained before vagotomy.

reduced basal gastric acid secretion (Fig. 3). No
significant correlation was seen between the incre-
ment of acid output in response to modified sham
feeding (SAO-BAO) and the increment in plasma
pancreatic polypeptide level after modified sham
feeding and these results have not been included.

Basal values and incremental increase (16±3.7
pM) in plasma pancreatic polypeptide after modified
sham feeding in second group of 12 patients before
parietal cell vagotomy were similar to other patients
before truncal vagotomy. After parietal cell
vagotomy, basal pancreatic polypeptide values were
not significantly altered (20±2.3 pM) but an average
rise in plasma pancreatic polypeptide response to
modified sham feeding was smaller (5+1.3 pM) and
observed only in seven of 12 patients tested (Fig. 5).

Four to five years later, basal pancreatic polypep-
tide values (22±4.3 pM) were similar to those
recorded before parietal cell vagotomy and modified
sham feeding caused a significant increment (20.1 +
2.9 pM) seen in all subjects tested. The plasma
pancreatic polypeptide value reached the peak within
15 minutes of modified sham feeding and then
showed a tendency to decline towards the basal
value.

Discussion

This study confirms that physiological vagal excita-
tion induced by sham feeding in duodenal ulcer
patients results in a potent gastric acid secretion
accompanied by a marked increment in plasma
pancreatic polypeptide and shows that truncal
vagotomy abolishes completely gastric acid and pan-

creatic polypeptide responses to modified sham feed-
ing while parietal cell vagotomy abolishes gastric acid
secretion but only temporarily impairs the pancreatic
polypeptide responses to modified sham feeding.
The role of increased vagal activity in the patho-

genesis of the acid secretory abnormalities in duo-
denal ulcer disease has been a subject of interest for
many years. Feldman et a! suggested that the
increase in basal acid output in some duodenal ulcer
patients may be secondary to high vagal activity
because in these patients the ratio of basal acid
output to peak pentagastrin stimulated acid output
was high (0.3 or greater) and sham feeding failed to
increase acid secretion above basal level. The hypo-
thesis of high vagal activity as determined by a lack of
gastric acid response to sham feeding in duodenal
ulcer patients with the BAO/PAO ratio greater than
0-3 was initially based on the observations obtained
only from four patients.' Kohn et al' recently con-
firmed this hypothesis on a group of nine duodenal
ulcer patients with basal hypersecretion who did not
show any increase in acid secretion in response to
sham feeding as opposed to 19 other patients with low
basal secretion who showed a usual marked rise in
acid secretion in response to modified sham feeding.
They also observed a negative correlation between
basal acid output, expressed as the percentage of
peak pentagastrin induced acid output (BAO/PAO)
and the modified sham feeding-induced increment in
acid output over basal level (SAO-BAO).

In our present study including 28 duodenal ulcer
patients submitted to surgery because of previous

30 60 90 120 150
Minutes

Fig. 5 Mean (±SEM) ofplasma pancreatic polypeptide
(PP) concentrations under basal conditions and after
modifiedsham feeding (MSF) in 12 duodenal ulcerpatients
before parietal cell vagotomy (PCV) and 4 weeks and 4-5
years after parietal cell vagotomy (PCV). * indicate
significanit (p<0-)5) decrease below the control values
obtained before parietal cell vagotomv (PCV).
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ulcer complications and/or poor response to medical
therapy, six of these patients exhibited high basal
acid secretion as expressed by BAO/PAO ratio
greater than 0 30. All these patients, however,
responded to modified sham feeding with an increase
in acid output over basal level. Although the BAO/
SAO ratio in these six patients tended to be higher
(0.54±0.05) than in the remaining 22 patients (0.33±
0.05) no significant correlation was found between
basal output and the modified sham feeding-induced
increment in acid output over basal level in the
patients studied. Thus, we were unable to confirm the
claims of previous reports7 that duodenal ulcer
patients with high basal acid secretion do not respond
to modified sham feeding, presumably because of
initial high basal vagal activity. In fact, the increment
over basal in response to modified sham feeding in
our six patients with high basal secretion was not
significantly different from that in remaining 22
patients with normal or low basal secretion. These
results are in agreement with original findings of
Knutson and Olbe'7 who conducted a comparable
study on 20 duodenal ulcer patients and found that
seven with BAO/PAO greater than 0(3 had acid
increments after adequate sham feeding (7.0 mmol/
30 min) similar to those in the remaining 13 with
lower BAO/PAO (7.1 mmol/30 min). It appears,
therefore, that just a lack of response to sham feeding
in patients with increased BAO/PAO ratio may not
be an adequate method for testing vagal 'tone'."

Gastric acid response to physiological vagal excita-
tion by modified sham feeding was found in this and
other studies to be accompanied by a marked and
significant rise in plasma concentrations of pancreatic
polypeptide.' "4.1'2 13 In our study all 28 patients
tested show a significant increase in plasma pan-
creatic polypeptide either during of after sham
feeding. A significant rise in plasma pancreatic poly-
peptide was observed within 7.5 minutes and the
mean peak occurred within 15 minutes after the start
of modified sham feeding. Plasma pancreatic poly-
peptide then tended to decline but a significant
increase in plasma pancreatic polypeptide over basal
level was seen throughout the period of increased
gastric acid secretory response to modified sham
feeding. As in previous studies' no significant corre-
lation was found between the increment in plasma
pancreatic polypeptide concentration and the
increase in acid secretion in response to modified
sham feeding. Unlike a previous study,' patients with
higher BAO/PAO ratio showed similar rise in pan-
creatic polypeptide to that in patients with low
BAO/PAO. These results question the reliability of
pancreatic polypeptide release as an independent
indicator of vagal activation of the parietal cells. The
pancreatic polypeptide response to modified sham

feeding, however, appears to be totally dependent
upon the intact vagal nerve supply to the pancreas."
Our data show that truncal vagotomy abolishes
plasma pancreatic polypeptide and gastric acid
responses to modified sham feeding and are in
agreement with previous reports.-"

Previous studies show that selective gastric
vagotomy also eliminated both gastric acid and
pancreatic polypeptide responses to vagal stimula-
tion by insulin hypoglycaemia. This has been
explained by saying that the head of the pancreas,
which is the major source of endogenous pancreatic
polypeptide, is innervated by vagal fibres passing
through the stomach and duodenum."`' Such pan-
creatic innervation was originally proposed by
Popielski'` in 1901 and more recently confirmed by
anatomical and electrophysiological studies showing
that, indeed, most of vagal fibres to the pancreas pass
through vagal branches along the lesser curvature of
the stomach across the pylorus.

This study provides evidence that the vagotomy of
the oxyntic gland area not only eliminates gastric acid
response to modified sham feeding, but also greatly
reduces the pancreatic polypeptide response to vagal
excitation. Shortly after parietal cell vagotomy,
modified sham feeding failed to stimulate the release
in pancreatic polypeptide in seven of 12 patients
tested, and in others the pancreatic polypeptide
response to modified sham feeding was significantly
lower than in the same subjects before vagotomy. A
similar reduction in pancreatic polypeptide response
to sham feeding after parietal cell vagotomy was
observed by Schwartz et aP' and this has been
attributed to the operative injury of the efferent vagal
fibres to the pancreas. We found that the impairment
of the vagal pancreatic innervation by parietal cell
vagotomy was, however, not permanent. Patients
with parietal cell vagotomy done four to five years
earlier responded to modified sham feeding in a
similar manner to that before surgery. It is of interest
that in three of these 12 patients the insulin test was
converted from negative shortly after parietal cell
vagotomy to positive and all these insulin positive
subjects showed a small but significant increase in
gastric acid response to modified sham feeding. Thus,
there was agreement between the results of insulin
and modified sham feeding tests indicating that the
secretory responses to vagal stimulation may some-
times recover, at least in part, after parietal cell
vagotomy, possibly because of the regeneration of
vagal fibres in the stomach.""'3 In spite of partial
recovery of pancreatic polypeptide response to
modified sham feeding and partial recovery of acid
responses to modified sham feeding and insulin in our
patients, the maximal response to pentagastrin
remained reduced by about 400/o immediately after
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parietal cell vagotomy. Thus a restitution of the
pancreatic polypeptide response to vagal excitation
after parietal cell vagotomy does not indicate an
ineffective denervation of the target parietal cell
area.
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