Pergamon

Pharmacology Biochemistry and Behavior, Vol. 51, Nos. 2/3, pp. 189-197, 1995
Copyright © 1995 Elsevier Science Lid

Printed in the USA. All rights reserved

0091-3057/95 $9.50 + .00

0091-3057(94)00399-8

Lorazepam and Diazepam Differently
Impair Divided Attention

K.-M. JALAVA, M. J. MATTILA,' M. TARSSANEN AND J. VANAKOSKI

Department of Pharmacology and Toxicology, University of Helsinki, Finland

Received 18 April 1994; Revised 26 September 1994; Accepted 26 September 1994

JALAVA, K.-M.,, M. J. MATTILA, M. TARSSANEN AND J. VANAKOSKI. Lorazepam and diazepam differently
impair divided attention. PHARMACOL BIOCHEM BEHAV 51(2/3) 189-197, 1995. — Effects of ethanol (EtOH, 0.65 +
0.35 g - kg™, diazepam (DZ, 15 and 30 mg), lorazepam (LZ, 2 mg) on divided attention were measured in two placebo-
controlled crossover studies with healthy young subjects. The test comprised four parallel computer screens with a ball moving
along a circular obstacle course on each screen at different rates. When the ball entered an obstacle on any screen, the sub-
ject had to press the respective button. The obstacles varied in numbers and shapes, and randomly changed their location
every 10 s. Concomitant aural stimuli were responded to by pushing the foot pedals. The primary visual variables were the
absolute and percent numbers of correct responses on each screen. Concentrated attention was measured with a symbol digit
substitution (SDST) and digit copying (DDCT) tests, for 3 min each. In Study I, with 12 subjects, the tests (4 min) were made
before the treatment (placebo, EtOH, DZ) and 1, 3, and 6 h after intake. EtOH impaired attention on the lateral but not on
medial screens, with and without aural stimuli, the “special” obstacles of deviating shape being the most sensitive targets to
EtOH effects. DZ 15 mg did not modify divided attention whereas it impaired SDST performance and was subjectively
slightly more potent than EtOH on visual analog scales. DZ 30 mg impaired attention on the lateral screens, with and without
aural stimuli, but without preference to “special” obstacles. It also reduced responses to aural stimuli, strongly impaired SDST
and DDCT, and caused subjective sedation. In Study II, with 9 subjects, the test run without aural stimuli was easier but
lasted for 15 min. The treatments were placebo, EtOH, and LZ, and the posttreatment tests were 1.5 and 3.5 h after intake.
Both EtOH and LZ impaired attention on the lateral screens, at “special” obstacles in particular. EtOH and especially LZ
impaired SDST performance and produced subjective sedation on visual analog scales. It appears that the control of varying
visual events on parallel screens does not need extra aural events to divide the attention. Considering the effects and plasma

concentrations of DZ and LZ, their actions may differ not only quantitatively but also qualitatively.
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ADEQUATE human skills performance related to driving and
some occupational events requires keen attention, controlled
reactions without haste, and reasonable coordinative skills (8).
"The performance models constitute an important obstacle in
studies of relationship between the use of drugs and the driv-
ing performance. Cognitive perceptual performance consists
of concentrated (vigilance) and divided attention. These two
components are differentially affected by various drugs, and
they are tested separately. The subject’s risk-taking behaviour
is an important variable, but it is difficult to measure.

When testing concentrated attention, the rate of informa-
tion processing requirement is low, and these tasks evaluate
the architecture of the information-processing system. In a
test for divided attention there are two or more subtasks so
that the capacity of the human skills performance is over-

loaded. It follows that one or both subtasks are performed
below the level than would be the case if performed alone
(5,24-27). Divided attention is an integral requirement of
many driving, flying, and occupational situations (25,29,30).
Ethanol dose-relatedly impairs divided attention in various
conditions and enhances the effects of drugs, such as cannabis
and benzodiazepines (14,18,20,23,25,26,35), that alone do not
impair divided attention. The great sensitivity to ethanol (even
to 0.15 g - 17") reported by Moscowitz et al. (26) might result
from a good, long-lasting test driven in a low-arousal environ-
ment and the nontolerant subjects being paid for the scores.
In less precise “natural” conditions, larger doses of alcohol
ire needed, but they mostly impair divided attention. The
complexity of the drug and alcohol effects on divided atten-
ion is shown by cannabis, which impairs divided attention

! Requests for reprints should be addressed to Prof. M. J. Mattila, Department of Pharmacology and Toxicology, University of Helsinki, P.O.

Box 8 (Siltavuorenpenger 10), SF-00014 University of Helsinki, Finland.
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F1G. 1. Composition of the divided attention test shows the division of the four screens to
the medial (2 + 3) and lateral (1 + 4) ones. The viewing angle (120°) prevents the adequate
observation of the events on the lateral screens at the same time. The subjects are instructed to
divide their attention in balanced way to both medial and lateral scores, and to prefer the
events at “special” obstacles to the ordinary ones wherever they appear.

under an acquired tolerance to it but not without tolerance
(18,25).

Linnoila (15) measured divided attention with a mechanical
test composed of four dials in front of the subjects. The lateral
dials were at the angle of 120°, the subject being unable to
observe all the dials at one glance. Each dial had a pointer
revolving at different rates over the obstacles, which varied in
numbers in different dials. Every time an arrow touched an
obstacle in any dial, the subject had to press the respective
button.

Ethanol and an antimuscarinic (giycopyrrolate) impaired
the relative performance on the lateral dials (15). In later
studies, diphenhydramine (100 mg) but not diazepam (0.3 mg
- kg™") reduced the percent correct responses on the lateral
screens (20).

The locations of obstacles were constant in this test, thus
allowing learning and prediction of events on these positions.
To reduce such a prediction, we computerized that test, and
report the effects of alcohol and benzodiazepines on this per-
formance.

METHOD
Subjects

Twelve healthy subjects, seven men and five women, aged
20-28 years and weighing 58-78 kg, volunteered for the study
and were paid for their time. The subjects did not use medi-
cines regularly or alcohol in excess; they were free of mental
and somatic disease; and five of them had previous experience
of single oral doses of zopiclone, suriclone, or diazepam given
in psychomotor tests. The study design was approved by the
Ethics Committee of the Department of Pharmacology and
Toxicology, University of Helsinki. The subjects practised the
tests before entering the study, and they were advised to have
a light breakfast without coffee in the morning of the test
days.

Design

Study I was a double-blind, crossover comparison of etha-
nol (1 g - kg™"), diazepam (15 mg) and placebo given orally in

balanced (Latin square) order at I-week intervals. Because
most of the subjects were diazepam naive, the large dose of 30
mg diazepam was given as the last treatment 1 week after the
randomised study. Diazepam was given in gelatine capsules
prepared by University Pharmacy from the ground commer-
cial tablets. On each day, the subjects took with water three
capsules containing placebo or diazepam. Then they received
a drink (6.5 ml - kg~') containing plain diluted fruit juice or
20% ethanol in the juice. The main volume (2/3) of the drink
was served after the capsule intake, and the rest (1/3) 1.5 h
thereafter. The drinking times were 30-40 min each.

The subjects were tested in one group and entered the test-
ing rounds at 10-min intervals. Each session began with the
baseline round (the first subject at 0830 h) followed by the
intake of capsules and drink. Posttreatment testing rounds
began 1, 3, and 6 h after the intake of capsules, and each
round lasted for 20 min. A standard snack was served after
the 3-h test round. Venous blood samples (10 ml) were taken
and alcohol concentration in breath was measured at baseline
and after every testing round.

Study II, with nine subjects, was driven without aural stim-
uli, but the test lasted for 15 min. The design was as in Study
I, except that 2-mg lorazepam replaced diazepam and the test
times were 2 and 4 h after intake. The three best subjects, in
terms of stable performances in nondrug conditions, were
given an extra fee.

Tests

The divided attention test (Fig. 1, Table 1) comprised four
screens (size 24 x 17 cm) connected to a PC microcomputer.
Two medial screens (2 and 3) were side-by-side whereas the
two lateral ones (1 and 4) were at the viewing angle of 120°.
Each of the screens showed a ball moving along a circular
obstacle course, the obstacles having normal or “special” out-
look. To respond to visual signals, the subject had a keyboard
with four buttons, one button for each screen. The simultane-
ous (low- or high-pitched) sounds given via earphones were
responded to by pushing the respective foot pedal.

Every time a ball entered an obstacle on any screen, the
subject pressed the respective button. If there were several
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TABLE 1

THE ADJUSTABLE SCREEN VARIABLES IN THE
DIVIDED ATTENTION TEST

Variable Selected Options
Width of the obstacles 180 100-300
Minimum distance of two obstacles 100 60-80
Numbers of obstacles
Screen 1 =2 1-4
Screen 2 =4 1-4
Screen 3 =2 1-4
Screen 4 =2 1-4
Circling rates of the balls
Screen 1 =12 1-50
Screen 2 =15 1-50
Screen 3 =12 1-50
Screen 4 =13 1-50
Numbers of special obstacles
Screen 1 = yes yes/no
Screen 2 = yes yes/no
Screen 3 = yes yes/no
Screen 4 = yes yes/no
Duration of the test (min) =4 1-15
Interval of location changes (s) =10 1-30

The circling rates are relative speeds, the speed 2 referring to one
revolution/min; the ball speeds selected thus are 4, 6, 6.5, and 7.5
revolutions/min. The widths of the obstacles are also relative vari-
ables, the value 180 equal to the twofold diameter of the ball. The
time allowed to press the correct answer refers to the half of ball being
inside the obstacle.

closely timed events on different screens, the “special” obsta-
cles (Fig. 1) should be preferred to the normal ones. While
observing the events on the screens, the subject also responded
to aural signals by pushing the left (low-pitch sound) or right
(high-pitch sound) foot pedal. The variables recorded from
each screen were the numbers of total stimuli and of correct
and incorrect responses. The percent correct responses refer
to the correct answers divided by the sum of the total stimuli
and incorrect answers; incorrect answers were not included
when separating the percent correct responses at “special” ob-
stacles. Except for each of the screens separately, the sums of
events on the two medial (2 and 3) and two lateral (1 and 4)
screens were recorded. From the pooled aural signals re-
corded, the percent correct responses were computed by divid-
ing the correct answers by the sum of total stimuli and the
incorrect answers.

We first selected an optimal combination of variables (Ta-
ble 1) to provide sufficient information on the medial screens
while retaining the performance on the lateral screens feasibly
well. The sound intervals ranged from 2000 ms (minimum) to
5000 ms (maximum). The frequency of the low-pitch sounds
was 200 Hz and their duration 500 ms; the values for the
high-pitch sounds were 100 Hz and 100 ms, respectively. The
time allowed for responding was 1500 ms for either kind of
stimuli. In Study II, most of the variables were as in Study I
but aural stimuli were withdrawn and the numbers of sectors
on the medial screen were reduced from four to two.

Other Tests

The computerized symbol digit substitution (SDST) and
digit digit copying (DCCT) tests (22) lasted for 3 min each.
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The SDST involved the substitution of simple figures for dig-
its, and it refers to performance under concentrated attention.
The numbers of correct substitutions were recorded; matched
different codes were used in consecutive tests. The DCCT
performance might predominantly refer to the manual compo-
nent in these computerized tests; the results were recorded as
above. Subjective effects were assessed on visual analog scales
(VAS) using ungraded 100-mm horizontal lines. The subjects
located themselves between the two extremes expressed in
Finnish and English: drowsy/alert, skillful/clumsy, mentally
slow/quick-witted, dizzy/feeling stable, calm/troubled, and
very good/very bad performance.

The test rounds always began with divided attention (with
or without sounds), followed by DCCT and SDST, and ended
with the assessments on VAS. After that, blood alcohol was
estimated from breath with Alcolmeter, and venous blood was
sampled for the later direct radioreceptor assay (RRA) or
plasma for its concentrations of diazepam and lorazepam in
diazepam equivalents (19). The role of active metabolites of
diazepam within 3 h after intake has been small (nordiazepam
10-15%) or negligible (temazepam, oxazepam).

Statistics

Mean, SEM, and CV values were computed for absolute
test performances and for their A values (changes from base-
line) at each postdrug testing time. Because Study I was partly
(diazepam 30 mg) nonrandomized, two-way (subject x drug)
ANOVA and Scheffe’s test computed for ranked A values
were used to compare all the treatments of Study 1. The ran-
domized part of it (placebo, alcohol, diazepam 15 mg), as well
as the data of Study II (A values) was analyzed with three-way
(subject x week x drug) ANOVA (SAS general linear mod-
els), followed by Duncan’s multiple comparison. Pearson and
Spearman correlations were computed to relate different vari-
ables to each other.

RESULTS
Study I

The mean percent correct responses to visual stimuli,
pooled from all screens during the placebo condition, re-
mained similar over the whole session. The correct responses
were more frequent in the absence (52%) than in the presence
(46%) of aural stimuli. As a whole, the subjects responded to
aural stimuli (71%) better than to visual stimuli. The average
CV values of correct responses to visual stimuli after placebo
were 16-20% in the presence of sounds and 15-19% without
them. ANOVA showed significant subject effects in about
20% of the tests computed.

The mean concentrations of blood alcohol (g * 17) were
0.72at 1 h, 0.92 at 3 h, and 0.46 at 6 h. The mean concentra-
tions (ug - 17') of diazepam were 470 at 1 h, 420 at 3 h, and
310 at 6 h after diazepam 15 mg. The respective values after
diazepam 30 mg were 680, 880, and 600 ug * 1"'. One male
subject (75 kg) showed low concentrations of diazepam in
plasma after either dose of diazepam. He responded strongly
to diazepam 30 mg but only fairly to diazepam 15 mg in the
SDST test, and was excluded from Trial II. The large variation
in plasma diazepam and its somewhat blunted absorption
could have modified the test results; diazepam 15 mg was
slightly less active than usually on the SDST performance.

Because diazepam 30 mg was given nonrandomized as the
last treatment, an insignificant practice effect (+ 5-10% com-
pared with other treatments) was noted at the baselines of
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objective, but not subjective, tests. When analyzed together
with the randomized treatments, it did not modify signifi-
cantly the events on the medial screens, with or without
sounds, but reduced the correct responses to aural stimuli (p
< 0.05) at 3 h (Table 2). On the lateral screens, diazepam 30
mg impaired attention both in the presence (Table 2) and ab-
sence of sounds at 3 h. As to the latter, diazepam 30 mg and
ethanol differed from placebo and diazepam 15 mg, without
clear preference to the “special” obstacles (£}, values 7.71 for
“special” and 9.15 for all obstacles). Relating the medial and
lateral “special” obstacle performances (AM%S/AL%S)
within each subject, neither dose of diazepam differed from
placebo whereas ethanol did (F 4.22, p < 0.05) at 3 h.

The randomized treatments (placebo, diazepam 15 mg, eth-
anol) were also analyzed separately. In the presence of sounds,
ethanol, but not diazepam 15 mg, reduced the numbers of
pooled percent correct responses to visual stimuli at 1 h (F,
4.80, p < 0.05) and 3 h (Fp 4.01, p < 0.05) whereas the re-
sponses to aural stimuli remained uninfluenced. The same
variable without sounds was impaired by ethanol at 3 h (F,
5.03, p < 0.05). Considering the numbers of correct re-
sponses in particular, ethanol effects in the presence of aural
stimuli were clearer (p < 0.01) at 1 and 3 h, referring to
increased numbers of incorrect responses after ethanol.
Combining the data from all three posttreatment times for
ANOVA did not add much significance to the drug effects.

The correct percent responses on the lateral screens (AL%)
were sensitive to drug effects whereas those on the medial
screens (AM%) were not (Fig. 2), irrespective of the sounds
being present or absent. The significant drug effects were at-
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FIG. 2. Total correct percent responses on the medial screens
(AM%), and their special fraction recorded at the “special” obstacles
(AM®%S) in Study I. Mean + SEM values are given. The number of
“special” obstacles was small and the percent correct responses at them
were high. No significant changes by ethanol (EtOH) or diazepam 15
mg (DZ) were noted.

tributable to ethanol, which was more effective in the absence
than in the presence of aural stimuli. Diazepam 15 mg did not
impair divided attention. As to the events at the “special”

TABLE 2

EFFECTS OF ETHANOL (EtOH) AND DIAZEPAM (DZ) ON THE SYMBOL
DIGIT SUBSTITUTION (SDST), LATERAL ATTENTION WITH SOUNDS (ARL%),
AND CORRECT REACTIONS (REAC)

Values of Performances (N = 12)

Test Baseline 1h 3h 6h
SDST
Plac 143 (8) 138 (5) 134 (6) 131 (4)
EtOH 142 (1) 120 (4)*t 115 (5)* 126 (5)t
DZ15 144 (8) 125 (6)1 120 (6)t 124 (5)*
DZ30 158 (8) 127 (5)*t 115 (5)1§ 124 (5)1§
Fp 8.89 (S) 9.23 (S) 3.75(S)
ARL%
Plac 32 (1.7) 35(1.7) 31 (1.4) 35 2.5)
EtOH 33(1.3) 27 (2.5)*1 27 (2.0)* 32 (2.6)
DZ15 34 (2.0) 31 2. 34 (1.6) 37 2.1)
DZ30 37 (2.9) 33 (3.2)t% 31 3.1 3221
Fp 5.67 NS NS
REAC
Plac 41 (2) 43 (2) 43 (2) 41 (3)
EtOH 42 (2) 45 (2) 43 (2) 42 (3)
DZ15 43 (2) 41 (3) 40 (3) 43 (3)
DZ30 47 (1) 43 2)* 39 (3)*t 42 (3)1
Fo 3.48 5.90 NS

Values are mean with SEM in parentheses. Fy, refers to drug effects and (S) to
significant subject effects in two-way ANOVA computed for ranked A values.
*Difference from baseline, p < 0.01.
tDifference from placebo (Scheffe’s test), p < 0.05.
tDifference from baseline, p < 0.05.
§Difference from baseline, p < 0.001.
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obstacles, the ethanol-induced impairment of attention did
not reach statistical significance on the medial screens
(AM%S), with or without aural stimuli. The respective vari-
able on the lateral screens (AL%S) showed a trend towards
ethanol-induced impairment when the sounds were present.
Without sounds, the lateral screens showed significant drug
effects at 3 and 6 h (Fig. 3) and when the test times were
combined (F;, 12.37, p < 0.001). These effects referred to
ethanol, which differed from placebo, and also from diaze-
pam 15 mg, which did not affect these variables.

When the above variables were interrelated, within the
same subjects and testing rounds, the drug effects in the pres-
ence of sounds were few and of low significance. Without
sounds, the repeated-measures drug effects for AL%/AM%
(Fp 5.33, p < 0.01) resulted from ethanol-induced impair-
ment of attention on the lateral screens. The respective rela-
tionships for the “special” obstacles (AL%S/AM%S) showed
even more pronounced drug effect (Fy, 12.41, p < 0.001), in-
dicating a clear ethanol-induced impairment (p < 0.01) on
the lateral screens whereas diazepam 15 mg proved inert. Simi-
lar but less significant effects appeared separately at 3 and 6
h, and also diazepam 15 mg produced a borderline impairment
(p < 0.05)at 6 h.

The effects on concentrated attention (SDST) are seen in
Table 2 and Fig. 4. It appears that the SDST performance
declined during the session, even after the intake of placebo.
When all four treatments were analyzed together, diazepam
30 mg dominated the drug effects up to 6 h (Table 2). When
analyzing the randomized placebo, diazepam 15 mg, and etha-
nol separately, the combined posttreatment test times showed
a drug effect on SDST (F;, 7.71, p < 0.001), both ethanol and
diazepam (p < 0.01) impairing the performance. Significant
drug effects at individual test times were found at 1 h only
(Fig. 4).

The DDCT performance, which refers to manual dexterity,
easily improves during the placebo session (22). It remained
constant, the mean values being 273, 278, 273, and 279 at
baseline, 1, 3, and 6 h, respectively. This suggests that the
testing rounds were overall strenuous. The respective values
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FIG. 3. Total correct percent responses on the lateral screens (AL%),
and their special fraction at the “special” obstacles (AL%S) in Study
1. **“Changes from baseline at 5%, 1%, and 0.1% levels; #difference
from placebo, p < 0.01. Ethanol (EtOH) was active whereas diaze-
pam 15 mg (DZ) was not.
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FIG. 4. Effects of ethanol (EtOH) and diazepam 15 mg (DZ) on the
symbol digit substition in Study I. **Changes from baseline at 5% and
1% levels; differences from placebo, *p < 0.05; #p < 0.01.

were for ethanol 271, 245, 246, and 268; for 15 mg diazepam
272, 259, 256, and 268; and for 30 mg diazepam 288, 280, 258,
and 276. Diazepam 30 mg reduced DCCT performance (p <
0.05 vs. placebo) at 1 and 3 h, whereas ethanol did so at t h
only, and diazepam 15 mg did not differ from placebo.

Diazepam, but not ethanol, produced drowsiness and men-
tal slowness whereas both of the drugs produced clumsiness,
dizziness, and feeling of impaired performace. The two doses
of diazepam differed from each other subjectively less than
objectively.

A Pearson correlation was computed for all variables,
treatments, and weeks included, using analysis of covariance
and the pooled absolute data for placebo, ethanol, and diaze-
pam 15 mg. The correct percent responses to aural stimuli did
not correlate to any visual variable of divided attention or to
SDST or DDCT tests. The correct percent responses to visual
stimuli in the presence or absence of sounds correlated to each
other (p < 0.001) on both the medial ( = 0.794) and lateral
(r = 0.745) screens. The respective correlations computed for
the “special” obstacles gave slightly lower r values on the me-
dial (0.622) and lateral (0.638) screens. Relating the correct
percent responses on the medial (AM%) and lateral (AL%)
screens, the r values were 0.689 for all obstacles and 0.586 for
the “special” ones. The subjective variables showed significant
correlations to each other but not to the objective measures.

A simple Pearson correlation matrix was computed for the
drug responses (changes from baseline), including all four
treatments and the variables AL%, AL%S, the pooled A%
and A%S, SDST, and DDCT at each posttreatment time sepa-
rately and combined. When combining the test times, the
clearest correlations (p < 0.001) after placebo were found for
AL%S related to pooled A%S values (r = 0.809), and AL%
related to pooled A% values (r = 0.513), the correlations im-
proving with time. SDST and DDCT did not correlate to the
divided attention variables. After ethanol, the correlations
within divided attention were as above, but SDST correlated
(p < 0.001) to AL%S (r = 0.545) and to DDCT (r = 0.661).
These occurred at 1 and 3 h but no more at 6 h. After diaze-
pam 15 mg, the correlations within divided attention were
similar to or lower than after placebo. SDST correlated to
DDCT (r = 0.508, p < 0.01) and to AL%S (r = 0.394,p <
0.05), mainly resulting from the diazepam effects at 1 h. After
diazepam 30 mg, the correlations within divided attention
were as after placebo, but SDST correlated (r = 0.346-0.597,
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P <0.05-0.001) not only to DDCT but also to the variables
of divided attention. These correlations were clearest at 1
and 6 h.

Study IT

This study, using the test with less information (no sounds,
two obstacles on each screen) but of longer duration (15 min),
was carried out with nine subjects tested at baseline and 1.5
and 3.5 h after the capsule intake. The mean concentrations
of blood alcohol (g * 17') were 0.65 at 2 h and 0.75 at 4 h. The
respective mean concentrations of plasma lorazepam (pg « 1
in diazepam equivalents) were 510 at 2 h and 380 at 4 h.

There were no significant drug effects on the pooled data
from all the screens, irrespective of the correct responses being
analyzed in numbers or percent numbers. However, both etha-
nol (p < 0.05) and lorazepam (p < 0.01) reduced the correct
percent responses at the pooled “special” obstacles at 1.5 and
3.5 h. These drug effects were predominantly on the lateral
screens (AL%S), on which the correct responses and percent
responses revealed clear-cut drug effects and medial screens
did not (Figs. 5 and 6). These significant drug effects on the
lateral screens partly resulted from an improved performance
during the placebo session; such an improvement was not seen
on the medial screens.

When interrelating the above variables within the subjects,
as made in Study I, the mean significant drug effects were
found at 1.5 h but no more at 3.5 h. Again, AM%S/AL%S
gave the clearest drug effects (Fj, 6.78, p < 0.01); both etha-
nol (p < 0.05) and lorazepam (p < 0.01) differed from pla-
cebo.

In regard to the concentrated attention, the SDST re-
mained stable before and after the intake of placebo. Ethanol
and lorazepam caused pronounced decrements in the correct
substitutions (Fig. 7). The mean values of DDCT performance
under placebo were 282 at baseline, 278 at 1.5 h, and 292 at
3.5 h; the respective values for ethanol were 281, 267, and
264, and for lorazepam they were 289, 254, and 251. Thus,
lorazepam impaired this performance (p < 0.01 vs. placebo)
at 1.5 and 3.5 h whereas ethanol effects reached significance
(p < 0.05) at 3.5 h only. Both of these agents caused signifi-
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FIG. 5. Effects of ethanol (EtOH) and lorazepam (LZ) on total cor-
rect percent responses on the lateral screens (AL%), and their special
fraction at the “special” obstacles (AL%S) in Study II. *°Changes
from baseline at 5% and 1% levels; difference from placebo, *p <
0.05; #p < 0.01.
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FIG. 6. Total correct percent responses on the medial screens
(AM%), and their special fraction at the “special” obstacles (AM%S)
in Study II. No significant changes by ethanol (EtOH) or lorazepam
(LZ) were noted.

cant (p < 0.01-0.05) shifts towards sedation on the VAS, yet
significant drowsiness after ethanol appeared late.

Simple Pearson correlation matrices computed for drug
responses (changes from baseline) from pooled results showed
that AL% and AL%S correlated to SDST and DDCT at 1.5 h
(r = 0.626-0.795, p < 0.001) but not at 3.5 h (r = 0.301-
0.403, p < 0.1). When analyzing the treatments separately,
there were no significant correlations after placebo or ethanol.
After lorazepam, SDST correlated to AL%S at 1.5 h (r =
0.750, p < 0.05) and 3.5 h (0.821, p < 0.01). Also, DCCT
correlated to AL% (r = 0.882, p < 0.01) and AL%S (r =
0.758, p < 0.05) at 1.5 h but not later.

DISCUSSION

Qur results tally with the view that both ethanol and diaze-
pam impair concentrated attention whereas ethanol, but less
so diazepam, impairs divided attention as well (23,25). Unex-
pectedly, lorazepam 2 mg impaired not only concentrated but
also divided attention, even at 3.5 h when the plasma lora-
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FIG. 7. Effects of ethanol (EtOH) and lorazepam (LZ) on the sym-
bol digit substition in Study II. *“Changes from baseline at 1% and
0.1% levels; differences from placebo, *p < 0.05; #p < 0.01.
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zepam concentrations were declining. It thus differed from
diazepam 15 mg, although their commensurable plasma con-
centrations were similar; the twofold dose (30 mg) of diaze-
pam caused decrements more in concentrated than in divided
attention. Our visual test for divided attention, with variations
(screens, circling rates, obstacle shapes, and locations) in the
events, proved satisfactory to detect the effects of alcohol and
lorazepam. The presence of sounds did not modify the test
except for rendering it more strenuous.

Compositions of divided attention tests vary in different
laboratories, depending on the investigator’s interests, such as
basic research, aging, and drug and alcohol effects (3,5,
10,17,18,25-30,36). As a rule, two or more different, rela-
tively easy subtasks are administered simultaneously. The sub-
jects’ fluctuating preference to one subtest creates problems
difficult to solve (21). The long duration of the test,upto 1 h,
has been considered mandatory for the proper division of
attention, but it can jeopardize the subjects’ motivation unless
they are paid for the scores. Increased load and complexity of
information to be processed render especially the aged sub-
jects prone to poor performance not compensated by the prac-
tice effect (10,17,27,28). In general, long-lasting monotonous
tests are often preferred to the sets of short-lasting tests when
measuring drug effects (11,12,25,29), and they may represent
quiet driving in low-density traffic. Such tests suit less well to
acute single-dose studies for the time courses of drug actions,
and might not refer to dynamic occupational tasks or driving
in hectic city traffic.

We used the SDST (22) to evaluate concentrated attention,
because keen attention is an important factor in simple data-
spaced cognitive tests. Although the linear Pearson correla-
tions are subject to arguments, we used them to relate SDST
and its manual component (DDCT) to divided attention vari-
ables. Changes in SDST performance moderately correlated
to respective changes in periferal attention after active drugs,
the power order of drugs being lorazepam > ethanol > diaze-
pam 30 and 15 mg. DDCT did not correlate to the visual
attention variables, suggesting that the manual dexterity on
the buttons did not limit the divided attention performance in
our test. The only exception was 1.5 h after lorazepam, when
the effects recorded were strong and motor performance
might have modulated the results.

The main instruction was to divide the attention in a bal-
anced way to both medial and lateral scores, and to prefer the
events at “special” obstacles for the ordinary ones in closely
simultaneous events. The amount of information to be pro-
cessed was supramaximal, and obviously more adequate in
Study II than in Study 1. Kimchi et al. (10) analyzed dichoptic
and binocular viewing in focused and divided attention. They
found that divided attention impaired the discrimination of
finer details, but there were no major differences between
dichoptic and binocular viewing, at least with discrete tasks
and short durations of exposure. The binocular viewing of
simple events on the set of screens in our test (Fig. 1) thus
represents an adequate approach to measure divided atten-
tion. The duration of our tests was fairly short, but it provided
information of attentive performance differently on the cen-
tral and peripheral screens, and may not need to be longer
than 10-15 min. The order of administration of different tests,
strenuous or stimulatory, and the character of the subjects
(extroverts vs. introverts) may rieed extra notion (11,12).

We previously used our test with more visual load, without
sounds and “special” obstacles, and the test lasting 5 min, to
measure drug actions and interactions on attention. In these
terms, 600 mg carbamazepine impaired divided attention (lat-
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eral screens) but had less effect on digit symbol substitution;
7.5 mg zopiclone acted vice versa, and the drug combination
impaired divided attention less than carbamazepine alone (13).
When measuring the effects of 15 mg diazepam, 50 mg ami-
triptyline, and 15 mg mirtazepine, alone and in combinations
(Mattila, unpublished, 1988), both of these sedative antide-
pressants alone each impaired digit symbol substitution and
also attention on the medial but not the lateral screens. In
combination with diazepam they impaired both digit substitu-
tion and attention on lateral screens, but without preference
to “special” obstacles. These effects differed from the effects
of ethanol and lorazepam, but not from the nonspecific ef-
fects of 30 mg diazepam in the present study.

Corbetta et al. (3) showed with positron emission tomogra-
phy that attention to shape in visual stimuli specifically acti-
vated fusiform and parahippocampal gyri, and temporal cor-
tex along the superior temporal sulcus. Because selective and
divided attention also activated structures outside the visual
system, impairment of divided attention at the “special” obsta-
cles of our test could depend, more or less, on the characteris-
tics of the drugs concerned.

Linnoila (15) reported that, by using the old model of our
test, both ethanol and glycopyrrolate, an antimuscarinic, im-
paired attention on the lateral obstacles. In our present test,
50 mg amitriptyline did not impair attention on the lateral
screens, although it had a considerable antimuscarinic compo-
nent of action. Liu and Wickens (17) found that spatial uncer-
tainty in the visual scanning subtask, added to tracking, defi-
nitely divides the attention and can be crucial to it.
Considering our test, random changes in the location of obsta-
cles reduce the role of learning and memory in performing the
test, which might render it less sensitive to antimuscarinics, and
may be important to the whole test when producing uncertainty.

Is the unexpected difference between lorazepam and diaze-
pam more than a quantitative one? It could result from differ-
ent testing details in Study I and Study II, but ethanol behaved
similarly in these two studies. This suggests that the tests were
essentially similar whereas diazepam (15 and 30 mg) and lora-
zepam 2 mg differently affected attention. These two drugs
have seldom, if ever, been challenged to rigorous scrutiny in a
human study, and the comparative doses used in animals and
man need not be correct. The “equipotent” human doses of
diazepam and lorazepam remain uncertain, and anxiolytic ef-
ficacy during maintenance may not be commensurable with
impaired attention in single-dose studies.

The clinically adopted anxiolytic doses of lorazepam are
often too large compared to those of diazepam, and the com-
monly used dose ratio of 1: 5 should be 1:8-1: 10 in single-
dose studies. It is known that the highly lipophilic diazepam is
absorbed and passes through the blood-brain barrier more
rapidly than the less lipophilic lorazepam (9,31). Lorazepam,
in turn, binds to plasma proteins less (below 90%) than diaze-
pam (over 95%), thus being better available for tissue penetra-
tion. The RRA-assayed plasma concentrations of diazepam
and lorazepam in our study suggest that single oral 2 mg lora-
zepam and 15-20 mg diazepam might produce similar concen-
trations into plasma. Volkerts et al. (34) found that lorazepam
(1 mg thrice in 8 h) impaired driving on the road as much as,
or more than, ethanol (1.5 g - I”! in blood) did. In these
conditions, diazepam 5 mg thrice has corresponded to 0.5 g -
17! of ethanol. We have found 2 mg lorazepam slightly more
active than 1 g - kg~' of ethanol in impairing simulated driv-
ing performance (21).

Acute pharmacodynamic tolerance develops to the effects
of diazepam (“clockwise hysteresis”), but not to lorazepam
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effects, which can even increase with time (“counterclockwise
hysteresis™) after robust IV doses (4). We did not find such a
sensitization to 2 mg lorazepam within 6 h after oral intake
(21). The members of 1,4-benzodiazepines have been consid-
ered to differ from each other in their potency and pharmaco-
kinetics, their effects depending on the occupancies at the
GABA ,-BZD receptors in the brain, without real qualitative
differences in the postbinding events (6). The acute tolerance
to diazepam is considered to result from the shift of diazepam
from the central receptors and the brain tissue back to plasma,
the central and peripheral concentrations being in equilibrium;
lorazepam is much slower in this redistribution (7). It is not
known if such results obtained in mice and using large doses
of lorazepam are relevant to man. Further, the interpretation
quoted does not seem to fit to our diazepam data. An intrace-
rebral redistribution and deviating receptor effects as a cause
of acute tolerance to, for example, diazepam have attracted
little interest.

Evidence from mouse studies indicates that tolerance devel-
oped to lorazepam little reduces the binding of [*Hldiazepam
to its binding sites in brain membranes, and GABA effect on
chloride channel remained unaltered. However, the coupling
of flunitrazepam, ethanol, and barbiturate to the chloride
channel was reduced whereas increased coupling between the
channel and the inverse agonist site was found (1). In a rat
study (27), GABA-induced increase of benzodiazepine binding
was reduced and the benzodiazepine/Cl coupling in the cortex
or hippocampus was not changed by oral diazepam acutely or
flurazepam chronically. The authors considered the interac-
tion of benzodiazepine recognition sites with GABA essential
for the actions of the benzodiazepines used. These small dif-
ferences can, in principle, result from real mechanistic differ-
ences between the drugs used.

Itil et al. (9) compared intravenous diazepam (5 mg) and
lorazepam (1 mg) using the quantitative pharmaco-EEG
(multilead brain mapping) in patients with anxiety. They
found that diazepam effects appeared immediately, 10-15 min
before the appearance of lorazepam effects, which reached
full effect within 30-40 min. There were quantitative (lora-
zepam more potent), qualitative (diazepam “more anxiolytic”;
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lorazepam “more antidepressant or stimulant”), and interindi-
vidual differences. The onset of diazepam’s action was in the
frontal area whereas lorazepam effects appeared in the occipi-
tal area. Although the report was not exact and the variables
measured may not represent attention, the study did show
differences between diazepam and lorazepam given IV to
man. The greater potency of lorazepam probably resulted
from its relatively larger dose.

In another human study (33), intravenously injected lora-
zepam (0.05 mg - kg™ ") given to dental patients impaired peg-
board performance more than diazepam (0.25 mg - kg™ ') and
midazolam (0.1 mg - kg™") did; lorazepam was less anxiolytic
but caused more giddiness/dizziness than diazepam, respec-
tively. Lista et al. (16) compared diazepam and lorazepam
in rats under chloralose anaesthesia. Electrical stimulation of
ascendic 5-HT pathways suppressed the firing activity of C3
pyramidal neurons. Diazepam and lorazepam injected IV
dose-relatedly enhanced this response, without direct effects
on pyramidal neurons. Lorazepam shared the diazepam action
but was twofold less potent, although it otherwise is 10-fold
more potent than diazepam. This suggests that the “equipo-
tent” anxiolytic/sedative effects of ordinary doses of lora-
zepam and diazepam are differently composed, and they
might show deviating effects in some tests.

A robust oral test dose of 3 mg lorazepam impaired atten-
tion both in medial and lateral dials of our old test (2). Its
RRA-assayed concentrations in diazepam units were over 1000
ug - 17, and it was far more potent than 15 mg diazepam
(about 500 pg - 17! in plasma) in various tests, thus resem-
bling 30 mg diazepam in the present study. In the same old
test, oral diazepam 0.3 mg - kg™’ failed to impair lateral at-
tention at 1.5 or 3 h; the RRA-assayed mean plasma diazepam
concentrations were 640 and 520 ug - 17!, respectively (20).

We conclude that: i) the doses of benzodiazepines used
were ordinary yet not optimal for comparison; ii) there are
real pharmacodynamic differences between diazepam and lor-
azepam,; iii) these differences may have been contributed by
different distribution of these drugs; and iv) lorazepam resem-
bles ethanol more than diazepam does in their effects on atten-
tion, provided their doses are reasonably matched.
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