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ABSTRACT

|5-3H|4-(Methylnitrosaniino)-l-{3-pyridyl)-l-butanone (|5-3H]NNK),
|C3H3]NNK, and |5-3H|yV'-nitrosonornicotine (|5-3H]NNN) were admin

istered to F344 rats by i.p. injection. Levels of tritium present per
milligram globin, 24 h after treatment were 720 fmol (0.1% of dose) for
|5-3H]NNK, 640 fmol for |C3H3|NNK, and 370 fmol for |5-3H1NNN.
Tritium was detectable in globin 7-8 weeks after treatment with |5-3H|-
NNK or |5-'H|NNN. Approximately 10-15% of the bound tritium in the
globin of rats treated with |S-3H|NNK was released upon incubation of

the globin with dilute NaOH or HC1.The released material was identified
as 4-hydroxy-l-(3-pyridyl)-l-butanone; it was detectable in globin for 6
weeks (t* = 9.1 days) after administration of |5-3H|NNK. 4-Hydroxy-l-

(3-pyridyl)-l-butanone was also formed upon NaOH treatment of globin
isolated from rats injected with |5-3H|NNN or (5-3H]4-(carbethoxynitro-
samino)-l-(3-pyridyl)-l-butanone. The formation of 4-hydroxy-l-(3-pyr-
idyl)-l-butanone under these conditions is consistent with a mechanism
by which 4-{3-pyridyl)-4-oxobutyldiazohydroxide is produced upon met
abolic a-hydroxylation of NNK or NNN and binds to globin of hemoglo
bin, yielding an adduct which is readily hydrolyzed by acid or base.
Support for this mechanism was obtained by in vitro experiments. Levels
of 4-hydroxy-l-(3-pyridyl)-l-butanone released upon base treatment of
globin were 50 times greater after incubation of rat hemoglobin with
|5-3H]4-(carbethoxynitrosamino)-l-(3-pyridyl)-l-butanone than with
either |5-3H]NNK or [5-3H14-hydroxy-l-(3-pyridyl)-l-butanone. The re

sults of this study suggest methods that might be applicable for assessing
the molecular dosimetry of NNK and NNN in individuals exposed to
tobacco and tobacco smoke.

INTRODUCTION

The tobacco-specific nitrosamines NNK3 and NNN are

among the most important carcinogens in tobacco smoke and
are quantitatively the major known carcinogens present in
unburned tobacco of the type used for the manufacturing of
smokeless tobacco products (1, 2). The relatively high levels of
these compounds in tobacco and tobacco smoke and their strong
tumorigenic activities in rodents support the hypothesis that
they are involved in the causation of tobacco-related cancers in
humans.

Extensive analytical studies have thoroughly documented the
levels of NNK and NNN in tobacco and tobacco smoke (1-4).
The results of these studies can be used to estimate human
exposure to these compounds. However, many uncertainties
are inherent in such estimates. For example, the levels of NNK
and NNN in cigarette mainstream smoke are determined by
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smoking the cigarettes on a smoking machine under defined
conditions (3). It is known from studies of nicotine uptake by
smokers that estimates based on machine smoking are not
accurate because individual smoking patterns depend on param
eters such as depth of inhalation which are not taken into
account in machine smoking (5). In addition, several studies,
using urinary /V-nitrosoproline as a monitor have shown that
nitrosamines can be formed endogenously in smokers; the
extent to which NNK and NNN might be formed endogenously
in smokers or smokeless tobacco users is not known (6-9).
These uncertainties demonstrate the need for an accurate
method of measuring NNK and NNN exposure in order to
evaluate their role in tobacco-related cancer induction.

Nitrosamines require metabolic activation for DNA binding
and initiation of the carcinogenic process (10). NNK and NNN
are activated at least partially by metabolic hydroxylation of
the carbons adjacent to the nitrosamine group (a-hydroxyla
tion) (1, 11). This activation pathway, which leads to binding
to DNA and other cellular nucleophiles, has been measured in
human tissues; an interindividual variation of 100-fold was
observed (12). Such extensive differences in metabolism are
well-known for carcinogens (13). Thus, the dose of a biologi
cally active intermediate, which can modify DNA or other
cellular macromolecules, will depend on the ability of the
individual to metabolically activate the carcinogen. At present,
there is no method available to specifically measure the binding
of NNK or NNN to cellular macromolecules in humans. The
development of such a method would provide an index of uptake
and activation of these carcinogens. Hemoglobin binding has
been suggested as an internal dosimeter for carcinogen uptake
and activation (14-16). Its advantages include the accessibility
of hemoglobin as well as its relatively long lifetime in humans.
Hemoglobin adducts of a variety of carcinogens have been
identified in experimental animals, and recent studies have
demonstrated the presence in cigarette smokers of hemoglobin
adducts of ethylene oxide and 4-aminobiphenyl (17, 18). In the
present study, we have investigated the hemoglobin binding of
NNK and NNN in F344 rats.

MATERIALS AND METHODS

Apparatus

HPLC was carried out with a system consisting of a model 7125
injector (Rheodyne Inc., Colati, CA) with a 2-ml injector loop, two
model 510 pumps (Millipore, Waters Division, Milford, MA), a model
680 automated gradient controller (Waters), a model 116 UV detector
(Gilson, Middletown, Wl), and a Flo-one/Beta radioactive flow detector
(Radiomatic Instruments, Tampa, FL). Reversed-phase analyses were
carried out on a 4.6-mm x 12.5-cm HS-5-C18 S-^m octadecylsilane
bonded phase column (Perkin-Elmer, Norwalk, CT). Solvent A was 24
tini NaOH adjusted to pH 5.5 with glacial acetic acid. Solvent B was
50% CH3OH in H2O. A gradient of 100% solvent A to 60% A in 20
min was used, followed by a 20 min isocratic period. Normal phase
analyses were performed with a 4-mm x 25-cm Lichrosorb SÃŒ60S-^m
column (E. Merck, Darmstadt, West Germany). Solvent A was
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CHCl3:hexane (1:1) and Solvent B was 10% CH3OH in Solvent A. The
program was as follows: 10 min at 100% A, then a linear gradient to
100% B in 40 min. The retention times of 3-hydroxy-l-(3-pyridyl)-1-
butanone and 4-hydroxy-l-(3-pyridyl)-l-butanone were 44.5 and 49

min, respectively.
GC was performed with a Hewlett-Packard model 5830A instrument

equipped with a model 1883SB capillary inlet system, and a 25 m x
0.25-mm i.d. capillary column coated with SE-54 (0.25 pm thickness)
(Quadrex, New Haven, CT). The oven was programmed from 60 to
250Â°Cat 4"C/min. The flow rate of He through the column was 1 ml/

min. GC-MS was done with a Hewlett-Packard model 5988A system.
Scintillation counting was performed with a Beckman model LS

8900 scintillation counter (Beckman Instruments, Inc., Fullerton, CA).

Chemicals

[5-3H]NNK (0.95 Ci/mmol; purity, 98%), [5-3H]NNN (3.72 Ci/
mmol; purity, 98%), [C3H3]NNK (1.36 Ci/mmol; purity, 98%), and
[5-3H](4-carbethoxynitrosamino)-l-(3-pyridyl)-1-butanone (0.82 Ci/

mmol; purity, 98%) were obtained from Chemsyn Science Laboratories,
Lenexa, KS. Their purities were confirmed by HPLC. They were diluted
as necessary with un labeled NNK, NNN, or (4-carbethoxynitrosamino)-
l-(3-pyridyl)-l-butanone, which were synthesized (19-21). [5-3H]4-hy-
droxy-l-(3-pyridyl)-l-butanone was prepared by hydrolysis of [5-3H](4-
carbethoxynitrosamino)-l-(3-pyridyl)-l-butanone with esterase (20).
4-Hydroxy-1 -(3-pyridyl)-1 -butanone, 3-hydroxy-1 -(3-pyridyl)-1 -buta-
none, and 4-hydroxy-l -(3-pyridyl)-1-butano! were synthesized (22-24).

Animal Treatments

Male F344 rats weighing 225-275 g were obtained from Charles
River Breeding Laboratories, Kingston, NY. They were housed under
standard conditions as described (25). They were given i.p. injections
of the appropriate compound in saline, except where noted. Blood was
obtained by cardiac puncture under ether anesthesia unless otherwise
noted. Protocols were as follows:

Dose Response with |5-3H]NNK. Each of two rats was treated with

doses as follows: [/imol/kg (mCi)] 0.03 (0.01); 0.15 (0.04); 0.35 (0.1);
1.5 (0.4); 3.3 (0.28); 3.9 (0.3); and sacrificed 24 h later.

Chronic Administration of |5-3HJNNK. Each of two rats was treated
with 0.1 mCi (0.1 Mmol) of [5-3H]NNK on Monday, Wednesday, and
Friday for 6 weeks. Blood (0.3-0.5 ml) was withdrawn from the orbital
sinus on Tuesdays and Thursdays.

Comparison of |5-3H]NNK and |C3H3]NNK. Each of two rats was
treated with either 2.0 mCi (2.0 Mmol) of [5-3H]NNK or 2.0 mCi (2.0
Mmol) of [C3H3]NNK and sacrificed 24 h later.

Persistence of |5-3H]NNK Adducts. Each of two rats was treated with

2.0 mCi (2.0 Mmol) and 1.5 ml blood was withdrawn from the orbital
sinus at intervals as follows: 24 h, 2, 4, 5, 6, 7, and 8 weeks.

Unlabeled NNK. Each of 10 rats was treated with 100 mg/kg NNK
in trioctanoin daily for 3 days and sacrificed 24 h after the last injection.

Persistence of [5-3H]NNN Adducts. Each of two rats was treated with
2.0 mCi (2.0 Mmol) of [5-3H]NNN and 1.5 ml blood was withdrawn

from the orbital sinus at intervals as follows: 24h, 1, 2, 3, 4, 5, 6, and
7 weeks.

Unlabeled NNN. Each of five rats was treated with 50 mg/kg NNN
daily for 3 days, and sacrificed 24 h after the last injection.

|5-3H](4-Carbethoxynitrosamino)-l-(3-pvridyl)-l-butanone. One rat

was treated with 1.67 mCi (2.0 Mmol) daily for 3 days, and sacrificed
24 h after the last injection. Two rats were treated with [5-3H]NNK

(1.67 mCi/1.67Mmol) by the same protocol.

Isolation and Analysis of Globin after Treatment with Radiolabeled
Chemicals

The procedure was modified slightly from the one described by Green
ft al. (26). In the experiments using cardiac puncture, the blood was
withdrawn with a 10 ml syringe containing 1 ml of 0.25 M EDTA at
pH 7.4. It was centrifuged at 900 x g for 10 min at 4Â°C.The supernatant

was discarded and the packed red blood cells were washed three times
by centrifugation with 6-ml portions of saline. The red blood cells were
then lysed by mixing with 6 ml of ice-cold H2O on a vortex mixer

(American Scientific Products, McGaw Park, IL) for 5 min. After
standing for 15 min at 0Â°C,7.5 ml of 0.67 M potassium hydrogen

phosphate buffer, pH 6.5, was added and the resulting mixture was
centrifuged at 25,000 x g for 25 min at 4-10Â°C.The supernatant was

removed and dialyzed overnight against distilled HO, using Spectra/
Por 4 cellulose dialysis tubing, with a cutoff of M, 12,000-14,000
(American Scientific Products). It was then added dropwise at 0Â°Cto

250 ml of 1% HCI in acetone. After 15 min standing, the globin
precipitate was filtered using a Buchner funnel and immediately washed
with cold acetone. The globin was dried at 35Â°C.

In the experiments using orbital sinus bleeding, the procedure was
essentially the same except that smaller volumes of reagents were used,
and the globin precipitate was collected by centrifugation.

For determination of total binding, aliquots of 5-80 mg were dis
solved by sonication with 2 ml of 0.1 N HC1. Monofluor scintillation
cocktail (15 ml; National Diagnostics, Manville, NJ) was added to the
mixture for counting.

For analysis of 4-hydroxy-l-(3-pyridyl)-1-butanone (Fig. 3, structure
5), aliquots of 5-200 mg globin and 20 Mgof unlabeled structure 5 were
mixed with 5 ml of 0.1 N NaOH and the resulting mixture was sonically
dispersed for l h at room temperature. The globin dissolved during this
procedure. After the sonication, the pH was adjusted to 6 and the
precipitated globin was removed by centrifugation. The supernatant
was extracted three times with equal volumes of CHC13. The combined
CHC13 extracts were concentrated to dryness at reduced pressure. The
residue was dissolved in 0.4 ml of H2O and analyzed by reversed-phase
HPLC. Recovery was determined by quantifying unlabeled structure 5
by HPLC detection at 254 nm. Levels of structure 5 released from
globin were determined by radioactivity coeluting with unlabeled struc
ture 5. The retention times of structures 5 and 4-hydroxy-l-(3-pyridyl)-
1-butano! were 26 and 18 min, respectively.

In some experiments, the globin was treated with l N HCI for 2.5 h
at room temperature. The globin did not completely dissolve. Analysis
for structure 5 showed that the yield was about 60% of that obtained
by base treatment.

Isolation and Analysis of Globin after Treatment with Unlabeled NNK
and NNN

Globin (0.9-1.5 g) was treated with lOmlofO.l NNaOH as described
above. The CHC13 extract was chromatographed by normal phase
HPLC and the region corresponding in retention time to structure 5
was collected. After concentration, the residue was treated with 10 M'
of bistrimethylsilyltrifluoroacetamide for 30 min at 60Â°C.The resulting

mixture was analyzed by GC and GC-MS. The retention time of the
trimethylsilyl ether of structure 5 was 28.6 min.

In Vitro Studies

A solution of 10.9 ml of hemoglobin was prepared from 5.6 ml of
rat blood and aliquots of 3.0 ml were incubated with [5-3H](4-carbeth-
oxynitrosamino)-!-(3-pyridyl)-1-butanone (0.2 mCi, 0.24 Mmol) and
hog liver esterase, or [5-3H]NNK (0.2 mCi, 0.1 Mmol), or [5-3H]4-
hydroxy-1-(3-pyridyl)-1-butanone (0.1 mCi, 0.12 Mmol) for 20 h at
37Â°C.The globin was isolated and analyzed for structure 5 as described

above.

RESULTS

Total binding of tritium to globin, 24 h after i.p. injection of
[5-3H]NNK, was measured over a range of doses. The results
showed a linear response over a 100-fold range (Fig. 1). The
amounts of tritium present in globin, 24 h after treatment with
equivalent doses of [5-3H]NNK or [C3H3]NNK were 720 fmol/

mg (0.1% of the dose) and 640 fmol/mg globin (0.09% of the
dose), respectively.

Chronic treatment of rats with [5-3H]NNK resulted in accu

mulation of tritium in globin as shown in Fig. 2. An apparent
steady state was reached after about 35 days; levels of tritium
decreased after [5-3H]NNK treatment was stopped. The rate of
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20 3.0

Dose (^ol NNK/kg)

Fig. I. Presence of tritium in globin 24 h after i.p. treatment of F344 rats
with various doses of [5-3H]NNK. See "Materials and Methods" for details.
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Time (d)
Fig. 2. Presence of tritium in globin during chronic administration of [5-3H]-

NNK. Arrow, termination of (5-3H]NNK treatment. See "Materials and Methods"

for details.

disappearance of tritium from globin was similar to that ob
served after a single dose of [5-3H]NNK (see below).

Since globin adducts of [5-3H]NNK could potentially be
markers for uptake and activation of tobacco-specific nitrosa-
mines, further studies were carried out with this compound.
Approximately 10-15% of the bound tritium in the globin of
rats treated with [5-3H]NNK was released upon treatment with

dilute NaOH or HC1 at room temperature. It was not released
upon washing the globin with H2O or CHC13, or upon incuba
tion with H2O for 16 h at 37Â°C,pH 4 or 7. The material

released upon base or acid hydrolysis was analyzed by reversed-
phase and normal-phase HPLC. In both systems, most of the
radioactivity eluted at the retention time of 4-hydroxy-l-(3-
pyridyl)-l-butanone (Fig. 3, structure 5). The results of the
reversed-phase analysis, 24 h and 2 weeks after injection of
[5-3H]NNK, are illustrated in Fig. 4. In the normal-phase
system, structure 5 and its isomer, 3-hydroxy-l-(3-pyridyl)-l-
butanone, were separated by 4.5 min; radioactivity coeluted
with structure 5, but not with 3-hydroxy-l-(3-pyridyl)-l-buta-
none. Treatment of the released material with NaBH4 and
analysis by reversed-phase HPLC gave a chromatogram in
which the majority of the radioactivity coeluted with 4-hydroxy-
l-(3-pyridyl)-l-butanol, consistent with structure 5. To confirm
the identity of the released material, rats were injected with
unlabeled NNK. The material released upon base treatment of
the globin was silylated and analyzed by GC-MS. Fig. 5, A and
B, shows that the MS of the substance isolated from globin was

N-0

N^C02Et

globin adduci

HÂ»or-OH

Fig. 3. Intermediates and products involved in the binding to globin of NNK,
NNN, and 4-(carbethoxynitrosamino)-l-(3-pyridyl)-l-butanone (structure 3).

5000

3750

O 2500

1250

2500

â€¢s1875

1250

625

II

10 15 20 25 30 35 40

Time(min)
Fig. 4. Chromatograms obtained upon analysis by reversed-phase HPLC of

(A) standard 4-hydroxy-I-(3-pyridyl)-l-butanone (Fig. 3, structure 5), and CHCI3
extracts of base-treated globin 24 h (H) and 2 wk (C) after i.p. injection of rats
with [5-3H]NNK.

identical to that of the reference trimethylsilyl ether of structure
5, confirming its identity.

Since structure 5 is also a metabolite of NNK, it was possible
that the globin may have been contaminated with trace amounts
of unbound structure 5. To investigate this possibility and to
determine the persistence of the NNK-globin adducts, globin
was isolated and analyzed at intervals from 24 h to 8 wk after
treatment of rats with [5-3H]NNK. The results are shown in

Fig. 6. Structure 5 was detectable 6 weeks after injection dem
onstrating that it was not an unbound metabolite of NNK since
this is cleared within 24 h. The half-life of the adduct which
produces structure 5 upon base hydrolysis was 9.1 days. Half
of the total tritium present in globin disappeared after 12 days.
The lifetime of the erythrocyte in the rat is 60 days (28).

Fig. 3 indicates that [5-3H]NNK and [5-3H]NNN should give

some common adducts. To test this hypothesis, rats were
treated with [5-3H]NNN and the globin was isolated and ana-
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1000

60 80 IOO I20 I40 I60 ISO 200 220

m/e
Fig. 5. MS of standard 4-hydroxy-l-(3-pyridyl)-l-butanone trimethylsilyl

ether (. I), and material isolated upon base treatment of globin from rats given
i.p. injections of NNK (B), and NNN (Q.

1000

100

Xm

2468

Time (wk)

Fig. 6. Levels of total tritium (O) and of structure 5 (Fig. 3) (â€¢),released upon
base treatment of globin at intervals after injection of rats with [5-3H]NNK. The
half-life of the precursor to structure 5 was 9.1 days. The 24-h point corresponds
to approximately 0.1 % of dose for total tritium and 0.02% for structure 5, on the
basis of hemoglobin being equal to 1% of a rat's body weight (27).

lyzed by the same procedure used for [5-3H]NNK. The amount

of structure 5 isolated from rat globin, 24 h after treatment
with [5-3H]NNN, was about 16% of the amount detected from
[5-3H]NNK. Its persistence, which was measurable for only 1
week after treatment with [5-3H]NNN, and the persistence of
total [5-3H]NNN adducts are illustrated in Fig. 7. The identity

of structure 5 released upon base treatment of globin from rats
injected with NNN was confirmed by GC-MS (Fig. 5, A and

C).
To investigate the nature of the intermediate which could

bind to globin upon exposure of rats to NNK, and yield struc
ture 5 upon base treatment, hemoglobin was incubated with

100

10

e 8

Time (wk)

Fig. 7. Levels of total tritium (O) and of structure 5 (Fig. 3) (â€¢),released upon
base treatment of globin at intervals after injection of rats with [5-3H]NNN.

[5-3H]NNK, or [5-3H](4-carbethoxynitrosamino)-l-(3-pyridyl)-
1-butanone (Fig. 3, structure 3), or [5-3H]4-hydroxy-l-(3-pyri-
dyl)-l-butanone (Fig. 3, structure 5), and globin was isolated.
The amounts of structure 5 released upon base treatment of the
globin were <1.6, 85.7, and 1.7 pmol/mg globin, respectively,
from the three compounds.

Globin was isolated from rats 24 h after treatment for 3 days
with [5-3H](4-carbethoxynitrosamino)-1 -(3-pyridyl)-1 -buta-

none. The amount of structure 5 released upon base treatment
was 450 fmol/mg globin compared to 240 fmol/mg globin after
similar treatment with [5-3H]NNK.

DISCUSSION

The results of this study clearly show that NNK and NNN
form adducts to rat hemoglobin. Previous investigations of
nitrosamine binding to hemoglobin have focused only on
NDMA. In rats treated with 1 fimol/kg [14C]NDMA, total

radioactivity present in globin amounted to 575 fmol/mg, 24 h
after dosing, compared to 640 fmol/mg in rats treated with 7
Aimol/kg [C3H3]NNK (15). S-Methylcysteine and 3-methylhis-

tidine have been identified in the globin of rats and mice treated
with NDMA (29, 30). Investigations of NDMA binding to
human erythrocytes in vitro demonstrated the presence of 3-
methylhistidine, I-methyl hist idi ne. and S-methylcysteine (31).
It has been proposed that methyl esters are formed in various
proteins present in incubation mixtures of NDMA and hamster
liver microsomes (32). Protein methylation by NDMA is con
sistent with the a-hydroxylation activation pathway, and with
the results of the present study. The formation of globin adducts
from other environmentally prevalent nitrosamines should be
investigated.

The most likely mechanism of formation of structure 5 from
NNK and NNN under the conditions used in this investigation
is outlined in Fig. 3. a-Hydroxylation of NNK at the methyl
group yields the unstable intermediate, a-hydroxymethyl NNK,
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(Fig. 3, structure /). Loss of formaldehyde from structure 1
gives 4-(3-pyridyl)-4-oxobutyl diazohydroxide, structure 4,
which is electrophilic and is a potential ultimate carcinogen of
NNK. Reaction of structure 4 with hemoglobin gives a mixture
of adducts to nucleophilic centers in globin. These adducts were
not identified in the present study but presumably include
products of reaction with cysteine, histidine, lysine, valine,
aspartate, or glutamate. Treatment of globin with acid or base
converted approximately 10-15% of the adducts to the keto
alcohol, structure 5. The relatively mild hydrolysis conditions
used in that step suggest that the precursor to structure 5 may
be an aspartate or glutamate ester. The observation that struc
ture 5 was also formed from globin of NNN-treated rats is
consistent with the mechanism shown in Fig. 3. Structure 5 has
been shown to be a metabolite of both NNN and NNK, arising
by reaction of structure 4 with H2O (24, 33).

Other mechanisms of formation of the globin precursor to
structure 5 are possible. For example, structure 5 itself, formed
metabolically from NNN or NNK, might react with hemoglobin
by Schiffs base formation. However, the results of the in vitro
hemoglobin binding experiments favor the mechanism shown
in Fig. 3 as the major pathway of adduci formation. The nitroso
carbamate, structure 3, which is an analogue of NNK not
requiring metabolic activation, yielded more than 50 times the
amount of the globin precursor to structure 5 than did structure
5 itself or NNK. Previous studies have shown that esterase
hydrolysis of the nitroso carbamate, structure 3, gives structure
5 as the major product, presumably via the intermediate, struc
ture 4 (20, 23). Independent of the mechanism, the present
studies provide the first evidence for the in vivo binding to a
cellular macromolecule, of the 4-(3-pyridyl)-4-oxobutyl residue
of NNN and NNK. Earlier metabolic studies have predicted
the formation of such adducts (24, 33).

The release of the keto alcohol, structure 5, upon base or acid
hydrolysis of globin from NNK or NNN-treated rats, provides
a potentially useful dosimeter for studies of NNK or NNN
exposure in humans. This is particularly attractive because
uptake of NNK or NNN, unlike several other carcinogens, can
result only from exposure to tobacco, tobacco smoke, or other
nicotine-containing materials. Several approaches to the devel
opment of sensitive methods for analysis of structure 5 seem
promising. These include reduction of structure 5 with high
specific activity NaB3H4 and analysis for the resulting tritium-
labeled diol, derivatization of structure 5 with pentafluoropro-
pionic anhydride or a related electrophore followed by electron
capture or negative ion chemical ionization detection, or devel
opment of an immunoassay procedure. GC-MS methods in
particular have been useful for the quantitation of ethylene
oxide and 4-aminobiphenyl adducts in smokers (17, 18). Based
on the levels of NNK or NNN in cigarette smoke or smokeless
tobacco, and the extents of formation and stability of the globin
adducts, adduci levels in the range of fmol/ml blood are ex
pected in humans. These levels may be detectable by one of the
above methods.
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