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Mucosal changes in gastric ulceration and their
response to carbenoxolone sodium
H. W. STEER' AND D. G. COLIN-JONES2

From Southampton University Medical School

SUMMARY The epithelial differences between the normal stomach (six subjects) and 47 patients with
gastric ulcers were compared. The concentrations of intraepithelial lymphocytes and polymorpho-
nuclear leucocytes in lesser curve and prepyloric gastric ulcers were compared, and the effect of
treatment with carbenoxolone sodium was studied. There is a statistically significant reduction in the
total number of intraepithelial polymorphonuclear leucocytes before and after successful treat-
ment with carbenoxolone sodium. There is also a statistically significant decrease in the quantity of
intraepithelial lymphocytes in those patients with lesser curve gastric ulcers successfully treated with
carbenoxolone sodium, whereas there is a significant increase in those patients with prepyloric
gastric ulcers successfully treated and those patients in whom treatment failed. The value of counts
of migrating white blood cells as a method of objectively assessing the effect of healing drugs upon
the gastric mucosa is discussed.
Pseudomonas aeruginosa was found in many specimens obtained, and evidence is presented that

this was not a contaminant. Carbenoxolone appeared to increase the amount of mucus but had
little effect upon the number of bacteria found. The possible contribution ofPseudomonas aeruginosa
to gastric ulceration is discussed.

The gastric mucosal barrier may be damaged inmany
ways. Amongst the causes of damage to the mucosa
are the regurgitation of duodenal contents, includ-
ing biliary reflux (Capper, 1967; Rhodes, 1972), and
the ingestion of aspirin (Rhodes, 1972). Bacterial
contamination of the gastric aspirate has been
reported by Giannella, Broitman, and Zamcheck
(1972), particularly where there is hypochlorhydria.
It has been shown that patients with gastric ulcers
tend to have a lower gastric acid output than normal
(Baron, 1963).

Doll, Hill, Hutton, and Underwood (1962)
demonstrated the beneficial effect of carbenoxolone
sodium upon the healing of gastric ulcers, and
numerous attempts have been made to determine
how this effect is mediated. There is said to be an
increased quantity of gastric mucus in the gastric
mucosa after treatment with carbenoxolone sodium
(Goodier, Horwich, and Galloway, 1967). As-
sociated with this increased mucus production, there
is an alteration in the molecular constitution of the
mucus (Gheorghiu, Frotz, and Klein, 1971).
Carbenoxolone sodium also increases the life span
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of epithelial cells of the gastric mucosa (Lipkin,
1970).
Gear, Truelove, and Whitehead (1971) failed to

demonstrate any change in the gastritis present in the
gastric biopsies from patients whose medical treat-
ment included carbenoxolone sodium. Similarly,
Thomas, Hall, and Hislop (1972) found that
carbenoxolone sodium did not produce any change
in either the cellular infiltration or the type of
gastritis noted before its administration.
The first part of this investigation examines the

relationship between the activity of the gastritis,
bacteria and gastric ulceration. The second part
evaluates the effect of carbenoxolone sodium upon
the gastric mucosa in gastric ulceration.

Patients and Methods

Forty-seven patients with benign gastric ulceration
and six normal patients are included in our study.
The six controls were patients who had had a
gastroscopy during the investigation of abdominal
pain. In all cases the gastric appearances were
normal and the final diagnosis in no way involved
the stomach. Biopsies were obtained at gastro-
scopy from 26 patients with ulceration of the lesser
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curvature of the stomach and from 13 patients with
prepyloric ulceration. Specimens were taken from
five regions of the stomach-prepylorus, incisura
angularis, high on the lesser curve, high on the
greater curve, and at the edge of the gastric ulcer.
In addition, material was obtained from eight
patients with lesser curve gastric ulceration at the
time of partial gastrectomy. This tissue was pro-
cessed for light microscopic as well as electron micro-
scopic studies.

Sixteen patients were studied before and after
treatment with carbenoxolone sodium. These were 12
patients (eight lesser curve gastric ulcers and four
prepyloric gastric ulcers) successfully treated with
carbenoxolone sodium and four patients in whom
the treatment failed. The biopsies were taken from
the five regions of the stomach previously described
and in five patients duplicate biopsies were taken so
that one could be processed for electron micro-
scopic study and the other for histological and histo-
chemical examination.
The specimens used for the histological and histo-

chemical examination were fixed in phosphate-
buffered 10% neutral formalin at 4°C for 24 hours.
The tissues were dehydrated in a graded series of
ethyl alcohol solutions, cleared in benzene and
embedded in paraffin wax. Sections 6 ,um thick were
cut and stained with haematoxylin and eosin, by
the periodic acid-Schiff reaction (McManus, 1948),
or by the Gram stain. The sections were then
examined with the light microscope.
The material used for both light and electron

microscopic studies was immediately fixed in 5%
cacodylate-buffered glutaraldehyde (pH 7 3) for
four to 24 hours at 4°C and then rinsed in cacodyl-
ate-buffered 10% sucrose (pH 7 3) for 24 hours at

4°C. Postfixation was carried out in veronal acetate-
buffered 1 % osmium tetroxide (pH 7 3) for two
hours at 4°C after which the specimens were rinsed
in chilled tap water (4°C), dehydrated in a graded
series of ethyl alcohol solutions, cleared in propylene
oxide, and embedded in Araldite. Following this
initial embedding, the blocks were trimmed,
orientated and re-embedded in previously pre-
pared moulds so that sectioning was at right angles
to the luminal surface of the biopsy.

Sections 1 p,m thick were cut with a glass knife on
an ultramicrotome and stained by the method of
Richardson, Jarett, and Finke (1960). These
sections were examined with a light microscope and
cell counts were made with the aid of a calibrated
grid square so that the number of polymorpho-
nuclear leucocytes and lymphocytes in 0 0001 mm2
of the gastric epithelium could be determined. All
sections were coded so that the specimens were
examined blind. In addition, the number of bacteria
related to 0 625 mm2 of gastric epithelium was
calculated. The mucus content was assessed qualita-
tively from sections stained with methylene blue.
Certain limited areas were selected from which
sections approximately 25 nm thick were cut,
stained with 1% uranyl acetate and Reynold's lead
citrate, and examined with a Philips 300 electron
microscope. Statistical analyses, using Student's
t test for paired and unpaired samples, were done on
these calculations.

Results

The histological appearances of the gastric mucosa
in normal people and those with gastric ulceration
differ. The differences associated with the gastric

Fig 1 Mucosa from high on the
lesser curve ofa patient with a
lesser curve gastric ulcer.
Numerous bacteria (B) are related
to the gastric epithelium (E).
Polymorphonuclear leucocytes
(PNL) are migrating through the
gastric epithelium. Section stained
with methylene blue Azur 11.
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epithelium include the occurrence of bacteria in those
patients with gastric ulceration and the migration
of cells through the gastric epithelium.

BACTERIA
Gram-negative bacteria (figs 1 and 2), up to about

3 ,um long and about 05 ,um wide, are related to the
gastric mucus-secreting cells in patients with gastric
ulceration. The bacteria frequently occur in clusters
and are found over extensive areas of the gastric
mucosa but are not universally distributed over the
surface of the stomach. These bacteria have not been

Fig 2 Bacterium (B) related to the surface ofa gastric mucus-secreting cell (E). The bacterium has been sectioned
transversely. Mucus (M) can be seen in the gastric lumen.
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seen in the biopsies from normal stomachs. In
patients with gastric ulceration the bacteria are
situated on the luminal surface of the epithelial cells
and are normally related to the surface epithelium
but are also seen in the necks of the gastric glands.
They are found deep to the mucous layer covering
the gastric mucosa. The gastric mucus-secreting cells
related to these bacteria appeared to have a decreased
mucus content compared with the gastric mucus-
secreting cells of the normal stomach. We have
found that bacteria are not related to the goblet cells
and are absent from areas of intestinal metaplasia.

Bacteria have been observed in specimens ob-
tained at operation for gastric ulceration as well as
in the biopsies obtained at gastroscopy. In addition,
the phagocytosis of these bacteria by polymorpho-
nuclear leucocytes has been seen occasionally (fig 3).
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Fig 3 Polymorphonuclear leucocytes (PNL) in the
gastric lumen. Numerous bacteria (B) have been
phagocytosed by these cells. Section stained with
methylene blue Azur 11.

Further identification of these bacteria was under-
taken. The microorganisms were cultured on blood
agar, McConkey's medium and cetrimide agar. The
microorganisms are Gram-negative bacilli, motile,
oxidase-positive, produce acid in glucose peptone
water and produce ammonia from arginine. These
results indicate that the bacterium is Pseudomonas
aeruginosa. The presence of bacteria in relation to
the gastric epithelium was confirmed when these
specimens were examined with the electron micro-
scope (fig 2).
The distribution of the bacteria in the stomach is

variable and differs with the type of gastric ulcera-
tion. The relative distribution of the bacteria can be
determined by counting the number of bacteria
related to a given surface area of epithelium. Patients
with lesser curve gastric ulcers can be divided into
three categories (table I); those patients (62%) with
the maximum number of bacteria at the incisura
angularis, those (19%) with no specific site of
maximum density, and those with no bacteria
present in any of the biopsies (19 %). There is no
statistically significant difference between the number
of organisms found at comparable regions of the
stomach in either of the first two categories.

Patients with prepyloric gastric ulceration have
the maximum number of bacteria in those specimens
from the region adjacent to the ulcer. There is no
statistically significant difference between the
number of bacteria found at comparable regions of
the stomach when comparing prepyloric ulceration
with either type of lesser curve gastric ulceration.

POLYMORPHONUCLEAR LEUCOCYTES
Cells migrate through the gastric epithelium. In the
normal human stomach this is restricted to the
occasional lymphocyte. In patients with gastric
ulceration there is a considerable increase in the
number of cells migrating through the gastric epithe-
lium, the majority of them are polymorphonuclear

Bacteria

Ulcer Prepyloric Incisura High
Edge Lesser

Curve

High
Greater
Curve

Polymorphonuclear Leucocytes

Ulcer Prepyloric Incisura
Edge

High High
Lesser Greater
Curve Curve

Lesser curve gastric ulcer 360-0 261-8 603-1 251-7 290-9 26-6 4-4 18-1 14-1 5 2
(type A) + 142-7 ± 115-4 ± 165-0 ± 111-0 ± 149-7 ± 6-8 + 16 ± 5-1 ± 5-3 ± 1 8

Lesser curve gastric ulcer 185 0 144-7 295-5 296-7 142-7 8-5 18-3 7-2 19 3 10-5
(type B) ± 139-0 ± 69-0 + 144-6 + 180-0 i 131-0 i 6-3 ± 11-3 ± 6-3 ± 14 3 + 6-9

Prepyloric gastric ulcer 389-7 292-3 256-8 144-9 219 2 4 1 2-9 1-7 0 7 1-8
± 2127 ± 138-0 ± 1309 + 930 ± 72-8 ± 19 i 1-2 + 09 05 ± 09

Table I The distribution of bacteria in patients with gastric ulceration with the corresponding distribution of
polymorphonuclear leucocytes'
'Figures are the numbers of organisms/0 625 mm2 E their standard error (± SE) and the numbers of polymorphs/0-0001 mm" (i SE)

Type of Ulceration
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leucocytes and lymphocytes. The polymorpho-
nuclear leucocytes migrate from local blood capil-
laries into the surrounding connective tissue. They
subsequently pass into the overlying epithelium and
are ultimately shed into the gastric lumen. No
polymorphonuclear leucocytes were found migrat-
ing through the gastric epithelium in the normal
stomachs we studied.
The number of polymorphonuclear leucocytes in

the gastric epithelium varies with the type of
gastric ulceration and with the area of the stomach
which has been biopsied. The relative concentration
of polymorphonuclear leucocytes in different speci-
mens can be calculated by determining the number
of these cells in a given area of gastric epithelium.
The pattern of distribution of intraepithelial poly-
morphonuclear leucocytes in patients with lesser
curve gastric ulcers can be divided into three main
categories: those patients (62%) with a maximum
number of intraepithelial polymorphonuclear leuco-
cytes adjacent to the ulcer (type A) (table I), those
(19%) with a minimum number of intraepithelial
polymorphonuclear leucocytes adjacent to the ulcer
(type B), and (19%) with no migrating polymorpho-
nuclear leucocytes in any of the biopsy specimens.
There is no statistically significant difference be-
tween comparable areas in either type A or type B
patients. However, when different areas are com-
pared in patients with a type A lesser curve gastric
ulcer it is found that there is a statistically significant
difference between the ulcer edge and the prepylorus
(p < 001), the ulcer edge and high on the greater
curve (p < 001), the prepylorus and the incisura
angularis (p < 002), as well as the incisura angularis
and high on the greater curve (p < 005).
In those patients with prepyloric ulceration the

pattern of distribution of the migrating poly-
morphonuclear leucocytes conforms to a single type:
there is a maximum number of intraepithelial
polymorphonuclear leucocytes adjacent to the
prepyloric ulcer (table I). There are fewer migrating
polymorphonuclear leucocytes than in patients hav-
ing lesser curve gastric ulcers. When patients having
the type A lesser curve gastric ulcer are compared
with those having a prepyloric gastric ulcer there is a
statistically significant difference between the
biopsies from the ulcer edge (p < 001), the biopsies
from the incisura angularis (p < 001), and the
biopsies from high on the lesser curve (p < 0O05).

LYMPHOCYTES
Lymphocytes migrate through the gastric epithe-
lium. These lymphocytes are small lymphocytes and
appear to originate from neighbouring lymphoid
follicles in the gastric mucosa. The relative quantity
of lymphocytes migrating through the gastric

epithelium is determined by calculating the number
of lymphocytes in a given area of gastric epithelium
and comparing the results obtained from patients
with the different types of gastric ulcers. Lympho-
cytes occur in small quantities in the gastric epithe-
lium of the normal stomach but in gastric ulceia-
tion the number of intraepithelial lymphocytes is
increased. There is no specific pattern in the distribu-
tion of intraepithelial lymphocytes in type A lesser
curve gastric ulcers, in type B lesser curve gastric
ulcers, and in patients with prepyloric gastric ulcers.
There appear to be similar quantities in all regions
and there is no statistically significant difference
between the various kinds of gastric ulceration.

EFFECT OF CARBENOXOLONE SODIUM
In the 16 patients studied before and after treatment
with carbenoxolone, there was an increase in the

Fig 4 Mucosafrom high on the greater curve ofa
patient with a lesser curve gastric ulcer. A is that
specimen taken before treatment and B is the specimen
obtained 10 weeks later after successful treatment with
carbenoxolone sodium. The gastric mucus-secreting cells
(E) have PAS-positive mucus (M) at their luminal
surface. Section stained by the periodic acid-Schiff
reaction.

594



Mucosal changes in gastric ulceration and their response to carbenoxolone sodium

quantity of periodic acid-Schiff-positive material on
the luminal surface of the gastric mucosa and also an
increase in the amount of periodic acid-Schiff-
positive material within the gastric mucus-secreting
cells. Similar regions of the stomach in the same
patient before and after treatment with carbenoxo-
lone sodium are shown in figure 4. There was an
increase in the thickness of the periodic acid-Schiff-
positive material from about 5 ,um to about 15 ,um.
Before treatment with carbenoxolone sodium the
gastric mucosa in the region of gastric ulcers tends
to show the maximal epithelial derangement with
considerable migration of intraepithelial cells.
After treatment with carbenoxolone sodium, the
surface epithelium attains a more ordered
appearance and the number of migiating intra-
epithelial cells appears to decrease.
An attempt has been made to quantitate the

changes induced by carbenoxolone sodium. The
number of migrating intraepithelial cells of a specific
type (polymorphonuclear leucocytes or lymphocytes)
can be calculated for a given area of gastric epithe-
lium and the quantity in an individual patient before
and after treatment with carbenoxolone sodium
compared. Thus, the increase or decrease in the
number of cells caused by treatment in a particular
region of the stomach is determined.

Successful treatment with carbenoxolone sodium
decreased the number of intraepithelial polymorpho-
nuclear leucocytes in those patients with lesser curve
gastric ulcers (table II) and in the prepyloric ulcer
patients. There is a statistically significant difference
(p < 0-05) between the number of intraepithelial
polymorphonuclear leucocytes before and after
successful treatment with carbenoxolone sodium
when the number migrating in all five specimens is
analysed. There is also a decrease in those patients
in whom the treatment with carbenoxolone sodium
had failed. The relative quantity of this decrease in
the number of migrating polymophonuclear leuco-
cytes will depend upon the initial quantity of these
cells migrating through the epithelium before treat-

ment with carbenoxolone sodium. Thus, there is a
smaller absolute decrease in those patients with
prepyloric gastric ulcers.
The uniformity of response as depicted by the

polymorphonuclear leucocytes is not apparent when
considering intraepithelial lymphocytes. Successful
treatment with carbenoxolone sodium in patients
with lesser curve gastric ulcers produces a statistic-
ally significant decrease (p < 0-05) in the number of
intraepithelial lymphocytes (table II), a decrease
even more significant when the prepyloric biopsies
are analysed (p < 0-01). In patients with prepyloric
gastric ulcers successfully treated with carbenoxo-
lone sodium and in those patients in whom the
treatment failed there is a statistically significant
increase (p < 0-05) in the number of intraepithelial
lymphocytes. Comparison of the intraepithelial
lymphocyte response to carbenoxolone sodium in
successfully treated gastric ulcers reveals a statistic-
ally significant difference between the lesser curve
gastric ulcers and the prepyloric ulcers in the
biopsies from the prepylorus (p < 0-001) and the
incisura angularis (p < 0-05). When comparing the
patients with lesser curve gastric ulcers successfully
treated with those patients whose ulcers failed to
respond to carbenoxolone sodium, there is a

statistically significant difference between the biop-
sies taken from the ulcer edge (p < 0-05), the
prepylorus (p < 0-01) and high on the lesser curve
(p < 0-05). There is no statistically significant
difference in the behaviour of the intraepithelial
lymphocytes of patients with prepyloric ulcers
successfully treated with carbenoxolone sodium:
these two types behave in a similar manner when
considering intraepithelial lymphocyte migration.
The bacteria observed in the stomachs of patients

with gastric ulceration do not disappear upon suc-

cessful treatment of the patient with carbenoxolone
sodium. Generally, the number of bacteria tends to
decrease but there is no statistically significant
difference found.

Net Change Lymphocytes Polymorphonuclear Leucocytes

Ulcer Prepyloric Incisura High High Ulcer Prepyloric Incisura High High
Edge Lesser Greater Edge Lesser Greater

Curve Curve Curve Curve

Lesser curve gastric ulcer, - 4 - 11-1 - 18-4 - 15-2 + 2-6 - 13-7 - 10-1 -6-6 -24-5 - 54
successful treatment (± 3-4) ( 3-0) ( 10-7) (± 8-1) (± 4-8) (i 9-5) (i 12-4) (+ 8-2) (+ 15-8) (+ 28)
Prepyloric gastric ulcer, + 18-0 + 36-3 + 21-8 + 19-2 - 14-2 - 2-0 - 1-3 0
successful treatment (± 5-9) (± 24-5) (± 19-3) (± 10-4) (t 12-2) (± 2-0) (+ 1-3) (i 0)
Gastric ulceration, + 49-6 + 23-4 -3-4 + 46-7 + 18-9 + 9-2 - 52 - 13-0 - 12-5 -2-6
failed treatment (± 34-5) (± 14-6) (± 3-1) (+ 32-4) (+ 26-1) (+ 11-0) ( 4-0) (± 12-9) (+ 12-5) (+ 55)

Table 11 The effect of carbenoxolone upon the migration of lymphocytes and polymorphonuclear leucocytes
through the gastric epithetium'
1Figtures are the numbers of cells/0-000l mm" ± their standard error.
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Discussion

Bacteria have been observed in the biopsies from
about 80% of patients suffering from gastric ulcera-
tion. The microorganism has been identified
bacteriologically as Pseudomonas aeruginosa. The
possibility that the bacteria are contaminants intro-
duced at the time of biopsy is unlikely. They have
been seen in specimens obtained at open operation
(not involving the use of a gastroscope or gastro-
scopic biopsy forceps) as well as at gastroscopy.
They are not found in all the gastroscopic specimens
and are absent from human stomachs which are
radiologically and gastroscopically normal. They
have a peculiar localization, being limited to the
mucosal surface of the specimens and occurring at
this surface on the deep aspect of the covering mucus
as well as in the gastric pits. They are not found on

the superficial surface of the gastric mucus which is
that surface coming into contact with the biopsy
forceps and are absent from the surfaces of the
biopsy which are not the luminal surface. The
bacteria are not found related to areas of intestinal
metaplasia. Some bacteria have been phagocytosed
by polymorphonuclear leucocytes. It is difficult
to explain these observations if the bacteria are
contaminants because the biopsies are immediately
placed in fixative. For these reasons the ability
to culture Pseudomonas aeruginosa from gastroscopes
(Axon, Phillips, Cotton, and Avery, 1974) cannot
explain the present results.
A recent analysis of bacteria in gastric aspirates

(Giannella et al, 1972) has revealed a significant in-
crease in patients with hypochlorhydria when
compared with normal patients. The inability of
these authors to detect significant numbers of
Pseudomonas aeruginosa could be related to the
fact that they did not culture the gastric mucosa and,
as already stated, the microorganisms are related to
the deep aspect of the gastric mucus; they do not
seem to thrive in the superficial aspect related to the
gastric fluid. Associated with the findings of bacteria
in the gastric aspirates of patients with hypo-
chlorhydria, it has been shown that patients with
gastric ulcers tend to have a lower gastric acid out-
put than normal subjects (Baron, 1963). The
regurgitation of duodenal contents into the stomach
has recently been increasingly studied as an aetio-
logical factor in gastric ulceration. Higher con-
centrations of bile salts have been found in the
gastric aspirate of patients with gastric ulcers than in
normal controls (Du Plessis, 1965; Capper, 1967;
Rhodes, Barnardo, Phillips, Rovelstad, and
Hofmann, 1969). Lysolecithin, a phospholipid
which is produced when pancreatic juice and bile
mix in the duodenum, has been found in significantly

greater quantity in the gastric aspirate of patients
with gastric ulcer than in normal controls (Johnson
and McDermott, 1974).
Pseudomonas aeruginosa is a Gram-negative

bacterium which grows successfully in culture media
containing bile salts. Thus, the regurgitation of
duodenal contents into the stomach would not
inhibit the growth of this microorganism in the
stomach. Pseudomonas aeruginosa has been found in
those areas of the stomach which are subjected to
biliary reflux. At these sites they are not exposed to
the maximal effect of the gastric secretion. Another
criterion for the growth of this microorganism in the
stomach is the presence of mucus produced by the
gastric mucus-secreting cells; they were not found
in relation to the goblet cells of intestinal meta-
plasia. The greatest quantity occur either at the site
of gastric ulceration, adjacent to the gastric ulcer, or
between the pylorus and the gastric ulcer. Their
preferential location deep to the gastric mucus
protects them from the hostile environment of the
gastric secretion, especially as biliary reflux is
considered to be an intermittent variable pheno-
menon (Capper, 1967). The tendency to find the
maximum concentration of bacteria nearer the
pylorus in prepyloric ulceration compared with lesser
curve ulceration is consistent with the greater degree
of hypochlorhydria associated with lesser curve
ulceration (Baron, 1963). Pseudomonas aeruginosa is
known to attack several carbohydrates oxidatively
(Wilson and Miles, 1964) but whether it attacks the
carbohydrate moiety of gastric mucus has yet to be
determined. The localization of the bacteria in the
present study indicates its preference for gastric
mucus. If the bacteria are mucolytic they would
decrease any mucus barrier in the stomach and
could contribute to the aetiology of gastric ulcera-
tion. If Pseudomonas aeruginosa does produce a
significant reduction in the gastric mucosal barrier
then the repeated consumption of contaminated
foods and fluids, for example antacids (Robinson,
1971), could be prejudicial to the healing of the
ulcer.
The concentration of polymorphonuclear leuco-

cytes in the gastric epithelium is a measure of the
activity of the gastritis, which represents the insult
to the gastric mucosa by the gastric contents at the
moment of taking the gastric biopsy. It is not surpris-
ing that the concentration of these cells is maximal
at, adjacent to, or near the site of gastric ulceration
where the insult would be expected to be maximal.
The specific causes for the polymorphonuclear

leucocyte migration has not been elucidated but
a single aetiological factor is unlikely. Bacteria have
been identified in association with gastric ulcera-
tion, and the phagocytosis of bacteria by poly-
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morphonuclear leucocytes has been observed but
there is no absolute correlation between the density
of microorganisms and the concentration of poly-
morphonuclear leucocytes on the gastric epithelium.
Indeed, some biopsies show numerous polymorpho-
nuclear leucocytes migrating through the gastric
epithelium without any microorganism related to
that gastric epithelium on our specimens.
Whether Pseudomonas aeruginosa produces a

leucosidin capable of inducing polymorphonuclear
leucocyte migration has yet to be demonstrated.
The quantity of gastric mucus is said to be in-

creased by carbenoxolone sodium (Goodier et al,
1967). There is a considerable increase in the
amount of stainable mucus not only on the surface
of the gastric mucosa but also in the apices of the
gastric mucus-secreting cells of our biopsies.

Carbenoxolone sodium causes a significant reduc-
tion in the total number of intraepithelial poly-
morphonuclear leucocytes in those patients success-
fully treated. There is a statistically significant de-
crease in the quantity of intraepithelial lympho-
cytes in those patients with lesser curve gastric
ulcers successfully treated with carbenoxolone
sodium whereas there is a statistically significant
increase in those patients with prepyloric gastric
ulcers successfully treated and in those patients in
whom treatment failed. We had hoped that the
migration of cells would prove a useful tool for
objectively assessing the effect of healing drugs and
as an indicator of those patients who would respond
to treatment, but the wide range in numbers of
migrating cells yields uncertain results in the
individual case. The present results indicating that
carbenoxolone sodium does have a beneficial effect
on the gastric mucosa are contrary to the observa-
tions of Thomas et al (1972) but these 'investigators
did not carry out any quantitative analysis on intra-
epithelial cell migration.

Carbenoxolone sodium does not significantly
alter the number of bacteria found in the stomach.
However, such an observation is still consistent with
the possibility that Pseudomonas aeruginosa is an
aetiological factor in gastric ulceration. Carbenoxo-
lone sodium is said to increase the amount of gastric
mucus so that the gastric mucosal barrier is in-

creased, but the increase is not associated with an
increased number of bacteria. It is possible that
persistence of these mucolytic bacteria contributes
to the high incidence of recurrent ulceration.

We gratefully acknowledge the encouragement and
facilities afforded to us by Professor D. Bulmer and
the skilled technical assistance of Mr B. Backhouse
and Mr D. Morrison. Dr A. R. MacKenzie kindly
assisted with the bacterial identification.
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