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Abstract
Background-Helicobacterpylori has been
shown to produce the unusual metabolite
Na-methyl-histamine. This compound is
known to be a potent agonist at inhibitory
histamine H3 receptors. There is increasing
evidence implicating this receptor in
the control of gastric acid secretion but
the mechanism for this remains to be
clarified.
Aims-To investigate the effect of
NT-methyl-histamine on the acid secretory
activity of parietal celis and to determine
the mechanism for such effects, thus help-
ing to determine the role of this com-
pound in the pathophysiology ofH pyloni
infection.
Methods-Rabbit parietal cells were
isolated and enriched by collagenase-
EDTA digestion and centrifugal elutriation.
Following culture on Matrigel coated
plates, acid secretion was assessed by '4C
aminopyrine accumulation.
Results-Na-methyl-histamine (100 ,uM)
was as potent as histamine (100 pFM) in
stimulating acid secretion. This effect was
reversed by ranitidine indicating it was
mediated via the H2 receptor. Na-methyl-
histamne potentiated the effects of both
carbachol (increased by 280%) and gastrin
(by 350%) (p<001). Na-methyl-histamine
had no inhibitory actions on forskolin or
carbachol stimulated acid secretion sug-
gesting that there is not an inhibitory H3
receptor located directly on the parietal
cell.
Conclusions-Bacterially produced No-
methyl-histamine directly stimulates acid
secretion by parietal cells and this may
contribute to the increased acid secretion
that contributes to duodenal ulceration.
(Gut 1997; 40: 14-19)

Keywords: Helicobacterpylori, parietal cell, N1-methyl-
histamine, H2 histamine receptor, H3 histamine
receptor, acid secretion.

The recent discovery that Helicobacter pylon
produces Nx-methyl-histaminel might explain
several aspects of the pathophysiology of this
infection, but the overall effect of Na-methyl-
histamine on gastric function is unclear.
Na-methyl-histamine is a potent histamine H3
receptor agonist.2 Stimulation of H3 receptors
on enterochromaffin-like (ECL) cells has an

inhibitory effect, which could explain the
decreased expression of histidine decarboxylase
and low mucosal histamine levels found in
H pyloni infected gastric mucosa.3-5 The effect
of histamine released from ECL, or mast cells,
on the H2 receptors on parietal cells plays a
crucial part in the stimulation of acid secretion,
and in the response to gastrin.6 7 Therefore
suppression ofhistamine release by Na-methyl-
histamine might contribute to pathophysio-
logical phenomena such as the temporary loss
of acid secretion on first infection,8 9 and
variations in the sensitivity of the acid secreting
mucosa to gastrin in established infection.""1'
The important inhibitory effect of the highly
selective H3 receptor agonist Rt methyl-
histamine on acid secretion has been demon-
strated in intact animals and in a preparation
of rabbit gastric glands.14-18 Interestingly in the
gastric gland preparation4 Rt methyl-histamine
actually inhibited acid secretion induced by
both histamine and carbachol in a ranitidine
insensitive manner, which led Bado et al
to postulate the presence of inhibitory H3
receptors on the parietal cells themselves.4
Therefore the first aim of this study was to test
this hypothesis in a preparation of isolated
parietal cells.

It seems that stimulation of H3 receptors
inhibits acid secretion, but infusion of Na-
methyl-histamine itself into intact animals has
the opposite effect and increased acid
secretion.'9-21 The basis for this stimulation has
not been fully established. It may be because
N"-methyl-histamine also has H2 receptor
agonist activity.22 Clearly if Na-methyl-
histamine acts predominantly as an H2 receptor
agonist in Hpylori infection its potential role in
pathophysiology is different and Na-methyl-
histamine might contribute to the increased
basal and stimulated acid secretion and
increased sensitivity to gastrin seen in duo-
denal ulcer patients. Therefore the second aim
of this study was to examine the H2 agonist
activity of Nx-methyl-histamine on parietal
cells.

Methods

Materials
Histamine, carbachol (carbamyl chloride),
gastrin-17, Earle's balanced salt solution (EBSS),
bovine serum albumin (BSA), collagenase type
I, collagenase type H, dithiothreitol, penicilllin
G, crystalline bovine insulin, hydrocortisone,
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streptomycin, gentamicin, dinitrophenol and
EDTA were purchased from Sigma (Poole,
UK). Triton X-100 and N-2-hydroxyethyl-
piperazine-N'-ethansulphonic acid (HEPES)
were from BDH-Merck (Poole, UK), Nt-
methyl-histamine was from Calbiochem
(Nottingham, UK), and '4C-dimethylamine-
aminopyrine (103 mCi/mmol) was obtained
from Amersham International (Amersham,
UK). Ham's F12/Dulbecco's modified Eagle's
culture media (F12/DMEM) (50:50 vol/vol),
glutamine, Hanks's balanced salt solution
(HBSS), basal medium Eagle's (BME), and
fetal calf serum were obtained from Gibco
(Paisley, UK). Basement membrane Matri-
gel was from Universal Biologicals, London,
UK. Ranitidine was from Glaxo (Greenford,
UK).

Parietal cellpreparation
Rabbit parietal cells were isolated using a modi-
fication of previously described methods.2"26
New Zealand white rabbits (2-2.5 kg) were
killed by overdose of sodium pentobarbitone
and the stomach immediately excised, opened,
and washed thoroughly in ice chilled HBSS
containing 10 mM HEPES pH 7-4, 100 mg/l
streptomycin, 100 mg/l penicillin G, and 0-1%
BSA. The antrum and body segments were
separated and then the oxyntic mucosa was
removed from the submucosa by blunt
dissection. After mincing the mucosa into
small fragments the mucosa was then subjected
to sequential digestion with collagenase and
EDTA. Initially fragments were digested for 15
minutes at 37°C in a shaking water bath with
type I collagenase (0-175 g/l) and type H
collagenase (0 175 g/l) in BME followed by
washing for one minute with Ca++ and Mg++
free EBSS containing 2 mM EDTA and a
further 10 minute incubation with Ca++ and
Mg++ free EBSS containing 1 mM EDTA. The
cells liberated from these steps were discarded
and fragments were then subjected to three
further collagenase digestion steps for 15, 60,
and 30 minutes respectively. The cells
liberated from each of these three steps were
filtered through 240 ,uM mesh (Lochertex,
Warrington, UK) to remove undigested frag-
ments and then washed three times with HBSS
to remove remaining collagenase and then
resuspended in HBSS buffer containing 0-4
mM dithiothreitol and saved at room
temperature for elutriation. Cells were filtered
through 64,uM mesh (Lochertex) immediately
before elutriation.
Enrichment for parietal cells was carried out

using a Beckman JE 5*0 elutriator rotor using
the standard elutriation chamber. The system
was sterilised before use by circulating 70%
ethanol for 15 minutes, followed by 500 ml
sterile water and 500 ml HBSS buffer. Crude
cells were diluted to 3-4 million/ml and
75-100 million cells were loaded on each
elutriator run. Cells were loaded at 2600 rpm
at a flow rate of 21-5 ml/min. Two fractions
(150 ml each), those from 2500 rpm and
21-5 ml/min and 2000 rpm and 40 ml/min
respectively were discarded, these contain

bacteria, debris, and contaminating small
cells. The parietal cell enriched fractions were
then collected at 2000 rpm and a flow rate of
60 m/min and 2000 rpm and 100 ml/min.
HBSS containing 0 1% BSA, 10 mM
HEPES, and antibiotics as above was used as
the carrier and elutriation buffer. After elutri-
ation cell viability as assessed by trypan blue
exclusion always exceeded 95% and en-
riched preparations contained 60-70% parietal
cells.

Cell culture
Cells from the parietal cell enriched fractions
were collected by brief centrifugation and
pooled and resuspended in culture medium
(Ham's F12/DMEM 50/50 nutrient mix, con-
taining 10% heat inactivated fetal calf serum,
10 mM HEPES pH 7*4 100 mg/l gentamicin,
2 mM glutamine, 1 ,ug/ml hydrocortisone, and
8 ,ug/ml insulin) and then cells were pre-
attached by incubating for 30 minutes at 37°C
in a 75 cm2 Coming tissue culture flask that
had been precoated with culture medium for
six hours. This preincubation step removes the
majority of contaminating fibroblasts, parietal
cells take several hours to attach to this surface
and are therefore recovered after this short
preattachment step.26 Parietal cells were then
plated onto Matrigel coated 12 well tissue
culture plates (Coming) at 0 5 million cells/
well. Matrigel coated plates had been prepared
by diluting Matrigel 1:9 with sterile water and
then uniformly coating the wells. After setting
with overnight incubation at 37°C, the remain-
ing water was aspirated and wells were allowed
to dry in a culture hood for 60 minutes. The
plates were then equilibrated with culture
medium before plating the cells.
The parietal cell enriched fraction was then

cultured at 37°C in an atmosphere of 5% C02/
95% air for 40 hours.

Intracellular accumulation of '4C-dimethyl-
aminopyrine was used as a measure of func-
tional acid secretory activity.25-27 Cultured cells
were washed once with 2 ml EBSS containing
0-1% BSA, 10 mM HEPES pH 7*4, 2 mM
glutamine, 022% NaHCO3 to remove dead
and non-adherent cells and then 1 ml of the
above medium was added and 0 04 ,uCi
aminopyrine and the various test substances
were added simultaneously to each well. Each
condition was tested in triplicate. Cells were
then incubated for 30 minutes at 37°C in an
atmosphere of 5% C02/95% air. Incubations
were terminated by removing the medium
from each well using a vacuum pump and
then washing twice with 1 ml EBSS solution.
Cells were then lysed with 1 ml 1% triton
X-100. Aliquots of cell lysates and incuba-
tion media were then counted in Optiphase
Safe (Wallac, Milton Keynes, UK) using a
Beckman LS 1801 liquid scintillation counter
with DPM correction. Aminopyrine accumula-
tion ratios were calculated as previously
described.25 26 Dinitrophenol (0- 1 mM) was
added to separate wells to assess non-specific
incorporation and values were subtracted from
test values.23
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Statistical analysis
All data represent the sum of
animal preparations. Data are
mean (SEM) and normalised to
histamine or forskolin output fc
aration as appropriate to correct f
in separate animal preparation
paired t test was used for analys
of <0 05 was regarded as significa

Results
Nt-methyl-histamine stimulated
accumulation in cultured pariet
dose dependent manner (Fig 1
stimulated AP accumulation
ratio of 454 (117) and this rose t
(mean (SEM)) (p<0001) aftei
with Ne-methyl-histamine (10' b
116 (14-9)% of the maximal
obtained with histamine (10 M
AP ratio of 1589 (50)). No-met]
concentrations of 1 0A to 1O M (1
10-7 M (p<0 05) all produced
stimulation ofAP accumulation,
3-9X10 M. The stimulatory e
methyl-histamine were antagonis
receptor antagonist ranitidine (Fi
dependent manner. Ranitidine
tration of 1 0-7 M shifted the d
curve to the right (p<0 01) and
pletely abolished the stimulato
Ne-methyl-histamine (p<0 01), c(
the stimulatory action being me(
H2 receptor. In keeping with ti
no antagonism of the effects o
histamine with the muscarini
atropine and similar displacemer
response curve occurred with td
H2 antagonist famotidine (data n(

Ne-methyl-histamine also pro(
dependent enhancement of th4
of acid secretion seen with bo
(10 M) and gastrin (10-7 M). TI

effect of carbachol alone (AP ratio 1212 (269)
five to eight or 62% of the maximal response of corre-
expressed as sponding histamine maximal stimulation) was
the maximal augmented in a dose dependent manner by
or that prep- Na-methyl-histamine: addition of Ne-methyl-
or differences histamine 10-7 to 101 M led to an increase in
is. Student's acid secretion, which was greater than an
,is. A p value additive response to the two agents separately
Lnt. (Fig 2) (p<0 01). Similarly the relatively weak

acid stimulatory response of gastrin alone was
potentiated by Na-methyl-histamine (Fig 2)
(p<0 01). This potentiating effect was also

aminopyrine abolished by ranitidine (10-5 M) indicating it
tal cells in a was mediated via the H2 receptor (Fig 2). As
). Basal, un- would be expected from this action at the H2
was an AP receptor the addition of Na-methyl-histamine
:o 1770 (263) to maximal doses of either histamine or the
r stimulation adenylate cyclase activator forskolin did not
A, which was lead to any further increase in acid secretion

stimulation (not shown). Ranitidine alone had no effect on
1:100% or an either the basal AP accumulation or the stimu-
hyl-histamine latory effects of carbachol and gastrin, sug-
p<0001) and gesting that these secretagogues were acting
a significant directly on the parietal cell and that in this
the EC50 was enriched preparation there was no stimulation
.ffects of NO- via the intermediary of histamine secreting
,ed by the H2 cells.
ig 1) in a dose To investigate the potential role for an
at a concen- inhibitory H3 histamine receptor subtype in
lose response regulation of parietal cell function acid
10-5 M com- secretion was measured in cells simultaneously
try effects of exposed to concentrations of Ne-methyl-
onsistent with histamine of 10-9 to 1O7M and stimulated with
diated via the either carbachol (10A M) or forskolin (10-5 M)
his there was and in the presence or absence of ranitidine
of N'-methyl- (10 ' M). The H3 receptor is known to be of
ic antagonist much higher affinity than either the HI or H2
it of the dose types2 22 and that Na-methyl-histamine is an
he alternative extremely potent agonist,2 thus the doses used
ot shown). in this part of the study would be selective for
duced a dose the H3 receptor.2 Additionally ranitidine at this
e stimulation concentration has been shown to have no effect
)th carbachol on binding of NO-methyl-histamine to H3
te stimulatory receptors in the brain and would also prevent

any interaction with the H2 receptor. As shown
in Figure 3 there was a degree of potentiation

* NaMH of carbachol stimulated acid secretion with
alone Na-methyl-histamine 10'7 M but this was
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Figure 1: Aminopyrine accumulation over 30 minutes in isolated, cultured parietal
cells after stimulation with Na-methyl-histamine and the inhibitory actions of
rantidine (1Cr7 and 1iOs M) on Na-methyl-histamine inducedAP accumulation.
***p<0.001 v basal, *p<005 v basal, **p<0.01 v N-methyl-histamine stimulated,
(mean (SEM), n=6-8).

Figure 2: Effect ofincreasing concentrations ofNa-methyl-
histamine on the aminopyrine uptake over 30 minutes
induced by carbachol (10C M) and gastrin (10-7 M) and
the effect ofadding ranitidine (10-5 M) **p<0 01 v

carbachol orgastrin alone (mean (SEM), n=5).
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Figure 3: Effect on aminopyrine uptake ofadding
NA-methyl-histamine (1O-'-10- M) toforskolin
(FSK 10- M) or carbachol (CBH: 10' M) and the effect
of ranitidine (RAN: 10O M) on these combinations.
**p<OO1 v carbachol alone, (mean (SEM), n=5).

blocked by ranitidine and there was no

evidence of any inhibition of the acid secretion
using these doses of NC'-methyl-histamine
when cells were stimulated by activation of the
cholinergic receptor (carbachol) or directly
activating adenylate cyclase (forskolin).

Discussion
These studies in isolated parietal cells confirm
that NC-methyl-histamine is a potent directly
acting acid secretagogue. It was almost as

potent as histamine itself. This stimulatory
action was antagonised by H2 blockers
suggesting it was mediated via this receptor.
Previous studies have shown that Na-methyl-
histamine is a potent secretagogue when
infused in vivo in animals, at least as potent as

histamine,'9 21 although the effect on isolated
parietal cells has not been previously studied.
Although recognised as a potent H3 agonist it
is clear that Nc-methyl-histamine is relatively
non-selective in its actions and it has been
shown previously to activate H2 receptors in
preparations of cardiac atria.28 29 Thus in this
parietal cell preparation the dominant effect
seems to be stimulation via the H2 receptor
and suggests any Na-methyl-histamine formed
in vitro in the H pylori infected gastric body
is likely to lead to increased gastric acid
secretion.
Na-methyl-histamine also showed poten-

tiation of the actions of carbachol and gastrin,
which were also dependent on the H2 receptor.
Such potentiation by stimulating with agents
that act via different intracellular pathways has
been shown previously for histamine (which
predominantly activates adenylate cyclase and
increases intracellular cAMP) with carbachol
and gastrin (which act via the Ca++/inositol
phospholid),30 thus it is not surprising that
Na_methyl-histamine also shows such
response. Although the recent cloning of the
gastrin/CCKB receptor from parietal cells has

clearly shown that gastrin receptors are
expressed in parietal cells3" as well as ECL/
mast cells, it is typical of in vitro preparations
to show relatively weak acid secretory response
to gastrin alone, as was exhibited here.

Characteristically this response to gastrin
can be enhanced by also increasing the intra-
cellular levels of cAMP, although gastrin itself
does not activate adenylate cyclase,32 this
may be one basis for the amplification of the
acid response to gastrin in vivo produced by
gastrin also stimulating the ECL cell to release
histamine.
We have used the cultured parietal cell

system for studying acid secretion by the
parietal cell. This has been used to characterise
the responses of the parietal cell to physio-
logical secretagogues and our data confirm
those of previous studies that both carbachol
and gastrin can directly stimulate acid
secretion in a H2 receptor antagonist
insensitive manner and cimetidine had no
effect on basal secretion in cultured rabbit
parietal cells.26 This suggests that the level of
contamination by histamine secreting cells is
not significantly changing the acid secretory
responses obtained.
The relevance of these findings to the patho-

physiology ofH pylori infection is apparent in
that Hpylori infection is usually associated with
a reduction in mucosal histamine content and
down regulation of histidine decarboxylase
(HDC) activity, which is the rate limiting,
regulatory step in histamine biosynthesis.' 5 33 34
This reduction could represent depletion due
to excessive release but the reduction in HDC
actually suggests this is due to reduced
synthesis. This reduction may be brought
about by Na-methyl-histamine acting on H3
receptors to inhibit histamine biosynthesis and
release,3 although both inflammatory cyto-
kines35 and H pylori itself36 may be capable of
inhibiting histamine release. A reduction in
histamine release would be expected to
decrease the acid secretion seen after stimu-
lation with gastrin either endogenously (meal
or gastrin releasing peptide stimulated) or exo-
genously infused, however it is apparent that
parietal cell sensitivity is usually unimpaired or
even increased in H pylori infection.'1'2 Thus
it is possible that Na-methyl-histamine pro-
duced by H pylori and detectable in gastric
mucosa and gastric juice is actually providing
a degree of stimulation of acid secretion and
sensitising the parietal cells to gastrin. Na-methyl-
histamine is not a selective histaminergic agonist
and it has been shown to be a potent agonist
at the H3 receptor (K. for inhibition of 3[H]
Na-methyl-histamine binding is 04 nM com-
pared with 14 nM for histamine and 1 2 nM
for (R)x-methyl-histamine2 although it is not as
selective as (R)a-methyl-histamine for the H3
receptor).29 The second aim of this study was
to examine the potential regulation of the
parietal cell by the H3 receptor using
Na-methyl-histamine as the agonist. The re-
sults do not support the hypothesis that there
is actually an inhibitory H3 receptor located on
the parietal cell itself.4 This idea originated
following the observation that (R)a-methyl-

C"en

0

0

Co
Cn

E

4-

0

0.CL
0)

E

x

E
0

0

a-

17

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.40.1.14 on 1 January 1997. D

ow
nloaded from

 

http://gut.bmj.com/


Beales, Calam

histamine inhibited carbachol induced acid
secretion in gastric glands in a ranitidine
insensitive manner, however in our parietal
cells there was no inhibitory activity apparent
using concentrations of Ne-methyl-histamine,
which are known to be effective at the receptor
in other tissues,'8 even when any activity at the
H2 receptor was blocked. One theoretical
reason why we were unable to demonstrate H3
receptor activity in our preparation could be
due to damage or loss of the receptor during
the isolation procedure, this is unlikely to be
the case because we have used cells cultured for
40 hours before experimentation, which should
have permitted regeneration of functional
receptors.6 Thus our findings are consistent
with most in vivo data, which demonstrate that
H3 agonists are much more effective in
inhibiting indirect stimulants of gastric acid
secretion such as gastrin, bombesin, and
2-deoxyglucose than histamine, which acts

directly on the parietal cell.""'7 This would be
consistent with the H3 inhibitory receptor
being located on the histamine secreting cell
and possibly pre-synaptically on cholinergic
neurones.'8 Further study and characterisation
of the role of the H3 receptor in regulating
gastric acid secretion is likely to be facilitated
by the newest generation of receptor antagon-
ists, even more specific than thioperamide,
which are only just becoming available.'8

Therefore it is apparent that NO-methyl-
histamine produced by Hpylori in the stomach
may have a part to play in the regulation of
gastric acid secretion, it is a direct stimulant of
parietal cells and sensitises them to other
stimulants, equally it can inhibit histamine
synthesis and release, which would impair acid
secretion.'8 It may also have a role in regulating
somatostatin cell function although as yet there
are no data confirming this in the gastric
body.1837 The balance of these may determine
the different H pylori associated disease
outcomes.
The values of Na-methyl-histamine that

are effective in stimulating the H2 receptor

(10` to1IO M) may be higher than those
detected in vivo (approximately 10-12/mg
protein)' and thus the acid stimulatory
responses may not be biologically important.
However this overall figure may not reflect the
values actually found in the exact vicinity of the
receptors. Courillon-Mallet etal found that
mucosal levels of Na-methyl-histamine were

only approximately10-fold lower than those
for histamine in Hpylori positive patients and
as it can be assumed that a significant pro-

portion of this histamine is intracellular and
that the Ne-methyl-histamine is not within the
ECL cells and actually bound to specific
binding sites,' it is clearly not inconceivable
that Na-methyl-histamine may have stimulatory
actions on acid secretion as enhancement of
acid secretion was found at Na-methyl-
histamine concentrations as low as10-7 M.
Additionally studies of the role of the H3
receptor in controlling somatostatin secretion
have demonstrated effects withRe-methyl-
histamine at 1 0 M37 and until more infor-
mation is available on the active concentrations

of histaminergic agonists within gastric tissues
the understanding of the relative roles of these
receptors will remain incomplete. As yet there
have been no significant studies concerning the
pattern of Nx-methyl-histamine concentrations
in different H pylori associated disease states,
nor on the distribution of Na-methyl-histamine
synthesising ability in different clinical Hpylori
isolates. Such studies are awaited with interest
and will probably further our knowledge of the
role of Nn-methyl-histamine and the H3
receptor in regulation of gastric acid secretion
in disease states.
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