
[CANCER RESEARCH35,3469-3474,November1975]

Summary

We have developed the working hypothesis that gastric
cancer in man may result from the in vivo nitrosation in the
stomach of as yet unknown substrates, with the production
of alkylnitrosamides. We have established that a source of
the nitrite required for the nitrosation was the reduction of
nitrate in foods. Nitrate could be derived from its deliberate
addition to food as a preservative, from drinking water, and
from foods grown in nitrate-rich soils. The reduction of
nitrate does not occur at 2â€”4Â°,accounting for the decline in
gastric cancer in countries and regions where means of
refrigerated food storage have been introduced. Future
research includes the search for the substrates, presumably
in the form of alkylamides, in some foods typically con
sumed in high-risk regions.

Introduction

Epidemiology and international statistics indicate that
gastric cancers in particular, as well as other cancers, have a
widely varying incidence and mortality rate which is a
function of country of residence (3, 5â€”8,15, 16, 18, 19, 22,
24, 30, 36, 41, 42). Areas with high incidence include Japan,
Latin America west of the Andes, some parts of the
Caribbean, and Eastern Europe. In contrast, Western
Europe, the United States, Australia, New Zealand, and
other Anglo-Saxon countries have a low incidence. How
ever, this low incidence is only a recent development, for
gastric cancer was the main human cancer in the United
States 40 years ago. The reason for the decline in this
country is not understood. In fact, other countries that
currently still have a high incidence also have begun to show
a trend towards a decrease in the incidence ofgastric cancer.
Because of the past importance of stomach cancer in the
United States and its high incidence in other areas of the
world,therehavebeennumerousstudiesto uncovercauses
of this cancer. These have resulted in the elaboration of
hypotheses and theories based on various dietary factors
such as the consumption of foods containing or prepared in
heated fats, the consumption of smoked foods, the intake of
adulterated foods, etc: (18). None of these have been
validated. Also, there were no appropriate animal models
available that would be relevant to the human situation.

I Presented at the Conference on Nutrition in the Causation of Cancer,

May 19to 22, 1975,Key Biscayne,Fla. Theexperimentalpart ofthis study
was supported by USPHS Grants CA-l4298 and CA-l76l3 from the
National Cancer Institute.

2 Presenter.

3 Present address: Frederick Cancer Center, Frederick, Md. 21701.

Fortunately, this situation has now changed due to
discoveries in the laboratory ofSugimura and Kawachi (38),
and subsequently in the laboratories of Druckrey (9) and
Schoental and Bensted (35). This important experimental
finding was that intake p.o. in the drinking water, in the
food, or by gavage of alkylnitrosamides, typically, N-
methyl-N'-nitro-N-nitrosoguanidine or N-methyl-N'-acetyl
N-nitrosourea, and related chemicals, readily induces can
cer in the glandular stomach, as seen in man, in many dif
ferent species. There are other ways of inducing this cancer
such as with N,N'-2,7-fluorenylenebisacetamide (37), but
this procedure is not effective in all species under a variety
of conditions.

Inasmuch as the animal models of gastric cancer induced
by alkylnitrosoureas have broad applicability across species
lines, the question can be asked whether gastric cancer in
man might also be caused by exposure to this type of
chemical. This is the working hypothesis that we have begun
to explore (32, 39, 40). Thus, it is important to establish
whether such chemicals can enter man's environment and, if
so, under what conditions. Sander (33, 34) made the
important discovery that nitrosamines can be formed in vivo
by nitrosation by nitrite of suitable substrate amines or
amides in the stomach in animals and in man. He, and later
others, established that cancer at various sites could be
induced with identical results either by administration of a
preformed nitrosamine or nitrosamide or by nitrite together
with the corresponding amine or amide (12, 13, 23, 26-28,
31).

This is a key element in our search for the factors leading
to gastric cancer in man. We now have to examine the
environment, presumably dietary, for the presence of nitrite
and the simultaneous presence of suitable alkylamides in
high-risk populations for gastric cancer. In fact, the concept
can be extended to other cancers such as that of the liver or
of the esophagus by suitable combination of nitrite and the
appropriate amine or amines.

First, let us discuss the question of nitrite. This chemical
is a food additive used principally to preserve meats and fish
in various countries and, additionally, to act as a color
former for beef. As a preservative, it has the important
function of inhibiting the spores of Clostridium botulinum.
Currently, the practice is to add 156 or, in some cases, 125
ppm nitrite to various types of meats and meat products.
Data show that the levels of nitrite decline rapidly from the
time of processing and are no higher than 10 ppm at the
time such meats are eaten (I, 21). Mirvish (25â€”28),Lijinsky
(23), Epstein (12), and others have shown that such small
amounts of nitrite would probably not lead to the formation
of substantial amounts of carcinogenic nitrosamines. The
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TableI
Production of nitrite from nitrate in stored food

To 5-gsamplesof a potato andmeatstewwith 107ppm nitrate contentwereadded0, 200,or 500
ppm additional sodium nitrate. The sampleswere incubatedin triplicate at 210 or 2Â°for 24 or 48
hr. Nitrite andnitrate wereextractedandanalyzed.

a The data are expressed as mean ppm Â± S.E.

A Nitriteformed during the 1st24 hr ofincubationgraduallydisappears,presumably as a resultof

further bacterial reduction (I, 21).

practice of regulated nitrite addition to meats, then, is not a
likely explanation for the occurrence of gastric cancer and
certainly does not account for the decline of gastric cancer
in the United States. However, Binkerd and Kolari (2)
describe the history of the changes in nitrate and nitrite use
and show that there have been considerable alterations in
the practice of nitrate addition to meats and fish in the
United States. Amounts as high as 5000 ppm nitrate have
been used as preservative in the past. It is known that, as
part of the nitrogen cycle in nature, such nitrate is reduced
in stages to nitrite and thence to ammonia (I, 21).

Formation of Nitrosamides as Carcinogens for the Stomach

Our studies on the formation of gastric carcinogens
concern the formation of nitrite from nitrate, the conditions
controlling the nitrosation of alkylamides, and methods of
inhibition of the nitrosation reaction.

In conjunction with our hypothesis that nitrate may be
bacterially reduced to nitrite in food and that this reaction
may be inhibited by cold storage, we have studied the
formation of nitrite in a commonly eaten stew preparation
stored at room temperature for 24 hr (Refs. 32 and 40;
Table 1). At this time, we observed a 91% conversion of
nitrate to nitrite in samples containing only endogenous
nitrate. Incubation at 2Â°completely prevented the forma
tion of nitrite, indicating that the nitrite formation was
probably the result of catalysis by bacterial enzymes.

Incubation of boiled and fresh potatoes yielded similar
results. Homogenized boiled potatoes containing varying
levels of nitrate were incubated for up to 72 hr (Chart 1).
After 24 hr of incubation, a 39% yield of nitrite was found in
samples containing 284 ppm of nitrate and 63% yield of
nitrite in samples containing 584 ppm of nitrate. No nitrite
was formed in samples incubated at 2Â°.

The effect of incubation on changes in nitrate levels, as
well as on nitrite production, was studied by incubating
homogenized fresh potatoes at 2 1Â°for up to 72 hr (Chart 2).
During the time of nitrite formation, there was a rapid
decrease in nitrate levels. Nitrite obtained during the 1st 24
hr of incubation disappeared during the 2nd 24-hr period.
These data indicate that the nitrite formed originates from
nitrate initially present. Incubation for 72 hr at 2Â°prevented

L&1
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E
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Chart 1. Formation of nitrite in boiled potatoes. Two-g samples of
homogenized boiled potatoes were incubated in triplicate at 25Â°and 2Â°for
0, 24, 48, and 72 hr. The samplescontained84, 284, or 584 ppm nitrate.
Following incubation, nitrite was extracted and the nitrite concentration
wasdetermined.Thedata arepresentedasppm nitrite Â±S.E. (32).

the formation of nitrite, demonstrating once again the value
of refrigerated food storage as a method of inhibiting nitrite
formation. These findings support the possibility that the
reduction of nitrate to nitrite in food may constitute a
significant part of total nitrite intake.

The formation of N-methyl-N-nitrosourea from nitrite
and methylurea has been noted both in vitro and in vivo
(25â€”27,31, 33). The inhibitory effect ofascorbic acid on the
nitrosation of methylurea, as well as on the nitrosation of
alkylamines, has been established by Mirvish et a!. (29).
Furthermore, ascorbic acid has been reported to inhibit
tumor induction in rats resulting from the administration of
nitrite and ethylurea (20, 26). We have studied the effect of
ascorbic acid on the nitrosation reaction in food incubated
under simulatedgastric conditions(32). In homogenized
boiled potatoes containing 100 ppm of nitrite and 100 ppm
of [â€˜4C]methylureaincubatedat pH 1.5 and37Â°,19.2ppm
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100ppm
methylurea

(1 MCi [â€œC]-
methylurea)100

ppm
nitriteAscorbate/nitriteppm% controlMethylnitrosoureaformed0(ppm)%inhibition+â€”0.0Â±0.0++073.8

Â±l.8c10019.2 Â±1.10++I65.4
Â±0.78712.1 Â±0.837++247.2Â±0.6645.0Â±0.474++442.0Â±

1.2571.4Â±0.293

Etiology of Gastric Cancer

300

20

I00

80

60

40

20

w
0-

0-
z
E
a

200
I Chart 2. Formationof nitriteanddisappearanceof nitrate
I infreshpotatoes.Five-gsamplesof fresh,homogenized

@ potatoes were incubated in triplicate at 21Â°and 2Â°for 0, 24,
@ 48, and 72 hr. The samples contained 284 ppm nitrate.
@ Following incubation, nitrite and nitrate were extracted and
@ their concentrations were determined. The data are presented

100 as ppm nitrite and nitrate Â±SE. (32).

were combined in the presence of ascorbic acid. In the
development of a data base to underwrite a working
hypothesis that gastric cancer in man may result from the
formation in the stomach of a locally active alkylnitrosa
mide, we have established a possible source of nitrite,
namely the reduction of nitrate deliberately added or pres
ent as a result of agricultural practice, in food stored at
room temperature. This is consonant with the factual rec
ord on diet practices in the United States, where more
and more people over the years have had access to mechani
cal refrigeration to store foods and thus prevent the de
velopment of nitrite. However, low socioeconomic groups
have a higher incidence of gastric cancer, because they do
not necessarily have such means or the education to pre
serve their foods (14). This is particularly true if it is con
sidered, as discussed elsewhere in this paper, that exposure
in the 1st few years of life may suffice to yield gastric can
cer in middle age. Thus, for cases seen now, one needs to
consider life-style and practices 30 to 40 years earlier.

Table2

720 24 48
INCUBATIONTIME(HR)

of N-methyl-N-nitrosourea formed after an incubation
period of only 10 mm (Table 2). In the presenceof mole
ratios of 1, 2, and 4 of ascorbic acid-nitrite, N-methyl-N-ni
trosourea formation was inhibited by 37, 74, and 93%,
respectively. Under identical incubation conditions, the
presence of ascorbic acid results in a decreased concentra
tion of nitrite. Ascorbic acid does not react with the
substrate methylurea or the product methylnitrosourea. It
appears, therefore, that ascorbic acid may inhibit the
nitrosation of methylurea by direct action on nitrite or a
transition state intermediate.

Thus, we have demonstrated that under realistic condi
tions, using foods eaten by populations typical of high-risk
situations for gastric cancer, endogenous or added nitrate
was converted in substantial amounts to nitrite when this
food was stored at room temperature but not in the
refrigerator. Also, less nitrite was seen in the presence of
high amounts of ascorbic acid, and less carcinogenic
methylnitrosourea was formed when nitrite and methylurea

Effrct ofascorbic acidon nitrite levelsandon theformation ofmethylnitrosourea in potato
incubatedatpH 1.5Â°

a Ref. 32; 5-g samples ofhomogenized boiled potato (adjusted to pH 1.5) were incubated in triplicate at 37Â°

for10mm.
A Recovery of methylnitrosoureawas 35.1%.

C Mean ppm Â± S.E.
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The further question requiring definition is the identifica
tion and quantitation of the substrates that are nitrosated to
give gastric carcinogen. Substrates necessary for the forma
tion of nitrosoguanidino compounds are relatively abundant
in the human environment. One potential substrate, meth
ylguanidine, has been reported to be present at concentra
tions of 90 to 1900 ppm in beef and fish (I I, 12). More
importantly, the nitrosation of methylguanidine results in
the formation of the powerful bacterial mutagen and
experimental gastric carcinogen, N-methyl-N-ni
trosocyanamide. N-Methyl-N-nitrosourea, a bacterial mu
tagen and experimental gastric carcinogen, is also produced
from the same reaction ( 11, 12).

A thorough understanding of the conditions governing the
formation of nitroso compounds, as well as an understand
ing of the natural occurrence of potential substrates, allows
for a rational approach to the study of the etiology of gastric
cancer in areas of high incidence.

A number of factors need to be kept in mind in searching
for a nitrosatable substrate. In the several rodent models
used thus far, cancer in the glandular stomach, like that seen
in man, was obtained when the N'-nitrogen in the ureido
compound was substituted by an electron-withdrawing
group like nitro or acetyl. The prototype methylnitrosourea,
while inducing cancer in the glandular stomach under some
circumstances, also leads to cancer in the forestomach in
mice or rats and, indeed, even in other tissues. Thus, it
would seem that a reliable gastric carcinogen would be a
ureido derivative in which the N'-nitrogen has a substituent
of an electronegative nature. Mirvish (25, 26) has com
mented on the kinetics of nitrosation of alkylamides and
noted that there was no clear structural related pattern. Of
relevance also is the possibility of catalysis by anions, which
would accelerate an otherwise sluggish reaction (4, 13).
These considerations must be taken into account in planning
research approaches to the detection of the substrates
capable of nitrosation that would be gastric carcinogens.

In Japan, which possessed the highest death rate (69
deaths/l00,000 males) due to gastric cancer in a study of4l
countries, a correlation has been reported between the
consumption of salted fish and the incidence of gastric
cancer (3, 6, 16). Fish preserved by the use ofcrude salt may
contain nitrate, which can be reduced to nitrite. The high
level of methylguanidine in fish combined with the presence
of nitrite may, upon ingestion, result in the formation of
methylnitrosocyanamide and methylnitrosourea ( 11). Both
agents have been shown to be potent mutagens and carcino
gens.

Chile, which ranked second in death rate due to gastric
cancer (58 deaths! 100,000 males), possesses large nitrate
deposits and corresponding elevated levels of nitrate in
foods and drinking water (42). Regions of Colombia have
similar geological structure, and Correa (5) has reported
on gastric cancer there. A positive correlation between
nitrate levels in foods and drinking water with incidence of
gastric cancer has been established by Zaldivar and Robin
son (42) and by Hawksworth et a!. (17). In Eastern Europe,
Poland, Hungary, and Czechoslovakia had the 3rd, 4th,
and 5th highest death rates due to gastric cancer (8, 36).

The etiology of gastric cancer in these countries is unknown,
but may be similar due to the geographical proximities of
the countries involved.

We plan to make a systematic search for nitrosatable
substrates that can lead to the formation of a gastric
carcinogen. This will take into account the known parame
ters relative to key foods consumed in high-risk countries
such as Japan, Eastern Europe, Central America, and parts
of Latin America. Along these lines, it will be useful to take
into account the known epidemiological information de
rived from migrant studies. The risk of developing gastric
cancer is maintained when either a Japanese or an Eastern
European or Scandinavian migrates from his native high
risk area to a low-risk region, such as the United States or
other Anglo-Saxon countries (3, 5, 15, 16, 41). It would
seem, therefore, that exposure to the etiological factors
occurs even at a young age. The occult lesion produced
eventuates in overt cancer many years later. This is similar
to animal experimentation where I or a few doses of a
gastric carcinogen administered to a young animal lead to
gastric cancer at a later time (38).

Comments on Practical Preventive Measures

Several groups now work on the experimental develop
ment of the hypothesis outlined herein, namely that gastric
cancer in man may stem from in vivo nitrosation of an
alkylamide type of substrate, with production of gastric
carcinogens. This includes the laboratories of Mirvish (26),
Endo (10, 11), Correa (6), Tannenbaum (13), Hill (17), and
our group. Current knowledge derived from epidemiology,
migrant studies, and animal experimentation all support
this hypothesis, in contrast to the older hypotheses reviewed
by Higginson (18). Even the beginning trend, in high-risk
countries, of a lowering of the risk is consonant with
changes in dietary habits, including a lower use of nitrate
and introduction of refrigerated storage. Practical preven
tion is thus possible by recommending further efforts, made
in all countries, in reducing the presence of nitrate or nitrite
in foodstuffs consumed by man. It is recognized that nitrite
is an effective economic and reliable tool to prevent the
occurrence of botulism. The levels of nitrite used for this
purpose, especially after short-term storage of the treated
foodstuff, are much lower than the amounts probably
present under high-risk situations. Thus, it would seem there
could be 2 main sources of the sizeable amounts of nitrite
required to effect nitrosation under conditions such that
sufficient amounts of a gastric carcinogen might be pro
duced. One is the addition oflarge amounts of nitrate-nitrite
mixtures, as used historically to preserve certain foodstuffs
such as fish and meats, particularly pork. The other stems
from the natural presence of high levels of nitrate locally
owing to geological formations or the addition in agricul
tural practice of nitrate-containing fertilizers. It is impor
tant to realize that nitrate, as such, is not harmful. The
hazard arises when the nitrate present in foodstuffs, such as
vegetables, is reduced to nitrite. This reaction does not
occur at low temperature. Thus, this opens the 2nd way of
preventing gastric cancer, namely to maintain foods under
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conditions such that the production of nitrite is minimized.
Once further studies delineate the substrate or substrates
that when nitrosated form a gastric carcinogen, it is possible
that additional means will arise of reducing the formation
of such compounds to delay or prevent cancer. An addi
tional way of prevention would be to neutralize or destroy
nitrite formed or present, such as through the addition of
ascorbic acid. This particular mode presents the advantage
that, in addition to reacting with nitrite, it also negatively
influences the formation of carcinogenic nitrosamines.

The future course of research in this area includes the
delineation of the substrates capable of nitrosation. Further
more, a deliberate plan to reduce nitrite levels in foods
consumed by man worldwide, through the various modali
ties described, should be followed by a further decrease of
the incidence of gastric cancer. This ultimately will provide
the touchstone as to whether our hypothesis on the etiology
of gastric cancer is correct.
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