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SANSONE, M., C. CASTELLANO, S. PALAZZESI, M. BATTAGLIA AND M. AMMASSARI-TEULE. Effects of 
oxiracetam, physostigmine, and their combination on active and passive avoidance learning in mice. PHARMACOL BIO- 
CHEM BEHAV 44(2) 451-455, 1993.--The nootropic drug oxiracetam (50 and 100 mg/kg) had no effect on one-trial 
passive avoidance acquisition in CD-1 mice, while the acetylcholinesterase inhibitor physostigmine improved passive avoid- 
ance performance at doses of 0.025 and 0.05 mg/kg given either pre- or posttraining. In a multitrial avoidance task (shuttle- 
box), a consistent tendency to better performance was displayed by mice receiving oxiracetam (50 and 100 mg/kg) or 
physostigmine (0.01 and 0.025 mg/kg, but not 0.05 mg/kg). Combinations of the two drugs never improved active or 
passive avoidance performance more than drugs given separately. This indicates no advantage in combining nootropics and 
anticholinesterase inhibitors to improve learning and memory. 

Oxiracetam Physostigmine Avoidance learning Mice 

PIRACETAM-like compounds, the so-called nootropics (4), 
are able to improve learning and memory and enhance resis- 
tance to learning impairment in various experimental situa- 
tions (4,10). In studying the action of nootropic agents in 
combination with drugs facilitating active and passive avoid- 
ance learning, supraadditive effects have been often observed. 
Thus, combinations of oxiracetam and piracetam with meth- 
amphetamine (15) or nicotine (18) improved shuttle-box 
avoidance acquisition more than drugs given separately. Ad- 
vantages of drug combination were especially evident in mice 
tested in a one-trial passive avoidance task, in which oxira- 
cetam had no effect alone but enhanced the retention- 
improving effects exerted by cholinomimetic agents, such as 
nicotine (18) and secoverine (1). In view of these last findings, 
we assumed that, in avoidance tasks, a synergism may always 
be expected when nootropics are given in combination with 
drugs enhancing cholinergic activity. This hypothesis, how- 
ever, is not supported by the present findings, which demon- 
strate that the nootropic drug oxiracetam (2) did not enhance 
the avoidance-improving effects of the acetylcholinesterase in- 
hibitor physostigmine, a putative cholinomimetic cognition 
enhancer (19). The two drugs were tested, alone or in combi- 
nation, in mice subjected to shuttle-box avoidance training or 
a one-trial passive avoidance test. Training was always pre- 

ceded by a 5-day pretreatment with oxiracetam (a daily injec- 
tion at the dose tested afterward during training) because it 
was previously demonstrated (16,23) that shuttle-box avoid- 
ance improvements by nootropics occur in pretreated animals 
only. Spontaneous locomotor activity was also tested to verify 
the specificity of the drug effects on learning. 

METHOD 

Animals 

Subjects were naive, male mice (age 7-8 weeks; weight 28- 
33 g) of the randomly bred CD-1 strain (Charles River, Italy). 
Upon their arrival in the laboratory (7-10 days before the 
experiment), mice were housed (eight per cage) in standard 
transparent plastic cages (27 x 21 × 14 cm) under standard 
animal room conditions (free access to food and water, 12 L : 
12 D cycle, ambient temperature of 23°C). The experiments 
were carried out between 9:00 a.m. and 4:00 p.m. by using 
different animals for different behavioral tests. 

Drugs 

Saline solution (0.9~/0 NaCI), oxiracetam (ISF, s.p.a., Mi- 
lan, Italy; 50 or 100 mg/kg), and physostigmine sulfate 
(Merck, Darmstadt, Germany; 0.01, 0.025, or 0.05 mg/kg), 
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dissolved in distilled water, were injected IP in a volume of 10 
ml/kg. 

Active Avoidance 

The apparatus consisted of eight automated shuttle-boxes, 
each divided into two 20 × 10-cm compartments connected 
by a 3 × 3-cm opening. A light (10 W) was switched on alter- 
nately in the two compartments and used as a conditioned 
stimulus (CS). The CS preceded the onset of the uncondi- 
tioned stimulus (US) by 5 s and overlapped it for 25 s. The 
US was an electric shock (0.2 mA) applied continuously to 
the grid floor. The intertrial interval was 30 s. An avoidance 
response was recorded when the animal avoided the US by 
running into the dark 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. Spontaneous crossings 
from the dark to the light compartment were punished and 
recorded as intertrial responses. 

Training consisted of five daily 100-trial avoidance ses- 
sions. Mice received a first injection with saline or oxiracetam 
(50 or I00 mg/kg) 30 min before each avoidance session and a 
second injection with saline or physostigmine (0.01, 0.025, or 
0.05 mg/kg) 15 min later. Experimental groups consisted of 
16 mice that received saline as a second injection; groups re- 
ceiving physostigmine included eight animals. 

Passive A voidance 

Mice were subjected to a one-trial passive avoidance task 
in an apparatus consisting of two compartments, one lighted 
(13.5 × 6 × 12cm) and one dark (27 × 27 × 27cm) ,con-  
nected via a sliding door. In the acquisition trial, each mouse 
was placed individually in the lighted compartment and the 
time taken to enter the dark compartment was measured. As 
soon as the mouse entered the dark compartment, the sliding 
door was closed and a strong foot-shock (0.7 mA for 1 s) was 
delivered through the grid floor. The mouse was then returned 
to its own cage waiting for the retention trial, carried out 24 h 
later. In the retention trial, the mouse was placed in the lighted 
compartment and the latency of the step-through response 
(cut-off latency time 300 s) was recorded. 

Drug treatment consisted of saline or oxiracetam (50 or 100 
mg/kg) given 30 min before both the acquisition and retention 
trials. Physostigmine was given 15 min before training and 
testing at the doses of 0 (saline), 0.01, 0.025, or 0.05 mg/kg 
or immediately after training (0, 0.025, or 0.05 mg/kg). Each 
group included eight subjects. 

Locomotor Activity 

Spontaneous locomotor activity was measured by using the 
same apparatus employed to measure active avoidance. For 
this purpose, the lamps of the shuttle-boxes were switched off 
and no electric shock was applied to the floor. For each 
mouse, the number of crossings from one compartment to the 
other was recorded for 30 min. Mice were subjected to the 
activity test after a 5-day pretreatment with saline solution or 
oxiracetam 100 mg/kg. On the sixth day, animals received 
saline or oxiracetam (as in the pretreatment) 30 min before the 
activity test. In addition, they received saline or physostigmine 
(0.01, 0.025, or 0.05 mg/kg) 15 min before testing. Each 
group consisted of eight subjects. 

Statistics 

The data concerning one-trial passive avoidance test and 
locomotor activity were evaluated by two-factor analysis of 

variance (ANOVA), the factors being oxiracetam (two or 
three levels) and physostigmine (three or four levels). Shuttle- 
box avoidance responses were evaluated by a three-factor 
ANOVA because in addition to the above two factors a third 
factor (repeated measures) was represented by daily sessions 
(five levels). Posthoc analysis was carried out, when appro- 
priate, by Duncan's multiple-range test. 

RESULTS 

Active Avoidance 

Figure 1 reports the mean percent avoidance responses for 
each daily shuttle-box session and each treatment group; es- 
cape responses are not reported because escape failure seldom 
occurred. 

A three-factor ANOVA for avoidance responses showed 
no significant main effect of oxiracetam, F(2, 108) = 0.28, p 
> 0.05, or physostigmine, F(3, 108) = 0.66, p > 0.05, and 
no significant drug interaction, F(6, 108) = 0.91, p > 0.05, 
on the whole of the five training sessions. The analysis also 
showed a significant effect of training, F(4, 432) = 221.54, 
p < 0.001, but oxiracetam × sessions, F(8, 432) = 0.59, p 
> 0.05, physostigmine × sessions, F(12, 432) = 0.60, p > 
0.05, and oxiracetam × physostigmine × sessions, F(24, 
432) = 1.19, p > 0.05, interactions did not reach significance 
levels. The results of this complex three-factor ANOVA did 
not allow further analysis for simple individual drug effects. 
However, Fig. 1 shows that mice receiving oxiracetam or phy- 
sostigmine alone clearly performed better than controls and 
combination of the two drugs did not produce any advantage. 
This observation was supported by simpler statistical analyses 
(a two-factor treatment × sessions ANOVA for each treat- 
ment). 

Intertrial responses (spontaneous crossings from the dark 
to the lighted compartment), which were punished by electric 
shock, were always at low levels. 

Passive Avoidance 

Drug treatments did not affect step-through latencies in 
the training trial: All mice entered the dark compartment 
within 20 s. 

Figure 2 shows mean step-through latencies exhibited on 
the retention trial by mice treated with saline or oxiracetam 
and receiving physostigmine before or after training. A two- 
factor ANOVA, for pretraining physostigmine showed a sig- 
nificant main effect of physostigmine, F(3, 84) = 191.98, p 
< 0.001, but not of oxiracetam, F(2, 84) = 0.45, p > 0.05, 
and no significant interaction, F(6, 84) = 1.01, p > 0.05. 
Similar results were obtained when physostigmine was given 
posttraining: a significant main effect of physostigmine, F(2, 
63) = 88.41, p < 0.001, but not of oxiracetam, F(2, 63) = 
0.15, p > 0.05, and no significant interaction, F(4, 63) = 
0.08, p > 0.05. In both cases, a posthoc analysis indicated 
that physostigmine produced significant retention improve- 
ments at doses of 0.025 and 0.05 mg/kg. 

Physostigmine had no effect in mice that did not receive 
foot-shock in the training session (data not shown). 

Locomotor Activity 

Table 1 reports the activity crossings exhibited by mice 
receiving oxiracetam (100 mg/kg) and physostigmine (0.01, 
0.025, or 0.05 mg/kg) alone or in combination. A two-factor 
ANOVA showed a significant main effect of physostigmine, 
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FIG. 1. Effect of oxiracetam (OX) and physosigmine (PHYS) on 
shuttle-box avoidance acquisition. Columns represent mean percent 
avoidance responses in each of the five 100-trial sessions. Vertical 
bars indicate SEM. Mice received a first injection with OX at doses 
of 0 (SAL), 50, or 100 mg/kg 30 min before each session and a second 
injection with PHYS sulfate at doses of 0 (SAL), 0.01, 0.025, or 0.05 
mg/kg 15 min later. 

F(3, 56) = 2.97, p < 0.05, but not  of  oxiracetam, F(1, 56) 
= 0.45, p > 0.05, a<~nd no significant interaction, F(3, 56) = 
0.2.5, p > 0.05. A posthoc analysis indicated that physostig- 
mine depressed locomotor  activity at the dose of  0.05 mg/kg .  

DISCUSSION 

The present results show significant improving effects o f  
physostigmine on passive avoidance acquisit ion in CD-1 mice. 
Active avoidance was also apparently facilitated by the drug, 

even if this facilitating action was not supported by a statisti- 
cal significance. Improvement  of  passive avoidance learning 
by physostigmine is in agreement with previous findings, dem- 
onstrating that this acetylcholinesterase inhibitor,  adminis- 
tered either pre- or posttraining, enhances retention perfor- 
mance in both rats and mice tested in one-trial inhibitory 
avoidance tasks (8). Conversely, previous works indicated that  
physostigmine exerted impairing rather than improving effects 
on active avoidance acquisition. In particular, learning im- 
pairment was observed in rats subjected to shuttle-box train- 
ing after administration of  the drug at doses higher (5,13) or 
even near (14) those employed in the present study. Thus,  it 
seems that mice are less sensitive than rats to the depressant 
action of  physostigmine so low doses of  the drug, devoid of  
aspecific impairing effects, show a tendency to facilitate shut- 

150 
A 

[ ]  PHYS 0 (SAL) 
[ ]  PHYS 0.01 
[ ]  PHYS 0.025 
• PHYS 0.05 

lO0 

~ 5O 

~ 0 < 

~:~ 
~.9 

0 
~ 150" 

& 

0 (SAL) 50 I00 

100" 

50'  

B 

T 

0 SAL) 50 

OXIRACETAM (mg/kg) 

I00 

FIG. 2. Effect of oxiracetam and physositgmine (PHYS) on passive 
avoidance acquisition. Columns represent mean step-through latenc- 
ies (seconds) on the retention trial (24 h after the acquisition trial). 
Vertical bars indicate SEM. Mice received oxiracetam at doses of 0 
(SAL), 50, or 100 mg/kg 30 rain before both the acquisition and 
retention trials. PHYS sulfate was injected (A) 15 min before both 
trials at doses of 0 (SAL), 0.01, 0.025, or 0.05 mg/kg or (B) immedi- 
ately after the acquisition trial at doses of 0 (SAL), 0.025, or 0.05 
mg/kg. 
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TABLE 1 
EFFECT OF OXIRACETAM AND PHYSOSTIGMINE 

ON LOCOMOTOR ACTIVITY 

Oxiracetarn (mg/kg) 
Physostigmine 
(mg/kg) 0 100 

0 80.75 _ 6.17 75.00 +_ 6.48 
0.01 72.00 + 4.70 70.50 + 3.99 
0.025 80.00 _+ 8.40 72.25 +_ 6.40 
0.05 59.00 + 9.71 61.75 + 2.40 

Mean (_+SEM) activity crossings during 30 min. 
Mice received oxiracetam at doses of 0 (saline) or 100 
mg/kg 30 min before testing and physostigmine sulfate 
at doses of 0 (saline), 0.01, 0.025, or 0.05 mg/kg 15 min 
later. 

tie-box avoidance acquisition. On the other hand, failure of 
the highest dose (0.05 mg/kg) of physostigmine to increase 
shuttle-box avoidance responses in mice might be due, at least 
in part, to aspecific depressant effects, as suggested by a slight 
reduction in locomotor activity and sensitivity to the electric 
shock (squeak response; data not shown) induced by this dose 
of the drug. 

Oxiracetam, as physostigmine, exerted facilitating effects, 
even if not statistically significant, on shuttle-box avoidance 
acquisition but, contrary to physostigmine, had no effect on 
passive avoidance learning. These findings agree with the re- 
sults obtained in previous experiments, carried out under simi- 
lar experimental conditions (17,18), showing learning facilita- 
tion by oxiracetam in the multitrial active but not in the 
one-trial passive avoidance task. Conversely, oxiracetam did 
not enhance either active or passive avoidance improvement 
induced by physostigmine, contrary to what was expected in 
view of previous effects obtained with drug combinations in- 
cluding this nootropic agent (1). 

The mechanism of action of nootropics is still unknown, 
as it is unknown whether the same neurochemical mechanisms 
are responsible for both the cognition-enhancing and protec- 
tive action upon brain injuries exerted by these drugs (10). It 
has been suggested that the central action of nootropics might 
initiate at the peripheral level through a stimulation of the 
adrenal glands. Activation of the adrenal medulla, increasing 
epinephrine release and glucose blood levels, might facilitate 

learning and memory through an enhanced availability and 
utilization of glucose in the brain (22). Alternatively, a stimu- 
lation of the adrenal cortex by nootropics could release adre- 
nocortical steroids, which might exert a modulatory action on 
the central biochemical effects of the same agents (9). Other 
experimental findings indicate a direct action of oxiracetam 
on brain structures (12). Anyway, nootropic agents may inter- 
fere with various neurotransmitter systems (19) and an activa- 
tion of brain cholinergic function by oxiracetam has been re- 
ported (20,21). In view of the role that cholinergic mechanisms 
might play in the action of nootropics, we recently hypothe- 
sized (1) that retention improvements produced by combina- 
tions of oxiracetam and secoverine, a presynaptic muscarinic 
antagonist (7), as previous similar effects produced by combi- 
nations of physostigmine and secoverine (6), might be ascribed 
to a simultaneous activation of different cholinergic mecha- 
nisms. However, it should not be disregarded that catechol- 
aminergic mechanisms were probably involved in the strong 
avoidance facilitation induced by a combination of oxira- 
cetam with methamphetamine (15), or even with nicotine (18), 
and that the nootropic drug counteracted the passive avoid- 
ance impairment induced by the dopamine receptor blocker 
haloperidol (3). On the other hand, passive avoidance facilita- 
tion by combinations of oxiracetam and secoverine could also 
be explained by considering that secoverine, which antago- 
nizes acetylcholine at the muscarinic autoreceptors, was less 
effective at the muscarinic receptors mediating potentiation 
of dopamine release (7). These last considerations, together 
with the present results, showing failure of oxiracetam to en- 
hance physostigmine-induced avoidance facilitation, suggest 
that the role of cathecholaminergic mechanisms should always 
be considered in evaluation of the effects on avoidance learn- 
ing exerted by combinations of nootropics with other drugs. 
In this respect, it is important to note that central catecholao 
mines are in particular involved in acquisition and mainte- 
nance of aversive learning (11). Although an involvement of 
catecholaminergic mechanisms in the action of nootropics has 
been suggested (10), it is at present difficult to hypothesize a 
role of cathecholamines in the effects of oxiracetam on avoid- 
ance behavior. However, it is possible that nootropics, what- 
ever their mechanism of action may be, exert additive or su- 
praadditive facilitating effects on avoidance learning when 
combined with arousing catecholaminergic agents more than 
with cholinomimetic cognition enhancers. Further researches, 
carried out by combining nootropics with other catecholamin- 
ergic and cholinergic agents, could clarify this point. 
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