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LENI~GRE, A , R CHERMAT, I AVRIL, L STI~RU AND R D PORSOLT Spectfictty oJ'ptracetam's antt-amnestc 
acttvlty m three models of amnesta tn the mouse PHARMACOL BIOCHEM BEHAV 29(3)625-629, 1988 ---The effects of 
p,racetam on the amnesias reduced by scopolamme, dmzepam and electroconvulslve shock (ECS) were stud,ed in a passive 
avoidance procedure in the mouse and compared with the interactions of p,racetam with the major behavioral effects of 
these treatments, namely scopolamine-reduced hyperacttvlty, dmzepam-mduced release of pumshed behavior (Four Plates 
Test) and ECS-mduced convulsions Amnesm was reduced by rejecting scopolamine or dlazepam (1 mg/kg, IP) 30 mmutes 
before or applying ECS immediately after the first session (S1) of the passive avoidance task P~racetam was studied at 3 
doses (512, 1024 and 2048 mg/kg) administered PO 60 minutes before SI Retentmn was measured 24 hours later ($2) in the 
absence of any treatment lhracetam dose-dependently attenuated the memory deficits reduced by the three amnesic 
treatments but did not affect either scopolamine-induced hyperactw,ty, dmzepam-mduced release of pumshed behawor or 
ECS-lnduced convulsmns These results pomt to the spec,fic~ty of plracetam's anU-amnesic activity and, m parttcular, 
suggest that p~racetam can suppress the memory d~sturbances reduced by dmzepam without affecting dmzepam's anxlolyt~c 
activity The test battery employed would therefore seem highly statable for evaluating the potential nootroplc activity of 
novel compounds 

Piracetam Amnesm Passive avoidance Scopolamine Dlazepam 
Specificity of action Nootroplc drugs 

Electroconvulslve shock 

E X P E R I M E N T A L  amnes ia  can be induced in animals by a 
var ie ty  o f  t rea tments  including e lec t roconvuls ive  shock [7], 
ant ichohnerglc  agents [5] and benzodlazeplnes  [13] Antag- 
onism of  different exper imenta l  amnesias  has provided  the 
major  approach  towards  the deve lopment  of  drugs useful for 
t rea tment  o f  m e m o r y  problems in old age [3,11]. The  predic- 
t ive value of  such models  is by no means  well  establ ished but 
it seems reasonable  to suppose that a compound  which an- 
tagonizes  amnesias  of  different origins is more likely to be 
general ly effect ive  Fur the rmore ,  antagonism by the same 
compound  of  dtfferent kinds of  amnesias  provides  ev idence  
for the specificity of  the ant i -amnesic  act ivi ty  o f  the com- 
pound as opposed  to its effects  on one o r  more  sys tems [8] 

The  term nootroplc  was suggested by Giurgea [4] for 
classifying drugs which enhance  memory  and at tenuate ex- 
per imental  amnesia ,  the pro to type  drug in this ca tegory is 
p i racetam.  The exper iments  descr ibed in the present  paper  
invest igated the antagonism by pl racetam of  amnesias  in- 
duced by scopolamine,  d iazepam and e lec t roconvuls ive  
shock (ECS) and then examined  the interact ion o f  p i racetam 
with the major  behavioral  effects  o f  these  three amnesic  

t reatments ,  namely the hyperact iv i ty  induced by 
scopolamine,  the release of  punished behav ior  by d lazepam 
and the convuls ions  induced by ECS The rationale for 
choosing amnesias  o f  three different origins in the same test  
situation was that an antagonism by pi racetam of  all three 
amnesias  would rule out  interpretat ions of  p i race tam's  ef- 
fects in terms of  a specific antagonism of  the intrinsic prop- 
ertles of  any one of  the amnesic  agents. Such a conclusion 
would  be comfor ted  by demonst ra t ing  the absence  of  antag- 
onism by plracetam of  the o ther  behavioral  consequences  of  
the amnesic  t rea tments  

METHOD 

Ammals 

The subjects were  male N M R I  mice,  weighing 23-25 g, 
supplied by the Centre  d 'E l evage  Roger  Janvler  (CERJ) ,  
53940 Le Genes t  Saant Isle,  France  They were  housed In 
groups of  10 in t ransparent  macrolon  cages (25 5× 19 5x  13 5 
cm) containing sawdust  with free access  to food ( U A R  113) 
and tap water  All animals were  del ivered to the laboratory  

1Requests for repnnts should be addressed to Dr R D Porsolt, SoentlfiC Director, ITEM-Labo, 93 ave de Fontmnebleau, 94270 
Kremhn-BlcStre, France 
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at least 3 days before being used in an experiment and were 
kept in an ambient temperature of 21_+1°C under artificial 
lighting (12 hours) between 8 00 and 20 00 

Drugs 

The following drugs were used dmzepam (Roche), 
piracetam (UCB) and scopolamine hydrobromlde (Sigma) 
They were either dissolved m distilled water (plracetam, 
scopolamine) or dispersed in an aqueous suspension of 
acacia gum (5%) (dlazepam) All drugs were injected in a 
volume of 0 25 ml/20 g body weight Doses are expressed in 
terms of the base or salt where approprmte 

Pro( edure 

Passtve avoidance tests Mice were placed individually 
into the smaller (10×10×29 cm), but brightly lit, compart- 
ment of a two compartment box When they crossed with all 
four paws into the larger darker compartment 
(19 5× 16 5×29 cm) they received a light foot-shock (0 35 
mA) until they returned to the lighted compartment from 
which they were immedmtely removed (S1) Twenty-four 
hours later they were replaced in the lighted compartment 
without any pretreatment and their latency before crossing 
to the dark compartment was measured with a cut-off time of 
180 seconds ($2) Twenty mice were used per group 

In the experaments where amnesia was induced by 
scopolamine mice were given an IP injection of scopolamine 
(1 mg/kg) 30 minutes before S1 In the experaments where 
amnesia was induced by dlazepam mice were given an IP 
reJection of diazepam (1 mg/kg) 30 minutes before S1 In the 
experaments where amnesm was induced by ECS mice were 
given ECS (rectangular current, 0 4 sec, 50 mA, 50 Hz, via 
temporal electrodes connected to a Ugo Baslle Shock 
Generator) on removal from the apparatus immediately after 
S1 

In all amnesia experiments piracetam (512, 1024 and 2048 
mg/kg) was given m a single PO administration 60 minutes 
before S1 In each experament two control groups were em- 
ployed Normal controls, instead of receiving the amnesic 
agent, received IP rejections of distilled water (scopolamine) 
or 5% acacia gum (dlazepam) or simple placement of the 
electrodes without shock (ECS) Controls (normal and am- 
nesic), instead of receiving plracetam, were given an oral 
administration of distilled water 60 minutes before S1 

Spontaneous motor acttvtty For investigating the in- 
teraction of piracetam with the motor stimulatory effects of 
scopolamine a photo-cell activity meter similar to that de- 
scribed by Bolssler and Simon [2] was used The activity 
meter consisted of 6 covered Plexlglas enclosures 
( 2 5 5 × 2 0 5 × 9  cm) each equipped with two crass-cross 
photo-cell assemblies contained within a darkened en- 
closure. The number of interruptions of the photo-electric 
beams by each ammal was counted during a 30 minute test 
Twelve animals were studied per group 

The experiment consisted of four groups control, 
plracetam (2048 mg/kg) alone, scopolamine (1 mg/kg) alone, 
plracetam (2048 mg/kg)+scopolamine (1 mg/kg) Piracetam 
was administered PO 60 minutes before the test and 
scopolamine was administered IP 30 minutes before the test 
All ammals received two injections, when a drug was not 
given they received the vehicle 

Four Plates Test For investigating the Interaction of 
p~racetam with the anxlolytlc effects of dlazepam the Four 
Plates Test [1] was used Mice were placed individually in a 

Step through 
latency 

(sec) 

180 

160 

140 

120 

100 

8O 

60 

40 

20 

0 

Scopolamine i p 

P~racefam p o 

¢ 
, n $  
t - - n s  

, L 

J_ 

e e  

± 
I 

- r  

E3_ O_ O_ O. 
0 1 1 1 1 

0 0 512 1024 204B 

Doses ( m g / k g )  

FIG 1 Scopolamine-reduced amnesm The effects of plracetam, 
admlmstered PO 60 minutes before the first session (S1) on the mean 
(-+s e m ) step-through latency at S1 (left columns) and $2 (right 
columns) of a passive avoidance task Twenty mice were used per 
group All ammals, except the non-amnesic control group, received 
an IP injection of scopolamine (1 mg/kg) 30 minutes before SI 
**=p<0 01, ***=p<0 001 (unpmred Student's t-test, two-tailed) 

white plastic enclosure (25 × 18 × 16 cm) with a floor consist- 
ing of four rectangular metal plates (8× 11 cm) The animal 
was left to explore freely for 15 sec and then for the next 60 
sec it received a mild electnc shock (0 35 mA, 0 5 sec) every 
time it crossed from one plate to another The number of 
punished crossings during this period was counted Ten 
animals were studied per group 

The experiment consisted of four groups control, 
plracetam (2048 mg/kg) alone, diazepam (2 mg/kg) alone, 
plracetam (2048 mg/kg)+dlazepam (2 mg/kg) Plracetam was 
administered PO 60 minutes before the test and diazepam 
was admlmstered IP 30 minutes before the test All animals 
received two injections, when a drug was not gwen they 
received the vehicle 

Electroconvulslve shock (ECS) For investigating the in- 
teraction of piracetam with the effects of ECS, the number of 
animals showing full tonic-clonlc convulsions in the different 
experimental groups after administration of ECS on the first 
day (S1) of the passive avoidance task was counted There 
were thus 20 ammals per group 

Stattsttcal Tests 

All quantitative results were analyzed for statistical sig- 
nificance using the Student 's t-test for independent samples 
(two-tailed) 

R E S U L T S  

Passtve Avotdance Tests Amnestas  Induced by 
Scopolamme, Dtazepam and ECS 

The effects ofpiracetam on scopolamine-induced amnesia 
are shown in Fig 1 Control mice which had received only 
rejections of distilled water (normal controls) showed clear 
retention as Indicated by the close to maximal step-through 
latencles at $2 Control mice which had received an IP inJec- 
tion of scopolamine 30 minutes before S 1 showed a clear and 
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FIG 2 Dmzepam-mduced amnesm The effects of plracetam, ad- 
ministered PO 60 minutes before the first sessmn (SI) on the mean 
(+s  e m ) step-through latency at SI (left columns) and $2 (right 
columns) of a passive avoidance task Twenty mice were used per 
group All animals, except the non-amnesic control group, received 
an IP reJection of dmzepam (i mg/kg) 30 minutes before S1 
**=p<0  01, ***=p<0 001 (unpaired Student's t-test, two-tailed) 
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FIG 4 Interaction of plracetam with scopolamine-reduced 
hyperactwlty The effects of scopolamine and piracetam either alone 
or admimstered together on the mean (_+s e m ) number of photo- 
cell beams interrupted dunng a 30 minute session l:hracetam (2048 
mg/kg) was admimstered PO 60 minutes before testing and 
scopolamine (1 mg/kg) was administered IP 30 minutes before test- 
mg Twelve mice were used per group ***=p<0 001 (unpmred Stu- 
dent 's  t-test, two-tailed) 

sngmficant dec rea se  in $2 l a tenc les  as c o m p a r e d  wi th  the  
n o r m a l  con t ro l s  ind ica t ing  s c o p o l a m i n e - r e d u c e d  amnes ia .  
P l r a c e t a m  a d m i n i s t e r e d  PO 30 minu te s  be fo re  s copo lamine  
at  S1 had  no  effect  o n  S1 l a tenc les  bu t  c a u s e d  a dose-  
d e p e n d e n t  inc rease  in $2 l a t enc les  sugges t ing  a n t a g o n i s m  of  
s c o p o l a m i n e - r e d u c e d  a m n e s i a  w h i c h  was  a lmos t  comple t e  at  
t he  h ighes t  dose  t e s t ed  (2048 mg/kg PO) 
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FIG 3 ECS-mduced amnesm The effects of plracetam, adminis- 
tered PO 60 minutes before the first sessmn (S1) on the mean 
(+_s e m ) step-through latency at S1 (left columns) and $2 (right col- 
umns) of a passive avoidance task Twenty mice were used per group 
All ammais, except the non-amnesic control group, received ECS 
immediately after Si * = p < 0  05, ***=p<0 001 (unpmred Student's 
t-test, two-tailed) 

The  effects  of  p l r ace t am on  d l azepam- lnduced  a m n e s i a  
are s h o w n  in Fig 2 Like  in the  scopo lamine  e x p e r i m e n t  
d i azepam,  admin i s t e red  IP  30 minu tes  before  S1, caused  a 
m a r k e d  and  slgnLficant d e c r e a s e  m $2 l a tenc les  as c o m p a r e d  
wi th  the  normal  con t ro l  g roup  indica t ing  d l azepam- induced  
a m n e s i a  t h r ace t am,  admin i s t e r ed  PO 30 minu te s  before  
d l azepam,  had  no  ef fec t  on  S1 la tenc les  bu t  caused  a c lear  
and  a d o s e - d e p e n d e n t  inc rease  in $2 la tenc les  suggest ing,  as 
in the  scopo lamine  e x p e r i m e n t ,  an t agon i sm of  d lazepam-  
induced  a m n e s i a  w h i c h  was  vnrtually comple t e  at  the  h ighes t  
dose  t es ted  (2048 mg/kg PO) 

The  effects  of  p l r ace t am on E C S - m d u c e d  a m n e s i a  are 
s h o w n  in Fig 3 ECS ,  admin i s t e r ed  to vehic le  t rea ted  
an imal s  immedia te ly  af te r  S1, caused  a m a r k e d  dec rease  in 
$2 l a tenc ies  as c o m p a r e d  to sham t r ea t ed  con t ro l  an imals  
indica t ing  E C S - l n d u c e d  amnes i a .  The  dec rea se  in S2 la ten-  
c les  af ter  ECS  a p p e a r e d  to be  r a t h e r  more  m a r k e d  than  tha t  
o b s e r v e d  in the s copo lamine  or  d l a z e p a m  expe r imen t s  
P l r ace t am,  admin i s t e r ed  PO 60 minu te s  before  S1, caused  a 
d o s e - d e p e n d e n t  inc rease  in $2 la tencles ,  sugges t ing  as In the  
p r ev ious  two  e x p e r i m e n t s ,  a n t a g o n i s m  of  E C S - i n d u c e d  am- 
nes ia .  A l though  the  same  doses  of  p l r ace t am were  invest i -  
ga ted ,  the  a n t a g o n i s m  by p l r a c e t a m  of  E C S - m d u c e d  amnes i a  
a p p e a r e d  to be  less comple t e  than  tha t  o b s e r v e d  in the  
s copo lamine  and  d i a z e p a m  expe r imen t s  

Spontaneous Motor Actlvtty Interactton Between 
Ptracetam and Scopolamme 

The  effects  o f  s copo lamine  and  p i r a c e t a m  a lone  or  ad- 
min i s t e red  toge the r  on  s p o n t a n e o u s  m o t o r  ac t iv i ty  are 
s h o w n  in Fig 4 S c o p o l a m i n e  (1 mg/kg IP) a lone  caused  a 
m a r k e d  inc rease  m the  n u m b e r  of  pho to-ce l l  b e a m s  inter-  
rup ted  by  mice  p laced  in the  ac t iv i ty  m e t e r  P l r ace t am,  at  the  
dose  wh ich  was  ac t ive  m an tagon iz ing  s copo l amine - r educed  
a m n e s i a  (2048 mg/kg PO),  was  i tsel f  w i thou t  s ignif icant  ef- 
fec ts  o n  s p o n t a n e o u s  m o t o r  ac t iv i ty  and  did not  s igmficant ly  
modify  s c o p o l a m i n e - i n d u c e d  hype rac t iv i ty  
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FIG 5 Interaction of plracetam with dlazepam-mduced release of 
pumshed responding The effects of dmzepam and plracetam 
either alone or administered together on the mean (_+s e m ) 
number of pumshed crossmgs dunng the Four Plates Test Piracetam 
(2048 mg/kg) was admlmstered PO 60 minutes before testing and 
dmzepam (2 mg/kg) was administered IP 30 minutes before test- 
mg Ten mice were used per group ***=p<0 001 (unpmred Stu- 
dent's t-test, two-taded) 

Four Plates Te~t Interaction Between Ptracetam and 
Dzazepam 

The effects of dmzepam and plracetam alone or adminis- 
tered together on the number of  punished crossings are 
shown m Fig 5 Dlazepam (2 mg/kg IP) alone caused a slgmf- 
lcant increase m the number of  pumshed crossings reflecting 
its anx~olytxc activity in th~s test Plracetam, at the dose 
which was actwe in antagonizing dlazepam-induced amnesia 
(2048 mg/kg PO), was itself without significant effect on the 
number of pumshed crossings and did not significantly mod- 
ify the increase in pumshed crossings observed with 
dmzepam 

Convulsions Induced by ECS Interaction With Ptracetam 

The effects of the three doses of ptracetam used m the 
amnesia experiment on the convulsions induced by ECS are 
shown m Fig 6 No convulsions were observed m sham 
treated ammals whereas all control ammals receiving ECS 
showed full tonlc-clomc convulsions Piracetam did not 
protect against electrically-induced convulsions at any of  the 
doses tested 

D I S C U S S I O N  

The present experiments have shown that plracetam an- 
tagomzes the amnesias induced by three different amnesic 
treatments, scopolamine, dmzepam and ECS These results 
confirm the proposed nootroplc profile of this compound [4] 
and suggest that ~ts anti-amnesic effects are unrelated to the 
specific nature of these amnesia-reducing agents This con- 
cluslon is supported by the finding that plracetam in no way 
interacts with the major behaworal effects of these treat- 
ments namely the hyperactlwty induced by scopolamine, the 
ante-punishment effect of  dmzepam or the convulsant effect 
of  electroshock The anti-amnesic effects of plracetam occur 

Doses ( m g / k g )  

FIG 6 Interaction of plracetam with convulsions reduced by elec- 
troshock The effects of three doses of plracetam on the number of 
ammals convulsing after apphcatlon of ECS through temporal elec- 
trodes Twenty mice were used per group 

at doses of this compound which have no observable effects 
on behavior either dunng the passive avoidance test itself or 
on any of the other behaviors investigated m the present 
experiments The anti-amnesic effects observed, moreover, 
occur m animals which are tested at $2 m the absence of the 
compound thereby ruling out possible interpretations m 
terms of the effects of plracetam on performance or even 
state-dependent effects [9] 

Although these experiments clearly suggest a speofic 
anU-amnesic action of plracetam, the absence of  other ef- 
fects provide no clue as to its mechanism of action The 
compound exerts no clear effects on any brain neurotrans- 
mitter system and, in particular, appears to be devoid of 
classical chohnerglc activity [6] although plracetam has been 
reported to act synergistically with the acetylchohne precur- 
sor choline in facilitating memory funcuon in rodents [10] 
Absence of  direct chohnerg~c actlvlty ls also indicated in the 
present experiments by plracetam's failure to antagonize 
scopolamine-induced hyperactivity Furthermore, although 
structurally related to GABA ~t did not interact with 
dlazepam's anxlolytlc activity nor possess convulsant or an- 
tlconvulsant activity as might be expected of substances m- 
teractlng with GABAerglc neurotransmlsslon [12] It is 
possible that different thresholds exist for different behawors 
and that plracetam antagonizes the memory disrupting ef- 
fects of different amnesic treatments w~thout blockmg their 
overt behavioral effects For example, plracetam could con- 
ceivably attenuate some of the disruption of CNS activity 
that presumably mediates amnesia but fad to block overt 
convulsions This seems an unlikely explanation for all the 
results obtained in the present experiments however, par- 
tlcularly where it was shown that diazepam, which is a po- 
tent antlconvulsant, itself reduced amnesm 

From a more pragmatic point of view. the present results 
suggest the usefulness of the test battery employed for 
evaluating the anti-amnesic activity of plracetam or other 
compounds potentmlly useful for treating memory distur- 
bance Furthermore it may be of practical significance that 
plracetam could be shown to antagonize dlazepam-induced 
amnesia without apparently affectmg dmzepam's anxlolytlc 
activity 
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