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T'he effect of ethaniol oin the cigarette smoking of alcoholic subjects was studied in a
resi(leintial laboratory. Durinlg daily 6-hr sessions, cigarettes were obtained either by request
to the ward staff or by operation of a lever (fixed-ratio 5 or 10). In a mixed sequence across
(lays, sessions involved inigestion of either vehicle (orange juice) alonie or vehicle plus
ethaniol (133.7 g). Dtirinig ethanol sessions, the rate of cigarette smoking increased from
26%y, to 117% of vehicle levels. A series of control studies eliminated a number of potential
lbehavioral mechanismiis for the observed effect anid indicated that the ethanol-induced
increase in cigarette smokinlg occutrred( tinder a variety of experimental conditions: (1)
whel smoking cotild not occur coiicuirrently with ethanol or vehicle consumption; (2) when
stIbjects were not allowed to socialize; (3) when ingestion of ethanol or vehicle was sched-
tiled for a ntzmber of consecuitive (lays; (4) when variotls doses of ethanol were administered
under blind condlitionis. In control experiments, weighing unsmoked tobacco and counting
the ntimber of puiffs per cigarette indicated the effect was not due to smoking less of each
cigarette. The effect was not limited to the experimental sessions alone, since total daily
smoking was higher on ethanol days than vehicle days.
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A number of studies using interviews or
questionnaires have demonstrated that people
who drink heavily also tend to smoke heavily
(Brown and Campbell, 1961; Cartwright, Mar-
tin, and Thompson, 1959; Drelher and Fraser,
1967; Heatlh, 1958; Maletzky and Klotter,
1974; McArthur, Waldron, and Dickinson,
1958; Walton, 1972). Maletzky and Klotter
(1974) noted that even among alcoholics there
is a high positive between-subject correlation
between the amount alcoholics drink and the
amount they smoke.
Attempts to explain the determinants of the

observed correlation between ethanol con-
sumption and cigarette smoking have resulted
in a number of hypotheses involving ill-defined
and generally unmeasurable constructs as-
sumed to underlie excessive smoking and
drinking, including addictive personalities,
oral drives, anxiety states, and general neuroti-
cism (Dreher and Fraser, 1967; Maletzky and
Klotter, 1974; McArthur et al., 1958). There
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are, of course, alternative explanations-a more
direct causal relationship may exist between
etlhanol ingestion and cigarette smoking. The
present set of studies explored this possibility
by experimentally evaluating the effect of
ethanol on the cigarette smoking of volunteer
alcoholics in a residential laboratory. A within-
subject experimental methodology was used to
assess the influence of ethanol ingestion on
cigarette smoking. The first experiment was
the initial observation that ethanol ingestion
may increase cigarette smoking. The subse-
quent six experiments involved a series of
systematic replications under alternative be-
hiavioral-pharmacological conditions. These
experiments involved an analysis of various
behavioral mechanisms that were considered
a priori to constitute probable mechanisms of
action.

EXPERIMENT I: EFFECT OF
ETHANOL versus VEHICLE

CONSUMPTION ON RATE OF
CIGARETTE SMOKING

Experiment I was the first of a series that
examined the effect of ethanol on cigarette
smoking.
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GENERAL METHOD

Five male voluinteers referred from the
emergency room of Baltimore City Hospitals
participated. All were clhronic alcolholics, 37-
to 48-yr old, witlh hiistories of cigarette smokinig
(20 to 39 yr). All reportedl histories of problem
drinking (14 to 27 yr), repeated lhospitalizatioll
for alcolholism (two to 40 times), aind liavillg
experienced symptoms of plhysical depenidence
on etlhanol. Voluinteers were detoxified and

their informe(d consent obtaitne(d in writing be-
fore participation. Tile experinieilts were con-

ducted on an eight-bedlbellavioral pharmacol-
ogy research ward. Subjects participate(d in tile
research successively in indepen(dent replica-
tions, ratlier than simultaneously (tlhe one

exception was that Subjects RUM and MI
participated simultaneously in Experiment
VI). Otlher ward residents participated in (if-
ferent bellavioral sttudies involving self-admin-
istration of various drugs. There was unsystem-
atic variation both witilin aIld between suibjects
with respect to the number of adlditioinal
residents on the ward (tlhree to six) at any

time, and witll respect to the experimeIlts ill
whiich these other residents participated. A
pool table, television set, cards, various games,

and reading and craft materials were continu-
ously available to subjects in the dayroom.
General ward behavior was maintained via a

point economy system that specified the condi-
tions under wlhicil points could be earne(I or

spent. Point fines were imposed for violation
of certain ward rules. If a subject's total point
earnings fell below zero, the stubject was de-
toxified and discharged. Two or three subjects
participated in each of seven experiments.
Table 1 shows the sequence of exposure to

different experiments for eaclh suibject. De-
tails of experimental procedures were de-

scribed to the subjects wlhen they were imple-
inented. However, the natture or purpose of the

experimenits were not dlescribed and subjects
were given no instrtuctions oi- explanations of
wlhat they were "suipposed" to do, or of wlhat
ouitcomes miglht be expected.

Schedulling of ethanol or vehicle dr-inks. Be-

tween 9:00 a.m. and 3:00 p.m., except for uisinig
the bathroom, eachi stubject was requiired to
remain in the ward dayroom area. Starting at
9:00 a.m. the subject was requiired to consuLme
a 90-ml clrink every lhalf-lhour (12 drinks total).
On a given day, the 12 drinks were either-
orange juice (velhicle) or a mixtture of etlhanol
and orange juice. Velhicle drinks consisted of
90 ml of orange jtiice. Ethanol drinks consisted
of 30 ml 95-proof etlhanol (11.14 g etlhanol)
in 60 nml orange jtuice. Individual drinks were

(lispensed by the researclh ward staff and the
stubject cotuld constime the drinks at wlhatever
rate lhe clhose (providledl lie finislhed witlhin 30
min) and wlhile participating in otlher ward
activities. Staff recorded the duration of eaclh
(drink. The stubject was informed immediately
1)efore tile beginning of eaclh session (9:00 a.m.)
wlietlier etlianol or vehiicle drinks were avail-
able. Tile sclheduling of etlhanol versuts vehicle
drinks was determined from a mixed sequence
in wlhiclh no more than tlhree ethanol or tllree
velhicle days occuirred sticcessively. The experi-
ment was terminated wlien the minimtum num-

ber of days in each condition was 10 (tlhe one

exception was Experiment VI, wlhiclh was ter-
mninatedc after five or six days in each condi-
tion). Between 6:00 p.m. and 9:00 p.m. daily,
six etlianol drinks were available to the sub-
ject, independently of whether etlianol or ve-
Ihicle had been sclheduled between 9:00 a.m.

and 3:00 p.m. Blood ethanol levels were as-

sessed (NModel 900A Breathalyzer, Stephenson
Corp.) at 12:00 noon and 3:00 p.m. daily (tlle

ble I

Sequence of exposure to different experiments. Detoxification (Detox) indicates subject had
r-eceived ino ethanol for a minimum period of five days. Weight of individual subjects
indicated in parentheses.

Subject (kg) Sequence of Experiments

MO(81.8): Detox; Exp I; Exp II; Exp III

MI(96.4): Detox; Exp I; Exp II; Detox; Exp VII; D)etox; Exp VI

RUT(70.5): Detox; Exp I; Exp V; Detox; Exp IV

RUM(79.5): Detox; Exp VII; Exp III; Exp IV; Detox; Exp VI

SU(85.5): Exp V
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one exception was Subject MI in Experiment
I for whom blood ethanol levels were not as-
sessed.) During ethanol sessions, Breathalyzer
readings ranged from 20 to 70 mg ethanol/
100 ml at 12:00 noon and from 80 to 130 mg
ethanol/100 ml at 3:00 p.m.

Availability of cigarettes. Between 9:00 a.m.
and 3:00 p.m. (laily, the subject could obtain
cigarettes to smoke from a cigarette dispenser
located near the nturses' station (the one ex-
ception was Subject MI in Experiment 1, who
received all cigarettes on request from researclh
ward staff). Only the designated subject was
permitted to use the cigarette dispenser. rwo
independent cigarette dispensers were used
during Experiment VI, which involved the
simultaneous participation of two suibjects.
The automatic cigarette dispenser avoided
possible confounding effects of having staff
dispense cigarettes. Single cigarettes were dis-
pensed on completion of a low fixed-ratio re-
quirement on a standard Lindsley operanduim
(the fixed-ratio requirement was arbitrarily set
at FR 5 or 10). As each cigarette was delivered,
control equipment souinded a tone and re-
corded the delivery on an internal countei that
could not be seen by the subject. For a 1.5-min
period after operation of the dispenser, ad-
ditional responding was ineffective. This pre-
vented the subject from obtaining multiple
cigarettes. After delivery of each cigarette, staff
terminated the tone by manual operation of
a switch at the nurses' station, verified that
the correct subject received the cigarette, and
noted the time on a record sheet. The subject
was required to smoke the cigarettes dispensed
and no others; he was not permitted to save,
give away, or borrow cigarettes. All cigarettes
placed in the cigarette dispenser for the 9:00
a.m. to 3:00 p.m. session were marked with a
colored pen for identification before the ses-
sion. This permitted staff to verify that ciga-
rettes were smoked by the correct subject.
Throughout the experiments, there were no
occasions between 9:00 a.m. and 3:00 p.m. on
which a subject was found to be smoking an
unmarked cigarette, nor were other patients
ever found with marked cigarettes. At times
other than during the session, cigarettes were
freely available and were given to the subject
by the ward staff. The brand of cigarette dis-
pensed was determined by individual subject
preference (MI and RUM smoked Camels;
MO and RUT smoked Pall Mall; SU smoked

Chesterfield). All cigarettes dispensed were 7
cm long (the length of a Camel regular); ciga-
rettes exceeding this length were cut to 7 cm
before being placed in the dispenser.

Reliability of staff recording was confirmed
l)y comparing staff records and daily cigarette
totals recorded by the dispensing equipment.
The total number of cigarettes dispensed each
session as recorded by the staff virtually always
matclhed that recorded by the internal counter
of the dispenser. Furthermore, informal spot
checks uindertaken by the authors also indi-
cate(l that staff virtually never made record-
ing errors.

RESULTS
As shown in Table 2, all three subjects

smoked more cigarettes during sessions in
which ethanol was consumed than during ses-
sions in which vehicle solution was consumed.
The effect was quite stable, with visual inspec-
tion of the daily data revealing a clear differ-
ence between ethanol and vehicle sessions
within all three subjects. This effect is shown
in Figure 1, which includes the daily data
of each subject under these experimental
conditions.

Differences in the total number of cigarettes
smoked during ethanol and vehicle sessions
appeared to be correlated with different pat-
terns of consuming ethanol versus vehicle
drinks. For all three subjects (MO, MI, RUT,
respectively) the average duration for consum-
ing the ethanol drinks (mean in seconds 333.6,
342.5, 70.9) exceeded the duration for consum-
ing the vehicle drinks (8.6, 17.2, 20.5). Al-
thouglh the duration for consuming drinks was
quite variable within subjects, observation re-
vealed that subjects generally tended to gulp
the vehicle drinks while standing at the nurses'
station; in contrast, subjects often sipped the
ethanol drinks over a longer period of time
while concurrently participating in other ward
activities.
Comparison between ethanol and vehicle

conditions of the temporal distributions of
cigarette smoking within sessions indicated
that ethanol produced relatively uniform in-
creases in the distribution of smoking through-
out the session. Despite the fact that the cumu-
lative ethanol dose increased throughout the
session, ethanol did not produce a selective
increase in cigarette smoking toward the end
of the session.
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Table 2

Average number of cigarettes dispensed between 9:00 a.ni. and 3:00 p.m. (mean ± S.E.M.)
under conditions during which ethanol (ETOH) or vehicle (V) solutions were consumed.
Number of days in each condition is indicated in parentheses. All doses of ethanol were
133.7 g except in Experiment VII as indicated. Blanks indicate subject di(d not participatc
in that experiment. All differences between vehicle and 133.7-g ethanol conditions were
statistically significant using a two-tailed matched-paired t test (p < 0.01; consecutive
vehicle sessions matched with consecutive ethanol sessions) with the exception of Experi-
ment IV, where this statistic is not appropriate.

Exp II Exp III ExpIV
Subject Exp I (Unifor?m Intake) (No Socializing) (C/ironic Exposure)

V:9.70 ± 0.37(10) V:9.60 ± 0.65(10) V:9.60 ± 0.54(10)
MO ETOH:12.18 0.42(1l) ETOH:12.50 0.50(10) ETOH:13.00 0.54(l0)

V:13.82 1.00(11) V:14.70 0.88(l0)
MI ETOH:20.70 ± 0.72(10) ETOH:20.91 ± 0.84(11)

RUT V:14.10 ± 0.28(10) V,:15.90 ± 0.48(10)
ETOH:18.00 ± 0.68(10) ETOH:20.30 + 0.67(10)

V:9.30 ± 0.58(10) V1: 12.44 ± 0.88(9)
RUM ETOH:20.20 ± 1.18(10) ETOH:23.70 ± 0.75(10)

V2: 13.33 ± 1.07(9)
SU

Table 2 (continued)

Exp V Exp VI Exp VII
Subject (Cigarette Weighlt) (Cigarette Puffs) (Multiple Doses)

MO

V:11.17 ± 0.48(6) V:19.10 ± 0.80(10)
MI ETOH: 17.00 ± 0.32(5) 33.4 g ETOH:21.10 ± 0.72(10)

133.7 g ETOH:24.90 ± 0.88(10)

RUT V:14.30 ± 0.37(10)
ETOH: 18.10 ± 0.48(10)

RUM V:11.00 ± 0.52(6) V:13.20 ± 0.55(10)
ETOH:15.60 ± 0.51(5) 33.4 g ETOH: 12.20 + 0.87(10)

133.7 g ETOH:22.20 + 0.92(10)

SU
V:9.10 + 0.75(10)

ETOH: 12.70 + 0.73(10)

EXPERIMENT I1:
UNIFORM INTAKE-CONTROL
FOR CIGARETTE SMOKING

AS AN ADJUNCT TO
ETHANOL SELF-ADMINISTRATION

Experiment I demonstrated that more ciga-
rettes were smoked under a condition in which
ethanol was consumed than under a condition
in which vehicle drinks were consumed. Ex-
periment II explored one possible behavioral
mechanism for this observed effect.

Falk (1971) observed that the intermittent
scheduling of certain stimuli may ". . . induce
extra, concurrent phenomena which are strong
enough to sustain schedule behavior in their
own right". Such observations have led to the

recognition of a class of behavior termed "ad-
junctive" (Falk, 1971). It is possible that the
increased cigarette smoking observed in Ex-
periment I represented an instance of adjunc-
tive behavior. Smoking may have been par-
tially maintained as an adjunct to the behavior
of drinking, with the increased smoking in
ethanol sessions being due to the different
pattern of subjects' drinking ethanol as op-
posed to vehicle. Ethanol consumption was
characterized by a larger number of sips dis-
tributed over a longer temporal interval than
the ingestion of the vehicle solution. Analysis
of the durations for consuming individual
drinks revealed that ethanol drinks were con-
sumed more slowly (249.0 sec average) than
vehicle drinks (15.4 sec average).
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EXP. I
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EXPERIMENTAL DAYS
Fig. 1. The number of cigarettes smoked betweeni

9:00 a.m. and 3:00 p.m. daily in Experiment I involv-
ing three alcoholic subjects. Subjects ingested solutions
containing either vehicle (filled circles) or 133.7 g

ethanol (unfilled triangles) on different days.

Experiment II was undertaken to control
for the possibility that increased cigarette
smoking was maintained as an adjunct to the.
patterned behavior of ethanol self-administra-
tion. Experiment I was systematically repli-
cated under conditions that eliminated the
possibility that cigarette smoking would be
differentially induced by different patterns of

consuming the ethanol and vehicle drinks.
Specifically, the opportunity for concurrent
smoking and drinking was eliminated.

METHOD
Two alcoholic subjects participated. The

procedure was identical to that described for
Experiment I, except that subjects were re-
quired to consume the ethanol or vehicle
drinks within 30 sec of dispensing and while
standing at the nurses station. In addition,
subjects were not allowed to have a lighted
cigarette while consuming the drinks.

RESULTS
The results were similar to those obtained

in Experiment I. As shown in Table 2, both
subjects smoked more cigarettes on days on
which ethanol was consumed than on those on
which the vehicle solution was consumed. As
in Experiment I, the stability of the effect
was evident from the daily data, which are
presented in Figure 2.

EXPERIMENT III:
RESTRICTED SOCIALIZING-
CONTROL FOR CIGARETTE

SMOKING AS AN ADJUNCT TO
SOCIAL INTERACTIONS

Experiment II indicated that increased
smoking during ethanol sessions was not ad-
junctively maintained as a consequence of the
distinctive pattern of ethanol consumption,
because the opportunity for concurrent smok-
ing and drinking was eliminated. Experiment
III explored a second possible behavioral
mechanism of the observed effect and ad-
dressed the question of whether smoking was
adjunctively induced by some other distinctive
characteristic of ethanol sessions.
A number of observational reports suggest

that administration of ethanol produces
changes in rates of social interactions (i.e., in-
creased frequency, probability, or duration of
human verbal or nonverbal contact) in alco-
holics (Diethelm and Barr, 1962; Docter and
Bernal, 1964; McNamee et al., 1968). Under
conditions of ethanol administration similar
to those of Experiment I, Griffiths et al. (1974a,
1975) have demonstrated quantitatively that
ethanol produces increased rates of social be-
havior in alcoholics. It is possible that the
increased smoking observed in Experiments
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EXPAI: unform intake EXP E: no socializing EX P&: chronic exposure

MO MO RUT
~~~~~~~~~~~~~~. ... . . . . ,,.. . . . . . .. ,, .,,,:......,,,,

Ml RUM RUM
...... . ...... .. . , ...I.

.

EXPERIMENTAL DAYS

Fig. 2. The number of cigarettes smoked between 9:00 a.m. and 3:00 p.m. daily in three different experiments
involving two alcoholic subjects each. Subjects ingested solutions containing either vehicle (filled circles) or 133.7
g ethanol (unfilled triangles) on different days.

I and II was an adjunct to increased social
behavior induced by ethanol. Experiment III
systematically replicated the prior studies un-

der conditions that eliminated the possibility
that cigarette smoking could be maintained as

an adjunct to socializing by explicitly restrict-
ing all social interactions.

METHOD
Two alcoholic subjects participated. The

procedure was identical to that described for
Experiment I, except that during the daily
sessions, patients were not permitted to engage
in social interactions. Between 9:00 a.m. and
3:00 p.m. a yellow flashing light was illumi-
nated at the nurses' station and while the light
was on, the following set of rules was in effect:

"When the light is on, the subject is
not allowed to talk, gesture or interact
with staff or other patients. A social in-
teraction is any behavior which requires
the presence of or involves another per-

son. Therefore, the subject may play pool,
cards or games, but only by himself. Also
during this time other patients are not
allowed to talk or interact with the sub-
ject. Finally, staff should keep their inter-
actions with the subject to a minimum.
There may, however, be some necessary
interactions such as the subject returning
an empty glass to the staff; however these
interactions should be kept minimal and
involve no talking."

Staff explained these rules to the subject
and other ward patients. Violation of the rules
by the subject or other ward patients resulted
in a point fine from the point economy against
the violator.

RESULTS
The procedure for restricting socializing

eliminated virtually all social interactions be-
tween the subjects and other ward residents,
and greatly reduced social interactions be-
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tween subjects and staff.2 No subject received
any fines for violation of thie socializing rules.
As slhowni in Table 2, (lifferences in smoking

comparal)le to those of the previous experi-
meints were founiid. Despite the restriction on
social interactions, stable increases in cigarette
smoking were observed wlhen etlhanol (lays
were compare(l to (lays on wlhichi the velhicle
soluition was consumed, as slhown in Figuire 2.

EXPERIMENT IV: SCHEDULING
OF ETHANOL OR VEHICLE FOR
A PERIOD OF CONSECUTIVE
DAYS-A CONTROL FOR
SCHEDULING EFFECTS

Experiment III indicated that the increased
smoking dcuring etlhanol sessions was not a con-
sequence of clhanges in social behavior duiring
etlhanol sessions. Experiment IV was under-
taken to determine whetlher the effect was re-
lated to the specific sclheduling conditions used
in the previous experiments.

Previous experiments demonstrated in-
creased cigarette smoking under ethanol con-
ditions when ethanol or vehicle conditions
were presented in a mixed sequence over suc-
cessive days. It is possible that the observed
effect was an artifact of the mixed scheduling
proceduire. For instance, perlhaps the inter-
mittent scheduling of any powerful reinforcer
(in this case etlhanol) changes the probability
of various behaviors (in this case cigarette
smoking).
Another possible explanation of the results

is that cigarette smoking on days on which no
ethanol was scheduled was suppressed by a
hangover from ethanol consumed on the pre-
ceding day. With all the previous experiments,
subjects consumed six ethanol drinks (66.8 g
ethanol) in the evenings, independently of
whether ethanol or vehicle drinks had been
scheduled during their previous 6-hr experi-
mental session. It is possible that subjects were
slightly hungover the following morning and
that the observed difference in cigarette smok-
ing rate between ethanol and vehicle condi-
tions represents a suppression of cigarette
smoking on vehicle days due to discomfort.

aThe degree of social restriction achieved with this
manipulation was sufficient to have punishing proper-
ties under different scheduling conditions. When sched-
uled contingently, restriction from social interactions
suppressed drinking in alcoholic subjects (Griffiths et
al., 1974b).

Experiment IV was uindertaken to eliminate
some of the possible artifacts from the mixed
sclheduling plrocedlure by systematically repli-
cating previouis experiments tinder conditions
in wlhiclh exposure to both etlhanol and vehicle
was sclheduiled for a period of consecutive days.
'I'his consecutive sclheduling procedure also
eliminated the possibility that the results on
the vehiicle (lays were affected by an ethanol
lhangover, because subjects did not receive
any etlhanol (Iluing the period of consecutive
daily exposure to the vehicle condition. In
addition to the measurement of smoking dur-
ing the standard 6-lhr session, the daily total
number of cigarettes smoked was estimated
to provide a furtlher comparison between etha-
nol and velhicle conditions.

METHOD
Two alcoholic subjects participated. The

procedure was similar to that described for
Experiment I, except that subjects were in-
formed before the experiment that they would
initially receive drinks containing no ethanol
(Vp:vehicle) for nine (RUM) or 10 (RUT)
consecuitive days and then subsequently would
receive drinks containing ethanol for a 10-day
period. In addition, one subject (RUM) was
informed that after the period of ethanol avail-
ability, lhe would again receive drinks contain-
ing no ethanol for a nine-day period (V2:-
velhicle). On days on which ethanol drinks
were scheduled, an additional six ethanol
drinks were available to the subjects between
6:00 and 9:00 p.m. These drinks were not
available on days on which vehicle was sched-
uled.

In this experiment, the number of cigarettes
smoked was monitored day and night. As in
Experiment 1, between 9:00 a.m. and 3:00 p.m.
daily, subjects could obtain cigarettes from the
cigarette dispenser. At other times during the
day (8:00 a.m. to 9:00 a.m. and 3:00 p.m. to
9:00 p.m.), subjects could obtain individual
cigarettes on request from the ward staff. Each
evening at 9:00 p.m. subjects were given an
unopened pack of cigarettes, and unused ciga-
rettes were collected at 8:00 a.m. the following
morning. Therefore, it was possible to estimate
the number of cigarettes smoked throughout
the day.
To minimize discomfort upon abrupt with-

drawal from ethanol, Subject RUM received
doses of chlordiazepoxide at 9:00 a.m. and 9:00
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p.m. on Days 1 through 5 of the second vehicle
period (V2). Doses were 100 mg twice a day
on the first three days and 50 mg twice a day
on the remaining two. Administration of the
drug did not produce any observable behav-
ioral effects on the subject.

RESULTS
As shown in Table 2, the results were similar

to those obtained in previous experiments.
Although ethanol and vehicle conditions were
scheduled for a period of consecutive days,
stable increases in cigarette smoking were ob-
served during the ethanol condition between
9:00 a.m. and 3:00 p.m. (Figure 2). It should
be noted that the first five days exposure of
RUM to V2 was confounded with chlordiaze-
poxide administration. However, the inclusion
or exclusion of these data do not alter the
interpretation of results. Overall, the study
showed that the difference in smoking between
ethanol and vehicle days was not due to the
mixed scheduling procedure or to a hangover-
induced suppression of smoking on vehicle
days.

Analysis of the total daily number of ciga-
rettes smoked revealed an effect similar to that
observed during the 9:00 a.m. to 3:00 p.m. ses-
sion, despite the exclusion of several days of
incomplete data due to staff recording errors.
For RUM, the mean daily number of ciga-
rettes +S.E.M. was 26.13 + 2.12 and 32.00 +

2.15 for the V1 (eight days) and V2 (nine days)
conditions, respectively, and 50.89 ± 2.31 for
the ethanol condition (nine days). Equivalent
data for RUT was 45.30 + 1.54 for the vehicle
(V1) condition (10 days) and 52.67 + 1.42 for
the ethanol condition (nine days).

EXPERIMENT V: WEIGHING
CIGARETTE BUTTS-A CONTROL
FOR AMOUNT OF CIGARETTE

DISCARDED
Experiment IV demonstrated that the in-

creased smoking in ethanol sessions was not
an artifact of the mixed scheduling procedure
or due to a hangover-induced suppression of
smoking on vehicle days. Experiment V con-
sidered a further potential behavioral mecha-
nism for the observed effect. Possibly, ethanol
affects cigarette consumption by influencing
the behavior of extinguishing and discarding
cigarettes. That is, it is possible that although

a larger number of cigarettes were dispensed
during etlhanol conditions, the cigarettes were
extinguislhed sooner, and therefore the actual
amouint of tobacco consume(d nmay not have
been different between etlhanol and vehicle
conditions. Experiment V evaluated this pos-
sibility by systematically replicating previous
experiments under conditions in which all
unsmoked portions of cigarettes were collected
and weighed.

METHOD
Two alcolholic subjects participated. The

procedui-e was similar to that described in
Experiment I, except that between 9:00 a.m.
and 3:00 p.m. subjects were required to use
a (lesignated, portable ashtray while they
smokedl. All cigarettes dispensed during this
time were marked witlh a colored pen so that
the subject's cigarette b3utts could be differ-
entiated from those of other residents. At 3:00
p.m., the cigarette butts were collected and
counted. Subjects received a point bonus from
the point economy if the number of butts
collected matched that dispensed by the ma-
chine, and received a point fine if any cigarette
butts were missing. The collected cigarette
butts were allowed to dry for at least 48 hi'
before beinig individually weighed.

RESULTS
As shown in Table 2, the effect of ethanol

on number of cigarettes smoked was similar
to that observed in previous studies-an in-
crease in cigarette smoking between 9:00 a.m.
and 3:00 p.m.

In one and three sessions, respectively, SU
and RUT failed to collect all the cigarette
butts they smoked between 9:00 a.m. and 3:00
p.m. These sessions were excluded from fur-
ther analysis. For SU, ethanol availability did
not affect cigarette butt weight (209.1 + 6.0 mg
versus 212.6 + 6.0 mg, mean +S.E.M. for eth-
anol and vehicle conditions, respectively). For
RUT, cigarette butt weight was less during
ethanol sessions than during vehicle sessions
(271.4 + 5.7 mg versus 292.4 + 3.7 mg, mean
+S.E.M. for ethanol and vehicle conditions,
respectively).
An estimate of the total weight of the ciga-

rettes burned was obtained by subtracting
cigarette butt weight from the average weight
of an unsmoked cigarette of the same brand.
Figure 3 shows that for both subjects the
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EXP. Z:
cigarette weight

A- 4

EXPERIMENTAL DAYS
Fig. 3. The estimated weight of cigarettes burned be-

tween 9:00 a.m. and 3:00 p.m. daily in Experiment V

involving two alcoholic subjects. Subjects ingested solu-
tions containing either vehicle (filled circles) or 133.7 g
ethanol (unfilled triangles) on different days. The esti-
mate of the weight of cigarettes burned was obtained by
subtracting total weight of all cigarette butts collected
between 9:00 a.m. and 3:00 p.m. from the weight of an
equiivalent number of unsmoked cigarettes of the same
brand. Dashed lines indicate missing (lata.

estimated weight of the cigarettes burned was
greater for ethanol sessions than for vehicle
sessions. RUT smoked an average (+S.E.M.) of
10.64 + 0.25 g of cigarettes in ethanol sessions
compared to 8.02 + 0.16 g in vehicle sessions.
Similar data for SU were 7.98 + 0.49 g versus
5.85 + 0.51 g. For each subject, the difference
between ethanol and vehicle sessions was statis-
tically significant using a two-tailed matched-
pair t test (p < 0.01; consecutive ethanol
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sessions matched with consecutive vehicle ses-

sions).
EXPERIMENT VI: CIGARETTE
PUFFS-CONTROL FOR AMOUNT

OF CIGARETTE SMOKED
Experiment V indicated that the increased

smoking in ethanol sessions was not a conse-
quence of (liscarding larger portions of ciga-
rettes, since the total weight of cigarettes
burned in ethanol sessions exceeded that on
vehicle sessions. These results, however, do not
necessarily indicate that the subjects actually
consumed (i.e., puffed) larger amounts of to-
bacco under ethanol conditions. If subjects
took fewer puffs from each cigarette during
ethanol sessions, then the actual amount of
tobacco consumed may not have been different
between ethanol and vehicle sessions. There
are several plausible explanations for this ef-
fect. First, it is possible that under conditions
of ethanol administration subjects simply held
their cigarettes for longer periods of time with-
out puffing, thus allowing the cigarette to burn
without being smoked. A second possible ex-
planation is that during ethanol sessions, sub-
jects spent more time walking about the ward,
and that this increased movement increased
the rate at which the cigarettes burned, thus
permitting fewer puffs per cigarette.3
Experiment VI evaluated these possibilities

by systematically replicating previous experi-
ments under conditions that permitted count-
ing of puffs per cigarette and estimation of
total cigarette puffs per session. It was not
practical to count every puff of every cigarette;
therefore puffs were counted for all cigarettes
smoked during the second, fourth, and sixth
houirs of each experimental session. To mini-
mize between-cigarette variability, and there-
fore increase the accuracy of the total esti-
mated puffs, cigarettes were marked and
subjects instructed to smoke until a predeter-
mined portion of each cigarette had burned.

METHOD
Two alcoholic subjects participated. The

procedure was similar to that described in Ex-
periment I, with several modifications. Each

"A pilot experiment revealed that the burn time for
the 5.5 cm length of a standard Camel cigarette (13.10
± 0.37 min, mean +S.E.M.; N = 8) was significantly de-
creased by walking at a moderate speed (11.51 ± 0.28
min, mean +S.E.M.; N = 6).
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cigarette placed in the cigarette dispenser was
marked before the session with two circles
that ringed the cigarette, 1.25 and 2.5 cm,
respectively, from the inhalation end of the
cigarette. After obtaining a cigarette from the
dispenser, the subjects were required to smoke
the entire cigarette while sitting in a desig-
nated chair located in the television area of
the dayroom. Subjects were required to sit in
the chair before lighting the cigarette, and
remain there until the cigarette had burned
past the first circle but not past the second
circle. Before extinguishing the cigarette, sub-
jects were required to walk to the nurses sta-
tion and show the staff that the lighted ciga-
rette butt had burned between the two circles.
Subjects were not permitted to puff on the
lighted cigarette when they were out of the
chair, but were permitted to sit in the chair
while not smoking.
During the daily session, a video camera

and tape-deck (Sony, AV-3600) monitored the
television area continuously. The subjects
were informed that between 9:00 a.m. and 3:00
p.m. they would be videotaped whenever they
sat in the television area; they were not told
the nature or purpose of the experiment. After
the sessions, a staff member viewed the second,
fourth, and sixth hours of the session away
from the ward area and counted the number
of puffs that the subjects took on each cigarette
during these hours. Two staff members partic-
ipated in this scoring. Reliability was checked
by having both staff members separately score
the number of puffs taken on 15 cigarettes by
each of the two subjects.

RESULTS
Staff agreed on the number of puffs taken

from each cigarette on 27 of the 30 cigarettes
scored in the reliability check. On each of the
remaining three cigarettes, the staff differed by
only one puff.
As shown in Table 2, the results were

similar to those from previous experiments-
ethanol increased the total number of ciga-
rettes smoked.

Ethanol availability did not affect the num-
ber of puffs per cigarette for MI (10.26 + 0.41
versus 10.39 + 0.35, mean ±S.E.M. for ethanol
and vehicle conditions, respectively). However,
for RUM the number of puffs per cigarette
were greater in ethanol sessions than in vehicle
sessions (12.95 ± 0.30 versus 11.57 + 0.33,

mean +S.E.M. for ethanol and vehicle condi-
tions, respectively).

EXP. I
cigarette puffs
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Fig. 4. The estimated total cigarette puffs between

9:00 a.m. and 3:00 p.m. daily in Experiment VI in-
volving two alcoholic subjects. Subjects ingested solu-
tions containing either vehicle (filled circles) or 133.7 g
ethanol (unfilled triangles) on different days. The esti-
mate of the total number of cigarette puffs taken per
session was obtained by calculating the average num-
ber of puffs per cigarette from those scored during the
second, fourth, and sixth hours, and multiplying this
average by the total number of cigarettes smoked dur-
ing the session.
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An estimate of the total number of ciga-
rette puffs taken per session was obtained by
calculating the average number of puffs per
cigarette from those scored during the second,
fou.rth, and sixth hours, and multiplying this
average by the total number of cigarettes
smoked during the session. Figure 4 shows that
the daily estimated number of cigarette puffs
was consistently higlher in ethanol sessions
than vehicle sessions for both subjects. For
RUM, the mean estimated number of puffs
(+S.E.M.) was 201.7 + 5.3 in ethanol sessions
and 126.3 + 8.1 in vehicle sessions. Similar
data for MI were 173.5 + 5.9 and 116.4 + 8.2.
For eaclh subject, the difference between eth-
anol and velhicle sessions was statistically
significant using a two-tailed matched-pair t
test (p < 0.01; consecutive ethanol sessions
iatched with consecuLtive vehicle sessions).

EXPERIMENT VII: BLIND
ADMINISTRATION OF MULTIPLE
DOSES OF ETHANOL-CONTROL

FOR INSTRUCTIONS

Experiment VI revealed that the increased
smoking during ethanol sessions was not due
to taking fewer cigarette puffs. Experiment
VII was undertaken to determine whether the
effect of ethanol on cigarette smoking was
dose-dependent, and to evaluate another pos-
sible behavioral mechanism for the observed
effect. The study sought to control for the
possible confounding effect of instruction or
knowledge of ethanol consumption. In previ-
ous experiments, each morning subjects were
informed before their first drink whether they
would be receiving ethanol or vehicle solu-
tions. It is possible that these instructions
alone may have influenced the frequency of
cigarette smoking. Experiment VII controlled
for this possibility by examining smoking
under conditions in which subjects consumed
either vehicle, low-dose ethanol, or moderate-
dose ethanol solutions under uniform instruc-
tions. Control for the subjects' knowledge of
the fact that they were consuming alcoholic
beverages was accomplished by dispensing a
discriminable dose of ethanol under both low-
and moderate-dose conditions, and by verify-
ing that subjects successfully discriminated
the presence of ethanol under both dose
conditions.

METHOD
Two alcoholic subjects participated. The

procecdure was similar to that described for
Experiment I, except that subjects were not
informed whether drinks contained ethanol
or of the doses used in the experiment. On a
given day, each of the 12 drinks (90 ml each)
contained eitlher water alone, a low dose of
ethanol (2.79 g) with water, or the standard
dose of etlhanol (11.14 g) with water. The or-
der of exposure to the three conditions was
determined from a mixed sequence in which
no more than two days in the same condition
were permitted to occur successively. Finally,
every day at 9:30 a.m. (after the first drink)
and at 3:00 p.m. (after the last drink) the sub-
ject was asked, "Do you think that there was
alcohol in your drinks today?"

EXP. E: multiple doses
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Fig. 5. The number of cigarettes smoked between 9:00

a.m. and 3:00 p.m. daily in Experiment VII involving
two alcoholic subjects. Subjects ingested solutions con-

taining either vehicle (filled circles), 33.4 g ethanol (un-
filled triangles), or 133.7 g ethanol (filled squares) on
different days.
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RESULTS
As shown in Table 2 and Figure 5, for both

subjects ethanol produced dose-dependent in-
creases in cigarette smoking (i.e., the standard
dose of ethanol produced more smoking than
the low dose). In one subject (MI), there were

statistically significant differences in smoking
between vehicle versus low-dose conditions
and low-dose versus standard-dose conditions
(p < 0.01 one-tailed matched-pair t test; con-
secutive sessions in one condition matched
with consecutive sessions in the other condi-
tion). In the other subject (RUM), there was

no difference between the vehicle and low-
dose conditions; however, the standard dose
produced statistically significant increases in
cigarette smoking over both of these conditions
(p < 0.01 one-tailed matched-pair t test; con-
secutive sessions in one condition matched
with consecutive sessions in the other condi-
tion). Overall, the study shows that the effect
of ethanol on cigarette smoking is not an

artifact of instructions and suggests a dose-
dependent relationship.
The present study also provides some in-

formation about subjects' knowledge of con-
ditions. Both subjects consistently correctly
(97.5%) identified the presence or absence of
ethanol in their daily drinks at 9:30 a.m. and
3:00 p.m. Since the standard dose resulted in
more smoking than the low dose in both sub-
jects, this indicates that the effect of ethanol
on cigarette smoking is not an artifact of sub-
jects' knowledge of the fact they were con-

suming ethanol. It should be noted, however,
that since the study did not assess whether the
subjects could discriminate between the low
and standard doses, there is no information
about whether subjects' knowledge of dose
contributed to the increased smoking observed
in the standard-dose condition.

GENERAL DISCUSSION
The present set of studies indicates that

ethanol consumption is a potent determinant
of cigarette smoking by alcoholics in a residen-
tial laboratory setting. When alcoholics con-
sumed solutions containing ethanol, their ciga-
rette smoking during the 6-hr experimental
sessions increased from 26 to 117% of vehicle
control levels. The effect was quite robust:
it was observed in each of five subjects and

replicated a total of 15 times under various
experimental conditions. Control studies have
ruled out a number of potential behavioral
meclhanisms for this observed effect. Specifi-
cally, the effect was not dependent on: (1)
cigarette smoking being adjunctively main-
tained b- a distinctive pattern of ethanol
ingestion (Experiment II); (2) cigarette smok-
ing being adjunctively maintained by patterns
of social interaction (Experiment III); (3)
specific characteristics of the order of sched-
uling experimental conditions (Experiment
IV); (4) alterations in the portions smoked
of individual cigarettes (Experiment V); (5)
alterations in the number of puffs per ciga-
rette (Experiment VI); (6) instructions to sub-
jects or subjects' knowledge of the fact of
ethanol consumption (Experiment VII). Fi-
nally, the effect was not limited to the 6-hr
experimental sessions alone, since total daily
smoking was higher on ethanol days than
vehicle days (Experiment IV).
The fact that increases in smoking during

ethanol sessions are not adjunctively main-
tained by patterns of drinking and socializing
dtoes not eliminate the possibility that these
adj unctive mechanisms might have played
historical roles in the etiology of the present
effect. For example, Meisch has shown that
adjunctive behavior phenomena may contrib-
ute to establishing ethanol as a reinforcer in
rats, although they are not necessary for the
maintenance of that effect.

Mello and Mendelson (1971) also examined
cigarette smoking in hospitalized alcoholic
subjects given daily access to 32 ounces of
50% ethanol. Their data suggest that ethanol's
effects on cigarette smoking are dependent on
the response requirements for obtaining ciga-
rettes. In an experiment in which 1000 button-
press responses were required for each ciga-
rette, responding for cigarettes was markedly
reduced when ethanol was available. However,
in a second experiment in which subjects were
given 20 tokens daily, which were exchange-
able for cigarettes, cigarette smoking occurred
at a high level throughout the ethanol-avail-
ability phase. Limitations on the number of
available cigarettes (i.e., a ceiling effect) may
have prevented the appearance of ethanol-in-
duced increases in smoking in this study.
Anecdotal evidence cited by the authors lends
further support to this interpretation. They
indicate that most of the subjects expected to
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smoke more during ethanol periods than con-
trol periods. They also emphasize that in the
first experiment, the subjects' consistent re-
fusal to work for cigarettes during unrestricted
access to ethanol did not reflect a decreased
interest in cigarettes, since subjects exerted
considerable effort trying to get cigarettes from
the staff and "complained vociferously" about
their cigarette deprivation.

Several behavioral mechanisms could plausi-
bly explain the ethanol-induced increases in
cigarette smoking. For instance, although the
present studies showed that subjects took more
total cigarette puffs under ethanol conditions,
the studies did not control for the magnitude
or duiration of the inlhalation. It would be in-
teresting to compare total nicotine and nico-
tine metabolites in urine under ethanol and
vehicle conditions. A second possible explana-
tion is that ethanol may act as a relatively
nonspecific behavioral stimulant, increasing
the rates of many behaviors under the condi-
tions studied. For instance, it has been dem-
onstrated that under conditions of ethanol
administration similar to the present sttudy,
ethanol increases the rates of social interac-
tions in alcoholics (Griffiths et al., 1974a). A
third mechanism is that ethanol might selec-
tively interact witlh the reinforcing properties
of cigarettes. For instance, the observed in-
crease in cigarette smoking during ethanol
sessions may be comparable to infrahuman re-
search results that demonstrate that acute
administration of a pharmacological antago-
nist increases rates of drug self-administration
(Goldberg et al., 1971; Thompson and Schus-
ter, 1964). A fourth possible behavioral mech-
anism follows from the suggestions of several
investigators that cigarette smoking potentiates
the objective and subjective effects of ethanol
(Danger, 1938; Elbel, 1938; Linckint, 1956).
According to this interpretation, the ethanol-
induced increase in cigarette smoking may
reflect the ability of cigarette smoking to en-
hance the effect of ethanol.

Finally, it is instructive to note that a num-
ber of investigators using data from interviews
and questionnaires have previously observed
that people who are heavy alcohol drinkers
also tend to smoke heavily (Brown and Camp-
bell, 1961; Cartwright, 1959; Dreher and
Fraser, 1967; Heath, 1958; Maletzky and
Klotter, 1974; McArthur et al., 1958; Walton,
1972). Attempts to explain this relationship

have resulted in hypotheses about underlying
addictive personalities, oral drives, anxiety
states, and general neuroticism (Dreher and
Fraser, 1967; Maletzky and Klotter, 1974;
McArtliur et al., 1958). There are, of course,
alternative explanations involving more direct
causal relationships between ethanol ingestion
and cigarette smoking. A rigorous experimen-
tal analysis involving the systematic manipu-
lation of environmental variables provides the
appropriate mechanism for evaluating the de-
terminants of the observed correlations. The
present study utilized this methodology to
demonstrate that a behavioral-pharmacological
variable-ethanol consumption-is a potent de-
terminant of cigarette smoking, and to dem-
onstrate that the effect is not dependent on
several belhavioral mechanisms that were con-
sideredl a priori to constitute probable mecha-
nisms of action. Using within-subject ex-
perimental techniques, the present studies
demonstrated and systematically replicated
the finding that ingestion of ethanol results
in stable increases in cigarette smoking. The
results suggest a reasonably direct interaction
between ingestion of ethanol and cigarette
smoking. Appealing to hypothetical constructs
andi remote levels of causation (e.g., an oral or
addictive personality) does not appear to be
a particularly fruitful approach to the analysis
of the determinants of drug-behavior inter-
actions. Ultimately, a rigorous experimental
analysis of functional relationships is indicated.
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