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ROACHE. ]. D. ANDR. R. GRIFFITHS. Interactions of diazepam and caffeine: Behavioral and subjective dose effects in
humans. PHARMACOL BIOCHEM BEHAYV 26(4) 801-812, 1987.—The effects of diazepam (DZ) (0. 10. and 20 mg) and
caffeine (CAF) (0. 200. 400. and 600 mg) alone and in combination were examined in nine healthy male subjects using a
within-subject experimental design in which all subjects received all twelve possible dose combinations. Drug effects were
assessed using various psychomotor and cognitive performance tasks. staff (observer) ratings of subject behavior, and
subject ratings of mood and drug effect. DZ treatment alone impaired performance on all tasks and produced staff and
subject ratings indicative of sedative drug effects. CAF treaument alone facilitated performance on two psychomotor tasks
requiring rapid reaction speed and increased staff ratings of subject restiessness and subject ratings of tension, alertness,
arousal. and CAF symptoms. CAF generally antagonized the DZ-induced ratings of sedation and impairment of
psychomotor performance: however, CAF did not consistently antagonize the DZ impairment of immediate recall or
delayed recognition memory performance. DZ antagonized the CAF-induced staff-rated restlessness, and subject-ratings of
tension, alterness, arousal and CAF symptoms. The results generally support the hypothesis that DZ and CAF produce
antagonistic effects through functionally opposing mechanisms, however, the observed effects of drug combinations are
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dependent on the specific doses being tested and on the measures of drug effect being examined.

Diazepam = Caffeine Human studies

Behavioral effects

Dose effects

WITH the widespread use of benzodiazepines and methyl-
xanthines, there are numerous opportunities for drugs from
these two classes of compounds to be administered in com-
bination. Diazepam (DZ), the prototypic 1,4 benzodiazepine,
is most frequently prescribed as an anxiolytic although its
wide spectrum of activity makes it useful as a muscle-
relaxant, sedative-hypnotic, and anticonvulsant as well [30].
The methylxanthine, caffeine (CAF), is extensively con-
sumed in coffee, tea, and soda beverages as well as in a
variety of pharmaceutical products [18]. Systematic human
experimental studies in non-anxious populations have shown
that DZ produces dose-related psychomotor and cognitive
performance impairment and sedative-like mood changes
[15, 21, 23, 28, 29]. Although human subjects report feeling
stimulated or more alert following CAF ingestion, im-
provements in mental or psychomotor performance are gen-
erally not observed [11,17). High doses of CAF can produce
anxiety-like symptoms in normal subjects and anxious pa-
tient populations may be hypersensitive to this effect of CAF
(6, 18, 44].

Drug interactions between benzodiazepines and methyl-
xanthines seem to be complex. In mice, benzodiazepines
have been reported to antagonize CAF-induced seizures [33]
and spontaneous motor activity [10], but to facilitate ex-
ploratory motor activity (10]. In rats and baboons trained to
discriminate lorazepam from placebo, CAF only partly and
inconsistently antagonized the lorazepam discriminative cue
[2]. In rats trained to discriminate drug from placebo, chlor-
diazepoxide antagonized the CAF cue while CAF did not
antagonize the chlordiazepoxide cue [25]. In humans,
methylxanthines have been variably and inconsistently re-
ported to antagonize benzodiazepine-induced sedation and
performance impairment {1, 13, 14, 24, 27, 29, 34-36, 38, 45].
Unfortunately, conclusions from many of these human
studies are limited by a lack of dose-effect information
and/or emphasis on only a narrow range of dependent meas-
ures. Finally, there is epidemiological data suggesting clini-
cally significant interactions may occur with the ben-
zodiazepines and methylxanthines. Among patients receiv-
ing psychotropic medications, heavy caffeine consumers re-
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TABLE 1
ANOVA F-RATIOS FROM THE TIME-ACTION ANALYSES ON PSYCHOMOTOR PERFORMANCE AND STAFF AND SUBJECT RATINGS
CAFt DZ TIME CxD CxT DxT CxDxT
Dependent Measure (3,24) (2,16) (4,32) (6,48) (12,96) (8.64) (24.192)
Circular Lights 2.57 11.45* 7.79* 2.31* 3.57* 10.86* <1.0
(0.10) (0.001) (0.001) (0.05) (0.001) (0.001)
Staff-Rated Drug Effect 2.02 7.59* 14.34* 1.89 1.44 2.73% 1.50
(0.003) (0.00D) (0.025) 0.10)
Subject-Rated Sluggish-Active 2.41 11.03* 2.68* 1.28 2.40* 3.50* <1.0
0.1 (0.001) (0.05) (0.0 (0.005)
Subject-Rated Caffeine Symptoms 4.09* 1.84 3.01* 1.20 1.84* 3.42* 1.53
(0.025) (0.05) (0.05) (0.005) (0.10)

*Asterisks indicate F-ratios which are significant at p<0.05; probability levels less than 0.10 are shown in parentheses.

+The ANOVA included the factors CAF (C), DZ (D), and TIME (T) and their interactions. The degrees of freedom (df) for the
appropriate F-tests are indicated in parentheses. Because the Staff-Rated Drug Effect measure did not include a pre-drug observation,
the df for the TIME factor and its interactions are as follows: T (df=3,24); C x T (df=9,72); DX T (df=6,48); and CxDxT (df=18,144).

ported greater use of benzodiazepines than low to moderate
caffeine consumers [19, 20, 41]. These reports suggest that a
CAF-induced constellation of anxiety-like symptoms may be
mistaken for anxiety or other disorders and that ben-
zodiazepine anxiolytics may, on occasion, be inadvertently
prescribed as CAF antagonists.

In the present report. doses of DZ (0, 10, and 20 mg) were
given alone and in combination with CAF doses (0, 200, 400,
and 600 mg) to healthy human male volunteers. The evalua-
tion of various dose combinations of DZ and CAF was con-
sidered important in that one might expect to observe poten-
tiation, antagonism, or no effect depending on the particular
dose combination. Several different types of measures (i.e.,
cognitive and psychomotor tasks and various staff or subject
ratings) were examined with the idea that interactions be-
tween DZ and CAF may differ qualitatively or quantitatively
depending on the type of measure examined.

METHOD
Subjects

Participants were nine, healthy, paid, male volunteers
ranging in age from 18-37 years (mean=28 years) and weigh-
ing 49.1-90.9 kg (mean=73.6 kg). Five subjects were Black,
three were Caucasian. and one was Oriental. All subjects
had completed high school or an equivalency exam. All sub-
jects reported experience with alcohol and marijuana al-
though none reported daily use; only two subjects were ciga-
rette smokers (1 pack/day) and no subject reported regular
use of other drugs of abuse. During a given subject’s partici-
pation (6 weeks), moderate use of caffeine, alcohol, or
marijuana was permitted; however, subjects were instructed
to abstain from the use of all other drugs and to not drink
alcohol or smoke marijuana within 12 hr of an experimental
session. Breath samples were tested for alcohol and urine
samples were tested for the presence of opioids and barbitu-
rates with an EMIT system analyzer: drug-free breath and
urine samples were required before each experimental ses-
sion. Subjects were instructed not to ingest solid food or
caffeine-containing beverages after 0800 hr on the morning of
an experimental session and subjects were not permitted to
eat food until 2 hr after drug administration. Subjects were

included in this study only if they reported minimal usage of
caffeine; only two subjects reported regular coffee con-
sumption (1-2 cups/day), three subjects reported regular tea
consumption (1-2 glasses/day), and all subjects reported
moderate usage of soda beverages.

General Procedure

Before beginning the study, subjects reported to the lab-
oratory for instruction and practice on the tasks and were
informed that during their participation, they might receive
placebo or various types of sedative and stimulant drugs
alone and in combination. Subjects participated in the study
on a Monday-Wednesday-Friday schedule for a total of 16
experimental sessions. Each session ran from 0930-1500 hr
during which time subjects completed a battery of question-
naires and performance tasks prior to drug administration
(T=0) and repeatedly every hour after drug administration
for a total of 4 hours (T=1 to T=4). No more than four sub-
Jjects participated in the experiment at one time and the times
of drug administration and test battery completion were
staggered so that one subject was tested every 15 minutes. In
order to facilitate motivation and performance, subjects
were paid additional money ($10-$25) at the completion of
the study contingent upon how well they did on all of the
performance tasks.

Drug Administration

All drugs were contained in three gelatin capsules and
were administered orally (under double-blind conditions) be-
tween [000-1100 hr. Four doses of CAF (caffeine anhy-
drous) (0, 200, 400, 600 mg) and three doses of DZ (Valium®)
(0, 10, 20 mg) were administered alone and in combination
such that all 12 possible dose combinations (4 doses CAF x 3
doses DZ) were administered to each subject. Placebo was
always administered on the first and third sessions to allow
for acclimation to the experimental conditions and 200 mg
CAF was administered on the second session to screen for
possible CAF hypersensitivity. Beginning with the fourth
session, the 12 possible dose combinations were adminis-
tered over 12 consecutive sessions. The order of these dose
combinations was determined for each subject by a balanced
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FIG. 1. Time-action functions on psychomotor performance and staff and subject
ratings. Each column of panels presents data from one of the DZ dose levels (i.e.,
0. 10, and 20 mg); each panel presents data from the four CAF dose levels (i.e., 0,
200. 400 and 600 mg) combined with a particular DZ dose. Y axes: circular lights
scores, staff ratings of drug effect magnitude, subject ratings on a “'sluggish-
active'’ visual analog scale (VAS), and subject ratings of CAF target symptoms. X
axes: time after drug administration in hours (time **0'" denotes pre-drug values;
there was no pre-drug observation for the staff ratings). Data points show means
of nine subjects. Separate two-factor ANOV As: were performed for each DZ dose
level; significant (p <0.05) effects of CAF (C), TIME (T). and CAF x TIME (CT)
interactions are indicated above each panel (n.s. indicates non-significant effects).

block design which blocked across CAF dose level (i.e., all 4
CAF doses were represented within each of three blocks);
DZ doses were systematically varied within each block.
Each subject was randomly assigned to a different balanced
block dose sequence.

Performance Tasks

Circular lights and digit-svmbol-substitution task (DSST).
Subjects repeatedly performed the circular lights task and a
computerized version of the DSST every hour from T=0 to
T=4. Circular lights was a psychomotor task which has been
described [21] and used extensively [21, 23, 42] in previous
research. The task required subjects to press a series of but-

tons in response to the randomly sequenced illumination of
associated lights; the score was the number of correct button
presses during a 1-min session. The DSST was a psychomo-
tor/cognitive task which has been described previously [31].
The task required subjects to use positions on a numeric
keypad to reproduce geometric symbol patterns associated
with digits displayed on the video screen; the score was the
number of patterns correctly reproduced during a 90-sec
session.

Choice reaction. Subjects performed a previously re-
ported [22] computerized reaction time task every hour from
T=0 to T=4. The task required subjects to press one of two
telegraph keys (spaced 15 cm apart) in response to a ran-
domly selected digit (1-8) displayed in the center of the video
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TABLE 2
ANCOVA F-RATIOS FROM THE PERFORMANCE TASKS
CAF DZ CAFxDZ
Task Measure* (df=3.24) (df=2.16) (df =6,47)
Circular Lights AUC 10.03* 27.44% 1.21
(0.001) (0.001)
PK 6.45* 40.32* 1.31
(0.005) (0.001)
DSST AUC 2.87 16.01* <1.0
(0.10) (0.001)
PK 2.78 19.62* <1.0
(0.10) (0.001)
Serial-Subtraction AUC 2.15 5.50* <1.0
(0.025)
PK 1.84 4,26* <1.0
(0.0%)
Choice Reaction AUC 3.20% 4.36* <1.0
(0.05) (0.05)
PK 1.59 5.27* <1.0
(0.025)
Recall: No. Correct AUC <1.0 4.68* 2.15
0.01) (0.10)
PK <1.0 10.45* 1.77
(0.005)
Recall: Position Errors AUC <1.0 6.04% 1.09
(0.025)
PK <1.0 3.45 1.69
(0.10)

*Asterisks indicate F-ratios which are statistically significant at p <0.05; probability levels

less than 0.10 are indicated in parentheses.

tAUC and PK refer to area-under-the-curve and peak drug effects. respectively.

screen. Subjects were to press the left or right key dependent
on whether the digit was even or odd, respectively. A trial
began with the presentation of a digit and was terminated
when either key was depressed: the inter-trial interval varied
randomly from 0.5-5.0 sec. There were a total of 12 trials but
only responses from the latter ten trials were utilized in de-
termining the number of correct responses and the media
reaction time (in msec); the number of correct responses was
not significantly affected in this study.

Number recall. Subjects completed a computerized
number recall task every hour from T=0 to T=4. For this
task, subjects used a numeric keypad to reproduce each of
ten 8-digit numbers which were displayed on the video
screen one at a time. A trial consisted of a 3 sec presentation
of a randomly selected 8-digit number: immediately follow-
ing the termination of the video display. the subject was to
reproduce the number on a numeric keypad. The subject’s
responses were displayed on the video screen following
which the subject had an option to re-enter the number to
correct typographical errors. Each 8-digit number was ran-
domly selected such that no single digit was repeated within
an 8-digit number and the number never began with zero.
Subjects were instructed to repeat the number "‘out loud™”
since verbal repetition was found to facilitate performance
on the task. The scores on this task were the total number of

8-digit numbers which were reproduced correctly (out of ten
possible) and the total number of *‘position errors’’ which
occurred. A position error was defined as the failure to cor-
rectly type the correct digit into the correct position of an
8-digit number; since there were ten 8-digit numbers. it was
possible to make a total of 80 position errors.

Serial subtraction of numbers. Subjects completed a
paper and pencil serial subtraction task every hour from T=0
to T=4. The task involved serial subtractions of 3. 7, or 17
from three different randomly selected 4-digit numbers: each
task execution involved 10 subtractions of 3, 10 subtractions
of 7, and 10 subtractions of 17. The scores were the number
of errors and the number of seconds required to complete the
30 subtractions; the number of errors was not significantly
affected in the present study.

Delaved recognition. This recognition task has been de-
scribed previously [42]. The task involved the memorization
of ten pictures of easily recognizable items. At one hour
post-drug (T=1), subjects were allowed 1-min to memorize
ten pictures presented on a file card. Subjects were not
tested for recognition of the memorized pictures until the end
of the experimental session (i.e., at T=4, after a 3 hr delay).
For the recognition test, subjects were presented with the
complete list of 165 pictures which contained each picture
labeled by number (No. 1-165) and were to identify the cor-
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FIG. 2. Dose-response functions for area-under the time-action curve (AUC)
measures on several performance tasks. Y axes: post-drug AUC values, adjusted
for the pre-drug covariate, on circular lights, DSST, senal-subtraction, choice
reaction, and recall (both number correct and position errors) tasks. As indicated
on each of the axes, the units of the AUC measures are the task scores x hr. X
axes: DZ dose in mg. Data points show adjusted means of nine subjects.

rect 10 pictures they had previously memorized by writing
the appropriate numbers onto 10 blank lines; the scores were
the number correct out of 10.

Staff Ratings

The research staff, who were ‘‘blind”’ to the specific
drugs administered to subjects, rated subject behavior each
hour following drug administration from T=1 to T=4. Staff
knew only that subjects might receive a placebo or various
sedative and stimulant drugs alone and in combination. The
staff rated the subjects’ behavior once each hour in regard to
** ... the subject’s behavior only during the last hour.”” Staff
rated the following seven dimensions: (1) ‘‘The subject has
shown a drug effect’’; (2) *‘The subject seems to have been
uncomfortable or has complained of discomfort™; (3) *‘The
subject has indicated that he felt really good or liked the drug
effect’’; (4) **The subject has appeared to be drowsy or se-
dated’’; (5) ‘‘The subject has been abnormally clumsy or
uncoordinated’’; (6) *‘The subject has been abnormally rest-

less or fidgety™; (7) *“The subject has been irritable or dis-
agreeable.” Staff rated each dimension with a five-point
rating scale (0-4); the five points were labeled as ‘‘not at
all,”” *‘a little,”” ‘‘moderately,”” ‘quite a bit,”’ and ‘‘ex-
tremely,”” respectively.

Subject Ratings

Profile of Mood States (POMS) Questionnaire. Subjects
completed the POMS Questionnaire before taking drug
(T=0) and at 2 hr after drug (T=2). The POMS Questionnaire
is a 65-item, five-point adjective rating scale which is consid-
ered to be a standardized subjective mood state inventory
[32}. From the 65 items, seven standard factor scores were
determined and two additional factors were calculated as
composites of the other factors. All of these factors are iden-
tified in Table 4.

Drug Effect Questionnaire. Subjects completed a Drug
Effect Questionnaire at each hour foliowing drug adminis-
tration (T=1 to T=4). Subjects placed a mark on a 100 mm
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line in order to respond to each of two separate questions.
Question 1 was "*How strong of a drug effect are you feel-
ing?’"; the extremes of the 100 mm line were labeled *‘I feel
no drug effect at all (not at all)’’ and “‘I feel an extremely
strong drug effect (extremely strong).”” Question 2 was ‘Do
you like the way the drug makes you feel right now?’". The
line for this question was bisected at the midpoint. The mid-
point was labeled ‘'] feel neutral about it”* and the left and
right extremes were labeled ‘1 do not like the way it makes

me feel at all (strong dislike),’’ and ‘I like it extremely well, .

it really feels good (strong liking),"” respectively.

Visual Analog Scale (VAS) Mood Questionnaire. Sub-
jects completed this VAS Mood Questionnaire every hour
from T=0 to T=4. The questionnaire contained 14 different
100 mm lines each labeled at the extremes with opposing
adjectives. The specific adjectives used to label the left and
right extremes of the lines are presented in Table 5. Several
of these adjective pairs (items 2, 3, 7, 9, and 12) were taken
from scales previously employed in other studies [4, 13, 16,
34]. .

Caffeine Symptom Checklist. Subjects completed a CAF
symptom checklist repeatedly every hour from T=0 to T=4.
This checklist contained 25 phrases which described psychic
and somatic target symptoms related to known effects of
CAF; subjects indicated the presence or absence of a par-
ticular symptom ‘*during the last hour.”’ (Copies of the Caf-
feine Target Symptom Checklist are available from the au-
thors upon request.) The data were the number of symptoms
present as rated by the subject.

Statistical Analysis

All data were subjected to a repeated measures analysis
of variance (ANOVA) and/or analysis of covariance
(ANCOVA). Analyses included the factors of CAF dose
level (i.e., CAF at 0, 200, 400 and 600 mg) and DZ dose level
(i.e., DZ at 0, 10 and 20 mg); when time course was exam-
ined, the third factor of time (i.e., TIME at 0, 1, 2, 3, and 4
hr) was also included. Unless otherwise specified, data were
analyzed by ANCOVAs which employed the pre-drug value
(i.e., T=0) as a covariate in the analysis of post-drug peak
effect and area-under-the-curve (AUC) data taken from T=1
to T=4; with the POMS data, pre-drug values were covaried
in the analysis of the post-drug measures taken at T=2 only.
ANOVAs were employed in the analysis of all staff ratings
and the subject ratings on the Drug Effect Questionnaire
since these measures did not have a pre-drug observation.
All AUC data were calculated with the use of the trapezoidal
rule.

RESULTS
Time Course

Table I presents the F-ratios from 3 factor (CAF, DZ and
TIME) ANOV As on selected variables representing the dif-
ferent types of measures obtained in this experiment: Fig. 1
shows the time-response functions for the DZ and CAF dose
combinations on these variables. As shown in Table 1. a
significant main effect of CAF was only obtained with the
subject-rated CAF symptoms; main effects of DZ were
obtained with the other three measures. All four meas-
ures showed main effects of TIME and TIME interactions
with both DZ and/or CAF. To facilitate interpretation
of these results. separate ANOVAs were performed for each

ROACHE AND GRIFFITHS

TABLE 3

ANOVA F-RATIOS OF AREA-UNDER-THE-CURVE VALUES FROM
THE STAFF-RATED DRUG EFFECT QUESTIONNAIRE

CAF DZ CAFxDZ
Rating Dimension (df=3.24)  (df=2.16) [(df=6.48)
Drug Effect Magnitude 2.04 7.51* 2.06
(0.005) (0.10)
Subject Discomfort <1.0 1.43 1.20
Subject Drug Liking 1.31 <1.0 1.01
Drowsy/Sedated 3.30* 7.96* 1.31
(0.05) (0.005)
Clumsy/Uncoordinated 3.64* 8.74* 1.24
0.05) (0.005)
Subject Restlessness 3.70* 4,05* <1.0
(0.05) (0.05)
Subject Irritability <1.0 1.39 <1.0

*Asterisks indicate F-ratios which are statistically significant at
p<0.05: probability levels less than 0.10 are indicated in parentheses.

dose level of DZ on each of these variables; significant ef-
fects from these analyses are indicated within each panel of
Fig. 1.

As can be seen in Fig. |, in the absence of CAF. both 10
and 20 mg DZ impaired circular lights performance and in-
creased staff ratings of drug effect and subject ratings of
sluggishness (i.e,. a lower score on the bipolar scale of
‘*sluggish-active” indicates more sluggish). These effects
generally were apparent by the first hour, reached peak ef-
fect by the second hour. and returned towards pre-drug
levels at subsequent time-points. In the absence of DZ. all
three CAF doses produced increases in the number of
subject-rated CAF symptoms which were apparent by the
first hour, reached peak effects by the second hour and re-
turned towards pre-drug levels at subsequent time-points.
When given alone, 600 mg CAF produced a significant in-
crease in the staff ratings of drug effect. There was also a
tendency for 200 and 600 mg CAF to increase circular lights
performance relative to pre-drug levels while performance was
stable over time with the placebo condition. The results ob-
tained with the combinations of DZ and CAF indicate that
CAF generally antagonized the DZ-induced circular lights
impairment, the increases in staff ratings of drug effect, and
the subject ratings of sluggishness. At the 10 mg DZ dose
level, all CAF doses more or less prevented the DZ effects
but at the 20 mg DZ dose level, the antagonism was less
complete and DZ effects were not completely blocked.
There was a dose-relationship to the CAF antagonism of the
effects of 20 mg DZ in that 200 mg CAF generally produced a
less complete antagonism than did higher doses of CAF.
With the subject ratings of CAF symptoms, 20 mg DZ com-
pletely prevented the CAF effects but the 10 mg DZ dose
produced a less complete antagonism in that 400 mg CAF
still produced effects. The staff ratings of drug effect showed
a noteworthy effect of the drug combinations. Although, the
600 mg CAF and 10 mg DZ doses each produced increases in
staff ratings when given alone, the combination of these two
doses did not produce staff ratings greater than placebo
levels.
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FIG. 3. Dose-response functions for area-under the time-action curve (AUC)
values from staff-rated measures. Y axes: post-drug AUC values from staff ratings
of drug effect. drowsy/sedated. clumsy/uncoordinated, or restlessness. The units
of the AUC measures are rating scores X hr. X axes: DZ dose in mg. Data points

show means of nine subjects.

Performance Measures

Table 2 presents the ANCOVA F-ratios from the per-
formance tasks for two indices of post-drug performance
(i.e., peak magnitude of effect and area under the time-action
curve). Analyses of both the peak and AUC measures gen-
erally yielded comparable results; since the AUC measure
may be considered as most representative of the overall drug
effect, only this measure was considered in subsequent
analyses. As can be seen in the table, significant main effects
of DZ were obtained with all tasks. a CAF main effect was
observed only with the circular lights and the choice reaction
tasks and CAF x DZ interactions were not observed on any
task.

Figure 2 presents the AUC measures of performance plot-
ted as DZ dose-response functions for all six of the tasks
identified in Table 2. DZ significantly impaired performance
on all of the tasks. The significant main effect of CAF on the
choice reaction task reflects a general facilitation of per-
formance. CAF alone (i.e., 0 mg DZ) decreased reaction
time in a manner such that the 400 mg dose produced the
greatest facilitation and 600 mg produced less facilitation of
performance than the lower doses. This non-monotonic
dose-response pattern of CAF effects was still apparent in
combination with DZ doses; at the 10 and 20 mg DZ dose
levels, 400 mg CAF produced the greatest facilitation while
the 200 and 600 mg doses produced less or no facilitation. If

these data were plotted as a CAF dose-response, the curves
would be **U-shaped’* with DZ producing an *‘upward shift™’
in the CAF dose-response curve. The significant main effect
of CAF on circular lights reflects the tendency for CAF to
facilitate performance when given alone (as noted for Fig. 1)
and to antagonize the DZ-induced impairment when given in
combination. Although the ANCOV As did not detect signifi-
cant effects of CAF on the other tasks, certain effects are
clear. CAF generally attenuated the magnitude of DZ-
induced impairment on the DSST and serial-subtraction
tasks. With the recall task, the 200 and 400 mg doses of CAF
tended to impair recall performance (i.e., decreased number
correct and increased position errors) when given alone but
tended to attenuate the DZ-induced impairment when given
in combination with DZ; 600 mg CAF did not produce any
effect either alone or in combination with DZ.

Results from the delayed recognition task (data not
shown) were generally comparable to those observed with
the recall task. The number of pictures correctly recognized
was significantly reduced by DZ, F(2,16)=6.42, p<0.01;
CAF alone tended to reduce performance and CAF com-
bined with DZ failed to antagonize the impairment observed
with either drug alone.

Staff Ratings
Table 3 presents the ANOVA F-ratios from the staff
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TABLE 4

ANCOVA F-RATIOS OF 2 HR POST-DRUG SCORES FROM THE
SUBJECT-RATED PROFILE OF MOOD STATES
(POMS) QUESTIONNAIRE

ROACHE AND GRIFFITHS

TABLE 5

ANCOVA F-RATIOS OF AREA-UNDER-THE-CURVE VALUES FROM
SUBJECT RATINGS ON THE VISUAL ANALOG SCALE (VAS)
MOOD QUESTIONNAIRE

CAF DZ CAFxDZ CAF Dz CAFxDZ
POMS Factor (df=3.24) (df=2,16) (df=6.47) VAS Question (left-right)* (df=3,24) (df=2.16) (df=6.47)
Anger/Hostility (AH) 3.77* <1.0 .32 "sluggish-active™ 4.52* 9.52% 1.26
(0.025) (0.025) (0.005)
Confusion/Bewilderment (CB) <1.0 1.74 <1.0 “*calm-excited”’ 2.30 3.23 <1.0
Depression/Dejection (DD) <1.0 3.40 1.25 (0.10)
(0.10) “drowsy-alert’” 6.76* 5.36* <1.0
Fatigue (FAT) 3.76* 9.59* 1.28 (0.005) (0.025)
(0.025) (0.005) “‘pleased-unsatisfied"’ <1.0 2.04 <1.0
Friendly (FRD) 5.05* 4.84* <1.0 “‘restless-pacified™” <1.0 <1.0 1.06
(0.01) (0.025) “lively-weary™ 5.78* 8.64* <1.0
Tension/Anxiety (TA) 2.76 3.99* 1.30 (0.005) (0.005)
(0.10) (0.05) “clumsy-well coordinated’” 1.43 2.97 1.30
Vigor (VIG) 3.76* 10.13* <1.0 (0.10)
(0.025) (0.005) “mentally sharp-mentally 1.10 3.78* 1.02
Arousal (ARL) 4.17* 10.45* <1.0 dull™ (0.05)
(0.025) (0.005) ‘tense-relaxed’” 2.39 3.67* 2.27
Total Mood Disturbance 2.39 5.49* <1.0 (0.10) (0.05) (0.10)
(TMD) (0.10) (0.025) “energetic-lazy”’ 5.20% 4.28* <1.0
(0.0 (0.05)
*Asterisks indicate F-ratios which are statistically significant at uneasy-mellow"’ 2.37 <10 1.44
p<0.05; all probability levels less than 0.10 are indicated in (0.10)
parentheses. *strong-feeble™” 1.71 6.20* 1.68
(0.025)
““irritable-peaceful’ <1.0 <1.0 1.89
“‘tranquil-nervous”’ 1.18 2.49 1.83

ratings. Staff ratings of drug effect magnitude showed only a
main effect of DZ and ratings of drowsy/sedated, clumsy/un-
coordinated. and restless showed main effects of both CAF
and DZ; no CAF x DZ interactions were observed with any
of these measures. The data from these measures are pre-
sented in Fig. 3. DZ increased the staff ratings of sedative-
like effects (i.e., drowsy/sedated and clumsy/uncoordinated)
and CAF antagonized the DZ-induced increases. With the
drug effect magnitude ratings, 10 and 20 mg DZ increased
ratings as did 600 mg CAF; CAF combinations with DZ
completely antagonized the effects of 10 mg and attenuated
the effects of 20 mg DZ. Although 10 mg DZ and 600 mg CAF
each increased staff ratings when given alone (as noted for
Fig. 1), the combination of these doses was not different than
placebo. With staff-rated restlessness, 600 mg CAF alone
produced increases which were antagonized by DZ.

Subject Ratings

Table 4 presents the ANCOVA F-ratios from the subject
ratings on the POMS Questionnaire. Significant main effects
were observed on all but two factors (CB and DD); CAF x
DZ interactions were not observed with any POMS factor.
The main effects of DZ were due to increases in the FAT and
TMD factor scores and decreases in the FRD. TA, VIG, and
ARL factor scores. The effects of CAF were due to modest
increases in the AH, FRD. VIG, and ARL factor scores and
decreased FAT factor scores. Table 5 presents the
ANCOVA F-ratios from the subject ratings on the VAS
Mood Questionnaire. Only seven of these VAS items (Nos.
1, 3, 6, 8,9, 10 and 12) showed significant main effects of
CAF and/or DZ treatment. The DZ effects were in the direc-
tion of increasing ratings of sluggish, drowsy, weary, men-
tally dull, relaxed, lazy, and feeble. The CAF effects were in

*Asterisks indicate F-ratios which are statistically significant at
p<0.05; probability levels less than 0.10 are indicated in parentheses.

tEach of the 14 VAS 100 mm lines were labeled at the left- and
right-hand extremes with the indicated adjectives.

the direction of increasing ratings of active. alert, lively, and
energetic. Significant CAF x DZ interactions were not ob-
served with any of these items although the F-ratio for the
“tense-relaxed” item (No. 9) just failed significance
(p<0.06). Additional subject ratings which were not included
in Tables 4 or 5 were the CAF symptom checklist and ratings
of drug effect and drug liking. The ANCOVA on the CAF
symptom checklist detected main effects of CAF. F(3.24)=
4.45, p<0.025. and DZ. F(2,16)=4.67. p<0.05. and a CAF x
DZ interaction. F(6.47)=2.54, p<0.05. The ANOVAs did
not detect any significant subject ratings of drug liking and
the drug effect ratings showed only a main effect of DZ,
F(2,16)=15.31, p<0.001.

Figure 4 presents selected examples of subject ratings
from the Drug Effect. VAS, and the POMS Questionnaires.
With the ratings of drug effect. DZ produced increases which
were partly although not completely antagonized by CAF.
With the VAS items., CAF by itself increased ratings of
“alert™ or "active™ and DZ by itself produced ratings indi-
cating feelings of ““drowsy’" and 'sluggish™. with the
DZ-CAF dose combinations, CAF combined with 10 mg DZ
produced placebo-like ratings and CAF combined with 20 mg
DZ showed a graded. dose-related antagonism of the DZ
effect. With the POMS factors, DZ alone produced ratings of
fatigue, decreased arousal. and an increase in the total mood
disturbance (TMD). CAF showed a tendency to increase
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FIG. 4. Dose-response functions from several subject-rated measures. Y axes:
ratings of drug effect: the bipolar VAS scales, drowsy-alert and sluggish-active;
and the POMS factors. fatigue. arousal, and total mood disturbance (TMD). Drug
effect and VAS scale data are post-drug area-under the time-action curve (AUC)
values: the units are mm x hr. The POMS factor scores are from observations
collected at 2 hr post drug. The data points for all except the drug effect ratings are
values adjusted for the pre-drug covariate; drug effect ratings are unadjusted since
these ratings were not collected before drug ingestion. X axes: DZ dose in mg.
Data points show means of nine subjects.

arousal when given alone, but mostly produced effects to
reduce the magnitude of the DZ-induced ratings.

Figure 5 illustrates the effects observed on two additional
subject ratings which were more appropriate for presentation
as CAF dose-response functions. On the CAF symptom
checklist, CAF by itself increased the number of symptoms;
whereas 10 mg DZ inconsistently blocked this effect of CAF,
20 mg DZ completely antagonized the CAF effect. With the
VAS ‘‘tense-relaxed” item, CAF by itself produced in-
creases in ratings of tension (i.e., decreased scores indicate
increased tension) which were maximal with the 600 mg
dose; both DZ doses compietely antagonized the CAF-
induced increases in tension. That these data were appro-
priate for consideration as CAF dose-response functions was
verified with ANCOVAs which examined the effect of CAF

by itself (i.e., the 0 mg DZ dose); significant CAF dose-
effects were obtained with both the CAF symptoms,
F(3.23)=3.58, p<0.03, and the ‘‘tense-relaxed” item,
F(3.23)=3.08, p<0.05.

DISCUSSION

The present study employed a wide range of dependent
measures in a within-subject experimental design in order to
examine the effects of a more complete range of dose combi-
nations of DZ and CAF than have been examined in previous
drug interaction studies in human populations. The main
conclusions from this study are that DZ and CAF generally
produced opposing and/or mutually antagonistic effects and
that the observed interactions between DZ and CAF depend
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upon the doses examined and the tasks or rating scales em-
ploved as indices of drug effect.

When administered alone, DZ produced a dose-related
performance impairment on a variety of tasks. increased
staff and subject ratings of drug effect magnitude, increased
staff ratings of subject clumsiness and sedation, and in-
creased subject ratings indicating mental and physical
sedative-like effects; subject ratings indicating **tranquiliz-
ing’’ effects of DZ alone were not detected in the present
study. These results are consistent with numerous reports
that DZ impairs psychomotor and cognitive task perform-
ance [13. 15, 16, 21, 23, 29, 34-36] and produces
sedative-like subjective effects [15, 16, 24, 29, 34]. Some
studies have used the *‘tense-relaxed’’ VAS scale used in the
present study to assess a ‘‘tranquilizing™’ effect of ben-
zodiazepines when given alone [4, 13, 34, 35]; however. other
studies have failed to detect benzodiazepine effects on this
scale [15,16] and have suggested that healthy subjects may
not feel tranquilizing effects of benzodiazepines [16].

When administered alone, CAF increased staff ratings of
drug effect magnitude and subject restlessness: increased
subject ratings of CAF ‘‘target’” symptoms: produced sub-
ject ratings indicating physical and mental arousal: and jn-
creased subject ratings of tension or anxiety. These results
are consistent with reports that CAF produces subjective
effects of arousal (8, 9, 17] and at high doses produces
anxiety-like symptoms in normal research subjects [6, 8. 18.
29, 44] as well as in individuals who reguiarly consume high
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doses (i.e.. >500 mg/day) through dietary sources [6. 20, 41].
In the present study, CAF by itself facilitated choice reaction
speed and somewhat enhanced circular lights performance
but had no effect on other tasks or tended to impair recall
and recognition performance. While CAF has been reported
to facilitate reaction speed [9], most studies have failed to
detect CAF-induced improvements in performance except
under conditions where performance is deficient or degraded
such as may occur following sleep-deprivation or fatigue
[11,17]. The effects of CAF on the recall and recognition
tasks are consistent with reports that CAF impaired word
recall performance [12] or concentration ability [26).

With all three major types of dependent variables. (i.e.,
performance tasks and staff and subject ratings), the two
drugs in combination generally showed mutually antagonis-
tic effects. Examples of DZ effects which were antagonized
by CAF were: (1) CAF completely antagonized the impair-
ment produced by 10 mg DZ and produced a dose-related
partial antagonism of the impairment produced by 20 mg DZ
on most of the performance tasks except for the recall and
recognition tasks which did not show consistent CAF ef-
fects; (2) CAF antagonized DZ-induced staff ratings of
clumsiness, sedation. and drug effect magnitude in a manner
such that the effects of 10 mg DZ were completely and the
effects of 20 mg DZ were partly antagonized: and (3) CAF
completely antagonized the effects of 10 mg DZ on subject
ratings of sedation and showed a partial and sometimes
dose-related antagonism of the effects of 20 mg DZ on these
same measures. Examples of CAF effects which were antag-
onized by DZ were: (1} DZ produced an upwards shift of the
" U-shaped’ CAF dose-response function on the choice re-
action performance task; (2) DZ completely antagonized the
CAF-induced staff ratings of restlessness and drug effect;
and (3) DZ completely antagonized the CAF-induced subject
ratings of alertness. activity, arousal. tension. and CAF
symptoms. Thus many measures showed unidirectional ef-
fects in which DZ effects were antagonized by CAF and
CAF effects were antagonized by DZ. Several measures
showed bidirectional effects (e.g.. the choice reaction task
and subject ratings on the bipolar drowsy-alert scale) in
which DZ and CAF combinations were mutually antagonis-
tic. Finally, with the staff ratings of drug effect. both 10 mg
DZ and 600 mg CAF produced effects in the same direction
(both increased ratings) but the two drugs in combination
produced placebo-like ratings.

A number of previous studies have examined methylxan-
thine and benzodiazepine interactions in humans. The ad-
ministration of aminophyliline (IV) has been reported to re-
verse benzodiazepine-induced sedation in patients following
surgical anesthesia [1. 38. 45]. In more controlled experi-
mental procedures with healthy volunteer subjects. some
studies have involved the administration of single intrave-
nous doses of methyixanthines [24.36] following pretreat-
ment with a single dose of diazepam and in one study [14].
subjects received single oral doses of DZ, CAF. or the two
drugs in combination. These studies generaily showed that
methylxanthines partially reversed the effects of DZ on some
but not all subject ratings or performance measures: unfor-
tunately. conclusions regarding the etficacy of methylxan-
thines as benzodiazepine antagonists in these studies are
generally limited by a lack of dose-effect information or
placebo controls. Only a few studies [13. 29. 34. 35] have
examined benzodiazepine-CAF interactions in placebo-
controlled study designs. In one such report {35], subjects
received either placebo. 10 mg DZ. or 10 mg DZ pilus CAF
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(250 or 500 mg in coffee); a second study by the same authors
[34] repeated the experiment using a 20 mg dose of DZ.
These two studies reported that CAF antagonized some but
not all of the subject ratings and performance impairment
produced by DZ. Only two studies [13.29] have examined
CAF-benzodiazepine interactions in a complete factorial
design permitting an examination of the effects of either drug
alone as well as in combination. In one study [13], placebo or
2.5 mg lorazepam was administered alone or in combination
with placebo or a CAF dose (doses of 125, 250, or 500 mg
were administered to different groups) in subjects with low
or high state anxiety. No differences between the CAF doses
were observed and data were collapsed across the different
CAF doses. In that study, CAF antagonized the lorazepam
impairment of digit-symbol substitution and symbol copying
performance and counteracted the lorazepam-induced
subject-rated relaxation but did not affect ratings of sedation
or impairments on other performance tasks. The second and
most complete study [29] involved the administration of one
of nine treatments consisting of the factorial combinations of
CAF (0, 3, or 6 mg/kg) and DZ (0, 0.15, or 0.30 mg/kg) to
different groups of healthy subjects. In that study, CAF only
antagonized the DZ impairment of symbol cancellation per-
formance but not the effects of DZ on other tasks or subject
sedative ratings. i

The results of the present study which showed opposing
and mutually antagonistic effects of CAF and DZ are gener-
ally consistent with previous reports of antagonistic effects
of methylxanthines on a variety of diazepam-induced mood
changes and impairments of task performance [24, 34-36].
However, three studies have reported only modest
antagonistic effects of CAF on only a few selected measures
of benzodiazepine effects {13, 14, 29]. We believe the dis-
crepancies between those three studies and the present one
may partly be due to the range of doses tested and the type of
study design. The present study was conducted with the
statistical power of a within-subject design and involved the
administration of a wide range and high doses of CAF (600
mg of the CAF base is the highest dose yet reported in drug
interaction studies) to well-practiced subject volunteers. The
results showed a clear dose dependence in the antagonistic
effects of CAF; CAF more often completely antagonized the
effects of 10 mg DZ but only produced a dose-related reduc-
tion or partial antagonism of the effects of 20 mg DZ. In
contrast, the three studies which did not show robust
antagonistic effects of CAF employed a between-groups de-
sign and used lower CAF doses; the highest CAF doses were
500 mg of CAF citrate [13) and 6.0 mg/kg of CAF (=420
mg/70 kg man) [14.29].
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Another methodological difference between the present
study and previous reports, involves the repeated adminis-
tration of DZ. DZ was used in the present study because this
drug is the most frequently prescribed and the most thor-
oughly studied benzodiazepine. Since the present study was
conducted as a within-subject design in which subjects par-
ticipated three days per week, plasma levels of DZ and
its slowly-eliminated, active metabolite, N-desmethyl-
diazepam (cf. {7]) would have frequently carried over into
sessions subsequent to those in which DZ was adminis-
tered. However. it is not clear what impact this may have
had on the results of this study. It is possible that the
presence of DZ and its active metabolite would produce
tolerance and attenuate the effects of additional acute DZ
doses [43]; alternatively, such a carryover might enhance the
effect of the acute DZ dose or might provide a background
level of sedation which could enhance or attenuate the ef-
fects of acute CAF doses. While possible carryover effects
of DZ and its metabolites are a confound in the present study
and may help to explain quantitative discrepancies between
this and other studies, we do not believe it changed the qual-
itative conclusions regarding DZ and its interactions with
CAF. In the present study, there was no evidence of a
cumulative sedative effect of DZ across repeated sessions of
the experiment; in any case, the DZ dose sequences were
balanced across subjects and consistent DZ dose effects
were observed. In addition, the results of the present study
confirm and extend previous reports of opposing and
antagonistic effects of DZ and CAF.

The mechanism(s) of mutually antagonistic effects of DZ
and CAF are not known. Studies which have examined
pharmacokinetic interactions have generally been negative
[14,24] although a recent report [14] suggested that caffeine
may physiochemically reduce diazepam plasma levels.
Whereas benzodiazepines have been shown to act through a
benzodiazepine receptor [37] and CAF is thought to act as an
antagonist of the adenosine receptor [5], many reports have
suggested that benzodiazepines and methylxanthines inter-
act on a receptor level or at least that the GABA-benzo-
diazepine system may interact with the adenosine system {5,
33, 39, 40, 46]; however, at lower doses, the interactions are
probably not due to competitive-type receptor antagonism
[3, 5, 39, 46]. The present results did not show evidence of a
competitive type of antagonism; higher doses of either drug
would have been necessary to test whether the antagonism

.was surmountable. We believe that the lack of uniform an-

tagonism across different measures at a particular dose
combination suggests that the observed antagonism may in-
volve functionally-opposing effects rather than pharmacolog-
ical antagonism.

REFERENCES

1. Arvidsson, S.. D. Niemond. S. Martinell and B. Ekstrom-Jodal.
Aminophylline reversal of diazepam sedation. Anesthesia 39:
806-809, 1984. .

2. Ator, N. A. and R. R. Griffiths. Lorazepam and pentobarbital
discrimination: Interactions with CGS 8216 and caffeine. Eur J
Pharmacol 107: 169181, 1985.

3. Boast, C. A.. P. S. Bernard. B. S. Barbaz and K. M. Bergen.
The neuropharmacology of various diazepam antagonists.
Neuropharmacology 22: 1511-1521. 1983.

4. Bond, A. and M. Lader. The use of analogue scales in rating
subjective feelings. Br J Med Psvchol 47: 211-218, 1974.

5. Boulenger. J.-P., J. Patel and P. J. Marangos. Effects of caffeine
and theophylline on adenosine and benzodiazepine receptors in
human brain. Neurosci Lett 30: 161-166, 1982.

6. Boulenger, J.-P. and T. W. Uhde. Caffeine consumption and
anxiety: Preliminary results of a survey comparing patients with
anxiety disorders and normal controls. Psvchopharmacol Bull
18: 53-57. 1982.

7. Breimer. D. D., R. Jochemsen and H. H. vonAlbert. Phar-
macokinetics of benzodiazepines. Arzneimittelforsch 30: 875-
881, 1980.



812

8.

11.

12

16.

Chait, L. D. and R. R. Griffiths. Effects of caffeine on cigarette
smoking and subjective response. Clin Phurmacol Ther 34:
612-622, 1983.

. Clubley, M., C. E. Bye, T. A. Henson. A. W, Peck and C. J.

Riddington. Effects of caffeine and cyclizine alone and in com-
bination on human performance, subjective effects and EEG
activity. Br J Clin Pharmacol 7: 157-163, 1979.

. DeAngelis, L., M. Bertolissi, G. Nardini. U. Traversa and R.

Vertua. Interaction of caffeine with benzodiazepines: Behav-
ioral effects in mice. Archt Int Pharmacodyn Ther 255: 89-102.
1982.

Dews. P. B. Caffeine. Annu Rev Nutr 2: 323-341, 1982.
Erickson, G. C., L. B. Hager, C. Houseworth, J. Dungan, T.
Petros and B. E. Beckworth. The effects of caffeine on memory
for word lists. Physiol Behav 35: 47-51, 1985.

. File, S. E., A. J. Bond and R. G. Lister. Interactions between

effects of caffeine and lorazepam in performance tests and self-
ratings. J Clin Psychopharmacol 2: 102-106, 1982,

. Ghoneim, M. M., J. V. Hinrichs, C.-K. Chiang and W. H.

Loke. Pharmacokinetic and pharmacodynamic interactions be-
tween caffeine and diazepam. J Clin Psychopharmacol 6: 75-80,
1986.

. Ghoneim, M. M., S. P. Mewaldt and J. V. Hinrichs. Dose-

response analysis of the behavioral effects of diazepam: II.
Psychomotor performance, cognition and mood. Psvchophar-
macology (Berlin) 82: 296-300, 1984.

Ghoneim, M. M., S. P. Mewaldt and J. W. Thatcher. The effect
of diazepam and fentanyl on mental. psychomotor and electro-
encephalographic functions and their rate of recovery. Psvchio-
pharmacologia 44: 61-66. 1975.

. Goldstein, A., S. Kaizer and R. Warren. Psychotropic effects of

caffeine in man. II. Alertness, psychomotor coordination, and
mood. J Pharmacol Exp Ther 150: 146151, 1965.

. Greden. J. F. Caffeinism and caffeine withdrawal. In: Sub-

stunce Abuse: Clinical Problems and Perspectives, edited by J.
H. Lowinson and P. Pusiz. Baltimore: Williams and Wilkins,
1981, pp. 274-286.

. Greden. J. F., P. Fontaine, M. Lubetsky and K. Chamberlin.

Anxiety and depression associated with caffeinism among psy-
chiatric inpatients. Am J Psvchiatry 135: 963-966, 1978.

. Greden, J. F.. A. Proctor and B. Victor. Caffeinism associated

with greater use of other psychotropic agents. Compr Psychi-
atry 22: 565-571. 1981.

. Griffiths, R. R., G. E. Bigelow and 1. Liebson. Differential ef-

fects of diazepam and pentobarbital on mood and behavior.
Arch Gen Psvchiatry 40: 865-873. 1983.

. Griffiths, R. R.. G. E. Bigelow. M. L. Stitzer and D. R.

McLeod. Behavioral effects of drugs of abuse. In: Application
of Behavioral Pharmacology in Toxicology, edited by G. Zbin-
den, V. Cuomo, G. Racagni and B. Weiss. New York: Raven
Press. 1983, pp. 367-381.

. Griffiths, R. R., D. R. McLeod. G. E. Bigelow, I. A. Liebson

and J. D. Roache. Relative abuse liability of diazepam and
oxazepam: Behavioral and subjective dose effects. Psvcho-
pharmacology (Berliny 84: 147-154, 1984.

. Henauer. S. A.. L. E. Hollister. H. K. Gillespie and F. Moore.

Theophylline antagonizes diazepam-induced psychomotor im-
pairment. Eur J Clin Pharmacol 28: 743-747, 1983.

- Holloway. F. A.. H. E. Modrow and R. C. Michaelis. Methyl-

xanthine discrimination in the rat: Possible benzodiazepine and
adenosine mechanisms. Pharmacol Biochem Behav 22: 815-
824, 198S.

30.

31

32.

33.

34,
3s.

36.

38.

39.

40.

41.

42.

43.

46.

ROACHE AND GRIFFITHS

. Keuchel, L., R. Kohnen and G. A. Lienert. The etfects of alco-

hol and caffeine on concentration test performance. Drug Res
29: 973-975, 1979.

. Kleindienst, G. and P. Usinger. Diazepam sedation is not an-

tagonized completely by aminophylline. Lancer 1: 113, 1984,

. Linnoila. M., C. W. Erwin, A. Brendle and D. Simpson.

Psychomotor effects of diazepam in anxious patients and
healthy volunteers. J Clin Psychopharmacol 3: 88-96, 1983.

. Loke. W. H.. J. V. Hinrichs and M. M. Ghoneim, Caffeine and

diazepam: Separate and combined effects on mood, memory,
and psychomotor performance. Psvchopharmacology (Berlin)
87: 344-350. 1985.

McCurdy, L. The short-term use of benzodiazepines. Drug Res
30: 895-897. 1980.

McLeod, D. R., R. R. Griffiths, G. E. Bigelow and J. Yingling.
An automated version of the digit symbol substitution test
(DSST). Behav Res Methods Instrum 14: 463-466. 1982,
McNair, D. M.. M. Lorr and L. F. Droppleman. Profile of
Muood States (manual). San Diego: Educational and Industrial
Testing Services, 1971.

Marangos, P. J., A. M. Martino. S. M. Paul and P. Skolnick.
The benzodiazepines and inosine antagonize caffeine-induced
seizures. Psychopharmacology (Berlin) 72: 269-273, 1981.
Mattila. M. J. and E. Nuotto. Caffeine and theophylline coun-
teract diazepam effects in man. Med Biol 61: 337-343, 1983.
Mattifa. M. J., E. Palva and K. Savolainen. Caffeine antago-
nizes diazepam effects in man. Med Biol 60: 121-123, 1982.
Meyer. B. H.. O. F. Weis and F. O. Muller. Antagonism of
diazepam by aminophylline in healthy volunteers. Anesth Analg
63: 900-902, 1984.

. Nakatsuka. [., H. Shimizu, Y. Asami, T. Katoh, A. Hirose and

A. Yoshitake. Benzodiazepines and their metabolites: Relation-
ship between binding affinity to the benzodiazepine receptor
and pharmacological activity. Life Sci 36: 113-119. 1985.
Niemand. D., S. Matinell, S. Arvidsson. N. Svedmyr and B.
Ekstrom-Jodal. Aminophylline inhibition of diazepam sedation:
Is adenosine blockade of GABA-receptors the mechanism?
Luancer 1: 463-464, 1984,

Phillis, J. W. Adenosine’s role in the central actions of the ben-
zodiazepines. Proe Neuropsvchopharmacol Biol Psychiatry 8:
495-502, 1984.

Phillis, J. W., P. H. Wu and V. L. Coffin. Inhibition of
adenosine uptake into rat brain synaptosomes by prostaglan-
dins. benzodiazepines and other centrally active compounds.
Gen Pharmacol 14: 475-479, 1983.

Proctor, A. W. and J. F. Greden. Caffeine and benzodiazepine
use. Am J Psvchiarry 139: 132, 1982,

Roache. J. D. and R. R. Griffiths. Comparison of triazolam and
pentobarbital: Performance impairment, subjective effects and
abuse liability. J Pharmacol Exp Ther 234: 120-133. 1985.
Roache, J. D. and R. R. Griffiths. Repeated administration of
diazepam and triazolam to subjects with histories of drug abuse.
Drug Alcohol Depend 17: 15-29, 1986.

. Uhde, T.. J.-P. Boulenger. D. C. Jimerson and R. M. Post.

Caffeine: Relationship to human anxiety. plasma MHPG. and
cortisol. Psvchopharmacol Bull 20: 426-430. 1984.

. Wangler. M. A. and D. S. Kilpatrick. Aminophylline is an

antagonist of lorazepam. Anesth Analg 64: 834-836, 1985.
Weir. R. L. and R. E. Hruska. Interaction between methylxan-
thines and the benzodiazepine receptor. Archi Int Pharmacodvn
Ther 265: 42-48, 1983.



