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In the Western world at least, most upper gastrointestinal
cancers now arise from the mucosa near to the
oesophagogastric junction. Research into the mechanism
of the development of adenocarcinoma at the
oesophagogastric junction has mainly focused on the
noxious effects of acid and bile. There is however an
alternative concept for explaining the location of
adenocarcinomas: the cancers are occurring at the
anatomical site where saliva encounters acidic gastric juice
and their interaction generates reactive nitrogen species
which are potentially mutagenic and carcinogenic. At
present, it is unclear whether the active nitrite chemistry is
exerting detrimental effects on the surrounding tissue but it
is important to investigate this possibility as it could reveal
new ways of preventing and treating the high prevalence of
disease occurring at this anatomical site
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here has been a remarkable change in the
anatomical distribution of malignancy of the
upper gastrointestinal tract over recent decades. The incidence of carcinoma of the mid and
distal stomach has progressively fallen while that
of adenocarcinoma of the distal oesophagus and
proximal stomach has progressively increased.1–3
Consequently, in the Western world at least,
most upper gastrointestinal cancers now arise
from the mucosa near to the oesophagogastric
junction.
The fall in incidence of carcinoma of the mid
and distal stomach may be explained by the
falling incidence of Helicobacter pylori infection and
associated atrophic gastritis which are major risk
factors for cancer at these sites. However, the more
important and urgent question relates to the aetiology of the high and rising incidence of adenocarcinoma around the oesophagogastric junction.
Current wisdom is that adenocarcinoma of the
distal oesophagus and oesophagogastric junction
is due to the noxious effects of refluxing acidic
gastric juice and possibly accompanying bile and
duodenal juice on the oesophageal squamous
mucosa.4 This induces columnar metaplasia of
the distal oesophagus producing an epithelial
phenotype resembling that of the gastric antrum,
small intestine, or colon. When this metaplasia is
extensive it is referred to as Barrett’s oesophagus.
Such metaplastic mucosa has a propensity to
progress to dysplasia and adenocarcinoma.5
Gastric acid is a key factor in inducing damage
to the squamous mucosa of the oesophagus. The

increasing incidence of adenocarcinoma of the
distal oesophagus may be explained by the fact
that most people now maintain their ability to
secrete gastric acid throughout life whereas in
earlier generations acid secretion diminished
with increasing age due to H pylori infection.6 7
Most research into the mechanism of the
development of adenocarcinoma at the oesophagogastric junction is focusing on the noxious
effects of acid and bile, and these are likely to be
important.
‘‘Gastric acid is a key factor in inducing
damage to the squamous mucosa of the
oesophagus’’
There is however an alternative or complementary concept for explaining the location of adenocarcinoma in the modern healthy acid secreting
stomach. The cancers are occurring at the anatomical site where saliva encounters acidic gastric
juice. In patients with reflux disease, saliva meets
acid within the distal oesophagus which is where
cancers occur in such patients. In patients
without reflux, the cancers occur at the proximal
cardia region of the stomach which is where
saliva normally encounters gastric acid. The
anatomical site where these two body fluids
meet may be very important as their interaction
generates reactive nitrogen species which are
potentially mutagenic and carcinogenic.8 9 This
nitrosative chemistry occurs due to the high
concentration of nitrite in saliva and which
originates mainly from dietary nitrate.

ENTEROSALIVARY RECIRCULATION OF
NITRATE
The modern diet contains substantial quantities
of nitrate, mainly derived from nitrogenous
fertilisers.10 Nitrate is absorbed from the small
intestine into the bloodstream.11 This circulating
nitrate is supplemented by a smaller amount of
endogenously produced nitrate, being the end
product of enzymatically synthesised nitric
oxide. Approximately 25% of all of this nitrate
ingested or produced endogenously is actively
taken up from the bloodstream by the salivary
glands and secreted into the mouth.11–13 As a
consequence, the concentration of nitrate in
saliva is approximately 10–20 times higher than
that in circulating blood (fig 1).14

REDUCTION OF SALIVARY NITRATE TO
NITRITE BY BUCCAL BACTERIAL
The mouth has a very dense bacterial population. The dorsum of the tongue is particularly
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When saliva meets acid: chemical warfare at the
oesophagogastric junction
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Figure 1 Of all the nitrate absorbed from the diet or produced
endogenously, 25% is taken up by the salivary glands and secreted into
the mouth. Bacteria on the dorsum of the tongue convert 10–90% of this
nitrate in saliva to nitrite. When saliva is swallowed and meets acidic
gastric juice it is converted to nitrosating species (that is, N2O3 and
NOSCN) and by further reacting with ascorbic acid in gastric juice to
nitric oxide (NO). In patients with reflux disease this chemistry occurs
within the oesophagus where gastric refluxate mixes with saliva.

densely colonised by avid nitrate reducing bacteria.15–17 These
organisms rapidly convert between 10% and 90% of the
nitrate in saliva to nitrite.15–17 Consequently, human saliva
contains very high concentrations of nitrite. Under fasting
conditions, the nitrite concentration of saliva is 10–
1000 mmol/l and this rises 2–5-fold for several hours after
ingesting nitrate containing foods.13 14 18 Similar concentrations of nitrite are present throughout the
of the
oesophagus.19 Approximately 1.5 l of saliva is produced
lumen every
24 hours and this nitrite rich fluid all passes down into the
proximal stomach (fig 1).20

NITRITE CHEMISTRY OCCURRING WHEN SALIVA
MEETS GASTRIC ACID
When saliva encounters acidic gastric juice, nitrite within it is
immediately converted to nitrous acid and nitrosating
species, including N2O3 and NO+.21 22 The latter reacts with
thiocyanate which is also secreted in high concentrations in
saliva to form the particularly potent nitrosating species
NOSCN.21 22 These nitrosating species are able to react with a
variety of organic nitrogenous compounds to generate
potentially carcinogenic N-nitroso compounds.21 22 For many
years, N-nitroso compounds have been utilised to induce
cancer of the oesophagus and stomach in experimental
animals.23 In addition to their nitrosating potential, these
nitrosating species can also induce oxidative stress manifest
by the consumption of antioxidant vitamins and glutathione.24 It is the acidic pH of the gastric juice that converts
the relatively inert nitrite present in saliva to these highly
reactive nitrosating species (fig 1).
The main factor protecting against these nitrosating species
generating N-nitroso compounds is ascorbic acid which is
actively secreted in gastric juice.25 26 Ascorbic acid reduces the
nitrosating species to nitric oxide and in the process is oxidised to dehydroascorbic acid.19 24–26 The highest concentration of nitrosating species within the upper gastrointestinal
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‘‘The oesophagogastric junction where saliva and gastric
acid meet is thus a site of very active luminal chemistry’’
The oesophagogastric junction where saliva and gastric
acid meet is thus a site of very active luminal chemistry. At
this location, nitrite present in high concentrations in saliva
is converted to nitrous acid, nitrosative species, and nitric
oxide. In addition, the chemistry results in the local
consumption of antioxidant vitamins present in gastric juice.

POTENTIAL CLINICAL IMPLICATIONS OF THIS
NITRITE CHEMISTRY
Could this active nitrite chemistry which occurs when saliva
meets gastric acid be contributing to the high incidence of
metaplasia and neoplasia occurring at the oesophagogastric
junction? At present we do not know. It will depend on
whether the luminally generated nitrosative species or
N-nitroso compounds produced by these species reach the
adjacent epithelium in biologically significant amounts. The
nitric oxide may be particularly important as it is highly
diffusible and should be able to rapidly enter the adjacent
epithelial cells.30
‘‘Nitric oxide in high doses is known to be mutagenic’’
Nitric oxide in high doses is known to be mutagenic.31 This
is due to the fact that at high concentrations nitric oxide
reacts with oxygen to form N2O3 which can damage DNA
directly or indirectly via generation of N-nitroso compounds.32 Nitric oxide can also inactivate DNA repair enzymes
such as O6-alkylguanine DNA alkyltransferase33 and DNA
repair proteins such as formamidopyrimidine DNA-glycosylase.34 Again, whether any of these effects are produced by
the luminally generated nitric oxide will depend on the
amount reaching the adjacent epithelial cells.

WHAT HAPPENS IN PATIENTS WITH REFLUX
DISEASE?
In patients with gastro-oesophageal reflux disease, the
anatomical location where saliva meets acidic gastric juice
is different from that in normal subjects. During gastrooesophageal reflux, the two juices meet within the distal
oesophagus and consequently the active nitrosative chemistry occurs at that site.35 Simultaneous monitoring of
oesophageal pH and nitric oxide shows that acid reflux
episodes are often accompanied by sudden and very marked
rises in nitric oxide.35 This is due to the acidity and ascorbic
acid content of the gastric refluxate converting nitrite in the
oesophageal lumen to nitric oxide.
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tract will occur at the anatomical site where (i) the ratio of
nitrite to ascorbic acid is highest, (ii) there is an adequate
thiocyanate concentration, and (iii) the pH is acidic. Recent
studies indicate that in the healthy acid secreting stomach,
the site most fulfilling those criteria and thus with the
conditions most favouring generation of nitrosative species is
the most proximal cardia region of the stomach where saliva
first encounters acidic gastric juice.19
The reaction between saliva and acidic gastric juice not
only produces nitrous acid and nitrosating species but also
nitric oxide.27 28 Nitric oxide is produced by the reaction
between the nitrosating species and the available ascorbic
acid in gastric juice.8 Peak concentrations of nitric oxide
generated in this way have again been observed in the cardia
region of the stomach.29 Indeed, concentrations of nitric oxide
measured at this site and derived from dietary nitrate are the
highest recorded anywhere in the human body.

Saliva and gastric acid

The luminal nitrosative chemistry occurring in the oesophagus of patients with reflux disease may be particularly
damaging. Acid reflux produces mucosa erosions and this
will increase the exposure of epithelial cells to the nitrosative
chemistry occurring within the oesophageal lumen. Erosive
oesophagitis induces inflammation and cellular proliferation
which is likely to make the epithelial cells more sensitive to
luminally generated carcinogens. Animal models have shown
that inflamed epithelium is more sensitive to the carcinogenic effects of N-nitroso compounds.36

COULD NITRITE CHEMISTRY INDUCE GASTROOESOPHAGEAL REFLUX?
It is also important to investigate whether the chemistry
occurring when nitrite-rich saliva encounters acidic gastric
juice might contribute to the aetiology of gastro-oesophageal
reflux disease itself. Excessive local production of nitric oxide
could explain most of the functional abnormalities associated
with reflux disease. Nitric oxide lowers the tone of the lower
oesophageal sphincter,37 impairs oesophageal clearance,38 and
is the final mediator of transient lower oesophageal sphincter
relaxations.39 To date, a single study has investigated whether
administration of nitrate affects gastro-oesophageal reflux
and demonstrated no effect.40 However, further studies are
required.

WHAT IS THE BIOLOGICAL BENEFIT OF THIS NITRITE
CHEMISTRY?
What is the reason for the healthy human body allowing this
reactive nitrosating chemistry to occur when saliva meets
acidic gastric juice? Complex processes are involved in
bringing it about and it must confer some evolutionary
benefit. Studies by Duncan et al have shown that this
chemistry possesses antimicrobial activity.41 It therefore
appears to be primarily designed to kill pathogenic microbes
entering the body via the upper gastrointestinal tract.
However, as with all legitimate targets, there is always the
risk and indeed probability of collateral damage.

CONCLUSIONS
At present, it is unclear whether the active nitrite chemistry
which occurs when saliva meets gastric acid at the
oesophagogastric junction is exerting detrimental effects on
the surrounding tissue. However, it is important to investigate this possibility as it could reveal new ways of preventing
and treating the high prevalence of disease occurring at this
anatomical site. These could include reducing nitrate intake
and/or inhibiting the reduction of salivary nitrate to nitrite by
buccal bacteria.
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‘‘The luminal nitrosative chemistry occurring in the
oesophagus of patients with reflux disease may be
particularly damaging’’
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