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Abstract

The concentrations of essential metal cations
in gastric juice, collected at endoscopy from 17
normal patients and 11 with peptic ulcer
disease, were determined by inductively
coupled plasma emission spectrometry. Mean
fasting levels in normal gastric juice were as
follows: sodium 47-7 mM, potassium 14-6
mM, calcium 0-8 mM, magnesium 0-36 mM,
zinc 13 uM, and copper 1:2 pM: these did
not differ significantly in health or disease.
Because samples were contaminated with iron,
the concentration of this metal was only esti-
mated (ca 3-5 uM in normal subjects), and this
secretion could represent a significant propor-
tion of the daily loss of endogenous iron. The
pH of gastric juice predicted the concentra-
tions of magnesium and calcium, but not
copper or zinc, in the juice. It is concluded that
previously reported values for trace metals in
gastric juice have been incorrect and that the
very low amounts secreted in the gastric juice
will not interfere with the absorption of other
trace metals from the diet. In contrast, the
concentrations of macroelements in gastric
juice may be sufficient to stimulate the absorp-
tion of trace metals from the gut.

(Gut 1992; 33: 1617-1620)

Essential metal ions are required in the gut not
only for nutrition but also for the integrity of the
mucosa; zinc, for instance, can facilitate the
healing of gastric ulcers.! Numerous factors
affect the uptake and absorption of metals,
including their concentration in the gut and the
presence of other metals. High dietary concen-
trations or iron, for example, reduce the percent-
age of iron absorbed from the bowel,? and while
zinc, copper, and iron reduce the absorption of
each other,’ recent work suggests that sodium,
calcium, and magnesium may promote the
absorption of some trace metals.* Continued
secretion of cations into gastrointestinal fluids
may therefore be important in influencing the
absorption of dietary trace metals.

The concentrations of trace metals have been
recently studied in saliva and gut secretions,’”
but not in gastric juice, which contains appreci-
able concentrations of electrolyte cations. Earlier
values for concentrations of copper and iron in
gastric juice may not be reliable, because great
care is needed to avoid contamination during
collection and analysis: zinc has not been investi-
gated. We have therefore examined the concen-
trations of the essential micro (trace) elements
copper, iron, and zinc, and of the macroelements
calcium, magnesium, potassium, and sodium in
fasting human gastric juice obtained at endo-
scopy from healthy subjects and patients with

peptic ulcer disease, and also determined for
which metals the pH predicts concentrations.*

Methods

ASSESSMENT OF CONTAMINATION

Metal concentrations were first measured in the
endoscopy cleaning fluids, namely the detergent
(Teepol MB7, Teepol Products) and the dis-
infectant (2% glutaraldehyde solution, Totacide
28, Coventry Chemicals Ltd). Analyses were
performed as below for gastric juice, by induct-
ively coupled plasma emission spectrometry
(ICPES).

The contamination of samples collected from
the gastroscope was then estimated. The fibre-
optic Olympus gastroscope was cleaned as for
endoscopy and the fluid was discarded. To
simulate collection of gastric juice, five separate
(5 ml) samples of double deionised acidified
water (pH 2-0) were consecutively aspirated
through the gastroscope into acid washed
universal containers (Sterilin Ltd) using the
vacuum trap. This was repeated in triplicate and
samples were analysed for metal ions by ICPES.

COLLECTION OF GASTRIC JUICE

Based on the results of these contamination
studies (Fig 1), before each endoscopy and the
collection of gastric juice, residual cleaning fluid
in the scope was first disposed of and then two
5 ml ultrapure acidified water samples were
similarly collected and discarded. Gastric juice
was then collected from patients undergoing
routine diagnostic gastroscopy who had fasted
for at least eight hours. Patients were excluded
if they had a systemic illness requiring treatment
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Figure 1: Decreases in contamination of acidified water by
four metals after serial flushes through the endoscope, with
concentration of the first wash taken as 100%.
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or were currently being treated with antiulcer
agents. To prevent aspirating saliva, suction was
switched off during intubation until the gastro-
scope entered the stomach, and with minimal
contact of the mucosa the fundal pool of gastric
juice was aspirated, using the vacuum trap
suction, into acid washed, metal free universal
containers. An aliquot was taken for pH
measurement and the remainder stored at —20°C
until analysis.

After gastroscopy, samples from patients with
gastric erosions or oesophagitis were discarded,
as was any sample in which mucus, blood, or bile
pigment was seen, since blood or bile could cause
erroneous results while the mucus binds
metals.>" Only clear, colourless samples with-
out obvious debris were therefore analysed and
these were centrifuged to minimise contamina-
tion by particles that could block the spectro-
meter nebuliser. Fifty samples of gastric juice
were collected and 22 rejected (oesophagitis
n=8, gastric erosions n=4, and mucus/bile
contamination n=10).

ANALYSIS OF GASTRIC JUICE

The thawed samples were spun at 1000 g for 10
minutes and 500 pl aliquots were taken into a
second acid washed plastic tube, diluted 1:9 with
ultrapure 0-11 M nitric acid, and analysed by
ICPES (Philips PV 8050) at the following
wavelengths: potassium 766-49 nm, sodium
588:99 nm, magnesium 383-83 nm, copper
324-75 nm, calcium 315-89 nm, iron 259-94 nm,
and zinc 213:86 nm. Dilution, spiking, and
recovery experiments were performed for each
element using a sample of pooled gastric juice,
diluted as above. All elements gave a linear
response except calcium, which had a reduced
recovery at the higher spiked levels, but all
levels in the diluted gastric juice were on the
linear part of the graph. The activity of hydrogen
ions of the samples was measured at 25°C using a
standard pH electrode (Electronic Instruments
Ltd) that was calibrated with two standards
before each measurement. Proton concentra-
tions for each sample were then calculated from
the hydrogen ion activity and the combined
sodium and potassium concentrations.

STATISTICS

Logarithmic values of the data were taken to
normalise their distribution and patient groups
were compared by unpaired Student’s ¢ test.
Significance was set at p<<0-05. Since there were
no differences between the groups, data were
combined for correlations between elements,
except for iron which was excluded because of
the unavoidable endoscopic contamination (see
below). The proposal that concentrations of
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calcium and magnesium® correlate with each
other as well as with proton concentrations was
examined. Correlations of copper to zinc, copper
to protons, and zinc to protons were also investi-
gated.

Results
Metal concentrations in glutaraldehyde and
Teepol are shown in Table I.

Typical mean decreases in metal contamina-
tion from each successive collection of acidified
water are shown in Figure 1. Curves were similar
for all metals except iron, which had much
higher contamination values even after five
collections. For the other metals there was little
further decrease in contamination after the third
collection.

The demographic data of the patients whose
gastric juice was analysed are shown in Table II.
Six patients had gastric ulcers and five had
duodenal ulcers. The mean metal concentrations
in fasting gastric juice of patients is shown in
Table III; there were no differences for any of the
metals between the two groups of patients, nor
were there differences between those with duo-
denal and gastric ulcers. Contamination was
calculated from the concentrations in the
aspirated water (Table IV); this would have only

TABLE1 Metal concentrations of endoscopy cleaning fluids

Metal Glutaraldehyde solution Teepol MB7
Na (mM) 340 >435

K (mM) 56-0 2-0

Ca (mM) 0-08 1-4
Mg (mM) 0-02 03

Fe (uM) 1-10 12:4

Zn (uM) 0-15 11

Cu (uM) 0-94 5-2

TABLE I Demographic data of patients

Normal Peptic ulcer
group disease group
(n=17) (n=11)
M:F 10:7 7:4
Mean (SEM) age (years) 38-0(3-3) 41-8(3-8)

3
Mean (SEM) pH of gastric juice 2:0(0-17) 1-8(0-14)

TABLE 111 Metal and proton concentrations in gastric juice
(values mean (SEM))

Normal Peptic ulcer

group disease group

(n=17) (n=11)
Na (mM) 47-70 (54) 48-70 (5-58)
K (mM) 14-60 (0-92) 13-00 (2-20)
Ca (mM) 0-80(0-08) 0-95 (0-12)
Mg (mM) 0-36 (0-03) 0-28 (0-03)
Fe (uM) 5-20 (0-60)* 3:78 (0-66)*
Zn (uUM) 13-00 (0-60) 12+10 (2+50)
Cu (uM) 1-22 (0-26) 1-28(0-25)
H* (mM) 27-00 (5-58) 30-30(7-54)

There were no differences between the two patient groups for any
metal analysed. *Samples contaminated (see text).

TABLE IV Calculated contamination of aspirate by metals from endoscope (values mean (SEM))

Na (mM) K (mM) Ca(mM)

Mg(mM) Fe(uM) Zn(uM) Cu(uM)

Concentration in gastric

juice (n=28) 48:1(3:86) 13-98(1-02) 0-89(0-069) 0-32(0-02) 4:64(0-46) 12-65(1-89) 1:25(0-18)

Concentration in third

water sample 0-048 (0-012) 0-022(0-007) 0-024 (0-009) 0-0008 (0-0008) 1-68(0-83)  0-41(0-10)  0-092 (0-009)

% Contamination of gastric

juice from endoscope 0-10(0-02)  0-16(0-05) 2:70(1-:01)  0-25(0-25) 36:2(17-9) 3-24(0:79) 7:36(0:72)
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Figure 2: Correlation between zinc and copper concentrations
in fasting gastric juice (r=0-66, p<<0-0001).

minimally increased (0-2-7-4%) these values,
except for iron, for which the concentrations
could therefore only be estimated (3-5 uM in
normal gastric juice), assuming that about one
third of the recorded values (that is ca 1-7 uM;
Table III) was a result of unavoidable contamina-
tion of samples.

Copper and zinc concentrations in gastric juice
correlated positively (r=0-66, p<0-0001) (Fig
2), but neither correlated with proton concen-
trations. In contrast, calcium and magnesium
concentrations correlated positively (r=0-49,
p<0-01), and each also correlated positively with
pH (Ca: pH, r=0-61, p<0-001; Mg: pH,
r=0-56, p<<0-002) (Fig 3 and 4, respectively).

Discussion

It is difficult to define the absolute composition
of fasting gastric juice since it is unavoidably
contaminated by saliva, and often bile and
pancreatic juice, and because mucus may bind
metals strongly.®" We reduced these variables
by sampling from a pool of gastric juice with little
mucosal contact and discarding any samples that
were obviously contaminated, and the range of
resulting values was therefore small. Interfer-
ence is minimal for ICPES,"” so that sample
pretreatment and matrix modification are often
not needed, avoiding further contamination
during analysis. Contamination and poor
analytical techniques presumably explain why
previous values' " for trace metals in gastric
juice were so high. In addition, by washing the
endoscope twice before gastroscopy we avoided
contamination from the endoscopic cleaning
fluids, which contained high concentrations of
most metals measured.
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Figure 3: Correlation between calcium concentrations and pH
in fasting gastric juice (r=0-61, p<0-001).
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Figure 4: Correlation between magnesium concentrations and
pH in fasting gastric juice (r=0-56, p<<0-002).

Moore et al" advise measuring the pH with
correction for electrolyte levels to convert
the hydrogen ion activity to concentration.
Although this also requires the measurement of
sodium and potassium, it is more accurate than
standard titrimetric procedures, which are
associated with non-linear errors. "

Iron concentrations (35 uM) could only be
estimated in gastric juice because of unavoidable
contamination, but these were about 15-fold
lower than previously reported values.” Never-
theless, the data suggest that if levels were more
accurate they would have been lower in the
peptic ulcer group. Most metals in gastric juice,
with the exception of parietal cell derived
potassium,” are of extracellular origin and
diffuse into the gastric lumen,™ so the presence
of any iron in fasting gastric juice is surprising
since plasma iron is so tightly bound to trans-
ferrin. Weaker iron binding ligands within
gastric juice such as citrate,"” or even the iron
colloid binding glycoprotein ‘gastroferrin’,”
may facilitate transfer of some iron into the
stomach. Since ferric iron is poorly absorbed
from the small intestine, that secreted into
gastric juice (ca 0-2 mg/l) will contribute appreci-
ably to the daily loss of about 1 mg of endogenous
iron.”

The previous report" of copper concentra-
tions in gastric juice represents a fivefold over-
estimate: we found low concentrations only
(mean=1-2 pM) and this is probably because
most plasma copper (ca 80-90%) is tightly bound
to the plasma protein caeruloplasmin.? Zinc (13
puM) in gastric juice has not been measured
previously, but most zinc is only weakly bound
to albumin? in plasma and this probably explains
why the zinc concentrations in gastric juice are
higher relative to copper.

The absorption of trace metals from mg or pg
oral doses is often used as a proxy for the
physiological situation since only low levels of
these elements are usually found in the diet.
Although excess zinc may interfere with the
absorption of iron’ and vice versa,” it is unlikely
that the low pg levels of trace metals that we
have shown in gastric juice affect the absorption
of exogenous trace metals. In contrast, the
electrolyte cations are at relatively high concen-
trations in gastric juice and these may help to
stimulate the absorption of trace metals in the
intestine from the diet.*

The concentrations of magnesium and
calcium in gastric juice correlated with those of
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protons, in agreement with previous work.*
However, the concentrations of zinc and copper,
although they correlated with each other, did not
correlate with the levels of protons. Kinetic
reasons are unlikely to explain this difference,
since unchelated zinc and copper have rates of
ligand exchange similar to those of magnesium
and calcium, such as water exchange rate con-
stants.? Differential strengths of binding to
mucus may explain this,”" particularly since
zinc and copper have greater affinity for most
polyanionic metal binding substrates than
magnesium and calcium.? Thus, concentrations
of zinc and copper may not correlate with
concentrations of protons because the pH could
have two opposing effects — it could facilitate the
transfer of zinc and copper into gastric juice at a
high pH but then only release them from mucus
at low pH.

Finally, none of the elemental concentrations
in healthy subjects was different from those in
the group with peptic ulcer disease (with the
possible exception of iron), so the effect of zinc
supplementation, which facilitates the healing of
gastric ulcers,' may not be due to the correction
of cellular depletion, but rather a luminal or
pharmacological effect.

In conclusion, we report mean fasting levels of
copper (1-2 uM), and zinc (13 pM) in the gastric
juice of man. These two metals are probably
plasma derived, and their concentrations are
independent of the pH in gastric juice. In
contrast, we confirm that pH predicts the con-
centrations of calcium and magnesium in gastric
juice. Gastric juice may be a significant source for
the daily loss of iron since it is present in gastric
juice at about 3-5 uM, but correlation with
gastric acidity or comparison between normal
and ulcer patients could not be undertaken
because of contamination. The concentration of
other essential cationic metals in gastric juice did
not differ between healthy subjects and those
with peptic ulcer disease. The continued secre-
tion into gastric juice of the cationic electrolyte
elements may be beneficial for the intestinal
absorption of dietary trace metals, but the secre-
tion of trace elements into gastric juice is unlikely
to interfere with the absorption of other trace
metals from the diet.
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