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ABSTRACT

3-(Methylnitrosamino)propionitrile (MNPN), a potent carcinogen in
F344 rats, was detected for the first time in the saliva of betel quid
chewers at levels ranging from 0.5 to 11.4 Â«tg/liter.The tumorigenic
properties of MNPN and its potential to methylate DNA in F344 rats
were evaluated. Groups of 21 male and 21 female rats were given 60 s.c.
injections over a 20-week period (total doses 0.055 and 0.23 mmol per
rat). The experiment was terminated after 106 weeks. MNPN at the
higher dose induced 18 (86%) malignant tumors of the nasal cavity in
male and 15 (71%) in female rats. The lower dose induced nine (43%)
liver tumors. Groups of four or five male F344 rats were treated with a
single s.c. or i.v. injection of MNPN (0.4 mmol/kg). MNPN was also
administered to rats by swabbing the oral cavity (2.21 mmol/kg). The
levels of 7-methylguanine and CP-methylguanine, formed 0.5-36 h after
treatment, were measured in the liver, nasal mucosa, esophagus, and oral
tissues. The highest levels of methylated guanines were detected in the
nasal cavity independent of the route of administration. The results of
this study demonstrate that MNPN is present in the saliva of betel quid
chewers and is a potent carcinogen in F344 rats.

INTRODUCTION

Epidemiological studies have shown that cancer of the oral
cavity is the most frequent cancer in males in India and other
Asian countries. This type of cancer is strongly associated with
the habit of chewing betel quid mixtures (1-3). The major
constituent of betel quid is the areca nut (4). The major Areca
alkaloid, arecoline, can form at least four /V-nitrosamines under
mild nitrosation conditions, namely, JV-nitrosoguvacine, N-ni-
trosoguvacoline, MNPN,3 and MNPA (5, 6; Fig. 1). MNPN

was found to be a potent inducer of benign and malignant
tumors of the esophagus, nasal cavity, and tongue in F344 rats
at a total dose of =129 mg/rat (1.14 mmol) or 0.65 g/kg (7).
Analyses of saliva of betel quid chewers revealed the presence
of JV-nitrosoguvacoline and /V-nitrosoguvacine; when the quid
also contained tobacco, three nicotine-derived JV-nitrosamines
and two /V-nitrosamino acids were found in addition to the
/Ã•real-derived nitrosa mines (6, 8-10). In this study, we present
for the first time evidence for the presence of MNPN in saliva
of betel quid chewers. The biological significance of MNPN is
documented in a dose-response study of its carcinogenicity in
F344 rats, and by methylation of DNA.

MATERIALS AND METHODS

Chemicals

MNPN was synthesized according to earlier published reports (5,
11). It was ascertained by gas chromatography, high-pressure liquid
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chromatography, and thin-layer chromatography that the compound
was >99% pure.

Detection of MNPN in Saliva of Betel Quid Chewers

Saliva (15-50 ml per sample) was collected during betel quid chewing
from 30-49-year-old individuals without oral lesions, residing in the
New York area. The samples were stored at 0~5Â°Cin 50 ml of an

acetone:water (50:50) mixture. The samples were analyzed within 48
h. After determining volume and pH, each sample was continuously
extracted with ethyl acetate for 6 h; the organic phase was dried
(MgSO4) and concentrated to =2 ml by rotary evaporation. Samples
were chromatographed on a 2- x 15-cm column of silica gel (40-140
mesh; J. T. Baker Chemical Co., Phillipsburg, NJ) and eluted with 100
ml of ethyl acetate. After evaporation to =1 ml, samples were purified
by thin-layer chromatography (silica gel, 2 mm; diethyl ethenmethanol,
9:1). The band corresponding to the Rf of MNPN was extracted with
mÃ©thylÃ¨nechloride, concentrated to â€”1 ml and, finally, to dryness using
a Kuderna-Danish device. Each sample was then dissolved in 50 //I of
ethyl acetate and analyzed by GC-TEA. The GC conditions were: 15-
m x 0.25-mm Carbowax or 30-m x 0.25-mm Superox fused-silica
capillary column, splitless injection port 220Â°C,oven at 65Â°Cfor 2
min, then heated to ISOT at 32Â°C/min; the final temperature was

maintained for 15 min. Samples were analyzed on a Hewlett-Packard
(Model 5890) gas Chromatograph interfaced with a TEA (Model 543)
with a detection limit of 50 pg per injection for MNPN. The recovery
rate for an identically processed sample of MNPN in 50-ml saliva of a
control subject who never chewed betel quid was 60-70%.

GC-MS analyses were performed with a fused-silica Carbowax col
umn (30 m x 0.25 mm) on a Hewlett-Packard GC-mass spectrophotom-
eter Model 5988A. Temperature programming was the same as that
described for GC-TEA analysis.

Bioassay

F344 rats of both sexes, 5 weeks old (Charles River Breeding Labo
ratories, Kingston, NY) were given NIH-07 diet and tap water ad
libitum. Housed in groups of three in solid-bottom polycarbonate cages
with hardwood bedding, the rats were kept under standard conditions
(20 Â±2Â°C[SD], 50 Â±10% relative humidity, 12-h light and dark cycle).

At the age of 7 weeks, rats were given s.c. injections of either saline or
MNPN (0.53 mg/kg or 2.13 mg/kg) in saline. Each experimental group
consisted of 21 rats and was treated three times weekly for 20 weeks.
The cumulative doses of MNPN per rat applied by 60 injections were
6.4 mg (0.055 mmol) and 25.7 mg (0.23 mmol), respectively. Vehicle
only was given to 12 male and 12 female control rats. Spontaneous
tumors of the esophagus, nasal cavity, or tongue in F344 rats have not
been observed (12-16). Therefore, the number of animals in the control
group was considered sufficient. After all 60 injections were given, the
rats were observed until moribund. The bioassay was terminated after
106 weeks. At autopsy, gross lesions and representative samples of all
major organs were lived in 10% buffered formalin and were processed
for histopathological examination (7).

DNA Methylation Study

Animal Treatment. Groups of male F344 rats (=250 g) were given a
single i.v. injection of MNPN (45 mg/kg) in saline, or a single s.c.
injection of either MNPN (45 mg/kg, 0.4 mmol/kg) or NDMA (28
mg/kg, 0.4 mmol/kg). In another test, 250 mg/kg (2.21 mmol) of
MNPN was administered by swabbing the oral cavity. The rats were
sacrificed at various intervals as shown in Table 1.

The methods for DNA isolation from the liver and oral tissue of
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each rat and from the pooled esophageal tissues and nasal mucosae of
four or five rats were previously described (17).

Analysis of 7-Methylguanine, O'-Methylguanine, and Guanine in DNA

A previously described method for the quantitative analysis of meth
ylated purines in DNA of rats was used (18, 19). Isolated DNA (3-4
mg) dissolved in 10 mM sodium cacodylate buffer, pH 7.0, 200 pl/mg
DNA, were hydrolyzed at 100Â°Cfor 30 min and then cooled to 0Â°C.

After centrifugation (2000 x g), the hydrolyzate was divided into two
approximately equal portions. The apurinic DNA was precipitated from
each portion by adding enough ice-cold l N HC1 to bring the solution
to 0.1 N. In the portion to be used for analysis of 7-methylguanine, the
precipitate was pelleted by centrifugation (2000 x g) and the volume of
the supernatant was recorded. The second portion was analyzed for O6-
methylguanine and guanine. It was hydrolyzed at 80Â°Cwith 0.1 N HC1
and then cooled to 0Â°C.

DNA isolates from esophageal tissues and nasal mucosae (0.3-1.0
mg) were dissolved in 0.2-0.3 ml of 10 mM sodium cacodylate buffer
and processed as described above.

The above method was compared with the newly developed one-step
hydrolysis. DNA was dissolved in 0. l N HC1 (200 /il/mg) and hydro
lyzed at 100Â°Cfor 30 min. After centrifugation (2000 x g), aliquots of
0.05-0.15-ml supernatant were analyzed for 7-methylguanine and O6-

methylguanine on a Waters high-pressure liquid Chromatograph con
sisting of a solvent delivery system (Model 510; Millipore, Waters
Chromatography Division, Milford, MA), a WISP 71OB automatic
injector and a Model 440 absorbance detector (Millipore). The columns
were packed with silica-based strong cation-exchange resin (P-SCX, 5
Â¿Â¿m,25 cm x 3.2 mm or with RP-SCX, 5 /im, 25 cm x 4 mm; E. S.
Industries, Marlton, NJ) and eluted with 0.05-0.2 M ammonium phos
phate buffer, pH 2.0, and with 10-15% methanol at a flow rate of =1
ml/min. Guanine was measured by UV absorbance at 254 nm. Levels
of 7-methylguanine and (Amethylguanine were measured by fluores
cence detection with a Model 650-105 fluorescence spectrophotometer
(Perkin Elmer Corporation, Norwalk, CT); excitation at 286 nm and
emission at 366 nm. The limits of detection were 1.0 and 0.5 pmol per
injection of 7-methylguanine and O'-methylguanine, respectively.

Quantification was carried out by reference to standard curves con
structed for each analysis.

RESULTS

MNPN was found at levels ranging from 0.5 to 11.4 fig/liter
in the saliva of betel quid chewers (Table 2, Fig. 2). No MNPN
was detected in the saliva of controls. The identity of MNPN
was confirmed by GC-MS analyses (Fig. 3). Both the reference
standard and the isolated MNPN present the same pattern of
fragmentation: the molecular ion peak is nt/e 113 and the base
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Fig. 1. Nitrosation products of Areca alkaloids. NG, /V-nitrosoguvacoline;
NGC, N-nitrosoguvacine.

peak is m/e 42 which is probably formed by consecutive losses
of CH2â€”CN, m/e 40, and HNO, m/e 31, resulting in the
CH2 =N+=CH2 cation.

The dose-response study of MNPN was terminated after 106
weeks because of the deteriorating health and labored breathing
of the animals given injections of 0.23 mmol of MNPN per rat.
Weight curves were not significantly different from those of
controls except for the male rats who were given the higher
dose. Animals in this group lost 25% of their body weight
between weeks 90 and 106. Tumor incidence is summarized in
Table 3. The higher dose (0.23 mmol per rat) caused a high
incidence of nasal cavity tumors (P < 0.01). All of the nasal
cavity tumors were malignant tumors of the olfactory and
respiratory mucosa, sometimes invading the brain or the max
illary bone. Although the number of Leydig-cell tumors of the
testes were higher in rats treated with the lower dose of MNPN,
the significance of this finding is not clear; this type of tumor
occurs spontaneously in these rats in advanced age (14, 15).
The numbers of tumors at all other sites were not significantly
different from those of control animals.

Table 1 lists the levels of 7-methylguanine and i^-methyl-
guanine in DNA of liver, esophagus, nasal mucosa, and oral
cavity, measured 0.5-36 h after treatment with a single dose of
MNPN or NDMA (0.4 mmol/kg or 250 mg/kg). In the liver,
NDMA methylation was significantly greater than MNPN
methylation.

DISCUSSION

Until now, neither MNPN nor MNPA had been identified
in saliva. We collected saliva from 10 individuals while they
were chewing betel quid without tobacco, and from one chewer
who was also a smoker. The pH of the saliva ranged from 6.6
to 8.6 (Table 2). Samples were analyzed for the presence of
MNPN only, and this compound was found to be present in
each of the samples (Table 2, Fig. 2). The levels of MNPN
ranged from 0.5 to 11.4 /ig/liter among chewers who used betel
quid without tobacco. Interestingly, the only available sample
of the chewer who also smoked revealed the level of MNPN on
the lower end of the scale (0.97 /tg/liter). We are now studying
various factors involved in the formation of MNPN and those
that may influence its stability. It should be pointed out that
MNPN is stable when samples are stored at 0Â°Cin a mixture

of acetone:water. The sample stored in this way and analyzed
12, 36, and 50 h after collection showed a constant level of
MNPN; however; the level of MNPN in the sample kept at
room-temperature without addition of acetonerwater mixture,
decreased. The actual mechanism of MNPN formation from
.â€¢((â€¢('Â«/-spÃ©cifiealkaloids, mainly arecoline, remains to be eluci

dated. Our preliminary experiments indicate that MNPN may
be formed by nitrosation of arecoline via the unstable 5-(meth-
ylnitrosamino)-2-carboxymethoxy-2-pentenal.

The total doses of MNPN administered to the F344 rats in
the dose-response study correspond to one-fifth (0.23 mmol per
rat) and one-twentieth (0.055 mmol) of the total dose given
under the same conditions to the same strain of rats in our
earlier study (1.14 mmol per rat; 7). This earlier bioassay had
to be terminated after 24 weeks because of the significant weight
loss of the treated animals. Although the tumors observed were
mostly benign, due to the limited duration of the experiment,
the incidence of tumors was high (87% of animals developed
esophageal tumors and 67% nasal cavity tumors). The present
results extend these findings and again demonstrate the ability
of MNPN to induce nasal cavity tumors (79%, Table 3). The
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Table 1 Levels of 7-methylguanine and O6-methylguanine in F344 rat tissues at intervals measured after injection or swabbing of MNPN or NDMAÂ°

F344 rats were given an i.v. or s.c. injection of MNPN in saline (0.4 mmol/kg). Ten male F344 rats were treated by swabbing (250 mg/rat) the oral cavity. Values
are the mean Â±SDof determinations of DNA from liver and oral tissue of four or five rats and the mean of duplicate determination from DNA pooled (four or five
rats each) from the nasal mucosa and esophagus.

Guanine(Mmol/mol)TreatmentMNPN

i.v.MNPN
i.v.MNPN
i.v.MNPN

S.C.NOMA
S.C.MNPN
S.C.NOMA
S.C.MNPN
S.C.NOMA
S.C.MNPN
S.C.NOMA
S.C.MNPN

Oral swabbingSurvival

interval(h)0.542422662424363624Liverm'-Gua137

Â±57261
Â±77540
Â±1101169

Â±2445910
Â±12822390
Â±3407640
Â±6401690
Â±3405010
Â±2801780

Â±4903690
Â±7401595

Â±25O'-mGua72

Â±1129
Â±2142

Â±1044.7

Â±17.2507
Â±28.476.4
Â±38631
Â±9550.9
Â±9.2321
Â±4931.9
+4.3362

Â±3326

Â±43Esophagusm'-GuaNDÂ«NDND150ND25314715210912792572O'-mGuaNDNDNDNDND10.5ND4.2177.9ND34.5Nasal

mucosam7-GuaND775226013011550371624901505263051324505900O'-mGuaND7215682.7215291367169332110289587Oralcavitym7-Gua

O'-mGua127.2

Â±32.5 23.3 Â±8
Â°ni'Gua. 7-methylguanine; O'-mGua, O'-methylguanine; ND, not detected.

Table 2 MNDN levels in saliva"

Betel quid chewer
NonuserNo.

of
samples10

3pH*6.6-8.66.7-6.9MNPN

(/ig/liter)*0.50-

11.39 (median, 1.18)c
ND*

" One betel quid chewer was also a cigarette smoker (pH 6.9; 0.97 Â¿tg/liter

MNPN).
* Range of values.
c Interquartile range (0.66-4.27).
d ND, not detected.

0 5 10
MINUTES

Fig. 2. GC-TEA trace of concentrate from saliva of betel quid chewers.

absence of nasal cavity tumors in the group treated with the
lower dose may be explained by the fact that the experiment
was terminated when groups of animals treated with the higher
dose of MNPN started to show weight loss and labored breath
ing, while the remaining rats did not show signs of weakness.
We believe an experiment of longer duration would be needed
for animals treated with the lower dose to develop tumors of
the nasal cavity.

An alternative explanation of the above fact may lie in the
pharmacokinetics of MNPN metabolism in the whole animal.
At low doses, all the administered compound may be metabo
lized by liver, while at higher doses, with liver methylation
essentially saturated, other organs may be involved. The change
in methylation patterns with route of administration (Table 1)
hint of complex pharmacokinetics. Additional studies are re
quired to clarify this possibility.

The most appropriate method for quantification of 7-meth
ylguanine and O6-methylguanine proved to be a one-step hy

drolysis of DNA with 0.1 N HC1. While the levels of detection
of methylated bases was the same as previously reported (18),
we were able to achieve better reproducibility and more efficient
separation of normal and methylated bases (Fig. 4). Addition
ally, the method is less time consuming than separate measure-

uzoz3oauLATIVUat100806040200100806040200ui541
1602b54681.Li

li,t380

1003

I81L

9l 107REFERENCE.CNLNxCH33

|NO114120

1401603

ISOLATED141

164,
119 133 149 !-,

60 80 100 120 140

m/e

160

Fig. 3. Mass spectra of MNPN: a, reference; b, isolated from the saliva of
betel quid chewers.

merits of each alkylated guanine. However, as previously re
ported (20), the procedure required a column with high reso
lution. In our study, a 5-^m RP-SCX column proved to be most
effective (Fig. 4).

Upon a single i.v. or s.c. injection of 0.4 mmol MNPN per
kg male F344 rat, we observed, after 0.5-36 h, significant DNA
methylation resulting in formation of 7-methylguanine and Cf-
methylguanine. This occurred most extensively in the nasal
mucosa, with lesser DNA methylation in the liver and esopha
gus. Similar results were recorded after swabbing of the oral
cavity with 2.21 mmol/kg. This finding indicates that inde
pendent of the route of administration, MNPN is metabolically
activated to a methylating agent in the nasal mucosa, liver, and
esophagus. This correlates with the bioassay data. The compar
ative DNA methylation studies clearly show that levels of 7-
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Table 3 Tumors in male and female F344 rats treated with MNPN

Group

MNPN-total dose (0.23 mmol/
rat)

MNPN-total dose (0.05 mmol/rat) Solvent control

Male Female Male Female Male Female

No. of ratsstartedNasal
cavity tumor-bearingratsLiver

tumorsLeydig

tumors(testes)Leukemia
orlymphomaThyroid

adenocarcinomaLungCarcinomaAdenomaMammaryFibromaAdenomaAdenocarcinomaPreputial

tumorsStomach
papillomaPancreas

islettumorMiscellaneous
tumors21IS*'

(86%)3

(14%)8

(38%)1122212115**

(71%;051113211 1'9

(43%)17Â°

(81%)442251(f2103112211*121

(8%)4

(33%)121*12IÂ«3

(25%)121112'

* P < 0.05.
' Large olfactory (esthesioneuroepitheliomas) and respiratory tumors (poorly differentiated carcinomas). Four of them invaded the brain and/or maxillary bones.
d Large olfactory and respiratory tumors.
' Papilloma or possible inflammatory (reactive hyperplastic) structure. Aspergillus infestation of nasal cavity also present.
* Basal cell carcinoma of the lip, early esophageal papilloma; peritoneal mesoithelioma; skin trichoepithelioma; skin papilloma; intestinal leiomyosarcoma.
' Adrenal adenoma.
* Spindle cell sarcoma of s.c. tissue.
' Hemangiopericytoma of the kidney, papilloma of the hard palate.

CH3-N-CH2CH2CN

10 15 20 25 30

MINUTES

35 40 45

Fig. 4. Elution profile of rat DNA hydrolysate from rats treated with 0.4
mmol/kg MNPN. Mobile phase: 0.1 M ammonium phosphate buffer, pH 2.0,
with 10% methanol, flow rate 0.9 ml/min.

melhylguanine and 06-melhylguanine formed in ihe liver upon

Irealment with NDMA greatly exceeded Ihose formed from
MNPN, while liver lumor incidence was slighlly higher for
MNPN lhan for NDMA, tested under similar conditions (18).
This suggests lhal addilional faclors may be involved in Ihe
lumorigenicily of MNPN. NDMA served as a conlrol since ils
melhylaling properties under idenlical condilions are well es-

lablished (18).
There are certain limitai ions lo Ihis DNA-melhylalion study.

Firsl, Ihe single doses of MNPN used here were approximately
5- and 20-fold higher lhan the single doses used in the tumori-
genicily sludy (Table 3). Secondly, only 7-melhylguanine and
C^-melhylguanine levels were measured. However, olher DNA
adducls, e.g., cyanoelhylalion producÃs, may be formed (Fig.
5). Idenlical adducls could also form by an allernalive nonoxi-
dalive mechanism. Compounds in which an A/-nilrosamino
funclion is located in a posilion bela lo an eleclron-wilhdrawing
group are known lo undergo base-catalyzed a,ÃŸelimination. In

MNPN

CH,-N-CH,CHâ€žCN
II
OH N=O

1
OCH2 -t- T CH2CH2-N=N-OH 1 O=CHCH2CN +[cH3-!*N-OH]

. CN

CYANOETHYL

DIAZOHYDROXIDE

METHYL

DIAZOHYDROXIDE

DNA METHYLAT1ON

DNA CYANOETHYLATION

Fig. 5. Pathway of MNPN metabolism leading to DNA methylation or DNA-
cyanoethylation.

the case of MNPN, the products would be diazomethane and
acrylonitrile, both potent electrophiles capable of alkylating
DNA. Fig. 4 suggests that adducts other than 7-methylguanine
and 06-methylguanine are formed. Peak I, which is always

present when rats are treated with MNPN, does not appear in
the elution profile of DNA hydrolysate from rats treated with
NDMA or from controls. Based upon similar Chromatographie
properties of an adduci identified by Solomon et al. (21), this
adduci was tenlatively identified as 7-cyanoelhylguanine. Ef

forts lo further characterize Ihis adduct are in progress. Al
though miscoding properties of 06-melhylguanine are known,
some other lesions such as 04-melhylthymidine may be involved

in the initiation of carcinogenesis (22).
In summary, this sludy has shown lhat MNPN, a potenl

carcinogen, is present in the saliva of betel quid chewers. Il is
melabolically aclivaled to a meih\ luting ageni in targel tissues.
However, faclors olher lhan O6-methylguanine formation may

be involved in its lumorigenicily in F 344 rats.
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