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SPIGNOLI, G AND G PEPEU Interactions between oxtracetarn, antracetam and scopolamme on behavtor and bram 
acetylchohne PHARMACOL BIOCHEM BEHAV 27(3) 491-495, 1987--The effect of cognmon-enhancmg agents 
oxlracetam and amracetam on scopolamine-induced amnesm and brain acetylchohne decrease was investigated m the rat 
Acetylchohne levels were measured by means of a gas-chromatographic method Scopolamine (0 63 mg/kg IP 60 mm before 
training) prevented the acqmslt~on of a passive avoidance condmoned response ("step through" retest 30 mm after 
training) and brought about a 64, 56 and 42% decrease in acetylchohne level m the cortex, hlppocampus and stnatum 
respectively Oxlracetam (50 and I00 mg/kg IP) admlmstered 30 mm before scopolamine reduced the scopolamine-reduced 
amnestc effect and decrease m acetylchohne level m the cortex and hlppocampus, but not m the stnatum Lower and h~gher 
doses of oxlracetam were ineffective Amracetam (100 mg/kg PO) also prevented scopolamine-reduced amnesm but at- 
tenuated acetylchohne decrease in the hlppocampus only Amracetam (300 mg PO) reduced acetylchohne decrease in the 
h~ppocampus but d~d not prevent scopolamine-amnesia In concluston, ox~racetam and anlracetam exert a sUmulatory 
effect on specific central chohnerg~c pathways However, a d~rect relationship between cogmt~on-enhancmg properties and 
chohnerg~c act~vatmn needs further confirmation 

Amracetam Ox~racetam Cogmt~on-enhancmg agents Scopolamine Brain acetylchohne Amnesm 

ANIRACETAM (1-amsoyl-2-pyrrohdmone) prevents the 
lmpmrment m learning and memory induced m rodents by 
hypercapnla, scopolamine, and electroshock inhibition of  
brain protein synthesis [3] Oxlracetam (4-hydroxy-2- 
oxoplrrohdmoacetamlde) improves memory and learnmg 
abdlty m normal ammals [20] and in rats whose cogmtwe 
functions are impaired by methylazoxymethanol [1] For 
these reasons ox~racetam and amracetam can be considered 
cognition-enhancing or nootroplc agents, a class of  psycho- 
active drugs, whose prototype is plracetam [8], selectively 
lmprowng the higher telencephallc, lntegratwe actwltles [7] 
Cllntcal effects of the cogmtlon-enhanclng agents have been 
also reported [18--19] 

Oxlracetam, plracetam [15] and pramlracetam [16] have 
been shown to stimulate high affimty chohne uptake Under 
some condmons plracetam also decreases acetylchohne 
[ACh] level m the hlppocampus [2,25] Oxlracetam prevents 
the decrease m bram levels and memory lmpmrment reduced 
by electroshock m the rat [23] These findings indicate that 
cogmt~on-enhancmg agents may act on brain chohnerg~c 
mechamsms whose role m cogmt~on and memory has been 
well documented [4,5] 

Scopolamine and all centrally acting antlmuscanmc drugs 
reduce a transient d~srupt~on of  memory m man and ammals 

by blocking postsynaptlc muscanmc receptors Their effect 
can be antagomzed by physostlgmme [10,14] which in- 
creases brain ACh levels It can be therefore assumed that 
the reversal of  the transient dlsrupUon of memory by 
oxlracetam and amracetam could also be due to an increase 
m activity of  central cholmerglc neurons We sought support 
for this hypothesis by investigating the effect of  oxlracetam 
and anlracetam on scopolarmne-lnduced lmpatrment of  a 
passive avoidance conditioned response and on bram ACh 
level 

METHOD 

Antmals 

The experiments were carned out on male W~star rats 
(100-120 g body weight) housed m plastic cages m groups of  
5 and given free access to food and water m the home cage 
A normal day and mght cycle was maintained with hghts on 
from 7 a m to 7 p m The rats were allocated at random to 
the different treatment groups 

Passive Avotdance Condtttoned Response 

The apparatus derived from that described by Jarwk and 

1Requests for reprints should be addressed to Prof Glancarlo Pepeu, Department of Pharmacology, Umverslty of Florence, Vlale Morgagnl 
65, 50134 Florence, Italy 

491 



492 S P I G N O L I  A N D  P E P E U  

T A B L E  1 

EFFECT OF OXIRACETAM AND SCOPOLAMINE ON PASSIVE 
AVOIDANCE CONDITIONED RESPONSE 

Dose 
mg/kg N Retest Latencles 

Treatment IP Rats (sec) mean + S E 

Sahne - -  16 109 6 _+ 6 3 
Oxlracetam 50 7 108 4 ± 9 2 
Oxlracetam 100 8 107 5 ± 8 4 
Scopolamine 0 63 15 23 3 ± 3 2* 
Oxlracetam 10 6 21 7 ± 4 3 

+ scopolamine 0 63 
Ox~racetam 50 6 l l8  3 ± l 7:~ 

+ scopolamine 0 63 
Oxlracetam 100 7 69 7 _+ 4 8? 

+ scopolamine 0 63 
Oxlracetam 300 8 51 3 ± 5 6 

+ scopolamine 0 63 

Significantly different from saline *p<0 001 Slgmficantly differ- 
ent from scopolamine alone ?p<0 05, Sp<0 001 

T A B L E  2 

EFFECT OF ANIRACETAM AND SCOPOLAMINE ON PASSIVE 
AVOIDANCE CONDITIONED RESPONSE 

Dose 
mg/kg N Retest Latencles 

Treatment OS Rats (sec) mean _+ S E 

Saline - -  16 109 6 +_ 6 3 
Amracetam 100 7 103 9 ± 9 8 
Scopolamine 0 63 15 23 3 ± 3 2* 
Amracetam 50 8 28 7 ± 2 7 

+ scopolamine 0 63 
Amracetam 100 6 98 0 _+ 6 I t  

+ scopolamine 0 63 
Amracetam 300 6 23 2 ± 2 l 

+ scopolamine 0 63 

Significantly different from sahne *p<0 001 Slgmficantly differ- 
ent from scopolamine alone t p < 0  001 

K o p p  [11] cons i s t ed  of  two c o m p a r t m e n t s  wi th  grid f loors  
which  could  be  e l ec tn f i ed  separa te ly  The  first  c o m p a r t m e n t  
was  a 2 5 × 2 5 × 3 3  cm Plexlglas box  i l luminated  by  a 100 W 
lamp s u s p e n d e d  50 cm above  the  box  A guillotine doo r  con-  
nec ted  the  first  wi th  the  s econd  5 0 × 2 5 × 3 3  cm dark  com-  
p a r t m e n t  w h o s e  walls were  pa in ted  b lack  

Thi r ty  m m  af ter  the t r e a t m e n t  wi th  ox l r ace t am (IP) or  
a m r a c e t a m  (PO) the  ra ts  were  re jected wi th  scopo lamine  
0 63 mg/kg and  af te r  60 mln  they  were  t ra ined  in a one  trml 
pass ive  avo idance  task  The  re tes t  was  c a r n e d  out  30 mln 
af ter  t ra in ing The  rat  was  p laced  m the  i l luminated  Plexlglas 
box  Af te r  1 m m  the guil lot ine doo r  was  o p e n e d  and  the  
la tency  b e t w e e n  the  doo r  open ing  and  the  en t r ance  into the  
da rk  box  was m e a s u r e d  (I l a tency  t ime) wi th  a s top wa tch  
W h e n  the  ra t  wa lked  into the  da rk  box  it rece ived  a foot  
shock  by  m e a n s  of  a t r am of  impulses  (5 Hz,  20 msec ,  1 5 m A  
for 5 sec) d e h v e r e d  by  an  e l ec t romc  s t imula tor  The  trial was  
t e rmina t ed  w h e n  the  ra t  ran b a c k  into the  d lumlna ted  com-  
pa r tmen t ,  f rom w h m h  It was  t hen  r e m o v e d  Af ter  30 mln  the  
rat  was  p laced  again  m the  i l luminated  c o m p a r t m e n t  and  the  
t ime spen t  w i thou t  walking into the da rk  c o m p a r t m e n t  was  
m e a s u r e d  (II l a tency  t ime) The  m a x i m u m  t ime a l lowed for  
the trial was  120 sec at  the  end  of  wh ich  the  rats  were  re- 
m o v e d  The  re tes t  la tenc tes  were  ca lcu la ted  as the  di f ference 
b e t w e e n  the  first  and  second  l a t ency  t ime Be t t e r  pe r form-  
ance  was ind ica ted  by  longer  r e t e s t  la tenc ies  

Acetylchohne and Chohne (Ch) Determmatton 

A C h  and  Ch  levels  in the  ce rebra l  co r t ex ,  h l p p o c a m p u s  
and  s t r i a tum were  m e a s u r e d  immedia te ly  af te r  the  re tes t  of  
the  pass ive  a v o i d a n c e  reponse ,  90 m m  af te r  the  t r e a t m e n t  
wi th  s c o p o l a m m e  and  120 af te r  the  c o g n l t m n - e n h a n c m g  
agent ,  r e spec t ive ly  The  ra ts  were  killed by  head  focussed  
m i c r o w a v e  i r radmt ion  M i c r o w a v e  o u t p u t  was  1 3 k W  and  
exposu re  t ime 5 sec The  skull  was  opened ,  the  b r am re- 
m o v e d  and  the  f r o n t o p a n e t a l  cor tex ,  h l p p o c a m p u s  and  in 
some  cases  the  s t r l a tum d i ssec ted  out  and  h o m o g e n i z e d  m a 
0 4 N HCIO4 for 14 sec us ing  an  U l t r a t u r r ax  appa ra tu s  The  

h o m o g e n a t e  was  cent r i fuged at 35,000 × g for  30 mln  at 0°C 
A C h  and  Ch c o n t e n t  m the  supe rna t an t  was  m e a s u r e d  by a 
gas c h r o m a t o g r a p h i c  m e t h o d  [12] 

Briefly,  10 nmol  of  the internal  s t anda rd  b u t y r r y l c h o h n e  
(BuCh)  (Sigma) and  0 18 ml of  ice-cold po t a s s ium ace ta te  
solut ion (7 5 N) were  added  to the s u p e r n a t a n t  Samples  
were  then  cent r i fuged  at 35,000 × g for  30 mln  at  0°C To the  
s u p e r n a t a n t  0 05 ml t e t r a e t h y l a m m o n l u m  chlor ide  (10 mM)  
(Eas tman)  plus 3 ml of  2°A sa tu ra ted  ice-cold r emecka t e  
(Eas tman)  were  added  The  samples  were  left on  ice for 45 
mln and  then  cen t r l fuga ted  at  1,800 rpm for 20 mln at 0°C 
The  supe rna t an t  was  d i sca rded  and  the  precipi ta te  was  
f reeze-dr ied  To the  dr ied res idue,  0 6 ml o f  s i lver  p - to luene  
su lphona t e  (5 mM)  (Eas tman)  in a ce ton i t n l e  (Aldr ich)  were  
added  Samples  were  cen t r i fuga ted  for  10 min  at 1,800 rpm at 
room t e m p e r a t u r e  The  supe rna t an t s  were  t r ans fe r r ed  to 1 
ml -Kon tes  reac t ion  vials and  e v a p o r a t e d  to d rynes s  u n d e r  a 
n i t rogen  s t r eam 0 5 ml o f  0 57 M p ropany i  ch lor ide  (Aldrich)  
m ace toni t r l le  were  added  and the samples  were  hea t ed  for  
20 mln  at 80°C Af te r  cooling,  the  samples  were  e v a p o r a t e d  
to d rynes s  u n d e r  a n i t rogen  s t r eam 0 2 ml of  50 m M  sodium 
benzen th lo l a t e  m acid methy l  e t hy lke tone  (Fischer )  was  
added  to the  samples  which  were  t h e n  hea t ed  for 45 m m  at 
80°C Subsequen t ly ,  they  were  ex t r ac t ed  in 0 02 ml of  0 5 M 
citric acid plus 0 2 ml of  n -pen t ane  (F ischer )  The  organic  
phase  was  d i sca rded  and  n - p e n t a n e  wash ing  was r epea t ed  
Af ter  r emova l  of  n - p e n t a n e  t races  wi th  a n i t rogen  s t ream,  
amines  were  ex t r ac t ed  in 0 1 ml o f e t h y l a c e t a t e  (Merck)  af ter  
adding  0 02 ml o f  a m m o n i u m  ci t ra te  2 M a m m o n i u m  hy- 
droxide  7 5 M O n e / z l  of  the  samples  was  in jec ted  in an  H P  
Sigma 3B gas c h r o m a t o g r a p h  equ ipped  wi th  a n i t rogen-  
p h o s p h o r u s  de t ec to r  The  previous ly  s l lanlzed co lumn  was 
packed  wi th  10% Pennwa l t  233 (BDH)  Gas  c h r o m a t o g r a p h i c  
c o n d m o n s  were  the  fol lowing N2 c a r e e r  gas flow 20 ml /mm,  
oven ,  re jec tor  and  de t ec to r  t e m p e r a t u r e  145 ,230  and  250°C, 
respec t ive ly  U n d e r  these  cond i t ions  the  r e t en t ion  u m e s  for  
the  d e m e t h y l a t e d  ana logs  of  ACh ,  C h  and  B u C h  were  100, 
150 and  210 sec,  r e spec t ive ly  A C h  and  Ch  s t anda rd  cu rves  
were  c o n s t r u c t e d  f rom the  peak  he ight  r a tms  o f  the  deme thy -  
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T A B L E  3 
E F F E C T  OF OCIRACETAM AND SCOPOLAMINE- INDUCED DECREASE IN BRAIN 

A C E T Y L C H O L I N E  L E V E L S  

Dose ACh levels (nm/g _+ S E ) 
mg/kg N 

Treatment IP Rats Cortex Hlppocampus Stnatum 

Sahne - -  10 1 9 4 ± 0 2  243_+ 2 1 
Oxlracetam 50 6 18 4 ± 2 0 26 3 ± 3 1 
Scopolamine 0 63 11 7 0 ± 0 8* 10 7 ± 0 6* 
Oxwacetam l0 6 7 3 ± 0 8 l0 4 ± 0 5 

+ scopolamine 0 63 
Oxlracetam 50 6 12 3 ± 0 6? 18 9 ± 0 57 

+ scopolamine 0 63 
Oxlracetam 100 5 19 0 ± 1 3? 18 2 ± 0 7? 

+ scopolamine 0 63 
Ox~racetam 300 8 8 6 ± 0 7 13 4 ± 1 9 

+ scopolamine 0 63 

7 3 8 ± 8 6  
7 5 4 ± 8 6  
4 2 4 ± 2 1 "  
4 4 9 ± 3 4  

4 4 8 ± 5 3  

4 2 3 ± 3 9  

4 3 2 ± 6 7  

*p<O O1 from sahne, ?p<O O1 from scopolamine alone 

la ted analogs  to the  peak  he ight  o f  the  in te rna l  s t anda rd  
B u C h  The  resu l t ing  ra tm was  p lo t t ed  aga ins t  A C h  and  Ch  
c o n c e n t r a t m n s  S t a n d a r d  cu rves  we re  h n e a r  b e t w e e n  1 and  
30 nmol  of  A C h  or  Ch  T he  quan t i ty  of  A C h  and  C h m  the 
samples  ca lcu la ted  f rom the  s t anda rd  c u r v e s  were  e x p r e s s e d  
as nmol  pe r  g of  f r e sh  t issue 

Dtuga 

O x i r a c e t a m  was  supphed  by  I S F ( T r e z z a n o  sul Navlg-  
ho,  I taly) A n i r a c e t a m  was  a gift by  H o f f m a n - L a  Roche  
(Basel ,  Swi tzer land)  

O x l r a c e t a m  was  d i s so lved  m sahne  and  admin i s t e r ed  IP  in 
a final vo lume  of  0 5 ml A n l r a c e t a m  was  & s s o l v e d  in the  
vehic le  (0 3% v/v Tween-80  m sahne)  and  admin i s t e r ed  PO m 
a final vo lume  of  0 5 ml Scopo l am i ne  H B r  (BDH)  d~ssolved 
m sahne  was  a d m i n i s t e r e d  IP  in a vo lume  o f  0 1 ml 

Analysts of Data 

Stat is t ical  s igni f icance  of  changes  in A C h  levels  and  pas-  
s ive a v o i d a n c e  r e s p o n s e s  was  a s se s sed  by  m e a n s  of  
A N O V A  wi th  mul t ip le  c o m p a r i s o n s  acco rd ing  to B M D P  
B l o m e & c a l  C o m p u t e r  P rog rams  and  the  t - tes t  

RESULTS 

The  I l a tency  t~me of  sal ine t r ea t ed  rats  was  13--_4 sec 
( n =  16) and  was  no t  modif ied  by  drug  a d m l n l s t r a t m n  Tab le  1 
shows  tha t  s copo lamine  (0 63 mg/kg IP) & s r u p t e d  pass ive  
a v o i d a n c e  c o n & t l o n e d  r e s p o n s e  acqu i s i t ion  as l n & c a t e d  by  
the  shor t  r e t e s t  l a tency  T he  dose  o f  s copo lamine  was  cho-  
sen on  the  bas is  of  p r ev ious  e x p e r i e n c e  [6] O x i r a c e t a m  50 
mg/kg IP  a d m i n i s t e r e d  30 mln  be fo re  scopo lamine  com-  
p le te ly  p r e v e n t e d  the  d i s r u p t m n  m a c q m s i t l o n  O x i r a c e t a m  
at the  dose  o f  100 mg/kg IP  was  less ef fec t ive  bu t  s tdl  af- 
fo rded  a s lgmficant  p r o t e c t i o n  No  effec t  was  o b s e r v e d  wi th  
the  doses  o f  10 and  300 mg/kg IP  A n l r a c e t a m  a d m i n i s t e r e d  
oral ly on ly  p r e v e n t e d  the  d i s rup t ion  o f  the  pass ive  a v o i d a n c e  
at the  dose  o f  100 mg/kg and  was  inac t ive  at  50 and  300 mg/kg 
as s h o w n  In Tab le  2 O x l r a c e t a m  at  the  dose  o f  50 and  100 
mg/kg IP  and  a n i r a c e t a m  at  the  dose  o f  100 mg/kg PO ad- 

T A B L E  4 

EFFECT OF ANIRACETAM ON SCOPOLAMINE- INDUCED 
DECREASE IN BRAIN A C E T Y L C H O L I N E  L E V E L S  

Treatment 

Dose ACh levels (nm/g ± S E ) 
mg/kg N 

OS Rats Cortex Hlppocampus 

Sahne - -  10 1 9 4 ± 0 2  2 4 3 _ 2 1  
Amracetam 100 7 21 6 ± 1 9 23 8 ± 3 4 
Scopolamine 0 63 11 7 0 ± 0 8* 10 7 ± 0 6* 
Anlracetam 50 5 8 2 ± 1 2 11 4 ± 1 8 

+ scopolamine 0 63 
Amracetam 100 6 7 9 ± 0 3 16 1 ± 0 8? 

+ scopolamine 0 63 
Amracetam 300 5 7 6 --- 0 5 17 4 ± 1 3, 

+ scopolamine 0 63 

*p<0 01 from sahne, t p < 0  05 and *p<0 01 from scopolamine 
alone 

min i s t e red  a lone  & d  not  modify  the  r e t e s t  l a tency  as s h o w n  
m Tab les  1 and  2 

The  a d m m i s t r a t l o n  o f  s copo lamine  also b rough t  a b o u t  a 
64, 56 and  42% dec rease  m cor t ica l  A C h  level  in the  ce rebra l  
cor tex ,  h l p p o c a m p u s  and  s t r i a tum re spec t ive ly  as s h o w n  in 
Tab le  3 P r e t r e a t m e n t  wi th  o x l r a c e t a m  50 and  100 mg/kg IP  
s ignif icant ly  r educed  m the  cor tex  and  h l p p o c a m p u s  the  de- 
c rease  In A C h  level  induced  by  scopo lamine  O x l r a c e t a m  
exe r t ed  no  effect  on  the  s t r l a tum 

The  oral  admin i s t r a t i on  of  a m r a c e t a m  (100 and  300 mg/kg) 
s ignif icant ly  r educed  s c o p o l a m i n e - i n d u c e d  dec rea se  m A C h  
level  m the  h l p p o c a m p u s  on ly  as s h o w n  m Table  4 

O x l r a c e t a m  at the  dose  o f  50 and  100 mg/kg IP  and  
a n l r a c e t a m  at the  dose  of  100 mg/kg PO admin i s t e r ed  a lone  
did no t  af fec t  A C h  level  as s h o w n  in Tab le s  3 and  4 

N o n e  of  the  drugs  t e s t ed  mo&f i ed  chol ine  levels  in the  
bra in  regions  Inves t iga ted  
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DISCUSSION 

Our  exper iments  demonst ra te  that oxwacetam and 
anlracetam affect A C h  levels  in the cerebral  cor tex  and hlp- 
pocampus  since they at tenuate the decrease  m A C h  level 
induced by scopolamine According  to our  p rewous  experi-  
ence [6] the effect  of  scopolamine on brain ACh  levels  lasts 
120 mln with a max imum be tween  45 and 90 rain For  this 
reason the training test  was carried out  60 mm and the retest  
and ACh  determinat ion  90 mm after scopolamine admmls-  
t ratmn Scopo lamme decreases  brain ACh  level  by removing 
an inhibitory presynapUc m u s c a n m c  control  on ACh  release 
[9] The  ensuing increase m ACh  efflux is associated with a 
decrease  m steady-state level  even  if ACh turnover  is stimu- 
lated by anhchohnerglc  drugs [13] 

There  ~s no ewdence  that amrace tam and oxl race tam 
displace scopolamine f rom pre and postsynaptlc  muscarmlc  
receptors  It may be therefore  assumed that they reduce 
ACh decrease  by stimulating its synthesJs It has been shown 
that admmis t ra tmn of  large doses  of  chohne also prevents  
atropine induced decrease  in bram ACh level by faclhtatmg 
ACh formatmn [24] The  finding that oxi racetam prevents  
e lec t roshock-reduced decrease  m cortical  and hlppocampal  
ACh level  [23] also suggests an effect  o f  this drug on ACh 
formatmn H o w e v e r  a direct ac tmn on the basic steps of  
ACh synthesis  is difficult to reconci le  with the observat ion  
that ox l race tam did not  modify the decrease  in ACh level 
induced by scopolamine m the s t rmtum m which the rate of  
ACh  synthesis  is much  larger than m the neocor tex  [17] The 
possibili ty that ox~racetam might stimulate indirectly the ac- 
tivity of  chohnergic  neurons impinging on the cerebral  cor tex  
and h lppocampus  must  be considered 

The decrease  in brain ACh and the amnesic  effect  of  
scopolamine are parallel effects  caused by the blockade of  
the pre and postsynapt ic  muscarmlc  receptors  respechve ly  

Howeve r ,  the doses  o f  oxlracetam which antagomzed the 
effect  of  scopolamine on cort ical  and hlppocampal  ACh  
levels  also an tagomzed the disruption o f  the passive 
avoidance  condi t ioned response A bell-shaped dose-effect  
relationship was obtained for both effects  similar to that de- 
scribed for most  behawoura l  responses  induced by 
cogmtmn-enhancmg agents [22] A rough relat ionship seems 
therefore to exist  be tween  the st ,mulatory effect  on cortical  
and hlppocampal  chohnerglc  mechanisms  and the be- 
havmural  effect of  oxlracetam Similarly, ox, racetam pre- 
vented both amnesia  and the decrease  m brain ACh induced 
by e lec t roshock [23] 

Anlracetam,  which was given orally as a suspensmn,  only 
a t tenuated scopolamine- induced ACh  decrease  in the hip- 
pocampus  Whether  this is due to differences in distribution 
or  intrinsic pharmacological  propert ies  of  the two drugs 
needs to be clarified Since most  hlppocampal  ACh  is con- 
tamed m the nerve  endings o f  the septo-hippocampal  
neurons [21], ,t appears  that the functmnal  integrity of  these 
neurons ts suff |clent to permit  the acqmst t ion o f  a passive 
avoidance condi tmned response H o w e v e r ,  at the dose o f  
300 mg/kg amrace tam did not  prevent  the dlsruptmn of  the 
passive avoidance  condi t ioned response but still reduced the 
decrease  in hippocampal  ACh level reduced by scopolamine 

Therefore  our  exper iments  have clearly demonst ra ted  the 
effect of  oxwace tam and anlracetam on central  chohnergic  
mechamsms  but o ther  types o f  memory  and other  amnesttc  
condit ions must be invest igated in order  to firmly establish 
whether  the cogmtlon-enhanclng propert ies  of  these drugs 
depend directly on brain chohnerglc mechanisms 

ACKNOWLEDGEMENT 

This work was supported by CNR grant No CT 85 00325 04 

R E F E R E N C E S  

1 Banff, S ,  L Dorlgotti, M P Abbracchio and W Baldulni 
Methylazoxymethanol mlcroencephaly in rats neurochemical 
charactenzaUon and behaworal studies with the nootroplc 
oxlracetam Pharmacol Res Commun 16 67-83, 1984 

2 Bartus, R T ,  R L Dean, III, K A Sherman, E Friedman and 
B Beer Profound effect of combining chohne and plracetam on 
memory enhancement and chohnerglc functmn in aged rats 
Neuroblol Aging 2 105-111, 1981 

3 Cumin, R ,  E F Bandle, E Gamzu and W E Haefely Effects 
of the novel compound anlracetam (Ro 13-5057) upon 1raptured 
learning and memory m rodents Psychopharmacologv (Berhn) 
78 104--111, 1982 

4 Davis, P A cntlcal rewew of the role of the chohnergic system 
m human memory and cognition In Memory Dysfunctions An 
Integranon o f  Ammal and Human Research From P~echmcal 
and Chnical Perspecnves, edited by D S Olton et al New 
York New York Academy of Science, 1985, pp 212-217 

5 Drachmann, D A and J Leawtt Human memory and the 
chohnerglc system Arch Neurol 30 113-129, 1974 

6 Glarman, N J and G Pepeu The influence of centrally acting 
cholinolytlc drugs on brain acetylcholine levels BrJPharmacol  
23" 123-130, 1964 

7 Gmrgea, C E Vers une pharmacologle de l'actiwte integrative 
du cerveau TentaUve du concept nootrope en psychophar- 
macologle Actuahtes Pharmac, 25eme serle, Masson, Pans, pp 
115-156, 1972 

8 Gmrgea, C E Fundamentals to a Pharmacology o f  the Mind 
Spnngfield, IL Charles C Thomas Publ,  1981, pp 124-186 

9 Hadhazy, P and J C Szerb The effect ofchohnerglc drugs on 
(3H) acetylchohne release from slices of rat hippocampus. 
striatum and cortex Blare Re~ 123 311-322, 1977 

10 Ketchum. J S ,  F R Sidell, E B Crowell, J r .  G K Aghaja- 
man and A H Hayes. Jr Atropine, scopolamine and ditran 
comparative pharmacology and antagonists m man Pvycho- 
pharmacologta 28 121-145, 1973 

l l  Jarvlk, M E and R Kopp An improved one-trial passive 
avoidance learning situation Psvchol Rev 21 221-224, 1967 

12 Jenden, D J and I Hanin Gas chromatographic microestima- 
tion of choline and acetylchohne after N-demethylatlon by 
sodium benzenthlolate In Chohne and Acetvlchohne Hand- 
book oJ Chemical Assay Methods, edited by I Hanln New 
York Raven Press. 1974. pp 135-150 

13 Lundholm, B and B Sparf The effect of atropine on the turn- 
over of acetylchohne in the mouse brain Eur J Pharmacol 32 
287-292, 1975 

14 Pazzagh, A and G Pepeu Amnesic properties of scopolamine 
and brain acetylchohne in the rat lnt  J Neuropharmacol 4 
291-299, 1964 

15 Pedata, F ,  F Moroni and G Pepeu Effect ofnootropic agents 
on brain chohnerglc mechamsms Chn Neuropharmacol 7 
Suppl 1, New York Raven Press. 1984, pp 772-773 

16 Pugsley, T A ,  Y - H  Shlh, L Coughenour and S F Stewart 
Some neurochemlcal properties of pramlracetam (CI-879), a 
new cognitive enhancing agent Drug Dev Res 3 407-420, 1983 

17 Racagni, G , D L Cheney, M Trabucchl, C Wang and E 
Costa Measurement of acetylchohne turnover rate m discrete 
areas of rat brain Life Sct 15 1961-1975, 1976 



C O G N I T I O N  E N H A N C I N G  A G E N T S  A N D  B R A I N  ACh 495 

18 Saletu, B and J Grunberger The hypoxla model m human 
psychopharmacology neurophyslological and psychometric 
studies with aniracetam 1 v Hum Neurobtol 3" 171-181, 1984 

19 Saletu, B , L Lmzmayer, J Grunberger and H Pletshmann 
Double-blind, placebo-controlled, chnlcal, psychometric and 
neurophysiological investigations with oxlracetam m the or- 
ganic brain syndrome of late life Neuropsychoblology 13 
44-51, 1985 

20 Sansone, M ,  C Castellano and M Ammassan-Teule Im- 
provement of avoidance acquisition by the nootroplc drug 
oxlracetam in mice Arch lnt Pharmacodyn 275" 86-92, 1985 

21 Sethy, V H , M  J Kuhar, R H Roth, M H Van Woert and 
G K Aghajanlan Chohnerglc neurons effect of acute septal 
lesion on acetylchohne and choline content of rat htppocampus 
Brain Res 55 481-484, 1973 

22 Sclundler, U , D K Rush and S Fielding Nootroplc drugs 
animal models for studying effects on cogniUon Drug Dev Res 
4 567-576, 1984 

23 Splgnoh, G and G Pepeu Oxlracetam prevents electroshock- 
reduced decrease in brain acetylchohne and amnesia Eur J 
Pharmacol 126 253-257, 1986 

24 Wecker, L ,  W D Dettbarn and D E Schmldt Choline admin- 
istration modification of the central actions of atropine Scwnce 
199- 86-87, 1978 

25 Wurtman, R J ,  S G Magll and D K Remstem Piracetam 
diminishes hippocampal acetylchohne levels in rats Life Scl 28 
1091-1093, 1981 


