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Abstract

Rationale—Previous research suggests that under conditions of chronic daily caffeine
administration, caffeine increases the effects of nicotine. Little is known about the effects of
caffeine pretreatment on response to nicotine under infrequent caffeine administration conditions.

Objectives—The present study examined whether infrequent (not on consecutive days) acute
oral caffeine administration alters subject-rated, physiological, and monetary value effects of i.v.
nicotine in regular users of caffeine, tobacco, and cocaine. To determine the specificity of effects
of caffeine on response to nicotine, the effects of caffeine administration on response to i.v.
cocaine (another short-acting stimulant) were also studied.

Methods—~Fourteen (1 female) volunteers participated in this 3-4 week, double-blind, inpatient
study. Volunteers participated in 10 experimental conditions in pseudorandomized order, in which
oral caffeine (250 mg/70kg) or placebo was administered 1 h before an i.v. injection, consisting of
nicotine (1 or 2 mg/70 kg), cocaine (15 or 30 mg/70 kg), or saline.

Results—Infrequent acute caffeine pretreatment attenuated the increase resulting from 2 mg/70
kg nicotine administration on ratings of “rush,” “good effects,” “liking,” “high,” and “drowsy/
sleepy.” Caffeine had no significant effect on physiological response to nicotine. Caffeine had no
significant effect on subject-rated and physiological response to cocaine, with the exception that
caffeine significantly augmented blood pressure response to cocaine.

Conclusions—In contrast to the previous research using chronic caffeine maintenance, these
data suggest that infrequent acute caffeine administration may attenuate nicotine effects.
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Introduction

Caffeine and nicotine are two licit stimulant drugs that are among the most widely used
psychoactive drugs in the United States and the world, having much greater prevalence of
use than illicit stimulants such as cocaine. Although caffeine, in the form of coffee, tea and
soft drinks, and nicotine, in the form of tobacco, are commonly used concurrently, relatively
little is known about their interactive effects. Understanding these interactive effects may
reveal relationships between the adenosine and acetylcholine systems upon which the drugs
act, and potential clinical interactions of the two drugs.

Epidemiological studies have indicated a positive relationship between caffeine
consumption and tobacco smoking across individuals (Istvan & Matarazzo, 1984; Swanson,
Lee, & Hopp, 1994). Furthermore, controlled studies have shown a positive relationship
between the two drugs temporally within individuals (Emurian, Nellis, Brady, & Ray, 1982;
Lane, 1996; Marshall, Epstein, & Green, 1980). Beyond these findings suggesting co-
variation, human laboratory studies have shown complex interactions between the two
drugs. Some human studies suggested that caffeine administration reverses or decreases
nicotine effects (Rose, 1986; Rose & Behm, 1991) or decreased cigarette smoking
(Kozlowski, 1976), while other studies found that caffeine administration potentiates
nicotine effects (Jones & Griffiths, 2003; Perkins et al., 1994). In addition to these studies
showing interactive effects, other human studies have failed to find significant effects of
caffeine administration in altering smoking behavior or the discriminative, subject-rated, and
reinforcing effects of nicotine (Bickel, Hughes, DeGrandpre, Higgins, & Rizzuto, 1992;
Blank, Kleykamp, Jennings, & Eissenberg, 2007; Chait & Griffiths, 1983; Duka, Tasker,
Russell, & Stephens, 1998; Lane & Rose, 1995; Marshall et al., 1980; Ossip & Epstein,
1981; Perkins, Fonte, Stolinski, Blakesley-Ball, & Wilson, 2005).

Non-human research is similarly complicated, with some studies suggesting that caffeine
administration potentiates various nicotine effects (Gasior, Jaszyna, Munzar, Witkin, &
Goldberg, 2002; Gasior, Jaszyna, Peters, & Goldberg, 2000; Gasior, Shoaib, Yasar, Jaszyna,
& Goldberg, 1999; Justinova et al., 2009; Shoaib, Swanner, Yasar, & Goldberg, 1999;
Yasar, Shoaib, Gasior, Jaszyna, & Goldberg, 1997), and other studies failing to show that
caffeine potentiates nicotine effects (Jaszyna, Gasior, Shoaib, Yasar, & Goldberg, 1998;
Justinova et al., 2009; Palmatier & Bevins, 2001; Palmatier, Fung, & Bevins, 2003). Some
studies have showed that caffeine administration had complex additive or attenuating effects
with nicotine, depending on conditions such as dose or chronicity of nicotine administration
(Cohen, Welzl, & Battig, 1991, Lee, Tsai, Tang, & Chai, 1987; White, 1988).

Many human and non-human animal studies have examined the interaction of caffeine and
nicotine in the context of chronic caffeine administration. Non-human studies have often
administered caffeine chronically in the drinking water, and human studies have typically
been performed on an outpatient basis in daily caffeine users without a period of caffeine
wash out. It is possible that caffeine and nicotine interactions may differ depending on
whether caffeine is administered chronically, given the well-documented differences in the
neuropharmacology of caffeine with and without caffeine tolerance (e.g., Ferre, 2008; Ferre
et al., 2008; Karcz-Kubicha et al., 2003; Quarta et al., 2004).

The present study extended a previous study examining the interaction of chronic oral
caffeine maintenance on i.v. nicotine effects (Jones & Griffiths, 2003). In the present study,
however, caffeine was administered under infrequent administration conditions. That is,
regular caffeine users abstained from caffeine administration before and throughout the 3 to
4 week study and they never received caffeine on consecutive days during the study.
Administering nicotine by the i.v. route allows for the assessment of nicotine effects while
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minimizing expectancy concerning the nature of the drug effect associated with the smoking
route. To determine the specificity of effects of caffeine on response to nicotine, the effects
of infrequent oral caffeine on the response to i.v. cocaine (another short-acting stimulant)
were also studied.

Participants were 14 adult volunteers (13 males and 1 female) recruited through newspaper
advertisements and word of mouth. Study inclusion criteria included participant report of a
history of 1) i.v. or smoked cocaine use during the 6-month period prior to admission, 2)
smoking tobacco cigarettes daily or almost daily for at least one year, and 3) regular (i.e., at
least weekly) current use of caffeinated beverages. Thirteen reported smoking and 1 reported
i.v. as their primary route of cocaine administration. Participants had a mean age of 40
(range 26-45) years and weighed a mean of 79 (range 61-103) kg. Nine were African
American and 5 were Caucasian. Participants had been smoking tobacco daily for a mean of
22 (range 7-33) years, smoked a mean of 12 (range 5-20) cigarettes per day, had a mean
Fagerstrom Test for Nicotine Dependence (FTND; a test of nicotine dependence)
(Heatherton, Kozlowski, Frecker, & Fagerstrom, 1991) score of 3.9 (range 1-8), and
provided a mean exhaled mid-morning carbon monoxide (CO; an measure of recent
smoking) level of 14 (range 7-27) ppm at the beginning of the study. Participants reported
using cocaine on a mean of 21 (range 8-30) of the last 30 days at study intake, and used a
mean of $321 (range $40-$1000) worth of cocaine per week. Participants used a mean of
approximately 900 (range 100-2100) mg of caffeine per week based on their reported usual
eating and drinking patterns. Participants had generally used a wide variety of psychoactive
drugs in their lifetimes. Within the month before screening, all reported using cocaine, 13
had used alcohol (7 to the point of intoxication), 6 had used cannabis, 4 had used an opioid,
and 2 had used sedative/hypnotics. No participant was physically dependent on any drug,
excluding tobacco and caffeine, at study intake. Excluding tobacco and caffeine, cocaine
was reported by every participant to be the most frequently used drug in the past month.

Participants were informed that the purpose of the study was to learn more about the reasons
why some people abuse drugs, and to examine how mood, behavior, and physiological
reactions are affected by different oral and i.v. drugs. Participants were informed that the
oral capsules and the i.v. injections to be administered in this study could include a placebo
(a blank or no drug) or a wide range of drugs including 36 drugs from several drug classes
(sedatives, antihistamines, stimulants, opioids, antipsychotics, and miscellaneous). Caffeine,
nicotine, and cocaine were included in the list of 36 drugs. Participants were informed that
the capsule and injection in the same session might contain the same or different substances.

Before enrollment, participants were screened for psychiatric and medical problems by
interviews, medical history, physical exam, laboratory tests of blood chemistry,
electrocardiogram (ECG), blood pressure, and urinalysis. Exclusion criteria were an
abnormal ECG, significant risk for heart disease, poor venous access, any current major
medical or current psychiatric disorder other than drug abuse or dependence, a history of
seizure disorders, or hypertension. Although volunteers may have initially provided a drug
positive urine sample at study intake, subsequent urinalysis testing was required to show
negative results before sessions began. Volunteers were not accepted into the study if they
were seeking treatment for drug abuse or dependence.
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Study design

This double-blind study was conducted while participants resided on a caffeine-free
residential research facility at the Behavioral Pharmacology Research Unit of the Johns
Hopkins University School of Medicine for approximately 3-4 weeks. After providing
informed consent, all participants resided on the research unit for at least 3 days without
caffeine before the start of experimental sessions, so that results would be less likely to be
influenced by caffeine withdrawal.

Sessions typically took place 4 days per week (usually M, T, Th, F). On session days,
participants were required to not smoke cigarettes for at least 8 h prior to their session
injection, which was at either 2:15 PM or 3:40 PM (each participant had the same injection
time for all sessions). An 8 h smoke-free period has been used in previous research in our
laboratory to maximize the effects of i.v. nicotine (Jones, Garrett, & Griffiths, 1999). On
session days, participants swallowed a capsule containing either 250 mg caffeine or placebo
(lactose) 1 h before the i.v. injection. After the session on session days and on non-session
days, participants were allowed to smoke cigarettes ad /ibitum with the constraints that they
buy packs from the nursing station (at market value, with the cost deducted from final study
earnings) and smoke outside in a courtyard. On session days participants had a light
breakfast (low fat and low protein) at least 6 h prior to their injection and did not eat again
until after the session. As with smoking, participants were able to eat ad /ibitum after
sessions and on non-session days.

The first session served as an adaptation session in which oral placebo and 30 mg/70 kg i.v.
cocaine were administered. Before the session, participants were told that they would
receive what should be considered a “moderate” drug effect. During this adaptation session,
participants were asked to respond to the visual analog scale (VAS) item “Do you feel any
drug effect” by indicating “moderately” (corresponding to a rating of 60) at the time of peak
drug effects. They were instructed to judge the strength of drug effects in future sessions
based on the “moderate” effect provided in this initial session. Responses on other questions
were not constrained. The data from this adaptation session were collected but not analyzed.
This first session also served as an opportunity to monitor the safety of administering 30 mg/
70 kg i.v. cocaine in each participant in the absence of 250 mg oral caffeine pretreatment
before subsequent sessions, one of which would involve the combinations of 250 mg oral
caffeine pretreatment with 30 mg/70 kg i.v. cocaine. As in all subsequent sessions, an ECG
was monitored by a physician for at least 15 minutes following i.v. drug administration.

After the adaptation session, each of the 10 experimental conditions was tested in 10
separate sessions. Each of two oral administration conditions (250 mg/70kg caffeine and
placebo) was combined with each of five i.v. administration conditions: nicotine (1 and 2
mg/70 kg), cocaine (15 and 30 mg/70 kg) and vehicle (saline). The caffeine dose was
selected because it was close to the 200 mg/70 kg dose administered before sessions in our
laboratory’s previous study of caffeine maintenance and i.v. nicotine effects (Jones &
Griffiths, 2003), but lower than that likely to produce dysphoric effects in most users
(Griffiths & Woodson, 1988). The cocaine doses were selected as ones producing low to
moderately strong effects in cocaine users in previous studies in our laboratory (Sobel,
Sigmon, & Griffiths, 2004). Although higher doses of i.v. cocaine have been administered
(Smith, Jones, & Griffiths, 2001), the dose was limited to 30 mg/70 kg because of safety
concerns regarding potential interactions with oral caffeine administration. The nicotine
doses are the same as those administered in the previous study (Jones & Griffiths, 2003) and
are in the range of doses delivered per typical cigarette (average of 1.28 mg per cigarette
across brands with a wide range of nominal machine-determined nicotine yields; Jarvis et
al., 2001). These i.v. doses are also in the range of i.v. doses shown to be self-administered
by smokers (Harvey et al., 2004; Henningfield & Goldberg, 1983).
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Capsule administration preceded i.v. injections by 1 h, so that the injection would occur at
the approximate time of peak oral caffeine effects. Order of the 10 experimental conditions
was pseudorandomized with the constraint that no participant received caffeine on two
consecutive calendar days. This constraint was intended to prevent the development of
caffeine tolerance and withdrawal, although withdrawal from caffeine was not formally
evaluated because of concern that this would unblind participants to the questions being
studied. The 12t and final session of the study was a “lottery session” for the drug vs.
money multiple-choice procedure (described below) in which, as in the 10 preceding
experimental condition sessions, a capsule and an injection were administered and outcome
measures were assessed.

Testing environment

The testing room contained a desk and a chair for the research assistant, a large cushioned
chair for the participant, a desktop computer (iMac; Apple computer, Cupertino, CA, USA),
a computer keyboard, a computer mouse, and physiological monitoring equipment (blood
pressure, heart rate, skin temperature, and ECG). The computer was used to obtain subject-
rated and physiological measures. The research assistant, who was visible to the participant
and seated immediately behind the computer, coordinated the timing of the session and
initiated tasks.

Drug preparation and administration

Caffeine capsules (250 mg/70 kg per capsule; size 0, opaque hard gelatin) were prepared
using caffeine anhydrous (USP; manufactured by Spectrum Chemicals and Laboratory
Products, Inc., Gardena, CA) and powdered lactose. Placebo capsules identical in
appearance to caffeine capsules were prepared using powdered lactose. Each dose of
nicotine (1.0 and 2.0 mg/70 kg) was prepared by dissolving nicotine hydrogen (+)-tartrate
powder (manufactured by Sigma-Aldrich, Inc., St. Louis, MO) in sterile saline (0.9%
sodium chloride). Each dose of cocaine (15 and 30 mg/70 kg) was prepared by dissolving
cocaine HCI powder (USP; Mallinckrodt, Inc., St. Louis, MO) in saline (0.9% sodium
chloride). Drug solutions were manipulated aseptically under a horizontal laminar flow hood
and filtered through a 0.22 pum Millex-GS filter (Millipore Products Division, Bedford, MA)
into a sterile pyrogen-free vial. Doses are expressed as the caffeine, cocaine, or nicotine
base. Nicotine and cocaine were administered through a venous catheter in a total volume of
5 ml over a 10-s period. Immediately following drug injection, the catheter was flushed with
approximately 4 ml of saline. A physician manually infused all drugs.

Capsule rating form

At 5 min before injection, using a paper and pencil questionnaire, participants were asked to
“Please rate the overall drug effect from the capsule” with five possible responses: 1="no
drug effect at all,” 2="possible mild effect but not sure,” 3="definite mild effect,”
4="moderately strong drug effect,” and 5="very strong drug effect.”

Visual analog scales

Participants completed 11 items on visual analog scales once approximately 15 minutes
before injection, and at 2-min intervals for 30 min after injection. Participants responded
with the mouse by positioning an arrow along a 100 mm line on the computer screen and
clicking the mouse button. The following descriptors were placed along the 100 mm line at
the given number of mm (numbers were not displayed): 0="Not at all,” 20="Possibly mild,”
40="Definitely mild,” 60="Moderately,” 80="Strongly,” and 100="Extremely.” Responses
were registered in 1 mm increments and were not constrained to the points anchored with
descriptors. Participants were instructed to try to respond to each item based on the effects
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of the injection, rather than overall mood state before the session or the effects of the
capsule. The following items were assessed: “Do you feel a rush?,” “Do you feel any drug
effect?,” “Does the drug have any good effects?,” “Does the drug have any bad effects?”,
“Do you like the drug?”, “How high are you?,” “How drowsy/sleepy are you?,” “How alert/
energetic are you?,” “Do you feel jittery?,” “Do you feel calm/relaxed?,” “Do you feel
stimulated?”.

Pharmacological class identification questionnaire

Approximately 30 min after the drug injection, participants completed a computerized
questionnaire on which they were asked to select with the mouse the drug class that best
described which drug they had received in the injection. The computer screen displayed a
list of 14 drug classes accompanied by specific drugs of that class or differing names for the
drug. The drug class options included: opiates, antipsychotics, muscle relaxants, barbiturates
and sleeping drugs, antidepressants, hallucinogens, benzodiazepines, stimulants, alcohol,
cocaine, marijuana, phencyclidine, other, and blank/placebo.

Physiological measures

During sessions blood pressure (systolic and diastolic), heart rate, and skin temperature were
monitored with data recorded minute-by-minute. Data were collected for 20 min before the
injection and for 45 min after the injection. Blood pressure and heart rate were measured
automatically with a Criticare noninvasive patient monitor (Criticare Systems Inc.,
Waukesha, WI). Skin temperature was monitored using a skin surface thermistor (Yellow
Springs Instrument, Yellow Springs, OH) taped to the index finger of the nondominant
hand. An ECG was monitored by a staff physician before and at least 15 min after injection
(CodeMaster XL Defibrillator Monitor, Hewlett Packard, McMinnville, OR). Pupil diameter
was determined by taking photographs of the eye (same eye for each participant) using a
camera (Polaroid, Cambridge, MA) adapted with a mounting brace to provide a standardized
distance between camera and eye for each photograph. Photographs were taken
approximately 15 min before injection, and at 5, 10, 15, and 30 min after injection. Pupil
size was measured from the photographs

Drug vs. money multiple-choice procedure

In the adaptation session and the 10 experimental condition sessions, participants completed
a drug vs. money multiple-choice procedure approximately 30 min after drug injection. This
procedure was developed and validated as a tool to serve as a proxy assessment of the
relative reinforcing effects of drugs in humans (Griffiths, Rush, & Puhala, 1996; Griffiths,
Troisi, Silverman, & Mumford, 1993; Jones et al., 1999; Jones & Griffiths, 2003; Mumford,
Rush, & Griffiths, 1995; Schuh & Griffiths, 1997). The version used included monetary
options that ranged from paying $40 to receiving $40, to be able to assess both reinforcing
and punishing drug effects. The data for analysis consisted of the maximum dollar amount at
which participants chose drug over money (the “cross-over point™). In session 12 (“lottery
session”) one of the drug vs. money questions from all of the 10 experimental sessions was
randomly selected, and the consequence selected by the participant on that question was
provided.

Data analysis

The adaptation session served as an opportunity to monitor the safety of administering 30
mg/70 kg i.v. cocaine to each volunteer in the absence of oral caffeine, and to provide each
volunteer with a basis for judging the strength of drug effects in future sessions. However,
data from the adaptation were not statistically analyzed. For physiological measures, minute-
by-minute data were averaged in 2-min blocks. VAS item “drug effect” time course data
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were analyzed using univariate repeated analysis of variance (ANOVA), with experimental
condition (10 total) and time point (16 total; i.e., =15, 2, 4 30 min post injection) as within-
subject factors. Tukey’s HSD test was used to compare the oral placebo/i.v. saline condition
with each of the other 9 experimental drug conditions at each time point. In addition, to
examine the effects of oral caffeine pretreatment on response to the i.v. drug conditions,
Tukey’s HSD tests compared “drug effect” ratings at each time point between the caffeine
and no caffeine conditions for each of the 5 i.v. conditions (saline, 1 and 2 mg/70 kg
nicotine, 15 and 30 mg/70 kg cocaine).

To analyze peak effects, data from the VAS measures and physiological measures were
expressed as peak change from pre-drug (i.e., the maximum change observed over the time
course in each participant). Those peak effect data and the cross-over point from the drug vs.
money multiple-choice form were analyzed using repeated measures ANOVAS with
experimental condition as a within-subjects factor. Tukey’s HSD tests compared each
experimental condition to the oral placebo/i.v. saline condition. In addition, to examine the
effects of oral caffeine pretreatment on response to the i.v. drug conditions, Tukey’s HSD
tests compared the caffeine and no caffeine conditions for each of the 5 i.v. conditions. For
the capsule rating form, two means were calculated for each participant from the 10
experimental condition sessions: one for the 5 caffeine pretreatment sessions and another for
the 5 placebo pretreatment sessions. These means served as data for a paired t-test
comparing the caffeine and placebo pretreatment scores for each participant on the capsule
rating form. Data from the Pharmacological Class Questionnaire were not analyzed with
inferential statistics. For descriptive purposes, the three response categories “muscle
relaxants,” “barbiturates and sleeping drugs,” and “benzodiazepines” were grouped together
under the analysis category “sedatives.” The two response categories “stimulants” and
“cocaine” were grouped together under the analysis category “stimulants.”

Visual analog scales

Intravenous administration of both nicotine and cocaine, under conditions of both caffeine
and placebo pretreatment, resulted in orderly time-related and dose-related changes in VAS
scores for a variety of items, as illustrated in Figure 1, which shows mean VAS ratings for
“drug effect” across time points. All active i.v. dose conditions resulted in rapid onset of
effects, with peak effects observed at 2 minutes. Effects generally dissipated over 30
minutes, with nicotine conditions showing a more rapid return to baseline than cocaine
conditions. In the 1 mg/70 kg nicotine conditions, with both placebo and caffeine
pretreatment, mean VVAS ratings for “drug effect” were significantly different than placebo
only at the peak time point of 2 min post injection. No significant differences between the
caffeine and placebo pretreatment conditions were detected at any time point when
comparing mean VAS “drug effect” ratings for any of the i.v. drug conditions.

With both placebo and caffeine pretreatment, effects of 2 mg/70 kg nicotine were
significantly different from placebo at all post-injection time points until at least 12 min,
with no significant differences from placebo remaining at 20 min. There was a non-
significant trend for mean VVAS *“drug effect” ratings for 2 mg/70 kg nicotine to be
significantly greater after placebo pretreatment compared to caffeine pretreatment. For both
cocaine doses, after both placebo and caffeine pretreatment, mean VAS “drug effect” ratings
were significantly greater than placebo at all time points. There was a non-significant trend
for mean VAS “drug effect” ratings for 30 mg/70 kg cocaine to be significantly greater after
caffeine pretreatment compared to placebo pretreatment.
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In the ANOVAs examining peak effects, the main effect for drug condition was significant
for all items with the exception of “bad effects.” Fig. 2 presents mean peak ratings for all
VAS items and all conditions. Regardless of placebo or caffeine pretreatment, nicotine
resulted in dose related effects, and the 2 mg/70 kg dose resulted in significantly greater
mean peak ratings than the oral placebo/i.v. saline condition for most VAS items. Caffeine
pretreatment, compared with placebo pretreatment, significantly reduced the effects of 2 mg/
70 kg nicotine on mean peak VAS ratings of “rush,” “good effects,” “like,” “high,” and
“drowsy/sleepy.” Regardless of placebo or caffeine pretreatment, cocaine resulted in dose
related effects, and both doses of cocaine resulted in significantly greater mean peak ratings
than the oral placebofi.v. saline condition for most VAS items. No significant differences
were detected between caffeine and placebo pretreatment when comparing mean VAS item
ratings resulting from cocaine.

Drug vs. money multiple-choice procedure

Results for the drug vs. money multiple-choice procedure showed cross-over value to differ
significantly across drug conditions, with a significant main effect for drug condition in the
ANOVA. The upper left panel of Fig. 3 presents mean cross-over values for all conditions.
Only the caffeine pretreatment with 30 mg/70 kg cocaine condition resulted in a
significantly greater mean cross-over value than the oral placebo/i.v. saline condition. No
significant differences were detected between caffeine and placebo pretreatment for either
dose of nicotine or cocaine.

Physiological measures

Physiological variables differed significantly across drug conditions, with significant main
effects for drug condition in all the ANOVAs analyzing physiological peak effects. Fig. 3
presents mean peak physiological values for all conditions. For skin temperature, nicotine in
the absence of caffeine had no significant effect, but 2 mg/70 kg nicotine in the caffeine
pretreatment condition significantly decreased skin temperature relative to the oral placebo/
i.v. saline condition. Also for skin temperature, the caffeine pretreatment with 30 mg/70 kg
cocaine condition produced a decrease relative to the oral placebo/i.v. saline condition, but
the effect of caffeine versus placebo pretreatment was not significant in any condition.
Cocaine, but not nicotine, significantly increased pupil diameter at both doses. Caffeine
pretreatment did not significantly affect pupil diameter resulting from nicotine or cocaine
administration. Both nicotine and cocaine resulted in dose-related increases in heart rate and
systolic and diastolic blood pressure. Caffeine significantly potentiated the increase in
systolic blood pressure resulting from 30 mg/70 kg cocaine. Oral caffeine alone (i.e.,
comparing the i.v. saline conditions) resulted in significant increases in diastolic blood
pressure. Caffeine, relative to placebo, significantly potentiated the increased diastolic blood
pressure produced by 15 mg/70 kg of cocaine.

Capsule rating form

Results from the capsule rating form showed that mean capsule ratings after oral caffeine
administration (mean=2.13; between “possible mild effect but not sure” and “definite mild
effect”) were significantly greater than after oral placebo administration (mean=1.56;
between “no drug effect at all” and “possible mild effect but not sure”) (t=4.07, df=13, p=.
001).

Pharmacological class identification questionnaire

Table 1 shows the results from the pharmacological class identification questionnaire. The
oral placeboli.v. saline condition was correctly identified as blank/placebo by 79% of
participants. Similarly, the oral caffeine/i.v. saline condition was identified as placebo by
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71% of participants, indicating that caffeine had little effect on saline identification. No
participant identified the high dose of either i.v. drug as blank/placebo, whereas the low dose
of nicotine was identified as blank/placebo by 50% and 29% of participants after placebo
and caffeine pretreatment, respectively, and the low dose of cocaine was identified as blank/
placebo by 0% and 7% of participants in the placebo and caffeine pretreatment conditions,
respectively. For both nicotine and cocaine, active i.v. conditions were generally identified
as “stimulant” by an increasing percent of participants as a function of dose. Caffeine
increased the percent of participants identifying the injection as “stimulant” for the low dose
of nicotine and both doses of cocaine, whereas caffeine and placebo pretreatment resulted in
an equivalent percent of participants identifying the injection as “stimulant” in the high dose
nicotine conditions.

Discussion

The most surprising finding in this study was that oral caffeine pretreatment decreased
several subject-rated positive effects resulting from the high i.v. dose of nicotine. Consistent
with these results, caffeine pretreatment resulted in an approximately $6 average decrease in
the monetary value of the high dose i.v. nicotine condition, although this effect failed to
reach significance. In contrast, caffeine pretreatment had no effect on the various subject-
rated measures in response to i.v. cocaine. Thus, the findings do not support the simplest
idea that the addition of the stimulant caffeine would increase the subject-rated stimulant
response, and perhaps overall drug effect response, to both i.v. nicotine and cocaine.

The result showing that caffeine pretreatment under conditions of infrequent administration
decreases the positive effects of nicotine appears to be novel. It is unclear why caffeine
pretreatment decreased the positive effects of nicotine, in contrast to having no effect on
subject-rated response to cocaine, and also in contrast to previous results showing chronic
caffeine maintenance to increase the positive effects of i.v. nicotine (Jones & Griffiths,
2003). It is intriguing to speculate that this pattern of results may relate to the differential
involvement of adenosine receptor subtypes between caffeine with and without caffeine
tolerance (e.g., Ferre, 2008; Ferre et al., 2008; Karcz-Kubicha et al., 2003; Quarta et al.,
2004), and/or to the observations that chronic caffeine administration attenuates the
dopaminergic component of the discriminative stimulus effects of nicotine (Gasior et al.,
1999).

The two doses of nicotine appeared qualitatively different in regard to their interaction with
caffeine pretreatment. First, subject-rated effects showed that caffeine pretreatment
attenuated the effects of high dose nicotine but not low dose nicotine. Second, the
pharmacological class questionnaire showed that caffeine pretreatment increased the
identification of low dose nicotine as “stimulant” from 36% (with placebo pretreatment) to
57%, but did not affect the high nicotine dose. Therefore, while the subject-rated measures
suggest that caffeine attenuated nicotine effects specifically for the high dose of nicotine, the
pharmacological class questionnaire suggests that caffeine potentiated nicotine effects at the
low dose of nicotine. Together, these results suggest qualitative differences between low and
high dose nicotine in its interactions with caffeine.

There is no clear explanation as to why caffeine pretreatment attenuated response to the high
dose of nicotine but not the low dose of nicotine. Interestingly, when caffeine pretreatment
decreased the effects of the high nicotine dose for a particular measure, the attenuated
response to high dose nicotine was still greater than that observed for low dose nicotine,
regardless of caffeine pretreatment. It would appear that under the present conditions oral
caffeine pretreatment served to attenuate the positive subject-rated effects of nicotine only
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when those effects reached a certain magnitude, and that magnitude was not achieved by the
low dose of nicotine.

This study contributes to the literature showing complex interactive effects between caffeine
and nicotine. Previous human and non-human research has suggested that chronic caffeine
maintenance may generally increase the effects of nicotine, which is of concern given the
almost universal consumption of caffeine in adolescence when many people first start
experimenting with smoking cigarettes. The present data may suggest the opposite effect
(decreased nicotine effects) with occasional, infrequent administration of caffeine. More
data, ideally involving within-subject, infrequent versus chronic caffeine administration, at
multiple doses, are needed to confirm this interpretation. It would also be informative to
confirm the present results using delivery conditions that mirror naturalistic conditions of
caffeine and nicotine administration (i.e., coffee/tea/soda and cigarettes, respectively).

Caffeine pretreatment showed no significant effect in altering any physiological response to
i.v. nicotine, consistent with a previous study in our laboratory (Jones & Griffiths, 2003), in
which chronic (daily) caffeine administration had no significant effect in changing any
physiological response to i.v. nicotine. The observation that caffeine pretreatment
significantly attenuated positive subject-related effects of nicotine, but had little effect on
physiological response to nicotine suggests that caffeine’s attenuation of nicotine subject-
rated effects did not result from changes in participants’ physiological responses.

In addition to serving as a control in comparison to nicotine, results for the cocaine
conditions are interesting in their own right. Although caffeine potentiated the increases in
blood pressure resulting from cocaine, the study failed to support previous non-human
animal and human research suggesting that caffeine may increase the effects of cocaine
(Carroll & Lac, 1998; Comer & Carroll, 1996; Horger, Wellman, Morien, Davies, &
Schenk, 1991; Rush, Sullivan, & Griffiths, 1995; Worley, Valadez, & Schenk, 1994).
However, several non-significant trends consistent with these previous studies were
observed for the drug vs. money choice and the subject-rated measures.

One potential limitation to interpreting the present results in the context of the previous
chronic caffeine study (Jones & Griffiths, 2003) is that total daily dose of caffeine on
session days differed across studies. Specifically, in the previous chronic caffeine study, 600
mg/70 kg was administered in three divided doses of 200 mg/70 kg spaced throughout the
day. In contrast, the present study administered only a single dose of 250 mg/70 kg before
sessions. Equating total daily dose across the two studies would have required in the present
study administering 600 mg/70 kg in a single administration before the session, which
would likely result in dysphoric effects (Griffiths & Woodson, 1988). Further, it was judged
to be more meaningful to roughly equate our caffeine dose to the pre-session dose in the
previous study (200 mg/70 kg). Another limitation of the study is that a single dose of
caffeine was used, and different results could have been observed if a range of caffeine
pretreatment doses had been included.

Other limitations relate to the generlizability of the results. One potential limitation is that
results from cocaine abusers may not generalize to those of adolescents or adults who
experiment with or regularly smoke cigarettes. Furthermore, the study volunteers generally
displayed relatively low levels of reported cigarette and caffeine use, so results may not
generalize to cocaine users with higher levels of cigarette smoking and caffeine use. Results
may have also differed had the study not used an 8 h period of smoking deprivation before
sessions, which likely occasioned nicotine withdrawal. Finally, because the study sample in
the present study consisted of predominately men, the results may not generalize to women.
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In conclusion, the present results, in combination with previous studies, suggest that caffeine
has complex interactions with nicotine that are dependent on multiple factors including
chronicity of caffeine dosing. Given the high prevalence of caffeine consumption, and the
widely recognized problems associated with nicotine dependence, it remains important for
research to further clarify these interactive relationships.
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Fig. 1.

Time course for ratings of “drug effect” after i.v. injection of saline, nicotine, and cocaine,
under conditions of oral caffeine and oral placebo pretreatment. Nicotine is shown in the top
panels and cocaine is shown in the bottom panels. Left and right panels show low and high
doses, respectively, of the i.v. drugs. Arrows indicate time of injection. Data show means
(n=14) at each time point. Filled symbols indicate that Tukey’s HSD test found that drug
condition to be significantly different from the oral placebo/i.v. saline condition at that time
point.
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Fig. 2.

Effects of i.v. saline, nicotine, and cocaine, under conditions of oral caffeine and oral
placebo pretreatment, on VAS ratings. Data points are means (n=14) of peak change from
pre-drug assessment. Brackets show SEM. Filled symbols indicate that Tukey’s HSD test
found the mean peak rating for that drug condition to be significantly different from the oral
placebofi.v. saline condition. Asterisks indicate conditions which Tukey’s HSD test found
significant differences in mean peak ratings between caffeine and placebo pretreatment for
the same i.v. drug condition.
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Fig. 3.

Effects of i.v. saline, nicotine, and cocaine, under conditions of oral caffeine and oral
placebo pretreatment, on drug vs. money choice and physiological measures. Data points are
means (n=14) of peak change from baseline. Brackets show SEM. Filled symbols indicate
that Tukey’s HSD test found the mean peak effect for that drug condition to be significantly
different from the oral placebol/i.v. saline condition. Asterisks indicate conditions in which
Tukey’s HSD test found significant differences in mean peak effects between caffeine and
placebo pretreatment for the same i.v. drug condition.
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