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ABSTRACT

Kai nasal cavity is one of the target organs for carcinogencsis induced
by .V-nitrosodimethylamine (N'DMA), .V-nitrosodiethylamine (NDKA),

and 4-(mcthylnitrosamino)-l-(3-pyridyl)-l-butanone(NNK). The present
work investigated the metabolism of these nitrosamines by rat nasal
microsomes. as Â»ellas the possible modulating factors. Microsomes
prepared from rat nasal mucosa Â«ereefficient in metabolizing these
nitrosamines. In general, the metabolism of the nitrosamines Â»asslightly
higher in 9-week-old rats than in 4-wcck-old animals, and there Â»asno
sex-related difference. Fasting of rats for 48 h, which is known to induce
hepatic cytochrome P45UIIKI and N'DMA metabolism, did not increase

the nasal metabolism of NDMA, NDKA, or NNK. Pretreatment of rats
with acetone, another inducer of hepatic P450IIKI, did not increase the
metabolism of NDMA. Furthermore, it decreased the nasal metabolism
of NDKA and NNK. Immunoinhibition studies suggest that, in the nasal
mucosa, P450IIK1 is only partially responsible for the oxidation of
NDMA and other P45Ãœisozymes are responsible for the metabolism of
NDEA. A single p.o. pretreatment of male rats with diallyl sulfide(DAS),
a component of garlic oil. caused a significant decrease in the oxidative
metabolism of NDKA and NNK in rat nasal mucosa. Whereas the nasal
metabolism of NDMA was reduced by DAS pretreatmcnt, there Â»asno
change in the amount of the nasal microsomal proteins immunoreactive
with the antibodies against P450IIE1. The inhibitory effect of DAS on
the nasal oxidatnc metabolism of NDMA, NDKA, and NNK Â»asalso
observed in experiments in vitro. The results demonstrate the ability of
nasal mucosa to metabolically activate these nitrosamines and the inhi
bition of this process by DAS, suggesting that DAS may be effective in
inhibiting the related nasal tumorigenesis.

INTRODUCTION
NDMA,' NDEA. and the tobacco-specific nhrosamine NNK

are potent environmental carcinogens (1). It is generally ac
cepted that metabolic activation of these nitrosamines is re
quired for their carcinogenic effects and it occurs via Â«-hydrox-
ylation by cytochromes P450. Previous work has demonstrated
that P450IIE1J is important in the activation of NDMA and
responsible for the low A',,,form of NDMA demethylase (2-5).

P450IIE1 also metabolizes NDEA efficiently at low substrate
concentrations (6). The major P450 isozyme responsible for
NNK metabolism has not been identified, although the involve
ment of P4501IB1 and P450IA1 was suggested (7).

Rat nasal cavity is one of the target organs in experimental

Received 8/28/90: accepted 12/17/90.
The costs of publication of this article were defrayed in part by the payment

of page charges. 1his article must therefore be hereby marked advertisement in
accordance with IX l .S.C. Section 1734 solely to indicate this fact.

1This work was supported by NIH Grants OA-37037. CA-46535. and ES-

39038.
2To whom requests for reprints should be addressed.
1The abbreviations used are: NDMA. .V-nitrosodimetlnlamine: NDEA. .V-

nitrosodiethy lamine; NNK. 4-(methylmtrosamino)-l-(3-pyridyl)-l-bmanonc:
NNAL. 4-(methylnitrosamino)-l-(.Vpyridyl)-l-butanol; keto alcohol. 4-hydroxy-
l-(3-pyridyl)-l-bulanonc: NNK-.Y-oxide. 4-(methylnitrosaniino|-l-(.Vpyridyl-.V-
oxidcM-butanonc: diol. 4-hydro\y-4-(.Vpyridyl) l-bulanol: NNAL-.V-oxidc. 4-
(mctln lnitrosaniino)-l-(3-pyridyl-.\'-oxide)-I -butanol: keto acid. 4-o\o-4-(3-p\ri-

dyDbutyric acid: hydroxy acid. 4-h\droxy-4-(.Vpyrid\l)but>ric acid: P450. cyto-
ehrome P450: DAS. diallyl sulfide: HPLC. high performance liquid Chromatog
raph},.

4 Named P450ac or P450J in our previous publications.

carcinogenesis induced by NDMA. NDEA, and NNK (8-11).
It is likely that the in situ activation of these nitrosamines plays
a critical role in the initiation stage of carcinogenesis. Although
nasal mucosa has been found to contain substantial amounts of
P450 and NADPH-P450 reducÃaseactivity (12, 13), as well as
high activity in metabolizing many chemicals including envi
ronmental carcinogens (14-18). the identities and properties of
P450 isozymes in nasal microsomes are largely unknown. Re
cently, P450b (UBI) and P450LM3a (IIE1) have been detected
immunohistochemically in the nasal mucosa (13. 19). Two
novel nasal P450s, P450olfl (IIG) and P450olf2 (IIIB). have
been cloned and their functions remain to be established (20.
21).

DAS is a compound derived from garlic (Allium sativum) at
30-100 tig/% of garlic (22). It has been shown to inhibit carci
nogenesis induced by several chemical carcinogens, including
colon and liver cancers induced by 1.2-dimethylhydrazine, fore-
stomach neoplasia induced by benzo(a)pyrene. and esophageal
cancer induced by /V-nitrosomethylbenzylamine (23, 24). A
recent epidemiolÃ³gica! study indicated that the consumption of
garlic might be related to reduced risk of stomach cancer (25).
Earlier work from our laboratory demonstrated that the inhi
bition by DAS of metabolic activation of NDMA could be due
to the competitive inhibition and inactivation of cytochrome
P450IIE1 (26). However, the effects of DAS on the metabolism
of NDMA and other carcinogens in nasal mucosa are not
known.

In the present work, we studied the metabolism of these
nitrosamines by rat nasal microsomes and the factors which
affect this process. In order to determine the role of P450IIE1
in the nasal metabolism of NDMA and NDEA. an immunoin-

hibition study was conducted. We also studied the influence of
DAS pretreatment on the metabolism of NDMA, NDEA, and
NNK in rat nasal mucosa.

MATERIALS AND METHODS

Chemicals. [I4C]NDMA (purity, >99i>; 40 mCi/mmol) was synthe

sized by Stanford Research Institute International (Menlo Park, CA).
['TjHCHO (10 mCi/mmol) with a radiochemical purity of >95Ã•7was
from Du Pont New England Nuclear (Boston. MA). NDEA, NADP+,
glucose 6-phosphate, and glucose-6-phosphate dehydrogenase were ob
tained from Sigma Chemical Co. (St. Louis. MO). [5-'H]NNK (purity.
>98'r: 1.1 Ci/mmol) and unlabeled NNK were from C'hemsyn Science

Laboratories (Lenexa. KS). UV standards for NNK metabolites were
obtained from Dr. S. Hecht (American Health Foundation, Valhalla,
NV). DAS with a purity of 97rc was obtained from Aldrich Chemical

Co. (Milwaukee. VVI).Corn oil was a product of Mazola. CPC Inter
national. Inc. (Englewood Cliffs. NJ). The sources for the remaining
chemicals, including the reagents for electrophoresis and immunoblot
analysis, have been reported previously (27).

Animals and Microsomes. Sprague-Dawley rats were obtained from
Taconic Farms (Germantown. NY). Unless otherwise specified, young
male rats (90 to 100 g initial body weight) were used. They were
maintained in air-conditioned quarters with 12-h light-dark cycles.
Acetone (50rc solution in water) was given by intragastric intubation.
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NASAL METABOLISM OF CARCINOGENIC' NITROSAMINES

Table I Effects oj age and sex an microsomal monooxygenases ami the
metabolism of \D.\IA anil \I)KA in rat nasal mucosa

Tissues from three rats Â«erepooled as one microsomal sample. Values are
mean Â±SD of four samples.

NOMA NDEA
P450 content P450 reducÃase metabolism metabolism

(pmol/mg) (nmol/min/mg) (pmol/min/mg) (nmol/min/mg)

Male
4 week
9weekFemale

4 week
9 week102

Â±42
112 Â±58122

Â±10
137Â±7142.3

Â±6.3
65.1 Â±12.4"30.6

Â±5.5'
55.4 Â±10.6"11.9

Â±0.9
14.7 Â±0.3Â°12.6

Â±1.8
15.4 Â±2.3Â°1.64

Â±0.05
1.84Â±0.16*1.71

Â±0.141.91
Â±0.34

Â°P < 0.05 in comparison with the 4-week group of the same sex.
P = 0.05 in comparison with the 4-week group of the same sex.

' P < 0.05 in comparison with the male group of the same age.

at a dosage of 5 ml aectone/kg body weight. For fasting treatment,
animals received no food but were given water ad libitum. DAS was
given intragastrically, at a dose of 200 mg/kg body weight, in corn oil.
Control rats received corn oil only. After the treatments (24 h for
acetone. 48 h for fasting, and 18 h for DAS), animals were sacrificed,
and the nasal mucosa was removed immediately, frozen on dry ice, and
stored at -70Â°C until the preparation of microsomes. To obtain nasal

mucosa, skin was removed from the top of the skull and the nose, and
then the nasal cavity was opened by splitting the skull sagittali). The
nasal mucosa, including respiratory and olfactory epithelium, was
stripped from the bone and cartilage of the nasal and paranasal cavities.
The turbinÃ¢teswere removed and combined with the rest of the nasal
mucosa. Nasal microsomes were prepared by differential centrifugal ion
(2). Previously described methods were used for the determinations of
microsomal protein concentration (28). cytochromc P450 content (29).
and NADPH-P450 reducÃaseactivity, which was measured as the rate
of cytochrome c reduction (30).

Nitrosamine Metabolism. The selection of the substrate concentra
tions used in the metabolism of the nitrosamines was based on the
information from our previous work. NDMA metabolism was deter
mined by measuring the production of formaldehyde with a radiometrie
assay, using a substrate concentration of 40 Â¿Â¡M(27). NDEA metabolism
was assayed by measuring the formation of acetaldehyde by HPLC, as
described (31). In brief, the incubation mixture contained, in a total
volume of 0.5 ml, 50 mM Tris-HCI (pH 7.4), 10 mM MgCI:. 150 imi
KCI, 0.4 mM NADP*. 10 mM glucose 6-phosphate. 0.2 unit of glucose-
6-phosphate dehydrogenase, 0.5 mg of microsomal protein, and 1 nm
NDEA. The test tubes were capped with rubber septa to minimize
evaporation. After termination of the reaction, the acetaldehyde pro
duced was trapped by the addition of semicarbazide and measured, as
the 2,4-dinitrophenylhydrazone derivative, by a UV detector after
HPLC' separation. For the analysis of NNK metabolism by nasal

microsomes (32), samples constituting 0.1 or 0.2 mg of microsomal
protein were incubated in 0.5 ml of solution at 37Â°Cfor 30 min. The

concentrations of the various solution components were as follows: 100
mM sodium phosphate (pH 7.4), 3 mM MgCI:. 1 mM EDTA, 1 mM
NADP*. 5 mM glucose 6-phosphate. 1.9 units of glucose-6-phospliate
dehydrogenase. and 10 u\\ NNK (1.25 ÃŸCtof |5-'H]NNK). Following

incubation, 0.1 ml of 25^ ZnSCX and 0.1 ml of saturated Bu(OH)2
were added to each vial to precipitate protein. Samples were centrifuged
and filtered through a 0.45-^m filter (Gelman Sciences. Ann Arbor,
MI) prior to HPLC analysis. Separation and quantitation of NNK
metabolites were performed by reverse phase HPLC'. using a Waters

UV detector and a Radiomatic Beta Flo-One radioflow detector. A
Waters ^Bondapack C,8 column (3.9-mm i.d. diameter x 300-mm
length) was eluted with a linear gradient of 95?r buffer A (0.02 M
sodium phosphate, pH 7.0) to 65'7 buffer A/35'V methanol. over a 50-

min period. The identities of the metabolites were established by
coelution with authentic UV standards.

Immunoinhibition Studies. The following antibodies were used for
the immunoinhibition studies: monoclonal 1-91-3 (anti-P450IIEl).
BE52 (anti-P450IIBl/IIB2). and C8 (anti-P450IAI) and polyclonal
Anti-j (anti-P450IIEl) and Anti-a (anti-P450IIAl). These antibodies
have been shown to inhibit the specific activities of the corresponding
P450 isozymes (5, 33-35). Nasal microsomes were preincubated with
antibodies at room temperature for 15 min before the initiation of the
reactions by addition of the substrates. The metabolites from NDMA
and NDEA metabolism were then analyzed after the reaction.

Immunoblot Analyses. Antibodies against P450IIB1 were kindly pro
vided by Dr. F. Gonzalez (National Cancer Institute. Bethesda. MD).
and antibodies against P450IIE1 were prepared as described (4). Im
munoblot analysis with these two antibodies was performed as previ
ously described (27). A Shimadzu dual-wavelength thin layer chroma-
tography scanner (model CS-930) was used for the densitometric meas
urement.

Statistical Analysis. Student's t test or one-way analysis of variance

was used for statistical treatment.

RESULTS

Metabolism of Nitrosamines in Nasal Microsomes. Nasal
microsomes from untreated rats had a moderate level of NDMA
demethylase activity, comparable to that of kidney microsomes
(data not shown); a fairly high level of NDEA deethylase
activity, comparable to that in liver microsomes (31): and high
activity in the metabolism of NNK (Tables 1 and 2). Using the
same amount of microsomal protein and under the same incu
bation conditions, about 90% of the NNK was metabolized by
rat nasal microsomes, whereas the microsomes from rat lung,
a major target organ for NNK, converted only about 5% of
NNK to its metabolites (Fig. 1). Under the present incubation
conditions, keto alcohol, a metabolite from the Â«-hydroxylation
of NNK, was the major product. NNK-A'-oxide, a product of
pyridine /V-oxidation (detoxification pathway), was formed in
small quantity. NNAL, a major metabolite observed in NNK
metabolism by liver and lung microsomes, due to a reductive
pathway, was not detected, but its secondary metabolite NNAL-
/V-oxide was observed. Other secondary metabolites, hydroxy
acid, keto acid, and diol. were formed in rather large quantities.
These incubation conditions were used in most studies so that

Table 2 Effects of age and sex on nasal microsomal .V.YA'metabolism in rats

The metabolism of NNK is expressed as pmol of metabolites formed in a 30-min incubation, using O.I mg of microsomal prolein and 10 >iMNNK. Tissues from
three rats were pooled as one sample. Values are mean Â±SD of four samlples.

NNK metabolite (pmol)

HydroxyacidMale4

week
9weekFemale

4 week
9 week14.4

Â±
22.2Â±14.7

Â±
20.4Â±Â°

P < 0.05 in comparison with
* P < 0.05 in comparison with5.1

1.8Â°2.7

1.5Â°Keto

acidNNAL-A'-oxide258

Â±111
369 Â±18315

Â±72
420 Â±7514.4

20.721.3

21.3Â±

3.0
Â±3.3Â°Â±2.4Â»

Â±2.7Diol26.4

44.430.0

39.9Â±

8.7
Â±0.9Â°Â±

2.4
Â±5.1Â°NNK-A'-oxide15.9

19.818.0

21.9Â±

2.7
Â±1.2Â°Â±0.9Â±2.7Â°Keto

alcoholNNAL1218

14611518

1452Â±

249 <1
Â±90<lÂ±96

<1
Â±90<1the

4-week group of the same sex.
the male group of the same age.
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NASAL METABOLISMOF CARCINOGENIC NITROSAMINES

Fig. 1. HPLC profiles of NNK metabolism
by rat lung and nasal microsomes. The micro-
somes were prepared from untreated animals
(pooled from four rats). Reactions were carried
out for 30 min at 37Â°C,using 0.2 mg of micro-

somal protein and 10 MMNNK (1.25 Â»/Ciof
\5-'H\ NNK). A, NNK metabolism by lung

microsomes; B. NNK metabolism by nasal mi
crosomes.
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Table 3 Effect of acetone pretreatment or failing on the metabolism ofNDMA
and NDEA by rat nasal nticrosomes

Tissues from three rats were pooled as one sample. Values are mean Â±SD of
three samples. Experiments I and II are two separate experiments. In experiment
I. rats were treated (intragastrically) with either acetone (5 ml/kg of body weight)
or an equal volume of water.

NDMA metabolism
(pmol/min/mg)Expt.

IControlAcetoneExpt.

IIControlFasting14.418.99.211.1Â±2.4Â±

5.4Â±

1.6Â±0.6NDEA

metabolism
(nmol/min/mg)1.780.211.141.57Â±0.19Â±

0.02Â°Â±0.15Â±0.48

' P < 0.01 in comparison with the control group.

the formation of both the primary and secondary metabolites
could be observed.

Effects of Age and Sex. The ability of nasal mucosa to
metabolize the carcinogenic nitrosamines was examined in rats
of different age and sex. In general, nasal microsomes prepared
from 9-week-old rats had a slight higher activity in metabolizing
NDMA, NDEA, and NNK than the microsomes from 4-week-
old rats (Tables 1 and 2). Similarly, NADPH-P450 reducÃase
activity was also higher in the nasal microsomes from 9-week-
old rats (Table 1). There was no significant sex-related differ
ence in the nasal metabolism of NDMA, NDEA, and NNK in
rats (Tables 1 and 2).

Effects of Fasting and Acetone. Neither fasting nor acetone
pretreatment caused a significant increase in the nasal metab
olism ofNDMA (Table 3), which is different from their effect
on hepatic and renal NDMA metabolism, in which at least a 2-
fold induction was observed (36, 37). Whereas fasting did not
change the ability of nasal microsomes to metabolize NDEA,
acetone pretreatment decreased the nasal metabolism of NDEA
to 12% of the control value (Table 3). In the metabolism of

NNK by nasal microsomes, there was no difference between
the 48-h fasted and the control animals (Table 4). Acetone
pretreatment caused a significant reduction in the nasal metab
olism of NNK, with about a 65% decrease in the formation of
NNK-yV-oxide and keto alcohol, as well as a more pronounced
decrease (89 to 100%) in the formation of the secondary me
tabolites.

The induction ofNDMA demethylation by fasting or acetone
in rat liver and kidney microsomes is due to an increase in the
level of P450IIE1 (36, 37). To examine whether the P450IIE1
level in nasal microsomes was affected by fasting or acetone,
an immunoblot analysis using the anti-P450IIEl IgG (4) was
performed. As shown in Fig. 2, top, there were two immuno-
reactive protein bands detected in the immunoblot; one band
comigrated with the P450IIE1 standard (designated as band 1)
and the other one with a slightly lower molecular weight (des
ignated as band 2). In the nasal microsomes prepared from
control (Fig. 2, top, lane 6) and fasted (Fig. 2, top, lane 5) rats,
band 1 was hardly detectable, while band 2 was the major
immunoreactive protein. However, acetone pretreatment, in
rats fed either with lab chow (Fig. 2, top, lane 7) or with a
semisynthetic diet (Fig. 2, top, lanes 2 and 4), significantly
decreased the level of band 2 but increased the level of band 1.
Neither fasting nor acetone pretreatment significantly altered
the P450IIB1 level in rat nasal microsomes, as determined by
immunoblot analysis using the anti-P450IIBI IgG (Fig 2, bot
tom).

Immunoinhibition Studies. Previous work has demonstrated
that P450IIE1 is the major enzyme in the metabolic activation
ofNDMA in rat liver, displaying a low Kmfor NDMA demeth
ylation (2-6). Hepatic P450Ã•IE1 also metabolizes NDEA effi
ciently at low substrate concentrations (6). To further examine
the involvement of P450IIE1 in the metabolism ofNDMA and
NDEA in rat nasal microsomes, immunoinhibition studies with
1-91-3, a monoclonal antibody (33), and Anti-j, polyclonal

Table 4 Effect of acetone pretreatmenl or fasting on nasal microsomal A'A'A"metabolism in rats

The metabolism of NNK is expressed as pmol of metabolites formed in a 30-min incubation, using 0.2 mg of microsomal protein and 10 nM NNK. Tissues from
two or three rats were pooled as one sample. Values are mean Â±SD of three samples, except in the fasting group, where the values are an average of two samples.

NNK metabolite (pmol)

Control
Acetone
FastingHydroxy

acid39.6

Â±12.6
4.2 Â±1.2Â°

52.8Keto

acid1692Â±

594
72 Â±12"

1722NNAL-A'-oxide45.0

Â±9.0
<1"

46.8Diol93.0

Â±27.0
5.4 Â±1.8"

117.0NNK-A'-oxide46.2

Â±12.0
16.8Â±2.4Â°41.4Keto

alcohol2706

Â±510
900 Â±54"

2712NNAL<1
<1
<1

' P< 0.05 in comparison with the control group.
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NASAL METABOLISM OF CARCINOGENIC NITROSAMINES

12345678
Fig. 2. Immunoblot analysis of P45ÃœIIEIand UBI in ral nasal rnicrosomes.

Microsomal proteins were applied for electrophoresis at 100 Â¿ig/well.Antibodies
against P4501IE1 and UBI were used at the top and bottom, respectively, /-anea
I to 4. samples from rats fed a semisynthetic diet. AIN-76A. for 4 days before
sacrifice. Lanes I and 3. control: lanes 2 and 4. acetone-treated. Lane 5. samples
front rats fasted for 48 h. Lanes 6 and 7. samples from rats fed lab chow. Lane 6.
control: lane 7, acetone-treated. Lane X. standard (IIE1 or UBI ).

monospecific antibodies (5) against P450IIE1, were conducted.
Rat kidney rnicrosomes were selected as a positive control. The
titration curve using different amounts of these two antibodies
(ranging from 50 to 500 ng protein) indicated that the maximal
inhibitory effect on nasal NDMA metabolism was obtained
when the amount of the antibodies was approximately 100 //g
of protein (data not shown). The presence of 100 /Â¿gof 1-91-3
or Anti-j in the incubation caused a 100 and 86% inhibition of
NDMA metabolism by rat renal microsomes, respectively (Ta
ble 5). However, under the same incubation conditions, the
inhibitory antibodies resulted in less than 50% inhibition of the
NDMA metabolism by rat nasal microsomes (Table 5). Anti-j
had no inhibitory effect on the nasal metabolism of NDEA.
Inhibitory antibodies against P450 isozymes IIB1/IIB2, IIA1,
and IA1 failed to inhibit the nasal metabolism of NDMA and
NDEA (data not shown).

Influence of DAS Pretreatment on Nasal Nitrosamine Metab
olism. DAS pretreatment decreased the nasal metabolism of
NDMA and NDEA to 21 and 4% of the control values, respec
tively (Table 6). In the nasal metabolism of NNK, DAS pre
treatment caused a significant inhibition of the formation of
the oxidative metabolites, with a 93% decrease in keto alcohol
and 99-100% decrease in the other NNK oxidative metabolites
(Table 7). However, DAS pretreatment increased the formation
of NNAL (Table 7), a reductive metabolite. The percentage of
the unmetabolized NNK was 13% in the control group and
increased to 93% in the DAS group. The extensive inhibition

of the oxidative pathways may enhance the formation of NNAL
by increasing the substrate availability for the reductive path
way.

Pretreatment of rats with DAS has been found to decrease
the level of P450IIE1 and increase P450IIB1 in liver micro
somes (26). Immunoblot analysis of the nasal microsomes
prepared from the control and DAS-treated rats revealed that
the major protein that was immunoreactive with the antibodies
against P450IIE1 was band 2, while band 1 was almost non-
detectable (data not shown), consistent with the immunoblot
analysis of the control microsomes shown in Fig. 2. Densito-
metric measurement indicated that there was no change in the
level of band 2 in the nasal microsomes from DAS-treated rats,
and the induction effect of DAS on the amount of P450IIB1
was not observed in the nasal microsomes (data not shown).

In Vitro Inhibition of Nitrosamine Metabolism by DAS. To
further understand the inhibitory action of DAS pretreatment
on nasal nitrosamine metabolism, DAS was added to the incu
bation system containing different nitrosamine substrates and
nasal microsomes prepared from the untreated rats. The addi
tion of DAS (0.05 to 1 mivi)caused a dose-dependent inhibition
of the metabolism of NDMA by nasal microsomes, showing a
60% inhibition at 1 miviDAS (data not shown). At 1 mivi DAS,
NDEA metabolism was inhibited by 26%. In NNK metabolism,
a dose-dependent inhibition was also observed (Table 8). The
formation of the secondary metabolites was inhibited to a
greater extent than the formation of keto alcohol or NNK-/V-
oxide. Addition of DAS increased the production of NNAL,
similar to the effect observed in vivo (Table 7).

Table 5 Inhibition of rut nasal NDMA metabolism h\ antibodies against
P450IIEI

The incubation mixture contained either HyHel-9 ascites fluid, as control, or
specific antibodies (monoclonal 1-91-3 or polyclonal Anti-j) against P450IIE1.
Rat nasal and renal microsomes were pooled samples from untreated animals.
The amount of microsomal protein used was 0.46 mg. and the amount of the
antibodies used was 100 jig. The activity of NDMA metabolism is expressed as
pmol/min/mg.

Nasal microsomes Renal microsomes

Activity
Antibodies (pmol/min/mg) Inhibition(%)None

10.8
HvHcl-9 10.4 0
1-91-3 7.3 30
Anti-j 5.5 47Activity

(pmol/min/mg) Inhibition(%)15.4

16.8 0
NDÂ°1002.4

86
" ND. not detectable.

Table 6 Effect of DAS pretreatment on rat nasal microsomal metabolism of
NDMA and NDEA

NDMA and NDEA metabolism were determined at 40 fisi and I niM substrate
concentration, respectively. Tissues from four rats were pooled as one microsomal
sample. Values are mean Â±SD of three samples.

Control
DASNDMA

metabolism
(pmol/min/mg)5.6

Â±0.41.2
Â±0.2"NDEA

metabolism
(nmol/min/mg)1.49

Â±0.21
0.06 Â±0.02Â°

' P < 0.01 in comparison with the control group.

Table 7 Effect of DAS pretreatment on rut nasal microsomal .V.VA'metabolism

NNK metabolism was determined at 10 ^M substrate concentration, and the activity is expressed as pmol of metabolites formed in a 30-min incubation, using 0.2
mg of microsomal protein. Tissues from four rats were pooled as one microsomal sample. Values are mean Â±SD of three samples.

NNK metabolite (pmol)

Hydroxy acid Keto acid NNAL-A'-oxide Diol NNK-A'-oxide Keto alcohol

Â°P < 0.01 in comparison with (he control group.

1512

NNAL

Control
DAS27.0

Â±4.8<r768 Â±180
6.6 Â±1.8Â°21.0

Â±4.2
<lÂ°51.0Â±

8.4
<l"22.8

Â±1.2
<lÂ°3204

Â±66
228 Â±84Â°<l57.0 Â±3.0Â°

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/51/5/1509/2446171/cr0510051509.pdf by guest on 19 M

ay 2023



NASAL METABOLISM OF CARCINOGENIC N1TROSAMINES

Table 8 In vitro inhibition of nasal .VAA'melaholism by DAS

Microsomcs Â«erepooled from untreated rats. The substrate concentration was 10 MM.and the activity is expressed as pmol of metabolites formed in a 30-min
incubation, using O.I mg of microsomal protein. The percentage of the inhibition is shown in parentheses.

NNK metabolite(pmol)DAS

(nisi)00.050.21.0Hydroxyacid28.525.8(9%)10.2(64%)8.7(69%)Ketoacid633435(31%)168(73%)66(90%)NNALWV-oxide24.324.6(O'V)11.7(52%)<1(100%)Diol45.937.8(18%)14.4(69%

)12.0(74%)NNK-A'-oxide19.218.3(5%)14.1(27%)10.2(47%)Keto

alcohol12301266(0%)1074(13%)738(40%)NNAL<124.330.043.5t'nmetabolizedNNK(%)5.010.015.557.4

DISCUSSION

The present study demonstrates that microsomes prepared
from rat nasal mucosa can catalyze the metabolism of NDMA,
NDEA. and NNK. This is consistent with previous reports on
nitrosamine metabolism by nasal tissues, such as NNK metab
olism by cultured nasal septum explant (38) and NDEA metab
olism studied by whole-body autoradiography (17). Recently,
the metabolism of NDEA by nasal microsomes from hamsters,
rats, and humans has been reported by Longo et al. (39, 40).
However, the reported activity (nmol acetaldehyde formed/
min/nig microsomal protein) for NDEA deethylation at a sub
strate concentration of 50 ITIMwas much lower than (only about
10% of) that found in the present study using 1 HIM NDEA.
The discrepancy could be due to the assay conditions, particu
larly the capping of the test tubes during the incubation and the
addition of the trapping agent semicarbazide at the end of the
incubation. We found that capping the test tubes minimized
the loss of acetaldehyde through evaporation and the addition
of semicarbazide before the completion of the incubation sig
nificantly inhibited the metabolism of NDEA (data not shown).
However, other factors, such as sample preparation, may also
be involved in the discrepancy. We noticed that the nasal
glutathione S-transferase activity reported by Longo et al. (41)
was also significantly lower than that found in our laboratory.5

In the nasal metabolism of NNK, NNAL, a metabolite from
the carbonyl reduction of NNK, was not detected. This agrees
with the result of a previous report in which NNK metabolism
was studied using cultured rat nasal mucosa explants (38).
Belinsky et al. (42) observed that, in rat nasal mucosa, NNK-
induced O6-methylguanine was 4 times higher in the respiratory

than in the olfactory epithelium, suggesting that NNK could be
more actively metabolized by the respiratory mucosa. Due to
the limited amount of nasal mucosa available for the microsome
preparation, we did not separate these two epithelia. and NNK
metabolism by these two different epithelia remains to be
studied.

In general, the metabolism of NDMA, NDEA, and NNK by
nasal microsomes was slightly higher in 9-week-old rats than
in 4-week-old rats. In contrast to NDMA metabolism in mouse
kidney (27), a sex-related difference in the nasal metabolism of
NDMA, NDEA, and NNK was not observed. Fasting and
acetone pretreatment have been found to induce hepatic and
renal NDMA metabolism in rats (36, 37). Acetone pretreatment
has also been shown to induce NDEA metabolism in rat liver
(31, 43). However, in the present study, 48-h fasting had no
effect on the nasal metabolism of NDMA, NDEA. and NNK
(Tables 3 and 4). In the acetone-treated rats, there was no
increase in the nasal metabolism of NDMA but a significant
decrease in both NDEA and NNK metabolism by the nasal

s Z. Ciuo eÃal., unpublished observations.

microsomes. The differential effects of acetone pretreatment
suggest that the metabolism of these nitrosamines in the nasal
mucosa is catalyzed by different P450 isozymes.

The less than 50% inhibition of nasal NDMA metabolism by
the two P450IIEl-specific antibodies indicated that P450 iso

zymes other than P450IIE1 may be involved in the nasal
metabolism of NDMA at low substrate concentrations (40 /KM),
although the possibility that the incomplete inhibition may be
due to the different topology of P450IIE1 in the nasal micro
somes cannot be excluded. The inability of Anti-j to inhibit
nasal NDEA metabolism is consistent with the differential
effect of acetone on the nasal NDMA and NDEA metabolism
and further suggests that nasal metabolism of NDEA is not
catalyzed by P450IIE1.

Immunoblot analysis using antibodies against rat hepatic
P450IIE1 revealed two immunoreactive bands. The exact na
ture of these two bands is not clear. Band 1 comigrated with
the P450IIE1 standard (M, 52,000) and was barely detectable
in the nasal microsomes from the control, fasted, and DAS-
treated animals. The low level of band 1 in the rat nasal
microsomes and its induction by acetone seem consistent with
the observations that P450LM3a (IIE1) was less than 1% of
the total P450 in rabbit nasal mucosa (44) and was elevated
about 6-fold in rabbit olfactory mucosa after acetone treatment
(45). Recently, Ding and Coon (46) purified two major nasal
P450 isozymes, P450NMa (M, 49,500) and P450NMb (M,
51,000), from the rabbit nasal mucosa and reported that
P450NMa had very high activity in the deethylation of NDEA.
They also reported that their previously used anti-P450LM3a
(IIE1) antibodies cross-reacted with P450NMa and NMb (45).
Judging from the molecular weight and the relative abundance
in the nasal microsomal proteins, it is possible that band 2
represented P450NMa. and the detection by the antibodies
against P450IIE1 could be due to the immuno-cross-reactivity.
The concomitant decrease in the intensity of band 2 and NDEA
metabolism in nasal microsomes by acetone pretreatment also
favors this hypothesis. In DAS-treated rats, the significant
decrease in nasal NDEA metabolism was not accompanied by
a change in the intensity of band 2, probably due to the inacti-
vation of this enzyme by DAS. Nevertheless, the nature of these
two P450IIE1-immunoreactive bands and their role in the
metabolism of nitrosamines remain to be studied.

The mechanisms of the presently observed inhibitory effects
of DAS on the oxidative metabolism of NDMA, NDEA, and
NNK are not known. They could be due to decreases in the
amounts of enzymes responsible for the metabolism, as dem
onstrated for the hepatic NDMA metabolism (26). but this
point remains to be substantiated. The observed inhibitory
effect of DAS in vitro suggests that the lower metabolic activity
in nasal mucosa from DAS-treated rats could be at least par
tially attributed to the residual DAS in the microsomes. The
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actual levels of residual DAS in the microsomal preparation,
however, remain to be determined.

In addition to the alkylating species, the formaldehyde and
acetaldehyde produced in the metabolism of NDMA and
NDEA are nasal carcinogens (47, 48). In a recent study, a long
term inhalation exposure to low dose (0.2 ppm) NDMA caused
an 86% nasal tumor incidence in rats (49). The existence of
high activity in rat nasal mucosa for metabolizing NDMA,
NDEA, and NNK suggests that in situ activation may be
responsible for the nasal carcinogenesis caused by these nitro-
samines. The action of dietary components such as DAS in
inhibiting the metabolic activation of these carcinogenic nitro-
samines may be of practical importance in the prevention of
cancer and should be further explored.
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