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Healthy controls have as much bile reflux as gastric
ulcer patients
N E SCHINDLBECK, C HEINRICH, F STELLAARD, G PAUMGARTNER,
AND S A MULLER-LISSNER

From the Medizinische Klinik Innenstadit und Medizinische Klinik II Grosshadern, University of Munich,
Federal Republic of Germany

SUMMARY Data on duodenogastric reflux of bile in gastric ulcer are conflicting. We therefore
measured intragastric bile acid concentration and its composition from individual bile acids,
duodenogastric bile acid reflux rate, gastric emptying rate, and secretion rates of volume and acid
in 30 patients with gastric ulcer and in 66 healthy controls, both in the fasting state and after feeding
a liquid meal. Patients had higher gastric bile acid concentrations (p<O05) than controls in the
fasting state, but the overlap between the groups was considerable. In fasting patients with corpus
ulcer, gastric secretion rates were significantly decreased when compared with controls. There was
no difference between patients and controls with respect to gastric emptying rate, bile acid reflux
rate, intragastric amount of bile acids, and bile acid composition in the fasting state. Postprandially,
all parameters tested were similar in patients and controls. Controls showed high reflux rates with
similar frequency as did ulcer patients. We conclude that increased gastric bile acid concentrations
in the fasting stomach of patients with gastric ulcer are the result of gastric hyposecretion and not of
increased reflux. They probably are pathogenetically irrelevant.

Gastric bile acid concentration has been reported to
be increased in patients with gastric ulcer' When the
pyloric pressure in patients with gastric ulcer was
measured a lack of response to duodenal acidification
was seen. As pyloric pressure has been considered to
be involved in the prevention of reflux, duodeno-
gastric reflux has, on the basis of these results,
been claimed to be increased and to play a major
pathogenetic role in gastric ulcer.'-' We have,
however, previously shown that fractional duodeno-
gastric reflux is similar in controls and in gastric ulcer
patients. "' In order to solve these discrepancies,
the present study was designed to evaluate simul-
taneously bile reflux rates, gastric emptying and
secretion rates, and gastric bile acid concentrations in
reasonably large samples of gastric ulcer patients and
healthy controls.

Address for correspondence: Dr N Schindlbeck. Medizinische
Klinik Innenstadt der Universitait Munchen, Ziemssenstrasse 1.
D-8(XX) Munchen 2, Federal Rcpublic of Gcrmany.

Rcceived for publication 21 Maiy 1987.

Methods

PATI ENTS
Thirty patients (16 men and 14 women) between the
ages of 24 and 85 years with a mean of 55 5 years were
included in the study. All patients had endoscopically
diagnosed gastric ulcer. In 19 patients the ulcer was
located at, or proximal to, the incisura angularis
(type I gastric ulcer according to Johnson,"' sub-
sequently referred to as 'corpus ulcer') and in 11
patients the ulcer was located 3 cm or less proximal to
the pylorus (type III gastric ulcer according to
Johnson," subsequently referred to as 'pyloric
ulcer'). In none of the patients was malignancy
suspected on the basis of macroscopical or histo-
logical findings. No patient had undergone previous
cholecystectomy, gastric resection, or selective
proximal vagotomy.

CONTROLS
The control group consisted of 66 healthy volunteers
(41 men and 25 women, 20-59 years, mean 26 3
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years). None of the controls had any history,
symptoms, or signs of digestive tract disease,
particularly previous peptic ulcer or biliary disease.
The study protocol was approved by the local ethical
committee and informed consent was obtained from
patients and controls.

EXPERIMENTAI PROCEDURE
Experiments were started at 8 30 am after an
overnight fast. A nasogastric tube with an air vent
(Salem sump tube, Ch 14) was positioned with its tip
in the most dependent part of the stomach under
fluoroscopic control. The subject was then laying
prone in the left lateral position. Fifteen minutes
were allowed for the subject to get accustomed to the
tube. Then the gastric contents were aspirated
completely. The volume was measured by differential
weighing in preweighed glass containers and an equal
volume of marker solution consisting of polyethylene
glycol 4000 (PEG) 1% in normal saline was instilled
into the stomach. The time between the beginning of
aspiration and the end of instillation was three
minutes. Twenty seven minutes later the following
procedure was carried out within a time span of three
minutes: the stomach was first evacuated with a
syringe, the volume of the aspirate was measured,
and after thorough mixing a 5 ml sample was taken.
Five millilitres of marker solution (PEG 5% in saline)
were then added and mixed with the gastric juice.
The mixture was reinstilled into the stomach. This
procedure was repeated every 30 minutes over a
period of two hours.

In 40 of the controls and 18 of the gastric ulcer
patients a liquid test meal was instilled into the
stomach immediately thereafter. It consisted of 89 g
of BiosorbinR MCT (Pfrimmer, Germany) made up
to 350 ml with tap water. This amount of Biosorbin
contains 49-1 g of carbohydrate, 19 7 g of protein,
and 13 2 g of fat predominantly in the form of
medium chain length triglycerides; it has 400 kCal.
The test meal was labelled with 100 mg/l of phenol
red. It had an osmolality of 280 mosm/l. One hour
after instillation of the test meal the stomach was
evacuated, the recovered volume was measured, and
samples were taken for subsequent analysis. No
subject gagged or experienced nausea during the
study.

ASSAY PROCEDURES
The concentrations of acid, PEG," phenol red, and
total bile acids' were measured in all samples.
Mixtures of 1 ml aliquots of all fasting samples were
analysed after ultracentrifugation (20 0OOg for 30
minutes at 4°C) for the fractions of total soluble bile
acids and, in addition, by gas liquid chromatography
for individual bile acids and their conjugates as

described below. Postprandial samples were analysed
after ultracentrifugation for the fractions of total
soluble bile acids.

SAMPLE PREPARATION FOR THE FRACTIONATION
OF BILE ACIDS

After thorough mixing, 1 ml gastric juice was diluted
with 8 ml 0-1N NaOH. Bile acids were extracted by
passing this solution through a 100 mg Bond Elute'"'
C18 cartridge (Analytichem Int, Harbor City,
USA). After rinsing the cartridge with () 1N NaOH
and water, bile acids were eluted with 6 ml 750o
methanol.'4 This eluate was passed directly through
a 40x8 mm SP-Sephadex cation exchanger
(Pharmacia, Uppsala Sweden) and a 4(x8 mm
DEAP-LH-20 anion-exchange column (Packard
Instr, Groningen, The Netherlands). After rinsing
this last column with 9 ml 72% ethanol, the following
groups of bile acids were eluted.' The unconjugated
bile acids were eluted with 6-5 ml 0-1 mol/l acetic acid
in 72% ethanol at pH 4 0, the glycine conjugated bile
acids with 6-5 ml 0-3 mol/l acetic acid in 72% ethanol
at pH 5-0, and the taurine conjugated bile acids with
6-5 ml 0-15 mol/l acetic acid in 72% ethanol at pH 6-6.
The pH was adjusted with concentrated ammonia.
Sulphated bile acids were discarded. After evapor-
ation of the eluate, unconjugated bile acids were
methylated according to Ali and Javitt't and converted
to methyl ester-trimethylsilyl according to Setchell et
al. '5 Glycine and taurine conjugates were hydrolysed
enzymatically'7 and the free acids reextracted using
40x8 mm Lipidex 1000 columns (Packard Instr,
Groningen, The Netherlands).'5 Finally the methyl
ester TMS-ether derivatives were formed as described
above and dissolved in 1 ml iso-octane. To each of the
elution volumes 255 nmol hydeoxycholic acid was
added as internal standard before evaporation and
further processing.

GAS CHROMATOGRAPHY
The bile acid methyl ester TMS-ether derivatives
were separated on a fused silica 25 m xO(32 mm
OV-1701 column (CPSil 19 CB, Chrompack,
Middelburg, The Netherlands) after injection by cold
on-column technique.'4 Bile acids were quantified
using hyodeoxycholic acid as internal standard.
Hydrogen was used as carrier gas (0.7 kg/cm2). The
sample was injected at 140°C, keeping the column
at this temperature for one minute. Then the
temperature was raised from 1400 to 270°C with a
slope of 10°/min. The bile acid derivatives were
eluted at 270°C and detected with a flame ionisation
detector at 290°C.

CA LCU IATIONS
Fractional gastric emptying, gastric volume and acid
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secretion, and bile acid reflux were calculated using
exponential equations yielding rates in terms of one
per minute as follows. The intragastric amount of
PEG, acid and bile salts, respectively, at a given time
is the product of their concentrations and the
measured gastric volume at this time. The change
of the intragastric amount G of PEG over time is
(1) dG/dt = -gG, where g is the fractional gastric
emptying rate.'" The solution of the equation is
(2) G2 = GI e-g', where the indices 1 and 2 refer to the
,beginning and the end of the time interval t. The
change of the other intragastric quantities over time
is given by the equation (3) dA/dt = -gA + a, where
A represents the intragastric amount of fluid secreted
by the stomach, acid, and bile salts, respectively, and
a represents the rate by which A enters the stomach
- that is, secretion rates of volume and acid,
respectively, and bile salt reflux rate. The solution of
this equation is

(A2 -Al e- 0)g
(4) a=

1 -e-£'

In our experimental procedure we selected 30 and
60 min periods for the time interval t. Thus, when
applying the formulas (2) and (4) to our data, the
gastric emptying rate g and the secretion and reflux
rates A represent the average values of 30 or 60 min,
respectively. Appropriate corrections were made for
acid and bile acids lost by the sampling procedure.
Because the duodenal concentrations of bile acids
and bicarbonate were not known, the duodenogastric
reflux rates of volume and bicarbonate could not
be calculated. The gastric volume secretion rate
hence included volume refluxed from the duodenum,
which was one order of magnitude smaller than
gastric volume secretion. Conversely, the measured
acid secretion rate was lowered by refluxed
bicarbonate. Very high reflux rates thus would result
in apparently higher gastric volume secretion, but in
apparently lower acid secretion. The completeness of
the gastric aspiration has been validated previously.'9

STATISTICAL ANALYSIS
Individual means were calculated for the 30 minute
fractions in the fasting periods. Group means were
given with SEM. In case of data not normally
distributed medians and ranges were used. Statistical
comparisons were made with the Wilcoxon's
rank-sum test for unpaired data in combination
with Bonferroni-Holm's rejective multiple test
procedure.2"

Results

Data of gastric bile acid concentrations and reflux
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Fig. 1 Gastric bile concentrations in controls andgastric
ulcerpatients in thefasting state (leftpanel) and
postprandially (rightpanel). Each point in thefasting state
represents the individualmean offour30 min periods.
A represent patients with corpus ulcer, 0 representpatients
with pyloric ulcer.

rates were markedly skewed in all groups. High
values were seen in similar proportions of patients
and controls (Figs 1, 2). In the fasting state, patients
with both types of ulcer had significantly higher total
bile acid concentrations in gastric aspirates than
controls (Table, Fig. 1). The reflux rate and the total
amount of intragastric bile acids, however, were
similar in all groups (Table, Fig. 2). Secretion rates
of volume and acid were decreased in patients, but
the difference was only significant in patients with
corpus ulcer (Table). A trend to lower gastric
emptying rates in patients was statistically not signifi-
cant (Table). The soluble fraction of bile acids was
similar in patients and controls (Table). There was no
difference in gastric bile acid composition between
patients and controls in the fasting state (Fig. 3).

Instillation of the test meal slowed gastric emptying
and increased secretion rates of volume and acid, and
reflux rate in all subjects (Table). There was no
difference between patients and controls post-
prandially with respect to any of the parameters
tested.

-
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Fig. 2 Bile acid reflux rates in controls and gastric ulcer
patients in thefasting state (leftpanel) andpostprandially
(right panel). Each point in thefasting state represents
the individual mean offour30 min periods. A represent
patients with corpus ulcer, 0 represent patients with pyloric
ulcer.

Discussion

The present study confirms the findings of other
authors' 42 that patients with gastric ulcer have
higher bile acid concentrations in the fasting stomach
than healthy controls. Most of the investigators
explained this finding by increased duodenogastric
reflux, although none of them really measured reflux
rates. The concentration of bile acids in the stomach
does not only depend on reflux of duodenal contents,
but also on other factors, such as emptying rate and
volume secretion rate of the stomach. We therefore
used a method which simultaneously evaluates all
three parameters that influence gastric bile acid
concentrations in both the fasting and the post-
prandial state. In our study fasting patients with
corpus ulcer had similar bile acid reflux rates,

intragastric amounts of bile acids, and gastric
emptying rates as healthy controls. In contrast, the
secretion rates of volume and acid were decreased in

patients with corpus ulcer. Thus, our data clearly
show that higher gastric bile acid concentrations in
fasting patients with corpus ulcer are caused by
gastric hyposecretion and not by increased reflux
rates. In patients with pyloric ulcer we observed a

trend to lower secretion rates of volume, to higher
bile acid reflux rates, and to higher intragastric
amounts of bile acids, but the differences were not
statistically significant. Probably both mechanisms,
namely lower gastric secretion and higher bile reflux
rates, act in combination and thus result in higher
gastric bile acid concentrations.

Patients with gastric ulcer have also been reported
to have higher postprandial gastric bile acid concen-
trations than healthy controls.' In analogy to fasting
studies these findings were ascribed to an increase of
duodenogastric reflux. Some evidence for hypo-
secretion of volume in gastric ulcer patients was,
however, also found.3 We failed to confirm the
observations made by other authors with respect to
the postprandial state. Patients in our study had
similar bile acid concentrations, reflux rates, and
secretion rates as controls. Some methodological
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Table Experimental results in patients and controls.

Controls Corpus ulcer Pyloric ulcer
Fasting (66) (19) (11)

Gastric emptying rate (%/min) 5-1+±03 42+±0)3 4-2±0-2
Secretion rate of volume (ml/min) 1-5±0-1 0-9+0-It 1-2±0-2
Secretion rate of acid (,umol/min) 6() +7 33+7* 51 ± 14
Reflux rate (tsmol/min) 0.37(0(00-2 40) 0(34(0(02-1-93) 0-65(0-08-1-96)
Intragastric amount of bile acids (Fmol) 69 (() 1-59.8) 7-3(1 2-37.3) 17-1(20-47-0)
Total bile acid concentrations (mmol/l) )-24(0-()(- X80) 048(0306-27t))* 0).39(0-17-2-00)*
Fraction of soluble bile acids (°/.) 58 ±6 59+5 63+6

Controls Corpus ulcer Pyloric ulcer
Postprandial (40) (13) (5)
Gastric emptying ratc (%/min) 1 3±t) 1 1-3+±02 11+±0)2
Secretion rate of volume (ml/min) 3-1+t)-2 2-7+±)5 2-8±0-6
Secretion rate of acid ([tmol/min) 209±18 163±34 186±45
Reflux rate (Fmol/min) 1 9(t)0-10(7) 2-0(0)2-9 1) 1-5(0.9-4-2)
Intragastric amount of bile acids(jmol) 71 4(00(3-597 2) 88-5(10-8-416-2) 84.0(48-5-169-6)
Total bile acid concentrations (mmol/l) t)3 1(000-(I -5t)) 0.47(t).4- 1 19) 0-26(0.13-0-63)
Fraction of soluble bile acids (%) 6() ±9 78+ 15 62±21

Means ± SEM, medians (ranges), */t=p<0.0)5/0.01 when compared with controls

No subjects 10/ 10
p0 O5

I

No subjects 10/10
p<001

Medians
Irarges1

3.

2-

E
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Rhodes
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6/7
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Means
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9/11
pMn-001
Means

16/ 17
p< 005
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Miller
(3)
6/7
p<001

Means
SEM

Dewar Miranda Present
(4) (6) study

9/11 20/20 40/18
p<0.001 p<0-01 NS
Means Medians
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Postprandial

I

I4 4I =-I
Present
study

Miller Dewar Rydning
(3) (4) (5)

Fig. 4 Gastric bile acid concentrations in studies ofother
authors and in the present study (left bars represent controls,
right bars represent gastric ulcerpatients). Extraction ofthe
appropriate data (that is, medians and ranges, was not
possiblefrom all references; p values in the cited studies are
not adjustedfor multiple comparisons.

10 differences - for example liquid or solid meal,
35 instillation or ingestion of the meal may partly

explain diverging results in the different studies.
The most obvious difference between our results

and those of others is the frequent finding of consider-
able bile acid concentrations not only in the patient's
but also in the control group, both in the fasting state
and postprandially. This is illustrated in Figure 4. We
are unable to explain why controls in other studies
were more or less free of bile reflux. One reason may
be the small number of subjects studied. We consider
it unlikely that our method of collecting gastric
samples might explain this difference. Previous work
from our laboratory"' shows that the conventional
way to collect gastric juice, namely continuous
aspiration, yields higher reflux rates than the marker
solution technique applied in the present study.
Thus, the difference in the experimental design could
explain lower, but not higher bile concentrations in
comparison with other authors results.36 As only
soluble bile acids are likely to damage the gastric
mucosa22 and because the individual bile acids are not
equally damaging" we wondered whether gastric
ulcer patients would for whatever reason differ from
controls in respect to their bile acid composition. This
is clearly not the case.

Irrespective of the cause of the small increase in
fasting gastric bile acid concentration of gastric ulcer
patients, namely motility disorder or reduced volume
secretion, one may argue that it could nevertheless be
pathogenetically relevant in gastric ulcer. Although
the difference of gastric bile acid concentrations
between controls and patients is statistically
significant, the overlap between the groups is very

0 J --A
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large. It seems rather unlikely, therefore, that this
difference could be clinically relevant. Furthermore,
if the above hypothesis were true, a high gastric ulcer
prevalence would be expected in conditions with
excessive reflux, such as after Billroth I and II gastric
resection. The very high gastric bile acid concen-
trations in these patients"4 may cause the socalled
bilious gastritis,i but ulcers in the gastric stump
are found only in a minority of patients with the
postgastrectomy syndromes."'7 Further, cholecy-
stectomy leads to increased gastric bile acid
concentrations in the fasting state.>29 In two
epidemiologic studies, however, no increased
coincidence of gastric ulcer and previous chole-
cystectomy was found.-' This provides further
evidence against a pathogenic role of reflux or high
gastric concentrations of bile acids for gastric ulcer.

In conclusion, our study shows that healthy
subjects and gastric ulcer patients have similar bile
reflux rates and that increased bile acid concen-
trations in the fasting stomach of patients with gastric
ulcer are caused by gastric hyposecretion and not by
increased reflux. Circumstantial evidence argues
against a role of high bile acid concentrations in the
pathogenesis of gastric ulcer. This does not exclude,
however, the possibility that withholding bile from
the stomach could speed gastric ulcer healing, in
analogy to the ulcer healing achieved by blocking
acid secretion despite normal or reduced secretion in
patients with gastric ulcer.

This study was supported by Deutsche Forschungsge-
meinschaft DFG (Mu 629/1-5). Norbert Schindlbeck
is recipient of a grant of Deutsche Forschungsge-
meinschaft DFG (Mu 629/1-5).
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