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Parietal cell hyperplasia induced by long-term
administration of antacids to rats
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SUMMARY Suspension of magnesium and aluminum hydroxide (30-60 mEq/24 h) or a comparable
volume of water was orally administered by gastric intubation to two groups of 20 male wistar rats
each over 60 days. The antacid treatment led to a significant increase in the height (0-464 + 0-02 mm
v. 0-318 ± 0 06) and in the volume (472 ± 32 mm3 v. 328 ± 45) of the fundic mucosa ofthe stomach,
in the average count of parietal cells per unit area of the mucosa (32-37 ± 1 8 v. 22-3 + 1 6), and in
the total parietal cell population of the stomach (53-6 + 3.5 x 106 v. 43-2 + 3.7 x 106). Furthermore
fasting serum gastrin concentration was significantly higher in the antacid treated rats (81.2 + 7.4
pg/ml) than in control animals (56-9 ± 6-9 pg/ml).

It is known that a feedback mechanism governs the
relationship between antral gastrin release and
intraluminal gastric pH (Walsh et al., 1975).
Furthermore, gastrin exerts a trophic influence on
the gastric mucosa with increase in the parietal cell
mass (Crean et al., 1969). Therefore it is tempting to
speculate that long-term antacid administration may
cause parietal cell hyperplasia by increasing fasting
serum gastrin concentrations.
The present investigation was indertaken to

examine this hypothesis. Serum gastrin levels and
parietal cell mass weredetermined in rats submitted to
prolonged periods ofintensiveantacid administration.

Methods

Forty male rats of Wistar strain aged about 6 weeks
and weighing between 100 g were used. All the
animals were allowed to feed ad libitum on the same
diet of standard rat cake. The animals were divided
in two groups each of 20 rats. One group (A) received
antacids, the other (B) was the control. A suspen-
sion of magnesium and aluminum hydroxide
(Maalox) was used as antacid. An amount of the
antacid capable of neutralising 2 mEq HC1 was
instilled by intubation into the stomach seven to
eight times daily in each rat from 8 a.m. to 8 p.m.
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The animals of group B received each time and by
the same procedure a comparable volume of water.
During the night each animal was housed in a
separate cage and the antacid suspension was the
only drinking fluid available to the rats of group A.
12-2 ± 6-4 ml/12 h of antacid (corresponding to
31-47 ± 16-51 mEq) and 19-3 ± 3.9 ml/12 h of
water were the mean amounts of drinking fluid
consumed during the nights by each rat of group A
and group B respectively.
During the experiment nine rats of group A and

seven ofgroup B died and were discarded. The morta-
lity was caused mostly by tracheal aspiration and was
observed in both groups mostly during the first few
days of the experiment and later dropped off,
probably because, as the animals grew up, intubation
was easier. The survivors remained well. They all
gained weight at a rate which was just below the
average for intact animals of the same colony. The
rats were killed by chloroform on the 60th day from
the start of the treatment schedule. Blood was with-
drawn directly from the heart for serum gastrin
determinations. Serum was stored in the deep-freeze
(-25°C) until analysis. The concentration of
gastrin in serum was determined by radioimmuno-
assay for human gastrin as previously described
(Mazzacca et al., 1974).

HISTOLOGICAL EXAMINATIONS
The stomach was removed as quickly as possible
after death and was opened along the greater
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curvature, washed, and pinned flat with the serosal
surface downward in such a way as to eliminate
mucosal folds and fixed in the flattened position by
immersion in formol-saline. After fixation the
flattened specimens were removed and trimmed
carefully to separate the fundus from the antrum
(in the rat the fundus and antrum of the stomach are

readily distinguished from one another by the
naked eye). The fundic area was then traced carefully
on white paper and the area was determined by four
consecutive readings with a planimeter. The measure-
ments were reproducible within the limits of error of
the order of 5 %Y. Six full thickness strips of the gas-

tric wall were removed from each fundus parallel
to the axis of the curvatures. Longitudinal sections
ware cut at 3,u from each strip at right angles to the
surface of the mucosa. The sections were stained by
the method of Marks and Drysdale (1957) as modified
by Naik et al. (1971). The various gastric mucosal
secretory cells are well differentiated with this
technique, the mucous cells take up red stain; peptic
cells blue; and parietal cells yellow. Cell counts were

done using a calibrated ocular grid (magnification
x 900). Counts were made of all parietal cell nuclei
or nuclear fragments seen in a column of tissue
0-1 mm broad and extending from the base to the
surface of the mucosa. Five counts from randomly
selected fields were made on each section and an
'average count per unit area' was calculated for
each stomach by dividing the number of cells seen

by the number of counts made. Mucosal height from
surface to muscularis mucosa was measured at
intervals of 4 mm along the length of each section
using the calibrated eyepiece and an average mucosal
height was calculated for each stomach. The 'average
cell count per unit area' was corrected for tissue
shrinkage from dehydration and the embedding
process (Card and Marks, 1960).

Furthermore, to compensate for the inclusion of
nuclear fragments, a correction factor for nuclear
over-estimation was calculated (Abercrombie, 1946).
after estimating the actual thickness of the mucosal
section (Morengo, 1944) and the mean nuclear
length. The corrected count per unit area was thus
obtained by multiplying the observed count x

shrinkage factor x correction factor for nuclear
over-estimation. The average corrected count per
unit area was then referred to the total surface area

of the fundus to give an estimate of the total parietal
cell population of the stomach. The volume of the
fundic mucosa was calculated as the product of the
surface area by the mean height of the mucosa.

ERRORS AND STATISTICAL ANALYSIS
The source of error in the cell counts due to sub-
jective bias was eliminated by coding each rat

according to a set of random numbers known only
to one of us, so that all of the steps involved from
removing stomach to the actual calculation of the
results were carried out in ignorance of the identity
of the stomach under consideration. Sampling
errors are another source of error which might
influence the results obtained in the investigation.
Distribution of parietal cells could be variable; if so,
the sample strips might not be truly representative of
the entire fundic mucosa. To test this, actual varia-
tion in the 'average count per unit area' in the data
taken from all the rats of the experiment representing
22 stomachs or 132 individual strips was examined by
the method of analysis of variance. The results
(Table 1, S) show that there was no significant
variation in the values obtained between the six
sites sampled in individual stomachs. The reliability
of the sampling procedure was further supported by
the absence of any significant variability of the
effects of treatments on average 'count' per unit area
among the six sites sampled in individual stomachs
(Table 1, TS).

Table 1 Statistical evaluation by analysis of variance
of average corrected numbers ofparietal cells per unit
area from 22 rats in study

Variation Analysis of variance

Degree of Sum of Variance Value for
freedom squares P

Strips (S)* 5 56 31 11-26 NS
Treatment (T)t 1 3120-94 3120-94 <0-001
Interaction 5 92-18 18-44 NS

strip-treatment (TS)j
Error 120 1712-65 14-27
Total 131 5002 08

*Variation in average 'count' per unit area among six sample strips
from 22 stomachs representing the two rat groups of the investigation.
tComparison of average 'count' per unit area between antacid-
treated group and controlled group.
tVariation of the effects of treatment on average 'count' per unit
area among six sample strips from 22 stomachs representing the two
rat groups of the investigation.

For comparing average corrected numbers of
parietal cells per unit area between the control group
and the antacid-treated group the method of analysis
of variance was also used. Statistical analysis of the
other parameters (surface area, height, and volume
of fundic mucosa; total parietal cell population;
serum gastrin) was performed using Student's
t-test. The significance level was fixed by P < 0-05.

Results

As shown in Tables 1 (A) and 2 the average number
of parietal cells per unit area, the total parietal cell
population, the height, and the volume of the fundic
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mucosa were significantly increased in the antacid
treated group of rats compared with the controls.
The fundic surfaces were not significantly different
in the two groups of rats. Therefore the increase in
the total parietal cell population observed in groupA
could be due only to an increase in the number of
parietal cells per unit area. This means that there was
an increase in the number of parietal cells in gastric
glands; this effect, in turn, implies an increase in the
height of the glands and it probably explains the in-
crease in the height of the fundic mucosa.
Table 3 shows that the mean fasting serum gastrin

concentration was significantly higher in group A
in comparison with the value observed in the control
group.

Table 2 Effect of long-term antacid administration on
gastric mucosa in rat

Parameters Group A Group B Value of
p

Bodyweight (g)
Initial 103-2 14-6 104-4 ± 165
Final 282-1 16-3 303-6 15-6

Surface area of 10-32 ± 058 10-21 0-62 NS
fundus (cm')
Fundic mucosa
Height (mm) 0464 + 0-02 0-318 + 0-06 < 0-001
Volume (mm') 472-0 ± 32-0 328-0 ± 45 0 < 0 001

Average corrected 32-37 t 1-8 22-3 ± 1-6 < 0 001
number of parietal
cells per unit area
Total parietal 53-6 i 3 5 43-2 ± 3-7 < 0-001
cell population
( x 106)

Group A: antacid treated rats.
Group B: controls.

Table 3 Fasting serum gastrin concentrations in
antacid-treated rats (group A) and in controls (group B)

Group of rats Serum gastrin (pg/ml) P
(mean ± SD)

A 81-2 7-4 <0001*
B 56 9 6-9

Compared with group B.

Discussion

Our study shows that prolonged and intensive
administration of antacids led both to an increase of
fasting serum gastrin concentration and to an
increase in the total parietal cell population of the
stomach. The increase in the total parietal cell
population appeared to be due to an increased
number of parietal cells in the gastric glands.

Gastrin exerts trophic influence on parietal cells
(Walsh et al., 1975) and prolonged injection of
pentagastrin has been shown to cause parietal cell

hyperplasia in rats (Crean et al., 1969; Isenberg et al.,
1973). Therefore it is likely that, in our antacid
treated rats, the increase in the total parietal cell
population was causally related to the increase of
serum gastrin concentration. However, in this
regard it should be stressed that secretion of gastrin
has been shown to occur in some animal species with
a circadian rhythm (Wiesenfeld et al., 1977).
Whether in our rats antacid administration abolished
gastrin biorhythm is unknown. Furthermore, some
data in the literature suggest the presence in the rat
of a unique mammalian gastrin which is larger than
heptadecapeptide and with a longer half-life
(Holmquist et al., 1977).
We did not evaluate gastric acid secretion in our

rats. Therefore the possibility that, in rats of group
A gastric acid output did not rise in parallel to the
increase in total parietal cell population cannot be
ruled out. It is of interest that Hall (1976) recently
suggested that the additional parietal cells produced
by the trophic action of hypergastrinaemia are
ineffective.

In conclusion, in our experimental model long-
term intensive antacid administration caused parietal
cell hyperplasia. Whether intensive therapy with
antacids may have a similar effect in man remains
speculative.

Addendum

Since submitting this paper for publication, Witzel
et aL. (1977) have published a paper showing that in
rat prolonged metiamide administration leads to an
increase in the parietal cell mass, probably via
hypergastrinaemia.

The authors wish to thank Professor A. Mango,
professor of statistics at the University of Naples, for
his contribution to the statistical evaluation.
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