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The effects of the nootropic drugs Piracetam (Pir) and Pramiracetam (Pram) were evaluated on recognition-memory of rats
in a new one-trial test. This test is based on spontaneous exploratory activity and does not involve rule learning or reinforcement.
Recognition is measured by the time spent by rats in exploring two different objects, one familiar (the sample), the other new.
When the retention interval is I min, normal rats spend more time exploring the new object which demonstrates that they
recognize the familiar one, but they do not discriminate between the two objects after a 24-h interval. Three doses of Pram (15,
30 and 60 mg/kg) and Pir (100, 200 and 400 mg/kg) were administered i.p. 30 min before the acquisition trial. The doses of
30 mg/kg of Pram and of 400 mg/kg of Pir produced a significant improvement in retention when the intertrial interval was 24 h.
This effect was not associated with a change in overall exploratory behavior. This study shows that the new object-recognition
test may be a useful tool for pharmacological studies of memory in rats.

INTRODUCTION

The experiments reported in this paper have a
double purpose: (1) to check the value of the test
described in the preceding article!® as a tool for
the neurobiology of learning and memory in rats;
(2) to study the effects of two nootropic drugs,
piracetam and pramiracetam.

Piracetam and pramiracetam belong to a new
class of drugs called ‘nootropic’. Since their
appearance in the psychopharmacological
field>7+18:25.31.38 "the action profile of this class of
drugs is still not fully determined!7-19-29.23.27 (see
refs. 30,50). It has been frequently reported that
they improve learning and memory in humans and
animals that are senescent or suffering from brain
pathologieSQ,l(),Zl.22.24,40,44,48.51.55,58’ but some re-

sults are not very clear-cut!->-26:28:3547.52 I nor-

mal subjects, the effects of their administration
remain controversial®:¢.!12:14.37.3841.59 = Thig g
partly due to the fact that many results have been
obtained from tests that do not provide unequivo-
cal measures of learning and memory, for instance
one-trial tests having no discrimination
measures?®**°, In this respect, our test may help to
clarify theissue.  In our previous experiments!>,
we observed that normal rats are able to discrimi-
nate between a familiar and a new object when the
retention interval between the sample trial (T1)
and the choice trial (T2)is 1 min. They spent more
time exploring the new object than the familiar
one, which demonstrates that they recognize the
latter. With a 24-h retention interval normal rats
are unable to discriminate between the familiar
and the novel object.

On the grounds of these data, we developed the
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experimental strategy used in the present study.
We first explored the effects of different doses of
pramiracetam on the 24-h retention interval: the
poor performance of normal rats makes the test
more sensitive to a facilitatory effect. Then we did
a control experiment which was to serve three
purposes: (1) to confirm the result obtained with
the most effective dose of pramiracetam, (2) to
check that control rats had a ‘normal’ perform-
ance level for the 1-min retention interval, (3) to
compare the effects of pramiracetam to those of
piracetam. .

Piracectam was chosen as a reference drug for
two reasons: (1)it is the most documented
nootropic drug and (2) in an earlier version of our
test'4, it improved performances of rats with a 1-h
retention interval. We wish to see if this facilita-
tory action is still detectable on a 24-h retention
interval.

EXPERIMENT |
Mellzods

Subjects

Forty-three male Wistar rats weighing
200-250 g each were used. They were housed in
individual cages and maintained on a 12-12h
light/dark cycle (07.00-19.00 h). Ambient tem-
perature was 23 + 1 °C. During the entire experi-
ment they had free access to food and water.

Apparatus

The apparatus used was an open box made of
wood 65 X 45 x 45 cm (height). The objects to be
discriminated were made of glass, plastic or metal
and existed in duplicate. Their weight was such
that they could not be displaced by rats. The
apparatus was placed in a sound-isolated room
where the sound-insulation was aided by a
masking-white noise of 70 dB above the human
threshold. A light bulb fastened in the upper part
of the room provided a constant illumination of
about 40 lux at the level of the test apparatus.

Behavioural testing
The methods are fully explained in the com-
panion paper. They may be summarized as

follows: all rats were submitted to two habi-
tuation sessions where they were allowed 2 min to
explore the apparatus. Twenty-four hours later,
testing began. This experiment comprised 3
sessions separated by 48 h. Each session was
made up of two trials. In the first trial (T'1), rats
were exposed to two identical objects which con-
stituted samples Al and A2. In the second trial
(T2), the rats were exposed again to two objects,
one of the samples which is now familiar A and
a new object B. In each trial, each object was
placed in one of the back corners of the box. The
object A presented during T2 was a duplicate of
the sample presented in T1 in order to avoid olfac-
tory trails. From rat to rat, the role (sample or new
object) as well as the position of the two objects
was counterbalanced and randomly permuted
during T2. A different pair of objects was used for
each session. We shall call Ol and O2, the two
objects of each pair. For half of the rats, O1 was
the sample A and O2 the new object B. For the
other half, the role of O1 and O2 was inversed.
These precautions were taken in order to reduce

- object and place preference effects. It should be

stressed that the objects apparently had no
natural significance for rats and had never been
associated with a reinforcement. The duration of
T1 and T2 was 3 min each and the delay between
them was 24 h.

Drug treatments

The rats were randomly assigned to 4 groups.
The treatment of each group was administered
1.p. 30 min before each test session. The control
group (C, n = 11) received an injection of physio-
logical saline, and the experimental groups re-
ceived respectively an injection of pramiracetam
atadose of 15 mg/kg (Pram 15,1 = 11), 30 mg/kg
(Pram 30, n=10) and 60 mg/kg (Pram 60,
1 = 11). Both solutions were administered in the
volume of 1 ml/kg. Pramiracetam was diluted in
an appropriate volume of physiological saline.

Measurements and statistical treatments

The basic measure was the time spent by the
rats in exploring the objects during T1 and during
T2. Exploration of an object was defined as
follows: directing the nose to the object at a dis-



TABLE I

Index of the different variables involved in the object-recognition
test

Exploration Habituation Discrimination

el = [al + a2] hl = [el - ¢2] dl =[b-a)
c2=[a+b] h2 = [(el/2) - a] d2 = [b/e2]
d3 = [d1/e2]

tance <2 cm and/or touching it with the nose;
turning around or sitting on the object was not
considered as exploratory behavior.

The time spent in exploring the two identical
samples will be represented by al and a2; the time
spent in T2 in exploring respectively the sample
and the new object will be represented by a and
b. The following variables were considered: el,
€2, hl, h2, d1, d2 and d3, (see Table I).

(el) and (e2) measure the exploration of both
objects during T1 and T2 respectively, the (h)
indexes may be considered as a measure of habi-

tuation of the exploratory behavior and the (d)

indexes as a mnesic measure reflecting the dis-
crimination between the new and the familiar
object.

Within groups, statistical tests were applied to
variables (h1), (h2) and (d1). They were based on
the paired Student r-test. For instance, signifi-
cance of (hl) for a given group was tested by
comparing the mean value of (el) and (e2) for that
group. Between-group comparisons were based
on Kruskal-Wallis and post-hoc comparisons
according to Conover'®.

Results

(1) Effect of pramiracetam on object and side pre-
Jerences

Paired Student s-test (two-tailed) did not show
any significant differences within any group when
we compared the exploration time according to
the nature of the objects and their location in the
apparatus.

(2) Effect of pramiracetam on overall exploratory
activity

For each group and for the variables (el) and
(e2), a one-way ANOVA for repcated measures

199

: (e
SO} . C—Jte2

70+

a_s o
OOOOOOOY

DOOOOOOO0
BOOOOOO0

OOOLOOCOOOOOOC

Time (sec)

40p

201

OOOOOOOO00

Pram60 mg/Kg

Control Prami15 Pram 30

Fig. 1. Mean value (£ S.E.M) of the total exploration time
during the first trial (¢1) and the second trial (e2). For (cl),
H(3) = 13.69, P < 0.001 and for (e2), H(3) = 11.86, P < 0.01.
M @ Compared to control, 15 == 2.021, P < 0.05; Il @ Com-
pared to Pram 30, 135 = 2.021, P < 0.05; ll Compared to
Pram 60, ¢4 = 3.551, P < 0.001; ¥ Compared to Control,
1,0 = 2.704, P < 0.01; ¥ Compared to Pram 60, 155 = 3.307,
P <0.001.

did not show any difference between sessions;
therefore their results were pooled. The overall
analysis of variance of the pooled results shows
significant differences between groups: for (el),
H, = 13.69, P <0.005; for (e2), H, = 11.86,
P<0.01.

Compared to the control, a dose of 15 mg/kg of
pramiracetam significantly increases exploratory
activity of rats during T1 and T2, whereas a dose
of 60 mg/kg significantly decreased exploratory
activity during T1. '

(3) Effect of pramiracetam on global habituation of
exploratory behavior

(a) Within-group test. The significance of the
index (h1) was tested by comparing the mean
value of (e1) and (e2) within each group (Student
t-test, two-tailed). The difference between (el)
and (e2) is significant in session 1 only within the
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control (¢ = 2.83, P<0.02) and the Pram 15
(= 3.44, P <0.01) group.

(b) Between-group test. Since the one-way
ANOVA for repeated measures for (h1) is signifi-
cant between sessions in the Pram 15 group,
F, 50 = 8.72, P < 0.002, the results of the groups
were not pooled. Groups were compared session
by session. They were only significantly different
in session 1, H; = 9.45, P < 0.03. Compared to
the control, the habituation to the exploration of
objects was significantly decreased by a 60 mg/kg
dose of pramiracetam.

(4) Effect of pramiracetam on the discrimination
between the familiar and the new objects

(a) Within-group tests. The significance of the
index (d1) was tested by comparing the mean
wvalue of (a) and (b) within each group (Student
‘t-test, two tailed). The difference between (a) and
(b) is significant only within the Pram 30 group in
cach session and within Pram 15 and Pram 60
groups in sessions 2 and 3, never in the control
group. In other words, the time spent by control
rats in exploring the new and the familiar objects
did not show discrimination between them.

(b) Between-group tests. Since groups were not
significantly different from session to session, the
results of all 3 sessions were pooled. The overall
analysis of variance gives: H; = 8.126, P < 0.03
(see Fig. 2). _

Two-by-two comparisons between groups
showed that the mean value of the discrimination
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Fig. 2. Mean value (+ S.E.M) of the index (d1) for the dis-

crimination between the new and the familiar objects.

H, = 8.126, P < 0.05. [l Compared to control, t;, = 2.021,
P <0.05; ¥ Compared to control, ¢35 = 2.704, P < 0.01.

index (d1) was superior in Pram 15 and Pram 30
as compared to the control.

In summary, the effect of pramiracetam is dose-
dependent: the level of exploratory activity in-
creases with a low dose (15 mg/kg) and decreases
with a high dose (60 mg/kg), but it is comparable
to the control at an intermediate dose. The effect
on recognition-memory follows an inverted U-
shape with an increase in effectiveness from the
15 to the 30 mg/kg dose then a decrease from 30
to 60 mg/kg. The facilitatory effect of pramirace-
tam at a dose of 30 mg/kg is not associated with
a change in exploratory activity.

Results of within-groups tests (paired Student t-test) of the discrimination index (d1): comparison within each group of the time spent by
rats in exploring the new object (b) to the time spent in exploring the sample (a) in T2. [dIl = (b — a)]

Session 1 Session 2 Session 3

d1) t P=< (i) t P= (d1) t pP=<
Control 0.82 + 142 0.58 I.S. 1.73 + 1.76 0.98 ns. 1.73 + 0.007 1.07 ns.
Prg:n=1]51) 291 £ 1.51 1.92 ns. 7 +133 5.27 0.001 3.64 + 1.32 2.75 0.02
Prgrln=3(l)l) 8 +1.56 5.14 0.001 4.70 + 1.94 2.43 0.04 540 + 1.40 4.05 0.003
Prg:n=6:)0) 1.18 + 2.02 0.59 ns. 4,18 + 0.99 4.23 0.002 418 + 1.29 3.24 0.01

(n=11)




EXPERIMENT II
Methods

Subjects

Fifty male Wistar rats weighing 200-250 g each
were used. They were housed and maintained in
the same conditions as described above.

Behavioral testing

The general methods were the same as in Expt.
1 except that the rats were tested in 4 sessions.
The rats were submitted alternatively to two types
of sessions. For half, the first session had a 1-min
intertrial delay; for the other half a 24-h intertrial
delay. For all rats, the delay was 48 h between
sessions 1 and 2, 3 and 4, and 72 h between
session 2 and 3.

Drug treatments

The rats were assigned randomly to 5 groups
(n = 10 each). The treatments of each group were
administered i.p. 30 min before each session. The
control group received an injection of physiologi-
cal saline, and the experimental group received
respectively an injection of piracetam at a dose of
100 mg/kg (Pir 100), 200 mg/kg (Pir 200) and
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400 mg/kg (Pir 400). One group of rats received
one dose of pramiracetam 30 mg/kg (Pram 30).
Both drugs were diluted in an appropriate volume
of physiological saline.

Measurements and statistical treatments

The variables were the same as those con-
sidered in Expt. 1. Statistical treatments were per-
formed on:

(a) Data from sessions of the same intertrial
delay. Paired Student t-test (two-tailed) was per-
formed within each group on the following
variables: (h1), (h2) and (d1).

(b) Differences between groups for each session
with the same intertrial delay. The one-way
ANOVA for repeated measures was performed
on the results of each group for the two sessions
having the same intertrial delay; when no differ-
ences were observed, the results were pooled.
Analyses of variance were used for comparisons
between groups.

(c) Differences between sessions with different
intertrial delays. Within each group the per-
formances of rats in sessions with a 1-min delay
was compared to those in sessions with a 24-h
delay. This comparison was performed with the
paired Student r-test (two-tailed).

E'.‘.’.’.j (el) with intertrial delay of 1min
(e2)with intertrial delay of tmin

lllen (1) with intertrial detay of 24 hrs

l:l (e2)withintertrial delay of 24 hrs

-
a0
0
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Fig. 3. Mean value (+ S.E.M) of the total exploration time during the first trial (e1) and the second (e2) with 1-min and 24-h
intertrial delay. P> 0.10.
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Results

(1) Effect of drugs on object and side preferences

The paired Student r-test (two-tailed) did not
show any significant differences within any group
when we compared the exploration time ac-
cording to the nature of the objects and their
location in the apparatus.

(2) Effect of drugs on overall exploratory activity
For each group, a one-way ANOVA for re-
peated measures did not show significant differ-
ences between each session of the same intertrial
delay and, consequently, their results were
pooled. The overall analysis of variance of the
pooled results was not significant between groups
in any session for the total time of exploration
during T1 and T2. Moreover, the intertrial delay
did not affect (el) and (e2) within each group.

(3) Effect of the drugs on global habituation of
exploratory behavior from T1 to T2

The index (hl) is not significant within any
group, which means that within each session the
time spent by rats of each group in exploring the
objects during T1 is comparable to that spent in
T2. There were no significant differences between
groups.

TABLE III

(4) Effect of drugs on habituation to the sample

(a) Within-group test. The significance of the
index (h2) was tested by comparing the mean
value of (e1/2) and (a) within each group (Student
t-test, two-tailed). (h2) was significant within each
group in the two 1-min delay sessions but only in
Pir 400 and Pram 30 groups in the second 24-h
delay sessions.

For each group a one-way ANOVA for
repeated measures did not show significant differ-
ences between sessions with the same intertrial
delay and, consequently, their results were
pooled.

The (h2) habituation index for 24-h delay
sessions is significantly inferior to that for 1-min
delay in the control, the Pir 100 and the Pir 200
groups, but not in the Pir 400 and Pram 30. In
other words, the habituation to the sample was
significantly decreased by the 24-h delay in the
first 3 groups but not in the last two (see Fig. 4).

(b) Between-group tests. The overall analysis of
variance did not show any difference between
groups on the 24-h intertrial delay: H, = 7.83,
P>0.10

(3) Effect of drugs on discrimination between
Samiliar and new objects

(a) Within-group tests for each delay. The com-
parison of (a) to (b) is significant within each

Results of within-group tests of the index of habituation to the sample (h2): comparisons within each group of the average time (el/2)
spent in exploring the samples in T1 to time spent in exploring the sample (a) in T2. [h2 = (el[2) - a]

Session 1 (delay 1 min)

Session 2 (delay 1 min)

Session 1 (delay 24 h) Session 2 (delay 24 h)

P< (R t P<  (R2) t P<

(h2) 1 P (h2) !

Control 405+ 185 219 006 7.75+198 391
(n = 10)

Pir 100 7.65+234 326 001 720+ 159 452
(n = 10)

Pir 200 635+ 1.16 547 0.001 335+ 1.65 200
(n=10)

Pir 400 7.05+ 142 497 0.001 530+224 237
(n=10)

Pram 30  635+213 298 001 6404+ 1.84 348

(n=10)

0001 -085+173 049 ns.
0001 -035+115 030 ns. 3
007  145+127 114 ns.
004 3704186 198 ns.

0.001 230+ 1.72 135 ns.

~245+1.63 1.5 ns.
+1.63 1.83 ns.
1.20 + 1.90 0.63 n.s.
3.55+ 1.61 2.20 0.06

340+ 1.24 2.75 0.03
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Pir 200

(h2)wn:h intertrial delay of 1min
(h2)with intertrial delay of 24 hrs

Fig. 4. Mean value (+ S.E.M) of the index (h2) for habi-
tuation to the sample for I min (H, = 1, P> 0.10) and 24 h
(Hs = 7.34, P> 0.10) intertrial delays. Jll Compared to
pooled results of sessions with 1 minintertrial delay, t = 3.45,
P <0.005; @ Compared to pooled results of sessions with
1 min intertrial delay, ¢t = 3.94, P <0.005; ¥ Compared to
pooled results of sessions with 1 minintertrial delay, ¢ = 2.26,
P <0.05.

TABLE 1V
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group in the 1-min delay sessions, but only for Pir
400 and Pram 30 in the 24-h delay sessions.

(b) Within-group test of the influence of the delay.
For each group, the one-way ANOVA for
repeated measures did not show significant differ-
ences between the sessions having the same inter-
trial delay; their results were pooled.

The comparison within each group of the mean
value of (d1) for both the 1-min and the 24-h delay
sessions is significant in all groups except in Pram
30. These results mean that the group of rats
treated with pramiracetam at a dose of 30 mg/kg
performed the discrimination between the new
and the familiar object at a comparable level
whether the delay was 24 h or 1 min. In the other
groups, the level of discrimination after a 24-h
delay was significantly inferior to that after a
1-min delay (see Fig. 5).

(c) Between-group tests. The overall analysis of
variance is significant between groups only for the
24-h intertrial delay: H, = 15.33, P < 0.005 (sce
Table V).

(6) Effect of drugs on other mnesic indexes

Two other indexes (d2) and (d3) (see Methods)
were computed. Between-group comparisons
(Table V) showed that these indexes were signifi-
cantly higher in Pram 30 and Pir 400 than in the
Control. However, in the first experiment no dose
of pramiracetam had a significant effect on cither
index.

Results of within-group tests of the significance of the discrimination (d1) between the familiar and the new objects

Comparisons within each group of the time spent by rats in exploring the sample (a) and the new objects (b)in T2. [d] = b - a].

Session 1 (delay 1 min)

Session 2 (delay 1 min)

Session 1 (delay 24 h) Session 2 (delay 24 h)

P< ) t P= i) t P=

(1) t P< () t

Control 9.7+243 399 001 10.1+1.72 586
(n=10)

Pir 100 12 +£244 491 0.001 98+24 408
(n=10)

Pir 200 92+201 457 0002 3.7+ 102 3.62
(n=10) :

Pir 400 149 +292 51 0.001 8.6+ 138 6.21
(n=10)

Pram 30 11 £242 455 0.002 15.1+364 4.15
(n=10)

0.001 1.12+198 061 ns.
001 28 +33 092 ns.
001 32 +1.55 206 ns.

0001 6 +1.71 35 0.0I

0.8+ 127 063 ns.
1.7+ 169 101 ns.
024206 009 ns.

72+202 356 001

001 53 +£076 696 0001 103+276 372 00l
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Pram 30 mg/Kg

Fig. 5. Mean value (£ S.E.M.) of the index (d1) of the discrimination between the familiar and the new object for 1 min

(H; =6.13, P> 0.10) and 24 h (H, = 16.45, P < 0.01) intertrial delays. For comparisons between groups see Table V. [l

Compared to pooled results of sessions with 1 min intertrial delay, ¢ = 6.71, P < 0.001; @ Compared to pooled results of sessions

with 1 min intertrial delay, ¢ = 549, P < 0.001; ¥ Compared to pooled results of sessions with 1 min intertrial delay, ¢ = 2.75,
P <0.02; A Compared to pooled results of sessions with 1 min intertrial delay, ¢ = 2.42, P < 0.04.

TABLE V

Overall analyses of variance for the index measures of recognition meniory of rats and 2-by-2 comparisons between groups

H,= P< Control/ Control| Pir 100/ Pir 100/ Pir 200/ Pir 200/
Pir 400 Pram 30 Pir 400 Pram 30 - Pir 400 Pram 30
dl=b-a’ 16.45 0.005 0.01 0.001 0.003 0.01 0.01 0.001
d2 = bje2 17.58 0.005 0.01 0.001 0.003 0.003 0.01 0.01
d3 = dlfe2 17.40 0.005 0.001 0.001 0.003 0.01 0.01 0.01
DISCUSSION Experiment 2

The main results of our experiment can be sum-
marized as follows:

Experiment 1

(a) Rats treated with pramiracetam are able to
discriminate between familiar and new objects
after a retention interval which makes this dis-
crimination difficult in controls. The improve-
ment shown with pramiracetam is dose-depen-
dent and the most effective dose is 30 mg/kg.

(b) Pramiracetam also affects overall explora-
tory activity which is increased by the low dose
(15 mg/kg) and decreased by the high dose
(60 mg/kg). The intermediate dose (30 mg/kg) has
no effect.

(a) The level of discrimination of all treated
rats is comparable to that of controls when tested
with an intertrial delay of 1 min.

(b) With a 24-h intertrial delay, only rats
treated with pramiracetam 30 mg/kg and pirace-
tam 400 mg/kg discriminate between the familiar
and the new objects.

(c) A dose of 30 mg/kg of pramiracetam is
more potent than a dose of 400 mg/kg of pirace-
tam, since it is only in the pramiracetam group
that the discrimination between the familiar and
the new objects shows no difference between a
delay of 24 h and of 1 min.

(d) Piracetam and pramiracetam increase ha-
bituation to the sample after a 24-h delay; this can



also be considered as an improvement in recog-
nition of this object.

(e) The above effects were not associated with
a change in exploratory behavior.

These results seem to confirm the promnesic
effects of nootropic drugs; however several
questions remain without definite answers:

(1) Why, in many cases, are these drugs inef-
fective? A possible explanation is that their bene-
ficial action is masked by ‘ceiling’ effects and can
only be detected in non-optimal conditions or in
impaired organisms. The significant effects of
piracetam were more frequently observed in hu-
mans and animals that are senescent or suffering
from brain pathologies than in normal subjects
(see Introduction). Moreover, piracetam brings
about improvement of avoidance behavior in or-
ganically normal rats only when this behavior is
impaired by previous exposure to uncontrollable
shocks based on the ‘learned helplessness’
paradigm®. Hence, we hypothesize that nootropic
drugs may have detectable beneficial effects in
normal subjects placed in unfavourable condi-
tions. This is clearly the case in our experiments
when the retention interval is 24 h.

(2) What form of memory, if any, is facilitated
by nootropic drugs? Analyses of amnesic syn-
dromes show that different forms of memory may
have unequal susceptibility to brain pathologies or
aging. In this respect, 3 main distinctions are fre-
quently made: (1) working vs reference memory,
(2) episodic vs semantic memory, and (3) declara-
tive vs procedural memory. In each case, the first
form (working, episodic, declarative) is always
severely impaired in amnesic patients, whereas
the second is usually not affected®?. In so far as
these forms of memory can be measured in ani-
mals, it seems that piracetam and pramiracetam
have no beneficial effects on working memory
performances® 1438, but they may improve refer-
ence memory>%. Since our recognition test is
based on a short and non-repeated experiment, it
can be considered as measuring a form of episodic
memory. Furthermore, our test does not involve
primary reinforcement such as food, water or
electric shocks and in this respect is more similar
to a human real life situation than to a standard
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animal conditioning test. Its sensitivity to pirace-
tam and pramiracetam suggests that these drugs
may improve long-term episodic memory of
events experienced under low or mild levels of
arousal and motivation. This perhaps enters the
larger field of the human memory.

(3) What mechanisms are involved in the
action of nootropic drugs? Many studies have
been devoted to this problem?3:36:39:42-44.:46.53,
54,56.60 but clear-cut answers have not yet been
found. At doses which improve object recognition
after a 24-h retention delay, pramiracetam and
piracetam do not modify exploratory activity.
This suggests that the promnesic effects are not
the mere consequence of a global increase of
arousal. Another interesting lead is offered by the
fact that pramiracetam facilitates hippocampal
theta activity®>. Moreover, it was recently found
that the relative power of the 5-11 Hz band of the
hippocampal EEG (theta rhythm band) of the
awakerat is significantly increased by 30 mg/kg of
pramiracetam'!. This is the dose which had the
most reliable promnesic effects in our experi-
ments. Thus a likely mechanism of action of
pramiracetam could be the promotion of hippo-
campal theta activity. Several data suggest that
the neurobiological processes reflected by this
rhythm may play a role in learning and memo-
ry2,4,13.33,34.57.

Finally, in this study, the new object recog-
nition test that we devised appears to have several
interesting properties: (1) sensitivity to drugs;
(2) simplicity, which allows the testing of a large
number of animals; (3) measurement of a dis-
crimination which allows the control of the treat-
ment side-effects on sensory and motor capacities
as well as on arousal levels which is contrary to
most one-trial tests. Consequently, this test may
well be a useful tool for the neurobiological
studies of learning and memory.
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