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Abstract

Alternative tobacco products such as clove (kreteks) and bidi cigarettes have become increasingly popular among US smokers. The

nicotine content of a popular clove cigarette (Djarum Special) filler averaged 7.4 mg; conventional cigarettes contained 13.0 mg. However,

smoke yields from standardized machine-smoking analysis indicated it delivered more nicotine, carbon monoxide (CO), and tar than

conventional cigarettes. In a clinical study, nicotine delivery, physiologic, and subjective effects of the clove cigarette were compared to their

own brand of cigarette in 10 adult smokers (7 males). Average time to smoke the clove cigarette (549 s) and number of puffs (15.1) were

significantly greater than own brand (314 s and 9.4 puffs). Increases in venous plasma nicotine and exhaled CO after smoking the clove

cigarette (17.4 ng/ml; 6 ppm) were similar to those after own brand (17.6 ng/ml; 4.5 ppm). Maximal changes in heart rate (HR), systolic, and

diastolic blood pressures (BP) did not differ significantly between the clove and own brand of cigarette. Compared to their own brand of

cigarette, the clove cigarette was rated as better tasting and being distinctly different. Our findings indicate that clove cigarettes deliver

significant quantities of nicotine, CO, and presumably other toxic components of tobacco smoke. Taste satisfaction, aromatic odor, and

novelty may contribute to their appeal to young smokers.
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1. Introduction

The Federal Trade Commission (FTC) periodically pub-

lishes nicotine, carbon monoxide (CO), and tar delivery

yields from machine smoking of domestic cigarettes (Fed-

eral Trade Commission, 2000); however, no such data are

readily available for foreign cigarettes that penetrate the US

market. Bidis and clove cigarettes are imported tobacco

products popular among US smokers. In previous reports,

the physical composition and clinical effects of bidi ciga-

rettes have been described (Malson and Pickworth, 2002;

Malson et al., 2001, 2002). However, no clinical reports on

the effects of clove cigarette smoking have been published.

Clove cigarettes are produced in Indonesia and exported

throughout the world. They are composed of a mixture of

tobacco (60–80%) and ground clove buds (20–40%),

available with or without filters, and are usually machine

rolled in white, brown, or black paper (California State

Department of Health Services, 1988). The cigarettes are

usually marketed in brightly colored packaging and have a

distinctly different aroma than traditional cigarettes because

of the cloves. Eugenol, an analgesic, is naturally occurring

in cloves and is present in milligram quantities in the clove

cigarette filler (Claus and Tyler, 1965). Like menthol,

eugenol may diminish the harshness of the tobacco smoke

(American Academy of Pediatrics Committee on Substance

Abuse, 1991; Centers for Disease Control and Prevention

(CDCP), 1985). In fact, clove cigarettes are referred to as

‘‘trainer cigarettes,’’ implying that the use of clove cigarettes

may prove to be a gateway product to conventional ciga-

rettes (American Academy of Pediatrics Committee on

Substance Abuse, 1991; Guidotti and Laing, 1992).

A significant proportion of young smokers in the United

States use clove cigarettes. A 1999 national survey found
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that 1.9% of middle school students and 5.8% of high

school students currently smoked clove cigarettes (CDCP,

2000). However, there have been no prevalence rates

published for clove smoking among adults.

Although clove smoking has been documented in epi-

demiological studies and in survey data, there are no

clinical studies of their acute physiological and subjective

effects. In the present report, the nicotine content of the

filler rod and smoking machine estimates of nicotine and

tar delivery from a popular brand of clove cigarette were

determined. The clove cigarette was then used in a clinical

study to compare changes in plasma nicotine levels,

exhaled CO, cardiovascular, and subjective effects with a

conventional cigarette.

2. Methods

2.1. In vitro studies

2.1.1. Physical composition

The clove cigarette used in the present study was Djarum

Special, manufactured for Kretek International (Moorpark,

CA) by PT Djarum (Kudos, Indonesia) and was obtained

from a local tobacco outlet. The nicotine content of the

clove cigarettes was determined by methods described in

Malson et al. (2001). Briefly, rod filler and cigarette weight

were determined from an average of 10 cigarettes. The rod

filler (‘‘tobacco’’) was removed, weighed and pooled for

chemical analysis. Nicotine concentration was determined

using gas chromotographic techniques. Using this method,

the limit of detection was 300 pg and the limit of quantita-

tion was 4.5 ng. For the purposes of comparison, a similar

analysis was conducted on the four popular conventional

cigarettes usually smoked by the participants.

2.1.2. FTC smoke analysis

Delivery of nicotine, tar, and CO from the clove cigarette

was measured using machine-smoking methods based on

those developed by the FTC (Federal Trade Commission,

2000; Federal Register, 1967; Pillsbury, 1996) and outlined

by the International Standards Organization (ISO) in ISO

methods 3308, 3402, 10362-1, and 10315. Clove cigarettes

were smoked onto a single 44-mm diameter glass fiber filter

commonly referred to as a Cambridge filter pad (Fidus

Instrument, Richmond, VA) using an automated Filtrona

SM342 smoking machine (Filtrona Instruments & Auto-

mation, Milton Keynes, UK) equipped with a CO analyzer.

Before smoking, the cigarettes and the Cambridge filter

pads were conditioned at 22 �C and 60% relative humidity

for at least 24 h.

According to standardized smoking practices, the smok-

ing machine was calibrated to take one puff of 2-s duration

and 35-ml volume every 60 s and to maintain an average

airflow velocity over the cigarettes of 200±30 mm/s (Pills-

bury, 1996). The puff volume (35.0±0.1 ml) was measured

using a 50-ml soap film glass burette (Filtrona Instruments,

Richmond, VA). Airflow velocity (200±50 mm/s) at the

individual ports was measured using a Filtrona VMD100

velocity measurement digitizer (Filtrona Instruments &

Automation) connected to a Schiltknecht ThermoAir2

Thermoelectric anemometer equipped with an omnidirec-

tional probe (Schiltknecht Messtechnick, Gossau, Switzer-

land).

CO was measured from the vapor phase portion of the

mainstream cigarette smoke and nicotine was measured

from the CFP using gas chromotography techniques. Total

particulate matter (TPM) was obtained by calculating the

weight difference in the CFP after the smoking process. Tar

is calculated by subtracting the water and nicotine from the

TPM. All analyses were done in triplicate. A University of

Kentucky reference cigarette (1R4F) and a blank cigarette

(no nicotine) were run in triplicate with the clove cigarette

analysis.

2.2. Clinical study

2.2.1. Participants

Ten (10) research volunteers participated in the study; 7

males and 3 females. The average age of the participants

was 30.3 years (range=19–46) and their average weight was

78.5 kg (range=51.8–106.4 kg). Participants smoked an

average 21.3 cigarettes a day (range=13–30) for 13.4 years

(range=5–25). The participants regularly smoked filtered,

conventional cigarettes with an average FTC-yield of 1.1

mg nicotine (range=0.7–1.4) and 14.5 mg of tar (range=9–

19) (Federal Trade Commission, 2000). Their scores on the

Fagerström Test for Nicotine Dependence averaged 5.4

(range=3–9; Heatherton et al., 1991); scores above five

indicate a high degree of nicotine dependence (Fagerström

et al., 1990). Participants were required to have previously

smoked either clove or bidi cigarettes without adverse

reactions. Four participants self-reported previous clove

cigarette smoking; all participants had smoked bidis.

Participants were recruited from the local community by

advertisements in newspapers, radio, coffee shops, and

tobacco shops where alternative cigarettes are sold. They

underwent medical and psychological screening approved

by the NIDA, Institutional Review Board (IRB) to verify

their good health and ability to safely participate in the

study. Prior to participation in the study, subjects signed an

informed consent document approved by the local IRB. The

consent form met guidelines established by the US Depart-

ment of Health and Human Services. Volunteers were paid

for their participation in the study.

2.2.2. Design and procedures

The study was performed on an outpatient basis at

NIDA, Intramural Research Program (IRP). Participants

reported to the laboratory for two experimental sessions

between 9:00 a.m. and 3:00 p.m. Participants were not

asked to maintain tobacco abstinence on experimental days
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and the experimental cigarette was not the first cigarette of

the day. This was an open-label, within-subject design

comparing two cigarette conditions: a clove cigarette (Dja-

rum Special) and the participant’s own brand of a filtered

conventional cigarette. The data for the present report were

taken from two sessions of a study that consisted of six

experimental sessions; presentation of the conditions was

randomized. Data from the other four experimental days

were used to determine the effects of Eclipse (Philip Morris,

Richmond, VA) cigarettes (Pickworth et al., 2002a). The

researchers supplied the clove cigarette and the subjects

brought a cigarette of the brand that they ordinarily smoked.

Subjects were instructed to smoke ad libitum to a line of 50

mm on the tobacco rod of each cigarette.

2.2.3. Dependent measures

2.2.3.1. Plasma nicotine levels. Blood samples were col-

lected before smoking, and 2, 5, 10, 15, 30, and 60 min after

smoking and were kept on ice until centrifugation and

separation of plasma. Plasma was frozen (�20 �C) until

the time of analysis. Plasma nicotine was measured using a

thermoionic specific detector (Labstat Kitchner, Ontario,

Canada). The lower limit of quantification was 1 ng/ml.

2.2.3.2. Exhaled carbon monoxide. Exhaled CO was

measured in parts per million (ppm) with a CO monitor

(Vitalograph, Lenexa, KS). Exhaled CO was measured

before and 15, 30, and 60 min after smoking.

2.2.3.3. Cardiovascular measures. Systolic and diastolic

blood pressure (BP) and heart rate (HR) were measured

using an automated cardiovascular monitor (Datascope,

Paramus, NJ). Cardiovascular measures were collected

before and 2, 5, 10, 15, 30, and 60 min after smoking.

2.2.3.4. Substance delivery measures. As the subject

smoked ad libitum, time to smoke (seconds) and the

number of puffs per cigarette were recorded by a research

assistant.

2.2.3.5. Subjective measures. Twenty minutes after smok-

ing, subjects completed two questionnaires about the overall

cigarette smoking experience. This interval was used in

previous research on nonconventional cigarettes (Malson et

al., 2002; Pickworth et al., 1999). Cigarette satisfaction was

evaluated with the Cigarette Evaluation Scale (CES; Rose et

al., 2000; Westman et al., 1992) and sensory effects were

determined using the Duke Sensory Questionnaire (DSQ;

Behm and Rose, 1994). Both questionnaires employ an

anchored, seven-point Likert scale where 1=‘‘Not At All’’

and 7=‘‘Extremely’’. Individual items from the CES were

collected and composites of several items were created to

measure characteristics such as Satisfaction (satisfaction,

good taste), Psychological Reward (calm, concentration,

wakefulness, reduction of hunger, irritability), and Aversion

(dizziness, nausea) (Brauer et al., 2001). The Enjoyment of

Sensation (sensations in throat and chest) and Craving

Reduction items were analyzed separately.

Individual items from the DSQ were collected, and a

composite of several items was created to measure overall

cigarette strength (puff strength on tongue, nose, mouth and

throat, windpipe, and chest; maximum score=35; range 7–

35) (Malson et al., 2002).

2.2.4. Data analysis

To adjust for baseline differences among subjects, the

baseline BP, HR, and plasma nicotine levels were subtracted

from subsequent measures. Statistical analyses were con-

ducted using repeated-measures analysis of variance

(ANOVA) (Winer et al., 1991). The within-subject factors

were cigarette condition (two levels: clove and own brand)

and time (six levels; 2, 5,10, 15, 30, 60 min). The Green-

house–Geisser epsilon was used in the ANOVA to adjust

for degrees of freedom in within-subject analyses. Post hoc

dependent t tests were used when the ANOVA revealed

significant main effects of time or cigarette or the inter-

action. Subjective effects of the cigarettes were analyzed

using dependent t tests. Data are presented as mean±S.D.

unless otherwise indicated.

3. Results

3.1. In vitro studies

Table 1 provides physical characteristics of the clove

cigarette and the average of four popular US cigarettes

(Malson et al., 2001). The total nicotine content of filler

in the rod of the clove cigarette averaged 7.39 mg. The

manufacturer acknowledges that 60% of the rod is com-

posed of tobacco and 40% is ground clove buds.

Table 2 provides standardized machine-smoking yields

for the Djarum Special clove cigarette and the average FTC

yields of four popular US cigarettes. Compared to the

Table 1

Physical characteristics of a popular clove cigarette

Cigarette

weight

(mg)

Rod

filler

weight

(mg)

Nicotine filler

concentration

(mg/g)

Nicotine

per

cigarette

rod (mg)

Concentration

of nicotine in

tobacco*

(mg/g)

Djarum

Special

1071.2 869.6 8.5 7.39 14.2

Conventional

cigarette

925.8 713.2 18.3 13.0 N/A

* Assumes that the tobacco weight is approximately 60% of the rod

filler weight and that all of the nicotine is in the tobacco component of the

filler. Conventional cigarette is an average of four filtered US cigarettes:

Marlboro, Newport, Camel, and Kool (Malson et al., 2001). N/A=not

available.
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conventional cigarettes, the clove cigarettes delivered more

tar, nicotine, and CO under machine-smoking conditions.

The data from the University of Kentucky reference cigar-

ette (1R4F) are also presented in Table 2. These values are

within 1 S.D. of the FTC standards for that cigarette—

indicating the validity of the analysis.

3.2. Clinical study

3.2.1. Plasma nicotine

Plasma levels of nicotine increased after smoking both

the clove and their own brand of cigarette (Fig. 1). The

increase was greatest 2 min after smoking, thereafter

plasma levels of nicotine diminished over the course of

the 1-h session. The ANOVA indicated no significant

effect of cigarette, but a significant main effect of time

[F(54,6)=46.6, P<.001]. There was no significant ciga-

rette�time interaction.

3.2.2. Heart rate

As shown in the lower panel of Fig. 1, heart rate

increased after smoking either the clove or the own brand

of cigarette. The increase was greatest 2 min after smoking

and the decrease to baseline levels occurred within 15 min.

The ANOVA revealed no significant effect of cigarette but a

significant main effect of time [F(54,6)=12.9, P<.001).

There was no significant cigarette�time interaction.

3.2.3. Blood pressure

Systolic BP increased transiently after smoking both

cigarettes. The ANOVA indicated a significant main effect

of time [F(5,45)=4.32, P<.01], but not a significant differ-

ence between cigarettes or a cigarette time interaction.

Diastolic BP was not significantly changed after smoking

either of the cigarettes.

3.2.4. Exhaled CO

Exhaled CO increased after smoking each of the ciga-

rettes. Maximum increase in CO occurred 15 min after

smoking. The CO boost averaged 6.0 (±3.4) ppm after the

clove cigarette and 4.5 (±3.1) ppm after own brand. The

ANOVA indicated that there was no significant main effect of

cigarette, but there was a significant effect of time [F(27,3)=

17.2, P<.001]. There was no significant cigarette�time

interaction.

3.2.5. Substance delivery factors

As shown in the upper panel of Fig. 2, participants took

an average of 549.6 (±57.6) s to smoke the clove cigarette,

but 314.3 (±33.4) s to smoke their own brand of cigarettes; a

difference that was significant [t(9)=5.20, P<.01]. In the

lower panel of Fig. 2, puffs per cigarette are illustrated.

Subjects took significantly more puffs to consume the clove

cigarette (15.1±1.2) than their own brand of cigarette

[9.4±0.9; t(9)=8.33, P<.001].

3.2.6. Subjective measures

Analyses of the CES indicated that subjects liked the

taste of the clove cigarette (6.1±0.5) significantly more than

their usual brand of cigarette (4.8±0.4) [t(9)=2.25, P<.05].

Clove cigarette smoking also caused a greater reduction in

hunger for food (2.1±1.5) than their own brand (3.0±1.9)

[t(9)=2.1, P<.10]. On the DSQ, subjects rated the clove

cigarette (1.9±1.2) as significantly different from their own

brand of cigarette (6.5±1.3) [t(9)=10.2, P<.001]. All other

Table 2

FTC values of a popular clove cigarette

Puffs TPM Nicotine CO Tar

Djarum

Special

19.4 ± 0.5 53.7 ± 8.0 2.0 ± 0.2 28.3 ± 0.4 46.8 ± 6.6

Conventional

cigarette

10.3* N/A 1.1 ± 0.1 15.5 ± 1.7 16.3 ± 1.3

University of

Kentucky

(1R4F)

N/A 11.4 ± 0.5 0.8 ± 0.05 14.3 ± 1.6 9.9 ± 0.6

Values are mean±S.D. of measures: puffs to consume cigarette rod at 2

s/puff, 35 ml/puff. Values for TPM (total particulate matter), nicotine,

CO, and tar are milligrams per cigarette. Conventional cigarette is an

average of four filtered US cigarettes: Marlboro, Newport, Camel, and

Kool (Federal Trade Commission, 2000).

* Puff values based on an average of three filtered US cigarettes:

Marlboro, Newport, Kool (Pickworth et al., 2002b). N/A=not available.

Fig. 1. Plasma nicotine levels (upper panel) and heart rate (lower panel)

before (�10 min) and for 60 min after smoking a clove (Djarum Special) or

the participant’s usual brand of cigarette. Subjects (n=10) smoked a single

cigarette ad libitum. Values represent mean (±S.E.M.) of plasma nicotine

(ng/ml) and heart rate in beats per minute (BPM).
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differences in subjective items were not statistically sig-

nificant.

4. Discussion

Although the cigarettes most often consumed by teen-

agers are the heavily advertised brands, such as Marlboro,

Camel, and Newport (Cummings et al., 1997), cigarettes

sold by importers and small manufacturers retain a small but

significant market share. Niche products such as bidis,

cloves, and additive-free cigarettes are often sold in health

food stores, ethnic groceries, head shops, and on the internet

(Fisher, 2000). Although clove cigarettes are widely used,

very little is known of their physical composition and

delivery characteristics by either machine smoking or clin-

ical observations. In the present report, clove cigarettes

contained less nicotine and tar than conventional cigarettes;

however, FTC smoking indicated more nicotine and tar

delivery than conventional cigarettes. In a small-sample

clinical study, there was equal delivery of nicotine and

CO from a clove and conventional cigarette.

The clove cigarette rod contained 7.39 mg of nicotine in

the rod filler, which was less than that reported for conven-

tional cigarettes (13 mg). However, the filler of the rod is

40% dried clove buds and 60% tobacco. If the entire rod

were filled with tobacco, it would contain about 12.7 mg of

nicotine. Thus, the nicotine concentration in the tobacco of

this clove cigarette (14.2 mg/g) is similar to conventional

cigarettes (18.2 mg/g; Malson et al., 2001).

The clove cigarette was machine smoked using modi-

fied FTC procedures (Federal Register, 1967; Pillsbury et

al., 1996). Compared to an average of typical conventional

cigarettes, the clove cigarette yielded more nicotine, more

tar, and more CO. The higher smoke delivery of the clove

cigarette, under machine-smoking conditions, results in

part from the lack of filter ventilation holes, which are

present on most conventional cigarette brands. Although

not measured in this study, the lower porosity of the

thicker paper wrapper used in clove cigarettes might also

result in higher smoke delivery. Furthermore, more stand-

ard machine puffs were needed to consume the clove

cigarette than a conventional cigarette. As estimated by

machine smoking, clove cigarettes have the potential to

deliver nicotine, tar, CO, and other products of mainstream

smoke in quantities that equal or possibly exceed those of

conventional cigarettes. However, estimates from machine

smoking are not reliable indicators of delivery (Sweeney

and Kozlowski, 1998). Therefore, in vivo effects of a clove

cigarette were determined in a small-sample, within-subject

clinical study.

After smoking both the clove and conventional cigar-

ette, there were significant increases in heart rate, systolic

BP, plasma levels of nicotine, and exhaled CO. Generally,

the effects of the clove cigarette were similar to those of

the participant’s own brand. Thus, while the clove cigar-

ette contained considerably less nicotine than their own

brand, participants were able to extract equal amounts of

nicotine.

Although the physiologic effects were comparable, there

were some differences in smoking behavior. Compared to

their own brand, the clove cigarette was smoked signific-

antly slower and more puffs were needed. Slower smoking

rates may have occurred because the rods of the clove

cigarette are more firmly packed than the tobacco of a

conventional cigarette. Similarly, more puffs and more time

were needed to consume an additive-free and bidi cigarette

(Malson et al., 2002).

Findings from the clinical study of the clove cigarettes

are similar to those of bidis—another alternative tobacco

product (Malson and Pickworth, 2002; Malson et al., 2002).

Smoking a bidi cigarette that contained less tobacco and

nicotine in its rod increased plasma nicotine to levels that

were equivalent to those seen after smoking a conventional

cigarette. Smoking a nonfilter, high nicotine content, addit-

ive-free cigarette, American Spirit, increased plasma levels

of nicotine, but to a lesser extent than would be expected

from their FTC values. These data support the notion that

when individuals smoke novel cigarettes, they will adjust

their cigarette smoking behavior to achieve plasma levels of

nicotine comparable to their own brand of cigarette (Russell,

1990). When plasma nicotine levels were increased by the

application of nicotine patches (Benowitz et al., 1998;

Fig. 2. Substance delivery factors, time to smoke (upper panel), and puffs per

cigarette (lower panel), from 10 participants smoking either the clove

cigarette (Djarum Special) or their usual brand of cigarette (Own). Values are

mean (±S.E.M.). * indicates significant difference between clove and own

brand (paired t test).
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Pickworth et al., 1994) or by intravenous nicotine infusions

(Benowitz and Jacob, 1990), smoking behavior was

changed to diminish nicotine delivery. Interestingly, smok-

ing behavior during the consumption of cigarettes contain-

ing no nicotine was determined by sensory qualities and

other components of the smoke (Pickworth et al., 1999;

Robinson et al., 2000; Rose et al., 2000).

Although there have been no specific studies on con-

sumer perceptions of clove cigarette safety, smokers con-

sistently judge that additive-free cigarettes and other

alternative tobacco products are safer than conventional

cigarette products (Arnett, 1999). Data from the present

study and from existing literature refute the notion that

clove cigarettes are a safe alternative. Thirteen cases of

serious acute respiratory distress following clove cigarette

smoking led to hospitalization (CDCP, 1985; Guidotti et

al., 1989). Among the people that experienced severe

distress from smoking cloves were those that smoked in

the presence of or immediately following acute respiratory

infections.

There are limitations to this study that may diminish

the generalizibility of our results. There were only 10

participants in the clinical study and 7 of them were

males. Participants smoked only one cigarette of their

own brand and a single brand of a clove cigarette in a

laboratory environment in the presence of the investiga-

tors. These conditions may have affected their smoking

behavior. Furthermore, all of the participants had a his-

tory of bidi smoking, four self-reported previously smok-

ing clove cigarettes, none were current smokers of clove

cigarettes. The limited exposure to clove cigarettes among

these participants may have caused a novelty condition

that impacted subjective responses and smoking beha-

vior.

The results of the study have practical and theoretical

importance. To our knowledge, this is the first study where

nicotine delivery from clove cigarettes has been directly

estimated in human subjects. The data from this clinical

laboratory study could be used by regulatory agencies to

objectively determine health risks and addiction liability

from smoking clove cigarettes. Finally, differences between

nicotine content of filler rods, machine estimates of smoke

delivery and actual delivery in the clinical study illustrate

the discrepancies between in vivo and in vitro methods of

smoke exposure.

Acknowledgements

The authors gratefully acknowledge Lillie Morgan, RN

who provided nursing support for the study. The authors are

especially appreciative of the contributions of Drs. Cliff

Watson and Greg Polzin of the CDCP, for their FTC

analysis and comments to this manuscript. Kristi Sims,

Murty Pharmaceuticals provided analyses of the clove

cigarettes. Ms. Sharifeh Farasat assisted with the preparation

of the manuscript. Salary support of Ms. Malson and Ms.

Lee were provided by Transdisciplinary Tobacco Use

Research Center (TTURC) Grant #P50CA84718.

References

American Academy of Pediatrics Committee on Substance Abuse. Hazards

of clove cigarettes. Pediatrics 1991;88:5–6.

Arnett JJ. Winston’s ‘‘No Additives’’ campaign: ‘‘straighten up’’? ‘‘no

bull’’? Public Health Rep 1999;114:522–7.

Behm FM, Rose JE. Reducing craving for cigarettes while decreasing

smoke intake using capsaicin-enhanced low tar cigarettes. Exp Clin

Psychopharmacol 1994;2:143–53.

Benowitz NL, Jacob III P. Intravenous nicotine replacement suppresses nic-

otine intake from cigarette smoking. J Pharmacol Exp Ther 1990;254:

1000–5.

Benowitz NL, Zevin S, Jacob III P. Suppression of nicotine intake during ad

libitum cigarette smoking by high-dose transdermal nicotine. J Pharma-

col Exp Ther 1998;287:958–62.

Brauer LH, Behm FM, Lane JD, Westman EC, Perkins C, Rose JE. Indi-

vidual differences in smoking reward from de-nicotinized cigarettes.

Nicotine Tob Res 2001;3:101–9.

California State Department of Health Services. Scientific advisory board

on clove cigarettes: health hazards of clove cigarettes: a report to the

legislature prepared pursuant to health and safety code section statutes

of 1985, Berkeley, Office of Environmental Health Hazard Assessment.

JAMA 1988;260:3641–4.

Centers for Disease Control and Prevention (CDCP). Illnesses possibly

associated with smoking clove cigarettes. Morb Mortal Weekly Rep

1985;34:297–9.

Centers for Disease Control and Prevention (CDCP). Tobacco use among

middle and high school students—United States, 1999. Morb Mortal

Weekly Rep 2000;49:49–53.

Claus EP, Tyler Jr VE. Pharmacognosy. Philadelphia: Lea & Febiger; 1965.

p. 215–6.

Cummings KM, Hyland A, Pechacek TF, Orlandi M, LynnWR. Comparison

of recent trends in adolescent and adult cigarette smoking behaviour and

brand preferences. Tob Control 1997;6(Suppl 2):S31–7.

Fagerström KO, Heatherton TF, Kozlowski LT. Nicotine addiction and its

assessment. Ear Nose Throat J 1990;69:763–5.

Federal Register 1967;32:11178.

Federal Trade Commission. Tar, nicotine, and carbon monoxide of the

smoke of 1294 varieties of domestic cigarettes. Rockville, MD: Federal

Trade Commission; 2000.

Fisher L. Bidis—the latest trend in US. teen tobacco use. Cancer Causes

Control 2000;11:577–8.

Guidotti TL, Laing L. Clove cigarettes. West J Med 1992;156:537–8.

Guidotti TL, Laing L, Prakash UB. Clove cigarettes. The basis for concern

regarding health effects. West J Med 1989;151:220–8.

Heatherton TF, Kozlowski LT, Frecker RC, Fagerström KO. The Fager-

ström test for nicotine dependence: a revision of the Fagerström toler-

ance questionnaire. Br J Addict 1991;86:1119–27.

Malson JL, Pickworth WB. Bidis—hand rolled Indian cigarettes: effects on

physiological, biochemical and subjective measures. Pharmacol Bio-

chem Behav 2002;72:443–7.

Malson JL, Sims K, Murty R, Pickworth WB. Comparison of the nicotine

content of tobacco used in bidis and conventional cigarettes. Tob Con-

trol 2001;10:181–3.

Malson JL, Lee EM, Moolchan ET, Pickworth WB. Nicotine delivery

from smoking bidis and a non-additive cigarette. Nicotine Tob Res

2002;4:485–90.

Pickworth WB, Bunker EB, Henningfield JE. Transdermal nicotine: reduc-

tion of smoking with minimal abuse liability. Psychopharmacology

1994;115:9–14.

J.L. Malson et al. / Pharmacology, Biochemistry and Behavior 74 (2003) 739–745744



Pickworth WB, Fant RV, Nelson RA, Rohrer MS, Henningfield JE. Phar-

macodynamic effects of new de-nicotinized cigarettes. Nicotine Tob

Res 1999;1:357–64.

Pickworth, WB, Malson, JL, Lee, EM, Moolchan, ET. Effects of repeated

smoking of Eclipse cigarettes. Soc Res Nicotine Tobacco Annual Meet-

ing, Savannah, GA; 2002a.

Pickworth WB, Moolchan ET, Berlin I, Murty R. Sensory and physiologic

effects of menthol and non-menthol cigarettes with differing nicotine

delivery. Pharmacol Biochem Behav 2002b;71:55–61.

Pillsbury HC. Review of the Federal Trade Commission method for

determining cigarette tar and nicotine yield. Smoking and tobacco

control Monograph #7; the FTC cigarette test method for determining

tar, nicotine, and carbon monoxide yields of US cigarettes. NIH Pub-

lication, vol. 96-4028. Bethesda, MD: National Cancer Institute; 1996.

p. 9–14.

Robinson ML, Houtsmuller EJ, Moolchan ET, Pickworth WB. Placebo

cigarettes in smoking research. Exp Clin Psychopharmacol 2000;8:

326–32.

Rose JE, Behm FM, Westman EC, Johnson M. Dissociating nicotine and

nonnicotine components of cigarette smoking. Pharmacol Biochem

Behav 2000;67:71–81.

Russell MAH. Nicotine intake and its control over smoking. In: Wonnacott

S, Russell MAH, Stolerman IP, editors. Nicotine psychopharmacology:

molecular, cellular, and behavioral aspects. Oxford: Oxford Univ Press;

1990. p. 374–418.

Sweeney CT, Kozlowski LT. Blocking filter vents increases carbon mon-

oxide levels from ultralight, but not light cigarettes. Pharmacol Biochem

Behav 1998;59:767–73.

Westman EC, Levin ED, Rose JE. Smoking while wearing the nicotine

patch: is smoking satisfying or harmful? Clin Res 1992;40:871A.

Winer BJ, Brown DR, Michels KM. Statistical principles in experimental

design. 3rd ed. Boston, MA: McGraw-Hill; 1991.

J.L. Malson et al. / Pharmacology, Biochemistry and Behavior 74 (2003) 739–745 745


	Introduction
	Methods
	In vitro studies
	Physical composition
	FTC smoke analysis

	Clinical study
	Participants
	Design and procedures
	Dependent measures
	Plasma nicotine levels
	Exhaled carbon monoxide
	Cardiovascular measures
	Substance delivery measures
	Subjective measures

	Data analysis


	Results
	In vitro studies
	Clinical study
	Plasma nicotine
	Heart rate
	Blood pressure
	Exhaled CO
	Substance delivery factors
	Subjective measures


	Discussion
	Acknowledgements
	References

