National
Institute on
Drug
Abuse

garch 493

MONOGRAPH SERIES

N

Measurement In the
Analysis and
Treatment of
Smoking Behavior




PROPERTY OF DEPR

Measurement in the
Analysis and Treatment of
Smoking Behavior

Editors:

John Grabowski, Ph.D.
Catherine S. Bell, M.S.

Division of Clinical Research
National Institute on Drug Abuse

NIDA Research Monograph 48

1983

DEPARTMENT OF HEALTH AND HUMAN SERVICES

Public Health Service
Alcohol, Drug Abuse, and Mental Health Administration

National Institute on Drug Abuse
5600 Fishers Lane
Rockville, Maryland 20857

For Sale in the Superintendent of Documents U S Government Printing Office
Washington, DC 20402



NIDA Research Monographs ore prepared by the research divisions of the
National Institute on Drug Abuse and published by Its Office of Science The
primary objective of the series is to provide critical reviews of research
problem areas and techniques, the content of state-of-the-art confer-
ences, integrative research reviews and significant original research Its
dual publication emphasis is rapid and targeted dissemination to the
scientific and professional community

Editorial Advisory Board

Avram Goldstein, MD.
Addiction Research Foundation
Palo Alto, California

Jerome Joffe, MD.
University of Connecticut School of Medicine
Formington, Connecticut

Reese T. Jones, M.D.
Langley Porter Neuropsychiatric Institute
University of California
San Francisco, California

Jack Mendelson, MD
Alcohol and Drug Abuse Research Center
Harvard Medical School
McLean Hospital
Belmont, Massachusetts

Helen Newlis, Ph.D.
Rochester, New York

Lee Robins, Ph.D
Washington University School of Medicine
St Louis, Missouri

NIDA Research Monograph Series

William Pollin, M.D.

DIRECTOR, NIDA

Jack Durell, M.D.

ASSOCIATE DIRECTOR, OFFICE OF SCIENCE, NIDA
EDITOR-IN-CHIEF

Eleanor W. Waldrop

MANAGING EDITOR

Parklawn Building 5600 Fishers Lane Rackville Maryland 20857



Measurement in the
Analysis and Treatment of
Smoking Behavior



ACKNOWLEDGMENT

This monograph is based upon papers and discussion from a
conference on techniques for measurement of smoking behavior, held
August 20, 1982, in Bethesda, Maryland. Arrangements for the
conference, jointly sponsored by the National Institute on Drug
Abuse and the National Cancer Institute, were made by Prospect
Associates, under National Cancer Institute contract NO1-CN-25564.

COPYRIGHT STATUS

The National Institute on Drug Abuse has obtained permission from
the copyright holders to reproduce certain previously published
material as noted in the text. Further reproduction of this
material is prohibited without specific permission of the copyright
holders. All other material in this volume except quoted passages
from copyrighted sources is in the public domain and may be used or
reproduced without permission from the Institute or the authors.
Citation of the source is appreciated.

The U. S. Government does not endorse or favor any specific
commercial product or commodity. Trade or proprietary names
appearing in this publication are used only because they are
considered essential in the context of the studies reported herein.

Library of Congress catalog card number 83-600602

DHHS publication number (ADM)83-1285
Printed 1983

NIDA Research Monographs are indexed in the lIndex Medicus. They
are selectively included in the coverage of American Statistics

Index, BioSciences Information Service, Chemical Abstracts, Current
Contents, Psychological Abstracts, and Psychopharmacology Abstracts.



Foreword

The causal relationship between tobacco use generally, cigarette
smoking in particular, and disease is well documented in the
scientific literature. In 1982, the U.S. Surgeon General noted
that 350,000 excess deaths would be attributable each year to
tobacco use. Despite two decades of national efforts to prevent
the initiation of smoking by teenagers and other susceptible groups
and to treat the behavior of those already dependent on tobacco, 53
million Americans continue to smoke cigarettes. We still have
close to the highest per capita consumption of cigarettes in the
world.

In the past, the National Institute on Drug Abuse has examined
diverse aspects of smoking behavior (NIDA Research Monographs, No.
17--Research on Smoking Behavior; No. ES--Cigarette Smoking as a
Dependence Process; No. 26--The Behavioral Aspects of Smoking).
This volume adds a new dimension directing attention to issues,
methodologies, and technologies in smoking research design and
measurement.

The complex multifaceted aspects of smoking behavior include
research on pharmacological, physiological, behavioral, and
environmental determinants implicated in development, maintenance,
cessation, and relapse. The diversity of subject matter and
contributing factors necessitates reliance on equally varied
scientific resources. This, at times, results in conflicting
research strategies, designs, methodologies, and analytic
techniques. The present volume provides an overview of the state
of knowledge in the area and suggests general guidelines which when
applied could lead to increased validity, compatibility, and hence
comparability of data across studies. Attention to these factors
will lead to improved intervention and prevention techniques which
should eventually be reflected in reduction of tobacco-related
mortality and morbidity.

Finally, it is worthy of note that this volume represents the
result of collaborative efforts of two institutes, the National
Institute on Drug Abuse and the National Cancer Institute, and thus
emphasizes the need, desirability, and future opportunities for
joint efforts in resolution of tobacco-use related health problems.

William Pollin, M.D.
Director
National Institute on Drug Abuse






Preface

The National Institute on Drug Abuse (NIDA) and the National Cancer
Institute (NCI) are devoted to contributing to disease prevention
and health promotion. Basic and applied research are important to
both Institutes. Each is involved in treatment and demonstration
programs designed to further their respective goals in the health
fields. Underlying many such efforts is the need for reliable
information which emanates from field, clinical, and laboratory
research supported by the Institutes.

Elucidation of the determinants of tobacco use is, of course, an

interdisciplinary effort. Integrated research brings with it the
weaknesses, as well as the strengths, of the respective
disciplines. In addition new and innovative techniques are often

required. A variety of technological advances have evolved in
research concerning tobacco use. However, fundamental problems
still exist concerning surveys, measurement, and topography of
smoking behavior. Therefore. in August 1982. NIDA and NCI convened
a group of scientists to address these issues. It was anticipated
that the benefits of such a review would be twofold. First,
improved techniques in survey, measurement, and topographical
analysis, would significantly enhance our research programs. This
will ultimately lead to improvements in treatment, prevention, and
health promotion. The second major benefit would derive from the
successful development of a research model in cigarette smoking
with stringent criteria for outcome and evaluation variables. In
turn this model might facilitate research in other areas involving
interactive behavioral and physiological problems.

The present volume is a summary of that meeting. While problems in
measurement still exist, careful study of and attention to the
crucial methodological issues raised should significantly enhance
our research activities. In addition, this volume provides a
strong indication of future directions as well as an examination of
many significant issues relevant to improving efforts in research
devoted to health and behavior.

Marvin Snyder, Ph.D. Joseph Cullen, Ph.D.
Director Deputy Director
Division of Preclinical Research Division of Resources,
National Institute on Drug Abuse Centers, and Community
Alcohol, Drug Abuse, and Mental Activities

Health Administration National Cancer Institute

National Institutes of Health
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Overview of Smoking
Research Issues

Catherine S. Bell, M.S., and John Grabowski, Ph.D.

Historically it is evident that drug use in its varied forms has
occurred in essentially all cultures. Control of use derived from
social, religious, and legal sanctions. Occasionally a drug has
been introduced and gained broad distribution free of governing
social or legal rules, and perturbations worthy of note have
followed. Thus, for example, the widespread introduction of opium
to China by the British generated years of social, economic, and
political problems. Concomitant efforts to eliminate use were
equally noteworthy.

Similarly, tobacco was introduced to Europe from the Americas in
the 16th century. Nicotine doses administered, typically by pipe,
chewing, or sniffing appeared not to involve substantial direct
disruptive behavioral or physiological effects. Smoking behavior
in particular, however, generated great distress in some circles.
Early on, King James | put forth his Counter Blaste to Tobacco (in
1604), which derogated tobacco and the user alike. Nevertheless,
tobacco use spread, and while the dominant dosage form (e.g-,
snuff, pipe, cigarettes) was subject to change, the upward trend
continued.

Efforts to terminate use and claims of dire health consequences
increased over several centuries. Concurrently, introduction of an
inexpensive dosage form, the machine-rolled cigarette, and new
tobacco curing techniques contributed dramatically to increased
use. Thus, the two forces, economic and health, pursued each other
in an upward spiral to the present time when both have considerable
power and notoriety. The tobacco industry reaps billions of

dollars annually. In addition the Federal Government supports a
substantial, although not comparable health maintenance,
prevention, and research effort. In the midst of this is the basic

effort to better understand the phenomena associated with tobacco
use.

It is apparent that the divergent positions concerning tobacco use
have an extended history. Data have only gradually accrued to
strongly support the long hypothesized relationships between



tobacco use and ill health. In addition to reports from other
sources, those from behavioral pharmacology laboratories have
recently clarified the historically stated similarities between
diverse forms of drug use and tobacco use. Thus, this perspective
and current scientific wisdom now converge and point to future
needs and directions.

DESIGN ISSUES

Although examination of diverse aspects of tobacco use has been a
goal of government health and safety agencies, academic
institutions, and voluntary health agencies, there has been little
unanimity or agreement in certain areas. Thus, for example, widely
varying theoretical frameworks exist, as they do in many areas of
behavioral, biobehavioral, and biological science. This may well
be healthy and contribute to integrative models applicable to other
disorders, but only if such integration is actively pursued. In
addition, comparability of methodology and identification of
subject populations is often lacking. There currently exists a
need to identify known discrepancies or inconsistencies in research
design and analysis. Contributing to this problem are the all too
frequent research reports that fail to explain how smoking
behaviors are measured and verified. Interestingly, the
specificity and quality of measurement appear to decline as the
analysis moves from the laboratory, animal or human, to such
diverse settings as clinics and classrooms or the natural
environment. An even greater lack of measurement precision may
emerge when survey and related community intervention techniques
are employed despite increasing availability of new and appropriate
technologies. There is a general sense that inherent problems in
differing environments can be circumvented.

Loss of valuable information occurs when limited or no data are
provided concerning determinants of smoking rate, abstinence,
relapse, or shifts in tobacco dosage form used. Scientists and
clinicians alike have noted that the lack of consistent
application of measurement techniques has retarded progress in the
acquisition of systematic knowledge which could advance
understanding of smoking behavior and hence the development of
effective treatment techniques. In part, this has been due to
failure to draw attention to unifying or standardized approaches.
Nonetheless it is particularly disturbing in those areas where
laboratory research has provided tools essential to this effort.

Past problems with evaluation in smoking and tobacco research have
existed in design research and validation of treatment results.
More specifically, for example, there have been validation problems
resulting from unverified self-report of smoking behavior. Some
units of measurement have perhaps contributed to further
uncertainty. For example, preference for reporting packs of
cigarettes rather than number of cigarettes smoked may have led



to assumptions dictating that a difficult "breakpoint" for smoking
exists at 10 cigarettes per day based on reports of half-pack
increments. In other cases absence of essential measures may
occur. For example, failure to obtain adequate baseline data,
including brand history, and a lack of information on individual
smoking styles, e.g., topography and dosimetry issues is not
uncommon. The inability to clearly relate correlates of outcome to
independent treatment variables may also result from other problems
including: (1) lack of controls and systematic design, (2) lack of
validation of programs developed in the research setting, (3) lack
of longitudinal data, (4) small n samples with excessive
variability in resultant data, (5) or when small n designs were
appropriate, insufficient replications of measures and, (6) lack of
attention to accepted theoretical guidelines or unifying conceptual
premises. In brief, some research in smoking and tobacco use has
perhaps in one sense suffered due to its divergent origins.
Concurrently it should be clear that exceptional research of
excellence has also been forthcoming. This has been particularly
true in recent years, although measurements problems do exist.

THE SCIENCE BACKGROUND

In the way of background on these issues, it is interesting to note
that few, if any, researchers have been trained in 'cigarette
smoking research.” To do so would, of course, result in
researchers who have little utility or scope with respect to other
issues. Rather, and appropriately, scientists converged from
diverse extant disciplines to contribute to a better understanding
of specialized problems which have facets in biochemistry,
physiology, neurological function, individual behavior, and,
finally, rather complex aspects of social behavior. Inter-
disciplinary efforts have thus emerged. While it is not clear that
"'smoking researchers," per se, are needed, it is essential to
develop professionals whose skills bridge the gap of traditional
disciplines. Such bridging would permit thorough analysis of
biobehavioral disorders, especially those with multifaceted
physiological and behavioral components.

CONVERGENCE

As the area of biobehavioral smoking research began to coalesce, it
became apparent that tobacco use could on one hand be examined as
another form of drug self-administration and that on the other hand
it might have characteristics in common with other behaviorally
based disorders. Thus, a search for similarities with other
behaviors and forms of drug use might provide a useful model for
analysis and for generating successful smoking prevention and
cessation programs.

In turn, refinement of the view dictated that tobacco use be
examined in the context of repetitive, stereotypic, habitual
behaviors of all sorts, ranging from gambling, to eating behavior,



to dependence on alcohol and drugs, and even to excessive social
interaction needs. Indeed, it appeared that the general features
which characterized behavioral dependence were translatable across
many forms of so-called habitual behaviors.

SMOKING RESEARCH AS A BEHAVIORALLY BASED INTERDISCIPLINARY ENDEAVOR

It is evident that a plethora of clearly definable disease states
are correlated with and perhaps causally related to the use of
tobacco. Therefore, as previously noted, numerous scientific
groups became involved in the research effort from the laboratory
to treatment and prevention settings. Interestingly, objective
consideration suggests that even the disease states do not make the
smoking issues substantially different from other behavioral
problems which have often had their own associated physical ills.
However, it is the occurrence of specific disease states that has
generated the interest of many in what is fundamentally an issue of
drug self-administration.

In any case, it is clear that smoking behavior is of
interdisciplinary interest, and it is equally clear that various
scientists have developed specialized, different, and often
incompatible measures and have brought them to bear on the problems
associated with cigarette smoking and tobacco use. Unfortunately,
as has been suggested, there are areas in which standardized
strategies for research have not emerged.

Overall there is a need to identify and delineate available
measures and perhaps consider general principles if not guidelines
per se for measurement in the smoking research. The guidelines for
measurement of smoking behavior may also directly or indirectly
have some utility in defining goals for more effective prevention
and treatment strategies.

A systematic data collection strategy could provide a roughly
hierarchical sequence by which data could be obtained and results
defined and would also assure some equivalence in the data
collected. It is therefore important to determine what the minimal
level of acceptable data is in various settings or when examining
particular issues. The following provides an example: it might be
generally agreed that a study is of little value if it simply
posits the question "Do you smoke?" What, however, is the minimal
level of data to be obtained, and what makes asking any question
worthwhile, if there is an interest in approximating the notion of
dose effect or dose response? In brief, it is apparent that the
topic of interest is one which involves biobehavioral aspects and
that it is appropriate to suspect that an adequate array of
biological and behavioral measures is desirable if a study is to
have general utility. While it is clear that the degree of
precision in measurement may vary as a function of research goals,
it is equally apparent that the current level of inquiry requires



greater precision and strength than is frequently evident.
SUMMARY

Overall, the issue is deceptively simple. There is a need to list
the extant techniques which include some extensive recent

advances. This should be followed by a simple heirarchical
systematization of the techniques and definition of the requirments
of each category of study. As is evident in the present volume,
problems emerge in this effort. Nevertheless, it is clear that the
effort could have considerable benefit, and further that it might
serve as a model for biobehavioral research efforts. The present
volume and its contributors provide many, though not all, of the
essential ingredients, in an effort to move in this direction.



The Use Of Biologic Fluid
Samples In Assessing
Tobacco Smoke Consumption

Neal L. Benowitz, M.D.

| NTRCDUCTI ON

Tobacco snoke consists of a nixture of conbustion gases carrying
a suspension of particulate matter. Anong the many conponents of
the gas phase arecarbon monoxi de andhydrogen cyani de. Carbon
monoxi de and serum thiocyanate, the latter a nmetabolite of hydro-
gen cyanide, are potentially useful markers of snoke consunption.
The particul ate phase consists of nicotine and minor tobacco alka-
loids and, the remainder, termed tar. Measurenments of nicotine
and its major netabolite cotinine are potentially useful markers
of nicotine exposure and intake. Quantitating tar consunption is
more difficult: indirect neasurenents such as measurenment of
urinary excretion of polycyclic aromatic hydrocarbons and their
metabolites and of urinary nutagenic activity may prove to be
useful markers but are not yet ready to be applied to large-scale
snoki ng studies.

In this paper, | will focus on the use of carbon nonoxide, thio-
cyanate, nicotine, and cotinine as markers of smoke consunption.
Factors influencing absorption of these substances from snoke,
elimnation from the body, kinetic characteristics that relate to
their usefulness as markers of snoke exposure, and linmitations of
their use are discussed.

Bef ore discussing the individual conpounds, it should be enpha-
sized that 1) the relative intake of different pharmacol ogically
active substances differs anong different tobacco products and
different smokers and 2) intake cannot be equated with exposure.
Wth respect to the latter, both rate of intake (dose) and rate
of elimnation deternmine the average exposure level.. For these
reasons, selection of biochemical neasurements nust be dictated
by the hypotheses being tested. For exanple, studies of nicotine
sel f-adninistration should include measurenents of nicotine and/
or cotinine. Studies of cardiovascular conplications of smoking
shoul d include measurenents of carbon nonoxide as well. Studies
of carcinogenesis require neasurenents of carcinogen exposure.



CARBON MONOXI DE

As estimated by snoking machines, approximately 10 to 20 m of
carbon nonoxide is delivered to the snoker's mouth with each
cigarette. Delivery to the nouth depends on the characteristics
of the cigarette, particularly ventilation and noisture content,
and how the cigarette is smoked. Carbon nonoxide is absorbed in
the lungs, where it diffuses across alveolar nenbranes. It is
not appreciably absorbed across mucous nenbranes or bronchiol es.
Thus, depth of inhalation and the presence or absence of pul mon-
ary disease influence the absorption of a given dose of inhaled
carbon nonoxi de.

TABLE 1

Carbon nonoxi de

Dose 10-20 m/cigarette
Varies with ventilation and msture
characteristics and how cigarette

is snoked
Absorption Pul monary al veol i
Elimnation Respiratory

Half-life 2-5 hours
Ventilation (activity) dependent

Measur ement Spectrophot onetric: Carboxyhenogl obi n
Expired carbon nonoxi de

Wthin the body, carbon nonoxide is bound, as is oxygen, to heno-
gl obin, where it can be measured as carboxyhenogl obi n. Carbon
monoxi de may al so be bound to nyoglobin and the cytochrome enzyme
system although quantitative details of binding to the latter
sites are as yet poorly defined. Carbon nonoxide is elimnated
primarily by respiration. The rate of respiration determnes the
rate of elimnation. Thus, the half-life of carbon nonoxide
during exercise may be less than 1 hour whereas during sleep it
may be greater than 8 hours (Castleden and Cole 1974). Wth
sedentary activity, the half-life is usually 3 to 4 hours.

The disposition kinetics of carbon nonoxide are useful in under-
standing the tine course of carbon nonoxide in the body through-
out the smoking day. Wth a half-life averaging 4 hours, based
on pharmacokinetic principles one would predict that, with
reasonably constant dosing (that is, regular snoking rate),
carbon nonoxide levels would plateau after 9 to 12 hours of
cigarette smoking. This is what we observed in circadian studies
of carboxyhemogl obin concentrations in cigarette smokers snoking
on a research ward (figure 1). There is a small increment and
decline in carboxyhenoglobin imediately after smoking individual



FIGURE 1

BLOOD NICOTINE AND CARBOXYHEMOGLOBIN
CONCENTRATION WHILE SMOKING USUAL BRAND,
LOW (0.4mg) AND HIGH (2.5mg) NICOTINE CIGARETTES
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Bl ood nicotine and carboxyhenogl obin concentrations in subjects
snmoking high-nicotine (2.5 ng) and lownicotine (0.4 ng) Kentucky

reference cigarettes and their usual brand (average nicotine
yield 1.2 ng) of cigarettes. Subjects snoked on a fixed schedul e
of 1 cigarette every half-hour from8:30 AM to 11:00 P.M for a
total of 30 cigarettes per day. Blood sanples were collected
just before the next scheduled cigarette (figure taken from
Benowitz et al. 1982b). © 1982, The C. V. Mshby Conpany.
Reprinted by pernission.



cigarettes (not shown in figure 1), but after several hours of
snoking the magnitude of the rise and fall is small conpared with
the trough val ues. Thus, sanpling carboxyhenmogl obin at the end
of a smoking day is a reasonably good indicator of the daily CO
exposure.

Because of reduced ventilation during sleep, the rate of elinina-
tion of carbon nonoxide is slower at night than during the day.
Wth an overnight half-life of 5-9 hours (Castleden and Cole
1974), carbon rmonoxi de persists in the body at substantial levels
throughout the night &spite no further smoking (figure 1). In
our subjects, carboxyhenoglobin concentrations averaged 4-5 per-
cent before snoking the first cigarette of the day. Thus, the
toxic effects of carbon nonoxide in smokers are not only experi-
enced in proximty to smoking, but also persist for 24 hours of
every day. Mrning carbon nonoxi de nmeasurements are sensitive to
cigarette snoking, but probably provide |ess quantitative inform
ation about the magnitude of daily exposure than do afternoon

| evel s.

The useful ness of carbon nonoxide as a neasurement of tobacco
snoke consunption can be considered in terns of specificity,
sensitivity, and limtations. Specificity refers to the prob-
ability that a nonsmoker will be classified as a nonsnoker.

Thus, a highly specific neasurenent has a low rate of classify-
ing nonsmokers as snmokers. In nost cases, carbon nonoxide

I evel s, when neasured at the end of the snoking day, are specific
for cigarette smoking. There is an endogenous CO concentration
(carboxyherogl obi n of about 0.7 percent) that is nuch |ower than
that observed in cigarette snokers. However, enploynment in
areas with high anbient carbon nonoxide concentrations, exposure
to methylene chloride, which is netabolized to carbon nonoxide
(Stewart et al. 1972), or driving on busy freeways (Aronow et al.
1972) may also reduce the specificity of carbon nonoxide |evels,
particul arly when studying |ight snokers. Sensitivity refers to
the probability that a snoker will be classified as a snoker.

The specificity and sensitivity of carboxyhemoglobin as a marker
of cigarette snmoking has been estimated in epidemologic studies.
Vald et al. (1981a), sanpling afternoon carboxyhermoglobin |evels
and using a cutoff-point of 2.0 percent, found specificity to be
99 percent and sensitivity to be 81 percent for cigarette smokers
and 35 percent for cigar and pi pe snokers. Cohen and Bartsch
(1980), neasuring carboxyhemoglobin in the morning and a simlar
cutof f-point, found specificity to be 81 percent and sensitivity
to be 83 percent.

W are also interested in nmeasurements that yield quantitative
information about the anmount of a particular snmoke conponent that
is consumed. Carbon nonoxi de neasurements do yield some dose
information, particularly when sanpled at the end of a snoking

day.



It has been shown that for individual smokers carbon nonoxide

| evel s increase proportionately with the number of cigarettes
smoked for the first few hours of smoking (Henningfield et al.
1980). Epi dem ol ogi ¢ studi es showed significant correl ations

bet ween carboxyhenogl obin concentrations and the nunber of cigar-
ettes smoked per day, with correlations ranging in different
studies from0.27 to 0.81 (Hawkins et al. 1976; Vogt et al. 1979;
Rickert and Robinson 1981; Jaffe et al. 1981). On the average,
about 25 percent of the variance in carboxyhenogl obin could be
expl ai ned by the nunber of cigarettes snoked per day. The brand
of cigarette or machine yield of carbon nonoxi de does not signi-
ficantly predict carboxyhenogl obin levels (R ckert and Robinson
1981; Jaffe et al. 1981).

The linmtations in using carbon monoxide as a neasurenment of
tobacco snoke consunption per se are that the tinme of day and the
length of tinme since smoking the last cigarette influence carbon
monoxi de |evels and that there is considerable individual varia-
tion in carbon nonoxide absorption and elinination characteris-
tics, depending on smoking habits, disease states, and activity
level .

TABLE 2

Use of carbon nonoxide as a measure of snoke consunption

Specificity Cood

Sensitivity Cood at steady state (afternoons)
Short term only

Cost I nexpensive (expired CO

Linitations Time of day

I ndividual variation in absorption
and elimnation (pul monary
di sease; activity)

Measurement of carbon nonoxide is straightforward and inexpen-
sive. Because alveolar carbon nonoxide pressures are propor-
tional to the concentration of carboxyhemoglobin in blood,
end-expi red carbon rmonoxi de tension accurately reflects blood
car boxyhenogl obin (Jarvis et al. 1980). Expired carbon nonoxi de
can be neasured using an instrument (Ecolyzer, Energetics Science,
Inc., Elmsford, NY) that neasures the rate of conversion of
carbon nonoxi de to carbon dioxide as it passes over a catalytic-
ally active electrode. Blood carboxyhenogl obin can be neasured
directly and quickly using a differential spectrophotoneter
(Co-oxineter, Instrumentation Laboratory, Inc., Lexington, M).
However, the Co-oxineter is expansive to purchase and requires
consi derabl e mai nt enance.

10



THI OCYANATE

As assessed by snoking machine delivery, approximately 30 to 200
pug of hydrogen cyanide are delivered to the mouth of the smoker
wi th each cigarette. Hydrogen cyanide is netabolized by the
liver to thiocyanate. In addition to conbustion gases, certain
foods, particularly leafy vegetables and some nuts, are sources
of cyanide. Thus, thiocyanate is present in nonsnokers as well
as smokers and may be particularly high in vegetarians. Thio-
cyanate is also present in beer (Bottoms et al. 1982).

TABLE 3

Thi ocyanat e

Source is netabolism of cyanide

Hydrogen cyanide in stroke
Dietary cyanide

Absorption Respiratory
I ngestion

Eli m nation Renal
Hal f-1ife = 14 days

Measur ement Spect rophot ometric
Serum vs. saliva

Thiocyanate is distributed in extracellular fluid and is elim
inated slowy by the kidneys. Due to the slow excretion, the
hal f-l1ife of thiocyanate is long (about 14 days).

The long half-life of thiocyanate nmeans that there is little
fluctuation in plasm thiocyanate concentrations within a day

or fromday to day. Thus, the tine of sanpling is not critical.
On the other hand, a given level of thiocyanate reflects exposure
to hydrogen cyanide in tobacco smoke over several weeks preceding
the tinme of the sanple. \Wen a snoker stops smoking, it takes an
estimated 3 to 6 weeks for thiocyanate levels to reach that

i ndividual's nonsnmoking |evel.

Because of the presence of cyanide in foods, thiocyanate is not
highly specific for cigarette snoking. There is sone overlap in
I evel s between smokers and nonsnokers. However, on the average,
snokers do have levels two to four times those of nonsnokers
(Cohen and Bartsch 1980; Vogt et al. 1979; Butts et al. 1974).
Level s of 85-100 unoles/L have been suggested as cutoff concen-
trations for smoking versus nonsnoking. Sensitivity is reason-
ably good in that nost snokers have elevated |evels: however,

11



because of marked variation in levels anong nonsnokers, thio-
cyanate concentration may not be a very good quantitative indi-
cator of smoke exposure.

Cohen and Rartsch (1980), using a cutoff-point of 100 pML,
reported specificity of 81 percent and sensitivity of 93 percent
for the use of thiocyanate in detecting cigarette snokers. Butz
et al. (1974), using a cutoff-point of 85 puML, found 93 percent
and 98 percent specificity and sensitivity, respectively. Thus,
specificity and sensitivity for distinguishing smokers versus
nonsnokers are reasonably good. However, in the snoker who is a
I'ight snoker or who has cut down during snoking cessation treat-
ment, the thiocyanate |evel approaches |levels due to dietary
sources of cyanide, making docunmentation of snoking status
increasingly nore difficult.

Serum or plasma levels of thiocyanate correlate significantly
with the nunber of cigarettes per day (range of correlation
0.25-0.48) (Cohen and Bartsch 1980; Vogt et al. 1979; Rickert
and Robinson 1981), but not as well as carbon nonoxide. Thio-
cyanate levels in snokers do not correlate with nachine yields of
hydrogen cyanide. Salivary concentrations of thiocyanate may

al so be used as a noninvasive biocheni cal marker of snoke expo-
sure (Luepker et al. 1981). Concentrations of thiocyanate in
saliva vary as a function of salivary flow rate (Micklow et al.
1978). Thus, a close correlation between salivary and plasm
thi ocyanate concentrations depends on stimulating flow of saliva.
Serum or plasnma thiocyanate |evels can be neasured fairly inex-
pensively using spectrophotonetric methods (Butts et al. 1974,
Lundgui st et al. 1979).

TABLE 4

Use of thiocyanate as a neasure of snoke consunption

Specificity Good
Sensitivity Good
Long term
Cost Mbder at e
Limtations Dietary interference

Overlap nonsmokers-1ight smokers
Not useful to monitor short-term
changes in snoking

In summary, the use of thiocyanate levels as a nmarker of snoke
consunption has fairly good specificity and sensitivity in study-
ing active snokers, has the advantage of a long half-life such
that the tinme of sanpling is not critical, and is inexpensive to
neasure. The limtations are that specificity and sensitivity
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may be inadequate in light smokers or in snokers who have cut
down on their snoking. In addition, the long half-life of thio-
cyanate makes it inpossible to use it to assess recent smoking
behavi or. Due to other sources of cyanide, thiocyanate is not a
good quantitative indicator of consunption of tobacco snoke.

NI COTl NE

As estimated by snoking machine deliveries, between 0.05 and

2.0 ng of nicotine are delivered to the mouth with each cigar-
ette. As is the case for carbon nonoxide, nicotine delivery
depends on the characteristics of the cigarette and how the
cigarette is smoked. In studies by Sutton et al. (1982) and
Herning et al. (1983), the increnent in blood nicotine concentra-
tion after smoking a single cigarette was correlated poorly with
the smoking machine yield of the cigarette and was nore a func-
tion of how the cigarette is snoked.

TABLE 5

Ni cotine

Dose 0.1-2.0 ny/cigarette
Varies with cigarette characteristics
and how cigarette is snoked

Absorption Micous menbranes (depends on pH of snoke)
Pul monary bronchial tree and alveoli
Enteroenteric

El i mnation Met abol i sm primary; renal secondary
4-fold individual variation in netabolic
rate

Renal excretion pH dependent
Half-life = 2 hours

Measur ement Gas chromat ography
Radi oi mmunoassay
Bl ood vs. urine

Unli ke carbon nonoxide, nicotine is absorbed through nucous nem
branes in the nmouth, through the bronchial tree as well as in the
pul ronary alveoli. The extent of nucosal absorption varies wth
the pH of the snoke, such that more nicotine is absorbed from
relatively alkaline (cigar) snoke than from acidic (cigarette)
smoke (Armitage and Turner 1970). Nicotine is distributed
rapidly to body tissues and is rapidly and extensively netabo-
lized by the liver. A relatively small fraction is excreted
unchanged by the kidney. Urinary excretion may vary from 2 to 25
percent of total nicotine elimnation in alkaline and acid urine,
respectively (Rosenberg et al. 1980).
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The rate of nicotine metabolism varies considerably, as nuch as
fourfol d ambng some people (figure 2) (Benowitz et al. 1982a). A
given level of nicotine in the body reflects the bal ance between
nicotine consunption and elimnation rate. Thus, conparing two
persons with the same average blood concentration of nicotine, a
rapid metabolizer may be consuming four times as nuch nicotine as
a slow netabolizer. To determine daily intake of nicotine
directly, both nicotine blood concentrations and nicotine elimn-
ation rate nust be neasured. This procedure is feasible for
smal | -scale studies, and is ongoing in our |aboratory. However,
it is not feasible for large-scale studies.

The time course of decline of blood concentrations of nicotine is
mul tiexponential. Following a single cigarette or an intravenous
injection of nicotine, blood concentrations of nicotine decline
rapidly, with a half-life of 5 to 10 ninutes, due to tissue
uptake (figure 3). If concentrations are followed over a |onger
period of time or if multiple doses are consumed so that tissue
stores are saturated, a longer elimnation half-life of about 2
hours becones apparent (figure 4). It should be noted that many
earlier reports of nicotine half-lives of 20 to 40 ninutes (lsaac
and Rand 1972; Armitage et al. 1975) were based on blood concen-
trations from both distribution and elimnation phases and were
not truly neasurenents of the |og-linear decline phase. The

i nportance of knowing the terminal half-life is that the time
course of accumulation of nicotine during the day and persist-
ence in the body after cessation of regular snoking (such as
overnight) can be predicted.

The optimal way to assess daily exposure to nicotine is to
measure the blood concentrations throughout the snoking day.
This can be carried out in a research ward (Benowitz et al.
1982b) but is not feasible for epidem ol ogic studies. Pharmaco-
kinetic considerations are useful in planning optimal sanpling
of blood for neasurement of nicotine concentration to estimate
average exposure levels. As predicted by a 2-hour half-life,
nicotine blood concentrations plateau after 6 to 8 hours of
regul ar smoking (figure 1). At that point, the fluctuation in
|l evel s between cigarettes is relatively small conpared with the
trough levels. This is in contrast to sanpling after the first
few cigarettes of the day when there are nmarked fluctuations in
nicotine levels between cigarettes (figure 5). Afternoon plasm
I evel s of nicotine have been used in studies of nicotine exposure
while snoking different brands of cigarettes or consumng other
ni cotine-containing products (Sutton et al. 1982; Herning et al.
1983; Armitage and Turner 1970; Gitz et al. 1981).

The rmeasurenent of blood concentration of nicotine is highly
specific for cigarette smoking unless there is an occupational
exposure to tobacco | eaves (CGehl bach et al. 1975). Passive
smoking may elevate blood concentrations of nicotine slightly,
but not to the range seen with nost snokers (Russell and Feyera-
bend 1975). Blood concentration of nicotine is a sensitive
measur enent of exposure (rather than consunption) to tobacco-
smoked ni cotine. Exposure rather than consunption is enphasized
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FI GURE 2
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Phar macoki netics of nicotine in 14 healthy nmale cigarette
snmokers. Pharnmacoki netic analysis was perforned on plasma con-
centration data collected during and after constant infusion of
nicotine, 1-2 ug base/kg/min, for 60 minutes under conditions of
urinary acidification (pH5.5). The bl ood nicotine concentra-
tion-time curve is shown in figure 4. Terminal half-life was
conmputed from plasma concentration data from 30 to 150 ninutes
following the end of nicotine infusion (figure taken from Beno-
witz et al. 1982a). © 1982, Anerican Society for Pharnacol ogy
and Experinmental Therapeutics. Reprinted by pernission.
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FI GURE 3

PLASMA NICOTINE.
INTRAVENOUS INJECTIONS AND CIGARETTE SMOKING
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Pl asma nicotine concentrations in a subject given bolus intra-
venous injections of nicotine, 2 pg base/kg, or inhaling froma
commercial cigarette, once every minute for 10 mnutes. N cotine
concentrations rise as or nore rapidly while smoking conpared
with intravenous dosing. There is a sharp decline in concentra-
tion following the end of the series of nicotine injections or
snoking, due to distribution into body tissues. The termnal

hal f-1ife phase (not shown in figure), which reflects rate of
drug elimnation, becones apparent 30-60 minutes follow ng nico-
tine exposure.
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FI GURE 4
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Plasma nicotine concentrations (+ S.E.M) in five subjects during
and after constant intravenous infusion of nicotine for 30 mn-
utes. (Figure taken fromBenowitz et al. 1982a.) © 1982,

Anerican Society for Pharmacol ogy and Experimental Therapeutics.
Reprinted by permssion.
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FI GURE 5
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Mean plasnma nicotine concentrations during repetitive intravenous
injections of nicotine with alkaline (pH>7) and acid (pH<5)

urine. Hatched area indicates 10 minute intervals during which
intravenous injections of nicotine, 2 pg base/kg/nin, were given.
Data represent mean values for five subjects. There is consider-
able fluctuation in nicotine concentration following and between
series of nicotine injections (or smoking cigarettes) after the
first few exposures. Wth repetitive dosing, trough levels rise
and eventually (6-8 hours) plateau.
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because of the influence of individual differences in rate of

met abol i sm of nicotine, as described previously. Masurenment of
the blood concentration of nicotine has a major advantage in that
nicotine is the substance for which nmost people snoke and which
may have direct toxicity. The linitations in the use of blood
concentrations of nicotine are the fluctuation in nicotine con-
centrations between cigarettes and the considerable variation in
ni cotine netabolismanong individual smokers. In addition, the
met hod for neasuring the |ow concentrations of nicotine in blood
is nore difficult than for other markers.

TABLE 6

Use of nicotine as a neasure of snoke consunption

Specificity Excel | ent
Sensitivity Excel | ent
Short-term only
Cost Expensi ve
Linitations Time of day

I ndi vidual variation in
met abol i sm and renal
excretion

Bl ood concentrations of nicotine can be neasured by gas chronma-
tography (Jacob et al. 1981), radioi munoassay (Langone et al.
1973), and possibly high performance |iquid chronatography.
Sanpl e preparation is problematic in that contanination of
sanples with even small ampunts of tobacco smoke can substan-
tially elevate the nornmally low concentrations of nicotine in the
bl ood. Thus, careful precautions against contam nation during
both sanple collection and processing for analysis are essential.
Because the concentrations are so |ow, neasurement of nicotine in
bl ood has been difficult for many laboratories in the past, but
with currently available assays, it is feasible for large scale
epidemi ol ogi ¢ studies. Measurenent of urinary levels of nicotine
has been suggested as a marker for cigarette consunption (WIcox
et al. 1979). This may be qualitatively useful, but quantita-
tively it is limted by the fact that there is variation in renal
elimnation of nicotine depending on urine pH and flow rate so
that it is difficult to extrapolate fromurine to blood concen-
trations of nicotine.
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COTI NI NE

Ni cotine is netabolized primarily to cotinine and nicotine-k
oxide. Based on neasurenents of relative urinary excretion of
cotinine and nicotine-Noxide and studies of total and renal
elimnation of cotinine after intravenous infusion, we estimate
that on the average 86 percent of nicotine is converted to coti-
nine. The individual variation in fractional conversion of nico-
tine to cotinine has not yet been deterni ned.

TABLE 7

Cot i ni ne

Primary metabolite of nicotine

El i mi nation Met abol i sm prinmary, renal
secondary
Half-life = 19 hours

Measur ement Gas chromat ogr aphy
Radi oi munoassay

Cotinine is distributed to body tissues to a much |esser extent
than nicotine. Cotinine is elimnated primarily by netabolism
with 15 to 20 percent excreted in the urine unchanged (Benowitz
et al., subnmitted for publication). Uinary pH does affect the
renal elimnation of cotinine; however, the effect is not as
great as for nicotine. In a small group of subjects given intra-
venous infusions of cotinine, interindividual variation in the
rate of cotinine netabolism was considerably |ess than variation
in rates of nicotine netabolism The elinination half-life for
cotinine in 16 subjects who stopped snoking on a research ward
averaged 19.1 hours with a range of 10.9 to 37.0 hours.

Because of the relatively long half-life of cotinine, blood
concentrations of cotinine are relatively stable throughout the
snoking day, reaching a maximum at the end of the day. Because
each cigarette adds relatively little to the overall cotinine

|l evel, sanpling tine with respect to snoking is not critical. A
md- or late-day concentration reasonably reflects the average
concentration of cotinine throughout the day.

Using netabolic and pharmacokinetic data, blood concentrations of
cotinine can be used as a neasure of daily consunption of nico-
tine. Assuming that nicotine is 86 percent converted to cotinine
and that cotinine clearance is relatively constant anong people,
whi ch seens to be the case, it can be conputed that a bl ood
concentration of cotinine of 100 ng/m represents an average 24
hour consunption of 12 ng nicotine (Benowtz et al., subnitted
for publication). Average concentration of cotinine in the
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bl ood of habitual cigarette snokers is about 300 ng/m (Langone
and Van Vunakis 1975; Zeidenberg et al. 1977). Thus, | estimate
that the average snoker consunes about 36 mg of nicotine/day.
The range of blood concentrations of cotinine was quite wde, 5
to 900 ng/m, presumably reflecting a wide variation in nicotine
consunption anong self-reported habitual smokers. Concentrations
of cotinine in blood have been used to estimate nicotine consunp-
tion in several studies (Zeidenberg et al. 1977, Gitz et al.
1981; Hill and Marquardt 1980; Wald et al. 1981b).

TABLE 8

Use of cotinine as a neasure of snoking consunption

Specificity Excel | ent
Sensitivity Excel | ent
Internediate term
Cost Mbder at e
Linitations ? Individual variation in

elimnation rate

The specificity of cotinine as a marker for cigarette smoking is
excellent. | have found no nonsnokers with blood cotinine val ues
greater than 10 ng/m. The sensitivity of cotinine also appears
to be excellent and offers the best estimate of daily nicotine
consunption. Because of its long half-life, sanpling time is
less critical than for nicotine or carbon nonoxide.

Measurement of cotinine is moderately costly. Both radioi mmuno-

assay (Langone et al. 1975) and gas chromatographic assays (Jacob
et al. 1981) are readily available. Uinary cotinine ‘may also be
measured as a qualitative indicator of smoking versus nonsnoking
(Wlcox et al. 1979; Matsukura et al. 1979) but, because of indi-
vidual variations in renal clearance, it is not a good quantita-

tive predictor of blood concentration of cotinine.

SUMVARY

In summary, the source, absorption, netabolism and disposition
kinetics of several conmpounds that are potential markers of
tobacco smoke consunption have been reviewed. Kinetic considera-
tions have been applied to discuss specificity and sensitivity of
various conpounds as markers of cigarette snoking status, useful-
ness as quantitative indicators of tobacco snoke consunption, and
optimal time for sanple collection. One cannot, however, escape
the conclusion that selection of a biochem cal test nust be
linked to the hypothesis being tested. If only snoking versus
nonsnoki ng is being assessed, then carbon nonoxi de and/or thio-
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TABLE 9

Conparison of biochem cal narkers of tobacco smoke consunption

Mar ker Specificity Sensitivity Linitations cost Advant ages
Carbon nonoxi de Good Good short term Time of sanpling | nexpensi ve Direct toxin
Variabl e absorption Noni nvasi ve
and elinination (Expired €O
Thi ocyanat e Good CGood long term Dietary interference Mbder at e Noni nvasi ve
Qualitative neasure (Saliva)
Ni cotine Excel | ent Excel l ent short Time of sanpling Expensi ve Direct measurenent
term Variable elimnation of reinforcer or
rate toxin exposure
Coti ni ne Excel | ent Excellent inter- ? Variable elinmnation Mbderate Measur ement  of
mediate term rate ni cotine

consunption




cyanate are inexpensive neasurements that provide adequate infor-
mation. |f self-administration of nicotine or toxic effects
potentially related to nicotine exposure are being studied, then
measurenents of nicotine exposure and consunption are required.
Measurenment of blood concentration of nicotine per se is neces-
sary to docunent nicotine exposure: blood concentration of coti-
nine may be a better measure of daily nicotine consunption. To
study potentially carcinogenic effects of tobacco smoke, specific
measurenents of carcinogen consunption nust be devel oped and

val i dat ed.
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Measurement Issues in Cigarette
Smoking Research: Basic Behavioral
and Physiological Effects and Patterns of
Nicotine Self-Administration

Jack E. Henningfield, Ph.D.

| NTRCDUCTI ON

Measurenent issues in cigarette snoking research enconpass a
het er ogeneous body of research questions and strategies
Included are investigations into the types and anmounts of
tobacco smoke constituents delivered by cigarettes, topographic-
al analysis of puffing behavior, epidemological studies of
smoki ng behavior, health-related consequences of snoking, and
investigations of cigarette snmoking behavior. The primry focus
of the present paper will be on studies of the dependence
process in which drug self-administration strategies were used
Sorme of the underlying principles of such strategies are
described bel ow

The conceptualization of drug abuse as an instance of drug
self-admnistration, that may be studied in the laboratory, is
one of the essential tenets of behavioral pharmacol ogy (Thonpson
and Schuster 1968; Poling and Henningfield 1982). These
strategi es have now been fruitfully applied to the study of
cigarette snoking (Gitz 1980; Giffiths and Henningfield
1982). The power of such strategies lies in their potential to
reproduce, under rigorous laboratory conditions, the essential
el ements of the phenonena of drug-seeking and drug-taking
behavior. A given instance of drug self-admnistration involves
nurer ous el enents which are of behavioral, physiologic, pharna-
cologic, social, and environnental nature. The drug self-adm n-
istration paradigm permts the systematic manipulation of such
variables so that the relative contribution of each can be
assessed (cf. Giffiths, Bigelow, and Henningfield 1980)

The focus of drug self-adninistration studies is on operant
behavi or, or chains of behavior that are relatively free to
occur, not to occur, or to occur in altered form e.g., the
procurenent and smoking of cigarettes. The strength of operant
behavior is assessed by its rate or probability of occurrence

When the naintenance of such a chain of behavior is dependent
upon the delivery of a given stinulus, that stimilus is said to
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be functioning as a positive reinforcer, regardl ess of the
underlying reasons for which the stinulus holds that property,
e.g., tobacco snoke inhaled froma cigarette is the reinforcer
for the operant behavior entailed by cigarette snoking. Ante-
cedent stinuli which signal conditions under which an instance
of operant behavior is likely to be reinforced are terned
discrimnative stinuli; their power in setting the occasion for
operant behavior to occur (i.e., increasing the probability of
occurrence of the behavior) is dependent upon prior instances of
the behavi or being reinforced in their presence. The prior
conditioning histories of such stinuli may be specific to the
behavi oral sequence at hand and may function additively, e.g.
the snmell of tobacco snmoke and the onset of early nicotine
wi thdrawal synptons nay each tend to set the occasion for
snoking, while the contiguous occurrence of both sets of stimil
may produce an extrenely high probability situation in which
smoking may occur. The prior histories may also be nonspecific
to the behavior at hand but equally effective at setting the
occasion for the behavior to occur. Mdeling the behavior of
peers, obeying the instructional demands of perceived superiors
or role nodels, and adhering to social and famlial norms are
generally conditioned frombirth. It should come as no surprise
when these kinds of discrimnative stimuli function with such
efficacy, e.g., when adolescents learn to snoke together, when
advertising strategies use the ‘Brand X Man' or the ‘Brand Y
Wnan,” and when it is discovered that snokers are not randomy
di stributed across the population but, rather, tend to be
clustered into small social units of snokers and nonsnokers
(e.g. coworkers, friends, fanily).

In the studies described in the present paper, two genera
self-adm nistration strategies are utilized: a cigarette
snoki ng paradigm and an intravenous nicotine self-admnis-
tration paradigm Data collected using these paradigns provide
an experimental basis for assessing the role of the multiple
factors involved in cigarette snoking. Sone of these factors
are described bel ow.

SOVE PROBLEMS OF MEASUREMENT IN TOBACCO RESEARCH

Fundanental to any self-admnistration study is to provide a
standard unit of the substance to be delivered, as well as to
quantify intake. Typically, in drug self-admnistration
studi es, a predetermined dose of drug (e.g., ng per delivery or
ng per body weight per delivery) is delivered, and the tota

drug intake over tine is measured (e.g., ng per hour). In
studi es of cigarette snmoking, however, this fundamental con-
dition is confounded by the factors described in Figure 1. As
shown in the figure the nature and quantity of constituents in
any given puff is a function of multiple factors including
cigarette constitution, puff topography, inhalation character-
istics, and so forth

28



PRODUCTION AND FATE OF CIGARETTE SMOKE CONSTITUENTS

TOBACCO SMOKE 1S COMPRISED OF

{1) CtGARETTE CONSTITUENTS
@ ORGANIC MATTER
@ NICOTINIC ALKYLOIDS
®ADDITIVES

(2} PYROLYSIS PRODUCTS
®CO;

eCO

®TAR

FILTER
TRAPS SOME
PARTICULATES

2

SMOKE
PRODUCTION
YSi
ﬁ¥§1ﬁ25w§5 TO LUNGS WHERE
ABSORPTION OCCURS
AIR DILUTION ABSORPTION FACTORS
AND COOLING ¢ INHALATION AMOUNT
POROUS PAFER * INHALATION DEPTH
® INHALATION DURATION
e pH OF SMOKE
* ABSORPTION CHARACTERISTICS
OF INDIVIDUAL CONSTITUENTS
Figure 1. This illustration shows the conpl ex sequence

of events whereby a tobacco cigarette, conprised of a
variety of constituents, is burned, thus yielding new
constituents. The mainstream snmoke is filtered and
diluted as it passes through the cigarette and into the
mout h. Snoke from the tip of the cigarette (side
stream snoke) nay be inhaled directly and thus be
hi gher in concentration of certain constituents.
Finally, a variable amunt of the produced and puffed
smoke is inhaled into the lungs where absorption will
depend on a variety of factors.

Gven the conplexity of the physical and behavioral processes
involved in the production and eventual intake of tobacco snoke
constituents, it would seem that dose assessment could only
result froma profile of the various measurable paraneters.
These include (1) puffing parameters (e.g., rate and volune),
(2) inhalation paraneters (e.g., rate and volune), (3)
physi ol ogic intake paraneters (e.g., CO level and plasma nic-
otine), and (4) subjective effects paraneters (e.g., self-repor-
ted strength of cigarette). Al of these factors may bear
conpl ex and dependent relationships to one another, and may be
most neani ngful |y addressed as elements of a profile.

Mil tiple variable neasurenent, yielding a profile of effects,
provi des one solution to the issues raised above. Figure 2
shows the profile of effects deternmined in a study of the
effects of d-anphetamine on cigarette snoking in normal vol un-
teers (Henningfield and Giffiths 1981). As shown in the fig-
ure, a variety of neasures showed dose-related changes. The
collection of several variables permits a nore neaningful analy-
sis of the results. For instance, the CO neasure confirned
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that subjects were not sinply puffing nore, but were actually
inhaling nore snoke. Another approach to addressing the
probl em in measurement concerning delivered and obtained doses
is to present known quantities of a pure form of the substance
under study, for instance, to deliver intravenous doses of
ni cotine. However, such an approach assunes that intravenous
nicotine is functionally equivalent to nicotine delivered via
i nhal ed tobacco snoke.
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Figure 2. For each dependent variable, the
overall man value (n = 40, 8 subjects x 5
sessions) is shown as a function of d-anphetanine
dose. The dashed line indicates the 95%
confidence interval for placebo. The y axis
shows the units of nmeasurenment appropriate to the
dependent  variables indicated in individual
graphs. (© The c. v. Mshby Conpany. From
Jinical Pharmacol ogy and Therapeutics, Vol. 30,
No. 4, 1981. Reprinted with permission.)

EQUI VALENCE OF IV NICOTINE TO TOBACCO SMXKE

Before studies of nicotine self-admnistration were conducted,
some of the effects of nicotine given intravenously or in the
form of research cigarette snoke were conpared using biol ogical
assay procedures (cf. Finney 1962). Subjects were given a range
of doses of nicotine, intravenously and in the form of inhaled
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t obacco snoke. Drug dosing was double-blind, follow ng an
initial "dose run-up" study done with each subject to verify the
safety of the doses. Before, during, and after drug adm nis-
tration, a variety of subjective and physiologic variables were
measured. The research staff also made behavioral observations
about the subjects (the procedures used and the results obtained
have been described in greater detail el sewhere: Henningfield et
al . 1983a).

The main findings of this study were that nicotine produced
simlar profiles of effects given via the intravenous route or
in the formof inhaled tobacco smoke: Dose-related increases in
scores on scal es of drug dose strength, drug liking, and euphor-
ia (MEG scale of the Addiction Research Center Inventory),
decreases in desire to snoke, increased heart rate and bl ood
pressure (the high iv dose produced an initial bradycardia), and
decreased skin tenperature. Peak subjective effects occurred
within the first mnute of adm nistration of nicotine (or
conpletion of the cigarette) and declined to negligible levels
within a few ninutes. There were sone differences between iv
and inhaled nicotine: Inhaled nicotine was nore effective at
decreasing the desire to Smobke, and intravenous nicotine was
identified as a euphoriant producing a "rush" sinilar to that
produced by cocaine or norphine (though of nuch shorter
action). A subsequent study (Henningfield et al. 1983b) showed
that nicotine produced early effects on other physiologic
neasures that corresponded with the changes in heart rate and
subj ective response observed in the former study. For instance,
pupi | dianeter first increased, then decreased, and returned to
saline levels within a few mnutes of injection. The nore
recent study also showed that mecanyl anmine pretreatment bl ocked
physi ol ogi ¢ responses to nicotine and attenuated subjective
effects of nicotine (mecanylamne is a ganglionic blocker used
as an antihypertensive nedication).

This series of studies confirnmed findings fromearlier studies

that nicotine produces many of the effects of cigarette snmoking
(cf. review by Gitz 1980), and the findings showed that
nicotine’s profile would contribute to its role as a pharnaco-
logic nediator of conpulsive cigarette snmoking, i.e., by
reinforcing the behavior of tobacco smoke self-admnistration.

Further, these findings support the validity of using intra-
venous nicotine self-adnministration as a nodel to study pharma-
col ogic aspects of cigarette snoking.

SELF- ADM NI STRATI ON OF | NTRAVENQUS NI COTI NE BY HUMAN SUBJECTS

The findings of the study summarized above were consistent with
those of other investigators (cf. reviews by Gitz, 1980;
Giffiths and Henningfield, 1982) suggesting that nicotine is
the critical pharmacol ogi ¢ nediator of the behavior of cigarette
smoking. To further study the role of nicotine in the

31



dependence process of cigarette snoking, a series of studies was
conducted in which intravenous nicotine was available in place
of cigarettes. Sone of the issues of scientific inportance that
can be addressed by the self-admnistration approach include the
following: (1) Can nicotine, in the absence of the vast array
of stimuli involved in cigarette snoking, serve as a positive
reinforcer and thereby maintain self-adninistration? (2) How
does nicotine conpare to other psychoactive drugs which have
been studied in self-administration paradigns? (3) How do pat-
terns of nicotine self-admnistration conpare to patterns main-
tained by cigarette snoke? (4) How is the behavior of nicotine
sel f-administration affected by pharmacol ogic manipul ations?

CGeneral Met hods

Subj ects resided on the research ward for the 6- to 12- week
duration of studies. Experinental sessions were 3 hours and
were scheduled 1 to 3 days apart. Prior to a session, the
subj ect was catheterized in a forearm vein using a standard
intravenous infusion set. Automatically activated syringe punps
were used for injections. Dose volune and infusion duration
were 1 nml and 10 sec, respectively. During sessions the sub-
jects sat in areclining chair in isolation and had access to a
radio and magazines. Cigarette snmoking was not permtted for 1
hour prior to or during sessions

Before and after each session, basic vital signs were collected
by the research staff. Subjects then also conpleted three
questionnaires: (1) A short form (40 itens) of the Addiction
Research Center Inventory (ARCI) which contains enpirically
derived scales sensitive to the effects of several classes of
psychoactive drugs. (2) The Single Dose Questionnaire (SDQ
whi ch contains a scale of drug Iiking and a drug identification
list with the street names of 10 common psychoactive drugs. (3)
A newy developed form with rating scales of drug dose strength

and desire to snoke a cigarette. Additionally, 1 minute after
each injection the liked and disliked effects of the injection
were rated by the subject on 100 nun line visual anal ogue
scales. An operant test panel with two levers and attendant
stimulus lights were | ocated near the subject’s reclining chair

Prior to the study, the safety of the nicotine dose |evels was
verified by injecting the subjects with each of the possible
doses at 1 hour intervals in an ascending sequence. They were
told that only doses from anong this sequence, or placebo, would
be available during the self-admnistration study, but they were
given no information regarding the specific nicotine dose
avai l abl e during any session nor the schedule of its availa-
bility. In sone studies, sessions were preceded by oral adm n-
istration of mecanyl am ne. Subjects were told that any |ever
pressing or drug taking was voluntary, they were not asked OK
encouraged to take injections
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Studi es were conducted follow ng review and approval of the
study plan by the Institutional Review Board. To further ensure
the safety of subjects, (a) a one-ninute time-out followed each
injection, (b) there was a progranmed naxi mumlimt on the
nunber of injections available during successive thirty mnute
intervals, (c) a research nurse observed the subject and the
subj ect’s continuous electrocardiogram display and was free to
abort the session at his or her discretion, and (d) the subject
was free to abort the session at any tine.

RESULTS

In the initial study of nicotine self-admnistration, subjects
were presented with one dose of nicotine or saline during
sessions; ten responses on one |ever produced drug, while
responding on the other lever had no programred consequence
(Henningfield et al. 1983c). Figure 3 shows patterns of nic-
otine injections taken under such conditions. Al of the six
subjects tested self-admnistered both nicotine and saline;
however, nicotine injections occurred in regular patterns,
whereas saline injections occurred with wide variablility in
pattern and frequency, both within and across subjects.
Patterns of nicotine self-adninistration were sinilar to those
of humans snoking cigarettes and to animals self-admnistering
psychomotor stinulants (Giffiths et al. 1980). In sone of the
subj ects, conparison of nicotine- to saline-mintained |ever
pressing suggested that nicotine was serving as a positive
reinforcer, while in other subjects it appeared that nicotine
was serving as an aversive stinulus relative to saline. Unlike
the study of single dose nicotine adninistration in which desire
to snoke was decreased in dose-related fashion, desire to snoke
was not reliably decreased in this study. However, the behavior
of smoking (cigarettes snoked and puffs taken) was decreased
following sessions in which nicotine was self-adnministered as
conmpared to sessions in which saline was avail able.

A subsequent study examined the effects of systematic within-
subj ect nani pul ations of nicotine dose in human and squirrel
monkey subjects when ten |ever presses were required per
intravenous nicotine injection (CGoldberg and Henningfield
1983). Wth the human subjects nicotine and saline were
presented concurrently, while with the animl subjects saline
and nicotine were presented across sessions. The results of the
study were sinilar in both species.

In the Col dberg and Henningfield study, all subjects self-adm n-
istered both nicotine and saline. N cotine injections exceeded
saline injections in three of the four humans and three of the
four monkeys tested, indicating that nicotine was serving as a
positive reinforcer for these subjects. The highest dose of
ni cotine decreased injection rates, though amunt of nicotine
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V. NICOTINE INJECTIONS
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Figure 3. Intravenous nicotine self-admnistra-
tion by cigarette snokers. The vertical narks
indicate injections obtained by each subject
during a 3-hr session. For subjects BE, KO and
LA, the data shown are those from a
representative session at the 1.5 ng per
injection dose: for subjects SK, KU and PE, the
data are fromthe only session in which the 1.5
ng dose was available. The actual unit dose for
each subject , expressed as ug nicotine per kg
body weight, is indicated on the right side of
each record.

obtained per session was relatively unchanged. Wth the hunan
subjects, as injection dose increased from 0.75 to 1.5 ng, there
was little change in nunber of injections taken per 3 hour
session. However, when dose was increased to 3.0 ng, nunber of
injections per session decreased. This is interesting since
studies of the effects of nicotine yield in cigarettes on
cigarette snoking behavior have shown little effect on rate of
cigarette consunption except when nicotine yield of the
cigarettes was in excess of 2 ng per cigarette (Giffiths et al.
1980) .

Self-adnministration studies in animals and humans with opioid
agoni sts (e.g., norphine) have shown that pretreatment with
antagoni st drugs (e.g., naltrexone) decreases the reinforcing
efficacy of the opioid, relative to placebo (Giffiths et al.

1980). These results suggest that nicotine self-administration
m ght al so be reduced by pretreatnment with an antagoni st.

Studies of intravenous nicotine self-admnistration by aninals
have shown that the reinforcing efficacy of nicotine is reduced
by pretreatnent of the animals with nmecanylanine (e.g., Speal man
and Col dberg 1982).
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To assess the effects of necanylamne on nicotine self-adm n-
istration behavior, a subject was pretreated w th necanyl am ne
or placebo, 1 hour before 3-hour sessions. Nicotine, in 3 ng
doses (I1V) and saline were concurrently available by pressing
either of two levers (the nicotine and saline |levers were
alternated each day, and the subject was told that pressing on
either lever could produce any of a previously given range of
doses of nicotine or placebo).
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