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Maximum acid output to graded doses of
pentagastrin and its relation to parietal cell mass in
Chinese patients with duodenal ulcer
F. C. Y. CHENG, S. K. LAM, AND G. B. ONG

From the Departments of Surgery and Medicine, University ofHong Kong,
Queen Mary Hospital, Hong Kong

SUMMARY In groups of Chinese patients with duodenal ulcer and controls, increasing the dose of
pentagastrin from the standard dose of 6 ug/kg to either 9 ug/kg or 12 ug/kg did not result in any
change in the maximum acid output (MAO). Comparison of the MAO thus obtained with that
reported in series of Occidental subjects suggested that the Chinese subjects had smaller MAO.
Using the method of Card and Marks (1960), the parietal cells of resected stomachs were counted in
a group of Chinese patients with duodenal ulcer. It was found that the parietal cell mass (PCM)
correlated with the MAO, both PCM and MAO were significantly smaller in the Chinese series as
compared with the Scottish series, but the acid output per unit parietal cell mass (MAO per 109
parietal cells) was not different in the two groups. These observations suggested that the Chinese
patients with duodenal ulcer had smaller parietal cell mass compared with the Westerners.

Using a 'standard' dose of histamine acid phosphate
(0-04 mg/kg) as stimulus, the maximum acid output
(MAO) of Indians (Vakil and Mulekar, 1965; Goyal
et al., 1966; Desai et al., 1969) and Singaporean
Chinese (Fung, 1970) was about half the values
obtained in Occidentals, both with respect to normal
subjects and patients with duodenal ulcer. The differ-
ence may be related in part to the doses of histamine
acid phosphate used. In Indians weighing between 40
and 60 kg, doses of histamine acid phosphate of 0 05
mg/kg for normal subjects and 0'06 mg/kg for duo-
denal ulcer patients were required for maximal
stimulation (Desai et al., 1969), while in Singaporean
Chinese the equivalent dose was found to be 0-06
mg/kg (Fung, 1970). Under such maximal stimula-
tion, the Indians but not the Singaporean Chinese in
these studies achieved a maximum acid output which
was comparable with that of the Westerners. The
possibility remains that Chinese may possess a
smaller parietal cell mass as compared with the
Occidentals.

Pentagastrin, at a dose of 6 ug/kg, gives a 'maxi-
mal' acid secretion that is indistinguishable from a
standard dose of histamine acid phosphate (Multi-
centre Pilot Study, 1967; Desai et al., 1970) and
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because of its safety has been regarded as the stimu-
lant of choice (Baron, 1970).

In this study, the effect on acid secretion after a
standard dose of pentagastrin was compared with
doses of 9 ug/kg and 12 ug/kg in a series of Chinese
patients with duodenal ulcer and controls. In addi-
tion, the parietal cell mass of a group of duodenal
ulcer subjects was estimated and correlated with their
corresponding MAO.

Methods

MAXIMUM ACID OUTPUT
Sixty-eight patients with duodenal ulceration proven
by barium studies, endoscopy, and/or subsequent
surgery were studied. In 24 patients the MAO in the
hour after subcutaneous doses of 6 ug/kg and 9 ug/
kg of pentagastrin was measured, and in 44 MAO
was estimated after doses of 6 ug/kg and 12 ug/kg.
Twenty-two healthy subjects acted as controls.
Their MAO was measured after doses of 6 ug/kg and
9 ug/kg pentagastrin.
The procedure of estimating MAO was conven-

tional (Baron, 1973). In all cases, the nasogastric
tube was positioned fluoroscopically. Care was
taken that drugs, particularly anticholinergics, were
withdrawn before the tests. Smoking was prohibited
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during the tests and the subjects were encouraged to
spit out the saliva and not to swallow it. No attempt
was made to measure the loss of gastric juice
through the pylorus nor to prevent duodenogastric
reflux. In each individual, the tests with the stand-
ard and higher doses of pentagastrin were performed
on separate days and the order of 'the tests Was ran-
domised. No side-effect was observed in any subject.

MEASUREMENT OF PARIETAL CELL MASS
Twelve of the patients with duodenal ulcer under-
went partial gastrectomy with the Polya Hofmeister
type of anastomosis. In each case the MAO test was
repeated two weeks after surgery.
The parietal cell mass was estimated using the

method of Card and Marks (1960).

STATISTICAL METHOD
The t test for paired and unpaired data and Chi
square test where appropriate were used. Where
possible comparison of the means of two groups of
MAO was by Wilcoxon's non-parametric test
(Diem and Lentner, 1970).

Results

MAXIMUM ACID OUTPUT (MAO)
There was no significant difference in MAO using

Table 1 Maximum acid output (MAO) to 6 ug/kg
and 9 ug/kg pentagastrin in healthy subjects

No. Age Body weight MAO (mmollh)
(yr) (kg)

6 ug/kg 9 ug/kg

Male 19 44-4a 51.1c 10.61 10 12
±135 ± 61 i 57 i 40

Female 13 46-3b 4853d 9-63 10 9'
±171 i 6-5 4-1 448

Mean ± SD. NS = not significant.
I and 21
3 and 4 LNS a andb N
1 and 3 c anddfNS
2 and 4
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doses of 6 ug/kg pentagastrin in the normal subjects
(Table 1) and the patients with duodenal ulcer irres-
pective of sex (Table 2). Similarly no difference was
observed in the duodenal ulcer patients when doses
of 6 ug/kg and 12 ug/kg pentagastrin were used
(Table 2). In both sexes the mean MAO of duodenal
ulcer patients was significantly higher than the con-
trols (Table 3). The age and body weight of all groups
compared were comparable (Tables 1, 2, 3).

Table 3 Maximum acid output (MAO) to 6 ug/kg
pentagastrin in Chinese patients with duodenal ulcer and
controls

No. Age Body weight MAO
(yr) (kg) (mmol/h)

Duodenal ulcer Male 49 45 5' 54-8C 22-70
±13-2 ±10-7 7-4

Female 19 49.9b 50-5d 21-3f
±11-4 5.9 ±6-5

Normal Male 19 44.4a 5l1Ic 10.6e
±13-5 6-1 5-7

Female 13 46-3b 48-4d 9 6f
±17-1 65 4-1

Mean ± SD. NS = not significant.
aa
bb NS eeP<0-01
cc S ff p < 001
dd J

A significant correlation between MAO and body
weight was observed in the normal subjects and the
patients with duodenal ulcer (Fig. 1).

COMPARISON WITH OTHER SERIES (Table 4)
It can be appreciated that a gross difference is present
between the Western series and the Chinese series,
the latter being fairly comparable with the other
Asian series. Because of variation in the way of ex-
pressing acid output, because the doses of stimulants
used in some studies would give only submaximal
effect, and because of the failure in some reports to
subdivide patients according to sex, statistical com-
parison with the Hong Kong series was deemed
legitimate only in the two Edinburgh series, both

Table 2 Maximum acid output (MAO) to 6 ug/kg pentagastrin compared with 9 ug/kg and 12 ug/kg in Chinese
patients with duodenal ulcer

No. Age Body weight MAO (mmollh) No. Age Body weight MAO (mmol/h)
(yr) (kg) (yr) (kg)

6 ug/kg 9 ug/kg 6 ug/kg 12 ag/kg

Male 19 42-6 54.20 22 51 20-4' 30 47-80 55-1g 22-7' 23 6'
±16-0 ± 8-8 ±76 553 ±10-4 ±119 7-4 i 7-9

Female 5 4458b 51-4d 20-2' 20-8' 14 518g 50-1h 21 77 23-1
±14-0 ± 6-4 ±4-3 9-0 ±10-3 58 7-2 i 7-2

Mean ± SD. NS - not significant.
1 and 2
3 and 4 NS
7 and 6
7 and 8J

1 and 3
2 and 4 NS5 and 7
6 and 8J

a and bi
c and d NS
eand f 1
g and hJ
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Fig. 1 Relation between maximum acid output
(MAO) and total body weight in Chinese normal subjects
and patients with duodenal ulcer.

showing significant differences from the Hong Kong
series.

Furthermore, it was possible to compare the pre-
sent series with the Scottish series of ulcer patients
reported by Lam and Sircus (1975) with respect to
the MAO in relation to body weight. The Scottish
patients had longer ulcer histories and were
heavier. Their MAO in mmol/h/kg body weight
was significantly higher than that of the Chinese
patients in the male subjects but not so in the female
subjects (Table 5). The insignificant differencebetween

md its relation to parietal cell mass 829

the females of the two races is most likely due to
the small number of Chinese females in this study.

PARIETAL CELL MASS
In 12 duodenal ulcer patients, the differences in
MAO before and after gastrectomy were correlated
with the parietal cell counts as estimated from the
resected portions of the 12 stomachs. A significant
correlation was observed (Fig. 2).

30
r = 0.95
P < 0. 001

20

0~~~~~~~~~

0~~~~~~~~~
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0~~~~
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Fig. 2 Relation between maximum acid output and
parietal cell mass calculatedfor the resected stomachs of
12 Chinese patients with duodenal ulcer.

Table 4 Maximum acid output (mmol/hour)l in the present study, in other Asian countries and in Western
countries

Series Test Control Duodenal Ulcer

Place Authors n Male n Female n Male n Female

Glasgow Kay (1953)2 Augmented histamine 25 23-1 - - 103 45 9 - -
Edinburgh Sircus (1960) Augmented histamine 14 22-42 18 14-6b 176 37.5c 61 24-3d
U.K. Baron (1963)3 Augmented histamine 20 21 6 20 13-3 50 42-0 20 32-0
U.S.A. Wormsley and Grossman

(1965)' Histalog 75 34-4 - - 117 42-4 - -
U.K. Johnston and Jepson (1967) Pentagastrin 18 25 0 (mixed d & i) 57 43-0 (mixed d & O)
Edinburgh Lam (1975): Pentagastrin 41 22-3e 38 17-2' 225 34-1e 84 26-4h
India Vakil and Mulekar (1965) Augmented histamine

(submaximal) 83 10-2 68 7 0 24 17 9 8 17-8
India Goyal et al. (1966) Augmented histamine

(submaximal) 22 14 5 (mixed cd & i) 33 24-4 (mixed cd & Y)
Singapore Fung (1970) Augmented histamine

(submaximal) 21 8 0 21 5-2 111 13-6 22 11-9
Hong Kong Present study Pentagastrin 19 10-6' 13 9 6J 49 22-7k 19 21-31

1 Mean values only are listed.
2 Results obtained by converting mg HC1/30 min to mmol/h.
3 Peak acid output (i.e. peak 30 min output x 2).
i and a P < 0 0005 i and e P <0O0005
jandb P <001 jandf P <00005
k and c P < 0-0005 k and g p < 0 0005
1 and d not significant 1 and h P < 0-01
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Table 5 Comparison ofmaximum acid output (MAO), in relation to body weight, age, and duration of ulcer
symptoms between the present series of ulcer patients and a Scottish series*

No. Age Years of symptom Body weight MAO MAO
(yr) (kg) (mmol/h) (mmol/h/kg)

1-10 >10

Chinese Male 49 45 5 13-2' 281 21' 54 8 ± 10-7c 22-7 ± 7-4e 0 47 ± 0-139
Female 19 49-9 1l-4b 11Y 8Y 50 5 ± 5 9d 21-3 ± 6 5' 0-44 ± 0-12h

Scots Male 255 42 5 i 14-3a 91, 164x 71-1 ± 10-5c 34-1 ± 12-3e 0 52 ± 0-149
Female 84 45 9 13-6b 35Y 49Y 56 7 ± 25-8d 26-4 + 10 4f 0-48 ± 0-15h

aa
bb NS
hh (t, = 1-5) ?NS
y (xW = 1.10)
Mean ± SD. NS = not significant.
*As reported by Lam and Sircus (1975).

cc P< 0-0
dd P<001
ee P < 0 0005

ff p<001
gg P < 0-0125
x P <0-01

The MAO and the parietal cell mass of the Chinese
patients were compared with those of the Scottish
patients reported by Card and Marks (1960), and
were found to be significantly smaller. The acid out-
put per unit parietal cell mass, however, was not
different (Table 6).

Discussion

We have found that increasing the dosage of penta-
gastrin from the standard dose of 6 ug/kg to either 9
ug/kg or 12 ug/kg does not result in a further rise or
fall in maximum acid output (MAO) in Chinese
subjects, normal or with duodenal ulcer. This agrees
with the observation of a multicentre study (Multi-
centre Pilot Study, 1967) in six subjects that the acid
output to doses of 6 ug/kg and 9 ug/kg was not signi-
ficantly different. Although we have not tested
whether doses less than 6 ug/kg will produce similar
maximal effects on acid secretion, 6 ug/kg penta-
gastrin appeared to be a safe and suitable standard
dose for Chinese subjects.

Previous studies of the MAO in Indians (Vakil
and Mulekar, 1965; Goyal et al., 1966) and in Singa-
porean Chinese (Fung, 1970), both however using a
submaximal dose of histamine acid phosphate (vide
supra), suggest that the Asians, normal and with

duodenal ulcer, have a smaller acid output when
compared with the reported series of Occidental
subjects. The present study, in which a maximal dose
of pentagastrin is used, reveals similar findings (Table
4) and further supports the concept that the Asians
have smaller MAO. There are several possible ex-
planations.

Firstly, since MAO is a reflection of parietal cell
mass, as indicated by the original findings of Card
and Marks (1960) as well as by the present study
(Fig. 2), our findings would suggest that the Chinese
possess a smaller parietal cell mass than the Occi-
dentals. Comparison of the parietal cell counts on
resected stomachs of duodenal ulcer patients as
observed in this study with those observed by Card
and Marks (Table 5) would further support this
concept. Although the proportion of stomach re-
sected obviously may vary, despite the fact that the
same type of surgery was performed in both series
(Polya Hofmeister), it would appear that the differ-
ence in counts in the two series is too gross to be ex-
plained by such variation. Furthermore, the acid out-
put per unit parietal cell mass is not statistically
different in the Scottish and Chinese patients (Table
5), strongly indicating that the smaller MAO of the
Chinese patients is related to a smaller parietal cell
mass.

Table 6 Comparison of acid secretion and parietal cell counts between Chinese and Scottish* patients with
duodenal ulcer

No. Pregastrectomy MAO (mmol/h) MAOt (mmol/h) Parietal cell count (millions) Acid output/u parietal cell masst

Chinese 12 19g9a 16 7b 654-3c 25-3d
± 6-7 ± 6-9 ± 275-1 ± 4-5

Scots 10 49.8a 40.2b 1307' 28 Od
+23-1 ±177 i 360 i 40

(n = 8)

Mean ± SD. NS = not significant.
a
b .p<0-0005
c J

d NS (t = 1-35)

*as reported by Card and Marks (1960).
tMAO = mean of differences in MAO before and after gastrectomy.
tMAO (mmol/h) corresponding to 10' parietal cells.
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Secondly, MAO is correlated with body weight
both in normal subjects and in patients with peptic
ulcer as observed in the present study (Fig. 1) and
those of others (Baron, 1963; Novis et al., 1973). The
smaller MAO in the present Chinese series therefore
may be related in part to a smaller body weight. The
mean body weight of 54 8 kg for males and 50 5 kg
for females in the present series, as compared with
the generally accepted average of 60-70 kg for the
Westerners would lend some support to the idea. In
fact, the body weight of the Chinese patients in this
series is significantly smaller than the Scots as re-
ported in an Edinburgh series (Table 5). It was
observed that expressing MAO in mmol/hour/kg
total body weight in normal subjects eliminates the
difference in MAO as expressed in mmol/hour in the
two sexes (Lam and Sircus, 1975), as well as the
difference in two ethnic groups (Lam, 1975). Ex-
pressed in this manner the MAO of the Scottish
male patients is still significantly larger, albeit less so
than that of the Chinese male patients, but not so
with respect to the female patients. Furthermore,
MAO has been found to relate to body height
(Hobsley et al., 1975), a factor which the present
study is unable to examine. We believe that size is an
important factor in explaining the racial difference
in MAO.

Thirdly, MAO appears to decrease in the aged
(Baron, 1963; Grossman et al., 1963). As the number
of patients in this series is not large enough to give a
meaningful result on statistical analysis with respect
to increasing age, the effect of age on acid output in
the Chinese subject has not been defined. However,
age is unlikely to be an important factor, as the mean
age in the two sexes in the present series is not appre-
ciably different from that in a Scottish series (Table
4).

Fourthly, acid secretion in duodenal ulcer patients
has been found to be related to the length of ulcer
history (Sircus, 1968; Lam and Sircus, 1975; Hob-
sley et al., 1975). Comparison of the present series
with the Scottish series indeed shows that the patients
in the Scottish series have a longer duration of symp-
toms compared with the Chinese patients and may
thus explain in part their possession ofa larger MAO.

Fifthly, among the duodenal ulcer population,
there is always a group in whom the MAO is within
the range of normality and a group whose MAO is
above this range (Baron, 1970). Expressing MAO in
relation to body weight, the proportion of hyper-
secretors in a Scottish series has been found to be
approximately 50% (Lam and Sircus, 1975), where-
as that in a Chinese series is approximately 30%
(Lam et al., unpublished data). Thus a random
sample of Chinese duodenal ulcer patients would
have a mean MAO which is smaller than that of a

random series of Scottish patients, as there will be
more normosecretors in the former and more hyper-
secretors in the latter. This may be an important
factor in accounting for the apparent discrepancy in
MAO between Chinese and Occidentals.

In conclusion, we have shown that 6 ug/kg penta-
gastrin is a safe and maximal dose for measuring the
MAO in Chinese normal subjects and patients with
duodenal ulcer. We have found that the MAO of the
Chinese patients with duodenal ulcer is appreciably
smaller than that of the Occidentals and that this is
most probably related to their possession of a
smaller parietal cell mass.
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