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SPIGNOLI, G AND G PEPEU lInteractions between oxiracetam, amracetam and scopolamine on behavior and brain
acetylchoine  PHARMACOL BIOCHEM BEHAV 27(3) 491-495, 1987 —The effect of cogmition-enhancing agents
oxiracetam and amracetam on scopolamine-induced amnesia and brain acetylchohne decrease was investigated 1n the rat
Acetylcholine levels were measured by means of a gas-chromatographic method Scopolamine (0 63 mg/kg IP 60 min before
tramning) prevented the acqusition of a passive avoidance conditioned response (‘‘step through’ retest 30 min after
tramning) and brought about a 64, 56 and 42% decrease 1n acetylcholine level in the cortex, hippocampus and striatum
respectively Oxiracetam (50 and 100 mg/kg IP) administered 30 min before scopolamine reduced the scopolamine-induced
amnesic effect and decrease in acetylcholine level in the cortex and hippocampus, but not in the striatum Lower and higher
doses of oxiracetam were meffective Aniracetam (100 mg/kg PO) also prevented scopolamine-induced amnesia but at-
tenuated acetylcholine decrease 1n the hippocampus only Aniracetam (300 mg PO) reduced acetylcholine decrease 1n the
hippocampus but did not prevent scopolamine-amnesia In conclusion, oxiracetam and aniracetam exert a stimulatory
effect on specific central cholinergic pathways However, a direct relationship between cognition-enhancing properties and
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cholinergic activation needs further confirmation

Aniracetam Oxiracetam

Cognition-enhancing agents

Scopolamine Brain acetylcholine Amnesia

ANIRACETAM (1-anisoyl-2-pyrrolidinone) prevents the
impairment 1n learning and memory induced 1n rodents by
hypercapnia, scopolamine, and electroshock inhibition of
brain protein synthesis [3] Oxiracetam (4-hydroxy-2-
oxopirrolidinoacetamide) improves memory and learning
ability 1in normal ammals [20] and in rats whose cognitive
functions are impaired by methylazoxymethanol [1] For
these reasons oxiracetam and aniracetam can be considered
cognition-enhancing or nootropic agents, a class of psycho-
active drugs, whose prototype 1s piracetam [8], selectively
mmproving the higher telencephalic, integrative activities [7]

Clinical effects of the cognition-enhancing agents have been
also reported [18-19]

Oxiracetam, piracetam [15] and pramiracetam [16] have
been shown to stimulate high affinity choline uptake Under
some conditions piracetam also decreases acetylcholine
[ACh] level in the hippocampus [2,25] Oxiracetam prevents
the decrease 1n bram levels and memory impairment induced
by electroshock in the rat [23] These findings indicate that
cognition-enhancing agents may act on brain cholinergic
mechanisms whose role in cognition and memory has been
well documented [4,5]

Scopolamine and all centrally acting antimuscarnnic drugs
induce a transient disruption of memory 1in man and animals

by blocking postsynaptic muscarinic receptors Their effect
can be antagomized by physostigmine [10,14] which in-
creases brain ACh levels It can be therefore assumed that
the reversal of the transient disruption of memory by
oxiracetam and aniracetam could also be due to an increase
1n activity of central cholinergic neurons We sought support
for this hypothesis by imvestigating the effect of oxiracetam
and aniracetam on scopolamine-induced impairment of a
passive avoidance conditioned response and on brain ACh
level

METHOD

Animals

The experiments were carried out on male Wistar rats
(100-120 g body weight) housed in plastic cages in groups of
5 and given free access to food and water in the home cage
A normal day and night cycle was maintained with hghts on
from7am to7 pm The rats were allocated at random to
the different treatment groups

Passive Avoidance Conditioned Response

The apparatus derived from that described by Jarvik and
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TABLE 1

EFFECT OF OXIRACETAM AND SCOPOLAMINE ON PASSIVE
AVOIDANCE CONDITIONED RESPONSE
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TABLE 2

EFFECT OF ANIRACETAM AND SCOPOLAMINE ON PASSIVE
AVOIDANCE CONDITIONED RESPONSE

Dose Dose
mg/kg N Retest Latencies mg/kg N Retest Latencies
Treatment 1P Rats (sec) mean = S E Treatment 0S Rats (sec) mean + S E
Sahne — 16 1096 =63 Saline — 16 1096 +63
Oxiracetam 50 7 1084 =92 Aniracetam 100 7 1039 98
Oxiracetam 100 8 1075+ 84 Scopolamine 063 15 233 + 3 2%
Scopolamine 063 15 233 £ 32* Aniracetam 50 8 28727
Oxiracetam 10 6 21743 + scopolamine 063
+ scopolamine 063 Amracetam 100 6 980 + 61t
Oxiracetam 50 6 1183 = 17% + scopolamine 063
+ scopolamine 063 Aniracetam 300 6 23221
Oxiracetam 100 7 697 + 4 8 + scopolamine 063
+ scopolamine 063
Oxiracetam 300 8 513=56 Significantly different from saline *p<0 001 Significantly differ-
+ scopolamine 063 ent from scopolamine alone p<0 001

Significantly different from saline *p<0 001 Significantly differ-
ent from scopolamine alone Tp<0 05, 1p<0 001

Kopp [11] consisted of two compartments with grnd floors
which could be electrified separately The first compartment
was a 25%X25%33 cm Plexiglas box illuminated by a 100 W
lamp suspended 50 cm above the box A gullotine door con-
nected the first with the second 50x25x33 cm dark com-
partment whose walls were painted black

Thirty min after the treatment with oxiracetam (IP) or
aniracetam (PO) the rats were mnjected with scopolamine
0 63 mg/kg and after 60 min they were tramned in a one trial
passive avoldance task The retest was carried out 30 min
after training The rat was placed in the llluminated Plexiglas
box After 1 min the guillotine door was opened and the
latency between the door opening and the entrance into the
dark box was measured (I latency time) with a stop watch
When the rat walked mnto the dark box it received a foot
shock by means of a train of impulses (5 Hz, 20 msec, 1 5SmA
for 5 sec) delivered by an electronic stimulator The tral was
termmated when the rat ran back into the illummated com-
partment, from which it was then removed After 30 mun the
rat was placed agam in the Hluminated compartment and the
time spent without walking into the dark compartment was
measured (II latency time) The maximum time allowed for
the trial was 120 sec at the end of which the rats were re-
moved The retest latencies were calculated as the difference
between the first and second latency time Better perform-
ance was indicated by longer retest latencies

Acetylcholine and Choline (Ch) Determination

ACh and Ch levels 1n the cerebral cortex, hippocampus
and striatum were measured immediately after the retest of
the passive avoidance reponse, 90 min after the treatment
with scopolamine and 120 after the cognition-enhancing
agent, respectively The rats were killed by head focussed
microwave Irradiation Microwave output was 1 3 kW and
exposure time 5 sec The skull was opened, the bramn re-
moved and the frontoparietal cortex, hippocampus and in
some cases the striatum dissected out and homogenized mn a
0 4 N HCIO, for 14 sec using an Ultraturrax apparatus The

homogenate was centnfuged at 35,000 x g for 30 min at 0°C
ACh and Ch content in the supernatant was measured by a
gas chromatographic method [12]

Briefly, 10 nmol of the internal standard butyrrylcholine
(BuCh) (Sigma) and 0 18 ml of ice-cold potassium acetate
solution (7 5 N) were added to the supernatant Samples
were then centrifuged at 35,000 x g for 30 min at 0°C To the
supernatant 0 05 ml tetracthylammonium chloride (10 mM)
(Eastman) plus 3 ml of 2% saturated ice-cold remeckate
(Eastman) were added The samples were left on 1ce for 45
muin and then centrifugated at 1,800 rpm for 20 min at 0°C
The supernatant was discarded and the precipitate was
freeze-dried To the dried residue, 0 6 ml of silver p-toluene
sulphonate (5 mM) (Eastman) in acetonmitrile (Aldrich) were
added Samples were centrifugated for 10 min at 1,800 rpm at
room temperature The supernatants were transferred to 1
ml-Kontes reaction vials and evaporated to dryness under a
nitrogen stream 0 5 ml of 0 57 M propanyl chlonide (Aldrich)
in acetonitrile were added and the samples were heated for
20 mun at 80°C After cooling, the samples were evaporated
to dryness under a nitrogen stream 0 2 ml of 50 mM sodium
benzenthiolate 1 acid methyl ethylketone (Fischer) was
added to the samples which were then heated for 45 min at
80°C Subsequently, they were extracted n0 02 mtof 0 S M
citric acid plus 0 2 ml of n-pentane (Fischer) The organic
phase was discarded and n-pentane washing was repeated
After removal of n-pentane traces with a nitrogen stream,
amines were extracted in 0 1 ml of ethylacetate (Merck) after
adding 0 02 ml of ammonwum citrate 2 M ammonium hy-
droxide 7 5 M One pul of the samples was njected in an HP
Sigma 3B gas chromatograph equipped with a mitrogen-
phosphorus detector The previously silamized column was
packed with 10% Pennwalt 233 (BDH) Gas chromatographic
conditions were the following N, carrier gas flow 20 ml/min,
oven, injector and detector temperature 145, 230 and 250°C,
respectively Under these conditions the retention times for
the demethylated analogs of ACh, Ch and BuCh were 100,
150 and 210 sec, respectively ACh and Ch standard curves
were constructed from the peak height ratios of the demethy-



COGNITION ENHANCING AGENTS AND BRAIN ACh

493

TABLE 3

EFFECT OF OCIRACETAM AND SCOPOLAMINE-INDUCED DECREASE IN BRAIN
ACETYLCHOLINE LEVELS

Dose ACh levels (nm/g = S E)
mg/kg N
Treatment IP Rats Cortex Hippocampus Striatum
Saline — 10 194+02 243+ 21 738+ 86
Oxiracetam 50 6 18420 263 +31 754+ 86
Scopolamine 063 11 70=+08* 107 = 0 6* 424 +21*
Oxiracetam 10 6 73+x08 104+£05 449 +34
+ scopolamine 063
Oxiracetam 50 6 123 = 0 67 189 = 0 5% 448 +53
+ scopolamine 063
Oxiracetam 100 5 190 =137 182 =077 42339
+ scopolamine 063
Oxiracetam 300 8 8607 13419 43267
+ scopolamine 063
*p<0 01 from saline, Tp<0 01 from scopolamine alone
lated analogs to the peak height of the internal standard TABLE 4

BuCh The resulting ratio was plotted against ACh and Ch
concentrations Standard curves were linear between 1 and
30 nmol of ACh or Ch The quantity of ACh and Ch in the
samples calculated from the standard curves were expressed
as nmol per g of fresh tissue

Drugs

Oxiracetam was supplied by I S F (Trezzano sul Navig-
ho, Italy) Aniracetam was a gift by Hoffman-La Roche
(Basel, Switzerland)

Oxiracetam was dissolved n saline and admimstered IP in
a final volume of 0 S ml Amiracetam was dissolved 1n the
vehicle (0 3% v/v Tween-80 in saline) and admimstered PO 1n
a final volume of 0 5 ml Scopolamine HBr (BDH) dissolved
1 saline was administered IP 1n a volume of 0 1 ml

Analysis of Data

Statistical significance of changes in ACh levels and pas-
sive avordance responses was assessed by means of
ANOVA with multiple comparisons according to BMDP
Biomedical Computer Programs and the z-test

RESULTS

The I latency time of saline treated rats was 13+4 sec
(n=16) and was not modified by drug administration Table 1
shows that scopolamine (0 63 mg/kg IP) disrupted passive
avoidance conditioned response acquisition as indicated by
the short retest latency The dose of scopolamimme was cho-
sen on the basis of previous experience [6] Oxiracetam 50
mg/kg TP administered 30 min before scopolamine com-
pletely prevented the disruption in acqusition Oxiracetam
at the dose of 100 mg/kg IP was less effective but still af-
forded a significant protection No effect was observed with
the doses of 10 and 300 mg/kg I[P Aniracetam administered
orally only prevented the disruption of the passive avoidance
at the dose of 100 mg/kg and was mactive at 50 and 300 mg/kg
as shown 1n Table 2 Oxiracetam at the dose of 50 and 100
mg/kg IP and aniracetam at the dose of 100 mg/kg PO ad-

EFFECT OF ANIRACETAM ON SCOPOLAMINE-INDUCED
DECREASE IN BRAIN ACETYLCHOLINE LEVELS

Dose ACh levels (nm/g = SE)
mg/kg N
Treatment 0S Rats Cortex Hippocampus
Saline — 10 194=+02 24321
Antracetam 100 7 216 19 238 +34
Scopolamine 063 11 70=x08* 107 = 06*
Aniracetam 50 S 82+12 114+18
+ scopolamine 063
Aniracetam 100 6 7903 161 =08t
+ scopolamine 063
Aniracetam 300 5 7605 174 = 1 3%
+ scopolamine 063

*p<0 01 from saline, Tp<0 05 and 1p<0 01 from scopolamine
alone

munistered alone did not modify the retest latency as shown
in Tables 1 and 2

The administration of scopolamine also brought about a
64, 56 and 42% decrease 1n cortical ACh level 1n the cerebral
cortex, hippocampus and striatum respectively as shown m
Table 3 Pretreatment with oxiracetam 50 and 100 mg/kg IP
significantly reduced in the cortex and hippocampus the de-
crease 1n ACh level induced by scopolamine Oxiracetam
exerted no effect on the striatum

The oral administration of aniracetam (100 and 300 mg/kg)
significantly reduced scopolamine-induced decrease in ACh
level 1n the hippocampus only as shown 1n Table 4

Oxiracetam at the dose of 50 and 100 mg/kg IP and
aniracetam at the dose of 100 mg/kg PO administered alone
did not affect ACh level as shown n Tables 3 and 4

None of the drugs tested modified choline levels 1n the
brain regions investigated
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DISCUSSION

Our experiments demonstrate that oxiracetam and
aniracetam affect ACh levels n the cerebral cortex and hip-
pocampus since they attenuate the decrease in ACh level
mduced by scopolamine According to our previous experi-
ence [6] the effect of scopolamine on brain ACh levels lasts
120 mun with a maximum between 45 and 90 min For this
reason the traimng test was carried out 60 min and the retest
and ACh determination 90 min after scopolamimne adminis-
tration Scopolamine decreases brain ACh level by removing
an mhibitory presynaptic muscarinic control on ACh release
[9] The ensuing increase in ACh efflux 1s associated with a
decrease in steady-state level even if ACh turnover 1s stimu-
lated by anticholinergic drugs [13])

There 1s no evidence that aniracetam and oxiracetam
displace scopolamine from pre and postsynaptic muscarinic
receptors It may be therefore assumed that they reduce
ACh decrease by stimulating 1ts synthesis It has been shown
that administration of large doses of choline also prevents
atropine induced decrease in bran ACh level by facilitating
ACh formation [24] The finding that oxiracetam prevents
electroshock-induced decrease in cortical and hippocampal
ACh level [23] also suggests an effect of this drug on ACh
formation However a direct action on the basic steps of
ACh synthesis 1s difficult to reconcile with the observation
that oxiracetam did not modify the decrease in ACh level
induced by scopolamine in the striatum in which the rate of
ACh synthesis 1s much larger than in the neocortex [17] The
possibility that oxiracetam might stimulate indirectly the ac-
tivity of cholinergic neurons impinging on the cerebral cortex
and hippocampus must be considered

The decrease m bran ACh and the amnesic effect of
scopolamine are parallel effects caused by the blockade of
the pre and postsynaptic muscarinic receptors respectively

SPIGNOLI AND PEPEU

However, the doses of oxiracetam which antagomzed the
effect of scopolamine on cortical and hippocampal ACh
levels also antagonmized the disruption of the passive
avoidance conditioned response A bell-shaped dose-effect
relationship was obtained for both effects simlar to that de-
scribed for most behavioural responses induced by
cogmition-enhancing agents [22] A rough relationship seems
therefore to exist between the stimulatory effect on cortical
and hippocampal chohnergic mechamsms and the be-
havioural effect of oxiracetam Similarly, oxiracetam pre-
vented both amnesia and the decrease in bramn ACh induced
by electroshock [23]

Aniracetam, which was given orally as a suspension, only
attenuated scopolamine-induced ACh decrease mn the hip-
pocampus Whether this 1s due to differences 1n distribution
or mtrinsic pharmacological properties of the two drugs
needs to be clarified Since most hippocampal ACh is con-
tained in the nerve endings of the septo-hippocampal
neurons [21], it appears that the functional integrity of these
neurons 1s sufficient to permit the acquisition of a passive
avoidance conditioned response However, at the dose of
300 mg/kg anracetam did not prevent the disruption of the
passive avoidance conditioned response but still reduced the
decrease in hippocampal ACh level induced by scopolamine

Therefore our experiments have clearly demonstrated the
effect of oxiracetam and aniracetam on central cholinergic
mechanmisms but other types of memory and other amnestic
conditions must be investigated 1n order to firmly establish
whether the cognition-enhancing properties of these drugs
depend directly on brain cholinergic mechanmsms
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