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Abstract

Objectives and background: Given that non-selective y-aminobutyric acid (GABA) agonist hypnotics impair performance
and potentiate the disruptive effects of ethanol, this study was done to determine the performance-impairing and ethanol-
potentiating effects of zaleplon, a new selective GABA agonist hypnotic.

Methods: Eighteen healthy men (12) and women (six), 31.5 = 5.6 years old, were studied. Each underwent six treatments of
2 days in duration, presented in a Latin square design with 2—-12 recovery days between. The treatments were: placebo—placebo;
placebo—ethanol; triazolam—placebo; triazolam—ethanol; zaleplon—placebo; and zaleplon—ethanol; with triazolam (0.25 mg) or
placebo administered at 08:30 h, zaleplon (10 mg) or placebo at 09:00 h, and ethanol (0.75 g/kg) or placebo consumed from
09:30 h. Performance tests were completed each day at 10:30, 12:00 and 14:30 h.

Results: Breath ethanol concentration (BrEC), tested 0.5, 2.0, 4.5 and 6 h post consumption, did not differ among treatments
and peaked at 0.052%, declining to 0.037, 0.009 and 0.001%. Triazolam with and without ethanol impaired digit symbol
substitution, symbol copying, simple and complex reaction times and divided attention performance relative to placebo—
placebo treatment. It did so consistently at 10:30 and 12:00 h, and less consistently at 14:30 h. Zaleplon without ethanol
impaired only digit symbol substitution and divided attention tracking, and only at 10:30 h. Zaleplon with ethanol impaired
most measures at 10:30 and 12:00 h, but not at 14:30 h. Zaleplon without ethanol consistently differed from triazolam without
ethanol in the extent of performance impairment. Zaleplon with ethanol began to differ from triazolam with ethanol in
performance impairment on the 12:00 and 14:30 h test sessions. Ethanol itself impaired most measures at 10:30 h, fewer at
12:00 h and none at 14:30 h. All active drug treatments increased self-rated sleepiness compared with placebo—placebo.
Triazolam without ethanol produced greater self-rated sleepiness than zaleplon without ethanol. The addition of ethanol to
both drugs generally produced comparable levels of self-rated sleepiness.

Conclusions: In an absolute sense, zaleplon produced less performance impairment and a shorter period of ethanol potentia-
tion than triazolam. © 2001 Elsevier Science B.V. All rights reserved.
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diazepine (Bz;) receptor, has been shown to be an
effective sedative—hypnotic for the treatment of insom-
nia [1-4]. In placebo-controlled studies of persons with
insomnia, it hastened sleep onset in doses of 5-20 mg
and increased sleep time with a 20 mg dose [5-7].
Among the clinical limitations of GABA agonist
hypnotics is their tendency to impair performance
and cognition and to potentiate the disruptive effects
of ethanol [8]. Zaleplon in animal studies showed a
reduced likelihood of ethanol potentiation, cognitive
impairment and tolerance development [1]. Thus, in
humans, the comparative performance-impairing and
ethanol-potentiating effects of zaleplon may differ
from those of other GABA agonists. To evaluate the
performance-impairing and  ethanol-potentiating
effects of zaleplon, triazolam (0.25 mg) was chosen
as the drug of comparison. It was chosen for its similar
pharmacokinetics (T, 1.5 h; and Typ, 24 h),
although unlike zaleplon, it binds non-selectively to
Bz receptors [1,9]. The 0.25 mg triazolam dose was
used for its hypnotic equipotency to 10 mg zaleplon
as found in a previous laboratory study, in which tria-
zolam (0.25 mg) reduced the nocturnal sleep latency of
persons with insomnia by the same amount as zaleplon
(10 mg) [10].

The objective of this study was to determine, in
humans, the performance-impairing and ethanol
(0.75 g/kg)-potentiating effect of zaleplon (10 mg),
compared with that found for triazolam (0.25 mg).
To make these comparisons, the study was conducted
in healthy normals with daytime administration.

2. Methods
2.1. Subjects

Eighteen healthy men (12) and women (six),
31.5 £ 5.6 years of age, volunteered to participate.
Each had a normal physical examination, were within
15% of their ideal body weights according to Metro-
politan Life Insurance Company tables, and the clin-
ical chemistry, hematology and urinalysis laboratory
evaluations were all within normal ranges. None had a
history of neurological disorders, previous psychiatric
conditions, or chronic pulmonary, cardiovascular,
gastrointestinal, endocrine, hematological, hepatic,
immunological, renal or metabolic diseases.

All participants were asymptomatic regarding
sleep—wake function, as verified by a standard screen-
ing 8-h sleep recording and a multiple sleep latency
test (MSLT) the following day at 09:00, 11:00, 13:00
and 15:00 h [11,12]. Specifically, subjects slept for at
least 7 of 8 h in bed and had an average daily sleep
latency on the MSLT of >8 min. No participants
showed signs of sleep apnea or periodic leg move-
ments.

No participant had a history of alcohol-depen-
dency, a positive breathalyzer result at screening, or
a positive result on urine drug screens that included
tests for: amphetamines, barbiturates, benzodiaze-
pines, cocaine, morphine/opiates, methaqualone,
phencyclidine and tetrahydrocannabinol. No partici-
pant had excessive regular intake of caffeine-contain-
ing products (greater than the equivalent of five cups
of coffee/day) or used any antihistamines, hypnotics,
sedatives, stimulants, tricyclic antidepressants, mono-
amine oxidase inhibitors, or amphetamines within 2
weeks of the study.

The study protocol was approved by the human
rights board of the institution. All volunteers
consented to participate in the study by reading and
signing the informed consent document prior to
screening evaluations and following a full explanation
of the nature and purpose of the study. They were
provided with honoraria for their participation.

2.2. Design

The study was a randomized, double-blind, placebo
and active-controlled trial. Zaleplon (10 mg), triazo-
lam (0.25 mg) and placebo were administered in a six-
treatment, Latin square study design. The six treat-
ments and their abbreviations used throughout this
report were as follows:

ZE: zaleplon (10 mg) + 0.75 g/kg ethanol.
TE: triazolam (0.25 mg) + 0.75 g/kg ethanol.
PE: drug placebo + 0.75 g/kg ethanol.

ZP: zaleplon (10 mg) + ethanol placebo.

TP: triazolam (0.25 mg) + ethanol placebo.
PP: drug placebo + ethanol placebo.

Each subject meeting entry criteria was randomized
to one of the treatments. Following the administration
of the scheduled treatment, the subjects were assessed
by breathalyzer for breath ethanol concentration
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(BrEC), and were administered the Stanford sleepi-
ness scale (SSS) and a battery of performance tests.
The identical treatment and the same assessments
were repeated on the following day (day 2). After a
2-12 day washout period, the subjects continued with
the next scheduled treatment, as assigned by the Latin
square, until all six treatments were completed.

2.3. Procedures

No more than 14 days following screening, quali-
fied subjects entered the study and resided in the
laboratory unit for each 2-day treatment. They
reported at 20:00 h the night before the first day of
the administration of a treatment and went to bed from
23:00 to 07:00 h. At 08:00 h, they were provided with
a standard, light breakfast, which was eaten within 15
min. Vital signs and breathalyzer readings (BrEC)
were taken by 08:30 h.

Administration of the treatments on each day was
divided into three time periods. At 08:30 h, the
subjects were administered triazolam (0.25 mg) or
placebo (a single orange/gray #2 capsule). At 09:00
h, the subjects were administered a dose of zaleplon
(10 mg) or placebo (two white #4 capsules). At 09:30
h, the subjects were administered ethanol (0.75 g/kg)
or ethanol placebo contained in three 8-oz glasses of
beverage which was consumed in a 30 min period, 10
min for each 8-oz glass. This dosing regimen was
developed based on the knowledge of the absorption
characteristics of the three drugs. The intent was for
all drugs to be at peak plasma concentration at the
initiation of the performance testing. Thus, for exam-
ple, in the zaleplon (10 mg) + 0.75 g/kg ethanol (ZE)
treatment, at 08:30 h, subjects received a single
orange/grey #2 capsule (placebo), at 09:00 h, two
white #4 capsules (zaleplon 10 mg), and at 09:30 h,
the three 8-oz glasses of 0.75 g/kg ethanol. In the
triazolam (0.25 mg) + ethanol placebo (TP) treat-
ment, at 08:30 h, subjects received a single orange/
grey #2 capsule (triazolam 0.25 mg), at 09:00 h, two
white #4 capsules (each placebo), and at 09:30 h, the
three 8-oz glasses of the ethanol placebo were admi-
nistered.

Beginning at 10:30 h, the vital signs and a breath-
alyzer reading were taken, the SSS was completed and
the performance battery was administered. At noon,
vital signs, the breathalyzer and SSS were repeated

followed by the performance tests. At 14:00 h, the
subjects were served a standard lunch. At 14:30 h,
vital signs, breathalyzer and SSS testing were
repeated again followed by performance testing.
Finally, at 16:00 h, vital sign recordings, breathalyzer
and SSS tests were repeated once more. On day 2, the
subjects received the same treatment and repeated the
testing regimen as described for the initial treatment
session.

The SSS was used to assess the subjective state of
sleepiness following treatment. In the SSS, the
subjects were asked to circle a number corresponding
to a sentence that most accurately describes his/her
current state. The performance assessment consisted
of a microcomputer-controlled test battery, in which
visual and auditory stimuli were presented, responses
to events recorded and the response data were
analyzed. The subjects sat in front of a video screen
and responded to stimuli on the screen or auditory
signals by means of a response pad. The performance
battery consisted of the following tests: simple reac-
tion time; complex reaction time; digital symbol
substitution; symbol copying; auditory vigilance;
and divided attention tests. These tests have been
shown to be sensitive to the effects of sedative and
stimulant drugs and restrictions or extensions of sleep
time from the previous night [13—17]. Each subject
underwent two practice sessions on the full test
battery on the screening day to ensure the subjects
were well practiced and to preclude extensive learning
effects during the study proper.

2.4. Data analyses

The digit symbol substitution and symbol copying
tests were scored for the number of correct substitu-
tions and copies made. The dependent variables
analyzed for the simple and complex reaction time
tests were the average reaction times (ms). The
divided attention test was analyzed for tracking devia-
tions and reaction times (s) to central and peripheral
stimuli (three variables). Finally, on the auditory vigi-
lance test, the reaction times (ms) for each of four 10
min blocks, the whole 40 min test and the total
number of errors (false positives and misses) were
analyzed (six variables). A total of 13 performance
variables at each test session (10:30, 12:00 and
14:30 h) were collected on both days of each treat-
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ment. The SSS yields a single score of 1-7. SSS
scores and BrECs were assessed on each day at
10:30, 12:00, 14:30 and 16:00 h.

The data for each subject at each test session for
performance measures and for BrEC and SSS
measures were averaged for both days of each treat-
ment. The analyses revealed no day effects or day by
treatment interactions. Thus, these 2-day means were
the primary data of the analyses. Each dependent
measure for each treatment was submitted to a one
factor general linear model, MANOVA (SAS Insti-
tute, Cary, NC) that compared the six treatments.
Significant effects on a given dependent variable,
using the Huynh-Feldt corrected degrees of freedom,
were followed by a set of post hoc comparisons
among the treatments. Active drugs were compared
with the placebo. To assess ethanol potentiation, each
drug combined with ethanol was compared with that
drug without ethanol and with the placebo ethanol
treatment. To assess the differential effects and differ-
ential ethanol potentiation, zaleplon with and without
ethanol was compared to triazolam with and without
ethanol.

3. Results
3.1. Subjects recruited and enrolled

A total of 74 subjects were screened to enroll the 18
subjects who completed the study. Of the 56 subjects
failing the screening, 35% showed positive urine drug
screens or BrECs. Twenty seven percent did not report
for the sleep laboratory screening or were in other
ways non-compliant, 16% failed the nocturnal sleep
or the daytime alertness screen and 22% had abnormal
laboratory values, medical conditions or allergies that
prohibited their participation. One subject entered, but
did not complete the study, for a non-medical, perso-
nal reason. The screening sleep efficiency of the
subjects enrolled was 92.4 £3.75% and ranged
from 88-98%. The average daily sleep latency on
the screening MSLT was 12.2 £3.6 min with a
range of 8.9-20 min.

3.2. Treatment effects on performance

A summary of the treatment effects and post hoc
comparisons on each of the 13 performance measures

from each of the three test sessions (10:30, 12:00 and
14:30 h) is presented in Tables 1 and 2. The 2-day
means for each measure in the six treatments at each
test session are provided in Table 3. Finally, a rank
ordering of treatments on each of those seven
measures that showed significant treatment effects in
the 10:30 h test session, when plasma concentrations
of each drug were at their peaks, is provided for all
three sessions in Table 4.

3.2.1. Testing at 10:30 h

At the 10:30 h testing, significant treatment effects
were found on the digit symbol substitution, symbol
copying, simple and complex reaction times, divided
attention tracking, central reaction time and peripheral
reaction time measures. None of the auditory vigi-
lance variables yielded significant treatment effects.

3.2.2. Testing at 12:00 h

At the 12:00 h testing, significant treatment effects
were found on the digit symbol substitution, symbol
copying, complex reaction time, divided attention
tracking, central reaction time and peripheral reaction

Table 1
Treatment effects on performance measures

Variable® 10:30 h 12:00 h 14:30 h
F P< F P< F P<

DSS 15.8 0.001 8.21 0.001 5.20 0.001
SCC 3.62 0.015 7.99 0.001 3.31 0.009
SRT 4.66 0.015 291 0.097 1.43 ns
XRT 4.09 0.021 4.35 0.028 1.16 ns
TRK 5.83 0.001 3.81 0.010 045 ns
CRT 7.31 0.001 8.31 0.001 1.08 ns
PRT 10.3 0.001 7.83 0.001 3.52 0.006
VBI1 0.79 ns 0.67 ns 1.05 ns
VB2 2.08 0.081 0.28 ns 2.16 0.091
VB3 1.65 ns 0.59 ns 1.34 ns
VB4 1.67 ns 0.67 ns 0.62 ns
VRT 1.25 ns 0.34 ns 1.50 ns
VER 2.15 0.093 0.86 ns 1.07 ns

* DSS, digit symbol substitution # cor; SCC, symbol copying #
cor; SRT, simple RT (ms); XRT, complex RT (s); TRK, divided
attention tracking deviations; CRT, divided attention central RT
(s); PRT, divided attention peripheral RT (s); VB1-VB4, auditory
vigilance RT (ms) in 10 min blocks; VRT, mean RT (ms) of the
four blocks; VER, auditory vigilance errors (misses and false posi-
tives).
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Table 2
Significant post hoc comparisons on performance measures®

Number of significant post hoc comparisons

PP vs. PE PP vs. TP PP vs. ZP TO vs. TE TE vs. PE ZP vs. ZE ZE vs. PE TP vs. ZP TE vs. ZE

10:30 h Seven measures with significant condition effects

5 7 2 0 4 5 2 7 0
12:00 h Six measures with significant condition effects

2 6 0 1 6 3 4 6 2
14:30 h Three measures with significant condition effects

0 2 0 1 2 1 0 3 1

* P, placebo; T, triazolam (0.25 mg); E, ethanol (0.75 g/kg); Z, zaleplon (10 mg); PP, placebo, placebo; TP, triazolam, placebo, etc.

Table 3

Two-day means in each treatment®

Variable" PP PE TP TE ZpP ZE

10:30 h
DSS 201.8 (33.4) 182.3 (35.0) 157.6 (38.1) 154.9 (34.3) 186.2 (34.3) 160.2 (37.5)
Scc 409.7 (88.7) 392.8 (55.3) 346.0 (76.4) 366.3 (106) 396.3 (74.8) 373.4 (88.4)
SRT 468.3 (110) 533.7 (184) 867.8 (537) 942.8 (828) 476.6 (193) 774.6 (500)
XRT 620.2 (114) 665.5 (198) 1211 (869) 1087 (894) 698.7 (387) 1096 (1309)
TRK 28.1 (17.3) 44.9 (42.4) 73.1 (55.3) 744 (52.2) 38.9 (38.4) 56.3 (39.5)
CRT 0.60 (0.16) 0.78 (0.29) 0.93 (0.29) 0.85 (0.31) 0.66 (0.20) 0.86 (0.25)
PRT 0.54 (0.12) 0.72 (0.26) 0.89 (0.26) 0.81 (0.32) 0.60 (0.22) 0.82 (0.26)

12:00 h
DSS 194.9 (42.2) 196.4 (36.4) 173.8 (37.1) 166.2 (41.8) 189.6 (34.3) 178.9 (42.0)
Nee 438.6 (83.5) 4349 (71.2) 383.9 (77.7) 391.0 (86.6) 424.8 (79.5) 416.4 (82.5)
SRT 474.8 (116) 521.9 (159) 524.7 (143) 782.3 (656) 480.4 (146) 580.5 (202)
XRT 591.9 (124) 630.9 (130) 693.9 (156) 834.7 (324) 624.5 (113) 837.9 (495)
TRK 32.3 (42.1) 29.3 (19.7) 349 (17.1) 49.8 (35.1) 23.7 (12.4) 38.9 (28.3)
CRT 0.59 (0.13) 0.66 (0.19) 0.74 (0.22) 0.84 (0.28) 0.58 (0.14) 0.79 (0.26)
PRT 0.55 (0.11) 0.63 (0.18) 0.70 (0.21) 0.79 (0.28) 0.53 (0.11) 0.76 (0.25)

14:30 h
DSS 201.1 (33.7) 206.3 (33.6) 187.3 (36.0) 188.6 (38.4) 203.9 (35.7) 198.3 (40.5)
Nee 439.9 (81.6) 426.7 (72.4) 405.1 (87.3) 409.1 (90.7) 428.1 (81.8) 433.9 (80.6)
SRT 471.6 (121) 482.5 (118) 506.1 (147) 541.0 (239) 461.6 (129) 774.6 (500)
XRT 596.0 (121) 731.6 (448) 673.2 (211) 680.2 (145) 590.3 (142) 652.9 (139)
TRK 31.3(23.9) 33.8(25.4) 34.7 (20.5) 38.5(21.3) 32.5(31.7) 34.3 (32.0)
CRT 0.61 (0.14) 0.67 (0.22) 0954 (1.18) 0.72 (0.17) 0.62 (0.17) 0.67 (0.17)
PRT 0.58 (0.12) 0.62 (0.17) 0.63 (0.12) 0.71 (0.16) 0.56 (0.14) 0.65 (0.15)

* P, placebo; T, triazolam (0.25 mg); E, ethanol (0.75 g/kg); Z, zaleplon (10 mg); PP, placebo, placebo; TP, triazolam, placebo, etc.
® DSS, digit symbol substitution # cor; SCC, symbol copying # cor; SRT, simple RT (ms); XRT, complex RT (ms); TRK, divided attention
tracking deviations; CRT, divided attention central RT (s); PRT, divided attention peripheral AT (s).
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Table 4
Rank ordering of means in each treatment™

Variable® PP PE TP TE 7P ZE
10:30 h
DSS 1 3 5 6 2 4
Nee 1 3 6 5 2 4
SRT 1 3 5 6 2 4
XRT 1 2 6 5 3 4
TRK 1 3 5 6 2 4
CRT 1 3 6 4 2 5
PRT 1 3 6 4 2 5
12:00 h
DSS 2 1 5 6 3 4
SCC 1 2 6 5 3 4
SRT 1 3 4 6 2 5
XRT 1 3 4 5 2 6
TRK 3 2 4 6 1 5
CRT 2 3 4 6 1 5
PRT 2 3 4 6 1 5
14:30 h
DSS 3 1 5 6 2 4
SCC 1 4 5 6 3 2
SRT 2 3 5 6 1 4
XRT 2 6 4 5 1 3
TRK 1 3 5 6 2 4
CRT 1 4 6 5 2 3
PRT 2 3 4 6 1 5

* P, placebo; T, triazolam (0.25 mg); E, ethanol (0.75 g/kg); Z,
zaleplon (10 mg); PP, placebo, placebo; TP, triazolam, placebo, etc.

° 1, best; 6, worst performance.

¢ DSS, digit symbol substitution # cor; SCC, symbol copying #
cor; SRT, simple RT (ms); XRT, complex RT (ms); TRK, divided
attention tracking deviations; CRT, divided attention central RT
(ms); PRT, divided attention peripheral RT (ms).

time measures. Again none of the auditory vigilance
variables yielded significant treatment effects.

3.2.3. Testing at 14:30 h

At the 14:30 h testing, significant treatment effects
were found on the digit symbol substitution, symbol
copying and divided attention peripheral reaction time
measures. As in the other test sessions, none of the
auditory vigilance variables yielded significant treat-
ment effects.

3.3. Drugs versus placebo

At the 10:30 h testing in post hoc comparisons with
placebo—placebo, the performance of triazolam with
and without ethanol treatments on each of the seven

variables was impaired. Zaleplon without ethanol
impaired performance only on digit symbol substitu-
tion and divided attention tracking, while zaleplon
with ethanol performance impairment was seen on
all measures except the complex reaction time.

At the 12:00 h testing, triazolam with ethanol
impaired the performance, relative to the placebo
treatment, on each of the six variables, and triazolam
without ethanol impaired the performance on all but
divided attention tracking. Zaleplon without ethanol
no longer differed from the placebo treatment on any
measure, and zaleplon with ethanol impaired the
performance on all but divided attention tracking.

Finally, on the 14:30 h testing, triazolam with etha-
nol impaired the performance relative to the placebo
on each of the three variables showing treatment
effects, and triazolam without ethanol impaired the
performance on all but the divided attention periph-
eral reaction time. Zaleplon, both with and without
ethanol, did not differ from the placebo on any
measure.

3.4. Ethanol versus placebo

3.4.1. BrECs

The BrECs for the placebo, triazolam and zaleplon
treatments at the four times tested (0.5, 2.0, 4.5 and
6.0 h post ingestion) are presented in Table 5. The
BrEC peak and decline was similar among the treat-
ments. There was no significant difference among
treatments and no significant treatment by time differ-
ence. There was a significant time post ingestion
effect (F = 262.0; P < 0.001), with BrEC differing
significantly at each test from that of the preceding
test.

Table 5
BrEC (%) in each treatment®

Test time PE TE ZE
10:30 h 0.051 (0.017) 0.052 (0.018) 0.053 (0.015)
12:00 h 0.039 (0.008) 0.037 (0.014) 0.033 (0.014)

14:30 h 0.009 (0.010)
16:00 h 0.001 (0.002)

0.012 (0.011)
0.002 (0.003)

0.006 (0.007)
0.001 (0.002)

* P, placebo; E, ethanol (0.75 g/kg); T, triazolam (0.25 mg); Z,
zaleplon (10 mg); PE, placebo, ethanol, etc.
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3.4.2. Ethanol effects and potentiation

Relative to placebo—placebo, ethanol alone
impaired performance in the 10:30 h testing on
every measure but symbol copying and complex reac-
tion time. By the 12:00 h testing, ethanol impairment
was only detected with the three divided attention
measures. No ethanol effects on performance were
detected in the 14:30 h testing.

As for potentiation, in the direct comparison of
triazolam with ethanol versus that without ethanol,
greater impairment was found only on the complex
reaction time at 12:00 h and on the divided attention
peripheral reaction time at 14:30 h. The rank ordering
of means shows that triazolam with and without etha-
nol had similar ranks of 5 or 6, the worst performance
(see Table 4). In the direct comparison of zaleplon
with ethanol versus zaleplon without ethanol, impair-
ment with ethanol was seen on digit symbol substitu-
tion, simple reaction time and the three divided
attention measures in the 10:30 h test, again on the
three divided attention measures in the 12:00 h test,
and finally, on the divided attention peripheral reac-
tion time measure in the 14:30 h test. Again, note that
the zaleplon—placebo treatment rarely differed from
the placebo treatment. The rank ordering of means
shows that zaleplon without ethanol usually ranked
second best in performance, while zaleplon with etha-
nol ranked fourth or fifth, but always better than tria-
zolam without ethanol and typically better than
triazolam with ethanol (see Table 4).

3.5. Zaleplon versus triazolam

For comparison of single drug effects, analysis of
the 10:30 h data eliminates the confound of differen-
tial pharmacokinetics. Each drug is compared at its
predicted peak plasma concentration. Triazolam with-

Table 6
Stanford sleepiness scores in each treatment®

out ethanol differed from zaleplon without ethanol on
all seven measures and from ethanol alone on four
measures. On each measure, triazolam produced
greater impairment. In contrast, zaleplon differed
from ethanol on two measures and it was less impair-
ing in both cases.

Additionally, the drugs differed in the duration of
effects. Zaleplon without ethanol differed from triazo-
lam without ethanol on all seven measures that
showed treatment effects in the 10:30 h testing,
again on all six measures showing treatment effects
in the 12:00 h testing, and finally on all three measures
showing treatment effects in the 14:30 h testing. In
each case, zaleplon performance was better than that
of triazolam.

Zaleplon with ethanol differed significantly from
triazolam with ethanol only on the digit symbol
substitution and symbol copying measures at 12:00
h and the divided attention peripheral reaction time
measure at 14:30 h. In each case, zaleplon perfor-
mance was better.

3.6. SSS

The SSS data for the assessments at 10:30, 12:00,
14:30 and 16:00 h are presented in Table 6. There
were significant treatment effects on the SSS at each
test: (1), F=8.72, P<0.002; (2), F=13.0,
P <0.001; (3), F=8.23, P<0.001; and (4),
F =422, P <0.002. In the post hoc comparisons, a
greater self-rated sleepiness at 10:30 h was found for
each active drug treatment relative to placebo-
placebo. By the 12:00 and 14:30 h assessments, zale-
plon without ethanol no longer differed from placebo—
placebo. Finally, by 16:00 h, both triazolam and zale-
plon without ethanol no longer differed from placebo—
placebo. All ethanol treatments (i.e. ethanol alone and

Time PP PE TP TE zp ZE

10:30 h 1.78 (0.90) 2.64 (1.34) 3.28 (1.10) 3.14 (1.52) 2.19 (1.14) 3.00 (1.51)
12:00 h 1.89 (0.88) 3.11 (1.49) 3.14 (1.43) 3.92 (1.73) 2.13 (0.95) 3.19 (1.44)
14:30 h 1.61 (0.88) 2.17 (0.82) 2.14 (1.00) 2.92 (1.34) 1.58 (0.62) 2.28 (1.29)
16:00 h 1.58 (0.73) 2.25(0.97) 1.89 (1.17) 2.33 (1:22) 1.64 (0.76) 2.22 (0.94)

* P, placebo; E, ethanol (0.75 g/kg); T, triazolam (0.25 mg); Z, zaleplon (10 mg); PP, placebo, placebo; PE, placebo, ethanol, etc.
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in combination with both active drugs) showed
greater self-rated sleepiness on each of the four
assessments. Triazolam with and without ethanol
rarely differed, the exception being the 14:30 h assess-
ment. Zaleplon with ethanol consistently increased
self-rated sleepiness compared with zaleplon without
ethanol. Triazolam without ethanol compared with
zaleplon without ethanol also consistently increased
self-rated sleepiness, and with the addition of ethanol
to either drug, there were rarely differences, again, the
exception being the 14:30 h assessment.

4. Discussion

To summarize the results, treatment effects were
found on the digit symbol substitution, symbol copy-
ing, simple and complex reaction time and all three
divided attention measures at 10:30 h, the predicted
peak plasma concentrations of the active drugs. The
treatment effects remained on six of the measures in
the 12:00 h testing and on three measures at 14:30 h.
None of the auditory vigilance measures showed
effects. The BrECs did not differ among treatments
and peaked at 0.052%, declining to 0.037, 0.009 and
0.001%. Ethanol itself impaired most measures at
10:30 h, fewer at 12:00 h and none at 14:00 h. Tria-
zolam with and without ethanol impaired digit
symbol substitution, symbol copying, simple and
complex reaction times and divided attention perfor-
mance relative to placebo—placebo. It did so consis-
tently at 10:30 and 12:00 h, and less consistently at
14:30 h. Zaleplon without ethanol only impaired
digit symbol substitution and divided attention track-
ing at 10:30 h. Zaleplon with ethanol impaired most
measures at 10:30 and 12:00 h, but not at 14:30 h.
Zaleplon without ethanol consistently differed from
triazolam without ethanol in the extent of perf-
ormance impairment. With ethanol, zaleplon began
to differ from triazolam with ethanol in perf-
ormance impairment on the 12:00 and 14:30 h test
sessions.

In interpreting these results, recall that the two
objectives of this study were to compare the perfor-
mance-impairing and the ethanol-potentiating effects
of zaleplon and triazolam at peak plasma concentra-
tions of equipotent sedative doses. Zaleplon without
ethanol had a smaller impairing effect than triazolam

without ethanol at predicted peak plasma concentra-
tions. However, this differential impairment makes it
difficult to interpret the ethanol potentiation data. The
issue is whether absolute or relative effects are
considered. The addition of ethanol to zaleplon
produced greater impairment than the addition of
ethanol to triazolam. Triazolam and ethanol
compared with triazolam alone did not differ on
any measure, while zaleplon and ethanol produced
poorer performance than zaleplon alone on two of
the seven measures. This apparently greater ethanol
potentiation of zaleplon may merely be an artifact of
ceiling effects of triazolam. That is, the performance
battery was incapable of detecting further impair-
ment than that with triazolam alone. This failure to
differentiate the effects of triazolam alone from those
of triazolam combined with ethanol is a limitation of
this study. On the other hand, in terms of the absolute
level of performance, the zaleplon and ethanol
performance was consistently better than that of tria-
zolam and ethanol.

The interpretation of these results also depends on
the hypnotic equipotency of zaleplon (10 mg) and
triazolam (0.25 mg). In a previous study, we reported
that nocturnal sleep latency was similarly reduced by
14 min with zaleplon and triazolam at these doses in
insomniacs [10]. In previous studies, we found that, at
estimated peak plasma concentrations, a one-to-one
correspondence is seen among drugs and doses in
their hypnotic—sedative effects and their perfor-
mance-impairing effects [18]. However, the present
data show a disparity in sedative versus perfor-
mance-impairing effects. Some possibilities that
might explain the disparity are: (1), there is no real
equipotency of these doses; (2), there is a differential
hypnotic equipotency at night versus daytime; (3),
equipotency is different in insomniacs versus normals;
and finally, (4), the receptor non-specificity of triazo-
lam versus the specificity of zaleplon. Firstly, the
differential receptor specificity of zaleplon versus
that of triazolam does not appear to be a likely expla-
nation. In a previous study comparing the receptor
specific Bz agonist, zolpidem, with the non-specific
agonist, triazolam, similar amnestic effects were
found over a range of equipotent hypnotic doses of
each drug [17]. The same would be expected for other
performance tasks and for another receptor specific
Bz, agonist.
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The data of this study must also be interpreted with
the appreciation that the performance tasks used in
this study have differential sensitivities to the impair-
ing effects of the drugs and ethanol. Thus, for some of
the measures, the presence of effects changed over
time. Effects were not detected at peak plasma
concentrations, but were found at later time points.
However, the global picture is presented in Table 4,
and it does show consistencies in the rank ordering of
means for the various measures across time and across
the six treatments.

One limitation of this study was that subjective
assessments (i.e. the SSS) of sedative effects were
carried out. A direct assessment of sedative effects
using the MSLT may have more precisely indicated
the relative sedative effects of these drugs in these
subjects at peak plasma concentrations and in combi-
nation with ethanol. On the SSS, zaleplon without
ethanol produced less subjective sleepiness than tria-
zolam, but similar sleepiness when combined with
ethanol. In contrast, consistently less performance
impairment was associated with zaleplon than triazo-
lam, both with and without ethanol. The extent to
which a subject’s performance ability may have influ-
enced that subject’s assessment of their state of slee-
piness can not be known. A direct physiological
measure of sleepiness would have avoided this
problem. Additionally, in attempts to replicate this
study, the use of multiple doses of each drug will be
important in establishing sedative equipotency.

Another critical factor may be the time-of-day at
which sedation and performance-impairment is tested.
The choice of drug dose for this study was based on
the previous study which used a night-time adminis-
tration. The drugs were administered and assessed
during the daytime in this study. An earlier study
found that the sedative and performance-impairing
effect of ethanol varied as a function of time-of-day
[17]. Night-time versus daytime testing may yield
somewhat differential sedative and performance-
impairing effects of these two drugs.
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