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BARTUS, R. T., R. L. DEAN, III, K. A. SHERMAN, E. FRIEDMAN AND B. BEER. Profound effects of combining 
choline and piracetam on memory enhancement and cholinergic function in aged rats. NEUROBIOL. AGING 2(2) 
105--111, 1981 .--In an attempt to gain some insight into possible approaches to reducing age-related memory disturbances, 
aged Fischer 344 rats were administered either vehicle, choline, piracetam or a combination of choline or piracetam. 
Animals in each group were tested behaviorally for retention of a one trial passive avoidance task, and biochemically to 
determine changes in choline and acetylcholine levels in hippocampus, cortex and striatum. Previous research has shown 
that rats of this strain suffer severe age-related deficits on this passive avoidance task and that memory disturbances are at 
least partially responsible. Those subjects given only choline (100 mg/kg) did not differ on the behavioral task from control 
animals administered vehicle. Rats given piracetam (100 mg/kg) performed slightly better than control rats (p<0.05), but 
rats given the piracetam/choline combination (100 mg/kg of each) exhibited retention scores several times better than those 
given piracetam alone. In a second study, it was shown that twice the dose of piracetam (200 mg/kg) or choline (200 mg/kg) 
alone, still did not enhance retention nearly as well as when piracetam and choline (100 mg/kg of each) were administered 
together. Further, repeated administration (1 week) of the piracetam/choline combination was superior to acute injections. 
Regional determinations of choline and acetylcholine revealed interesting differences between treatments and brain area. 
Although choline administration raised choline content about 50c~ in striatum and cortex, changes in aeetylcholine levels 
were much more subtle (only 6--I(F~). No significant changes following choline administration were observed in the 
hippocampus. However, piracetam alone markedly increased choline content in hippocampus (88%) and tended to de- 
crease acetylcholine levels (19%). No measurable changes in striatum or cortex were observed following piracetam 
administration. The combination of choline and piracetam did not potentiate the effects seen with either drug alone, and in 
certain cases the effects were much less pronounced under the drug combination. These data were discussed as they relate 
to possible effects of choline and piracetam on cholinergic transmission and other neuronal function, and how these effects 
may reduce specific memory disturbances in aged subjects. The results of these studies demonstrate that the effects of 
combining choline and piracetam are quite different than those obtained with either drug alone and support the notion that 
in order to achieve substantial efficacy in aged subjects it may be necessary to reduce multiple, interactive neurochemical 
dysfunctions in the brain, or affect activity in more than one parameter of a deficient metabolic pathway. 

Choline Piracetam Memory enhancement Cholinergic function Aged rats 

DURING the last several years a number of studies have 
indicated that age-related dysfunctions in central cholinergic 
mechanisms play an important role in the memory loss ob- 
served in elderly humans and patients suffering from senile 
dementia (i.e., [3, 15, 34, 35]). This hypothesis has prompted 
interest in therapeutically enhancing cholinergic activity to 
reduce the memory loss. Independent biochemical evidence 
has demonstrated that under certain conditions, increasing 
the availability of choline or lecithin (precursors for acetyl- 
choline) may enhance cholinergic transmission [12,25]. Al- 
though some evidence has been published that increasing 
amounts of choline or lecithin can improve performance on 

certain behavioral tasks [2, 7, 13, 39], attempts to improve 
memory performance in aged humans (for review see [5]) or 
animals have not succeeded [8]. It has been suggested that 
one reason for this failure in geriatric subjects may be that 
the aged brain is unable to incorporate extra amounts of 
choline into acetylcholine, as reportedly occurs in younger 
brain tissue [5,6]. It is also possible that it may be necessary 
to improve other factors in aged brains before substantial 
increases in presynaptic cholinergic effects are obtained with 
precursor loading. For example, although normal cholinergic 
activity is dependent upon intact oxidative metabolism, it is 
known that several parameters which reflect energy produc- 

Wonions of these data were previously reported at the 12th Collegium Internationale Neuro-Psychopharmacologicum (CINP), Goteborg, 
Sweden, June, 1980 and the 10th Annual Meeting of the Society for Neuroscience, Cincinnati, OH, November, 1980. 
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tion are decreased in the aged central nervous system [33, 
38, 40]. Further, although the conversion of choline into 
acetylcholine occurs more readily under conditions of in- 
creased neuronal activity, recent circumstantial evidence 
suggests the activity of certain cholinergic pathways may be 
reduced in aged subjects [37]. Thus, either of these (or simi- 
lar) factors could contribute to a situation in the aged brain 
that would prohibit extra choline from being effectively 
utilized for the synthesis of additional acetyicholine, and in 
turn, explain the negative results obtained with precursor 
studies in aged animals and humans. 

One way to attempt to compensate for these possible 
age-related deficits would be to administer abundant 
amounts of choline while simultaneously giving a drug which 
might correct other critical age-related neuronal deficiencies. 
Although no drug yet exists that is recognized as effective in 
correcting neuronal function in aged brain, one drug which is 
beginning to attract interest for its biochemical and phar- 
macological properties is piracetam. Piracetam (2- 
pyrrolidine acetamide) is a relatively novel drug marketed in 
Europe for geriatric indications [18]. It has been reported to 
improve learning and memory in both animals and humans 
(for review see [17,18]) although its efficacy in aged subjects 
is not robust and is still controversial [1, 16, 23, 31]. Several 
lines of pharmacological evidence indicate that piracetam 
enables the central nervous system to function more effec- 
tively under hypoxic conditions [34], and that behavior is 
improved in oxygen deprived [36] or aged animals [11,41]. 
Neurochemical determinations suggest piracetam may 
facilitate conversion of ADP to ATP [22, 28, 34]. Other tests 
indicate piracetam also enhances intercerebral neuronal ac- 
tivity [10,18], and may deplete hippocampal tissue acetyl- 
choline levels [44]. Given this profile, it seems possible that 
piracetam might be able to reduce certain metabolic de- 
ficiencies in the aged brain which could normally contribute 
to the lack of significant effects observed with choline load- 
ing. This possibility was tested with aged Fischer 344 rats 
administered with choline, piracetam, or combinations of 
each and measuring effects on retention of a one-trial passive 
avoidance task. 

Aged Fischer 344 rats had previously been shown to suf- 
fer severe impairments on this task as a natural consequence 
of aging [30]. Control studies suggested that a major source 
of this impairment involves a loss of memory for the learned 
event. For example, possible differences in motor activity or 
shock threshold cannot explain the age-related differences in 
the test day [30]. Further, evaluations of performance after 
various retention intervals demonstrated that the perform- 
ance of the aged rats was comparable to the young rats when 
tested within an hour after training, but decreased sharply, 
exhibiting severe deficits within 4 hours after training [30]. 
These findings strongly suggest a memory-related phenom- 
enon is involved with this age deficit. Because many opera- 
tional characteristics of the task and the deficit are concep- 
tually similar to the memory losses observed in other aged 
mammalian species, including mice [14], old world monkeys 
[8], new world monkeys [6] and humans [9], this procedure 
was used as a model system in the present study to evaluate 
the effects of choline and piracetam in aged subjects. 

EXPERIMENT 1 

METHOD 

Subjects 

Fifty-nine male Fischer 344 rats were used, ranging in age 

between 20 to 29 months old. The animals were housed in- 
dividually with food (Fischer Lab Chow*) and water avail- 
able ad lib. The animal colony room was maintained under a 
12 hour light:dark cycle with a temperature of 22 +_ 2 °C and 
a relative humidity of 40 to 45%. 

Behavioral Procedures 

A single-trial, step-through passive avoidance task was 
used. Because the apparatus and procedure have been re- 
ported previously [30], only a brief description will be pre- 
sented here. The apparatus consisted of a two-chamber box 
which was separated by a guillotine door. On the initial train- 
ing day, each subject was placed in the front, illuminated 
chamber with the guillotine door in the lowered (closed) 
position. After a 3 second orientation period, the door was 
raised, allowing the rat to freely explore the apparatus, 
whereupon it soon entered the darker, rear chamber. Im- 
mediately upon entering the rear chamber the guillotine door 
was lowered, preventing the rat from escaping back to the 
illuminated chamber, and a 1 mA electric shock was deliv- 
ered to the feet through the floor grids for 3 seconds. Follow- 
ing this adversive experience, the rat was removed from the 
apparatus and returned to its home cage to await retention 
testing 24 hours later. Testing was accomplished by return- 
ing the rat to the apparatus and placing it in the front 
chamber as had been done on the previous day. The latency 
to re-enter the rear chamber (in which the rat had previously 
been shocked) was recorded. Control tests have indicated 
that the higher the latency to re-enter the rear chamber, the 
greater the apparent retention of the prior footshock. 

Drug Treatment 

Four separate groups were tested: (l) control, (2) 
piracetam, (3) choline, and (4) a piracetam/choline combina- 
tion. Testing was conducted in a counterbalanced manner, 
with the various ages of the subjects equally distributed 
across the four experimental groups. All treatments were 
administered chronically for l week in the animals drinking 
water at a concentration calculated to provide a dose of I00 
mg/kg/day of each drug. The dose for piracetam was chosen 
on the basis of published pharmacological data that this 
would produce maximal effects in rats, and for choline that 
this dose exceeded that which would be expected to reliably 
raise choline blood levels by the oral route. The control 
group was given tap water. 

Fluid intake was measured daily and no significant differ- 
ence was found between any drug group. Earlier tests indi- 
cated that the mean daily fluid intake for our colony was 35 
ml per rat. 

Thirty minutes prior to passive avoidance training and 
retention testing, each subject was injected (IP) with a sup- 
plemental dose of either saline, choline (60 mg/kg), 
piracetam (100 mg/kg) or the combination, according to the 
experimental group to which they belonged. This was done 
to assure optimal blood and brain levels of each drug treat- 
ment, and these single doses were again selected on the basis 
of available literature relevant to intraperitoneal administra- 
tion [14,24]. 

RESULTS 

The results of this study indicated that while no differ- 
ences in latency to enter the rear chamber existed on the 
training day, large differences between treatments were ob- 
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T A B L E  1 
EXPERIMENTAL PROTOCOL FOR REPLICATION 

Treatment 

Chronic Treatment 
(PO-1 wk prior 

to testing) 

Acute Treatment 
(IP-30 rain 

before training 
and testing) 

(1) Control 
(2) Piracetam 
(3) Choline 
(4) Piracetam + Choline 

(Acute) 
(5) Piracetam + Choline 

(Chronic) 
(6) Piracetam + Choline 

(Chronic + Acute) 

Tap water (vehicle) 
200 mg/kg/day 
200 mg/kg/day 
Tap water 

100 mg/kg/day of each 

100 mg/kg/day 

Saline (vehicle) 
200 mg/kg 
200 mg/kg 
100 mg/kg of each 

Saline 

100 mg/kg of each 

served on the test day (Fig. I). These differences were con- 
firmed by an analysis of  variance, F(3,39)--22.2, p<0.0001. 
The retention scores in the control group were quite consis- 
tent with the deficits previously obtained in this task situa- 
tion with this strain of  aged rat [30]. Individual comparisons 
of  the treatments with the control group indicated that while 
choline did not significantly enhance retention latencies, 
t(20)=1.964, p>0.05,  piracetam did produce a subtle, but 
statistically reliable improvement on retention scores, 
t(20)=3.7, p<0.005. However,  the retention scores for the 
piracetam/choline group was much more robust, t(19)--6.22, 
p<O.O001. 

REPLICATION 

In order to replicate and extend these findings another 
experiment was performed. Its major purposes were to de- 
termine whether the improvement under the piracetam/ 
choline combination was simply due to additive effects of the 
individual treatments (or alternatively represent some syn- 
ergistic effect), and to evaluate the relative contributions of 
the acute vs one week chronic treatments. 

METHOD 

Subjects 
Forty additional naive male Fischer 344 rats were used for 

this replication. All animals were 20 months old at the initia- 
tion of  this study and were housed in the same manner re- 
ported for Experiment 1. 

The same behavioral test apparatus and procedure was 
used as in the first experiment. Five different drug treat- 
ments were evaluated, in addition to a saline control group, 
as shown in Table 1. The first three treatments were tested to 
help determine the relative contribution of  the acute vs 
chronic treatments. They consisted of: (a) single acute injec- 
tions of  the drug combination (100 mg/kg of  each) given be- 
fore training and testing, Co) a 1 week dosing regimen of  the 
combination (I00 mg/kg of  each), with a saline control injec- 
tion given before training and testing, and (c) the combined 1 
week combination of  choline and piracetam with a supple- 
mental injection (similar to that of  the first experiment). Two 
additional treatments were tested, one of  which gave twice 
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FIG. l. Effects of saline, choline (100 mg/kg), piracetam (100 
mg/kg), or choline and piracetam (C+P; 100 mg/kg each), adminis- 
tered to aged rats (23 to 29 months old) for a duration of I week prior 
to training and testing on a single-trial passive avoidance task. Pre- 
vious research demonstrated that rats of this age suffer a severe 
impairment when tested for retention on the task, and that a deteri- 
oration in memory for the training trial contributes significantly to 
this deficit. Note synergistic-like effect on retention when choline 
and piracetam were given concurrently. 

the dose of  choline (200 mg/kg) for 1 week with supplemental 
injections before training and testing, and the other giving 
twice the dose of  piracetam (200 mg/kg) according to the 
same protocol. These two groups were tested to help deter- 
mine whether the robust positive effects obtained with the 
piracetam/choline combination in the first experiment could 
be obtained by simply giving greater amounts of  either 
piracetam of  choline alone. 
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RESULTS 

The results of this study are illustrated in Fig. 2 and once 
again demonstrate substantial differences between treat- 
ments, F(4,28)= 16.48, p<0.0001. (Because only one subject 
on the choline treatment survived the injections, this group 
could not be included in the statistical analysis; clearly, 
however, performance under this treatment was not im- 
proved and higher doses could not be given.) Individual 
comparisons between treatments were made using the Sheffe 
method of multiple comparisons [20]. According to this con- 
servative analysis, although piracetam (at 200 mg/kg) 
produced a clear trend toward improvement, this difference 
was not statistically refiable when compared to control, 
F(4,28)= 1.35, p>0.05. On the other hand, the combination 
of piracetam and choline again produced reliable improve- 
ment in retention. The acute dose (Treatment 4, Table 1) 
produced the least robust effect when compared with con- 
trol, F(4,28)-3.57, p<0.05, with greater and more reliable 
effects obtained in the chronic only treatment (Treatment 5), 
F(4,28)---4.99, p<0.005. Finally, the most dramatic effects 
were observed under the chronic plus acute dosing regimen 
(Treatment 6), F(4,26)=6.9, p<0.001. In fact this treatment 
differed significantly from all others except the chronic only 
combination (Treatment 5). Thus, these data demonstrate 
that twice the dose of piracetam (or choline) alone did not 
produce as reliable or robust effects as when the two agents 
were administered simultaneously. Further, the longer the 
combination was administered the greater the apparent ef- 
fects obtained. 
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FIG. 2. Effects of saline, choline (200 mg/kg), piracetam (200 mg/kg) 
or piracetam and choline (P+C; 100 mg/kg each), administered to 
aged rats (20 months old) prior to training and testing on a s~e-trial  
passive avoidance task. Acute refers to single injections 30 rain prior 
to training and testing, whereas chronic refers to administration for 1 
week (in their water) prior to training and testing. (*p<0.05; 
**,o<0.005; ***p<0.001, according to Sheffe.) 

BIOCHEMICAL DETERMINATIONS 

METHOD 

Following behavioral testing, rats from appropriate 
treatment groups were randomly selected for regional de- 
terminations of choline and acetylcholine. These anir~ds had 
been part of the control, choline (I00 mg/k8), piracetam (100 
mg/kg) or piracetam/choline (100 mg/kg) treatments and were 
maintained on these regimens for a total of 14 days before 
being sacrificed. Thirty minutes before sacrifice, the animals 
were given supplemental injections of  either saline, 
piracetam (100 mg/kg), choline (60 mg/kg) or the combination 
of each, as had been done prior to behavioral testing in Ex- 
periment I. 

The rats were sacrificed by microwave irradiation (2.5 
kW, 2.45 MHz) focused on the head for 4 sec using a mod- 
ified Litton microwave oven (Medical Engineering Consul- 
rants, Lexington, MA). Brain areas were dissected according 
to Glowinski and Iversen [21] and homogenized in 0.4 N 
HCIO4 for 20 sec (Polytron homogenizer, Brinkman) and 
spun for 20 rain at 4 °C and 25,000×G. The pH of the super- 
natant was adjusted to pH 4.0 with potassium acetate (7.5 N) 
and samples were processed for determination of acetyl- 
choline (ACh) and choline (Ch) according to the gas chro- 
matographic method of Jenden and Hanin [27] using a Sigma 
3 gas chromatograph equipped with a rubidium bead detec- 
tor. The concentrations of ACh and Ch were calculated on 
the basis of the peak height ratios of their corresponding 
demethylated analogs to the peak height of dimethyl- 
aminomethylbutyrate, the demethylated analog of the inter- 
nal standard, butyrocholine. 

RESULTS 

The effect of the drug treatments on Ch and ACh content 
of hippocampus, striatum and cortex are shown in Table 2. 
Differences between the treatments and control group were 
assessed by non-parametric statistical analyses [32]. Follow- 
ing Ch administration, the brain Ch content was increased 
about 50% in all three regions, although the increase was 
significant only in cortex (Rank sums=66 vs 124, p--0.027) 
and striatum (Rank sums=45 vs 108,p=0.O04). ACh content 
tended to increase subtly after Ch treatment in these two 
regions (Rank sums=60 vs 130, p<0.05; and 57 vs 96, 
p<0.089, respectively), but not in hippocampus (p>0.10). 
Piracetam alone resulted in a marked increase (88%; Rank 
sums=49 vs 87, p =0.001) in hippocampal Ch content, and a 
19% reduction of ACh (Rank sums--104 vs 67, p=0.057) in 
this brain region. However, no reliable effects on Ch or ACh 
concentrations were observed in striatum or cortex after 
piracetam treatment (p>0.10). The combination of piracetam 
and Ch treatment did not potentiate the trends observed after 
the administration of either drug alone. In fact, the hip- 
pocampal Ch content was increased less after combination 
treatment than after either piracetam or Ch alone, and the 
trend toward ACh reduction was less pronounced after 
combined treatment. 

GENERAL DISCUSSION 

Several interesting findings have emerged from this series 
of  studies. First, while choline was ineffective in improving 
retention, and piracetam was only marginal, the two agents 
together induced striking improvement on the task. Twice 
the dose of either piracetam or choline alonedid not produce 
effects which even approached the combination, suggesting 
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TABLE 2 
EI~I'I~CT OF TREATMENT WITH CHOLINE CHLORIDE, PIR CETAM, OR COMBINATION ON REGIONAL 

ACETYLCHOLINE AND CHOLINE CONTENT IN AGED RATS 

Treatment Saline Choline Piracetam Piracetam + Choline 

Choline 

Striatum 15.3 --. 1.21 (8) 23.2 - 2.17 (9) 14.0 ___ 0.74 (9) 18.2 --- 1.77 (7) 
*(p =0.004) 

Cortex 8.7.4- 1.2 (7) 13.4 ± 0.98 (11) 7.6 ± 0.44 (8) 13.0 ± 1.23 (7) 
*(p =0.027) (p =0.027) 

Hippocampus 20.3 ± 3.04 (9) 31.0 ± 4.00 (10) 38.2 ± 2.75 (7) 26.97 ± 4.76 (7) 
*(p=0.097) *(p=0.001) 

Acetylcholine 

Striatum 46.4 ± 1.78 (8) 50.6 ± 1.45 (9) 45.4 ± 1.44 (9) 51.5 ± 3.22 (7) 
*(p =0.084) 

Cortex 14.9 ± 0.89 (8) 15.8 ± 0.70 (I 1) 13.5 ± 0.76 (9) 14.0 ± 1.28 (7) 
*¢p =0.05) 

Hippocampus 18.3 ± 1.03 (9) 17.9 ± 1.39 (10) 14.8 ± 1.30 (9) 16.6 ± 1.72 (7) 
*(p--0.057) 

that the behavioral changes were due to some synergistic- 
like action o f  the two agents. The clear superiority of  the 
combination therefore supports the proposal that in order to 
achieve substantial efficacy in aged subjects, it may be nec- 
essary to reduce multiple, interactive neurochemical dys- 
functions or affect activity in more than one parameter of  a 
deficient metabolic pathway [4]. 

The advantages of  repeated administration and/or main- 
taining effective brain/blood levels in aged subjects for a 
period of  at least several days seems apparent from the re- 
sults of  the second study (Fig. 2). These data in aged rats 
therefore agree with recent reports of  memory facilitation in 
aged monkeys following chronic, but not acute administra- 
tion of  piracetam and similar pharmacological agents [4]. In 
fact, rarely have significant, positive effects in aged subjects 
been reported with acute doses o f  drugs. However,  it still 
needs to be demonstrated that behavioral effects equally im- 
pressive to those reported here can be obtained in other task 
procedures, using other species, particularly humans. The 
robustness of  the age-related passive avoidance deficit in 
rodents, the apparent involvement of  CNS-related disturb- 
ances in the deficit, and the existence of  certain operational 
similarities between this deficit and the primary memory loss 
observed in aged humans and non-human primates raises the 
possibility that the procedure used in the present studies may 
have some predictive value in geriatric research and that 
these positive effects may therefore generalize to other pro- 
cedures and species. Certainly, the consistent lack of  effects 
seen under choline, and the marginal effects obtained with 
piracetam are consistent with much of  the other animal and 
human geriatric literature. Further, it is encouraging that a 
recent clinical trial based on these preliminary animal data 
found significant improvement in 3 of  10 mild to moderate 
Alzheimer's patients following combined choline and pirace- 
tam treatment for 1 week [17]. 

In our initial investigation of  the neurochemical mech- 
anisms underlying the behavioral effects of  piracetam and 
choline treatment, we have analyzed brain regional content 
of  choline and acetylcholine. The results obtained in these 

experiments suggest that the synergistic effect of  choline 
plus piracetam combination is n o t  simply due to an effect of  
piracetam on the uptake of  Ch into the brain. The increase in 
regional Ch content was either the same or in fact, slightly 
less marked in rats receiving combination treatment than in 
those treated with either drug alone. After repeated 
piracetam treatment, a marked rise in Ch occurred specific- 
ally in the hippocampus. It is unclear at present whether this 
effect relates to an interaction of  piracetam with phos- 
pholipid metabolism [43] or to a specific action on choliner- 
gic mechanisms. It is also unclear why this effect was re- 
stricted to the hippocampus. 

The effect of  these drug regimens on regional ACh con- 
tent were relatively small, and borderline in terms of  statisti- 
cal significance. Nevertheless, the trends observed here may 
provide interesting (albeit tentative) information regarding 
possible interactions of  these treatments with cholinergic 
neurons. Repeated piracetam administration resulted in re- 
gionally specific alterations of  ACh and Ch content. The 
reduction of  hippocampal ACh content occurring in con- 
junction with an increase in Ch, could indicate either an 
inhibition of ACh synthesis, or alternatively, an increase in 
ACh release after piracetam. Given the pharmacological 
prof'de of  piracetam, including the behavioral improvement 
observed in the present study, it is unlikely that piracetam 
inhibits ACh synthesis. The effect of  chronic piracetam 
treatment on hippocampal ACh observed here in aged rats is 
consistent with changes recently reported to occur in young 
rats following acute piracetam, but differ in that a change in 
hippocampal Ch was not reported in the young rats after 
acute treatment [44]. 

The possibility that piracetam results in enhanced ACh 
release from septo-hippocampal neurons is especially in- 
triguing in view of  our recent observations suggesting that 
cholinergic neuronal activity and/or ACh release are im- 
paired in hippocampus of  aged rats (<20 months) [37]. Addi- 
tional evidence of  age-related impairment in cholinergic 
transmission in this brain region has been provided by elec- 
trophysiological analyses showing that the basal firing rate of 
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hippocampal  pyramidal  cells is reduced and the responsive- 
ness of  these neurons to ACh is diminished with age in rats 
[29]. It is therefore suggested that one effect o f  piracetam 
may be to partially reverse an age-related deficit in hip- 
pocampal cholinergic transmission by increasing hippocam- 
pal neuronal activity and/or ACh release, and that this action 
may play a role in the behavioral improvement observed.  
The partial reversal of  hippocampal ACh depletion after 
piracetam/choline combination may, at first, seem inconsis- 
tent with this hypothesis.  However ,  it has previously been 
shown that when choline is administered in conjunction with 
drugs known to enhance ACh release, such as atropine, the 
consequent  decline in hippocampal ACh content may be 
partially antagonized [42]. Clearly, it will be necessary to 
utilize more direct measures of  ACh release (than changes in 
ACh content) in future experiments in order to empirically 
test the relationship between effects of  piracetam or  
piracetam/choline t reatmem on cholinergic transmission and 
on retention test performance. In addition, other  possible 
mechanisms of  the marked improvement of  retention asso- 
ciated with piracetam plus choline may be considered. For  
example,  recent evidence suggests that piracetam affects 
phospholipid metabolism [43] and the role of  choline in 
phospholipid metabolism is well established [24]. These el- 

fects could conceivably lead to a reduction in certam age- 
related deficits in post-synaptic receptor  mechanisms or 
other  membrane-related phenomena which may play an im- 
portant role in the behavioral disturbances associated with 
aging [71. 

Regardless of  the particular neurochemical factors re- 
sponsible for the behavioral changes observed here, the 
present  study clearly shows that the neurochemical and be- 
havioral effects of  combining piracetam and choline are quite 
different than either agent alone. The robust interactive af- 
fects may represent a phenomenon or  principle fundamental 
to the successful treatment of  age-related behavioral dys- 
functions. 
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