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Abstract. Cigarette smoking increased during heroin 
self-administration in comparison to drug-free and 
methadone detoxification conditions in eight heroin 
addicts given naltrexone placebo (P < 0.01) and three 
heroin addicts given buprenorphine placebo. Cigarette 
smoking was stable across conditions for one subject 
who did not use heroin during naltrexone blockade of 
heroin effects. Five subjects smoked significantly more 
(P < 0.01) daring the hour following a heroin injection 
than during the preceding hour, and two subjects in the 
same group smoked significantly less following a heroin 
injection (P< 0.05). Subjects smoked significantly 
more during the evening and night when self-ad- 
ministering heroin than during baseline conditions (P 
< 0.05), but subjects did not sleep significantly less 
during heroin self-administration. The peak of the 
intercigarette interval distribution remained between 
16-30rain during baseline and heroin conditions. 
However, the increased smoking during heroin use 
appeared to reflect a higher rate of smoking rather than 
a generalized increase across intercigarette intervals. 
These data extend previous findings, that alcohol 
consumption is associated with increased cigarette 
smoking, to IV heroin self-admi~-~istration. 
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The interaction between cigarette smoking and other 
forms of drug use has been systematically studied only 
recently. Most research on smoking gas examined 
tobacco use in isolation from other drugs (Gritz, ~ 979; 
Jaffe and Jarvik, 1978; Jarvik et al., 1977 for review). 
Although smoking oRen occurs independently of other 
drug use patterns, there is now compelling evidence that 
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aicohoi consumption induces increased cigarette smok- 
ing in aicohol addicts (Griffiths etal . ,  1976). These 
findings confirm the association between cigarette 
smoking and alcoholism indicated by self-report data 
(Dreher and Fraser, 1967; Maletzky and Klotter, 1974; 
Waito~.?, 1972). Social drinkers, not addicted to alcohol 
have aIso been shown to smoke more during periods of 
heavy drinking (Mdlo et ai., I979a). The covariance 
between smoking and drinking in a group of polydrug 
users appeared to be specific to alcohol and tobacco. 
Cigarette smoking did not covary with marijuana 
smoking, and marijuana use appeared to be inde- 
pendent of alcohol consumption when both drugs were 
simu!taneously available (Meilo etal., 1978, 1979a). 

Several behaviors! and metabolic hypothesis have 
been advanced, but there is no condusive explanation 
for the covariance between cigarette smoking and 
a~cohol consumption (Griffiths et al., 1976; Mello et 
aL, 1979a). Indeed, there is still disagreement as to 
which constituent of tobacco makes it such an effective 
reinforcer (Kumar et al., 1977). However, most avail- 
able evidence appears to favor nicotine as the primary 
reinforcer for cigarette smoking (Gritz, 1979 ; Gritz and 
Jarvik, I977; Jaffe, 1978; Jarvik, 1977; Russell, 1976 
for review). The apparent importance of nicotine in 
cigarette smoking suggests that alcohol may effect 
nicotine metabolism such that m o r e  nicotine is required 
to produce the desired effect during alcohoi intoxi- 
cation. Chronic alcohol consumption stimulates ac- 
tivity of microsomal enzymes which regulate drug 
metabolism (Lieber and DeCarli, 1968; Rubin etal., 
t970), and an increased rate of nicotine metabolism 
occurs concomitant to the induction of hepatic mito- 
chondrial activity (Russell, 1976). if nicotine were 
metabolized more (or ~ess) rapidly wl~en used concur- 
rently with alcohol, each cigarette could be less rein- 
2orcing than usual. Alternatively, ~icotine could be- 
come more reinforcing during alcohol intoxication in a 
manner analogous to the ai!eged post-prandiai on- 
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hancement of smoking satisfaction (Gritz, 1979). 
However, an alcohol-relaled change in nicotine 
metabolism cou]d only account for one aspect of the 
reinforcing properties of cigarette smoking. It is rec- 
ognized that many complex interacting factors, in- 
cluding expectancy, influence drug seeking, as well as 
the perceived consequences of drugs use (Jarvik, 1977; 
Jaffe, 1978; Marlatt and Rohsenow, 1979). 

Nicotine has been shown to affect metabolism of 
several other compounds. For example, caffeine and 
theophylline are metabolized more rapidly by cigarette 
smokers than controls (Parsons and Neims, 1978; 
Jusko etal.,  1978). Certain phenothiazines and ben- 
zodiazepines appear to be similarly effected by ciga- 
rette smoking (Boston Collaborative Drug Surveillance 
Program, 1973a, b, 1974). The effects of commonly 
abused drugs on nicotine metabolism remain to be 
determined. 

The purpose of this study was to determine if 
increased cigarette smoking also occurs during the use 
of addictive drugs other than alcohol. Cigarette smok- 
ing during a period oflV heroin self-administration was 
examined and contrasted with drug-free baseline and 
methadone detoxification conditions. Heroin is often 
described as a satiating drug which reduves interest in 
food anti sex and produces a sense of tranquility (Jaffe, 
1975). Exactly the opposite behavioral effects are 
commonly associated with alcohol intoxication (Mello 
and Mendelson, 1978). The contrast between the 
behavioral effects of alcohol and opiates, as well as 
differences in the route and frequency of adminis- 
tration, would suggest that cigarette smoking should be 
affected differently by" each drag. However, heroin self- 
administration, like alcohol intoxication, was as- 
sociated with increased cigarette smoking in com- 
parison to baseline conditions. 

Materials and Methods 

Subjects. Twelve adult male volunteers with histories of heroin 
addiction and cigarette smoking gave informed consent for partici- 
patio~ in studies of the effects of new pharmacotherapies on heroin 
self-administration m a clinical research ward selling. The long- 
acting narcotic antagonist naltrexone was compared with naltrexone 
placebo under double-blind conditions in 12 subjects. Only 9 of 12 
were cigarette smokers, Three other subjects were involved in studies 
of buprenorphme, a new partial-agomst antagonist (cf. Jasinski etal., 
197g). The effects of buprenorphine and buprenorphine placebo on 
heroin so}f-administration also were compared under double-blind 
conditions. Nattrexone and buprenorphine each significamly sup- 
press heroin self-administration by heroin addicts under research 
ward conditions and these data are reported separately (Mello etal.,  
1979b~ Mello and Mendelsoa, t979; Meyer and M[rin, 1979). This 
report describes the effects of heroin and methadone on cigarette 
smoking in eight subjects assigned to the naltrexone placebo con- 
dition, one subject assigned to naltrexone, and three subjects assigned 
to the buprenorphine placebo condition. 

Buprenorphine and naltrexone subjects were closely matched in 
age (x = 27 yeats, ral~ge 22--3])  and social and educational 
background. Subjects had abused heroin %1 an average of  9.6 years 
0ange 2 -  19 years). Subjects were fully informed about the na{ure 
and duration of each phase of  the study and were free to withdraw at 
any time. All subjects were in good health and showed no evidence of 
psychiatric o r  medical abnormalities as determined by appropriate 
clinical and laboratory examinations. Subjects lived on a clinical 
research ward throughout the study. 

Sequence qfDrug Conditions Each subject served as his own control 
during a drug4i'ee baseline and each successive drug condition. 
Consequently, it was possible to compare the effect of heroin, 
methadone, and control conditions on cigarette smoking by each 
subject. 

Naltrexone subjects were studied over 34 consecutive days in 
groups of four. The sequence of conditions for the naltrexone subjects 
was as follows : A 9-day drug-fEee baseline; a 10-day period of heroin 
availability during which naltrexone or naItrexone placebo was 
given; a 5-day detoxification phase during which methadone was 
given to subjects on naltrexone placebo; and 7 drug-free days, 
followed by 3 days of inpatient maintenance on naltrexone. Subjects 
given naltrexone during heroin availability continued to receive 
naltrexone throughou* the study. Eight cigarette smokers were 
assigned to the naltrexone placebo conditions and each self- 
administered heroin. One cigarette smoker was given active nal- 
trexone and did not self-administer heroin. 

Buprenorphine subjects were studied over 39 consecutive days. 
The sequence of conditions for the buprenorphine subjects was as 
follows: A 5-day drug-free baseline; a 14-day period dtwing which 
buprenorphine or buprenorphine placebo was administered in as- 
cending doses; 1{) days of maintenance with buprenorphine (8 ms/ 
day) or placebo when heroin was also available; 5 days during which 
methadone was given to subjects on buprenorphine placebo and 
buprenorphine m decreasing doses was continued for subjects given 
active buprenorphme; and 3 drug-free days were followed by 2 days 
on naltrexone prior to discharge. Each of the three cigarette smokers 
were assigned to the buprenorphine placebo condition and each self- 
administered heroin. 

Tobacco and Heroin Acquisition. Tobacco cigarettes were available 
during all phases of the study. Earls subject purch~ed his preferred 
brand of cigarettes, However, the nursing staff retained the cigarettes 
and distributed them when requested. The time of each cigarette 
request was recorded. It was not possible to measure cigarette puff 
volume or duration in ambulatory subjects given unrestricted access 
to cigarettes over 3 4 - 3 9  days (Jarvik etal . ,  1977). 

Subjects worked for heroin or for money on a simple operant task 
on a fixed interval (1 s) schedule of reinforcement (FI 1 s). Only the 
first response after a 1-s interval had elapsed counted as an effective 
response. Approximately 90 rain of sustained performance on an FI 
1-s schedule earned 18, purchase points which could be used to buy 
one dose of heroin or exchanged for $1.50 (U.S.A.) in cash upon 
completion of the study. Subjects could work for money during the 
baseline and during each drug availability condition. Points earned 
for money could not be exchanged for points for heroin. When both 
heroin and money were available, subjects chose to work for one or 
the other each time they activated the operant instrument. Details of 
the operant appmatus and procedures m-e presented elsewhere (Mello 
et al., t979b). 

Subjects self-administered a fixed dose of heroin IV under the 
supervision of a physician. Subjects could omit any heroin injection 
but could not receive doses larger or smaller than specified in the 
protocol. Medical consideraUous precluded unlimited access to 
heroin. Naltrexone subjects could take a maximum of 40 mg heroin 
each day in four 10ms doses (at 8 a.m., 2 p,m,, 8 p,m., and 2 a.m.). 
Buprenorphine subjects could take a maximum of 21 mg heroin in 
three doses during the first 5 days of buprenorphine (or placebo) 
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maintenance (Tmg at 9 a.m., 5 p.m., and I a.m.), and a maximum of 
4~ .5 mg heroin (13.5 mg at tt~,e same times) during the second 5 days of 
buprenorphine maintenance. 

Additional Assessments. These studies of smoking behavior were part 
of a series of multidisciplinary investigations of the behavioral and 
biological effects ofnaltrexone, buprenorphine, and opiates (Mello et 
al., i 979; Mello and Mendelson, 1979). A complete description of the 
physiologicaI, neuroendocrine, and behavioral measures is not 
relevant to this report. However, sleep status was monitored and 
recorded every 30min by the nursing staff 24h each day. 
Phenorc, enological assessments of sleep and waking behavior have 
been shown to be sensitive to drug-related changes in sleep patterns 
and to be concordant with electroencephalographic sleep criteria 
(Mel]o and Mendelson, 1970). 

Results 

Bas'eline Tobacco Smoking. Ten of twelve heroin ad- 
dicts were heavy smokers. One subject smoked 30 ciga- 
rettes or more per day and nine subjects smoked 20 or 
more a day during the drug-free baseiine period. The 
other two subjects smoked less than 20 per day. 

Effect of Drug Conditions on Smoking. The v~altrexone 
placebo group smoked significantly (P < 0.01) more 
cigarettes per day during the 10 days of heroin avail- 
ability than durir~g the drug-free baseline as evaluated 
by t-tests. Average cigarette smoking during the period 
of heroin avaiiabiiity was also significantly greater than 
during methadone detoxification ( P <  0.001). There 
were no significant differences in cigarette smoking 
during the drug-free baseline periods which preceded 
and followed heroin and methadone. Cigarette smok- 
ing during methadone detoxificaticn also did not differ 
from the drug-free baseline periods. Consequently, the 
significant increase in cigarette smoking appeared to be 
specific to the heroin condition. 

The one subject given naltrexone rather than nal- 
trexone p!acebo did not take heroin during the period 
of availability, since naitrexone effectively blocked the 
subjective and physiologica! effects of heroin. Although 
this subject was on the ward with other su~ects wko 
were smoking more and taking heroin, there were no 
significant differences in his smoking behavior across 
conditions. This su~ect smoked an average of 25 ciga- 
rettes per day over the entire study. This suggests that 
heroin, rather than any nonspecific social interaction 
factors, accounted for the increase in cigarette smoking 
seen in the naltrexone placebo group. 

Illustrative data for six naltrexone placebo subjects 
are shown in Figs. i and 2. Heavy smokers who smoked 
an average of over 20 cigarettes per day during baseline 
are shown in Fig. 1. Moderate smokers who smoked 20 
a day or less during baseline are shown in Fig. 2. 

Each of the heavy smokers shown in Fig. ~ smoked 
significant!y more cigarettes during heroin use than 
during the drug-free baseline (P < 0.0~). Two subjects 
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Fig. 1. Cigarette smoking across successive drug condi[ions. Cigarette 
smoking over 34 consecutive days is shown for three individuals who 
were heavy tobacco users. Each subject was given naltrexone placebo 
during heroin availability. The successive drug conditions (drug-free 
baseline, heroin + naltrexone placebo, methadone detoxification, 
drug-free baseline, and naltrexone availability) are shown across the 
top of the figure. The number of heroin doses taken each day by each 
subject is shown at the top of each row. The number of cigarettes 
smoked each day is shown on the ordinate 

(4-HG I and 2-HT i) took alt or almost all of the four 
heroin doses available each day. Therefore, variations 
in cigarette smoking observed during heroin self- 
administration were not related to the specific daily 
dose of heroin. Although subject 2-HA 1 tended to 
smoke !east on the days that he took the fewest heroin 
doses, the fluctuations in cigarette smoking did not 
appear to vary consistently with the daily dose of 
heroin. The increase in his smoking (to 53 cigarettes a 
day during the final naltrexone period) immediately 
before discharge was unusual and has not been obser- 
ved in other heroin addicts studied under these con- 
ditions. Since the subject who was maintained on active 
naltrexone throughout the study did not show com- 
parable elevations in smoking, it is difficult to attribute 
this finding to the effect of nattrexone per se. 

Among the moderate smokers shown in Fig. 2, the 
subject 3-HT ~, who smoked least during baseline (an 
average 15 cigarettes per day), increased smoking most 
dramatically when heroin became available to an 
average 32 cigarettes per day (P < 0.001). This subject 
took all the available doses of heroin. Subject i -HG 1 
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Fig. 2. Cigarette smoking across successive drug conditions. Cigarette 
smoking over 34 consecutive days is shown for three individuals who 
were moderate tobacco users. Each subject was given naErexone 
placebo during heroin availability. The successive drug conditions 
(drug-free baseline, heroin + nattrexone placebo, methadone detoxi- 
fication, drug-free baseline, and naitrexone availability}are shown 
across the top of the figure. The number of heroin doses taken each 
day by each subject is shown at the top of each row. The number of 
cigarettes smoked each day is shown on the ordinate 

smoked an average 20 cigarettes per day during base- 
line. During the period of heroin availability, he took 
most of the heroin available and increased smoking by 
an average seven cigarettes per day (P < 0.01). Subject 
4-HA 2 smoked an average of four cigarettes more per 
day during the period of heroin availability (P < 0.05) 
and also took most of the heroin available. 

The number of cigarettes smoked per day across the 
successive conditions of the study are shown for the 
three buprenorphine placebo subjects in Fig. 3. Since 
there were only three cigarette smokers in the buprenor- 
phine placebo group, changes in cigarette smoking as a 
function of drug conditions were analyzed for in- 
dividual subjects with t-tests. The introduction of 
buprenorphine placebo did not result in significant 
changes in cigarette smoking by any subject compared 
to baseline. Heroin self-administration was associated 
with an abrupt increase in cigarette smoking by all 
subjects. Each subject smoked more cigarettes on the 
average during heroin self-administration than during 
the drug-free baseline or during buprenorphine pla- 
cebo. However, only one subject ( I-HB/)  smoked 
significantly more during heroin use than during the 
immediately preceding buprenorphine placebo con- 
dition (P < 0.001). Two subjects (I-HB 1 and 2-HB 1) 
smoked significantly more cigarettes (P < 0.01) during 
the period of heroin self-administration than during the 
subsequent methadone detoxification period. The 
other subject (4-HB 1) teft the study before the me- 
thadone detoxification period. 

Temporal Patterns of Cigarette Smoking as a Function 
of Heroin Use. To determine if the significant increases 
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Fig. 3 
Cigarette smoking across successive drug 
conditions. Cigarette smoking by three individual 
subjects is shown over 39 consecutive days. Each 
subject was given buprenorphine placebo prior to 
and dining heroin availability. The successive drug 
conditions (drug-free baseline, buprenorphine 
placebo, heroin + burprenorphine placebo, and 
methadone detoxification) are shown at the top of 
the figure. The number of heroin injections taken 
each day by each subject is shown at the top of 
each row. The number of cigarettes smoked each 
day is shown on the ordinate. Missing data are 
indicated by an asterisk. The day on which each 
subject left the study is indicated by a star 



N. K. Mello et al. : Heroin Self-Administration and Cigarette Smoking 49 

in cigarette smoking by the naltrexone placebo subjects 
during heroil~_ availability were generalized increases or 
were temporally associated with the heroin injection, 
two types of analyses were done. The number of 
cigarettes smoked before and after each heroin in- 
jection was compared, and the temporal distribution of 
cigarette smoking during baseline, heroin, and me- 
thadone conditions was examined. 

The number of cigarettes smoked during the hour 
preceding and the hour following each heroin injection 
was tabulated, and the differences in cigarette smoking 
before and after heroin were evaluated for individual 
subjects. An analysis of variance showed that the time 
of day of the heroin injection did not result in signifi- 
cant differences in cigarette smoking. Therefore, it 
was possible to pool all pro- and post-heroin injection 
cigarette smoking data from each subject for matched 
t-test analysis. 

Five of eight subjects smoked significantly more 
cigarettes during the hour immediately following 
heroin injection than during the hour preceding heroin 
self-administration (P<  0.01 versus 0.001). The other 
three subjects smoked fewer cigarettes immediately 
following a heroin injection and this decrease in 
smoking was significant for two subjects (P < 0.05). 

The average number of cigarettes smoked by the 
naltrexone placebo group during consecutive 6-h 
periods was tabulated for each of three conditions i.e., 
drug-free baseline, heroin availability, and methadone 
detoxification. The temporal distribution of group 
cigarette smoking during each of these conditions is 
shown in Fig. 4. There were no significant differences in 
number of cigarettes smoked as a function of the drug 
condition during the period from morning to early 
afternoon (8 a .m_-2 p.m.) and &Jring the afternoon to 
early evening period (2 p . m . - 8  p.m.). However, sig- 
nificantly more cigarettes (P<0.01)  were smoked 
during heroin use than during baseline in the evening 
and at night (8 p . m . - 2  a.m. and 2 a . m . - 8  a.m.). 
During heroin self-administration, significantly more 
cigarettes were smoked in the morning (P < 0.05) and 
at night ( P < 0 . I )  than during methadone detoxifi- 
cation. Since heroin was given once every 6 h (at 8 a.m., 
2p.m., 8p.m., and 2a.m.), this shift in the temporal 
distribution of smoking could reflect the fact that 
subjects were awake longer and therefore smoked 
more. However, comparison of hours slept during 
baseline, heroin self-administration, and methadone 
detoxification reveated no significant differences (t- 
test). Consequently, the waking hours available for 
smoking were equivalent for each condition. 

The temporal distribution of smoking for the 
buprenorphine placebo group was also analyzed as a 
function of consecutive 6-h periods during the drug-free 
baseline, buprenorphine p!acebo, and heroin avail- 
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Fig. 4, Cigarettes smoked as a funclim? of time of day. The number of 
cigarettes smoked (x +_ SE) are shown on the ordinate, and 
consecutive 6-h periods are shown on the abscissa. The top row shows 
the number of cigarettes smoked by the naltrexone placebo group 
(tt = 8) during the drug-free basetine (O), the I0 days of heroin 
avaiIability (Ii), and the methadone detoxification period (5). The 
second row shows the number of cigarettes smoked by the buprenor- 
phine placebo subjects (n = 3) during the drug-free baseline period 
(O), heroin availability (W), and methadone detoxification (5) 

ability conditions. These data are shown in the lower 
half of Fig. 4. Heroin injections occurred three times a 
day (at 9a.m., 5p.m., and 1 a.m.). Although more 
cigarettes were smoked during heroin use in the evening 
and at night than during the drag-free baseline, these 
differences were not statistically significant. There were 
also no significant differences in hours of sleep between 
baseline and heroin self-administration. However, 
these subjects did sleep significantly more during 
methadone detoxification than during heroin self- 
administration (P < 0.05). 

It~tercigarette Interval A~Ta/ysis. To determine if there 
were marked changes in the overall ;:ate of cigarette 
smoking as a function of heroin soil-administration, the 
distributioi~ of intervais between successive cigarette 
requests was examined for three naltrexone placebo 
subjects. The t~umber of cigarette requests occurri,~g at 
intervals of less than i5min, 16-30min, 31-45rain, 
and so on, were tabulated for the &ug-free baseline 
condition and the period of heroin self-administration 
for individual subjects. The percent of the total number 
of cigarettes smoked during each condition at each 
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Fig.5. Distribution of  intercigarette intervals during baseline and 
heroin use. The inlervat between successive cigarette requests is 
shown on the abscissa. The percent of  the total number  of  cigarettes 
smoked during the 9-day baseline period and 10 days of heroin 
availability is shown on the ordinate. Intersmoking interval data are 
presented for three naltrexone placebo subjects who were moderate 
or heavy smokers 

intercigarette interval was then calculated. The distri- 
butions of intersmoking intervals are shown in Fig. 5. 

Subject 3-HT 1 increased cigarette smoking during 
heroin self-administration by an average of 17 ciga- 
rettes per day or 113 ~o (cf. Fig. 2). The peak of the 
intercigarette interval fell between 1 6 - 3 0  min during 
both baseline and heroin conditions. However, during 
baseline, 19 ~ more of the total number of cigarettes 
were smoked at intervals of 4 6 - 6 0  min, 6 1 - 7 5  min, 
and 76 - 90 min than during heroin self-administration. 
Moreover, 6 ~o of the cigarettes were smoked at in- 
tervals of 6 or more hours during baseline. When heroin 
became available, this subject smoked more cigarettes 
more frequently, i.e., 72 ~o of all cigarettes were smoked 
at intervals between 0 - 4 5  min. During baseline, he 
only smoked 50 % of his total cigarettes at this rate. 

Subject 2-HA 1 smoked an average of ten more 
cigarettes per day during heroin self-administration 
than during baseline, and averaged 45 cigarettes per 

day (cf. Fig. 1). The peak and form of the distribution of 
intercigarette intervals during baseline and heroin 
conditions were very similar. However, 12~o more 
cigarettes were smoked at 0 -30 -min  intervals during 
heroin self-administration than during baseline. 

Subject 4-HG 1 atso smoked an average of ten more 
cigarettes per day during heroin self-administration 
than during baseline, and averaged 39 cigarettes per 
day during that period (cf. Fig. 1). However, there was 
no appreciable change in the distribution of interciga- 
rette intervals, except that somewhat fewer cigarettes 
were smoked at intervals of 3 -  6 h during heroin self- 
administration than during baseline. 

These distributions of intercigarette intervals sug- 
gest that increased smoking during heroin self- 
administration reflects a more rapid rate of smoking, 
rather than smoking more cigarettes at long intervals of 
3h or more. The consistency of the peak of the 
distribution of intersmoking intervals within and across 
subjects and across conditions indicates that these 
moderate to heavy smokers most often smoke a 
cigarette every 15 or 30 min. 

Discussion 

In view of the satiating effects believed to be associated 
with chronic heroin intoxication (Jaffe, 1975), it was 
somewhat surprising to find that cigarette smoking 
consistently increased during heroin self-admini- 
stration and increased significantly over baseline in 6 
of the 11 heroin users studied. Increased cigarette 
smoking appeared to be specific to heroin use since 
comparable smoking increments were not observed 
during methadone detoxification or in the subject 
who did not use heroin during naltrexone blockade. 

Although these data are analogous to previous 
reports of alcohol-induced increments in cigarette 
smoking in alcoholics (Griffiths et at., 1976) and social 
drinkers (Mello et al., 1979a), it is difficult to suggest a 
common factor which could account for both opiate- 
and alcohol-related changes in smoking behavior. 
Chronic heroin and alcohol intoxication produce sim- 
ilar increases in anxiety and dysphoria (Mello, 1978 for 
review), but these affective changes probably can not 
account for the abrupt increase in smoking at the 
beginning of heroin use, or the covariance between 
smoking and drinking in nonalcoholic subjects. 

The variables which account for the heroin-related 
increase in cigarette smoking seen in these heroin 
addicts are unclear. Since the last heroin injection of 
each day occurred at I or 2 a.m., and subjects smoked 
more during the evening in both the naltrexone placebo 
(P < 0.05) and the buprenorphine placebo groups, it 
seemed possible that changes in sleep patterns could 
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have accounted for the increase in smoking. If subjects 
were awake more hours during heroin self- 
administration, increased smokirJ g could have reflected 
more time for smoking rather than a drug-related 
effect. However, there were no signifieam differences in 
hours of sleep across conditions and no obvious 
differences in sleep patterns. Subjects stayed up late 
watching television most evenings ~hroughout the 
study. 

Efforts to examine ~he temporal association be- 
tween IV heroin injection and cigarette smoking yielded 
somewhat equivocal results. Although five of the 
subjects who smoked significantly more during heroin 
avai!ability also smoked significantly more within 1 h 
following heroin self-administration than during the 
preceding hour (P<0.0!) ,  the other three subjects 
smoked less during the hour fo!lowing heroin injection. 
The decrease in smoking following heroin injection was 
statistically significant in two subjects (P < 0.05). 

The frequency pattern of cigarette smoking was 
similar during the drug-free baseline and heroin self- 
administration Analysis of the ini:erval between succes- 
sive cigarette requests during each period indicated that 
most smoking occurred within 16-30ra in  of the 
preceding cigarette request. This smoking pattern is 
consistent with the time course of nicotine metabolism. 
The plasma half-life of nicotine is about 20 -30  rain 
Gaffe, 1978). Increased cigarette smoking during 
heroin use occurred primarily at shorter intercigarette 
intervals rather than being distributed equal!y across 
the range of intervaIs studied (15 rain to 6 or more h). 

The question remains as to whether more cigarettes 
are smoked during heroin intoxication because they are 
more reinforcing or because their effects are attenuated 
and more are required. It is possible that heroin may 
increase the rate of nicotine metabolism so tha~ i~: is 
necessary to smoke more to achieve the accustomed 
effect. However, there is no direct evidence that heroin 
affects nicotine metabolism. The fact that another 
opiate, methadone, did not produce similar increases in 
cigarette smoking would tend to argue against a 
metabolic change hypothesis. 

It is also possible that nicotine and heroin may act in 
a complementary and mutually facilitory way. There 
are both similarities and differences in the spectrum of 
action of each drug (Mansky, 1978; Jaffe, 1975; Voile 
and Koelle, 1975; Russell, 1976). Nicotine stimulates, 
alerts, arouses, and decreases distractibility (Jaffe, 
1978; Russell, 1976; Voile and Koelle, 1975). Acute 
doses of opiates 'to former addicts have also been shown 
to increase activity, arousal, and feelings of energy 
(Mansky, 1978). Consequently, it could be postulated 
that increased smoking during heroin setf-ad- 
ministratio;'~ is a reflection of a generalized increase in 
activity levels. These subjects did not appear sedated 

%!lowing heroin injections and worked ionger hours, 
and earned significantly more points at the operant task 
during heroin self-administration than during the drug- 
free baseline (Mello et al., 1979b). 

[t is difficult to compare the actions of heroin and 
nicotine since effects wi!l differ as a function of relative 
dose and the biphasic action of each cow.pound. 
However, chronic heroin intoxication is usually asso- 
ciated with sedation, drowsiness, and '~mentaI clou- 
ding" (Mansky, I978; Jaffe, I975). These behavioral 
effects are clearly discordant with those usually ascri- 
bed to nicotine. 

These data on heroin and smoking, as well as 
previous reports of covariance between alcohol intoxi- 
cation and smoking, may reflect a common aspect of 
polydrug use. There are considerab!e anecdotal and 
self-report data which suggest that concurrent use of 
drugs from different pharmacological classes, with 
divergent or even contradictory effects, is not uncom- 
mon (Benvewato et al., 1975; Goldman, i974). Since 
there has been little direct observation of "gourmand" 
polydrug use patterns in a clinical research setting, this 
impression may be of limited generality (Mello et al., 
1978). Multiple drug use which involves substances 
with conflicting or antithetical behavioral effects is 
more difficult to reconcile with traditional views of 
drug abuse than the concurrent use of drugs with 
complementary or mutually enhancing pharmacologi- 
cal effects. We have suggested elsewhere that it may be 
useful to think of drug use in terms of a stimuius-self- 
administration framework (Mello, 1977, 1978). The 
reinforcer for drug use may be a change in state, and the 
direction of that change may be tess important than the 
occurrence of the change itself. This notion parallels the 
observation of Wikler and Rasor, over 26 years ago, 
that opiate addicts describe one goal of heroin use as to 
~get off the normal" (Wikler and Rasor, 1953). The 
app!icability of a stimulus-seK-administration concept 
to polydrug use involving heroin and nicotine can only 
be evaiuted by further behavioral analyses of multiple 
drug use. 

dcknowledgements. This research was supported by grants DA 70676 
and DA 4RG010 from the Natiol~_aI !nstkute of Drug Abuse, 
ADAMHA. We thank the clinical nursing staff of the Harvard- 
McLean Alcohol and Drug Abase Research Center for their many 
contributions to these studies. We are grateful to NIDA for supplying 
the heroin, naltrexone, buprenorphine, and placebos used. 

References 

Benvenuto~ J. A., Lau, J., Cohen, R. : Patterns of nonopiate/polydrug 
abuse: Findings of a national collaborative research project. In : 
Problems of drug dependence, Proceedings of the 37th Annual 
Scie~tific Meeting: Committee on Problems of Drug 
Dependence, National Academy of Sciences-National 
Research Council, pp. 234-254. Washington, D.C. 1975 



52 Psychopharmacology 67 (1980) 

Boston Collaborative Drug Surveillance Program: Clinical depres- 
sion of the central nervous system due to diazepam and 
chlordiazepoxide in relation to cigarette smoking and age. N. 
Engl. J. Med. 288, 277-280 (1973a) 

Boston Collaborative Drug Surveillance Program : Decreased clinical 
efficacy of propoxyphene in cigarette smokers. Clin. Pharmacol. 
Ther. 14, 259-263 (1973) 

Boston Collaborative Drug Surveillance Program: Drowsiness due 
to chlorpromazine in relation to cigarette smoking. Arch. Gen. 
Psychiatry 31, 211 - 213 (1974) 

Dreher, K. F., Fraser, J. G.: Smoking habits of alcoholic out- 
patients. Int. J. Addict. 2, 259-270 (1967) 

Goldman, A.: Ladies and gentlemen-Lenny Bruce. New York: 
Random House 1974 

Griffiths, R. R., Bigelow, G. E., Liebson, I. : Facilitation of human 
tobacco self-administr ation by ethanol : A behavioral analysis. J. 
Exp. Anal. Behav. 25, 279-292 (1976) 

Gritz, E. R. : Smoking behavior and tobacco abuse. In: Advances in 
substance abuse, vol. 1, N.K. Mello, ed. Connecticut: JAI, in 
press, 1979 

Gritz, E. R., Jarvik, M. E. : Nicotine and smoking, ln: Handbook of 
psychopharmacology, vol. 3, L. L. Iversen, S. D. Iversen, S. H. 
Snyder, eds., pp. 425-464. New York: Plenum 1977 

J aft'e, J. H. : Drug addictio~ and drug abuse. In : The pharmacological 
basis of therapeutics, L. S. Goodman, A. Gilman, eds., pp. 284-  
324. New York: Macmillan 1975 

Jaffe, J, H. : Behavioral pharmacology of tobacco use. in: The basis 
of addiction, J. Fishman, ed., pp. 175-198. Berlin: Dahlem 
Konferenzen 1978 

Jaffe, J. H., Jarvik, M. E. : Tobacco use and tobacco use disorder. In: 
Psychopharmacology : A generation of progress, M. A. Lipton, 
A. DiMascio, K. F. Kiltam, eds., pp. 1665-/676. New York: 
Raven 1978 

Jarvik, M. E. : Biological factors underlying the smoking habit. Natl. 
Inst. Drug Abuse Res. Monogr. Set. 17, t 2 2 - i 4 6  (t977) 

Jarvik, M. E., Cullen, J. W., Gritz, E. R., Vogt, T. M., West, L. J., 
eds.: Research on smoking behavior. Natl. Inst. Drug Abuse 
Monogr. Ser. 17, pp. 381 (1977) 

Jasinski, D. R., Pevnick, J. S., Griffith, J. D. : Human pharmacology 
and abuse potential of the analgesic buprenorphine. Arch. Gen. 
Psychiatry 35, 601-616 (1978) 

Jusko, W, J., Schentag, J. J., Clark, J. H., Gardner, M., Ynrchk, A. 
M. : Enhanced biotransformation of theophylline in marihuana 
and tobacco smokers. Clin. Pharmacol. Ther. 24, 406-410 
(1978) 

Kumar, R., Cooke, E. C., Lader, M. H., Russell, M. A. H. : Is nicotine 
important in tobacco smoking? Clin. Pharmacol. Ther. 21, 
520-  529 (1977) 

Lieber, C. S., DeCarli, L. M.: Ethanol oxidation by hepatic 
microsomes: Adaptive increase after ethanol feeding. Science 
162, 917-918 0968) 

Maletzky, B. M., Klotter, J.: Smoking and alcoholism. Am. J. 
Psychiatry 131, 445-447 (1974) 

Mansky, P. A.: Opiates: Human psychopharmacology. In: 
Handbook of psychopharmacology, vol. 12, L. L. [versen, S. D. 
Iversen, S. H. Snyder, eds., pp. 95-185.  New York: Plenum 
1978 

Marlatt, G. A., Rohsenow, D. J. : Cognitive processes in alcohol use: 
Expectancy and the baIanced placebo design. In: Advances in 
substance abuse: Behavioral and bioIogical research, N. K. 
Mello, ed. Connecticut: JAI, in press, 1979 

Mello, N. K. : Stimulus self-administration: Some implications for 
the prediction of drug abuse liability. In : Predicting dependence 
liability of stimulant and depressant drugs, T. Thompson, K. R. 
Unna, eds., pp. 243-260. Baltimore: University Park 1977 

Mello, N. K.: Control of drug self-administration: The role of 
aversive consequences. Natl. Inst. Drug Abuse Monogr. Ser. 21, 
289-  308 (1978) 

Mello, N. K., Mendelson, J. H. : Behavioral studies of sleep patterns 
in alcoholics during intoxication and withdrawal. J. Pharmacol. 
Exp. Ther. 175, 94-112  (1970) 

Mello, N. K., Mendetson, J. H. : Alcohol and human behavior. In : 
Handbook of psychopharmacology, vol. 12, L. L. Iversen, S. D. 
Iversen, S. H. Snyder, eds., pp. 2 3 5 -3 1 7  New York: Plenum 
1978 

MelIo, N. K., Mendelson, J. H, : Buprenorphine suppresses heroin 
use by heroin addicts. (Submitted for publication, 1979) 

Mello, N. K., Mendelson, J. H., Kuehnle, J. C., Sellers, M. L.: 
Human polydrug use: Marihuana and alcohol. J. Pharmacol. 
Exp. Ther. 207, 922-935 (1978) 

Mello, N. K., Mendelson, J. H., Sellers, M. L., Kuehnle, J. C. : Effects 
of alcohol and marihuana on tobacco smoking. Clin. Pharmacol. 
Ther. in press (1979a) 

Mello, N. K., Mendelson, J. H., Kuehnle, J. C., Sellers, M. S.: 
Operant analysis of human heroin self-administration: The 
of feels of nalhex~me. (Submitted for publication, 1979b) 

Meyer, R. E., Mirin_ S. M.. cds. : The heroin stimulus, p. 254. New 
York: Plenum I979 

Parsons, W. D., Neims, A. H.: Effect of smoking on caffeine 
clearance. Clin. Pharmacol. Ther. 24, 40--45 (1978) 

Rubin, E., Gang, H., Misra, P., Lieber, C. S.: Inhibition of drug 
metabolism by acute ethanol intoxication: A hepatic microsomal 
mechanism. Am. J. Med. 49, 800-806 (1970) 

Russell, M. A. H.: Tobacco smoking and nicotine dependence. In: 
Research advances in alcohol and drug problems, R. J. Gibbins, 
Y. Israel, H. Kalant, R. E. Popham, W. Schmidt, R. G. Smart, 
eds., pp. 282-295. New York: Wiley 1976 

Voile, R. L., Koelle, G. B. : Ganglionic stimulating and blocking 
agents. In: The pharmacological basis of therapeutics, L. S. 
Goodman, A. Gillman, eds., pp. 565-574. New York: 
Macmillan 1975 

Walton, R. G.: Smoking and alcoholism: A brief report. Am. J, 
Psychiatry 128, t455-1459 (1972) 

Wikler, A., Rasor, R. W. : Psychiatric aspects of drug addiction. Am. 
J. Med. 14, 566-570 (1953) 

Received May 22, 1979; Final Version Angnst 3, 1979 


