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Abstract: Nootropics represent probably the first “smart drugs” used for the treatment of
cognitive deficits. The aim of this paper is to verify, by a systematic analysis of the literature,
the effectiveness of nootropics in this indication. The analysis was limited to nootropics with
cholinergic activity, in view of the role played by acetylcholine in learning and memory.
Acetylcholine was the first neurotransmitter identified in the history of neuroscience and is the
main neurotransmitter of the peripheral, autonomic, and enteric nervous systems. We conducted
a systematic review of the literature for the 5-year period 2006—2011. From the data reported in
the literature, it emerges that nootropics may be an effective alternative for strengthening and
enhancing cognitive performance in patients with a range of pathologies. Although nootropics,
and specifically the cholinergic precursors, already have a long history behind them, according
to recent renewal of interest, they still seem to have a significant therapeutic role. Drugs with
regulatory indications for symptomatic treatment of Alzheimer’s disease, such as cholinesterase
inhibitors and memantine, often have transient effects in dementia disorders. Nootropics with
a cholinergic profile and documented clinical effectiveness in combination with cognate drugs
such as cholinesterase inhibitors or alone in patients who are not suitable for these inhibitors
should be taken into account and evaluated further.
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Introduction
Nootropics, also referred to as “smart drugs”, are compounds developed over three
decades and probably the first to be used for the treatment of cognitive deficits. The
term nootropic (from “noos,” meaning “to mind” and “tropein,” meaning “to monitor”)
is used to define, in a broad sense, any substance to which is attributed a positive
action on cognition.! These kinds of substances, over time, have included a number of
agents, eg, dopaminergic and serotonergic drugs. However, in this work, our specific
goal is to analyze cholinergically active nootropics. The reason for this choice lies in
the crucial role played by acetylcholine in learning and memory.>

Acetylcholine could be defined as the first identified neurotransmitter in the history
of neuroscience’® and the main neurotransmitter in the peripheral, autonomic, and
enteric nervous systems.? The observation in the cerebral cortex of patients suffering
from Alzheimer’s disease of a reduction in choline acetyltransferase, a biosynthetic
enzyme of acetylcholine, as well as subsequent preclinical and clinical evidence,
have led to the development of the so-called “cholinergic hypothesis™ of cognitive
dysfunction. Starting from this hypothesis, and from the correlation between brain
levels of acetylcholine and cognitive performance, different classes of drugs,
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such as inhibitors of acetylcholinesterase/cholinesterase,
cholinergic antagonists of muscarinic receptors, muscarinic
cholinergic inhibitors, and acetylcholine precursors were
developed.’

The purpose of this investigation was to verify the
effectiveness of nootropics with a cholinergic profile on
cognitive function, and particularly their efficacy in slowing
the progression of dementia, using a systematic analysis of
the literature.

Search methods

We conducted a systematic review of the literature for the
S-year period of 2006-2011 in the PubMed and Medline
databases, using the search terms “piracetam and cognitive

9% ¢

function,” “oxiracetam and cognitive function,” “lecithin and

EENT3

cognitive function,” “acetyl carnitine and cognitive function,”

“choline alfoscerate and cognitive function,” “citicoline and
cognitive function,” “CDP-choline and cognitive function,”
“nootropics and Alzheimer’s disease,” and “nootropics and
vascular dementia.”

The limits applied to the research were English language
articles and abstracts, with keywords found in the title
or abstract. We considered only randomized monitored
trials, reviews, and meta-analyses. The articles were then
selected using the criteria of the Newcastle-Ottawa Scale®
that enables assessment of the methodological quality
of comparative and case-control studies. Overall, study
quality was defined as poor (score 0—4), moderate (5-6),
or good (7-9). From 267 selected abstracts, 176 were
considered to be relevant to the subject, and 26 met the
criterion of “adequacy and representativeness” indicated
by Newecastle-Ottawa score. Therefore, the results refer to
the data from these 26 articles.

Table | Piracetam and cognitive function

Piracetam and cognitive function

Of seven articles overall, only four met the criterion
of “adequacy and representativeness” according to the
Newcastle-Ottawa Scale (Table 1). Piracetam, initially
approved for the treatment of dizziness and cognitive
impairment associated with ageing,' was subsequently used
widely to improve cognition in patients with encephalopathy
of different origins (traumatic brain injury, stroke, ischemia,
complications following bypass surgery) and prevention of
cognitive dysfunction following anesthesia. Side effects were
few and transient, and included insomnia, somnolence, and
agitation.”® Piracetam modulates the effects of inhibitors
and excitatory neurotransmitters in the brain. It has also
been suggested that it has a role in increasing the availability
of oxygen and permeability of the mitochondrial cell
membrane in the intermediate stages of the Krebs cycle.”!
Positive effects of piracetam in the prevention of cognitive
dysfunction (especially memory) that often occur after
surgery under general anesthesia were also reported.

A recent study in 250 children, of whom 123 comprised
an experimental group and 127 comprised a control group,
showed that intravenous administration of piracetam
30 mg/kg reduced the cognitive dysfunction produced by
anesthesia.!! The study included patients receiving different
anesthetic medications for various surgical procedures. The
children were premedicated with atropine and diazepam.
Depending on the anesthetic used, the patients were divided
into the following groups: ketamine alone, ketamine and
hydroxybutyrate, thiopentone and hydroxybutyrate, propofol,
and hydroxybutyrate. The children’s cognitive function
was examined preoperatively and for 10 consecutive days
postoperatively. Different types of anesthesia are known
to affect memory function in children, and in this study

Reference Title Main results Study type Patients
randomized
Holinski et al'® Cerebroprotective effect of piracetam Piracetam has no cerebroprotective Clinical trial, 88 patients
P P P P
in patients undergoing open heart effects in patients undergoing open randomized,
surgery heart cardiopulmonary bypass double-blind
surgery
Malykh and Piracetam and piracetam-like drugs: from A neuroprotective effect of piracetam Review
Y P g P P
Sadaie' basic science to novel clinical applications in treatment of cerebrovascular and
PP
to central nervous system disorders cognitive disorders of traumatic origin
Fesenko'' Piracetam improves children’s Intravenously administered piracetam Clinical trial, 250 children
memory after general reduces cognitive dysfunction produced randomized,
anesthesia by anesthesia double-blind
Holinski et al' Cerebroprotective effect of Piracetam has cerebroprotective effects Clinical trial, 120 patients
piracetam in patients undergoing in patients undergoing non-open heart randomized,
coronary artery bypass surgery cardiopulmonary bypass surgery double-blind
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piracetam was effective for prevention of postoperative
cognitive dysfunction after general anesthesia in children.

Piracetam has been shown to be effective after
cardiopulmonary bypass, when quality of life is generally
altered for a long time.'>"? A protective effect was also found
after heart surgery, but not after open heart surgery.'*'¢ In
a double-blind study, 120 patients with cardiopulmonary
disease were randomly assigned to an experimental group or
to a control group. Patients were excluded if they had insulin-
dependent diabetes mellitus, renal insufficiency requiring
dialysis, a history of transient ischemic attacks, or complete
stroke. At the start of surgery, they received an intravenous
infusion of piracetam 12 g in 60 mL of saline or 60 mL
of saline alone over 30 minutes. Cognitive function was
evaluated the day before surgery and on postoperative day 3.
The experimental group scored much better than the control
group on cognitive testing.'* However, positive results have
not been replicated in cases of open heart cardiopulmonary
bypass intervention.!” The protective effects of piracetam in
the brain have also been highlighted in a meta-analysis of
19 randomized clinical trials including 1488 subjects with
a range of memory disorders related to age or dementia.
The analysis showed significant improvements in Clinical
Global Impression-Change scores in individuals treated with
piracetam compared with those who had received placebo.?
Favorable effects were also reported in patients with mild
cognitive impairment.!” A systematic analysis revealed no
cerebroprotective effect of piracetam in patients undergoing
open heart surgery.'® No effects were found in patients with
Down syndrome® or in cocaine addicts with withdrawal
syndrome, in whom piracetam seems, inexplicably, to
increase dependence.?

Oxiracetam and cognitive function

Our systematic analysis revealed a single article on oxiracetam
meeting our inclusion criteria (Table 2), showing a favorable
pharmacokinetic profile, bioavailability of the active
compound, and absence of side effects.! Administration
of oxiracetam for 2—6 months in a population older than
65 years improved some cognitive parameters, including
speed of reaction time and attentional matrices.?! The authors

Table 2 Oxiracetam and cognitive function

suggested that oxiracetam is effective in the treatment of age-
related cognitive decline and improves the ability to process
information, but there was no demonstrated benefit in patients
with Alzheimer’s disease.” However, the study lasted only
one month, so it would be necessary to undertake a more
extended evaluation.?

Acetylcholine precursors

and cognitive function

This class of drugs induces durable and sustained activation
of postsynaptic acetylcholine receptors.? Among these drugs,
lecithin, citicoline (cytidine 5’-diphosphocholine, CDP-
choline), acetyl-carnitine (acetyl-L-carnitine), and choline
alfoscerate (L-alpha glycerylphosphorylcholine) have been
used, primarily in Europe, for treating cognitive deficits of
vascular or degenerative origin.

Lecithin and cognitive function

Only two articles met our criteria for inclusion in the present
study (Table 3). The authors of these papers documented how
use of lecithin, after the first exciting results, has not really
helped to improve the cognitive deficits of treated patients
in a significant manner.>?* It is not clear why this therapy
failed, considering that preclinical studies showed that
lecithin increases acetylcholine levels, even if its mechanism
of action was not demonstrated.?® In spite of the hypothesis
that lecithin supplementation may be helpful in improving
cognitive function,? stronger evidence should be provided to
support this assumption.

Citicoline and cognitive function

Of five items emerging from our systematic analysis, only
four met the Newcastle-Ottawa criteria (Table 4). Citicoline
is an intermediary in the biosynthesis of phosphatidylcholine,
an important component of the neuronal cell membrane.
During ischemia, phosphatidylcholine is split into fatty acids
and free radicals that potentiate ischemic injury.*® Given that
its functions include repair of the neural membrane by synthe-
sis of phosphatidylcholine, reduction of accumulation of the
fat responsible for increasing cognitive deficit, and increas-
ing acetylcholine levels,?’ citicoline has been used widely

Reference Title Main results Study type Patients
randomized

Malykh and Piracetam and piracetam-like drugs: from basic Oxiracetam improves cognitive Review NA

Sadaie' science to novel clinical applications to central performances except in patients

nervous system disorders

with dementia
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Table 3 Lecithin and cognitive function

Reference Title Main results Study type Patients
randomized
Amenta and Pathways of acetylcholine synthesis, The data suggest that lecithin does Review NA
Tayebati? transport, and release as targets for not improve cognitive deficit in
treatment of adult-onset cognitive treated patients
dysfunction
Parnetti et al** Cholinergic precursors in the treatment The data suggest that lecithin does Review NA

of cognitive impairment of vascular origin:
ineffective approaches or need for
re-evaluation?

not improve cognitive deficit in
treated patients

in patients who have suffered a stroke. In such subjects,
a neuroprotective effect contributing to significant improve-
ment in temporal orientation, attention tasks, and executive
function has been reported, along with an ability, albeit in
the experimental setting, to assist in neural repair.®

A recent review documents the activity of citicoline not
only on patients with ischemic stroke but also in those with
traumatic brain injury, probably because of its effect on
edema. Citicoline reduced the duration of hospitalization
and improved the recovery of neurological function and
level of consciousness.?” These data are consistent with a
Cochrane meta-analysis reporting on 13 studies carried out
from the 1970s to the early 2000s, all of which demonstrated
the effectiveness of citicoline in the treatment of cogni-
tive, emotional, and behavioral disorders,*® which has been
attributed to the effect of citicoline on metabolic activation.*!
These effects, as documented in a recent review, are found
in both healthy subjects as well as in patients with dementia
of degenerative and/or vascular origin and in patients with
cerebrovascular disease.”’ In patients with cerebrovascular
disease, treatment with citicoline has shown improvements
in perceptual-motor and attentional functioning, and in

Table 4 Citicoline and cognitive function

stabilization of behavior.’>* In patients with vascular
dementia, citicoline has been shown to promote a significant
increase in cerebral blood flow,* and to improve cogni-
tive and circulatory function in patients with Alzheimer’s
disease.*® Based on these observations, the possibility of
use of citicoline in the treatment of Parkinson’s dementia
has been suggested.”’

Acetyl-carnitine and cognitive function

Our search terms for acetyl-carnitine identified eight papers,
of which six met the standards of “adequacy and representa-
tiveness of the case” according to Newcastle-Ottawa criteria
(Table 5). Acetyl-L-carnitine probably has a role in slowing
development of cognitive deficits in patients with minimal
hepatic encephalopathy, a disease which is not easily rec-
ognizable and manifests mainly as psychomotor symptoms
accompanied by mild cognitive deficits.*® A double-blind,
randomized, case-control study in 67 patients reported
increased energy and well-being and decreased anxiety and
depression in an experimental group of 33 patients treated for
90 days with acetyl-carnitine 2 g twice daily.* The inclusion
criterion for that study was a diagnosis of cirrhosis, based

Reference Title Main results Study type Patients
randomized
Secades?” Citicoline: pharmacological and A neuroprotective effect of citicoline; Review NA
clinical review, 2010 update it improves cognitive performance in healthy
patients and in patients with dementia
Alvarez-Sabin Citicoline in vascular cognitive A neuroprotective effect of citicoline; Review NA

and Roman®® impairment and vascular dementia
after stroke

Vale¥ Current management of cognitive
dysfunction in Parkinson’s disease:
how far have we come?

Parnetti et al** Cholinergic precursors in treatment
of cognitive impairment of vascular
origin: ineffective approaches or need

for re-evaluation?

The author proposes use of citicoline

The data suggest citicoline improves

it improves cognitive performances in healthy
patients and in patients with dementia

Meta analysis NA

in Parkinson’s dementia

Review NA

cognitive performances in patients
with dementia (of neurodegenerative
and vascular origin)
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Table 5 Acetyl-carnitine and cognitive function

Reference Title Main results Study type Patients
randomized
Malaguarnera Acetyl-L-carnitine reduces depression Acetyl-carnitine improves cognitive Clinical trial, 67 patients
et al®? and improves quality of life in patients functions in patients with minimal randomized,
with minimal hepatic encephalopathy hepatic encephalopathy; it increases double-blind
energy and wellness and reduces
anxiety and depression
Malaguarnera Acetyl-L-carnitine treatment in minimal Acetyl-carnitine improves cognitive Clinical trial, 125 patients
et al® hepatic encephalopathy function in patients with minimal randomized,
hepatic encephalopathy double-blind
Mancuso Natural antioxidants in Alzheimer’s Authors suggest use of acetyl-carnitine Review NA
et al* disease in neurodegenerative disease because
it can reduce or block typical
neuronal death
Cagnon and Hyperammonemia-induced toxicity for Authors suggest use acetyl-carnitine Meta-analysis NA
Braissant* the developing central nervous system in hyperammonemia
Malaguarnera Acetyl L-carnitine treatment in elderly Acetyl-carnitine reduces fatigue and Clinical trial, 96 patients
et al? patients with fatigue age-related cognitive deficits randomized,
double-blind
Liu*® Effects and mechanisms of mitochondrial Acetyl-carnitine reduces age-related Overview NA

nutrient alpha-lipoic acid on improving
age-associated mitochondrial and
cognitive dysfunction: an overview

cognitive deficits

on clinical, biochemical, ultrasonographic, or histological
data. Exclusion criteria were overt hepatic encephalopathy,
a history of recent alcohol intake, infection, recent antibiotic
use, recent gastrointestinal bleeding, a history of recent use of
drugs affecting psychometric performance (benzodiazepines,
antiepileptics, or psychotropic drugs), a history of shunt sur-
gery or a transjugular intrahepatic portosystemic shunt for
portal hypertension, electrolyte imbalance, renal impairment,
hepatocellular carcinoma, congestive heart failure, pulmo-
nary disease, any neurological or psychiatric disorder that
could influence measurement of quality of life, and inability
to perform neuropsychological tests. A previous study also
showed a significant improvement in cognitive function.*
Antidepressive activity in a geriatric population*! and reduced
chronic physical and mental fatigue were reported, as well
as a reduction in the cognitive deficits often associated with
age.*® Acetyl-L-carnitine has also been proposed for the
treatment of neurodegenerative diseases, such as Alzheimer’s
disease* and hyperammonemia, a rare disease that can cause

Table 6 Choline alfoscerate and cognitive function

irreversible damage to the central nervous system, atrophy,
and cognitive deficits.*

Choline alfoscerate and cognitive function

Our systematic analysis identified a single article meeting our
inclusion criteria (Table 6). Choline alfoscerate is a phospho-
lipid necessary for construction of the cell membrane, and
is capable of being rapidly absorbed as choline and crossing
the blood-brain barrier.** Moreover, it is the most active of
the choline-containing phospholipids in increasing acetyl-
choline levels in the brain.® Studies conducted before 2001,
including a total of 1570 patients with dementia of vascular,
degenerative, or mixed origin, showed that treatment with
choline alfoscerate improved the clinical status of patients,
particularly with regard to memory and attention. Compared
with acetyl-carnitine, choline alfoscerate had better and
more durable effects.”> Another meta-analysis of different
therapeutic approaches evaluated the effect of various agents,
ie, acetylcholine precursors, acetylcholine-releasing agents,

Reference Title Main results Study type Patients
randomized
Parnetti et al* Cholinergic precursors in the Choline alfoscerate improves brain acetylcholine Review NA
treatment of cognitive impairment levels and contributes to a modest improvement
of vascular origin: ineffective of cognitive performances in patients with
approaches or need for re-evaluation? vascular and neurodegenerative dementia
Journal of Experimental Pharmacology 2012:4 submit your manuscript 167
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muscarinic and nicotinic receptor agonists, and cholinesterase
inhibitors. This study reported that the precursors used most
often, ie, choline and lecithin, are not likely to increase
acetylcholine levels in the brain, but that choline alfoscerate
might have this ability.**

In a novel pilot study, called ASCOMALVA (association
between a cholinesterase inhibitor and a cholinergic
precursor, choline alfoscerate, on cognitive deficits in
Alzheimer’s disease associated with cerebrovascular
injury), treatment of patients with donepezil*® and choline
alfoscerate resulted in more improvement in scores on
several scales (Mini-Mental State Examination, Activities
of Daily Living, Neuropsychiatric Inventory) than with
donepezil alone after 3 and 6 months of treatment. Patients
were selected if they had a diagnosis of Alzheimer’s disease
associated with vascular damage using National Institute
of Neurological and Communicative Disorders and Stroke
and Alzheimer’s Disease and Related Disorders Associa-
tion criteria. The inclusion criteria for this study were: age
older than 50 years; Mini-Mental State Examination score
24-12; score = 2 on the New Rating Scale for Age-Related
White Matter Changes, a rating scale for cerebral ischemic
injury evaluated with computed tomography and/or brain
magnetic resonance imaging; and presence of at least two
vascular risk factors, ie, hypertension, diabetes, obesity,
ischemic heart disease, dyslipidemia, hyperhomocysteine-
mia, smoking, previous cerebrovascular events, and family
history of cardiovascular or cerebrovascular disease. Exclu-
sion criteria were decompensated heart disease, chronic
renal failure, severe liver failure, incorrect dysthyroidism,
developmental disorders (eg, cancer), conditions that could
interfere with safety and/or efficacy assessments, and a
diagnosis of major depression according to Diagnostic and
Statistical Manual of Mental Disorders, Fourth Edition,
Text Revision (DSM-IV-TR) criteria. Preliminary results
from the ASCOMALVA trial suggest that choline alfos-
cerate, associated with standard cholinesterase inhibitor
therapy, may represent a therapeutic option for improve
the beneficial effects of cholinergic therapy in patients
with Alzheimer’s disease and concurrent cerebrovascular
damage.

Nootropics and vascular dementia
Vascular dementia is one of the most common forms of
dementia. It is estimated that at least four of every 100 indi-
viduals of mean age 65 years suffer from vascular dementia,*’
and that this number increases to around 16% by 80 years
of age.®®

Citicoline

No drug has been identified as yet as being an effective
treatment for vascular dementia.* For this reason, attempts
are ongoing to find products capable of reducing the various
cognitive deficits that develop in patients with this disorder.
Citicoline may be one of these agents. It was found experi-
mentally that citicoline could contribute to neural repair,™!
and that it had neuroprotective effects in patients with neuro-
degenerative and cerebrovascular disease. A 6-month study in
patients with ischemic stroke showed that citicoline prevented
post-ictal cognitive decline, with a significant improvement
in time orientation, attention, and executive function.>
Theoretically, citicoline is a safe and promising alternative
compound for cognitive recovery following stroke, but at the
moment the methodological heterogeneity of the relevant stud-
ies makes it difficult to draw unequivocal conclusions.’!

Cerebrolysin

Cerebrolysin, a peptidergic compound with neurotrophic
activity®> and a well documented safety and tolerability
profile, was also considered in our review.* In a randomized,
double-blind study, the effects of cerebrolysin 10 mL or 30 mL
at 4 and 16 weeks were evaluated using two primary end-
points, ie, Alzheimer’s Disease Assessment Scale-Cognitive
(ADAS-cog) scores and slowing of the electroencephalo-
graphic pattern. The study yielded good results and showed
beneficial effects on cognitive function, even at 12 weeks after
discontinuation of treatment.** These results were confirmed
by a multicenter, double-blind, case-control study in which
242 patients were assigned to receive cerebrolysin 20 mL or
placebo and underwent neuropsychological assessment using
the ADAS-cog and Clinician Interview-Based Impression
of Severity scales before and after 24 weeks of treatment.
Inclusion criteria were a diagnosis of vascular dementia
based on NINDSAIREN (National Institute of Neurologic
Disorders and Stroke Association Internationale pour la
Recherché et I’Enseignement en Neurosciences) criteria and
confirmed by computed tomography or magnetic resonance
imaging. Patients with mild to moderately severe dementia
(Mini-Mental State Examination score 10-24) and a modified
Hachinski ischemic score > 4 and a Hamilton Depression
Rating Scale score = 15 were included. Patients with severe
concomitant neurologic or psychiatric illness were excluded,
along with patients with any significant systemic illness or
unstable medical condition that could lead to difficulty in
complying with the protocol and those a history of systemic
cancer within the preceding 2 years. In this study, significant
improvements were obtained in ADAS-cog and Clinician
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Table 7 Nootropics and vascular dementia

Reference Title Main results Study type Patients
randomized
Alvarez-Sabin Citicoline in vascular cognitive impairment Citicoline prevents cognitive decline after Review NA
and Roman*® and vascular dementia after stroke stroke and improves time orientation,
attention and executive functions

Garcia-Cobos Citicoline, use in cognitive decline: Citicoline improves recovery and Review NA
et al®' vascular and degenerative cognitive improvement after stroke
Muresanu Persistence of the effects of cerebrolysin Cerebrolysin produces significant Clinical trial, 33 patients
et al*? on cognition and qEEG slowing in vascular improvements in cognitive function randomized,

dementia patients: results of a 3-month double-blind

extension study
Guekht Cerebrolysin in vascular dementia: Cerebrolysin produces significant Clinical trial, 242 patients
etal® improvement of clinical outcome improvements in cognitive function randomized,

in a randomized, double-blind, double-blind

placebo-controlled multicenter trial

Interview-Based Impression of Severity scores, pointing to
cognitive improvement (Table 7).

Nootropics and Alzheimer’s disease

Cerebrolysin

Use of cerebrolysin has been proposed for Alzheimer’s
disease, and published studies seem to be promising.>
A randomized, double-blind, case-control study in patients
with moderate to severe Alzheimer’s disease showed encour-
aging effects both on global cognitive function (measured
with ADAS-cog) and on behavioral symptoms, for all doses
used, ie, 10 mL, 30 mL, or 60 mL, at 12 and 24 weeks after
the baseline evaluation.?® However, no significant changes
were observed in Mini-Mental State Examination score or
in the Trail Making Test.

Table 8 Nootropics and Alzheimer’s disease

Crocus sativus

Another recent study in 54 subjects has tested Crocus sativus
30 mg/day versus donepezil 10 mg/day for 22 weeks in
patients with mild to moderate Alzheimer’s disease. Inclu-
sion criteria were mild-to-moderate dementia (Mini-Mental
State Examination score 15-26). Patients were required to be
ambulatory and have sufficient hearing and vision to comply
with assessments. Previous treatment with cholinesterase
inhibitors, memantine, ginkgo, or saffron had to have been
discontinued at least 3 months before randomization. Patients
with any of the following conditions were excluded from the
study: known hypersensitivity to cholinesterase inhibitors,
active and uncontrolled disease (diabetes, hypertension,
thyroid disease, obstructive pulmonary disease), hematologic/
oncologic disorders within the previous 12 months, active

Reference Title Main results Study type Patients
randomized
Alvarez et al?® Efficacy and safety of cerebrolysin in moderate Cerebrolysin is effective for global Clinical trial, 133 patients
to moderately severe Alzheimer’s disease: cognitive function and behavioral randomized,
results of a randomized, double-blind, controlled symptoms double-blind
trial investigating three dosages of cerebrolysin
Plosker and Cerebrolysin: a review of its use in dementia Promising results with cerebrolysin Review NA
Gauthier* in patients with Alzheimer’s disease
Akhondzadeh A 22-week, multicenter, randomized, Provides preliminary evidence of a Clinical trial, 54 patients
etal*® double-blind controlled trial of Crocus sativus possible therapeutic effect of saffron randomized,
in the treatment of mild-to-moderate extract in treatment of patients with double-blind
Alzheimer’s disease mild-to moderate Alzheimer’s disease
Schaeffer Phospholipase A2 activation as a therapeutic Phospholipase A2 could be a valid Review NA
et al”’ approach for cognitive enhancement in therapeutic strategy for cognitive
early-stage Alzheimer’s disease enhancement in early-stage
Alzheimer’s disease
Yurko-Mauro® Cognitive and cardiovascular benefits Docosahexaenoic acid has significant Clinical trial, 485 patients
of docosahexaenoic acid in aging and positive effects on verbal recognition randomized,
cognitive decline memory double-blind
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gastrointestinal, renal, hepatic, endocrine, or cardiovascular
disease, a current DSM-IV-TR diagnosis of major depres-
sive disorder or any current primary psychiatric diagnosis
other than Alzheimer’s disease and dementia complicated
by delirium or a history of drug or alcohol abuse within the
past 2 years. In this study, Crocus sativus was as effective as
donepezil, but had fewer side effects.

Docosahexaenoic acid

Docosahexaenoic acid has also been used in the treatment
of Alzheimer’s disease. One randomized, double-blind,
case-control study showed significantly positive effects on
verbal recognition, indicating a potentially positive role in
preventing or relieving cognitive decline.*

Phospholipase A2

Similar results were found for phospholipase A2 (especially
cPLA2 and iPLA2), which could be a good therapeutic
strategy for cognitive improvement in the early stages of
the disease (Table 8).%’

Conclusion
The data reported here indicate that nootropics may be an
effective alternative in strengthening and enhancing cognitive
performance in patients with a range of brain pathologies.
Piracetam, with its near absence of side effects, has shown
cerebroprotective activity as well as an ability to reduce cogni-
tive deficits subsequent to general anesthesia. More extensive
studies are needed for oxiracetam, because the currently avail-
able data are limited and, in some cases, contradictory.
Regarding cholinergic precursors, not all the data are
positive. Lecithin does not seem to achieve significant
improvement in cognitive functioning. The same is not true for
citicoline or choline alfoscerate. Citicoline has neuroprotec-
tive effects, especially in patients with stroke and traumatic
brain injury, probably by helping repair processes in the neural
membrane, reducing the accumulation of lipids, and increas-
ing acetylcholine levels. Citicoline also improves cognition,
particularly motor and attentive functioning, in patients with
dementia. Acetyl-carnitine is associated with an increase in
energy and well-being by reducing physical and psycho-
logical fatigue. Further, acetyl-carnitine has demonstrated
an antidepressive effect. Choline alfoscerate also enhances
cognitive functioning and is, among several precursors, active
in increasing acetylcholine levels in the brain. Therefore, it
may represent a therapeutic option to improve the beneficial
effects of cholinergic therapy in patients with Alzheimer’s
disease and concomitant cerebrovascular damage.

In summary, although the nootropics and in particular
the cholinergic precursors, already have a long history
behind them, they still seem to have a significant role in
pharmacology, as reflected in a recent renewal of interest.
This is true primarily in dementia disorders, in which the
only classes of drugs widely used, ie, cholinesterase inhibi-
tors and memantine, have had mixed and often transient
results.
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