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Neurophysiological and neurochemical studies have demonstrated that Piracetam improves learning and memory both in animals
and humans. In recent years it has been shown that when a subject is engaged in a motor perceptual task, some psychomotor
functions are correlated with a consistent pattern of brain electrical activity. Given the relationship between the movement-related
brain macropotentials (MRBMs) and the cognitive processes associated with them, we considered the MRBMs particularly suitable
for the neurophysiological assessment of the efficacy of Piracetam in man. The aim of this study was to test the acute and chronic
effect of Piracetam administration on the MRBMs in normal children during the performance of a motor perceptual task. The design
was a triple-blind study, during which the subjects took either placebo or Piracetam in random sequence, with a washout period of 3
weeks, The dose was 170 mgkg for the acute treatment and 140 mg/kg/day for chronic treatment. No side-effects were reported by
the children during or after acute or chronic treatment with Piracetam. There was no statistically significant difference between
placebo or Piracetam treatment with regard to ‘performance’, which was already optimal at baseline, and to electromyographic
activity. On the contrary, the MRBMs were significantly modified by treatment. In particular the Bereitschaftspotential was present
as a positive shift during acute treatment with Piracetam and increased after chronic treatment. Skilled performance positivity (SPP)
amplitudes were significantly increased and SPP latency reduced by chronic treatment with Piracetam. Piracetam appears to act on
the catecholaminergic and cholinergic systems via an increase of the inhibitory hyperpolarizing processes.

INTRODUCTION

Piracetam (2-oxo-1-pyrrolidin-acetamide, P) is
considered the first representative of a new class
of compounds acting on the central nervous sys-
tem, the nootropic drugs (Giurgea, 1973, 1978;
Giurgea and Salama, 1977).

Neurophysiological and neurochemical studies
have demonstrated that P improves learning and
memory in both animals (Giurgea and Moura-
vieff-Lesuisse, 1972; Buresowa and Bures, 1976;
Bartus et al., 1981) and humans (Stegnick, 1972;
Mindus et al., 1976; Bente et al., 1978) and has
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therapeutic effects in a wide variety of disorders:
vertigo, disorders of perception, motor dis-
turbances (Ekman, 1976; Giurgea, 1978). More
recently, P has been reported to improve verbal
memorizing and reading skills in disabled children
(Wilsher et al., 1979, 1987).

In recent years it has been shown that when a
subject is engaged in a motor perceptual task
some psychomotor functions are correlated with a
consistent pattern of brain electrical activity. The
task consisted of self-paced button pressing, ini-
tiating with one hand an oscilloscope trace and
terminating the sweep within a specific period of
time with the other hand (Papakostopoulos,
1978a). Visual feedback was provided. For correct
performance the task demands good two-handed
coordination and memorization of the scores in
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order to improve performance. The brain elec-
trical activity associated with this task consists
of the movement-related brain macropotentials
(MRBMs) (Papakostopoulos, 1978b).

The Bereitschaftspotential (BP, Kornhuber and
Deecke, 1965) is a slow negative potential that
precedes motor activity by about 800 ms with a
greater amplitude in the fronto-central than the
parietal regions. Its amplitude is also greater dur-
ing skilled than unskilled conditions. It is absent
in children under 6 and increases with age, re-
aching adult values in adolescence (Chiarenza et
al., 1983). It has been shown that BP is absent in
chronic schizophrenics (Chiarenza et al., 1985a),
variously modified in those suffering from Parkin-
son’s disease (Deecke et al., 1977; Papakostopou-
los and Banerji, 1980; Papakostopoulos et al.,
1985a), dyslexia and dysgraphia (Chiarenza et al.,
1986), learning disorders (Chiarenza et al., 1982),
Down’s Syndrome (Chiarenza et al., 1985b) and
by anticholinergic and neuroleptic drugs (Papa-
kostopoulos et al., 1985b).

Motor cortex potential (MCP) is another nega-
tive potential that follows BP and peaks about 32
ms after the EMG peak. It is considered an index
of reafferent activity (Papakostopoulos et al,
1975). The amplitude of MCP is greater during
skilled than unskilled conditions. It is present in
the precentral but absent from the parietal re-
gions. It is present in both children and adults, its
amplitude decreasing with senescence (Papa-
kostopoulos and Banerji, 1980). It is reduced in
chronic schizophrenics (Chiarenza et al., 1985a)
and those with learning disorders (Chiarenza et
al., 1982) and is not affected by the anticholinergic
drugs (Papakostopoulos et al., 1985b).

N100 is a negative potential considered to be
the response evoked by the oscilloscope trace that
is partially suppressed in the central and pre-
central areas during movement. N100 has a latency
of about 100 ms.

P200 is a positive potential following N100
with a latency of about 200 ms from the start of
light stimulation.

Skilled performance positivity (SPP) has a
latency of about 460 ms. It only appears in skilled
conditions and in relation to the subject’s knowl-
edge and evaluation of the results of his perfor-

mance (Papakostopoulos, 1980). It appears at
about 9 years old in the frontocentral regions and
increases in amplitude with age (Chiarenza et al.,
1983). Its amplitude is greater in the parietal re-
gions. It is absent in chronic schizophrenics
(Chiarenza et al., 1985a) and reduced in amplitude
in children with learning disorders (Chiarenza et
al., 1982), with dyslexia-dysgraphia (Chiarenza et
al., 1986) and with mental retardation (Chiarenza
et al., 1985b).

Given the relationship between the MRBMs
and the cognitive processes associated with them
during the performance of this motor perceptual
task, we considered the MRBMs particularly sui-
table for the neurophysiological assessment of the
efficacy of P in man.

Before starting a study on a large group of
learning-disabled children, we carried out a pilot-
study on a group of normal subjects in order to
evaluate the acute and chronic effect of P adminis-
tration on the MRBMs during the performance of
a motor perceptual task.

MATERIALS AND METHODS

Six volunteer normal right-handed boys aged
10-14 years (mean age 12.5 years) acted as sub-
jects. Both parents and children were fully in-
formed about the experimental procedure and
written consent was obtained. In order to rule out
possible psychological or psychiatric problems, the
following tests were administered to the subjects:
Weschler intelligence scale for children (WISC),
Draw a man and a family test. Moreover, a family
and a personal anamnesis were collected. All the
subjects were not cigarette smokers and during the
whole period of the research did not receive any
additional medication or drink any caffeinated
drinks.

All the subjects were of normal intelligence
(mean 1.Q. 122, S.D. + 20) and free of neurological
and psychiatric problems. A neurological ex-
amination was performed before and after the
experiment that resulted in the normal range.

Experimental design
The study was triple-blind with crossover:
neither parent/child, investigator, nor examining



staff knew the administration sequence, which was
kept by the drug monitor until after the study was
completed. All MRBM measurements were con-
ducted without knowledge of the drugs assign-
ment.

The experimental procedure was divided into 2
‘phases’ during which the 6 subjects were treated
with a placebo (Pl) or in random sequence. The
two ‘phases’ were separated by a 3-week wash-out
period. Each ‘phase’ consisted of two sessions
during which the MRBMs were recorded at 4
different ‘ times’. The first session involved record-
ing before treatment (baseline = first time) and
after acute treatment (acute = second time). The
second session involved recording after 15 days’
chronic treatment (chronic-third time) and after
additional acute treatment (chronic-acute = fourth
time).

All recordings were performed after 14.00 h,
the subjects previously having been told to eat a
light meal at least 2 h before recording time. We
used oral doses of P (UCB Laboratories, Turin,
Italy) amounting to 170 mg/kg for acute treat-
ment and 140 mg/kg per day for chronic treat-
ment. Due to the pharmacokinetics of P (Gobert
and Baltés, 1976), the motor perceptual task was
performed one hour after the administration of
the compound, and 4 blocks of 25 artefact-free
trials, each of them recorded every 15 min, were
collected.

The entire experimental procedure lasted about
31 h: § h for the electrode fitting, 1-h interval
between the two recording session of 1 h each.

The motor perceptual task (MPT)

The subject sat in a comfortable chair facing
the 10-cm screen of a cathode ray oscilloscope
(CRO) at a distance of 70 cm. In each hand he
held a button fitted with a special hand grip.
Button travel was 5 mm.

The task consisted of initiating a single sweep
of the oscilloscope trace by a thumb press of a
button held in the left hand, and of stopping the
sweep within a defined central area of the CRO by
a thumb-press of a button held in the right hand.
The subject’s goal was to stop the sweep within
this area (i.e. within 40-60 ms) after its initiation.
The velocity of the trace was 10 ms/cm. The
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interval between the left and right thumb-presses
was then computed and its value defined as ‘per-
formance time’. The distance from the ideal target
interval (40-60 ms) was also calculated and re-
ferred to as ‘performance shift’. The number of
targets scored, that is, when the subject hit the
central area (40—60 ms), was also calculated and
referred to as “target performance’.

Recording procedure and identification of the
MRBMs

Ag/AgCl EEG electrodes were placed at Fpz,
Fz, Cz, Pz, P3, P4. Also left and right precentral
electrodes (left precentral = LPC, right precentral
= RPC) were located on each hemisphere 2 cm
anterior to a point 5 cm from the midline on a line
extending from 2 cm behind the vertex to each
auditory meatus. Each electrode was referred to
linked mastoid electrodes. Bipolar electro-oculo-
gram was recorded from over and below the right
eye to monitor blinking and eye movements.
Surface EMG was recorded from the left and right
forearm flexor muscles. The impedance of the
electrodes was less than 3 k2. The time constant
and high frequency response (—6 dB) was 4.5 s
and 70 Hz for the EEG, and 0.03 s and 700 Hz for
the EMG respectively. The EEGs and EMGs were
stored on FM magnetic tape for off-line analysis.
Data acquisition started with sampling a +25 puV
square wave for calibration on each channel. A
trigger pulse generated by the press of the left-hand
button, began the 3.2-s EEG epoch which was
sampled at a rate of 250 Hz. Of this epoch, 2.2 s
preceded the trigger pulse and 1 s immediately
followed it. The average of the first second was
used to establish the baseline.

The amplitude of the EMG prior to movement
and the EMG rise time of the rectified surface left
and right electromyograms were calculated after
locating the EMG onset and the EMG peak. The
following potentials were measured: area and BP
amplitude, MCP amplitude, SPP latency and am-
plitude. The area of BP was measured from the BP
onset to the point corresponding to that of the
EMG onset. The mean amplitudes of BP and
MCP were computed for 200-ms periods, im-
mediately preceding the left-EMG onset, BP, and
immediately following it, MCP. The MCP value



226
was measured as the difference between the BP
and MCP values measured from the baseline. SPP
amplitudes were taken as average values over 200
ms centred around the main positive (SPP) peak
value in the latency band between 350 and 650 ms
from the trigger. SPP was measured against the
baseline and the preceding peak (peak-to-peak
measurement). SPP latencies were measured from
the trigger pulse. Since each of the 6 subjects
performed 8 tasks making a total of 48 MPTs
recorded and each SPT consists of 4 blocks of 25
trials each, a total of 192 blocks were measured.
Undoubtedly the small number of subjects pre-
cludes a complete design of variance analysis but
nevertheless ANOVA was used to assess the effect
of phases, times, treatment, subjects and relative
interactions. Naturally, there were a large number
of statistical comparisons and some of these could
be significant by chance alone. Of the ANOVA we
report. the treatment effect and the treatment X
time interactions. Furthermore, Student’s t-test for
correlated data and confidence limits of 95% and
99% were employed in order to obtain a direct
comparison between ‘times® within the framework
of each individual treatment and between treat-
ments in the same ‘times’.

RESULTS

No clinical side-effects were observed in the
children during and after acute and chronic treat-
ment with P.

Performance

The children treated with P improved their
performance in terms of performance time even
though the time differences were not statistically
significant. A direct comparison between perfor-
mance time, performance shift and target perfor-
mance in relation to the different treatment
showed no significant differences (Table I).

Electromyograms

Student’s t-test indicated that the rise-time and
amplitude of the left and right EMG was not
significantly influenced by treatments.

TABLE I

Means and S.D. of the performance of the subjects during treat-
ment with Piracetam (P) and placebo (P)

Performance Performance % Target

time shift performance
(ms) (ms)
Base
P 68.95 16.66 38.83
+34.79 +27.67 +46.99
Pl 64.64 16.49 33.66
+33.65 +24.55 +42.53
Acute
P 65.70 16.83 33.33
+32.89 +25.04 +47.17
Pl 63.48 18.45 32.60
+36.69 +27.02 +46.91
Chronic
P 69.43 20,72 28.52
+41.47 +34.18 +45.19
Pl 66.73 16.94 28.66
+34.68 +23.15 +45.25
Chronic + acute
P 63.89 16.30 31.38
+31.77 +22.98 + 46.44
Pl 61.61 17.69 3283
+48.58 +41.80 +46.99
MRBMs

Consistent variations were observed on the
MRBMs after P treatment. Fig. 1 shows the dif-
ference between all P and all Pl treatments. P
significantly reduces BP and MCP amplitude and
increases SPP amplitude. The effects on BP arose
immediately after acute treatment, those on MCP
and SPP were more consistent after chronic and
chronic-acute treatment.

BP

Variance analysis revealed a significant de-
crease in BP amplitude on the frontal, central and
left precentral areas after P treatment. The treat-
ment X time interaction was significant on all re-
cording sites (Table 1I). The acute administration
of P significantly reduced the BP amplitude in
comparison to the baseline in frontal, precentral
and parietal regions. A significant positive BP in
respect to baseline was recorded after chronic P
treatment on all areas except Fpz. Chronic-acute
treatment with P further increased the positive BP
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Fig. 1. Grand average of MRBMs and EMGs of all P (unbroken line)-Pl (broken line) treatments. The vertical bar indicates the
instance of the computer trigger.

in all areas. In contrast, the comparison between
the 3 administrations of placebo vis-a-vis the
baseline showed no significant difference in BP
amplitude except for LPC and Cz for acute treat-
ment and P3 and P4 during chronic-acute admin-
istration. Fig. 2 shows the effect of P and PI
treatment at the different ‘times’ on the left pre-
central region. Comparison of the acute PI-P

treatments showed that P significantly decreased
the BP amplitude only at Pz and P3. Chronic and
chronic-acute treatment with P had a similar ef-
fect. BP had positive values in all recorded loca-
tions and values were significantly different from
those produced by placebo treatment. Table III
shows the mean values and S.D.s of BP amplitude
during the various times of P and P1 treatments as
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TABLE II
Summary of ANOVA results of MRBMs

Fpz Fz Cz RPC LPC P4 P3
BP Amplitude
Treatment F 1,36 7.n 18.80 0.29 1.91 5.32 0.17 0.27
P ns. < 0.01 < 0.01 n.s. n.s. < 0.05 n.s. n.s.
Treatment X time F 329 4.46 5.07 9.05 6.81 8.46 8.03 B.62
P ns. <0.01 < 0.01 <0.01 <0.01 = 0.01 < 0.01 < 0.01
MCP Amplitude
Treatment F0.74 9.23 31.84 0.38 11.58 16.50 0.84 0.89
P ns. < 0.01 < 0.01 .S, <0.01 < 0.01 1n.s. .8,
Treatment X time F 6.21 9.77 12.37 5.25 15.62 19.53 9.58 6.55
P00 < 0.01 < (0.01 < 0.01 < 0.01 < 0.01 <0.01 < (.01
SPP Latency
Treatment F0.29 0.78 0.36 0.29 0.89 5.88 0.86 0.16
P ns. n.s. n.s. n.s. n.s. 0.05 n.5. .S.
Treatment X time F1M 2.15 0.94 422 1.11 1.57 251 2.63
P ns. n.s. n.s. = 0.01 n.s. n.s. n.s. I.S.
SPP Amplitude
Treatment F1.08 9.28 8.46 2.03 4.79 3.74 1.51 1.99
P ns. < 0.01 = 0.01 n.s. < 0.05 .S, n.s. n.s.
Treatment X time F1.05 1.96 3.09 1.38 4.19 3.56 1.30 0.56
P ns. n.s. = 0.05 n.s. < 0.01 < 0.05 n.s. n.s.

well as Student’s r-test results. The Student’s r-test
of the BP area confirmed the BP amplitude data
and is therefore not reported here.

% e EOGW)‘ 1
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Fig. 2. Grand average of BP amplitude produced by P-FI
treatment at the various ‘ times’ (unbroken line, baseline; dotted
line. acute; thick unbroken line, chronic; broken line, chronic
+acute). Note the progressive decrease in BP amplitude with
the various treatments. It becomes positive after chronic treat-
ment and the positivity increases further with chronic + acute
treatment. The vertical bar indicates the instance of the com-
puter trigger. The traces represent the first 2312 ms.

MCP

Variance analysis showed that MCP amplitude
measured as difference in BP amplitude was re-
duced by P treatment in the frontal, central and
precentral areas. The treatment X time interaction
was significant in all recording areas (Table II).

Student’s -test analysis showed that acute P
treatment made no difference to MCP amplitude
with respect to base except on P3, whereas chronic
treatment produced a significant reduction on all
recording sites except FPz. Chronic-acute treat-
ment only reduced MCP amplitude in the frontal,
central and precentral areas.

Pl treatment produced no variations at the dif-
ferent ‘times’ except for a decrease in MCP ampli-
tude under acute treatment in Fz and an increase
in MCP amplitude under chronic-acute treatment
on all recording areas.

Direct comparison between P and Pl at the
various ‘times’ showed a significant decrease in
MCP amplitude in Fz, Cz, RPC, LPC, P3 and P4
under chronic treatment and on all recording sites
under chronic-acute treatment. Table IV shows
mean and S.D. MCP amplitudes during the vari-



ous periods of P and Pl treatment as well as the
Student r-test results.

SPP

Variance analysis showed that SPP latency was
not significantly changed by treatment except on
LPC. The treatment X time interaction was signifi-
cant on Pz (Table II).

Student’s r-test analysis showed that chronic
administration of P reduces significantly SPP
latency on P4 (¢t = 3,14, P <0.01). Acute placebo
treatment produced a significant increase in SPP
latency on Pz and P4 in respect to baseline (Pz:
=264, P<0.02; P4: t = 2,66, P <0.02).

TABLE III
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Variance analysis showed that SPP amplitude
was significantly increased by P treatment on Fz,
Cz and RPC. The treatment X time interaction
was significant on the central and precentral arcas
(Table II).

Acute Pl treatment increased significantly in
respect to baseline the amplitude of SPP in all
areas. This effect remained only on Pz and P3
after chronic-acute treatment. Acute treatment
with P with respect to baseline produced an in-
crease in SPP amplitude on all brain areas and a
significant one on Cz, P4, P3. Unlike Pl, P main-
tained this effect during chronic and chronic-acute
treatment with the difference becoming significant

Means and S.D. of BP amplitude during Placebo (Pl) and Piracetam (P) treatment

In this table and in the following ones, T1 represents the result of direct comparison between the various treatments, each one on its
own base; the T2 value represents the comparison between treatments at the same *time’.

Fpz Fz Cz P: RPC LPC P4 P3

Base
P x 2.05 —-2.29 —3.84 -4.11 —4.09 —4.49 —4.89 —5.84

S.D. +4.52 +5.16 +8.92 +4.73 +4.30 +4.23 +4.96 +5.24
Pl x 23.17 -1.24 —5.09 —0.14 - 1.57 —2.55 —-0.74 —1.33

S.D. +6.25 +6.23 +9.16 +5.91 +7.29 +7.10 +6.36 +6.06
Acute
P X 2.69 0.83 -2.07 —-0.70 -1.37 -=1.15 =1.71 —0.96

S.D. +4.23 +5.17 +6.23 +4.09 +4.98 +6.59 + 517 +4.87

T1 0.48 231 * 0.91 2GR *2* 270" 2.66 ** 299 *#*+* 440 ***

T2 0.31 0.43 0.46 2.08 * 0.49 0.20 1.81 247 *
Pl X 318 0.85 —-2.15 0.13 0.37 0.40 —0.66 —0.66

S.D. 543 8.70 11.82 6.80 9.48 9.42 6.59 6.99

T1 0.01 1.62 2,15 * 0.24 1.64 2.50 *=* 0.07 0.59
Chronic
PrEx 397 2.62 0.94 1.52 2.30 2.00 1.26 0.78

SD. +3.73 +4.51 +5.94 +4.35 +4.42 +4.42 +4.26 +4.29

T1 1.60 370-%%* 2,61 ** 435" 587 %> 642k E* 5.24 = %™ 5103 % %%

T2 1.00 247 * 1.57 2.97 2ur 3.36 *%* 6.42 *** 3oL x> 3.93 %>
Pl x 3.51 —0.97 —3.64 0.12 —0.46 —1.06 —0.87 —0.63

S.D. +4.32 +7.65 +10.38 +4.80 4+ 8.96 +8.24 +5.50 +6.04

T1 0.29 0.30 1.19 0.20 0.95 1.39 0.12 0.60
Chronic + acute
P X 5.11 317 1.65 1.43 218 323 —0.55 0.50

S.D. +432 +4.11 +534 +5.03 +3.24 +3.85 +5.49 +5.27

T1 2.02 4.34 *** 361 *** 452 Y 633 %n= 807 «»» 3,57 w==* 4.8] ***

T2 248 * 285 320 Hn» 3.4 %% 3.89 *** 546 *** 316 " 4.52. %%
Pl.X 0.85 -2.17 —6.64 -3.32 —3.40 —-423 —4.68 —4.29

S.D. +£86.07 +7.37 4+ 8.03 +4.87 +7.39 +7.63 +6.14 +5.11

T1 1.46 0.61 0.96 2.02 1.10 1.24 232 % 2.30.%

* P<005; ¥¥P<0.02; 2 ¥* P< 001,
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TABLE 1V

Means and S.D. of MCP amplitude during Placebo (Pl) and Piracetam (P} treatment

Fp:z nFz Cz Pz RPC LPC P4 P3
Base
P X 0.59 =571 —8.98 —-293 —-7.44 =179 —4.13 —5.71
S.D. +4.72 +6.04 +12.48 + 8.88 +6.82 +8.10 +7.27 +9.36
Pl X 291 —4.40 —-10.07 0.13 -5.56 —6.11 —0.67 —-1.92
S.D. +5.60 +6.90 +13.08 +8.24 +9.84 +9.11 +7.84 +7.66
Acute
P X 1.97 —3.60 —8.95 -2.30 —6.49 —6.46 —3.41 =213
S.D. +4.53 £3.55 +10.50 +9.74 +7.74 +7.93 +7.85 +6.72
T1 0.96 1.55 0.02 0.53 0.81 1.05 0.78 232 *
T2 0.53 0.25 1.07 1.07 0.44 0.45 0.88 216 *
Pl x 326 -1.80 —7.88 -1.10 —3.86 —3.89 —1.51 —-2.72
S.D. +£6.13 +8.30 +13.47 +7.98 +9.37 +10.89 +7.84 +8.40
T1 0.29 272 ¥ 1.65 0.83 1.51 1.83 0.62 0.68
Chronic
B ox 2.38 -1.13 -3.74 1.09 —-0.42 -1.52 1.04 =150
S.D. +3.87 +4.70 +9.08 +9.02 +6.64 +7.00 +8.89 +9.95
T1 1.16 278 ** 276 ** 2.65 ** 5.45 *** 4,62 *** 4,60 *** 203 *we
T2 1.58 2.80 ** 2.50 ** 1.93 394 **=* 340 %% 377wk 2:32:*
Pl X 2.31 —5.28 —10.48 -0.37 =577 —6.46 —1.56 —-2.40
5.D. +£5.36 +9.20 +13.87 +6.40 +10.82 +10.54 +7.56 +8.35
5| 0.46 0.89 0.36 0.30 0.20 0.30 0.67 0.40
Chronic + acute
P X 4.52 0.58 —-3.24 —0.90 0.03 —1.64 -2.91 0.50
S.D. £7.78 +6.45 +11.45 +11.21 +7.33 +7.55 +9.99 +11.30
T1 1.78 749 *** 2.84 2% 1.86 487 ek 520> 2.00 1.89
T2 357 **+* 3.88 *** 3.83 **=* .35 %% 414 #** 5,201 wx 3.7k 5.02 #*x*
Pl X 1.64 —7.66 —14.87 —4.69 —9.63 —10.80 —6.81 —7.81
S.D. +6.61 4 8.53 +11.51 +6.10 + 843 +10.14 +7.76 +7.89
T1 2.56 ** 207 * 252w 2.84 **x* 218 * 3.19: = 3.5pvk" " 496 ***

* P <005 **P<0.02; *** P <001.

on the frontal and precentral regions as well. Fig.
3 shows the effect of P and Pl treatments on SPP
at various ‘times’ on the left precentral area of a
single subject.

Direct comparison between P and Pl at the
various ‘times’ showed a significant increase in
SPP amplitude after chronic administration of P
in the frontal and right precentral areas. Table V
shows the mean and S.D. SPP amplitude during
the various periods of P and Pl treatment as well
as the Student r-test results.

DISCUSSION

All the children were motivated in taking part
in the experiment. Their interest was expressed by

their efforts to get a good ‘target performance’
score and if possible to improve on their last
score. In fact, right from the first session the
children got very good scores, similar to those
obtained by adults (Papakostopoulos, 1978a). The
particular nature of the task required excellent
bimanual coordination in order to estimate the
correct time interval (40—60 ms) that had to be
programmed in advance. As a result even adults
after a period of training do not obtain a ‘target
performance’ score of over 40%. This explains why
the children’s ‘target performance’ did not signifi-
cantly improve after P intake since they were
doing their best right from the start. This also
explains why the direct comparison between P and
Pl treatments was not statistically significant.



TABLE V

Means and S.D. of SPP amplitude during Placebo (Pl) and Piracetam (P) treatment
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Fz Cz Pz RPC LPC P4 P3
Base
P X 3.41 5.23 19.83 4.96 5.80 11.33 15.06
S.D. +6.49 + 8.86 +12.82 +4.03 +5.14 +10.68 +8.92
Pl X 1.37 2.42 16.60 4.27 4.50 10.46 13.13
S.D. +8.14 +11.53 +12.90 +9.51 +6.82 +14.03 +9.52
Acute
il 5.30 8.54 22.36 7.02 6.71 16.52 21.51
S.D. +8.69 +11.65 +16.05 +10.34 +7.97 +16.35 +11.68
T1 0.46 296 *** 1.06 1.88 1.25 235 * 30X
T2 0.75 2.00 1.42 1.19 0.05 1.13 0.06
Pl X 5.73 10.85 23,75 10.00 9.75 18.33 18.66
S.D. +9.32 +12.22 +12.07 +8.88 +9.58 +11.31 +9.85
T1 272 3. J2 . FAIrnLy 406 *** 3.4] *** b e 2.88 *xx
Chronic
P X 7.89 11.80 21.98 11.26 10.52 16.03 17.25
S.D. +9.01 +11.54 +13.73 +10.63 +9.36 +13.03 +10.48
T1 2.19°* 332w 0.83 341 *** 2.75 *# 209 * 1.47
T2 274 %% 0.91 0.76 3.00 *** 1.39 0.40 0.54
Pl x 2.30 6.41 21.72 6.24 6.36 13.99 17.44
S.D. +7.73 +11.16 +11.25 +11.30 +8.56 +10.18 +10.63
T1 0.29 1.79 222 * 1.46 1.15 2.02 1.47 **
Chronic + acute
P- X 717 9.58 22.45 11.19 10.15 14.92 17.92
S.D. +1043 +14.82 +15.48 +12.01 +9.81 +16.05 +10.36
T1 291 ** 2,63 ** 1.21 3.0 % 333 % %> 226 263 wHx*
T2 1.08 0.80 0.18 1.75 1.55 1.29 0.97
Pl X 1.42 4,51 18.33 4.69 531 11.03 17.01
S.D. +8.01 +9.12 +9.38 +7.74 +5.89 +8.04 +8.12
T1 0.09 1:12 1.15 0.06 0.93 0.29 221 *

* P <005 % P<0.02; *** P <001

Unlike other classical CNS stimulants, P ap-
peared to have no effect on muscle activity either
as EMG rise-time or as baseline EMG amplitude.
As far as the MRBMs are concerned, P produces
significant changes in BP, MCP and SPP.

The neurochemical mechanisms underlying the
genesis of the slow potentials are still not perfectly
clear and recently interpretative models have been
put forward by Marczynski (1978) and Timsit-
Berthier (1981). Nor has the action mechanism of
P been thoroughly clarified. Hence any interpreta-
tion of the modifications to the MRBMs caused
by P can only be provisional and based on cur-
rently available knowledge. Most of the subjects

interviewed, reported feeling more awake,
relaxed and efficient after P intake when
pared to placebo.

Experiments on animals have shown that acute
administration of different nootropic drugs inter-
feres with the higher telencephalic integrative ac-
tivity by increasing acetylcholine (Ach) turnover
(Wurtman et al., 1980; Pepeu and Espignoli, 1986).
This interference is direct and selective, taking the
form of control over the normal functioning of the
sensory gating system and the mechanisms of
selective attention (Giurgea and Salama, 1977).
Cholinergic mechanisms have been held responsi-
ble for the genesis of slow negative and positive

more
com-
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Fig. 3. SPP amplitude of P-Pl treatment at various ‘times’
(unbroken line, baseline; dotted line, acute; thick unbroken
line, chronic; broken line, chronic + acute) in one subject. Note
the appearance of SPP with acute P treatment and its increased
amplitude with chronic and chronic+ acute treatments com-
pared to PI treatment. The traces represent the last 912 ms.

potentials (Marczynski, 1978). The neurophysio-
logical data show that BP amplitude is reduced by
acute doses of P and becomes positive with chronic
treatment. The reduction in BP amplitude could
be interpreted as a possible expression of an in-
hibitory hyperpolarizing effect on the cortical
motoneurons. Both excitatory and inhibitory ef-
fects of acetylcholine on the cortical neurons have
been observed (Phillis, 1970).

MCP is considered an indicator of reafferent
activity coming from the receptors of the skin and
‘muscles and is a characteristic phenomenon in the
central and precentral regions (Papakostopoulos
et ak, 1975). The reduction in MCP amplitude in
the frontal and precentral regions after P treat-
ment might be explained as an increase in the
inhibitory action on the sensory gating systems.
Unlike the effect on BP, this has only been ob-
served after chronic treatment with P. It also
confirms the view that the neuronal generators of
MCP are different from those of BP (Chiarenza et
al., 1983; Papakostopoulos, 1980).

The appearance of surface positive potentials,
such as reward contingent positive variation in
animals and skilled performance positivity in hu-
mans, immediately after a motor performance, is
probably due to a suppression of the ascending
reticular activating catecholaminergic system that
allows recurrent inhibitory interneurons to func-
tion (Marczynski, 1978). On the basis of anatomi-
cal and electrophysiological evidence, it seems
likely that an increase of Ach levels can reduce
catecholaminergic activity leading to cholinergic
hyperactivity (Marczynski, 1978).

The increase in SPP after chronic P treatment
might be explained as a hyperactivity of the in-
hibitory interneurons. This activity is related to
those neuronal systems which underlie a related
pattern able to acquire and use experiences from
the outcome of previous actions.

The SPP latency reduction is evident after
chronic treatment. This may be considered a sign
of increased ability in processing task information.
The placebo effect on SPP after acute treatment
disappears after subsequent administrations. The
same effect on the latency of N100 has been
described recently in dyslexic children (Conners et
al., 1987).

Psychological studies have shown that effective
reading comprehension (Tallal et al., 1984), verbal
learning and verbal conceptualizing ability
(Wilsher et al., 1979, 1987) are improved in dys-
lexic children after P treatment.

In conclusion, P acts mainly on the potentials
linked to preparation processes (BP), the proces-
sing of sensory information (MCP), the learning
and memorizing of results (SPP). The next step
will be to test children with specific learning dis-
orders who have been found in earlier studies to
be deficient in the above-mentioned processes
(Chiarenza et al., 1982, 1986).
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