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Gastric acid secretion in patients with duodenal ulcer
treated for one year with anticholinergic drugs
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SUMMARY Ninety patients with duodenal ulcer, divided randomly into three groups, were treated
continuously for one year with either glycopyrronium, 1-hyoscyamine (as a sustained-release
preparation) or inert tablets. Dosage with active tablets was so adjusted that the patient experienced
definite but tolerable side-effects. Basal and maximal gastric acid secretion were measured im-
mediately before and one week after cessation of treatment. There was no significant change in the
means of these measurements in patients who received placebo or 1-hyoscyamine. In those given
glycopyrronium, mean basal output was significantly increased. Mean maximal acid output in this
group fell, but not significantly.

Individual measurements of maximal acid output showed quite marked fluctuations in all groups.
It is concluded that spontaneous changes in parietal cell mass may occur in patients with duodenal
ulcer, and that prolonged anticholinergic therapy does not reduce parietal cell mass.

Although it is established that gastric acid secretion
is reduced for several hours after the administration
of a variety of anticholinergic compounds, there is
little information on the effect on gastric secretion of
prolonged administration of these drugs. It was
reported (Kowaleski, 1964 and 1967) that in the rat
administration of propantheline bromide for several
months led to a marked reduction of acid secretion,
as measured 48 hours after the last dose of the drug.
However, a recent study (Kaye, Jacobs, Ireson, and
Trevett, 1968a) failed to confirm these findings.
Posey, Elliott, Aldridge, Turner, and Franklin (1966),
who gave glycopyrronium to dogs four times daily
for 11 weeks, found that the secretion of Heidenhain
pouches, and the histamine-stimulated secretion of
the intact stomach, did not rise to normal until four
weeks after drug withdrawal. However, more recent
observations by this group (Posey, Elliott, Shew-
make, and Posey, 1968) indicate that maximal acid
output and parietal cell mass remain constant in
dogs during prolonged treatment with glycopyr-
ronium. In 16 patients with peptic ulcer (14 duodenal,
two gastric) treated for a mean period of three years
with poldine methylsulphate, Douthwaite, Hills, and
Hunt (1961) found a 50% reduction in acid secretion
measured by the distension test meal. This reduction
persisted, with some individual fluctuations, through-
out the period of drug administration. In a follow-up
report on those patients (Hunt and Wales, 1966) it

was stated that reduced levels of acid secretion per-
sisted for up to 30 months after the drug had been
stopped. This maintained reduction was thought to
reflect the course of the underlying disorder rather
than a direct effect of the anticholinergic drug.

In this report, we describe our findings in a group
of 90 patients with duodenal ulcer who were treated
continuously for one year with anticholinergic drugs.

PATIENTS AND METHODS

All patients were male, had a duodenal ulcer recently
demonstrated by radiograph, and had had symptoms
within six months of the first examination. They were
taking part in a trial of long-term anticholinergic therapy,
full details of which will be published shortly, and were
allocated randomly to one of three groups.

Twenty-eight patients (group A) received glycopyr-
ronium.1 The dosage was adjusted so that mild side-
effects were experienced throughout the trial period.

Thirty patients (group B) received a sustained-release
preparation of 1-hyoscyamine,2 dosage being controlled
in the same way as in group A.

Thirty-two patients (group C) received placebo tablets,
identical in appearance to either group A or group B
tablets.

In all groups, treatment was given as three daily
divided doses, and was continued for one year.

Gastric acid secretion was measured immediately
1Robinul, A. H. Robins Co.
'Egacen durules, Aistra Ltd, Sweden.
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before the patients were admitted to the trial, and again
after one year. Treatment was stopped seven days before
the second test.

MEASUREMENT OF GASTRIC ACID SECRETION Patients
fasted for at least 12 hours before the test. After aspira-
tion of resting juice, basal secretion was collected for
30 minutes. A constant-rate intravenous infusion of
pentagastrin (Peptavlon, ICI), 6 jig/kg body weight/hour,
was then begun, and continued for 75 minutes with
continuous aspiration of gastric juice in five 15-minute
samples. The maximal hourly output was determined
from either the last three or four samples, depending
upon when the plateau was reached.

RESULTS

TABLE III
CHANGES IN BASAL ACID OUTPUT

Treatment Group No. of Mean
Patients Differ-

ence in
Basal
Acid
Output'

Glycopyrronium A
L-hyoscyamine B
Placebo C

28
30
32

SE of
Mean
Differ-
ence

p

+ 3-2 1.1 P <0-01
+1-6 1-0 0-1<p<0-2
+0-2 09 0O8<p<09

'Two tests in each patient: the first immediately before, and the
second one week after one year's treatment. Positive figures indicate
a higher secretion at the end of the trial.

TABLE IV

Basal acid output and maximal acid output before
treatment are shown in Tables I and II respectively.
There is no significant difference between the three
groups in maximal acid output, or basal acid output
after the exclusion of one atypical subject (see foot-
note to Table I).

TABLE I
BASAL ACID OUTPUT BEFORE TREATMENT

Treatment Group No. of
Patients

Glycopyrronium A
L-hyoscyamine B
Placebo C

28
30
32
(31)l

BasalAcid Vari- SD
Output ance
(mean,
m-equiv/

Treatment

Glycopyrronium A
L-hyoscyamine B
Placebo C

CHANGES IN MAXIMAL ACID OUTPUT

Group No. of Mean SE of P
Patients Differ- Mean

ence in Differ-
Maximal ence
Acid
Output'

28
30
32

- 3-3 2-1
- 0-6 1.1
+ 02 1-3

0.1 <p <02
0-6 <P <07
0.9 < p

'Two tests in each patient: the first immediately before, and the
second one week after one year's treatment. Positive figures indicate
a higher secretion at the end of the trial period.

hr) There was no significant change in the mean maxi-

5.0 19-6 4-4 mal acid output in any group (Table IV). Figure 16-7 33-7 5S8 illustrates individual changes in maximal acid output
69 72.6 8.5 in the three groups. The variation in these changes(5.7)' (28.9)' (5.4)' of maximal acid output, whether considered as

'The figures in brackets are those obtained after exclusion of one
extreme value (43.5) which was more than 7 SD above the mean
of the group (when SD is calculated using only the 31 other members
of the group). Inclusion of this subject inflates the variance from 28-9
to 72-6. Comparison of this latter value with those for groups B and C
shows significant differences in variance, whereas differences are well
within expected limits if this patient is excluded.

TABLE II
MAXIMAL ACID OUTPUT (INTRAVENOUS PENTAGASTRIN

6 g.g/kg/hr) BEFORE TREATMENT
Treatment Group No. of Maximal Vari- SD

Patients Acid Out- ance
put (mean,
m-equiv/hr)

Glycopyrronium A
L-hyoscyamine B
Placebo C

28
30
32

39-6
41-6
39-1

simple numerical differences or as percentages of the

e-

2
9-

8
dm

100-1 10.0
144-0 12-0 4
105-7 10.3 £

edChanges in basal acid output are shown in Table
III. After one year's treatment with glycopyrronium,
basal acid output had increased significantly from a
mean of 4-98 m-equiv/hour to 8-19 m-equiv/hour
(p < 001). Basal acid output did not change signifi-
cantly in groups B and C.
2

I.V. PENTAGASTRIN 6pg/kg/m.

2 1 2 1 2
PLACEBO L-HYOSCYAMINE GLYCOPYRRONIUM

FIG. 1. Individual changes in maximal acid output.
1 and 2 refer to first and second tests.
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initial output, is significantly (p < 0.01'
group A than in groups B or C. There i'
no significant difference in the mean cha
put between the three groups.
There was no correlation, either direct

between individual changes in basal acid
changes in maximal acid output (Table '

TABLE V
CORRELATIONS BETWEEN CHANGES IN BASAL A]

ACID OUTPUT1

Treatment Group No. of Correlation
Patients Coefficient r

Glycopyrronium A
L-hyoscyamine B
Placebo C

28
30
32

- 0-02
+ 0-24
+ 0-04

'Changes taken as straight numerical differences.

DISCUSSION

Both drugs used in this study causc
reduction in gastric acid secretion in n

case of glycopyrronium, this has been

basal (Moeller, 1962; Posey, 1962; Abbo
Krieger, and Levey, 1962; Sun, 1962),
(Barman and Larson, 1963), and histan
lated (Abbott et al, 1962; Dotevall, Scd
Walan, 1965; Kaye, Rhodes, and Sweetri

secretion. Similar observations have t
with 1-hyoscyamine for basal and

stimulated secretion (Dotevall et al, 1965;
son and Rodbro, 1967; Kaye et al, 1

there have been numerous other studie

donna, of which 1-hyoscyamine is a

alkaloid. As judged by salivary flow me

(Kaye et al, 1968b), both these drugs ar
long acting. L-hyoscyamine, in Egace
is released slowly from a plastic matrix,
pyrronium is a slowly absorbed quate
monium compound. With very few

patients in this study said that they
tablets regularly, and in a dose which
side-effects. If their statements were tru
be reasonable to conclude that the majo
went maximum tolerable cholinergic s

continuously for one year. However, the
suppression of gastric acid secretion ma
been commensurate with that of other e

Furthermore, anticholinergic drugs r

relatively little effect on food-stimulate(
(Nicol, 1939; Lennard-Jones, 1961;
Hogan, 1964).

In this study, basal secretion was co
30 minutes. While a longer collection p
vides a more accurate estimate of basal a(

) greater in we believe that comparisons between first and second
s, however, tests, and between the three groups, are nevertheless
Lnge of out- valid, since a standard method was used for all tests,

and since the initial measurements in the three
or inverse, groups were similar. In patients who received
output and 1-hyoscyamine there was no significant change in
V). mean basal acid output or maximal acid output

after one year's treatment. With regard to individual
differences in the two tests, the changes observed

ND MAXIMAL were very similar to those which occurred in the
placebo group. Treatment with glycopyrronium,

p however, resulted in a significant increase in the
mean basal acid output. Moreover, while the fall in
the mean maximal output in this group, from 39.56

0o2 < p < 0.3 to 36.28 m-equiv/hour, was not significant (0 1 <p <
0-8 < p < 0-9 0.2), the variation in changes of maximal acid output

was significantly greater in this than in the other two
groups. Two questions therefore arise. First, why
are the effects of prolonged therapy with glycopyr-
ronium different from those with 1-hyoscyamine;
and secondly, what is the explanation for the increase

transient in basal acid output and the greater variation in
an. In the changes of maximal acid output observed in patients
shown for given glycopyrronium.
tt, Sourial, On the first point, it may be relevant that the
nocturnal duration of action of glycopyrronium, as assessed by

nine-stimu- measurement of salivary flow after single doses of
hiroder and drugs, is greater than that of 1-hyoscyamine (Kaye
lan, 1968b) et al, 1968b). It is also possible, though unproven,
been made that the end-organ specificity of the two drugs may
histamine- differ, so that glycopyrronium may have a relatively
Christian- greater effect on the stomach. In addition, glycopyr-

968b), and ronium induces changes in parietal cell ultrastructure
s of bella- in the dog and rat, an effect which is not produced
constituent by atropine, propantheline, or vagotomy (Elliott and
asurements Posey, 1967; Posey et al, 1968). Furthermore, the
e relatively reduction in histamine-stimulated acid secretion
n durules, after vagotomy in dogs is further augmented by
and glyco- glycopyrronium (Posey et al, 1968). These observa-
rnary am- tions suggest that this drug acts not only by com-
exceptions, petitionwith acetylcholine at neuroreceptor sites, but
took their possibly also at a more peripheral level. They also
t produced indicate a difference between the mode of action of
e it would glycopyrronium and that of some, at least, of the
trity under- other available anticholinergic compounds.
;uppression The effects of glycopyrronium upon acid secretion,
cdegree of as observed in this study, are difficult to explain. The

Ly not have increase in basal acid output in patients who
nd organs. received this drug may be a 'rebound' phenomenon,
may have due perhaps to vagal overactivity following removal
d secretion of the inhibitory effect. We do not know whether
oergel and this increase is sustained, since further measure-

ments of basal acid secretion have not been per-
fllected for formed on these patients. There was also an increase
eriod pro- in mean basal acid output in patients who received
cid output, 1-hyoscyamine, from6.70to 8.28, though this change
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does not reach statistical significance (0K1 < p
< 02).
Quite marked fluctuations in maximal acid output

occurred in patients from all three groups. The data
of Kay (1953), Sircus (1960), and Marks (1961) indi-
cate that changes of up to ± 10% in maximal acid
output may result from errors in the method itself.
Table VI shows the numbers of patients from each
group in whom changes exceeded these arbitrary
limits, and illustrates the greater variability of
changes in group A. Approximately equal numbers
from each group showed an increase greater than
10%. A decrease occurred in rather more patients
from group A (glycopyrronium) though this
difference between the groups may be due to chance.

TABLE VI
CHANGES IN MAXIMAL ACID OUTPUT1

Treatment Group No. of No. of No. of No. of
Patients Patients Patients Patients

with with with
Increase Change Decrease
> 10% < 10% > 10%

Glycopyrronium A 28 8 6 14
L-hyoscyamine B 30 7 15 8
Placebo C 32 9 14 9

'Expressed as percentage differences between first and second measure-
ments. X2 (4 DF) = 6-42; 0 1 < p < 0-2.

Little is known about the possibility that spon-
taneous fluctuations of parietal cell mass may occur
as part of the natural history of duodenal ulcer.
These results strongly support this possibility since
parietal cell mass correlates closely with histamine-
stimulated maximal acid output (Card and Marks,
1960) and this with pentagastrin-stimulated maximal
acid output (Multicentre pilot study, 1967).

Finally, while the parietal cell mass can be
artificially increased by such methods as repeated
histamine injection (Marks, 1957; Ritchie, Delaney,
Barzilai, Lande, and Wangensteen, 1966) or partial
duodenal obstruction (Crean, 1967) there is as yet
no reliable means whereby the parietal cell mass may
be experimentally reduced, with the possible excep-
tion of immunological techniques (Walder, 1968). It
would appear from this study that the prolonged and
continuous suppression of function which results
from long-term administration of potent anti-
cholinergic drugs does not cause a reduction in
parietal cell mass.

We are grateful to Dr D. Fitzgerald for supplies of penta-
gastrin. Dr J. Rhodes was Medical Research Council
research assistant during part of the time that this study
was carried out.

REFERENCES

Abbott, W. E., Sourial, A. S., Krieger, H., and Levey, S. (1962).
Effect of glycopyrrolate (Robanul) on basal and histamine- or
insulin-induced gastric secretion. Ann. N. Y. Acad. Sci., 99,
163-173.

Barman, M. L., and Larson, R. K. (1963). The effect of glycopyrrolate
on nocturnal gastric secretion in peptic ulcer patients. Amer.
J. med. Sci., 246, 325-328.

Card, W. I., and Marks, I. N. (1960). The relationship between the
acid output of the stomach following 'maximal' histamine
stimulation and the parietal cell mass. Clin. Sci., 19, 147-163.

Christiansen, P. M., ar.d Rodbro, P. (1967). Gastric secretory patterns
before and during treatment with 1-hyoscyamine. Scand. J.
Gastroenterol., 2, 251-256.

Crean, G. P. (1967). Observations on the regulation of the growth of
the gastric mucosa. In Gastric Secretion: Mechanisms and
Control, edited by T. K. Schnitka, J. A. L. Gilbert, and R. C.
Harrison, pp. 33. Pergamon, Toronto.

Dotevall, G., Schroder, G., and Walan, A. (1965). The effect of
poldine, glycopyrrolate and 1-hyoscyamine on gastric secretion
of acid in man. Acta med. scand., 177, 169-174.

Douthwaite, A. H., Hills, T. H., and Hunt, J. N. (1961). Long-
continued inhibition of gastric secretion by poldine metho-
sulphate in patients with peptic ulcer. Brit. med. J., 1, 1575-
1579.

Elliott, R., and Posey, E. L. (1967). Comparative effect of anti-
cholinergics (glycopyrrolate, atropine sulphate and pro-
pantheline bromide) and of vagotomy on canine parietal
ultra-morphology. Gastroenterology, 52, 1083.

Hunt, J. N., and Wales, R. C. (1966). Progress in patients with peptic
ulceration treated for more than five years with poldine,
including a double-blind study. Brit. med. J., 2, 13-16.

Kay, A. W. (1953). Effect of large doses of histamine on gastric
secretion of HCI: an augmented histamine test. Brit. med. J.,
2, 77-80.

Kaye, M. D., Jacobs, A., Ireson, H., and Trevett, D. (1968a). Effect
of prolonged administration of an anticholinergic drug,
propantheline bromide, on gastri_ histology and acid secretion.
Amer. J. dig. Dis., 13, 994-1002.

-, Rhodes, J., and Sweetnam, P. M. (1968b). Clinical evaluation
of three long-acting anticholinergic compounds. Gut, 9,
590-596.

Kowalewski, K. (1964). Effect of prolonged administration of an
anticholinergic drug on gastric secretion of rats, mice and
hamsters. Arch. int. Pharmacodyn., 152, 404-407.

(1967). Effect of long-term treatment with an anticholinergic
drug on gastric secretion in rats. Amer. J. dig. Dis., 12, 988-993.

Lennard-Jones, J. E. (1961). Experimental and clinical observations
on poldine in treatment of duodenal ulcer. Brit. med. J., 1,
1071-1076.

Marks, I. N. (1957). The effect of prolonged histamine stimulation on
the parietal cell population and the secretory function of the
guinea-pig stomach. Quart. J. exp. Physiol., 42, 180-189.

(1961). The augmented histamine test. Editorial. Gastroenterology,
41, 599-603.

Moeller, H. C. (1962). Physiological effects and clinical evaluation of
glycopyrrolate in peptic ulcer disease. Ann. N. Y. Acad. Sci.,
99, 158-162.

Multicentre pilot study (1967). Pentagastrin as a stimulus of maximal
gastric acid response in man. Lancet, 1, 291-295.

Nicol, B. M. (1939). Control of gastric acidity in peptic ulcer. Lancet,
2, 881-884.

Posey, E. L., Jr (1962). Management of peptic ulcer with glycopyr-
rolate. Amer. J. dig. Dis., 7, 863-872.
Elliott, R., Aldridge, J., Turner, C., and Franklin, H. (1966).
Long-term anticholinergic administration and gastric secretory
function in dogs. Amer. J. dig. Dis., 11, 421431.

, Shewmake, B., and Posey, L. (1968). Comparative effect
of long-term anticholinergic administration with glycopyr-
rolate and of vagotomy on parietal cell function, ultrastructure,
and population. Amer. J. dig. Dis., 13, 515-526.

Ritchie, W. P., Jr, Delaney, J. D., Barzilai, A., Lande, A. J., and
Wangensteen, 0. H. (1966). Experimental alterations in gastric
mucosal cellular population in dogs. J. Amer. med. Ass., 197,
113-1 17.

Sircus, W. (1960). The aetiology of peptic ulceration. In Peptic
Ulceration: A Symposium for Surgeons, deited by C. Wells
and J. Kyle, pp. 11-36. Livingstone, Edinburgh.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.10.10.774 on 1 O

ctober 1969. D
ow

nloaded from
 

http://gut.bmj.com/


778 Michael D. Kaye, Peter Beck, John Rhodes, and Peter M. Sweetnam

Soergel, K. H., and Hogan, W. J. (1964). Rationale for the use of
anticholinergic agents in the management of duodenal ulcer.
Amer. J. dig. Dis., 9, 657-664.

Sun, D. C. H. (1962). Comparative study on the effect of glycopyr-

rolate and propantheline on basal gastric secretion. Ann. N. Y.
Acad. Sc., 99, 153-157.

Walder, A. I. (1968). Experimental achlorhydria: techniques of
production with parietal cell antibody. Surgery, 64, 175-184.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.10.10.774 on 1 O

ctober 1969. D
ow

nloaded from
 

http://gut.bmj.com/

