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Background: Citicoline is able to potentiate neuroplasticity and is a natural precursor of
phospholipid synthesis, or rather serves as a choline source in the metabolic pathways for bio-
synthesis of acetylcholine. Several studies have shown that it can have beneficial effects both
in degenerative and in vascular cognitive decline. The aim of the present study was to review
the pharmacokinetics and pharmacodynamics of this drug and its role in cognitive impairment
according to the present medical literature.

Methods: A MEDLINE® search was made using the following key words: citicoline, phar-
macokinetics, pharmacodynamics, elderly, cognitive impairment, vascular dementia, and
Alzheimer’s disease. Recent studies on the possible role of citicoline in increasing sirtuin 1
(SIRT1) expression were assessed. Some personal studies were also considered, such as the
VITA study and the IDEALE study.

Results: Administered by both oral and intravenous routes, citicoline is converted into two
major circulating metabolites, cytidine and choline. It is metabolized in the gut wall and liver.
Pharmacokinetic studies suggested that it is well absorbed and highly bioavailable with oral
dosing. A number of studies have clearly shown the possible role of citicoline in cognitive
impairment of diverse etiology. It can also modulate the activity/expression of some protein
kinases involved in neuronal death and increases SIRT1 expression in the central nervous
system. The VITA study and the IDEALE study suggested that both parenteral and oral
citicoline are effective and safe. Other studies have clearly demonstrated citicoline’s effects
on several cognitive domains. Conversely, some studies did not point out any evidence of
efficacy of this drug.

Conclusion: Citicoline appears to be a promising agent to improve cognitive impairment,
especially of vascular origin. In fact, so far it appears as a drug with the ability to promote
“safe” neuroprotection, capable of enhancing endogenous protective. Large clinical trials are
needed to confirm its benefits.

Keywords: citicoline, cognitive impairment, elderly, neurodegeneration, neuroprotective
effects, sirtuins

Introduction

CDP-choline (cytidine-5’-diphosphate choline) is an endogenous compound normally
produced by the body. When it is introduced as a drug, it can be called citicoline.
Both in animals and in human beings, citicoline has been shown to possess proved
neuroprotective properties.!* In clinical practice, a number of different studies
have clearly shown that citicoline is effective in cognitive impairment of diverse
etiology, cerebrovascular disease, head trauma, glaucoma, amblyopia, and Parkinson’s
disease (PD).
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In this review, we are going to focus on some important
points as follows:

1. citicoline’s main characteristics. Where the present study
starts from;

2. evidence for citicoline-related neuroprotection and its
role in cognitive impairment;

3. personal experience: the IDEALE study and VITA
study.

A number of evidences show that CDP-choline provides
modest but consistent improvement in memory and behavior
in cognitively impaired patients.! One of the most critical
points regards the relatively short term of clinical controlled
observations, which in all studies but one lasted for no more
than 3 months, too short a time for getting the best effects
of citicoline; 6 months is the reported recommendation for
getting the best outcomes.

However, citicoline is one of the most frequently pre-
scribed drugs for cognitive impairment in several European
countries.'?

Figure 1 shows the chemical structure of this drug. It is
composed of ribose, pyrophosphate, cytosine (a nitrogenous
base), and choline.

Citicoline inhibits apoptosis associated with cerebral isch-
emia and several models of neurodegeneration.!” It is also
able to potentiate neuroplasticity and is a natural precursor
of phospholipid synthesis, chiefly phosphatidylcholine, or
rather serves as a choline source in the metabolic pathways
for biosynthesis of acetylcholine.' On a molecular basis,
CDP-choline activates the biosynthesis of structural phos-
pholipids in the neuronal membranes and increases cerebral
metabolism, noradrenaline, and dopamine levels in the cen-
tral nervous system (CNS).! Furthermore, it is able to prevent
the loss of cardiolipin, an exclusive inner mitochondrial
phospholipid enriched with unsaturated fatty acids, which
is essential for mitochondrial electron transport.! All these
evidences can explain why this drug can show neuroprotec-
tive effects in situations of hypoxia and ischemia through
the restoration of mitochondrial ATPase and membrane

Figure | Citicoline’s chemical structure.

Na*/K* ATPase activity and the inhibition of phospholipase
A, activity. It also accelerates the reabsorption of cerebral
edema in various experimental models, and since many
years, it has been shown to improve learning and memory
performances in animal models of brain aging (old rats with
long-term memory impairment due to selective hippocampal
damage, proved benefits from a dietary supplementation of
CDP-choline).!? In particular, animal studies suggest that
exogenously administered CDP-choline may protect cell
membranes by accelerating resynthesis of phospholipids,
thus resulting in rapid repair of injured cell surface and
mitochondrial membranes. CDP-choline may also attenuate
the progression of ischemic cell damage by suppressing the
release of free fatty acids.? Several studies have shown that
it can have beneficial effects both in degenerative and in
vascular cognitive decline.*”

The aim of the present study was to review the pharma-
cokinetics and pharmacodynamics of this drug and its role
in cognitive impairment according to the present medical
literature.

Methods

A MEDLINE® search was made using the following key
words: citicoline, pharmacokinetics, pharmacodynamics,
elderly, cognitive impairment, vascular dementia, and
Alzheimer’s disease (AD).

We tried to focus the possible role of citicoline and why
it should work in cognitive impairment. Pharmacokinetic
and pharmacodynamic studies were also reported in order to
better show the possible effects of chronic administration of
this drug. Furthermore, recent studies have shown the very
new perspectives, that is, the probable role of citicoline in
increasing sirtuin 1 (SIRT1 = silent information regulator)
expression, a protein with neuroprotective effects.

Evidences from some personal studies were also con-
sidered, such as the VITA study'® and the IDEALE study.!!
Finally, we have selected some studies in which citicoline
has been shown to fail, trying to give possible explana-
tions, especially when it was wrongly used; an appropriate
research was also made on all the studies on its tolerability
and safety.

Citicoline’s main pharmacological
characteristics

Notes on citicoline pathway

CDP-choline is a water-soluble compound with >90%
bioavailability. Exogenous CDP-choline (administered by
both oral and intravenous routes) is hydrolyzed, absorbed as
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cytidine and choline, and resynthesized in the brain by cytidine
triphosphatephosphocholine (CTP)-cytidylyltransferase.®

In particular, in human beings, plasma cytidine is trans-
formed in the brain to uridine phosphate, which in turn will
be converted into cytidine triphosphate at the neuronal level;
plasma levels peak in a biphasic manner, at 1 hour after inges-
tion followed by a second peak at 24 hours postdosing. It is
also metabolized in the gut wall and liver.°

Figure 2 reports the metabolic pathways of citicoline.

When labeled CDP-choline is administered by either
the oral or parenteral route, radioactivity is eliminated very
slowly by the urinary or fecal routes and in expired CO,.
In particular, urinary excretion occurs through two phases:
the first one lasting ~36 hours (rapid decrease of excretion
rate), and a second phase (slow excretion rate).*!2

Evidences on the effectiveness of citicoline
Overall evidence of benefit of CDP-choline on memory
function and behavior in at least the short-to-medium term
was shown in a review by Fioravanti and Yanagi, where the
drug was well-tolerated.? Fourteen studies were included
in this review; seven of the included studies observed the
subjects for a period between 20 and 30 days, one study
was of 6 weeks duration, five studies over 2 months and
3 months, and one study was prolonged up to 12 months of
observation.? However, the crucial point is the duration of
citicoline administration; in fact, we think that the protection
of cell membranes, neuroplasticity, the increase in acetylcho-
line biosynthesis, and in short, the important neuroprotective
effects of this drug, require its chronic administration (at least
six months for the best outcomes). So far, citicoline appears
as a drug with the ability to promote “safe” neuroprotection,
capable of enhancing endogenous protective pathways at the
same time as preparing the scenario for plasticity. The possi-
ble mechanisms involved regard the improvement of cellular

Citicoline

l

—» Cytidine ——»

functions mainly aimed to preserve membrane function and

integrity. This may occur by controlling excitotoxicity and

maintaining cellular adenosine 5’-triphosphate levels.?

By far, citicoline has been shown to work in vascular
cognitive impairment, vascular dementia, and AD, espe-
cially when associated with significant cerebrovascular
disease.’ On the other hand, stroke can double the risk of
dementia; a trial lasting 12 months in patients with first-
ever ischemic stroke showed that citicoline prevented
cognitive decline after stroke, with significant improve-
ments in temporal orientation, attention, and executive
functions.’

The VITA study and the IDEALE study also showed
substantial benefits in vascular cognitive impairment.'®!!
Other studies have clearly demonstrated citicoline’s effects
on several cognitive domains.® Indeed:

e itimproves both the immediate and the delayed recall of
words and objects;

e it ameliorates short- and long-term memory, attention,
and perceptual-motor ability, as well as behavioral and
emotional control;

e itimproves verbal memory functioning in older individu-
als with relatively inefficient memory.

A multicentric, double-blind, crossover, randomized,
comparative study vs placebo was sponsored by the Market-
ing Authorization Holder (MAH) Wyeth Lederle S.p.A. in
1998.2 This study was performed in 509 patients. Its aim was
to assess the efficacy of CDP-choline 1,000 mg administered
intramuscularly once a day in patients suffering from mild-
to-moderate vascular dementia. The study showed significant
differences in favor of active treatment over the placebo
on delayed recall and memory index. Six 21-day cycles of
treatment, with 21 days free of drug in between, three of
these cycles with active treatment, and three with placebo
treatment were carried on.

Cytidine
triphosphate 1,2-diacylglycerol

{ cTp- l

cytidylyltransferase

——» Choline — Phosphocholine — Citicoline — Phosphatidylcholine

Betaine —> Methionine — S-adenosyl-I-methionine

l

Glutathione «—— «—— Cysteine «—— «—— S-adenosyl--homocysteine

Figure 2 Citicoline’s metabolic pathways.
Abbreviation: CTP, cytidine triphosphate.
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A better efficacy was shown in a statistically significant
proportion on Clinician’s Interview-Based Impression of
Change (CIBIC) scale (P<<0.0001). Advantages over placebo
were also found on the emotional subscale of the Gottfries-
Brane-Steen Scale (P=0.006). As regards the safety con-
cerns, no statistical differences were found in rates or types
of adverse events in the patients treated vs placebo.” The
possible roles of CDP-choline were also assessed in patients
affected by AD; however, one of the most significant limita-
tions of these studies was their short duration.

The effects of CDP-choline was studied in 19 AD patients
(mean age 66.21%1.48 years); citicoline was administered at
a dosage of 1,000 mg/day for 30 days and was effective in
significantly improving cognitive functions, in particular in
early-onset AD patients (EOAD)."* The authors concluded
that the therapeutic effects of CDP-choline may be mediated
by the enhancement of cholinergic neural transmission,
activation of repair mechanism, regulation of several immu-
nological responses, and attenuation of hypoperfusion pat-
terns in cerebral blood flow.!

Caamafio et al'* investigated the effects of CDP-choline
on cognition at a dosage of oral 1,000 mg/day for 1 month
in 20 patients, mean age 66.716.73 years. Cognition was
assessed by the Mini-Mental State Examination (MMSE),
whereas blood flow velocities were measured by transcranial
Doppler ultrasonography. Increased blood flow velocity was
registered; they postulated that citicoline’s cholinergic effects
influence cytokine production, and immunogenic and/or
neurotrophic effects at the microvascular niche may partially
account for its benefits in these individuals.!*

On the other hand, we also know that excess of histamine
influences some ethiopathogenic events in AD; CDP-choline
was able to reduce the basal levels of blood histamine in both
EOAD and late-onset Alzheimer’s disease (LOAD)."

Cacabelos et al'® showed that the administration of CDP-
choline 1,000 mg/day for 3 months in AD and multi-infarct
dementia improved mental performance (assessed by MMSE
and Hamilton Rating Scale for Depression). The possible
explanations given by the authors were that CDP-choline
can improve vascular risk factors and stabilize immune
function.

CDP-choline was also studied in a double-blind, placebo-
controlled, randomized trial involving 30 patients with
apolipoprotein E (APOE) genotyped AD. They received
CDP-choline 1,000 mg orally or placebo for 12 weeks.
Improvement in cognitive performance and cerebral blood
perfusion in these patients (measured by transcranial Doppler
recording) was found, and the drug was quite well-tolerated.!’

An open-label, randomized study was performed in
347 patients in order to assess the safety of citicoline long-
term administration and its possible efficacy in preventing
poststroke cognitive decline in patients with first-ever isch-
emic stroke vs usual treatment.’ All the subjects were selected
6 weeks after suffering a qualifying stroke and randomized
by age, sex, education, and stroke type into parallel arms of
citicoline (1 g/day) for 12 months vs no citicoline (control
group). Mean age was 67.2 years; patients were 186 men
(56.6%) and 161 women (46.4%), their mean education was
5.7 years. Only 172 patients (49.6%) received citicoline for
12 months, whereas controls were 175. All the patients under-
went neuropsychological evaluation at 1 month, 6 months,
and 1 year after stroke. The neurocognitive domains studied
were attention, executive functions, memory, language,
spatial perception, motor speed, and temporal orientation.
Only 37 subjects (10.7%) discontinued treatment (10.5%
citicoline vs 10.9% control) at 6 months, 30 (8.6%) due to
death (16 [9.3%)] citicoline vs 14 [8.0%] controls, P=0.740)
and seven lost to follow-up or incorrect treatment. Only four
patients (2.3%) had adverse events from citicoline, but this
did not require its discontinuation. Citicoline-treated patients
showed better outcome in attention—executive functions
(P=0.027 at 6 months; P=0.007 at 12 months) and temporal
orientation (P=0.042 at 6 months; P=0.045 at 12 months)
during the follow-up. Moreover, citicoline group showed
a better functional outcome (modified Rankin scale =2) at
12 months (57.3% vs 48.7%) without statistically significant
differences (P=0.186). The authors concluded that citicoline
treatment for 12 months in patients with first-ever ischemic
stroke is safe and probably effective in improving poststroke
cognitive decline.’

Neuroprotective effects

One of the most recent findings on citicoline derives from its
neuroprotective effect linked to sirtuins. Sirtuins are highly
conserved NAD-dependent protein deacetylases that are able
to regulate aging in lower organisms and possess important
roles in centenarians'® and in age-related diseases in higher
organisms. '

In mammals, there are seven sirtuins, SIRT1-7, which are
expressed in different tissues with different cellular localiza-
tions and different enzymatic activities.'*?° SIRT1 and SIRT2
have been studied mostly in terms of neurodegenerative
diseases and seem to have opposite effects. Recent evidences
showed that SIRT1 is an important regulator of adult hip-
pocampal neural stem cells (aNSCs)/adult neural progenitor
cells (aNPCs) self-renewal and a potential mediator of the
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effect of metabolic changes.?! SIRT3 also seems to have
neuroprotective effects against excitotoxic injury in mouse
cortical neurons, but data are still poor.?> The human SIRT3
gene contains an intronic variable number tandem repeat
(VNTR) enhancer whose variability is correlated with life
span.'® Another study pointed out that SIRT3 gene expres-
sion is a link between inherited mitochondrial DNA variants
and oxidative stress. The data highlighted a link between
SIRT3, mitochondrial DNA variability, and mitochondrial
functionality, three fundamental components of the cellular
stress response.?

SIRT1 has been extensively studied in the context of
several neurodegenerative diseases such as AD, PD, and
Huntington’s disease (HD). Some interesting studies have
also been done regarding amyotrophic lateral sclerosis
(ALS), multiple sclerosis (MS), Wallerian degeneration,
prion diseases, and cerebral ischemia.?* Since SIRT1’s effect
in almost all the aforementioned diseases is shown to be
protective in different animal and cell culture models, we
can postulate that any drug able to activate SIRT1 might be
beneficial in more than one disease type.

SIRT1’s effects were investigated both in A and tau
models of AD. By using APPswe, PSEN1dE9 model of
AD, it was shown that overexpression of SIRT1 reduced
AP plaques and improved learning and memory,” whereas
deletion of SIRT1 in the same model showed the oppo-
site effect. Furthermore, SIRT1 deacetylates retinoic acid
receptor-p (RAR-B), can activate the transcription of “the
good secretase”, ADAM10 (the most important enzyme with
o-secretase activity for proteolytic processing of the amyloid
precursor protein), and increases its RNA and protein levels.*
This leads to upregulated amyloid protein precursor (APP)
processing by a-secretase, resulting in reduced production
of AB.? SIRT1 deficiency is also associated with increased
levels of phosphorylated tau in neurons.?”’

Overexpression of SIRT1 reduced AP production and AP
plaques, whereas deleting SIRT1 increased A levels.?

Besides animal models, many in vitro models have widely
shown the protective effects of SIRT1.24?® SIRT1 protects
against microglia-dependent AP toxicity through inhibit-
ing NF-xB (nuclear factor kappa-light-chain-enhancer of
activated B-cells) signaling. NK-kB is a protein complex
that controls DNA transcription and exerts several func-
tions, but it has also been implicated in synaptic plasticity
and memory.”

a-synuclein aggregates are reduced in the brains of mice
with SIRT1 overexpression and increased by SIRT1 deletion.
It was shown that SIRT1 deacetylates heat shock factor 1

(HSF1) and increases HSP70 RNA and protein levels, but
only in the brains of mice with A53T and SIRT1 expressions.
In other words, SIRT1 responds to o-synuclein aggregation-
induced stress by activating molecular chaperones to protect
against the disease.*

Asregards SIRT2, and in contrast to SIRT, there is actu-
ally no study conducted on the role and effect of SIRT2 in
AD, except the SIRT2 polymorphism rs10410544 as a novel
minor genetic risk factor for AD in the APOE e4-negative
Caucasian population.’! However, the research that has been
conducted on SIRT2 regarding neurodegeneration so far
demonstrated a general negative effect of SIRT2 in PD and
HD." Moreover, the inhibition of SIRT?2 is neuroprotective.
This indicates that SIRT1 and SIRT2 work through different
targets and pathways. On the other hand, these two enzymes
reside in different subcellular locations and have different
targets that have been identified so far. It remains to examine
the effects of SIRT2 on AD models and eventually analyze
whether the inhibition of SIRT2 could prevent amyloid
plaque or neurofibrillary tangle formation."

Therefore, activating SIRT1 could be beneficial against
these diseases. On the other hand, deletion of SIRT2 seems
to be protective against PD.*

Hurtado et al recently showed that CDP-choline increases
SIRT1 protein expression in rat brain, in cultured neurons,
and in circulating blood mononuclear cells, an effect that
is strongly involved in the neuroprotective actions of this
drug.®

In experimental models of stroke, sirtinol, a specific
inhibitor of SIRT1, was shown to abolish the neuroprotec-
tive effect of CDP-choline at a concentration previously
shown to be effective;* furthermore, it does not have any
effect on infarct volume in the absence of CDP-choline. To
emphasize its neuroprotective effects, CDP-choline-induced
reduction in infarct volume is totally abolished in the absence
of SIRTI. Sirtl—/—mice display larger infarct volumes than
their wild-type counterparts after being subjected to brain
ischemia, thus suggesting the remarkable neuroprotective
action of endogenous SIRT1 in stroke.**

Moreover, CDP-choline and the SIRT1 activator res-
veratrol have a potent synergistic effect leading up to 60%
reductions in the infarct volume after middle cerebral artery
occlusion (MCAOQ), when used together at doses individu-
ally subeffective of these drugs.’> As aforementioned, the
neuroprotective effects following the use of CDP-choline
might be explained through the prevention of fatty acid
release, the stimulation of phosphatidylcholine synthesis,
the preservation of cardiolipin and sphingomyelin levels, the
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increase in glutathione synthesis and glutathione reductase
activity, the restoration of Na*/K*-ATPase activity, and the
antiapoptotic effects.’

Other possible neuroprotective effects are linked to
citicoline’s possible modulation of activity/expression of
some protein kinases involved in neuronal death, namely,
mitochondrial activated protein kinase (MAP kinase) in
the postischemic brain and extracellular signal-regulated
kinase 1/2 (ERK1/2) in the rat retina after kainic acid (KA)
treatment.*®

The effects of CDP-choline on intracellular mechanisms
of signal transduction confirm its key role in recovery after
ischemic stroke.

Personal experience
The IDEALE study

The “Studio di intervento nel decadimento vascolare lieve”
(IDEALE study) was an open-label, multicenter, Italian
study, the aim of which was to assess the effectiveness and
safety of oral citicoline (1 g/day) in elderly people with mild
vascular cognitive impairment.

This study was at first performed in 387 elderly patients
selected from six Italian regions (Calabria, Campania, Lazio,
Liguria, Piedmont, and Veneto). People included in the study
were subjects aged =65 years, MMSE =21, or subjective
memory complaints but no evidence of deficits on MMSE
and both evidencing vascular lesions on neuroradiology.
Those with probable AD and other dementias were excluded.
Subjects underwent brain computed tomography (CT) or
magnetic resonance imaging (MRI) of the brain, plasma
dosage of vitamin B12, folate, and thyroid hormones (thyroid
stimulating hormone, free triiodothyronine, free tetraiodothy-
ronine, thyroid peroxidase antibodies, and thyroglobulin
antibodies). Functional dependence was investigated by
scores on the Activities of Daily Living (ADL) and Instru-
mental Activities of Daily Living (IADL) Scales. Mood
was investigated by the Geriatric Depression Scale (GDS)
and behavioral disorders by the Neuropsychiatric Inventory
(NPI) Scale. Comorbidity was assessed using the Cumulative
Illness Rating Scale (CIRS), a test assessing the number and
severity of diseases in individual patients. All the patients
gave their written informed consent.!!

A total of 349 patients met our criteria and completed
the study. They were assigned to open-label treatment with
oral citicoline 500 mg twice a day in a fasting state or to no
treatment (controls). Therefore, the treatment group included
265 patients, being 122 men and 143 women of mean age
79.947.8 (range: 65-94) years. The control group included

84 patients, 36 men, and 48 women of mean age 78.9+7.01
(range: 67-90) years."!

An assessment was made at baseline (T0), after 3 months
(T1), and after 9 months (T2, in other words, 6 months after
T1). The main outcomes were changes in MMSE, ADL, and
IADL scores in the study group compared with the controls.
Side effects were also investigated.

Statistical analysis was performed through the Student’s
t-test or the chi-square test. Repeated measures analysis of
variance were used to assess the difference in changes at the
baseline, T1, and T2. Significant differences were assumed
to be present at P<<0.05. All analyses were performed using
the Statistical Package for the Social Sciences software
program version 18.0 for Windows (SPSS Inc., Chicago,
IL, USA)."

The MMSE score in the treated group remained essen-
tially unchanged over time (22.4+4 at TO; 22.7+4 at T1;
22.944 at T2). A mild improvement of 0.5 points on average
was found during the 9 months of the study. Importantly,
the untreated group showed a decline in MMSE score over
the 9 months (21.5 at T0; 20.4 at T1; 19.6 at T2; —1.9 points
between TO and T2). Furthermore, a significant difference in
MMSE scores was found between the treatment and control
groups at T1 (P<<0.0001) and T2 (P<<0.0001) time points, but
not between TO and T1 or between TO and T2 in the active
group. No differences were found for ADL and IADL scores
between the two groups.'! A slight difference in GDS score
was found between the study and control groups (P=0.006),
probably depending on the citicoline-induced increase in
noradrenaline and dopamine levels in the brain. No signifi-
cant adverse events were recorded over time."!

The IDEALE study was one of the few trials conducted
for a period longer than 6 months. A number of studies have
shown that citicoline’s bioavailability is very good follow-
ing oral administration.'>*37 With regard to its mechanism
of action, we suggest that the most pronounced benefits of
treatment with citicoline are probably due to the activation
of biosynthesis of phospholipids in neuronal membranes, the
increase in brain metabolism, and the neuroprotective effects
during hypoxia and ischemia. Furthermore, they are most
likely to be accrued with prolonged use. This is confirmed by
the positive results in our treated group and by the decrease
in MMSE scores in the control group at only 9 months, after
starting the study.

The VITA study

The VITA study was aimed to evaluate the safety, toler-
ability, and efficacy of citicoline administered intravenously
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2 g/day in geriatric syndrome with a complex clinical picture
of confusion on a retrospective and observational basis. !

The study involved ten centers throughout the country
after performing geriatric home visits. Patients over the
age of 65 who could not be hospitalized, with moderate-to-
severe neurological deficits due to cerebral ischemia, were
enrolled.'!73%3 The following scales were administered:
the National Institute of Health Stroke Scale (NIHSS),*4!
Rankin Scale (modified version), and Barthel Index.*> The
enrolled patients needed to have NIHSS 8-14/>15, Rankin
Scale 4-5, and Barthel Index 40-20/<<20. The study lasted
6 months and was divided into three phases. During the first
phase that lasted 4 months, patients were enrolled and treated
with 2 g of citicoline through a slow intravenous infusion in
saline 500 mL for 5 days, to be repeated for 5 more days in
the case of nonresponders. In the second phase (T2), after
clinical reassessment and verification of side effects and
tolerability, (Step A) treatment with intramuscular citicoline
1,000 mg was administered and it was repeated for 21 days
(Step B) after 7 days interruption. During the third and final
phase (T3), the results were evaluated.'

A total of 272 patients were enrolled, and 197 of them
were recruited and completed treatment; of them, 55 (20%)
were given the treatment scheduled during Stage T1,
Step B. Seventy-five patients (27%) dropped out of the
study, of whom five (1.8%) refused to continue treatment,
and 70 (25%) gave up the study protocol or dropped out
for other reasons. The average age of the enrolled sample
was 81.5 years; five subjects (2.5%) aged 60—69 years, 78
subjects (39.6%) aged 70-79 years, 106 subjects (53.8%)
aged 80-89 years, and eight subjects (4.1%) over 90 years
old. The results were compared with a control group whose
mean age was 86.7 years; it included eight men (54%) and
seven women (46%). The control group was treated with
intravenous administration of saline (500 mL) and glucose
5% (500 mL).'

Citicoline was shown to be effective in the complex
geriatric syndrome complicated by confusion due to the
worsening of general health conditions for the NIHSS during
T1-T2, the Rankin Scale during T1-T2-T3, and ADL Scale
during T1-T2. There was no significance in IADL scores.
More specifically, in subacute ischemic cerebrovascular
disease, administration of citicoline at the intravenous dose
of 2 g in 500 mL of saline for 5 or 10 days has proven to be
effective in improving functional independence and in reduc-
ing the burden of care. After 5 days (80% of cases), 10 days
(20% of cases; T2), or 2 months (T3) since the beginning
of treatment, there was an improvement in key measures of

performance. This was more evident in the younger old-age
groups. The most important and significant positive impact
was evident in the results of the oldest age groups.

No major side effects were recorded in any phase of the
study.!® In conclusion, the results must cautiously consider
the poor sample size, the short follow-up, and its features of
being a retrospective and observational study.

Poor results following citicoline use
The Citicoline Brain Injury Treatment Trial (COBRIT)
was a Phase III, double-blind, randomized, clinical trial
conducted between 2007 and 2011 among 1,213 patients at
eight US level 1 trauma centers, in order to investigate the
effects of citicoline vs placebo in patients with traumatic
brain injury (TBI), classified as complicated mild, moderate,
or severe.® The study lasted 90 days, and the patients were
administered oral citicoline (2 g) or placebo. Main outcomes
were related to functional and cognitive status and examina-
tion of the long-term maintenance of treatment effects. The
citicoline and placebo groups did not differ significantly at
the 90-day evaluation (global odds ratio [OR], 0.98 [95%
CI, 0.83-1.15]). No significant treatment effect was pointed
out in the two severity subgroups (global OR, 1.14[95% CI,
0.88—1.49] and 0.89 [95% CI, 0.72—1.49] for moderate/severe
and complicated mild TBI, respectively).* At the 180-day
evaluation, the citicoline and placebo groups did not differ
significantly with respect to the primary outcome (global OR,
0.87 [95% CI, 0.72—1.04]). In conclusion, among patients
with TBI, the use of citicoline compared with placebo for
90 days did not result in improvement in functional and
cognitive status.®

Furthermore, citicoline was not successful in another
large trial, including poststroke patients.* It was a random-
ized, double-blind, placebo-controlled, sequential trial per-
formed in patients with moderate-to-severe acute ischemic
stroke admitted at university hospitals in Germany, Portugal,
and Spain.* Patients were randomly assigned in a 1:1 ratio to
receive citicoline or placebo within 24 hours after the onset of
symptoms (1 g every 12 hours intravenously) during the first
3 days and orally thereafter for a total of 6 weeks (500 mg
oral tablets twice a day given every 12 hours). The primary
outcome was recovery at 90 days measured by NIHSS =1,
modified Rankin score =1, and Barthel Index =95. Safety
endpoints included symptomatic intracranial hemorrhage
in patients treated with recombinant tissue plasminogen
activator, neurological deterioration, and mortality. A total
of 2,298 patients were enrolled in the study from 2006 to
2011. Of the 2,298 patients who gave informed consent and
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underwent randomization, 1,148 were assigned to citicoline
and 1,150 to placebo. The trial was stopped for futility at
the third interim analysis on the basis of complete data from
2,078 patients. Global recovery was similar in both the groups
(P=0.364), and no significant differences were reported in the
safety variables or in the rate of adverse events. The ICTUS
trial showed that citicoline is not effective in the treatment
of moderate-to-severe acute ischemic stroke.* However, in
both the studies, the time of administration was short. We
postulate that citicoline’s neuroprotective effects should need
a longer time of administration.

Overview of safety
In terms of safety, choline has a low level of toxicological
concern; moreover, the administration of choline with cyti-
dine in the form of CDP-choline lowers the toxicity index by
an additional 20-fold.* Occasional digestive intolerance and
occasional excitability or restlessness has been reported in the
first few days of treatment (especially following parenteral
administration).®

Self-limiting headache, tingling sensation, and numb-
ness have been occasionally reported.*® No clinically sig-
nificant ECG and EEG abnormalities were ever registered
after citicoline administration. In 2,817 patients of all ages,
but with a predominance of patients aged between 60 and
80 years old who had different neurological conditions,
only 5.01% of the patients experienced side effects, mostly
digestive intolerance. However, in no case, treatment had
to be interrupted.®

Importantly, using citicoline and levodopa together
allows a significant reduction of the levodopa dose, thus
minimizing side effects of levodopa treatment.’’

Conclusion

CDP-choline (also named citicoline) has shown to possess
beneficial physiological actions on cellular function. CDP-
choline and its hydrolysis products play important roles in
phospholipid synthesis and neuronal repair. Considering the
great amount of published studies and assessing the pros and
cons, it appears to be effective in cognitive impairment of
any kind, especially of vascular origin. This result was also
widely shown in our personal experience regarding the VITA
study and the IDEALE study.

The evidence is definitely strong, although limited by the
duration of studies, so it would be appropriate to perform
more long-term studies. It can be assumed that long-term
treatment is safe orally, intramuscularly, and intravenously
(500 mg—2 g/day) because serious side effects have never

been reported. Furthermore, neither ECG nor EEG changes
nor significant systemic cholinergic effects have ever been
reported.

Importantly, citicoline has been recently shown to
increase SIRT1 protein expression and this is strongly
involved in its neuroprotective actions.

Some studies have shown poor results following citicoline
administration, even if this could be due to its short time of
administration.

Also, it would be interesting to study whether the use of
citicoline in association with cholinesterase inhibitors may
help in delaying the progression of AD. It might be the pos-
sible target of future studies.
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