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Relationship between undissociated acidity of
gastric juice and gastric protein secreted in response
to graded doses of pentagastrin in duodenal
ulcer patients
T. POPIELA,l Z. SZAFRAN, HALINA SZAFRAN, AND M. KOMOROWSKA

From the Division of Surgical Gastroenterology, Department of Surgery I, and the Department of
Clinical Biochemistry, Institute ofPaediatrics, Nicholaus Copernicus Medical Academy, Krakow, Poland

SUMMARY Concentrations of free and total hydrogen ions, total protein and pepsin were measured
in gastric juice fractions collected during basal secretion and upon stimulation by graded doses of
pentagastrin administered intravenously. Undissociated hydrogen ion and non-pepsin protein
concentrations were calculated as derived quantities. The studies were carried out in nine patients
with duodenal ulcer both before and after truncal vagotomy. It was found that after vagotomy
the undissociated hydrogen ion concentration was significantly lower and non-pepsin protein higher
than before the operation. No correlation was found between the two quantities both before and
after vagotomy. It was concluded that in duodenal ulcer patients either not all non-pepsin protein
takes part in buffering of hydrogen ions secreted by parietal cells, or that non-protein buffers play
a more important role.

Human gastric juice contains variable amounts of
soluble protein, of which a considerable part has
no well-defined physiological role. Makhlouf et al.
(1970) have suggested that one of the possible
functions of non-pepsin protein may be the buffering
of hydrogen ions secreted by parietal cells. It is
obvious on theoretical grounds that any protein
with an isoelectric point higher than the actual pH
of gastric juice will have some buffering capacity.
This means that some hydrogen ions will be bound
by these proteins when, in the process of secretion,
they come into contact with parietal fluid and pH
changes from the relatively high value of the cell
interior to the low value of gastric juice. The
buffering capacity of such protein will depend on the
number of proton-releasing groups with pKa values
contained within the range covered by the above-
mentioned pH extremes.
Makhlouf et al. (1970) found that, in a healthy

human subject, undissociated hydrogen ion con-

"Address for correspondence: Dr T. Popiela, Division of
Surgical Gastroenterology, ul. Pradnicka 37, 31-202 Krakow,
Poland.
Received for publication 10 September 1976

centration was correlated with non-pepsin protein
secreted upon stimulation with gastrin II or hista-
mine. Our previous studies showed (Szafran et al.,
1976) that, in duodenal and gastric ulcer patients,
the concentration of undissociated hydrogen ion was
positively correlated with total protein in the course
of the basal secretion. No such correlation was
observed in these patients for gastric juice secreted
upon stimulation with a single dose of pentagastrin
or histamine.
The aim of the present study was to evaluate the

relationship between the secretion of the total, non-
pepsin and pepsin protein and undissociated
hydrogen ion concentration in the course of intra-
venous pentagastrin tests with graded doses of the
stimulant carried out in duodenal ulcer patients
both before and after surgical vagotomy.

Methods

A group of nine men treated for duodenal ulcer was
studied. The mean age of the patients was 36 years
(range from 27 to 52 years). Truncal vagotomy with
pyloroplasty was applied in all these patients as a
basic treatment. Vagotomy was complete in all cases
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as confirmed by the negative results of the insulin
test (Popiela et al., 1972). Gastric secretory tests
were carried out twice in each patient, first before
the operation, and then one to 17 months after
vagotomy.

Gastric juice was collected through a gastronasal
tube by applying reduced pressure. The stomach was
first emptied from the residuum, whereupon three
10 minute fractions of basal secretion were collected.
This was followed by the intravenous infusion of
pentagastrin solution (Peptavlon, ICI, England)
lasting for three hours. The following doses of
pentagastrin were applied consecutively: 0-008,
0-064, 0-256, 1-024, 2 048, and 8-192 ,ug/kg h. Each
dose was infused during 30 minutes. Eighteen 10
minute fractions were collected during the penta-
gastrin infusion. Any fraction contaminated with
bile was rejected. Dental cotton pledgets inserted
into the mouth and frequently changed were used
to prevent contamination of gastric juice with saliva.
The volume of each fraction was measured, and the
fractions were then centrifuged for 20 minutes at
12 000 x g in a refrigerated centrifuge.
The pH of gastric juice fractions was measured by

using the Beckman Expandomatic pH-meter supplied
with No. 39042 stomach electrode and No. 40249
Ag/AgCl reference electrode. Instrument calibration
was carried out with 0-1 mol/l hydrochloric acid
solution (pH 11) and pH 2-6 citrate buffer. Free
hydrogen ion concentration was calculated from pH
values by using appropriate factors as given by
Moore (1968). Total hydrogen ion concentration
was measured by the titration with 0-01 mol/l
NaOH solution to pH 7-4 using the Beckman

ht
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automatic endpoint titration system. Undissociated
hydrogen ion concentration was calculated by
subtracting free hydrogen ion concentration from
total hydrogen ion concentration.

Protein concentration was determined by the
method of Lowry et al. (1951). Bovine albumin
(Cohn fraction V, Koch-Light, England) was used
as a standard. Pepsin activity was measured by a
modification of the Anson method (Rick, 1963).
Crystalline pepsin (2 x cryst. from pig gastric
mucosa, Koch-Light, England) was used as a
standard. Non-pepsin protein concentration was
calculated by subtracting pepsin concentration (as
expressed in grams per litre) from total protein
concentration.

Results

The changes in the concentration of total and free
hydrogen ions during intravenous infusion of graded
doses of pentagastrin in duodenal ulcer patients
both before and after vagotomy are shown in Fig. 1.
It can be seen that the changes of free acidity are
similar to those of total acidity. As might beexpected,
the values after vagotomy were significantly lower
than those before the operation. In patients before
vagotomy there was already a definite increase in
hydrogen ion concentration in response to the
lowest dose of pentagastrin. The peak value was
attained in fraction 9, after which there was no
further significant change. After vagotomy the
response was slower, but the rise of acid concentra-
tion lasted longer (up to fraction 15). As the Table

Fig. 1 Changes in free and total
hydrogen ion concentration in the course
of intravenous pentagastrin test performed
in nine patients with duodenal ulcer before
and after vagotomy. Fractions -2, -1,
and 0; basal secretion. Fractions 1 to 18;
secretion during pentagastrin infusion.
*Free hydrogen ions before vagotomy;
A free hydrogen ions after vagotomy;
O total hydrogen ions before vagotomy;
A total hydrogen ions after vagotomy.
Mean values + SEM are given.
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Table Pentagastrin dose response (D50) and maximal
secretion of hydrogen ions (Vmax) obtainedfor a group
of nine patients with duodenal ulcer before and after
vagotomy.

Duodenal ulcer patients D5s Vmax
ng/kg min mmol/min

Before vagotomy 0-62 ± 0 58* 0 65 ± 0-16*
After vagotomy 1 28 ± 1-58* 019 ± 0-16*

*The values of D,, and Vmax were obtained by applying Michaelis and
Menten kinetics to the secretion of hydrogen ions under the influence
of increasing doses of pentagastrin (Petersen and Myren, 1968). Mean
values ± SEM are given.

shows, the dose response to pentagastrin, as ex-
pressed by D5o value, was 0-62 )ug/kg h before the
operation and 1 28 pLg/kg h after vagotomy. The
corresponding Vmax values for the total hydrogen
ions were 0 65 and 0 19 mmol/min respectively.
The changes of undissociated acidity, representing

the difference between total and free hydrogen ion
concentrations, are shown in Fig. 2. There was no
clear dependence on pentagastrin dose, inasmuch as
the changes from fraction to fraction exhibited no
definite pattern. On the other hand, there was a
clearly visible difference between the values obtained
before and after vagotomy. In the latter case the
values of undissociated acidity were definitely lower.
The differences were statistically significant (p <
0.05) for all fractions of basal secretion and for
fraction nos. 1, 2, 3, 5, 6, 8, 9, 11, 12, and 18 secreted
during pentagastrin infusion.

Figures 3 and 4 show the changes in protein
concentration, separate curves being displayed for
pepsin, non-pepsin, and total protein. Only pepsin
protein increases in response to pentagastrin
stimulation. Neither total nor non-pepsin protein

14]

_ 12-

10

8 8

1.r 6

4.

2.

changed appreciably with the increase in penta-
gastrin dose. Only a slight tendency to rise was
observed after vagotomy. Nevertheless, the values
obtained in patients after vagotomy were higher than
before vagotomy, both for total and non-pepsin
protein. For non-pepsin protein the difference was
statistically significant for fraction nos 5, 6, 8, 9-11,
and 13-18, and for total protein for fraction nos. 9,
11, and all the following numbers. This result was
rather unexpected in view of the markedly lower
values of undissociated acidity observed after
vagotomy.
Another striking feature was found when the

correlation between undissociated acidity and non-
pepsin protein was tested for all fractions of gastric
juice obtained during basal secretion and penta-
gastrin-induced secretion. There was no significant
correlation between the two parameters, as reflected
by the very low values of correlation coefficient: for
basal secretion-0 21 before vagotomy and 0-19
after vagotomy, and for stimulated secretion 0-14
and 0-13 respectively.

Discussion

The results of this study revealed that, in duodenal
ulcer patients, vagotomy brings about marked
changes in the undissociated acidity of gastric
juice. The observed values were significantly lower
after vagotomy than before the operation. At the
same time, there was no parallel change in gastric
protein concentration. Mean values of total and
non-pepsin protein concentrations were higher
after vagotomy. It seems logical that, in patients with
duodenal ulcer, the parietal component of the

Fig. 2 Changes in undissociated hydrogen
ion concentration in the course of
intravenous pentagastrin test performed in
nine patients with duodenal ulcer before
(0) and after (0) vagotomy. Mean values
± SEM are given. Numbering offractions
as in Fig. 1. Beginning ofpentagastrin
infusion is marked by an arrow.

-2-1 0 1 2 3 4 5 6 7 8 9 101
Fraction number

12 13 14 15 16 17 18
-- .-
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Fig. 3 Changes in total protein (0),
non-pepsin protein (A), andpepsin
concentration (0) in the course of
intravenous pentagastrin test performed in
nine duodenal ulcer patients before
vagotomy. Mean values + SEM are
given. Numbering offractions as in Fig. 1.
Beginning ofpentagastrin infusion is
marked by an arrow.

-2-1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 1 15 16 17 18
Fraction number

Fig. 4 Changes in total protein (0),
non-pepsin protein (A), and pepsin
concentration (0) in the course of
intravenous pentagastrin test performed
in nine duodenal ulcer patients after
vagotomy. Mean values + SEM are given.
Numbering offractions as in Fig. 1.
Beginning ofpentagastrin infusion is
marked by an arrow.

t- .

-2-1 0 1 2 3 4 5 6 7 8 9 101112131415164718
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secretion should dominate, and thus the concentra-
tion of undissociated hydrogen ions should be
lower before vagotomy than after it. It is, therefore,
difficult to find a satisfactory explanation for the
fact that the opposite phenomenon occurs.
No clear effect of pentagastrin dose was observed

either on gastric protein or on the undissociated
acidity of gastric juice. It is only the concentration
of total and free acid, as well as pepsin, that exhibits

definite response to pentagastrin infusion. Our
results concerning the changes in total hydrogen ion
concentration closely resemble those obtained by
other authors. The values of Vmax and D5o (penta-
gastrin dose response) found for our patients were
similar to those obtained by Petersen and Myren
(1975) for duodenal ulcer patients. After vagotomy
the values of Vmax were significantly lower, and D50
correspondingly higher than before the operation.
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Makhlouf et al. (1970) found a significant positive
correlation between undissociated acidity of gastric
juice and non-pepsin protein. These authors sugges-
ted that non-pepsin protein is the chief constituent
of gastric juice taking part in the buffering of
hydrogen ions. Our results are not consistent with
this view. There was no significant correlation
between undissociated acidity and non-pepsin
protein of gastric juice in duodenal ulcer patients
both before and after vagotomy in the course of
pentagastrin stimulated and basal secretion.
There are many factors which may account for

the differing results of the two studies. Makhlouf et
al. (1970) carried out repeated tests in one healthy
subject, whereas we have studied a group of duodenal
ulcer patients, performing two pentagastrin tests
(one before and the other after vagotomy) in each
patient. The end-point pH value of gastric juice
titration was also different: 7-4 in our experiments
and 8-3 in those of Makhlouf et al. (1970). In
addition, these authors used the difference between
titratable acidity tQ pH 8-3 and pH 7 0 as an index
of the true undissociated acidity. In fact, Makhlouf
et al. (1970) calculated the correlation between the
values of this index and protein concentration.
The main argument of Makhlouf et al. (1970) for

using pH 8-3 as an end point for gastric juice titration
was that only at such a pH is there a balance
between the main cations of gastric juice and Cl-
ions. Evidently, it is only at so high a value that all
the protons attached to the buffering groups are
liberated. In physiological conditions, however, it
seems improbable that so high a pH value obtains at
any time during the process of gastric secretion.
Evidence is still lacking that the protons back-
titrated to pH 8 3 are really 'parietal' protons
buffered by gastric proteins or their degradation
products in the course of the secretory process.

It is also the mode of stimulant administration that
may influence the relation between gastric protein
and undissociated acidity. The types of secretory
tests were different in the both studies. Inasmuch as
protein is secreted by at least two types of gastric
mucosal cells (Makhlouf et al., 1968), the different
cells may not give the same response to different
stimulating agents, and even to different modes of
stimulant administration.
The results of our study seem to indicate that in

patients with duodenal ulcer either not all non-
pepsin protein takes part in buffering of hydrogen
ions or non-protein buffers play a more important
role. Unfortunately, the individual constituents of
non-pepsin protein have not been well characterised.
We also have no information on isoelectric points of
gastric juice proteins, except for pepsin and intrinsic
factor (Fruton, 1971; Marcoullis and Grasbeck,

1975). Among non-protein buffers, organic acids
are present in too low a concentration to be of any
importance (Piper et al., 1967), but phosphate with
its concentration in gastric juice ranging from 0 1 to
4 0 mmol/l (Burhol et al., 1966) may account for a
significant part of buffering capacity of gastric juice
constituents. It is also possible that the buffering
capacity of the constituents of non-pepsin protein
fraction may increase upon peptic degradation. This
view may be supported by the studies of Fordtran
and Walsh (1973), who found that the buffer
capacity of protein food increased by 33% after
incubation with gastric juice. Whereas Roland et al.
(1974) observed a lower concentration of pepsin in
the gastric juice of vagotomised patients, our
results showed no significant change in pepsin
concentration after vagotomy. Although we have
shown that undissociated acidity and non-pepsin
protein are not correlated in patients with duodenal
ulcer, we cannot definitely ascribe the buffering to
any other specific component of gastric juice.
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