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ABSTRACT

Urinary excretion levels of nitrate and /V-nitrosoproline were deter
mined in 160 individuals in a Colombian population at high risk for
gastric cancer. In 156 of these subjects urinary levels of 3-methyladenine
and 7-methylguanine were determined. Gastric biopsy specimens were
obtained from 118 individuals and were histologically characterized ac
cording to pathological criteria into the following groups: normal, super
ficial gastritis, chronic atrophie gastritis, chronic atrophie gastritis with
intestinal metaplasia, and dysplastic. The histolÃ³gica! changes were
correlated with the four variables listed above. There were no significant
differences in the excretion of nitrate, /V-nitrosoproline, 3-methyladenine,
or 7-methylguanine in subjects with different pathological changes. A
statistically significant correlation was present between nitrate and .V-
nitrosoproline excretion in the total population group (r = 0.297, P =
0.0001 ). A highly significant correlation (r = 0.56, /' = 0.0002) was noted
for urinary nitrate and /V-nitrosoproline excretion in individuals with
intestinal metaplasia and dysplasia. An increase in the urinary excretion
of 3-methyladenine and 7-methylguanine was associated with tobacco
smoking in the total population group.

INTRODUCTION

Gastric cancer is highly prevalent in the inhabitants of rural
areas in the NariÃ±oregion of Colombia. A series of histopath-
ological changes of the gastric mucosa has been identified in
this population, apparently representing stages of a continuum
of cancer precursor lesions (1). These changes constitute the
multifocal chronic atrophie gastritis complex and are charac
terized in order of severity by superficial gastritis, atrophy,
intestinal metaplasia, and dysplasia (2). The pathological
changes are accompanied by profound alterations in the mi-
croecology of the gastric mucosa, including elevated gastric pH,
altered enzyme levels, and increased gastric nitrite and nitrate
concentrations (3, 4). Intragastric nitrosation of nitrogen com
pounds has been postulated as a source of locally active carcin
ogens (5). The in vivo nitrosation hypothesis of gastric carci-
nogenesis has been subjected to test by measuring urinary
NPRO1 excretion (6), with inconsistent results. Nitrate intake

and excretion is an important determinant of in vivo nitrosation.
This report studies the relationship between the urinary excre
tion of nitrate and that of nitrosoproline, as well as the meth
ylated purines 3-methyladenine and 7-methylguanine (which
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have been proposed as biological markers of exposure to in vivo
methylation by nitrosatable agents) in the Colombian popula
tion of NariÃ±o.

MATERIALS AND METHODS

Chemicals and Reagents. Standards of NPRO and .V-mtrosopipccolic
acid were synthesized according to the previously described procedures
(7). Boron trifluoride-methanol and 3-methyladenine were purchased
from Sigma Chemical Co. (St. Louis, MO). A'-(iert)Butyldimethylsilyl-
A/-methyltrifluoroacetamide was purchased from Pierce Chemical Co.
(Rockford, IL). Samples of 3-[2H3]methyladenine and 7-[2H3]methyl-

guanine were provided by Dr. D. E. G. Shuker (IARC, Lyon, France).
The organic solvents were "distilled in glass" grade and, for the 3-

methyladenine assay, were redistilled before use.
Study Population. The study group of 160 individuals was randomly

selected from the town of Tuquerres in NariÃ±o.This is a rural, homo
geneous, and somewhat closed population of predominantly Indian
ancestry with a high incidence of gastric carcinoma. History of smoking
and consumption of alcoholic beverages was collected by direct inter
view. A random sample of the population was based on a household
survey in which volunteers were requested to participate in the study.
Twenty-five men and 25 women for each of the four decades covering
ages 20-59 were invited.

Determination of Urinary Nitrate. Twenty-four-h urine samples were
collected from the individuals in the study. Boric acid (10 g) was placed
into each of the 500-ml collecting jars provided to the patient. The
total collection of urine was mixed, and an aliquot was taken and placed
in a â€”20Â°freezer. The samples were shipped in dry ice to the central

laboratory within 2 wk of collection. The total amount of urine excreted
over a 24-h period was recorded. Nitrate was measured by an automated
procedure previously described by Green et al. (8). In brief, the samples
were passed through a column of copper-plated cadmium, thereby
reducing nitrate to nitrite. Nitrite was measured following reaction with
the Griess reagent (1% sulfanilamide/0.1% naphthylethylenediamine
dihydrochloride/2.5% H3PO4), which forms a chromophore absorbing
at 540 nm. The absorbance was detected by a flow-through UV/visible
spectrometer connected to a Hewlett-Packard 3390 A integrator. The
urine samples were run in duplicate and aqueous standards of sodium
nitrate ranging from 5.0 to 50 MMwere analyzed daily to check column
efficiency. Stock urine samples were also analyzed periodically to check
for system variability.

Determination of Urinary A'-Nitrosoproline. An aliquot of urine (12
ml) was mixed with the internal standard (50 ng of A'-nitrosopipecolic
acid) in a glass vial containing 6 g of sodium chloride. After addition
of 4 ml of a 20% solution of ammonium sulfamate in 3.6 N H2SO4, the
sample was mixed and poured onto a Clin-Elut column (Analytichem
International, Harbor City, CA). After standing for 2 min the tube was
eluted with 15 ml of a methanohdichloromethane solution (8:92, by
volume), and the effluent was collected. This step was repeated 3 times
and the combined extract was then concentrated to dryness under
vacuum. Dichloromethane (2x3 ml) was added to the flask and the
sample was transferred to a test tube. After evaporation under nitrogen
at room temperature, 1 ml of 14% boron trifluoride-methanol was
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added. The solution was heated to 65Â°for 50 min. After cooling, the

sample was mixed with 6 ml of water. One ml of dichloromethane was
added and the tube contents were mixed well. The dichloromethane
layer was collected and the extraction was repeated with another 1 ml
of dichloromethane. The organic layers were dried over sodium sulfate
and evaporated under nitrogen to approximately 300 n\. The sample
was then analyzed by gas chromatography using a thermal energy
analyzer (Thermo Electron Corp., Waltham, MA). A 5% methylsilicone
fused-silica capillary column (25 m x 0.53 mm inside diameter; 2.0-^m
film thickness; Quadrex, New Haven, CT) was used in the temperature-

programmed analysis.
Practical limits of measurability were of the order of 0.2 ng NPRO/

ml of urine. In several cases (n = 11) in the study the NPRO excretion
was below the analytical limit of detection. These collections of urine
samples were arbitrarily given an excreted value of 0 ng of NPRO per
subject for 24 h.

Determination of Urinary 3-Methyladenine and 7-Methylguanine. The
analysis of 3-methyladenine and 7-methylguanine in urine was carried
out as previously described (9). Briefly, a 10-ml aliquot of urine, spiked
with 500 ng of 3-[2H3]methyladenine and 12 Mgof 7-[2H,]methylguan-
ine, was applied to a column of Amberlite XAD-2 resin (Aldrich
Chemical Co., Milwaukee, WI). The column was eluted with 0.001 N
HC1 and the fraction containing 3-methyladenine and 7-methylguanine
was collected and evaporated to dryness. Further purification was
accomplished by bonded-phase extraction column chromatography us
ing carboxylic acid cartridges (Analytichem International). The 3-meth-
yladenine-containing fraction was isolated, dried under N2, and deriv-
atized to form the corresponding rerf-butyldimethylsilyl derivative for
analysis by gas chromatography/mass spectrometry. Combined gas
chromatography/mass spectrometry was performed using a Hewlett-
Packard Model 5996 system operated in the electron ionization mode.
The column used as a fused-silica capillary (30-m x 0.25-mm SPB-1;
Supelco, Bellefonte, PA) with helium as carrier gas. Quantification of
3-methyladenine was done by selected ion monitoring for the M-57
(C4H9) fragment ion at m/z 206 for the rfo-compound and m/z 209 for
the ^-analogue used as internal standard. Quantification of 7-methyl
guanine in urine was carried out in the same analysis. In this case the
ion at m/z 336 and m/z 339 for the di-ferr-butyldimethylsilyl derivatives
of the i/o and </3-compound, respectively, were monitored.

Histopathology. The gastric biopsy specimens were prepared as pre
viously described (10). Histological diagnosis was made by the pathol
ogist without previous knowledge of gastroscopie or clinical findings.
Histologically, the specimens were classified into the following groups:
group 1, normal; group 2, superficial gastritis; group 3, chronic atrophie
gastritis; group 4, chronic atrophie gastritis with intestinal metaplasia;
and group 5, dysplastic.

Statistical Analysis. Linear regression analysis was carried out to
study the correlation among the data sets tested. The correlation
coefficients and P values were determined using the SAS statistical
package. Linear regression analysis was performed on all combinations
of data sets using the total data sets and certain subsets of data, for
example, different biopsy subgroups. The two-sample i test was used to
determine differences between the mean excretion values of the title
compounds for smokers versus nonsmokers and for drinkers versus
nondrinkers.

RESULTS

The gastric pathology results obtained from the biopsy spec
imens of 118 of the subjects are shown in Table 1. Due to a

Table 1 Gastric pathology

DiagnosisNormalSuperficial

gastritisAtrophie
gastritisIntestinal
metaplasiaDysplasiaTotalNo.

ofcases13544353118%0.929.637.329.72.5

lack of normal subjects the results from the one normal indi
vidual have been deleted in the following analyses and the data
from the 3 individuals diagnosed with dysplasia have been
combined with those from patients with intestinal metaplasia
to give a subtotal of three different pathology groups.

Comparison of Urinary Nitrate, jY-Nitrosoproline, 3-Methyl
adenine, and 7-Methylguanine Excretion versus Pathogenic
Change. A comparison of the excreted levels of nitrate, NPRO,
3-methyladenine, and 7-methylguanine in the total population
and by histological diagnosis was made. These results are
summarized in Table 2. There was essentially no difference
among the groups in the mean and median values of urinary
nitrate excretion. No significant relationship was found between
pathological finding and NPRO excretion. The mean and me
dian values were similar in the three groups.

A lack of correlation between gastric pathology and 3-meth
yladenine excretion in the three subsets was also noted. The
mean and median values showed no significant change with the
degree of pathology. No significant difference in excretion of
7-methylguanine was observed among the histopathology
groups.

Regression Analysis of Urinary Nitrate and /V-Nitrosoproline
in the Total Population and in the Three Diagnostic Groups. In
the present study group there were 79 men (average age, 38.2,
with a range of 18 to 59 yr) and 81 women (average age, 39.5,
with a range of 20 to 58 yr). Regression analysis of urinary
nitrate excretion versus age in the total population showed no
correlation between the two parameters (r = 0.16, P = 0.04).

The results of linear regression analysis of the excretion of
NPRO as a function of nitrate excretion are shown in Tables 3
and 4 and Figs. 1-3. A moderate correlation of borderline
significance was detected in patients with superficial gastritis
or chronic atrophie gastritis. In patients with intestinal meta
plasia and dysplasia, a strong (r = 0.56) and highly significant
correlation (P = 0.0002) was found. When one outlier is ex
cluded from this group, an even stronger correlation (r = 0.6)
is found and a plot of the linear regression line (Fig. 3) shows
a steep slope (B = 0.64). The slopes of the regression lines for
subjects with superficial gastritis and chronic atrophie gastritis
are much less steep (B = 0.26 and 0.24, respectively).

Regression Analysis of 3-Methyladenine and 7-Methylguanine
versus Nitrate and NPRO. Regression analysis of the excretion
of 3-methyladenine with nitrate in the total population and the
three subset groups showed no significant correlations for the
parameters tested. Regression analysis data of the excretion of
3-methyladenine versus NPRO in the total population are
shown in Table 3. A moderate correlation between NPRO
excretion and 3-methyladenine was found (r = 0.19, P = 0.02).
Regression analysis of nitrate versus 7-methylguanine excretion
showed a somewhat weaker correlation (r â€”0.14, P = 0.07).

The effect of smoking and alcohol consumption on the ex
cretion of the title compounds was also studied. There were no
differences between drinkers and nondrinkers in excretion of
any of the title compounds (data not shown). An increase in
the median value of urinary 3-methyladenine excretion was
observed for smokers (7.3 /ug/subject/24 h, n = 40) when
compared to nonsmokers (5.5 Mg/subject/24 h; n = 116). When
calculating the means three outliers (nonsmokers) were re
moved and a value of 7.05 Â±5.7 (SD) Â¿ig/subject/24 h was
obtained for nonsmokers. For smokers a mean value of 9.4 Â±
5.2 ^g/subject/24 h was obtained. A comparison of the two
means using a 2-sided / test showed a significant difference (P
= 0.025). These mean values are within the range reported for
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Table 2 Means and medians for the amounts of nitrate, NPRO, 3-methyladenine, and 7-methylguanine excreted in urine

Nitrate
(Â»jmol/person/24h)Group

MeanMedianTotal
population 1000.9 Â±53.3Â° 856.5

2â€”superficial gas- 95 1.3 Â±122.0 680.8
Iritis

3â€”chronic atrophie 1083.8 Â±126.4 872.9
gastritis

4 + 5â€”intestinal 947.9Â±101.6 822.9
metaplasia + dys-
plasiaNPRO(ng/person/24

h)n

Mean160

929.7 Â±41.1
35 843.2 Â±84.744

979.3 Â±97.3

38 1005.8 Â±78.1Median

n870.6

160
791.535893.7

44

864.038Â°

Mean Â±SE.Table

3 Linear recession analysis data of urinary excretion levels of nitrate,
\PRO, 3-methyladenine, and7-methylguanineCorrelation

VariablecoefficientNPRO

vs. nitrate 0.30
NPRO i'Ã.3-methyladcnine 0.19
NPRO vs. 7-methylguanine0.08Nitrate

vs. 3-methyladenine 0.06
Nitrate vs. 7-methylguanine0.143-Methyladenine

vs. 7-methyl- â€”0.02
guanineP0.0001

0.02
0.300.46

0.070.77No.

of
cases160

156
156156

156156SPROLINE

(ng/(\Z

oTable

4 Linear regression analysis of urinary nitrate versus NPRO excretionoSlope

Correlation
estimate coefficient

Group (ft)(r)Total

population 0.29 0.30
Group 2 (superficial 0.26 0.37

gastritis)
Group 3 (chronic 0.24 0.32

atrophie gastritis)
Group 4 + 5 (intes- 0.43 0.56

tinul metaplasia +
dysplasia)

Group 4 + 5(-l out- 0.64 0.60
lier)N-PROLINE(ng/day)oP0.0001

0.030.04

0.00020.0001No.

of
cases160

3544

3837SGX

Xx

* ^_â€”-xÂ«
xÂ«Â« ^^â€”-*â€¢Â»Â£v^^k-*nÃ*1

â€¢XX

XXÃŸ=0.26

^^^that

of A-nitros
group 3[chroni4000I"D.^

30000)LU

2000Z|,Â«O.

Z0iFig.

3. Plot c
that of A-nitros
group 4 + 5 [i
deleted.NPRO

andsmokers
wei3-Methyladenine

7-Methylguanine
(ng/person/24 h) (mg/person/24h)Mean

Median n Mean Mediann9.4

Â±1.2 5.9 156 6.9 Â±0.2 6.3 156
7.3 Â±1.0 5.3 35 6.1 Â±0.3 5.9350.4

Â±2.9 5.9 42 7.8 Â±0.4 7.6 42

9.3 Â±1.5 6.2 37 6.5 Â±0.5 6.237CAG.

â€¢ÃŸ=OJ4

-

â€¢".â€¢â€¢-_-l--~- -""-p-rrr^^â€¢fc

â€¢â€¢â€¢â€¢â€¢

â€¢â€¢1000
2000 300040005000NITRATE

(jamÃ³les /day)f

the linear regression line of the amount of urinary nitrate versus
oproline (A7-proline)excreted per individual in 24 h by subjects in
c atrophie gastritis (CAG)].IM

+ DÃŸ=0.64

^^^^A

^^^^"

' ' '/^
A A^^^^A

tvÃ**jÃ¨f*.-*Â»**A)

1000 2000 3000 40005000NITRATE

(nmoles /day)f
the linear regression line of the amount of urinary nitrate versus

oproline (A'-proline) excreted per individual in 24 h by subjects in

ntestinal metaplasia and dysplasia (IM + /))], with oneoutliernitrate

in the urine of smokers compared to non-
â€¢enot significantly different when analyzed by the

O 1000 2000 3000 4000 5000

NITRATE (LimÃ³les / day)
Fig. 1. Plot of the linear regression line of the amount of urinary nitrate versus

that of A'-nitrosoproline (A'-proline) excreted per individual in 24 h by subjects in

group 2 [superficial gastritis (SG)].

a human population at normal risk of gastric cancer (11). A
significant difference (P = 0.002) in the mean values of urinary
7-methylguanine was also observed in the smokers (8.1 Â±3.6
mg/subject/24 h) when compared to the nonsmokers (6.5 Â±2.2
mg/subject/24 h) in the study. The mean excretion levels of

2-sided t test (data not shown).

DISCUSSION

Previous studies carried out in the Narifio population iden
tified cancer precursors, biochemical markers, and dietary fac
tors that led to an etiological hypothesis of gastric carcinogen-
esis (1, 5, 12). Part of this hypothesis is the postulate that high
levels of nitrite in the gastric cavity may lead to in vivo synthesis
of jV-nitroso carcinogens. This is supported by the identification
of a potent mutagen formed by nitrosation of 4-chloro-6-meth-
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oxyindole, present in fava beans, which are ingested abundantly
by the population under study (13). One major objection to the
hypothesis has been the well-known optimal nitrosation of
proline and other amines at low pH values, which are not found
in the presence of intestinal metaplasia. Our findings demon
strate that, when nitrate excretion is taken into account, nitro
sation of proline is associated with nitrate excretion in patients
with intestinal metaplasia and dysplasia, in whom the gastric
pH is elevated.

A significant relationship was observed between NPRO and
nitrate excretion in the Colombian group under study. A strong
correlation was found for these two indices in subjects histolog-
ically characterized with gastric intestinal metaplasia and dys
plasia.

Recently, several groups have reported that urinary NPRO
excretion in patients with gastric lesions, including chronic
atrophie gastritis and gastric carcinoma, showed a lack of
relationship between gastric disease and NPRO excretion (14,
15). Studies by Bartsch et al. showed that urinary NPRO levels
in patients with chronic atrophie gastritis were dependent on
gastric pH, showing maximal yields at about pH 2, with large
interindividual variations of excreted nitrosated amino acids
(16). Patients, as compared to healthy controls, excreted no
apparent excess NPRO. Our results lend support to these
studies and show that, in cases of severe gastric abnormality,
NPRO excretion was not elevated. Analysis of 117 subjects in
the three groups revealed no significant differences in average
levels of urinary NPRO excretion. Shuker et al. proposed that
3-methyladenine levels in urine might be used as an index of
nucleic acid methylation occurring in vivo (11). 3-Methylade-
nine is not found as a normal constituent of RNA or DNA, but
most of the 3-methyladenine excreted in urine can be accounted
for by the diet." The use of 3-methyladenine excretion levels as

an index of exposure to methylation reactions may thus be
possible if the diet is controlled. In the present study we did
not find differences in the excretion levels of 3-methyladenine
in subjects consuming a normal diet when compared to the
extent of pathologic change present in the group. However, an
increase in the mean and median levels of 3-methyladenine
excretion was found in the smokers in this study when com
pared to the nonsmokers.

Urinary levels of 7-methylguanine were also measured in the
study population. This compound is normally present in urine
and is excreted in relatively high amounts in humans. However,
it is also known to be a major methylation product of certain
methylating agents in animals and its excretion may thus reflect
to some extent in vivo methylation reactions. On the average,
smokers in this study excreted higher amounts of 7-methyl
guanine when compared to nonsmokers. Tobacco smoke con
tains volatile /V-nitrosamines, including A'-nitrosodimethyla-
mine, as well as tobacco-specific yV-nitrosamines capable of
forming active methylating species (Ref. 17 and references cited
therein), which may contribute to the somewhat higher levels
of urinary methylated purines found in the smokers. We found
a slight correlation between nitrate and 7-methylguanine excre
tion in the NariÃ±opopulation.

In earlier work the possible role of nitrite with respect to the
etiology of gastric cancer was discussed (12, 18, 19). In partic
ular, the intragastric formation of /V-nitroso compounds was
implicated as an initiating factor in the development of gastric
carcinoma. The formation of these substances in the stomach

' D. E. G. Shuker, personal communication.

may be influenced by promoters and inhibitors present in the
gastric contents. In the present population group from the high-
risk gastric cancer region of NariÃ±o, Colombia, we found a
strong correlation between excretion of urinary nitrate and
excretion of NPRO in the individuals with increasingly severe
gastric lesions, which are considered gastric cancer precursors.
Gastric pH in this diagnostic group is elevated; thus, hypochlor-
hydria, by depleting gastric juice of its natural protective factors,
may lead to an elevated risk of gastric cancer. The relationship
between ascorbic acid intake and NPRO excretion in humans
on a controlled diet has been established, and further evidence
indicates that nitrosation of proline in the stomach is inhibited
when ascorbic acid is administered concurrently with proline
(20). Studies by Kamiyama et al. showed that subjects from a
high-incidence area for stomach cancer in Japan have an en
hanced nitrosation potential of proline when compared to in
dividuals from a low-incidence area (21). They also observed
that administration of ascorbic acid led to a reduction of en
dogenous nitrosation of proline. In a related study Lu et al.
demonstrated that inhabitants of a high-risk area for esophageal
cancer in China excrete higher levels of /V-nitrosamino acids
and nitrate in their urine than those living in a low-risk area
(22). They also found that ingestion of ascorbic acid with
proline by the high-risk subjects reduced the urinary levels of
NPRO and other /V-nitrosamino acids to levels found in un-
dosed subjects of the low-risk area. Significantly, SÃ³bala et al.
(23) recently reported that gastric ascorbic acid concentrations
are particularly low in individuals with chronic gastritis. It was
proposed that oxidation of gastric ascorbic acid to dehydroas-
corbic acid is increased in the hypochlorhydric stomach. Avail
able data indicate that a high gastric concentration of nitrite,
which is also associated with hypochlorhydria, may in turn
undergo reaction with ascorbic acid in gastric juice of high pH
to form dehydroascorbic acid and nitrous oxide. The presence
of low gastric ascorbic acid concentrations in hypochlorhydria,
thus, may be a result of oxidation of ascorbic acid by bacterial
nitrite. In view of the fact that we found a high correlation
between urinary nitrate and NPRO excretion in the subjects
who would be expected to have elevated gastric juice pH, as
well as low ascorbic acid concentrations, it may be assumed
that these subjects are at high risk for gastric nitrosation. The
role of ascorbic acid as a protective agent blocking synthesis of
W-nitroso compounds in the stomach may be significant and
important in the context of the model of gastric carcinogenesis
proposed in previous studies (5, 12).

In summary, our results are consistent with those of previous
investigations and lend support to the hypothesis that urinary
Â¿V-nitrosoprolineexcretion is indicative of the involvement of
nitrate and jV-nitroso compounds as factors in the etiology of
gastric cancer. Further work will be carried out to substantiate
these results in a larger population group. Finally, the associa
tion of lowered levels of gastric ascorbic acid with the severity
of gastritis provides a basis for further studies in the area of
identifying the dietary components that may prevent the devel
opment of the disease.
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