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Chapter 4

Pharmacology of Smokeless Tobacco Use:
Nicotine Addiction and
Nicotine-Related Health Consequences1

Neal L. Benowitz

ABSTRACT Nicotine is easily absorbed from smokeless tobacco and could contribute to adverse health
consequences of ST use. Because nicotine is the cause of addiction to cigarettes, ST use may
have a similar addiction liability. Cessation of ST use is difficult for many people. The nicotine
withdrawal syndrome that follows the cessation of regular ST use supports the idea that some
users are addicted to ST. Experimental data in support of this proposition indicate that ST users
adjust their tobacco-consuming behavior to regulate levels of nicotine in the body. ST use
results in cardiovascular effects that are similar to those of cigarette smoking. Chronic systemic
exposure to nicotine from cigarette smoking may contribute to accelerated coronary and
peripheral vascular disease, acute cardiac ischemic events, delayed wound healing, reproductive
disturbances, peptic ulcer disease, and esophageal reflux. Insofar as nicotine contributes to the
adverse health effects of cigarette smoking, the nicotine in ST would be expected to present
similar hazards. Illness caused by systemic absorption of nicotine and other toxins from ST
should be considered a potential sequel to long-term tobacco use.

INTRODUCTION In addition to causing oral pathology, there is concern that ha-
bitual, long-term smokeless tobacco use produces systemic effects that might
adversely affect health. Of particular concern is exposure to nicotine, which
is present in large amounts in smokeless tobacco (Table 1). This paper
reviews the pharmacology of nicotine as related to the use and potential
health hazards of smokeless tobacco.

PHARMACOLOGY Nicotine is a tertiary amine composed of a pyridine and a

OF NICOTINE pyrrolidine ring. Nicotine binds to acetylcholine receptors at
ganglia and neuromuscular junctions and in the brain (Benowitz, 1988). In
its non-ionized form, nicotine freely permeates membranes, including the
buccal mucosa and the blood-brain barrier. As a weak base, nicotine is less
ionized and penetrates membranes more easily in alkaline solutions. Chew-
ing tobacco and snuff, as well as nicotine gum, are buffered to an alkaline
pH to facilitate absorption of nicotine.

Nicotine is absorbed more slowly from ST than from tobacco smoke,
but peak venous levels are similar (Figure 1). Whereas blood levels of
nicotine fall rapidly after smoking, the concentrations plateau during and
after ST use, consistent with continued absorption even after the tobacco is
removed from the mouth (Benowitz et al., 1988). Possibly, continued
absorption of nicotine is attributable to release of nicotine from mucous
membranes and/or absorption of nicotine that has been swallowed. The
systemic absorption of nicotine per dose is greater with the use of chewing
tobacco (average 4.5 mg nicotine from an average dose of 7.9 g chewed for

! Supported in part by grants no. CA-32389, DA-02277, DA-01696, and RR-00083 from the
National Institutes of Health.
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Table 1
Nicotine content of cigarettes and smokeless tobacco

Nicotine in
Concentration Typical Nicotine in Dose Typically
of Nicotine Single Dose  Single Dose Consumed in
(mg/g) (g Tobacco) (mg) 1 Day
Cigarettes 15.7 0.54 8.4 168 mg per
(15)2 (13.3-26.9)° 20 cigarettes
Moist Snuff 105 1.4 145 157 mg per
(8)2 (6.1-16.6)° 15¢g
Chewing Tobacco 16.8 7.9 133.0 1,176 mg per
(2)2 (8.1-24.5)° 7049

a2 Number of brands tested.
b Range.
Source: Adapted from Benowitz et al., 1990.

30 min) or snuff (average 3.6 mg nicotine from 2.5 g moist snuff kept in the
mouth for 30 min) compared with that from smoking cigarettes (average
1.0 mg nicotine per cigarette). Individuals vary considerably in the amount
of nicotine reaching the systemic circulation, even when they use a fixed
dose of smokeless tobacco. For example, we found an eightfold range in
peak plasma nicotine concentration (range 4 to 33 ng/mL) among 10 sub-
jects who placed 2.5 g snuff in the mouth for 30 min. The average systemic
bioavailability of nicotine from cigarettes and smokeless tobacco can be
estimated from the average systemic doses of nicotine absorbed, as described
above, and the data on the amount of nicotine in tobacco, as shown in
Table 1. Systemic bioavailability is estimated to be 12.0 percent,

14.0 percent, and 3.4 percent for cigarette smoke, oral snuff, and chewing
tobacco, respectively.

Nicotine is extensively metabolized by the liver (Benowitz, 1988). The
major metabolite is cotinine, which has been used as a marker for nicotine
intake. The half-life of nicotine averages 2 to 3 h. Consistent with this half-
life, nicotine accumulates for 6 to 8 h throughout the day with regular ST
use, and the levels of nicotine persist overnight, even while the user sleeps
(Figure 2) (Benowitz et al., 1989).

NICOTINE AND As Figure 1 shows, peak levels of nicotine after cigarette smoking

COTININE LEVELS or single doses of oral snuff or chewing tobacco are similar.

IN BLOOD Likewise, nicotine levels after the use of ST in sachets (Skoal
Bandits) and after nasal insufflation of fine, ground nasal snuff are similar,
although in the latter case absorption is very rapid, resembling absorption
from cigarette smoke (Russell et al., 1981 and 1985).
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Average blood nicotine levels in 10 men who smoked for 9 min (1.3 cigarettes), placed
2.5 g moist oral snuff in the mouth for 30 min, chewed an average of 7.9 g (range of 0.9 g
to 17.8 g) chewing tobacco for 30 min, and chewed 4 mg nicotine gum (two 2-mg pieces
of Nicorette) for 30 min. Studies were performed in the morning after overnight absti-
nence from tobacco.

Source: Adapted from Benowitz et al., 1988.

With regular daily cigarette smoking, blood or plasma levels of nicotine
sampled in the afternoon when those levels are at or near steady state
generally range from 10 to 50 ng/mL. In a research ward study of eight
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Figure 2
Circadian blood nicotine concentration with cigarette smoking, chewing tobacco,
and oral snuff
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Blood nicotine concentrations in subjects who smoked cigarettes (closed circles), used
chewing tobacco (open circles), or used oral snuff (closed squares). Data are shown as
mean + S.E. for eight subjects.

Source: Adapted from Benowitz et al., 1989; used with permission.

men, the levels of nicotine during ad libitum use of oral snuff (averaging
15.6+5.9 g/d) or chewing tobacco (averaging 72.9+21.6 g/d) were similar to
those observed with cigarette smokers (average 15.6+5.9 cigarettes/d)
(Figure 2) (Benowitz et al., 1989).

Using plasma cotinine as an indicator of daily nicotine consumption
from ST, one can compare consumption in different populations (Table 2).
Cotinine levels in our research volunteers were somewhat higher than those
measured in other groups. The college students and young men studied by
Gritz et al. (1981) and Biglan et al. (in press) had cotinine levels averaging
55 to 60 percent of those seen in our research subjects, the latter of whom
were, on average, much older. Professional baseball players had, in general,
much lower cotinine values, particularly among the chewing tobacco users
(Siegel et al., 1992). The lower level of cotinine in the baseball players
reflects intermittent use, often in conjunction with playing baseball.

NICOTINE AND People smoke cigarettes for the psychoactive effects of nicotine, and

ST ADDICTION it is presumed that smokeless tobacco is consumed for the same
reason. Nicotine may enhance the sense of well-being, produce arousal or
relaxation, help maintain vigilance, and reduce anxiety (Benowitz, 1988).
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Table 2
Serum cotinine in different populations of ST users

Plasma Cotinine (ng/mL)

ST Users
Source Type (n) Mean Range

Gritz, 1981 Snuff 11 1972 14-556
Benowitz, 1989 Snuff 8 356° 182-868
Benowitz, 1989 Chew 8 354b 100-836
Siegel, 1992 Snuff 182 144¢ -
Siegel, 1992 Chew 48 82¢ -
Biglan, 1992 Snuff 20 217¢ -

2 Afternoon measurement.

b Mean values throughout 24 h.
¢ Different times of day.

4 Morning measurement.

Whether enhancement of performance and mood is the result of an intrin-
sic enhancing effect of nicotine, or of relief of symptoms of abstinence in
habitual users, is unclear. ST use is especially common among male ath-
letes, some of whom believe that it enhances their athletic performance.
Studies of the effects of ST on reaction time in athletes, however, have not
confirmed any improvement in performance (Edwards and Glover, 1986).

Addiction to or dependence on smokeless tobacco can be defined as
compulsive use despite awareness of substantial reasons not to use it. For-
mal criteria for establishing drug dependence have been developed in the
Surgeon General’s Report, The Health Consequences of Smoking: Nicotine
Addiction (US DHHS, 1988). The primary criteria include highly controlled
or compulsive use, psychoactive effects, and drug-reinforced behavior.
Additional criteria include physical dependency, among several others. The
compulsive use of smokeless tobacco has been reported and is described
elsewhere in this volume. Nicotine from ST clearly has psychoactivity, and
nicotine withdrawal symptoms develop after sudden cessation of ST use
(Hatsukami et al., 1987).

That nicotine reinforces ST use has been shown recently in studies by
Biglan and coworkers (in press). In a laboratory setting, depriving young
men who regularly use smokeless tobacco from their tobacco for a period of
time resulted in a greater consumption of ST than in a condition under
which smokeless tobacco was given as a loading condition (Figure 3). The
level of ST consumption was such that, whether or not subjects were
preloaded with smokeless tobacco, after a period of ad libitum consumption,
serum nicotine levels were similar in all conditions. In a second study of
young men who regularly used snuff and smoked cigarettes, Biglan and
coworkers found that when ST use was restricted, subjects smoked more
cigarettes, and when cigarette use was restricted, subjects consumed more
smokeless tobacco, compared to when both forms of tobacco were available
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Figure 3
Serum nicotine concentration after deprivation then ad libitum oral snuff use in
regular users
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Condition | was on arrival at the laboratory after overnight tobacco abstinence. Condi-
tion Il was at the end of a 2-h pre-experimental session when subjects were either
deprived of (Dep) or preloaded with smokeless tobacco (ST). Condition Il was at the end
of the experimental session during which subjects were either deprived or had ad libitum
access to smokeless tobacco.

Source: Adapted from Biglan et al., in press.

(Biglan et al., in press). These studies indicate that habitual ST users are
titrating a level of nicotine in the body, as has been well described for
cigarette smokers, supporting the dependence criterion of drug-reinforced
behavior. That habitual ST use increases the likelihood of cigarette smoking
when smokeless tobacco is unavailable or undesirable because of social
constraints is supported by population survey data (Glover et al., 1989).

Thus, the criteria for addiction to nicotine are met for at least some ST
users. The 1986 Surgeon General’s Report on smokeless tobacco concluded
that ST is an addicting substance (US DHHS, 1986). It is unclear what
proportion of all ST users are addicted. Professional baseball players who
use smokeless tobacco intermittently, often only in association with playing
their game, for the most part do not seem to be addicted to ST.
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HEALTH Nicotine has many actions on the human body (Benowitz, 1988)
CONSEQUENCES (Table 3). The role of nicotine in producing these effects has been
OF NICOTINE established by studies of direct administration. In general, the
EXPOSURE responses are consistent with activation of the sympathetic ner-

vous system. Cardiovascular effects include heart rate acceleration (10 to
20 beats/min) and increased blood pressure (S to 10 mmHg), similar to the
effects of cigarette smoking. Nicotine also increases the circulating levels of
catecholamines and free fatty acids, which may contribute to the increased
level of total cholesterol and decreased levels of high-density lipoprotein
cholesterol that are found in habitual cigarette smokers. Inhibition of
prostacyclin synthesis and other effects on platelets may enhance coagula-
tion.

The potential adverse health consequences of nicotine may be summa-
rized as follows:

e Nicotine intoxication;

e Accelerated coronary and peripheral vascular disease;

e Stroke;

e Hypertension (complications);

e Delayed wound healing;

e Reproductive or perinatal disorders (low birth weight, prematurity,
spontaneous abortion);

e Peptic ulcer disease; and

e Esophageal reflux.

For more details, see Benowitz (1988, 1991a, and 1991b) and US DHHS
(1986 and 1988).

The greatest concern for nicotine-related effects is acceleration or
aggravation of cardiovascular disease (Benowitz, 1991a). In a study of the
cardiovascular effects of daily ST use, we found that the most prominent
effects of nicotine—heart rate acceleration and increased urinary catechol-
amine excretion—were similar throughout the day in people smoking
cigarettes and those using smokeless tobacco (Benowitz et al., 1989). In
addition, urine sodium excretion was greater during use of smokeless
tobacco than during smoking, probably because of the absorption of so-
dium, which, in smokeless tobacco, acts as an alkaline buffer to facilitate
nicotine absorption. Insofar as nicotine contributes to adverse health effects
of cigarette smoking, nicotine in smokeless tobacco would be expected to
present similar hazards.

Nicotine could promote atherosclerotic vascular disease by contributing
to hyperlipidemia, endothelial injury, or both (Benowitz, 1991a). Although
cigarette smoking is not associated with an increased risk of hypertension,
complications of hypertension are more severe in people who also smoke
cigarettes (Isles et al., 1979). Nicotine may aggravate hypertension by
causing vasoconstriction. Case histories of patients with hypertension
aggravated by the use of smokeless tobacco have been reported (McPhaul et
al., 1984; Wells and Rustick, 1986), and one survey of college students
indicated that ST users had elevated blood pressure (Schroeder and Chen,
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Table 3
Actions of nicotine in humans

Affected Systems Effects

CNS Arousal or relaxation
Enhanced concentration, vigilance
Appetite suppression
Electroencephalographic changes

Cardiovascular Increased heart rate, cardiac contractility, blood pressure
Cutaneous vasoconstriction
Systemic venoconstriction
Increased muscle blood flow
Catecholamine release

Metabolic Lipolysis with fatty acid release
Increased energy expenditure

Endocrine Increased growth hormone
Adrenocorticotrophic hormone/cortisol
Vasopressin
Beta endorphins
Inhibition of prostacyclin synthesis

1985). However, a more recent study of ST use among baseball players
revealed no relationship between smokeless tobacco and blood pressure
(Ernster et al., 1990).

There is considerable evidence that nicotine may contribute to acute
cardiac ischemia, such as aggravating angina pectoris, precipitating unstable
angina or acute myocardial infarction, and even sudden death (Benowitz,
1991a). The possible mechanisms of nicotine effect include its systemic
hemodynamic effects (which increase myocardial work), enhancement of
thrombosis, induction of coronary vasoconstriction, and/or
arrhythmogenesis.

Whether habitual use of smokeless tobacco is associated with
hyperlipidemia, increased incidence of complications from hypertension,
accelerated atherosclerotic vascular disease, and/or increased risk of acute
cardiac ischemic events remains to be established in studies of large popula-
tions of users. Of interest in this regard is a recent study of users of smoke-
less tobacco that indicated they had a higher prevalence of hyper-
cholesterolemia (when normalized for age and education) than did non-
users of tobacco (Tucker, 1989). Considering that the levels of nicotine in
the blood are similar in smokers and users of smokeless tobacco, it seems
likely that people with coronary artery disease are at increased risk from ST
use.

Other suspected adverse health effects of nicotine, particularly repro-
ductive disorders and peptic ulcer disease, must also be considered as poten-
tial complications of habitual ST use.
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Chapter 4

CONCLUSIONS The following may be concluded about nicotine and ST use: Sys-

temic absorption and blood levels of nicotine are substantial and are often
comparable in ST users and cigarette smokers. Data from a few studies
performed to date indicate that ST use has the potential to produce depen-
dency similar to that seen in cigarette smokers. However, it appears that in
some populations, such as baseball players who use smokeless tobacco only
intermittently, many ST users are not dependent. Smokeless tobacco use by
young people does pose a concern for later development of dependence on

cigarettes.

The health hazards known to be caused by cigarette smoking, and
suspected to be related to acute or chronic nicotine exposure, are expected
to be a hazard of habitual ST use as well. The major concerns are accelera-
tion or aggravation of coronary artery disease and reproductive disorders.
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