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Effects of LSD-25 on Avoidance Behavior and Locomotor Activity in Mice
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Abstract, C57BL./6 (C57) mice were tested in a shuttle
box under the influence of LSD-25 in two sets of
experiments.

In the first set, the pretrial administrations of LSD
(0.05, 0.1, and 0.2 mg/kg) were followed by dose-
related performance improvements. In the second set,
the posttrial administration of LSD (0.2 mp/kg) im-
mediately after each experimental session improved the
performances of the mice. No effect was evident when
the hallucinogen was injected 2 h after training, thus
showing that LSD improved the memory processes of
the C57 mice in these experimental conditions,

Dose-related activity depressant effects were evi-
dent in a third set of experiments, carried out in a
toggle-floor box.

Key words: LSD-25 — Avoidance — Activity — Inbred
mice

The eftects of lysergide (LSD-25) on animal behavior
have been studied in a number of investigations, with
contrasting results. Performance impairments have
been described, for example, in rats injected with LSD-
25 during training in a pole-jumping situation (Domino
et al., 1965; Banerjee, 1971), while performance im-
provements following administration of LSD have
been found in rats trained in the shuttle box (Bignami,
1972). Facilitation of brightness discrimination reversal
learning has, moreover, been observed in the rat
following LSD administration (Kinget al., 1974). Some
researchers have considered the effects of LSD on
poorly performing animals. It has thus been dem-
onstrated that it has an excitatory effect on the
performances of pretrained rats that are poor per-
formers of shuttle box escape/avoidance (Bignami et
al., 1975), and of naive hamsters trained in the same

experimental conditions (Sansone et al., 1974), Waser
et al. (1976} have recently hypothesized, working with
rats trained in a Y maze, that LSD might not have the
same effect on 'stupid’ and ‘intelligent’ animals, the
former reaching a ‘possibly higher level of perfor-
mance’ following the administration of the
hallocinogen.

Contrasting results have also been obtained when
the effects of LSD on memory processes have been
considered. Time-dependent disruption of memory in
rats trained in a passive avoidance test, and no effect in
rats trained to bar-press for water in a two-way
avoidance condition have been described (Roberts et
al., 1965; Weissman, 1967; Izquierdo, 1975). Stoff et
al., (1974) have observed, moreover, that acute admin-
istration of LSD produced an excitatory effect (fuster
avoidance response latencies) in rats trained in the
shuttle box. This effect was still present on the following
saline test day, thus suggesting a possible effect of the
hallucinogen on learning rather than on performance
variables. )

Finally, contrasting results, i.e., depressant or
stimulating effects depending on the experimental
conditions, have been obtained when the influence of
LSD on activity has been investigated (Taeschler et al.,
1960; Hamilton, 1960; Dandiya et al., 1969; Fontenay
et al., 1970,

It must be underlined that some studies have
suggested a possible involvement of serotonin and the
adrenergic system in the behavioral effects of LSD
(Dixon, 1968; Sugrue, 1969; King et al., 1974}, even if
its mechanisms of action are not yet well clarified (see
review by Brawley and Dyffield, 1972).

The CS7BL/6 (C57) strain of mice, classified by
Meier et al., (1963) among the ‘high arousal’ strains, is
well-known both as concerns behavior and the levels

and turnovers of mediators in the brain.

As concerns hehavior, the C57 mice have shown to
be poor performers in several experimental conditions
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(Bovet-Nitti, 1969 Bovet et al., 1969; Elias, 1970;
Sprott, 1971). They exhibit, moreover, high levels of
locomotor activity in the toggle-floor box (Oliverio and
Messeri, 1973; Oliverio et al., 1973). As concerns brain
chemicals, the levels and turnovers of mediators in
brains of C57 mice have been analyzed by a number of
researchers (Eleftheriou, 1971; Kempf et al., 1974,
1976). The investigations have demonstrated high
levels of noradrenergic and low levels of serotonergic
turnovers at the brain stem level of this strain (see also
review by Oliverio et al., 1979).

In the present research, the effects of LSD-25 on
avoidance behavior, measured in the shuttle box (Bovet
et al.. 1969), and on locomotor activity, measured in the
toggle-floor box (Oliverio and Messeri, 1973), were
investigated in C57 mice. In the shuttle box, in partic-
ular, the effect of the hallucinogen on the consolidation
processes were studied by injecting the drug after each
training session. It is in fact known (McGaugh, 1966)
that the consolidation processes may be influenced by
the posttrial administration of drugs: drugs that im-
prove performance may be regarded as enhancing
memory, while drugs that impair performance may be
regarded as disrupting memory.

Finally, the results of the present research are
compared with those previously obtained with other
hallucinogens, in the same strain tested in different
experimental conditions (Castellano, 1978).

Materials and Methods

Subjects. Male CSTBL/6 mice (Charles River, ltaly), weighing
approximately 25 g at the beginning of the experiments, were used.

Avoidance Behavior

Apparatus and Testing Procedure. Two batteries, each consisting of
eight automated shuttle boxes, were used. The apparatus consisted of
arectangular Plexiglas box divided into two equal compartments by a
small opening through a black partition (see Bovet et al., 1969). The
CS was a 10-W light preceding the US by 5 s and overlapping it for
25 5. The level of illumination when the light was on was 2.0 fc at the
floor level. The animals could avoid the US (continuous shock
through the grid floor, 1.5 mA, delivered through a selenium rectifier)
by running into the adjacent compartment within 5 s after the onset
of the CS. If animals failed to avoid the shock they could escape it by
crossing during the US. The intertrial interval was 30s. Intertrial
crossings were punished with shock. The shuttle boxes were located in
sound-isolated cubicles.

Each group of mice was given a daily session of 100 trials (over
50 min) for five consecutive days. Intertrial responses, at a level lower
than 3 for ail groups, were evident only during the first scssion. The
mean percentage avoidance responses constituted the score of each
mouse. .

Activiry

Apparatus and Testing Procedure. Two batteries, each consisting of
eight toggle-floor cages, were used (Oliverio and Messeri, 1973). Each
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cage consisted of a rectangular white 40 x 10 em Plexiglas box
divided into two equal compartmentsby a3 x 3 cmopening through
a black partition. The number of crossings from one side of the box to
the other was recorded automatically by means of a microswitch
connected to the tilting floor of the box and constituted the score of
the mouse. Circuitry was arranged so that whcnever the mouse
crossed the cage a cumulative counter was advanced. The cages were
located in a sound-isolated cubicle. A light located 1.5 m above the
top of the boxes was the source of iltumination (0.25 fc at the cage
floor level). Each group of mice was given a 50-min daily session for
five consecutive days.

In both the activity and the avoidance-pretrial experiments. three
different groups of cight mice werc injected with 0.05, 0.1, and
0.2 mg/kg LSD, respectively, 15 min before testing. In the avoidance-
posttrial experiments LSD (0.2 mg/kg) was injected to two diflerent
groups of eight mice, immediately or 2 h after cach training session.
The performances of the drugged mice were always compared with
those of groups of cight salinc-injccted controls.

Inall the experiments, LSD-25 (substance) was dissolved tn saline
and injected i.p.

The efTects of the treatments on both avoidance behavior and
activity were statistically evaluated by a trend analysis (Edwards,
1960). Additional analyses werc carricd out, when necessary, in order
to obtain individual between-treatment comparisons (Lison,
1961).

Results

Avoidance

Pretrial Treatments (Fig. 1). In agreement with pre-
vious results (Bovet et al., 1969) the saline-injected C57
mice performed poorly in the shuttle box situation.
Performance improvements were evident following
LSD administration. The trend analysis for avoidance
responses showed, in particular, significant differences
between treatments (df = 3,28 F = 580.9: P < 0.001)
between sessions (df = 4,112; F = 694.2; P < 0.001),
and also a significant treatments x sessions interaction
(df = 12,112, F = 52.4; P < 0.001).

In the additional analysis of individual between-
treatment comparisons the significance of /' values was
tested on the basis of 1,28 df.

All doses of LSD (0.05, 0.1, and 0.2 mg/kg) im-

proved significantly the performances of the mice, as
compared with those of the saline-injected controls
(F = 10.7; P< 0.01; F = 202.8 and 1419.5, P < 0.001,
respectively).
Posttrial Treatments (Fig. 2). Significant avoidance
improvements were evident in the mice injected with
LSD (0.2 mg/kg) immediately after each training ses-
sion, compared with the saline-injected controls.

The trend analysis showed, in particular, signif-
icant differences between treatments (df = 1,14;
F = 1236.4; P < 0.001), between sessions (df = 4,56,
F = 638.8; P < 0.001) and also a significant treat-
ments x sessions interaction (df = 4,56; F = 166.9,
P < 0.001).

As concerns the mice injected 2 h following each
training session, the trend analysis showed no signif-
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Fig. 1. Mcan percent avoidances of C57BL/6 mice injected with saline
or LSD-25(0.05, 0.1, 0.2 mg/kg) 15 min before each training session
in the shuttlc box. Groups of cight animals. Vertical bars represent
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Fig. 2. Mean percent avoidances of C57BL/6 mice injected with saline
or LSD-25 (0.2 mg/kg) immediately (imm.) or 2 h after each training
session in the shuttle box. Groups of eight animals. Vertical bars
represent the standard errors
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icant differences between treatments (df = 1,14;
F =0.1; P> 0.05), significant differences between
sessions (df = 4,56; F = 145.2; P < 0.001), and a
significant  treatments x  session interaction

(df = 4,56; F = 5.66; P<0.001).

Activity (Table 1)

In agreement with previous experiments (Oliverio and
Messeri, 1973; Oliverio et al., 1973) the saline-injected
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Table 1. Effect of LSD-25 on the locomotor activity of C57BL/6 mice

Saline 1120 + 1.0
LSD 0.05 mg/kg 758 + 1.1
LSD 0.1 mg/kg 471 + 0.6
LS 0.2 mg/kg 28.0 + 1.2

Each value represents the mean number of crossings (+ SE) (sessions
1— V) of a group of eight mice from one side of the toggle-floor box to
the other. Each session lasted 50 min

C57 mice displayed high levels of locomotor activity in
the toggle-floor box. Activity decrements were evident
following LSD administration. The trend analysis
showed, in particular, significant differences between
treatments (df = 3,28; F = 1938.4; P < 0.001), be-
tween sessions (df = 4,112; F = 548.7; P < 0.001)
and a significant treatments x sessions interaction
(df = 12,112; F = 19.9; P < 0.001).

In the additional analysis of individual between-
treatment comparisons the significance of F values was
tested on the basis of 1,28 df.

All doses of LSD (0.05, 0.1, and 0.2 mg/kg) signif-
icantly decreased the activity levels of the mice, as
compared with those of the saline-injected controls
(F = 951.6, 3067.3, and 5138.5, respectively;
P < 0.001).

Discussion

As far as the saline-injected mice are concerned, the
above reported results show, in agreement with pre-
vious data (Bovet et al., 1969), that the C57 strain
performs poorly in the shuttle box.

From the first set of experiments, in which LSD-25
was injected to the mice before each experimental
session, it is clearly evident that dose-related perfor-
mance improvements followed its administration.
Related to this point, it must be considered that
performance impairments following pretrial LSD ad-
ministrations have been observed by some investigators
(Domino et al., 1965; Banerjee, 1971), while others
(Bignami, 1972; King et al,, 1974) have demonstrated
performance improvements, As far as the effects of
LSD on poorly performing animals are concerned, in
particular, performance improvements after LSD in-
jection have been described by Bignami et al. (1965) in
pretrained rats that were poor performers of shuttle
box escape/avoidance, and by Sansone et al. (1974) in
naive hamsters injected with LSD during training in the
same experimental conditions.

The results of the second set of experiments, in
which LSD was injected immediately, or 2 h, after each
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training session, clarify those of the pretrial experi-
ments. It is in fact evident that, following the adminis-
tration of LSD immediately after each experimental
session, the performances of the mice were improved,
while no effect was evident when it was injected 2 hafter
training,.

The parallelism between the results of the pre- and
posttrial administrations suggests that consolidation
effects might account for the acquisition effects ob-
served in the C57 strain. The existence of consolidation
effects following the administration of the hallucinogen
is clearly demonstrated by the fact that the LSD
treatment 2 h after training was ineffective.

[t must be, moreovet, considered that the effect of
the pretrial application could also be due to an
influence on consolidation, because consolidation be-
gins also during a multitrial session, and the effect of
LSD applied before training probably lasts some time
longer than the training session.

As concerns the influence of LSD on memory
processes, it must be underlined that positive, negative
or no effects have been found by investigators (Roberts
et al, 1965; Weissman, 1967; Stoff et al., 1974;
Izquierdo, 1975). However, experimental procedure,
animal species, dose, and task seem to play important
roles in modulating the effects of the hallucinogenic
agents on the memory processes (Kahn et al., 1974). It
must be pointed out, in particular, that high doses of
LSD were necessary to affect the behavior of the mice in
our experimental conditions, in comparison with its
hallucinogenic effect.

As concerns the mechanism of action of LSD, one
of the possible hypotheses could be that of an
amphetamine-like effect on the behavior of the mice
tested in the present research. This hypothesis would be
in agreement with the results of previous researches
carried out on different animal species tested in a
variety of experimental conditions (Taeschler, 1967;
Sansone et al., 1974). It must be pointed out, in
particular, that the effects of LSD on performance have
been correlated with a number of neurotransmitters;
possible involvements of serotonergic and noradrener-
gic mechanisms, as well as effects of this hallucinogen
on the dopamine receptors have in fact been suggested
by some investigators (Dixon, 1968; Sugrue, 1969,
King et al., 1974; Menon et al., 1977).

[t seems interesting, at this point, to stress that
analogies may be found between the results of the
present research and previous results obtained with
the same strain of mice following the administration
of other hallucinogens. Recent researches (Castel-
lano, 1978; Castellano, 1979) have in fact dem-
onstrated that mescaline and psilocin, similarly
to LSD in the present conditions, can improve the
consolidation processes of CS7 mice trained in light-
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dark or pattern discrimination tests. 1t must be under-
lined that researches carried out in man and in animals
have shown that these three hallucinogens probably
share common mechanisms of action (Wolbach et al.,
1962; Hirshorn and Winter, 1971; Schechter and
Rosencrans, 1972).

From the third set of experiments, it is clearly
evident that LSD administration was followed by dose-
related decrements of locomotor activity in C57 mice as
compared with saline-injected controls. It must be
observed, on this point, that both activity-stimulating
and activity-depressing effects have been demonstrated
following LSD administration (Taeschler et al., 1960;
Hamilton, 1960; Dandyia et al., 1969 Fontenay et al.,
1970). One possible explanation of the contrasting
results might be, according to Fontenay et al. (1970),
differences in the experimental conditions. Moreover, it
must be emphasized that some authors have considered
the behavioral depression or excitement evident in the
LSD-injected animals to be two different aspects of the
same central stimulation (see Boissier and Simon,
1969).

In conclusion, from the present research it is clearly
evident that LSD-25 improves the acquisition and
memory processes while, at the same doses, it depresses
the locomotor activity of the mice belonging to the
C57BL/6 strain.

Further researches to be carried out with high-
performing strains of mice and nonhallucinogenic LSD
derivatives, together with wider neurochemical in-
vestigations, will clarify the mechanisms through which
LSD influences the behavioral measures considered.
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