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Julio J. Secades

Summary. This review is based on the previous one published in 2010 —Secades JJ. Citicoline: pharmacological and clinical
review, 2010 update. Rev Neurol 2011; 52 (Suppl 2): S1-62—, incorporating 183 new references, having all the information
available to facilitate the access to the information in one document. This review is focused on the main indications of the
drug, as acute stroke and its sequelae, including the cognitive impairment, and traumatic brain injury and its sequelae.
There are retrieved the most important experimental and clinical data in both indications.
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Phospholipids are essential constituents of cells,
specifically cell membranes, and have a very high
turnover rate, which involves a continuous synthe-
sis of these compounds to ensure adequate func-
tion of cell membranes, and thus cells [1-3].

The chemical structure of a phospholipid shows
esterification of a polyalcohol (glycerol or sphin-
gosine) with two long-chain fatty acids and a mol-
ecule of phosphoric acid that is in turn esterified
with nitrogenated bases (choline, ethanolamine),
amino acids (serine), or inositol [3,4]. The main
phospholipids in humans are phosphatidylcholine,
phosphatidylethanolamine, phosphatidylinositol,
and sphingomyelin [4]. Their main function of the
phospholipids is to be part of cell membrane struc-
tures, and these compounds are indispensable to
fulfil membrane functions, particularly mainte-
nance of homeostasis and cell compartmentaliza-
tion, as well as enzymatic activities associated to
membrane systems, and coupling between recep-
tor and intracellular signal [1]. Additional specific
functions of the neuronal membrane include nerve
impulse conduction and neurotransmission [1,5].

There are various conditions in which a phos-
pholipids loss or decreased synthesis occurs, lead-
ing to an impairment in cell functions that may
have a pathophysiological impact [1,6]. At Central
Nervous System (CNS) levels, structural phospho-
lipids of the neuronal membrane are essential for
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adequate brain maturation [7-9], including astro-
glial cells [10]. Phosphatidylcholine has been pro-
posed as an important molecule for neurite growth
and neuronal regeneration [11]. Impaired cell
membrane and phospholipid metabolism have
been implicated in the pathophysiology of cerebral
edema and traumatic brain injury (TBI) [12-21], as
well as cerebral hypoxia [22,23] and cerebral isch-
emia [24-37]. Moreover, it has been shown that
there are certain changes in neuronal membranes
and metabolism of structural phospholipids asso-
ciated to brain aging [38-40] and certain neurode-
generative diseases such as cognitive impairment,
vascular dementia and senile dementia of the Al-
zheimer type [33,41-53], contributing in the neu-
roplasticity mechanisms [54], and in other condi-
tions where changes in neurotransmission [55-58]
and excitotoxic aggression [59,60] are also in-
volved. Changes in phospholipid metabolism, par-
ticularly phosphatidylcholine, have been implicat-
ed as mechanisms triggering the apoptotic cascade
in several conditions [57-66]. Because of these
pathophysiological conditions, there is an agree-
ment on the need for having drugs that may accel-
erate and/or increase synthesis of membrane struc-
tural phospholipids in such situations, that is, hav-
ing a protective and a restorative or reparative ac-
tivity on the nervous system [67-72].

Citicoline is the generic name of the pharma-
ceutical substance that chemically is cytidine-5-
diphosphocholine (CDP-choline), which is identi-
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Figure 1. Chemical structure of CDP-choline (citicoline).

Figure 2. Relationship between citicoline and choline metabolism, cerebral phospholipids and acetylcho-
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cal to the natural intracellular precursor of phos-
pholipid phosphatidylcholine [73]. CDP-choline is
a mononucleotide consisting of ribose, cytosine,
pyrophosphate, and choline whose chemical struc-
ture (Fig. 1) corresponds to 2-oxy-4-aminopyrimi-
dine [74]. CDP-choline is involved as an essential
intermediate in the synthesis of structural phos-
pholipids of cell membranes [4,73-87], and forma-
tion of this compound from phosphorylcholine is
the rate-limiting step of this biosynthetic pathway
[77,88-99]. The CDP-choline cycle is integrated
into a larger metabolic network and interruption of
the CDP-choline cycle can affect the distribution
of lipid-related metabolites in several other path-
ways [100]. As shown in figure 2, CDP-choline is
also related to acetylcholine metabolism. Thus, ad-
ministration of CDP-choline is an exogenous
source of choline and cytidine. Choline partici-
pates in several relevant neurochemical processes.
It is the precursor and metabolite of acetylcholine,
plays a role in single-carbon metabolism and is an
essential component of different membrane phos-
pholipids [101]. The cytidine fraction, once trans-
formed in uridine, is used for DNA and RNA syn-
thesis as well as for the synthesis of membrane
constituents and glycosylation, having also an im-
portant effect on purinergic receptors [102].

Horrocks and Dorman [103] have shown that citi-
coline and CDP-ethanolamine prevent degradation
of choline and ethanolamine phospholipids during
decapitation ischemia in rats, and induce a partial
reversion of free fatty acid release during reperfu-
sion after experimental global ischemia in gerbils.
Citicoline and CDP-ethanolamine, when adminis-
tered together, have a synergistic effect and stimu-
late resynthesis of choline, ethanolamine, and
inositol phospholipids, markedly decreasing free
arachidonic acid levels.

In an experimental rat model of acute induced
ischemia, LePoncin-Lafitte et al. [104] assessed in-
tegrity of the blood-brain barrier (BBB) with la-
belled iodinated albumin, and brain metabolism
using histoenzymological studies. In this experi-
mental model, administration of citicoline was able
to reduce vasogenic cerebral edema and to restore
BBB integrity. Authors also found that the size of
induced infarctions was smaller with citicoline, and
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this compound decreased the activity of lactate de-
hydrogenase, succinyl dehydrogenase, monoamine
oxidase, and acid phosphatase, emphasizing its pro-
tective role through a direct action at cell mem-
brane level.

Mykita et al. [105] found in neuronal cultures
that addition of citicoline after a hypocapnic lesion
resulted in culture protection. Hypocapnia in-
creases incorporation of labelled choline into phos-
pholipids, while this process is slowed in the pres-
ence of citicoline. These authors concluded that
citicoline is able to protect neurons under alkalosis
conditions and may promote cell proliferation.

Yasuhara et al. [106,107], in an electrophysiolog-
ical study in rabbits, showed that citicoline de-
creased in the threshold for the arousal reaction
and the threshold for muscle discharge, and con-
cluded that this is a valuable drug for treatment of
brain lesions because of its effects on conscious-
ness and on the motor activity of the pyramidal
system and its afferent pathways.

Marti-Viaiio et al. [108] compared the effects of
pyriglutine, piracetam, centrophenoxine, and citi-
coline in a study on antagonism of barbiturate
coma in mice. No differences were seen in animals
treated with pyriglutine, piracetam, or centrophe-
noxine as compared to the control group, while
with citicoline both coma duration and depth, as
well as respiratory depression, were decreased as
compared to all other groups. Arousal effects of
citicoline were found to be due to increased cere-
bral blood flow (CBF), improved O, cerebral uptake
and utilization of energy metabolism, and en-
hanced mitochondrial breathing.

Ogashiwa et al. [109], in an experimental model
of head injury in monkeys, established a significant
dose-effect relationship between citicoline dose
and coma duration, that started to be significant at
doses of 60 mg/kg (p < 0.05). Watanabe et al. [110],
studying the effects of several activators of brain
metabolism, found that citicoline increased glu-
cose incorporation and metabolism and decreased
lactate accumulation in the brain, and also induced
a slight increase of CBF.

Alberghina and Giuffrida [11], in a study on
nerve tissue response to a contusion lesion, showed
that a moderate increase occurred in the activity of
cholinephosphotransferase and was associated to a
greater increase in the activity of phospholipases
A, and several lysosomal hydrolases. They also
found an increased number and size of lysosomes
during neuronal regeneration. Arrigoni et al. [111]
have shown citicoline to be able to completely in-
hibit activation of phospholipases A, without alter-
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ing cholinephosphotransferase activity. On the
other hand, Freysz et al. [112] showed that, in addi-
tion to decreasing phospholipase A; and A, activity,
citicoline decreases free fatty acid release under hy-
poxic conditions, thus adding a protecting effect to
its activating capacity of phospholipid reconstruc-
tion. Massarelli et al. [113] also showed citicoline
action upon phospholipases A,, and agreed with all
other authors in their conclusions. Kitazaki et al.
[114] also showed the inhibitory effect of citicoline
upon membrane-associated phospholipases A, in
rat brain cortex. Based on these characteristics,
citicoline has been considered a non-specific inhib-
itor of phospholipase A, at intracellular level [115].

Algate et al. [116] tested the effects of citicoline
in an experimental model of epidural compression
in anesthetized cats. They noted that animals
treated with citicoline had a greater resistance to
the effects of mechanic brain compression as com-
pared to animals in the control group. They also
found that respiratory and cardiovascular changes
were less intense in treated animals, and concluded
that citicoline provides a significant protection
against the lethality of epidural compression. These
results agreed to those obtained by Hayaishi [117]
and Kondo [118], who showed an improvement in
the EEG tracing following administration of citico-
line to cats undergoing experimental brain com-
pression, and also in survival quality.

Tsuchida et al. [119] administered 3H-citicoline
by the intraperitoneal route to rats subjected to ce-
rebral cryogenic lesion by dry ice application on
the scalp, and confirmed the presence of the la-
belled drug in brain parenchyma, particularly in
the white matter, and above all in damaged areas.

Boismare [12,120] conducted an experimental
model of craniocervical trauma without direct
blow (‘whiplash’) in order to assess the effects oc-
curring upon central catecholamine levels, and
found increased dopamine levels and decreased
norepinephrine levels in the brain following trau-
ma. This type of lesion causes postural dysregula-
tion of brain supply and behavioural and learning
disorders, that are related to accelerated degrada-
tion of cerebral norepinephrine. In animals treated
with citicoline, trauma did not change the levels of
these amines. The author stressed the protective
role of citicoline, due to this stabilizing effect of
catecholamine brain levels.

Clendenon et al. [121] showed that the decrease
in Mg**-dependent ATPase activity in the mito-
chondrial and synaptosomal membrane occurring
in traumatic lesions is prevented by citicoline ad-
ministration.

S3



J.J. Secades

S4

Cohadon et al. [14,15,122], in a series of studies
on a model of cryogenic cerebral edema in rabbits,
showed that treatment with citicoline 20 mg/kg/d:
— Slowed the drop in enzymatic activity of mito-

chondrial ATPase.

— Restored Na*/K* ATPase activity.

— Restored oligomycin-sensitive ATPase activity.

— Accelerated cerebral edema reabsorption, with
normal values achieved in the fourth day, while
such levels were not reached until the tenth day
with spontaneous resorption.

These authors stated that the beneficial activity of
citicoline in cerebral edema occurred by two
mechanisms: by restoring insertion of membrane
enzymes and enhancing their activity, and by act-
ing upon edema by reducing water imbibition of
brain parenchyma.

Lafuente and Cervds-Navarro [123,124] con-
ducted a microgravimetric study in experimental
cerebral edema induced by ultraviolet radiation in
cats to assess the effect of citicoline in this situa-
tion. The results suggested an action of citicoline
decreasing the amount of edema, enhancing fluid
reabsorption and accelerating fluid drainage to
ventricles, i.e. increasing cerebral compliance. Au-
thors concluded that CDPamines are helpful to
control tissue lesions related to increased free fatty
acids and to restore cell energy metabolism by re-
starting the Na*/K* pump.

Majem et al. [125] assessed the EEG changes oc-
curring in rats when cryogenic edema is induced,
and how such EEG changes were modified by citi-
coline administration. These authors noted a sig-
nificant increase in the theta frequency band dur-
ing the awakening state, with decreased delta and
slow alpha bands and a lesser interindividual scat-
ter of the overall frequency bands, which resulted
in a greater electrogenic cerebral stability. They
concluded that citicoline protected from the effects
of cryogenic cerebral edema.

Roda [126], in an experimental model of cryo-
genic cerebral edema, measured extravasation of
Evans blue through the BBB and fluorescein uptake
by astrocytes and neurons, and found that citico-
line administration significantly reduced both pro-
cesses as compared to control animals, thus allow-
ing to state that citicoline has a direct effect upon
transmembrane transport of sodium, potassium,
water, and proteins at both BBB endothelial cell
level and astrocyte and neuron level. Though the
exact mechanism of this action is not completely
understood, its effect appears to occur at two lev-
els: on the interface separating capillaries from the

neuroglia and on cell membranes. Citicoline re-
duces microvascular permeability during experi-
mental endotoxemia [127] and in early burn edema
in rats [128].

Dixon et al. [129] analyzed the effects of exoge-
nous administration of citicoline on motor deficits,
spatial memory capacity, and acetylcholine levels
in dorsal hippocampus and neocortex in a model
of traumatic brain lesion in rats, induced by a con-
trolled lateral impact. Citicoline was administered
by the intraperitoneal route at a dose of 100 mg/kg
for 18 days from the first day following induction
of the traumatic lesion. Another group of animals
was treated with saline solution. Motor assessment
was performed using a balance test for which ani-
mals had previously been trained, and cognitive
assessment was made with a variant of the Morris
maze test, that is sensitive to cholinergic function.
Microdialysis methods were also used to analyze
the effects upon acetylcholine release. In the motor
function study, citicoline-treated animals showed
on day 1 after the lesion a significantly longer bal-
ance period as compared to animals receiving sa-
line (39.66 + 3.2 seconds versus 30.26 + 2.9 sec-
onds; p < 0.01). In addition, animals treated with
citicoline had significantly less cognitive deficits.
In microdialysis studies, after a single administra-
tion of citicoline by the intraperitoneal route, a
rapid increase in acetylcholine production was
seen as compared to baseline, that was maintained
for up to 3 hours, in both dorsal hippocampus (p <
0.014) and neocortex (p < 0.036), while no changes
were noted in animals receiving saline. Authors
concluded that post-traumatic deficits in spatial
memory function are due, at least partly, to defi-
ciency changes in cholinergic transmission, that
are attenuated with citicoline administration.

Plataras et al. [130] analyzed the effects of dif-
ferent citicoline concentrations (0.1-1 mM) upon
the activities of acetylcholinesterase, Na*/K"-AT-
Pase, and Mg**-ATPase in total brain homogenates
from rats and extracts of non-membrane bound
pure enzymes. Following 1-3 h preincubation with
citicoline, peak stimulations of 20-25% (p < 0.001)
and 50-55% (p < 0.001) are seen for acetylcholin-
esterase and Na*/K*-ATPase respectively, while no
significant effects are seen on Mg**-ATPase. Au-
thors concluded that citicoline may stimulate cere-
bral acetylcholinesterase and Na*/K*-ATPase in-
dependently from acetylcholine and norepineph-
rine, which could partly account for the clinical ef-
fects of the drug.

Baskaya et al. [131] examined the effects of citi-
coline upon cerebral edema and rupture of the BBB
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in a rat model of traumatic brain injury. Animals
received citicoline (50, 100, 400 mg/kg) or saline
by the intraperitoneal route twice following induc-
tion of the traumatic brain lesion. Induction of the
traumatic lesion caused an increase in water con-
tent percentage and Evans blue extravasation (a
marker of BBB rupture) at the damaged cortex and
ipsilateral hippocampus. The 50 mg/kg dose of citi-
coline was not effective, while at 100 mg/kg a re-
duction was seen in Evans blue extravasation in
both regions, although this dose only decreased
cerebral edema in the damaged cortex. The 400
mg/kg dose of citicoline significantly reduced cere-
bral edema and the BBB rupture in both regions.
Authors concluded that these results suggest citi-
coline to be an effective neuroprotective agent
upon secondary lesions occurring in association to
traumatic cerebral injury.

Dempsey and Rao [132], using an experimental
model of controlled lateral impact in rats, have
shown that intraperitoneal administration of citico-
line 200-400 mg/kg following induction of the TBI
prevents neuronal damage in hippocampus associ-
ated to the traumatic lesion, decreases cortical con-
tusion volume, and improves neurological recovery.

It has been demonstrated a synergistic effect in
the association of propofol with citicoline in an ex-
perimental model of TBI in rats [133], resulting in
a higher reduction of the lipidic peroxidation when
the drugs are administered together.

Jacotte-Simancas et al. [134] examined the ef-
fects of citicoline and of voluntary physical exer-
cise in a running wheel (3 weeks), alone or in com-
bination, on TBI-related short-term (3 h) and long-
term (24 h) object recognition memory (ORM)
deficits, and on neurogenesis and neuroprotection,
using a rodent model of TBI (controlled cortical
impact injury). Citicoline improved memory defi-
cits at the two times tested, while physical exercise
only in the long-term test. Some degree of neuro-
protection of citicoline was suggested by reduced
interhemispheric differences in the volume of the
hippocampal formation. But, contrary to what was
expected, the effects of citicoline and physical ex-
ercise did not sum up.

Qian et al. [135] demonstrate the protection of
citicoline against white matter and grey matter
damage due to closed head injury through sup-
pressing oxidative stress and calpain overactiva-
tion, providing additional support to the applica-
tion of citicoline for the treatment of traumatic
brain injury.

Abdolmaleki et al. [136] evaluated the anticon-
vulsant effect of citicoline in the pentylentetrazole
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seizure model. In this study it was showed that the
acute administration of citicoline has anticonvul-
sant activity and sedative effect, suggesting a posi-
tive effect of citicoline on post-traumatic epilepto-
genesis.

Effect of citicoline upon traumatic spinal cord
lesion was also studied, and it was shown that in-
traperitoneal (i.p.) administration of citicoline 300
mg/kg 5 minutes after lesion induction significant-
ly reduced lipid peroxidation and improved motor
function in treated animals [137], having the same
efficacy than methylprednisolone in the behavioral
and neuroanatomical recovery [138]. It has been
demonstrated that the administration of repeated
doses of citicoline prevents the tissue damage as-
sociated with the spinal cord shock in acute phase
[139], and that the combination of ischemic post-
conditioning with citicoline confers protection in a
model of ischemic spinal cord lesion [140], through
the inhibition of the caspases pathway and the in-
crease of antiapoptotic proteins.

Also it has been observed some beneficial ef-
fects of citicoline in experimental models of partial
optic nerve crush in the rat [141] and also there are
some data suggesting that citicoline promotes nerve
regeneration, and reduces postoperative scarring
after peripheral nerve surgery [142]. Aslan et al.
[143] demonstrated that CDP-choline improves the
functional recovery and promotes the regeneration
of injured sciatic nerves treated with immediate or
delayed surgical repair in rats. The same team [144]
demonstrated that intraperitoneal administration
of CDP-choline improves nerve regeneration and
functional recovery in a rat model of sciatic nerve
injury, improving also nerve adherence and sepa-
rability. Kaplan et al. [145] concluded that citico-
line exhibits dose-dependent effects on axonal re-
generation and recovery without scar formation in
a rat model of peripheral nerve incision and pri-
mary anastomosis. In this context, CDP-choline
modulates matrix metalloproteinase activity and
promotes the expression of tissue inhibitor of met-
alloproteinases to stimulate axonal regeneration
[146]. These data help to explain one mechanism by
which CDP-choline provides neuroprotection in
peripheral nerve injury. Emril et al. [147] demon-
strated that in situ administration of 0.4 mL of
100 pmol/L citicoline prevents the occurrence of
neuropathic pain and induces motoric recovery 4
weeks after sciatic nerve injury. Savran et al. [148]
demonstrated that citicoline may be effective for
preventing postoperative epidural fibrosis in an ex-
perimental model. After a systematic review of the
literature on rodent models, Wang et al. [149] con-
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sider that citicoline is one of the most effective ad-
juvant treatments after surgery in peripheral nerve
laceration.

Because of its biochemical, pharmacological,
and pharmacokinetic characteristics, citicoline is a
potentially useful drug for the treatment of trau-
matic cerebral injuries [150].

In vitro studies using nerve tissues have shown an-
oxia to induce a decrease in the synthesis of struc-
tural phospholipids that is time-dependent, i.e. the
longer the hypoxia the stronger the impact upon
neuronal phospholipids metabolism [151]. More-
over, a decreased incorporation of marked precur-
sors into phospholipids of neuronal subcellular
fractions obtained from animals subjected to ex-
perimental hypoxia has also been shown [21]. It is
also known that, when cerebral ischemia is experi-
mentally induced, glycerophospholipids in cell
membranes are broken down by the action of dif-
ferent phospholipases, producing free fatty acids
and arachidonic acid derivatives. With prolonged
ischemia, induced aggression upon membranes be-
comes more intense and membranes lose their
functions. Na* and Ca?* accumulate inside the cell,
triggering the ischemic cascade and invariably
leading to cell death [6,28,32,36,115,152].

Under ischemia conditions, with the attendant
neuronal distress, endogenous CDP-choline syn-
thesis is compromised because the cell, under such
conditions, lacks the high-energy phosphate com-
pounds necessary for this biosynthetic route [32,153].

Because of the importance of restoring neuronal
activity following cerebral ischemia [4] and based
on the experimental data discussed, various au-
thors have investigated the effects of citicoline ad-
ministration in various experimental models of
cerebral ischemia and/or hypoxia.

Boismare et al. [154] reported that treatment
with citicoline 20 mg/kg by the i.p. route in rats in-
duced, during acute hypoxia, a decrease in vegeta-
tive responses, protection from conditioned avoid-
ance responses, and stabilization of dopamine and
norepinephrine brain levels. This same group [155]
found in dogs subjected to normobaric hypoxia in-
creases in blood pressure, heart rate, cardiac out-
put, and regional blood flows, while no changes oc-
curred in total peripheral resistance. Administra-
tion of citicoline abolished these hemodynamic ef-
fects induced by acute hypoxia, suggesting that this
action was correlated to a dopaminergic agonistic
effect of the drug. In cats subjected to short peri-

ods of cerebral ischemia, these authors [156] noted
that a depression occurred in cortical evoked po-
tentials. Such depression was attenuated by prior
administration of citicoline by the intracarotid
route. These authors think that the protective ef-
fects of citicoline are metabolic/biochemical rather
than hemodynamic in origin, and do not rule out a
direct action of the drug upon central dopaminer-
gic structures.

Alberghina et al. [157] investigated the effect of
citicoline upon incorporation of labelled precur-
sors into cerebral phospholipids of guinea pigs sub-
jected to hypoxia. A group of animals were given
100 mg/kg of citicoline by the i.p. route. Ten min-
utes later, the labelled precursors [2-2H]glycerol
and [1-"*C]palmitate were administered by the in-
traventricular route. Another group of animals re-
ceived the precursors only, and acted as control
group. Investigators noted that, as compared to the
control group, citicoline-treated animals showed
an increase in specific radioactivity of total lipids
and phospholipids in purified mitochondria ob-
tained from brain hemispheres, cerebellum, and
brain stem. In a subsequent study, this same inves-
tigating team [158] showed citicoline to be able to
counteract the effects of hypoxia upon incorpora-
tion of labelled precursors into RNA and proteins,
particularly at nuclear and mitochondrial level.

Various experimental studies have shown citi-
coline to prevent fatty acid release during cerebral
ischemia and hypoxia, and to increase synthesis
of structural phospholipids [159-178]. Horrocks et
al. [159,162,164], using an experimental model of
global cerebral ischemia by decapitation, showed
that administration of a mixture of citicoline and
CDP-ethanolamine decreased free fatty acid re-
lease and increased synthesis of the correspond-
ing glycerophospholipids, suggesting an involve-
ment of choline and ethanolamine phosphotrans-
ferases.

Trovarelli et al. [160,161], using an experimental
global ischemia model consisting of bilateral ca-
rotid ligation in gerbils, found that intraperitoneal
citicoline administration partially prevents chang-
es in lipid metabolism induced by cerebral isch-
emia, correcting the increase in free fatty acids,
changes in neutral lipids such as diacylglycerol,
and the decrease in phosphatidylcholine. Suno and
Nagaoka [163] experimentally studied in rats the
effects of citicoline administration upon free fatty
acid release caused by total cerebral ischemia last-
ing 5 minutes. It was shown that the tested drug
reduced the increase in free fatty acids, and that
the intensity of this effect depended on the dose
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Figure 3. Effect of citicoline on arachidonic acid release in ischaemic rat brains. Citicoline (200 and 1,000 mg i.p.) was administered 10 min before
decapitation. Five minutes later, free fatty acids were extracted. Arachidonic acid levels were determined by gas chromatography. 2p <0.05; b p <

0.001 vs. untreated ischaemia.
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0.2 g citicoline @
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o
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Arachidonic acid (mmol/g tissue)

used. Arachidonic acid contents in brains from
control group animals subjected to ischemia was
174 + 22 mmol/g, as compared to 119 + 8 mmol/g
and 61 + 8 mmol/g in animals receiving 200 and
1000 mg/kg i.p. of citicoline respectively (Fig. 3).
Authors concluded that these results suggest that
administration of citicoline may prevent ischemic
cerebral damage. Agut and Ortiz [165] treated male
rats weighing 190-200 g with 4 mg/kg of *C-meth-
yl-citicoline (50 pmCi) by the oral route. At 24
hours, brain radioactivity levels and the presence
of labelled phospholipids were assessed under con-
ditions of normoxia, hypoxia, and hypoxia follow-
ing additional administration of 100 mg/kg of un-
labelled citicoline. Investigators found a marked
incorporation of radioactivity into the brains of
normoxic and hypoxic animals, mostly associated
to phosphatidylcholine. In addition, administra-
tion of unlabelled citicoline reduced the elevation
in cerebral lysophosphatidylcholine caused by hy-
poxia. Rao et al. [169] showed that citicoline signif-
icantly decreased BBB dysfunction after ischemia
with a 6-hour reperfusion in gerbils and, in the
same model of transient cerebral ischemia, consid-
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erably reduced the increase in arachidonic acid and
leukotriene C, synthesis 24 hours after ischemia
induction. They also showed that the cerebral ede-
ma volume was substantially lower at 3 days in ani-
mals treated with citicoline. Following 6 days of
reperfusion, ischemia was seen to cause 80 + 8%
neuronal death at the hippocampal CA, layer level,
and citicoline provided a neuroprotection of 65 +
6%. In a subsequent study, these authors [151]
showed citicoline to be able to significantly restore
phosphatidylcholine, sphingomyelin, and cardio-
lipin levels after induction of transient cerebral
ischemia in gerbils. For these authors, the main ac-
tion mechanism of citicoline would be inhibition
of stimulation of phospholipase A, activity in isch-
emia conditions, though they also stress its effects
upon glutathione synthesis and glutathione re-
ductase activity. Thus, the drug would prevent
membrane destruction, decrease free radical gen-
eration, and preserve the natural defenses of the
nervous system against oxidative damage [171-175].
More recently, this investigating team has also
shown that citicoline enhances phosphatidylcho-
line synthesis, which is impaired under ischemia

S7



J.J. Secades

S8

conditions, attenuating the loss of CTP-phospho-
choline cytidyltransferase activity [176,177]. Thus,
the drug has effects preventing phospholipid deg-
radation and its implications and promoting regen-
eration of cerebral phosphatidylcholine, effects
that are seen to result in a decreased volume of the
cerebral ischemic lesion [178].

Tornos et al. [179] conducted a pharmacological
study on the protective effect of citicoline against
toxicity in an experimental model of hypoxia in-
duced by potassium cyanide. They found that treat-
ment with oral citicoline for 4 days before hypoxia
induction had a protective effect, demonstrated by
a longer survival time in treated animals. These
benefits of citicoline may also be ascribed to the
activation of the cerebral energy metabolism [180]
and the increased activity of mitochondrial cyto-
chrome oxidase [181] induced by this drug.

Narumi and Nagaoka [182] investigated the ef-
fects of citicoline administration upon metabolism
of cerebral monoamines in two rat models of glob-
al cerebral ischemia. In the first model they per-
formed cerebral ischemia, using bilateral carotid
occlusion, for 30 minutes in spontaneously hyper-
tensive rats and noted that a significant decrease
occurred in norepinephrine levels in the brain cor-
tex. In this model, administration of 1000 mg/kg of
citicoline decreased dopamine contents in stria-
tum and diencephalon, normalizing the decrease in
the dopamine metabolites/dopamine ratio induced
by ischemia. In the second model, bilateral carotid
occlusion was also performed 24 hours after elec-
trocauterization of both vertebral arteries in Wistar
rats. In this model, norepinephrine, dopamine, and
serotonin levels decreased 70-80% in the brain cor-
tex. Similar decreases were also seen in norepi-
nephrine and serotonin levels in hippocampus, in
dopamine levels in the nucleus accumbens, in dop-
amine and serotonin levels in striatum, and in nor-
epinephrine levels in diencephalon and brain stem.
Administration of citicoline at a dose of 500 mg/kg
significantly enhanced the ischemia-induced de-
crease in striatal dopamine levels. These authors
therefore suggest that citicoline appears to restore
dopamine turnover in the striatum of rats subjected
to experimental cerebral ischemia.

Nagai and Nagaoka [183] reported the results of
a study investigating the effect of citicoline upon
glucose uptake in different brain areas from rats
with global cerebral ischemia induced by the oc-
clusion of both carotid arteries for 30 minutes after
electrocauterization of both vertebral arteries.
Glucose uptake by the brain was measured four
days after recirculation. Without citicoline admin-

istration, global cerebral uptake was found to be
reduced to 81% of the normal value. With adminis-
tration of citicoline at a dose of 250 mg/kg i.p. twice
daily for 3 days after the start of recirculation, pos-
tischemic reduction of glucose uptake was signifi-
cantly lower in the brain cortex. This suggests that
citicoline improves energy metabolism in the brain
under ischemic conditions.

Hurtado et al. [184] have shown that adminis-
tration of citicoline significantly increased ATP
brain levels in both healthy and ischemic animals,
and that this increase in ATP was correlated to a
positive effect on glutamate transporters, restoring
their normal activity and therefore decreasing both
brain parenchymal and circulating glutamate lev-
els. This was correlated to a decreased cerebral in-
farction volume. The same authors demonstrated
that citicoline redistributes the glutamate trans-
porter EAAT? to lipid raft microdomains and im-
proves glutamate uptake and this effect is also
found after experimental stroke, when citicoline is
administered 4 h after the ischemic occlusion [185].
In another study [186], they found that a chronic
treatment with citicoline, initiated 24 h after the
insult, is able to increase the neuronal plasticity
within noninjured and functionally connected
brain regions as well as to promote functional re-
covery. To assess the functional recovery they have
performed the staircase reaching test and the ele-
vated body swing test (EBST), for studying senso-
rimotor integration and asymmetrical motor func-
tion respectively. The treatment with citicoline,
initiated 24 h after the middle cerebral artery oc-
clusion (MCAO) and maintained during 28 days,
improved the functional outcome in both the stair-
case test (MCAO + CDP = 87.0 £ 6.6% pellets eaten
versus MCAO + SAL = 40.0 + 4.5%; p < 0.05) and
the EBST (MCAO + CDP = 70.0 + 6.8% versus
MCAO + SAL = 88.0 + 5.4%; contralateral swing p
< 0.05). In addition, to study potential neuronal
substrates of the improved function, we examined
the dendritic morphology of layer V pyramidal
cells in the undamaged motor cortex using a Gol-
gi-Cox procedure. The animals treated with citico-
line showed enhanced dendritic complexity and
spine density compared with saline group (Fig. 4).
Zhao et al. [187] also showed a positive effect of
citicoline on spatial learning and memory of rats
after focal cerebral ischemia.

Kakihana et al. [188] investigated distribution of
labelled citicoline and its effects on acetylcholine
synthesis from glucose in the brain cortex of rats
subjected to 30 minutes of ischemia followed by
reperfusion. Treatment with citicoline improved
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glucose metabolism and significantly restored ace-
tylcholine synthesis from glucose. For these au-
thors, the results obtained suggest that citicoline
improves brain energy metabolism in ischemia
conditions. These same authors [189] subsequently
evaluated the effects of citicoline on neurological
sequelae and glucose metabolism in the brain in an
experimental rat model of transient cerebral isch-
emia, showing that high-dose citicoline improved
the neurological state of animals subjected to isch-
emia, which was correlated to an improved brain
energy metabolism and to drug incorporation in
the fraction of membrane phospholipids. These re-
sults agree with those obtained by Fukuda et al.
[190] in a preliminary study.

Nagaoka [191] studied the effects of citicoline on
stroke onset and mortality in spontaneously hy-
pertensive rats subjected to cerebral ischemia.
Ischemia was induced by occluding both common
carotid arteries. Citicoline (200-1000 mg/kg i.p.),
administered before ischemia induction, caused a
dose-dependent delay in the onset of stroke and re-
spiratory arrest. These effects were also seen in
animals treated after ischemia induction. In addi-
tion, citicoline 500 mg/kg i.p. improved the neuro-
logical status in rats undergoing brain ischemia for
40 minutes and reperfusion. These results suggest
that citicoline has a neuroprotective role against
cerebral ischemia and reperfusion.

Saligaut and Boismare [192] studied the effects
of citicoline, administered at a dose of 1000 mg/kg
p.o., in Wistar rats undergoing acute hypobaric hy-
poxia (15 minutes at a simulated altitude of 7180
m), assessing a behavior-conditioning test, striatal
dopamine uptake, and levels of this neurotrans-
mitter and its metabolites in the striatum. In the
behavior-conditioning test, citicoline was seen to
protect against hypobaric hypoxia in a different
way and to a greater extent than apomorphine.
Biochemical studies showed a presynaptic effect,
probably because of activation of tyrosine hydroxy-
lase, inducing changes in dopamine uptake, as well
as an improved dopamine release. Similar results
on the effect of citicoline on tyrosine hydroxylase
activity have been obtained by other teams [193].

LePoncin-Lafitte et al. [104] studied the effects
of citicoline on various histological brain changes
in an experimental model of multifocal cerebral
ischemia in cats, in which ischemic lesion was
caused by introducing in the internal carotid ar-
tery calibrated microspheres, that will produce ce-
rebral microinfarctions, characterized by having a
central necrosis area surrounded by a penumbra
area, together with edema due to rupture of the

www.neurologia.com  Rev Neurol 2016; 63 (Suppl 3): S1-573

Citicoline: pharmacological and clinical review, 2016 update

Figure 4. Effect of chronic treatment with CDP-choline on functional recovery, as determined as senso-
rimotor integration (a) and asymmetrical motor behaviour (b). CDP-choline (MCAO+CDP) or saline
(MCAO+SAL) were administered 24 h after pMCAO and for 28 days following pMCAOQ. Sensorimotor inte-
gration and asymmetrical motor behaviour were studied by the staircase skilled reaching test and the el-
evated body swing test (EBST), respectively. Data are means + SEM, n =16. 2p < 0.05 vs. MCAO+SAL.
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Figure 5. Effect of citicoline at a low dose (100 mg/kg) or high dose (500 mg/kg) on infarct volume. The
values represent the mean + SD. The infarct volume was significantly smaller (p < 0.01) in the high-dose
citicoline group than in the control group.
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blood-brain barrier. Citicoline administration con-
siderably decreased the number of lesions, and also
the amount of extravasated albumin, which con-
firms, for these authors, that citicoline exerts its
neuroprotective role against ischemia by acting
upon cell membranes. Araki et al. [194] also found
some neuroprotective effect of citicoline in com-
plete cerebral ischemia induced by decapitation
and potassium cyanide poisoning in mice.
Aronowski et al. [195] evaluated the effects of
chronic citicoline administration (500 mg/kg)
upon recovery in spontaneously hypertensive rats
undergoing occlusion of the middle cerebral artery
for 30 to 120 minutes. Drug or saline were admin-
istered by the intraperitoneal route from 15 min-
utes after ischemia induction and were continued
for 14 days. Morphological lesion and neurological
disorders (motor and sensorimotor capacities)
were analyzed by measuring the maximum mor-
phological lesion volume, maximum neurological
change, and ischemia duration causing half the
maximum morphological lesion or maximum neu-
rological change. Maximum morphological lesion
volume was not affected by citicoline (101.6 + 11.4

mm3 for citicoline, 103.3 + 13.6 mm?3 for saline);
however, citicoline significantly increased ischemia
duration required to cause half the morphological
lesion, that changed from 38.3 + 5.9 min to 60.5 +
4.3 min (p < 0.05). Similarly, citicoline did not
change the value of maximum neurological change
(8.5 + 0.7 for citicoline, 10.1 + 4.0 for control), but
did significantly increased ischemia duration re-
quired to cause half the maximum neurological
change from 41.9 + 4.6 min to 72.9 + 24.5 min (p <
0.05). According to these authors, citicoline shows
a greater efficacy in animals that experience a sub-
maximal lesion, occurring in this model with 30-
75 minutes of ischemia.

Schibitz et al. [196] evaluated the effects of long-
term treatment with citicoline in a model of tran-
sient focal ischemia (2 hours) in rats. Ten animals
were randomly assigned to each of the groups: pla-
cebo (saline 0.3 mL/d/7 d), low dose (citicoline 100
mg/kg/d/7 d i.p.) and high dose (500 mg/kg/d/7 d
i.p.). Treatment was started at the time of reperfu-
sion, once the 2-hour ischemia period had ended.
Daily neurological assessments were made (modi-
fied Zea Longa scale), and surviving animals were
killed on day 7, after which cerebral edema and in-
farction volume were calculated. No differences
were seen in neurological assessment of animals at
study end, but a more favorable trend was noted in
the citicoline high-dose group. Mean infarction
volume (Fig. 5) was 243.5 + 88.6 mm? in the place-
bo group, 200.2 + 19.9 mm? in the low-dose group,
and 125.5 *+ 45.2 mm? in the high-dose group.
These differences were statistically significant (p <
0.01). A dose-dependent decrease in cerebral ede-
ma volume was also seen, but did not reach statis-
tical significance.

In a series of conducted studies, citicoline was
shown to have a synergistic effect with other drugs
in the treatment of cerebral ischemia, such as
thrombolytic [197-199,201] and neuroprotective
drugs [202-207]. Andersen et al. [197] conducted
an experimental study in a rat model of carotid
embolism to evaluate the effect of different doses
of citicoline, administered alone or combined with
recombinant tissue plasminogen activator (rTPA),
on infarction size. Ninety Sprague-Dawley rats
subjected to embolism in the carotid territory were
randomized into 6 groups:

— Group I: saline-treated animals.

— Group 2: citicoline 250 mg/kg.

— Group 3: citicoline 500 mg/kg.

— Group 4: r'TPA 5 mg/kg.

— Group 5: r'TPA 5 mg/kg + citicoline 250 mg/kg.
— Group 6: r'TPA 5 mg/kg + citicoline 500 mg/kg.
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Figure 6. Effect of the association of citicoline (CIT) and rtPA on infarct size in a model of embolic stroke in rats. C250: citicoline 250 mg/kg; C500:

citicoline 500 mg/kg; rtPA: rtPA, 5 mg/kg.
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Treatment with rTPA was given at a suboptimal
dosage (5 mg/kg infused over 45 minutes, starting
treatment 45 minutes after embolization). Citico-
line was administered daily by the intraperitoneal
route for 4 days. Brains from surviving animals
were fixed at four days and infarction volume, cal-
culated as percentage of the total volume of the
hemisphere affected, was measured using a micro-
scope. Mean infarction volume values suggested
that high-dose citicoline and the combination of
citicoline with rTPA decreased the size of ischemic
lesion (Fig. 6). In the control group, mean infarc-
tion volume was 41.2% (5.9-87.0%). In groups treat-
ed with citicoline alone, values were 30.4% (1.0-
70.0%, n.s.) in group 2, and 22.2% (0.7-76.6%, p <
0.05) in group 3. With rTPA alone (group 4), mean
volume was 24.5% (1.4-71.1%, n.s.), while with com-
bined treatment, mean volumes were 13.5% (0.2-
47.8%, p = 0.002) in group 5 and 29.2% (0.11-72.1%,
n.s.) in group 6. This study showed that high-dose
citicoline and a combination of citicoline at lower
doses with rTPA significantly reduced the size of
brain infarctions. Diez-Tejedor et al. [198,199] re-
ported similar results, stating that results of this
association are improved when citicoline is admin-
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istered immediately after rTPA administration.
The same team [200] compared the effects of high
doses of CDP-choline (1000 mg/kg) with rTPA (5
mg/kg) in an experimental animal model of embo-
lic stroke. CDP-choline and rTPA produced a sig-
nificant reduction in brain damage considering in-
farct volume, cell death, and inflammatory cytok-
ines (tumour necrosis factor-alpha and interleukin
6) compared with the infarct group. Additionally,
CDP-choline significantly decreased infarct vol-
ume, cell death, and interleukin 6 levels with re-
spect to the rt-PA group. From these results, they
concluded that high-dose CDP-choline may be an
effective treatment for acute ischaemic stroke even
in absence of thrombolysis. Shuaib et al. [201] in-
vestigated the neuroprotective effects of citicoline
alone or combined with urokinase in a rat model of
focal cerebral ischemia induced by embolization at
the origin of the middle cerebral artery. Both drugs
were administered 2 hours after ischemia induc-
tion. Animals were killed at 72 hours. In saline-
treated animals, infarction volume was 33.1 + 9.7%.
Citicoline-treated animals were divided into two
groups, one of which was given a single dose of cit-
icoline 300 mg/kg, while the other group received
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a daily dose of 300 mg/kg for 3 days, both by the
intraperitoneal route. A significant reduction in
infarction volume was seen in both groups (20.9 +
9.7% with single doses, p = 0.01; 18.9 + 11.4% with
multiple doses, p = 0.008). Animals treated with
urokinase alone, at doses of 5000 IU/kg, also had a
smaller infarction volume (19.5 + 12.5%, p = 0.01).
However, the greatest volume reduction was
achieved in the group of animals treated with the
combination of citicoline and urokinase (13.6 +
9.1%, p = 0.0002). These authors concluded that
citicoline provides a significant neuroprotective ef-
fect that may be enhanced by association with a
thrombolytic. Synergistic effects have also been
shown with the association of citicoline with MK-
801 or dizocilpine [202], basic fibroblast growth
factor or bFGF [203], lamotrigine [204], nimo-
dipine [205,206], and L-NAME [207] in models of
cerebral ischemia. It has been demonstrated that
citicoline with hypothermia is more effective than
either used alone in ameliorating cerebral damage
after transient focal ischemia [208]. Also it has
been demonstrated that pre-conditioning with
CDP-choline attenuates oxidative stress-induced
cardiac myocyte death in a hypoxia/reperfusion
model [209]. Also it is known that citicoline and
mesenchymal stem cells administration show
equal efficacy in the neurological recovery, the de-
crease of neuronal death and the increase of neu-
ronal repair in a model of cerebral infarction in
rats, but the combination does not increase the
benefit [210], despite that CDP-choline treatment
induces brain plasticity markers expression in ex-
perimental animal stroke [211]. Diederich et al.
[212] designed a study to check whether citicoline
also enhances neuroregeneration after experimen-
tal stroke. Animals were subjected to photothrom-
botic stroke and treated either with daily injections
of citicoline (100 mg/kg) or vehicle for 10 consecu-
tive days starting 24 hours after ischemia induc-
tion. Sensorimotor tests were performed after an
adequate training period at days 1, 10, 21, and 28
after stroke. Then brains were removed and ana-
lyzed for infarct size, glial scar formation, neuro-
genesis, and ligand binding densities of excitatory
and inhibitory neurotransmitter receptors. Ani-
mals treated with citicoline showed a significantly
better neurological outcome at days 10, 21, and 28
after ischemia, which could not be attributed to
differences in infarct volumes or glial scar forma-
tion. However, neurogenesis in the dentate gyrus,
subventricular zone, and peri-infarct area was sig-
nificantly increased by citicoline. Furthermore, en-
hanced neurological outcome after citicoline treat-

ment was associated with a shift toward excitation
in the perilesional cortex. The present data demon-
strate that, apart from the well-known neuropro-
tective effects in acute ischemic stroke, CDP-cho-
line also possesses a substantial neuroregenerative
potential. Also citicoline potentiates angiogenesis
[213] and astroglial cell proliferation and differen-
tiation [214], both mechanisms involved in neuro-
plasticity.

Fresta et al. conducted a series of experiments
in models of transient cerebral ischemia in rats us-
ing liposomal citicoline, in which they showed a
significantly increased survival in animals treated
with this citicoline formulation [215-217], and
more recently, that this same drug formulation sig-
nificantly reduces the maturation phenomenon,
that is, delayed cerebral neurodegenerative lesion,
that occurs after an ischemic event, resulting in a
significant improvement in brain functions [218].
These results agree with previously discussed re-
sults [179] showing that administration of lipo-
somal citicoline is more effective as compared to
non-liposomal citicoline [219-221]. Other ways to
improve neuroprotective efficiency of citicoline are
the stereotactic delivery [222] or simple diffusion
delivery via brain interstitial route [223].

Citicoline has also been shown to have a neuro-
protective effect against neurotoxic damage induce
by kainic acid in retinal cells [224-227] and in in
vitro models of retinal neurodegeneration [228].

Hamdorf and Cervés-Navarro [229] exposed 48
rats for 103 days to a decreasing amount of oxygen,
i.e. they were exposed to chronic hypoxia. Citico-
line showed a protective effect by increasing vigi-
lance under moderate hypoxic conditions (15% O,).
In a subsequent study, these same authors [230]
analyzed the effects of citicoline in Wistar rats
subjected to hypoxia for 5 months. Behavioral
changes induced by hypoxia were attenuated in the
group or animals treated with citicoline. Interest-
ingly, therapeutic administration of citicoline was
found to be more effective than prophylactic ad-
ministration. In addition, under extreme hypoxia
conditions, citicoline showed a protective effect by
lengthening survival. Lee et al. [231] demonstrated
that citicoline protects against cognitive impair-
ment in a rat model of chronic cerebral hypoperfu-
sion.

Other mechanisms proposed to explain the
neuroprotective effects of citicoline are the resto-
ration of the barrier function of endothelial cells
compromised by hypoxia/aglycemia probably via
up-regulating the expression of tight junction pro-
teins [232], the inhibition of mitochondrial perme-
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ability transition [233, 234], and providing neu-
ronal membrane integrity and protection of mem-
brane stability in cortical spreading depression
[235]. Another mechanism investigated has been
the participation of Sirtuin1 in the neuroprotective
actions of CDP-choline [236]. Treatment with
CDP-choline increased Sirtuinl protein levels in
brain concomitantly to neuroprotection. Treat-
ment with sirtinol blocked the reduction in infarct
volume caused by CDP-choline, whereas resvera-
trol elicited a strong synergistic neuroprotective
effect with CDP-choline. CDP-choline failed to re-
duce infarct volume in Sirt1~~ mice. These results
demonstrate a robust effect of CDP-choline like
Sirtuinl activator by up-regulating its expression.
These findings suggest that therapeutic strategies
to activate Sirtuinl may be useful in the treatment
of stroke.

On the other hand, Masi et al. [237] have shown
citicoline to have a certain antiplatelet aggregant
effect, that may provide an additional benefit for
the treatment of cerebral vascular disease. Pinardi
et al. [238] investigated in Sprague-Dawley rats the
effects of citicoline infusion on relaxation induced
by exogenous acetylcholine in the isolated external
carotid vascular bed, having no cholinergic nerve
supply, and the isolated internal carotid vascular
bed that, by contrast, has an abundant cholinergic
nerve supply. Changes in perfusion pressure were
measured during a dose-response curve to acetyl-
choline and following infusion of 1 mg/min/30
min of citicoline. Authors noted that citicoline
caused relaxation in both vascular beds, which
would suggest the presence of muscarinic recep-
tors. In the internal carotid vascular bed, citicoline
infusion for 30 minutes significantly shifted to the
left the dose-response curve to acetylcholine, en-
hancing relaxation. However, this did not occur in
the external carotid bed. The effect of citicoline
was masked when it was jointly infused with hemi-
colinium. According to these authors, results sug-
gest that citicoline would act by increasing choline
levels at cholinergic endings, increasing acetylcho-
line synthesis and/or release.

Clark et al. [239] examined whether citicoline
was able to reduce ischemic damage and improve
the functional neurological result in an intracere-
bral hemorrhage model in mice. They caused hem-
orrhage in 68 Swiss albino mice by injecting them
collagenase at the caudate nucleus. Animals ran-
domly received saline or citicoline 500 mg/kg i.p.
before administration of collagenase and at 24 and
48 hours. Mice were assessed using a 28-item neu-
rological scale and were killed at 54 weeks to assess
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hematoma volume, total damage, and surrounding
ischemic damage. As regards neurological course,
citicoline-treated animals had a better score than
placebo-treated animals (10.4 + 2.0 versus 12.1 +
2.4; p < 0.01). No differences were seen in hemato-
ma volumes, but a significant reduction in the vol-
ume of the surrounding ischemic damage was not-
ed in animals treated with citicoline, with values
being 13.8 + 5.8 mm? (10.8 + 4.3% of hemisphere)
and 17.0 £ 7.1 mm? (13.3 + 5.1%) for placebo, with p
< 0.05. According to authors, these results support
a potential role of citicoline for treatment of intrac-
erebral hemorrhage.
Apoptotic mechanisms have been shown to play
a primary role in the pathophysiology of cerebral
ischemic damage both at experimental level [240-
244] and in humans [245,246]. We therefore investi-
gated [247] whether citicoline could influence apop-
totic mechanisms following focal cerebral ischemia.
A model of permanent distal occlusion of the mid-
dle cerebral artery was used in Sprague-Dawley
rats. Animals were randomized into 4 groups:
— B + A: citicoline 500 mg/kg i.p. 24 and 1 hours
before occlusion and 23 hours after occlusion.
— A: citicoline 500 mg/kg i.p. within 30 minutes
and 23 hours following occlusion.
— C: saline solution i.p.
— D: sham-operated.

Animals were killed at 12 (7 animals per group)
and 24 hours (7 animals per group) following oc-
clusion. Immunohistochemistry for procaspases 1,
2, 3, 6, and 8 was performed using goat polyclonal
antibodies and, using gel electrophoresis and West-
ern blotting, specific substrates for caspase action
were tested using poly-ADP-ribose polymerase
(PARP) antibodies. Ischemia induced expression of
all procaspases and PARP in both the infarction
and the penumbra areas 12 and 24 hours following
ischemia. Citicoline reduced expression of all pro-
caspases at 12 and 24 hours following ischemia, ex-
cept for procaspase 3 at 24 hours in group A and
PARP expression (Fig. 7), and results were more
clear in group B + A, suggesting a certain prophy-
lactic role of citicoline, results that have been con-
firmed recently [248]. Citicoline has been shown to
be able to inhibit certain intracellular signals in-
volved in apoptotic processes [249] and to main-
tain these inhibitory effects in different experi-
mental models to study apoptotic mechanisms [135,
208,250-254].

Fiedorowicz et al. [255] found that citicoline can
attenuate brain damage in a rat model of birth as-
phyxia.
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Figure 7. Band densitometry analysis for PARP by western blotting in different groups of rats in the infarct zone and penumbra zone 12 and 24 h

after ischaemia. 2p < 0.05; P p < 0.025; ¢p < 0.0001.
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It has been demonstrated that meta-analysis
provides an effective technique for the aggregation
of data from experimental stroke studies. With this
technique, Bustamante et al. confirm that citico-
line reduces the infarct volume and improves out-
come [256], pointing doses of 300-500 mg/kg as
the optimal dose to be translated into a candidate
neuroprotective drug for human stroke [257].

According to Drago et al. [258], citicoline is a
drug of choice for treatment of cerebrovascular
diseases, particularly in its chronic form, because
its clinical use is justified by the pharmacological
actions it exerts on the central nervous system. To
sum up, citicoline (Fig. 8):

— Interferes positively with the brain energy meta-
bolism.

— Stimulates central neurotransmission.

— Activates cell repair mechanisms

— Decreases ischemic lesion size.

— Inhibits apoptosis associated to ischemia.

— Has synergistic effects with thrombolytic and neu-
roprotective drugs.

These characteristics confer citicoline a suitable
pharmacological profile for the treatment of cere-
bral ischemia [34,35,259-261]. Also it has been pos-

a
I % @mT

Control Before + after  After

treatment  (group A)
(group B + A)

tulated a role of citicoline in the treatment of com-
plications of infectious diseases, such as cerebral
malaria [262,263].

As previously discussed, citicoline exerts some of
its effects through its action on the levels of certain
neurotransmitters and on some intracellular sig-
nalling processes. This section will discuss these
specific effects upon neurotransmission and on in-
tracellular signalling processes. As will be seen be-
low, most studies have focused on analyzing the
effect of citicoline on central dopaminergic trans-
mission and on nicotinic cholinergic neurotrans-
mission.

Martinet et al. [264] conducted a study in which
the effects of citicoline administration on norepi-
nephrine, dopamine, and serotonin levels were as-
sessed in different rat brain regions. For this, con-
version of 3H-tyrosine and ®H-tryptophan, admin-
istered by the intravenous route, into 3H-norepi-
nephrine, 3H-dopamine, and 3H-serotonin was
measured, comparing the results obtained with
administration of saline to those obtained after
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Figure 8. Ischaemic cascade. Darkest boxes show the processes where citicoline has demonstrated pharmacological effects.
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administration of citicoline at different doses. Me-
tabolism of each neurotransmitter was studied in
the brain regions where it has functional activity.
Thus, for catecholamines citicoline action was
studied in the striate body, brain cortex, and mid-
brain, while for serotonin the hypothalamus was
also studied. The synthesis rate of dopamine, nor-
epinephrine, and serotonin was expressed as a con-
version index equal to the ratio between the
amount of labelled neurotransmitter per gram of
brain (cpm/g) and the tyrosine- or tryptophan-
specific radioactivity (cpm/mmol) in brain. As
shown in figure 9, citicoline significantly increased
dopamine levels and synthesis rate in the striate
body, and the effect exerted on tyrosine levels was
very similar. Norepinephrine levels were increased
in cortex, but showed no changes from control in
the brain stem. As regards effects on serotonin, the
drug was seen to cause decreases in the levels and
synthesis rate of this neurotransmitter in the brain
stem and hypothalamus, and no changes were seen
in the cortex or striate. According to these authors,
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increased dopamine synthesis could be attributed
to an enhancing effect of citicoline upon tyrosine
hydroxylase activity, the rate-limiting step in dop-
amine synthesis. This activation of tyrosine hy-
droxylase would lead to an inhibition of dopamine
reuptake at the synapse, an action that has been
shown in ex vivo studies [265,266]. By contrast, the
increase seen in dopamine synthesis does not ap-
pear to be related to increased levels of tyrosine,
since this completely saturates tyrosine hydroxy-
lase under physiological conditions. The effects of
citicoline upon striatal dopamine synthesis are
particularly interesting because changes in dop-
amine synthesis by extrapyramidal dopaminergic
neurons are in the origin of Parkinson disease.
Saligaut et al. [267] obtained results in agree-
ment with the previous ones when studying dop-
amine reuptake in synaptosomes taken from the
striate body of rats previously treated with citico-
line. Following long-term treatment with this drug,
a decreased dopamine reuptake by synaptosomes
was seen, and authors related this fact to the in-
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Figure 9. Influence of citicoline (30 mg/kg i.v.) on catecholamine synthesis at different time points after
administration. The graphs show variations in catecholamine concentrations and rates of synthesis, in
percentages with respect to the control, at different locations. @ Corpus striatum; m Cortex; A Brainstem-
mesencephalon; 2p < 0.1,%p < 0.05; ¢p < 0.01.
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crease in tyrosine hydroxylase activity, that would
involve an increased dopamine synthesis. They
think that a structural change in neuronal mem-
branes, mainly of phospholipid levels, could be one
of the factors responsible for the change in synapto-
somal reuptake of the neurotransmitter induced by
citicoline. Hypobaric hypoxia was also seen to an-
tagonize the inhibitory effect of citicoline on dop-
amine reuptake by synaptosomes. This antagonism
may be explained by the fact that hypoxia decreases
activity of tyrosine hydroxylase, an enzyme that re-
quires oxygen, thus counteracting enzyme activa-
tion exerted by citicoline. This leads to a decreased
dopamine synthesis and a subsequent increase in
dopamine reuptake. These same authors studied

citicoline action in the experimental oxotremorine-
induced cholinergic syndrome in mice [268], and
showed that citicoline pretreatment does not po-
tentiate this syndrome, but inhibits salivation in-
duced by oxotremorine. Levodopa antagonized
brain symptoms such as tremor-akinesia induced
by oxotremorine. However, this antagonism disap-
peared in animals under long-term oral treatment
with citicoline, thus confirming the action of citico-
line on dopaminergic pathways. Citicoline effects
appear to be mediated by hypersensitivity of some
dopaminergic receptors, rather than by a direct
stimulating effect on striatal dopaminergic recep-
tors. In another series of experiments, these authors
examined the effects of citicoline on catecholamine
metabolism in the striate and hypothalamus from
rats subjected to acute hypobaric hypoxia [269]. The
results show that citicoline partially counteracts
the effects of hypoxia upon the release and metabo-
lism of certain neurotransmitters. In another study,
Saligaut et al. analyzed the effects of citicoline in
rats with unilateral nigrostriatal lesion induced by
6-hydroxydopamine [270). In damaged animals,
amphetamine administration induced an ipsiver-
sive circling behavior, while such circling behavior
was contraversive with administration of levodopa
and apomorphine. This appears to be mediated by
the development in the damaged side of a supersen-
sitivity of postsynaptic dopaminergic receptors.
Subchronic treatment with citicoline did not induce
behavioral effects. Citicoline did not change the
stimulating effect of apomorphine, but potentiated
the effects of levodopa and amphetamine. These
data show that citicoline effects are mediated by a
presynaptic mechanism. Although potentiation of
levodopa may not be explained by an activation of
tyrosine hydroxylase, this effect appears to be re-
lated to an improved release of dopamine synthe-
tized from exogenous levodopa.

Cansev et al. [271] found that peripheral admin-
istration of citicoline increases plasma adrenaline
and noradrenaline concentrations. Also CDP-cho-
line modulates monoaminergic [272] and cholin-
ergic [273] transporters in rat brain.

Agut et al. [274] indirectly studied the effect of
citicoline upon dopamine synthesis in the striate
body by measuring local levels of dopamine me-
tabolites in animals in which blockade of dopamin-
ergic receptors had been induced by administra-
tion of haloperidol. Pretreatment with citicoline
100 mg/kg/d/5 d significantly increased levels of
homovanillic acid (HVA) and 3,4-dihydroxypheny-
lacetic acid (DOPAC) in the striate of treated ani-
mals as compared to the control group. Increase in
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Table I. Decrease in temperature for each batch studied relative to time zero, expressed as the mean for n = 20.

Batch Drugs

Water (10 mL/kg v.o0.)
A Apomorphine (1mg/kg s.c.)
Haloperidol (0.5 mg/kg i.p.)

Citicoline (0.1g/kg v.0.)
B Apomorphine (1mg/kg s.c.)
Haloperidol (0.5 mg/kg i.p.)

Water (10 mL/kg/5 d v.0.)
C Apomorphine (1 mg/kg s.c.)
Haloperidol (0.5 mg/kg i.p.)

Citicoline (0.1g/kg/5 d v.0.)
D Apomorphine (1 mg/kg s.c.)
Haloperidol (0.15 mg/kg i.p.)

ap < 0.05; "p < 0.01vs. controls.

levels of these metabolites was even stronger in a
group of animals also receiving apomorphine. Re-
sults obtained in this study suggest that citicoline
increases dopamine synthesis in the striate of rats
in which activation of such synthesis has been ex-
perimentally induced by haloperidol administra-
tion. This same investigating team subsequently
conducted a study to examine whether citicoline
alone, without provoking an increased dopamine
demand by dopaminergic receptors, caused an in-
creased synthesis of this neurotransmitter, result-
ing in increased striatal levels of its main metabo-
lites, HVA and DOPAC [275].

Action of citicoline upon the dopaminergic sys-
tem has also been studied by investigating its phar-
macological actions in experimental models used
for that purpose, such as hypothermia induced by
apomorphine, tardive dyskinesia induced by halo-
peridol, or acrylamide-induced lesion. Agut et al.
[276] studied the effect of citicoline administration
on hypothermia induced by apomorphine, consid-
ered to be the result of the agonist action of apo-
morphine on D, receptors. Experimental animals
received, in addition to apomorphine, haloperidol
at a sufficient dose to partially block apomorphine-
induced hypothermia in order to obtain a pharma-
cological system sensitive to citicoline action upon
the dopaminergic system. A group of animals re-
ceived a dose of citicoline 100 mg/kg p.o., and halo-
peridol 0.15 mg/kg was administered at 30 minutes
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Time
+30 min +60 min +90 min
119+0.23 0.61+0.17 0.19+0.15
1.39+0.18P 0.74+0.172 0.38 £ 0.14b
113+0.22 0.63+£0.25 0.26 £ 0.12
1M +0.25 0.70 £ 0.19 0.41+0.12°

by the intraperitoneal route. Thirty minutes later,
rectal temperature was measured and apomor-
phine 1 mg/kg was administered by the subcutane-
ous route. Rectal temperature was again measured
at 30, 60, and 90 minutes. Another group of ani-
mals received water instead of citicoline using the
same scheme. Effects of chronic administration of
citicoline at a dose of 100 mg/kg/d p.o. for 5 days
were also analyzed. The same protocol as for acute
administration was followed on the last day. Table
I shows the mean temperature decrease seen in
each animal batch and at the different evaluation
time points. Acute administration of citicoline
causes hypothermia, that is significant for all con-
trol time points. Chronic administration only
achieves a significant result at 90 minutes. Authors
concluded that a 100 mg/kg dose of citicoline ad-
ministered acutely by the oral route has a hypo-
thermizing effect similar to the one reported for
various dopaminergic agonists. On the other hand,
they considered that the fact that chronic citicoline
administration only caused a significant hypo-
thermia in the last time point analyzed probably
reflects that, with this form of administration, the
tested product predominately acts upon phospho-
lipids rather than acetylcholine synthesis. This sec-
ond action pathway of citicoline would predomi-
nate with acute administration, as this would in-
volve a relatively rapid utilization of the choline
provided, that would be used for acetylcholine syn-
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thesis, thereby increasing tyrosine hydroxylase ac-
tivity through cholinergic interneurons. By con-
trast, chronic administration of citicoline would
result in a progressively greater availability of cyti-
dine, and would therefore divert cerebral choline
toward the synthetic pathway of citicoline and
phospholipids, which would indirectly result in a
dopaminergic agonistic effect. These authors de-
veloped an experimental model of tardive dyskine-
sia induced by haloperidol (2 mg/kg/d/7 d) in rats
in a study including chronic administration of
haloperidol or water to a total of 120 animals [277],
finding that the administration of citicoline plus
apomorphine in rats treated with haloperidol in-
duced a motor activity similar to the activity seen
in the group receiving citicoline only. Data provid-
ed in this study show that, in a model of haloperi-
dol-induced dopaminergic hypersensitivity, ad-
ministration of oral citicoline induces hypermotil-
ity; this may induce a phenomenon of competition
against other agonists, leading to a partial reduc-
tion of the effect of apomorphine in animals pre-
treated with citicoline. In the model of acrylamide-
induced lesion, these same authors [278] showed
that administration of low oral doses of citicoline,
50 mg/kg, is effective for correcting the neurologi-
cal syndrome induced by acrylamide. Simultane-
ous administration of both substances, inducing
an obvious weight loss in mice, has also been
shown to cause an activation of the dopaminergic
system, as seen in the results obtained with the
apomorphine stereotype test.

Shibuya et al. [279] measured, using fluorome-
try, striatal dopamine levels after administration
of citicoline in a single dose of 500 mg/kg i.p., and
found that a significant (p < 0.05) increase oc-
curred in striatal dopamine levels one hour after
injection. On the other hand, Stanzani [280]
showed citicoline to have a neuroprotective effect
in substantia nigra, noting how citicoline protects
this area against lesion induced by (horseradish)
peroxydases, achieving an increased number of
surviving cells. Porceddu and Concas [281] also re-
ported a trophic and/or stimulating effect of citico-
line upon nigrostriatal dopaminergic neurons in a
model of lesion induced by kainic acid. Also there
are experimental studies showing the protective
effect of citicoline in cultures of dopaminergic
neurons exposed to 6-hydroxydopamine [282],
MPP* [283,284], and glutamate [283]. Miwa et al.
[285] suggested that citicoline may act as a dop-
amine reuptake inhibitor after administration of a
single dose, and that this drug may change the ac-
tivity of dopaminergic neurons through changes in

compositions of the neuronal membrane following
repeated administration. In addition, these authors
found citicoline to have certain muscarinic effects.
In this regard, Giménez et al. [286] showed that
chronic administration of citicoline to aged mice
promotes partial recovery of the function of dop-
aminergic and muscarinic receptors, that normally
decreases with aging, and think that this action
may be explained based on mechanisms involving
fluidity of neuronal membrane, in agreement with
the results obtained by Petkov et al. [287]. This lat-
ter investigating team, when comparing the effects
of citicoline to those of the nootropic drugs
adafenoxate and meclofenoxate upon the levels of
the cerebral biogenic monoamines norepinephrine,
dopamine, and serotonin in the frontal cortex, stri-
ate, hippocampus, and hypothalamus of rats [288],
found that adafenoxate increased norepinephrine
levels in striate and decreased norepinephrine lev-
els in hypothalamus, increased dopamine levels in
the cortex and hypothalamus and decreased them
in the striate, and increased serotonin levels in the
cortex but decreased them in the hippocampus.
Meclofenoxate induced decreases in norepineph-
rine levels in the cortex and hypothalamus, while it
increased dopamine levels in hippocampus and
hypothalamus, and serotonin levels in the cortex,
striate, hippocampus, and hypothalamus. Admin-
istration of citicoline has also recently been shown
to increase dopamine levels in the retina [289].
Mao et al. [290] showed that an intraperitoneal in-
jection of citicoline could retard the myopic shift
induced by form deprivation in guinea pigs, which
was mediated by an increase in the retinal dop-
amine level. Citicoline increases norepinephrine
levels in cortex and hypothalamus, dopamine lev-
els in striate, and serotonin levels in cortex, striate,
and hippocampus, having a slightly different pro-
file as compared to nootropic drugs. As regards ac-
tion of citicoline upon norepinephrine, a study by
Lépez G.-Coviella et al. [291] showed that adminis-
tration of citicoline increased total urinary excre-
tion of 3-methoxy-4-hydroxyphenylglycol, reflect-
ing noradrenergic activity, in rats and humans,
suggesting that citicoline increases norepinephrine
release. Recently, citicoline has also been experi-
mentally shown to be able to influence the relation-
ship between excitatory (glutamate) and inhibitory
(GABA) amino acids at the brain cortex of rats
[292]. A series of experiments assessed the poten-
tial of citicoline to produce a central cholinergic
activation. Intracerebroventricular administration
of citicoline was shown to cause an increase in lev-
els of vasopressin [293] and other pituitary hor-
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mones [294], due mainly to central cholinergic ac-
tivation. Same effect has been demonstrated after
intravenous administration [295]. Citicoline has
also been shown to have a pressor effect in cases of
hypotensive animals [296], or even in cases of hy-
potension due to hemorrhagic shock [297,298].
Also a contribution of the central histaminergic
system is involved in this effect of citicoline [299].
The central cholinergic activating effect exerted by
citicoline was again emphasized, involving this ef-
fect to explain the cardiovascular [300-303] and
metabolic effects [304-307] of the drug. Citicoline
also modulates cerebral metabolism through glu-
tamate-linked enzyme activities [308]. Ilcol et al.
[309] observed that citicoline treatment alters se-
rum lipid responses to endotoxin and prevents he-
patorenal injury during endotoxemia through a
nicotinic acetylcholine receptor mediated mecha-
nism. CDP-choline attenuates scopolamine in-
duced disruption of prepulse inhibition in rats
thanks to the involvement of central nicotinic
mechanisms [310]. Yilmaz et al. [311] showed that
citicoline administration restores the abnormali-
ties in the primary, secondary, and tertiary hemo-
stasis and prevents the development of disseminat-
ed intravascular coagulation during experimental
endotoxemia in dogs probably by increasing both
neuronal and nonneuronal cholinergic activity.

Also citicoline has antinociceptive effects in-
volving the cholinergic system [312-314], opioid
and GABA receptors [315,316], the arginine-vaso-
pressin system [317], and the Na*/K* ATPase activ-
ity [318].

Citicoline also modulates conditioned avoid-
ance response and quetiapine-induced metabolic
syndrome in rats [318]. Citicoline, administered
prior to thiopental sodium anesthesia, can improve
brain function by decreasing the duration of lack
of response to corneal reflex and also increasing
the effect on analgesia duration [319], and a signifi-
cant increase in heart and respiration rate, an in-
significant increase in SPO, and an insignificant
decrease of rectal temperature in animals [320].
Citicoline also has a protective effect in models of
epilepsy induced by xylocaine [321] and pentyle-
netetrazol [322,323], but not when the epilepsy is
induced by pilocarpine [324].

In reference to the intracellular signalling sys-
tems, it has been demonstrated an effect of citico-
line on the following systems:

— DPlatelet-activating factor [325,326].
— MAP kinase [249].

— ERK1/2 [213,226].

— Rho/Rho-kinase [327].
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— Calpain [135].

— Phospholipase-thromboxane [328].

— Phospholipase-prostaglandin [329].

— Proinflammatory cytokines [330-332].

To sum up, the effects of citicoline in the experi-
mental models used to reveal pharmacological ac-
tions upon the dopaminergic system have been
studied. Citicoline has been shown to act as a dop-
aminergic agonist, and has a particularly signifi-
cant effect upon levels of dopamine and its metab-
olites in the corpus striatum. The results obtained
suggest that, with citicoline administration, stri-
atal dopamine synthesis is increased, probably
through tyrosine hydroxylase activation. Increase
in dopamine levels would partly result from inhi-
bition of dopamine reuptake, possibly related to
citicoline action upon phospholipids synthesis. In
addition, citicoline also has some effects upon the
other monoamines, serotonin and norepineph-
rine, muscarinic and nicotinic receptors, and glu-
tamate, opioids and GABA, together to important
modulating effects on several intracellular signal-
ling processes.

It has been shown that hypobaric hypoxia decreas-
es learning performance in rats undergoing sound
avoidance conditioning, and that this effect may
be antagonized by pretreatment with apomor-
phine or other dopaminergic agonists. These ef-
fects of hypoxia appear in relation to an inhibi-
tion of metabolism of cerebral catecholamines that
would be ultimately responsible for an understim-
ulation of central postsynaptic dopaminergic re-
ceptors. Based on these assumptions, Saligaut and
Boismare [192] conducted a study on the effects of
citicoline administration upon learning perfor-
mance in rats subjected to hypobaric hypoxia. Un-
der hypoxic conditions, citicoline was adminis-
tered at 300 mg/kg/d for 12 days to a group of rats
that underwent learning tests of a sound avoidance
conditioning in the last 5 days of treatment. Effects
seen in this group were compared to those seen in
another group receiving apomorphine 0.5 mg/kg
30 minutes before each daily conditioning session
and to those recorded in animals receiving both
treatments. A group of animals acted as control
and received an ascorbic acid solution under the
same experimental conditions. Citicoline partially
restored learning performance. The same effect,
but to a lesser extent, was seen with administration
of apomorphine and with combined administra-
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tion of both drugs. These results suggest that ad-
ministration of citicoline counteracts, as with dop-
aminergic agonists, the effects of hypoxia. Previ-
ously we commented the protective effect of citico-
line against the cognitive impairment induced by
chronic cerebral hypoperfusion [231].

Drago et al. [333] administered citicoline 10-20
mg/kg/d i.p. for 20 days to 24-month-old Sprague-
Dawley male rats from a strain showing cognitive
and motor deficits. The drug was also given to rats
with behavioral changes induced by a single injec-
tion of scopolamine, a cholinergic antagonist, by
prenatal exposure to methylazoxymethanol, or by
bilateral injections of kainic acid into the magno-
cellular basal nuclei. In all cases, citicoline im-
proved learning and memory performance, evalu-
ated using active and passive avoidance tests. In
the old rat group, improved motor capacity and co-
ordination was also seen. For these authors, these
results suggest that citicoline affects the central
mechanisms involved in cognitive behavior, prob-
ably through a cholinergic action.

In a model of scopolamine-induced memory im-
pairment, Petkov et al. [334] showed citicoline to be
able to prevent amnesia induced by scopolamine.
Subsequently, Mosharrof and Petkov [335] showed
that citicoline 100 mg/kg completely prevented am-
nesia induced by scopolamine, as did the associa-
tion of citicoline 50 mg/kg and piracetam 500 mg/
kg, also causing a significant increase in retention.
Authors suggested that this effect is mediated by
drug actions on neurotransmission. Takasaki et al.
[336] suggest that CDP-choline has ameliorative ef-
fect on the impairment of spatial memory induced
by scopolamine, reducing the neuronal death and
improving the impaired cholinergic signal. Citico-
line acts as a memory-enhancing drug, and this ef-
fect is particularly marked in animals with memory
deficits [337]. On the other hand, Alvarez et al. [338]
showed that citicoline antagonized amnesia in-
duced by bromazepam in rats. Bruhwyler et al
[339] found that chronic administration of citico-
line has facilitating effects on learning and memory
processes in dogs, but does not affect the estab-
lished capacities and does not show, in this model,
any effect on the motor, neurovegetative, or motiva-
tional systems. According to these authors, this
represents an argument in favor of the selectivity
of drug action in memory processes. Citicoline has
even been shown to have a protective effect against
mnesic disorders in aged animals [340] and in ani-
mals in isolation conditions [341] when adminis-
tered as a dietary supplement, as well as in sponta-
neously hypertensive rats [342].

There are multiple morphological, neurochemi-
cal, and physiological changes characterizing brain
aging in mammals. General agreement exists be-
tween investigators on the existence of aged-relat-
ed changes in certain neurochemical parameters,
such as enzyme activity, receptor binding, and
neurotransmission. Biochemical evidence is avail-
able of the existence of a component of cholinergic
dysfunction and impaired cerebral phospholipids
metabolism in the pathophysiology of brain aging
[1,4,5]. De Medio et al. [343] investigated the ef-
fects of citicoline upon changes in lipid metabo-
lism in the brain during aging. Thus, they mea-
sured in vivo lipid synthesis in different brain areas
from 12-month-old male rats. For this, they ad-
ministered, by injection in the lateral cerebral ven-
tricle, a mixture of (2-*H)glycerol and (Me-14C)
choline, as lipid precursors, and measured, 1 hour
after isotope administration, incorporation of
these precursors into the fractions of total lipids,
water-soluble intermediates, and choline phospho-
lipids. In another series of experiments, citicoline
was injected intraventricularly to aged rats 10 min-
utes before killing, and the same radioactivity tests
as described above were performed. Distribution
of the radioactivity contained in citicoline in the
brain 10 minutes following administration showed
enrichment, in the studied areas, of nucleotides
and related water-soluble compounds. Incorpora-
tion of labelled glycerol, that is greatly decreased in
aged rats, increased in all areas. Incorporation of
labelled choline also decreases with aging, and citi-
coline was able to increase such incorporation in
the cortex. As a result, the 3H/™*C ratio was in-
creased in total lipids and in phosphatidylcholine
and choline plasmalogens following citicoline
treatment. Following this line of research, Lépez
G.-Coviella et al. [344] studied the effects of oral
citicoline on phospholipids content in mouse brain.
These authors supplemented animal diet with citi-
coline 500 mg/kg/d for 27 months in 3-month-old
mice, and for 90, 42, and 3 days in 12-month-old
mice, after which phosphatidylcholine, phosphati-
dylethanolamine and phosphatidylserine levels,
and contents of phosphatidylinositol plus phospha-
tidic acid were measured in brain cortex. After 27
months of treatment, phosphatidylcholine and
phosphatidylethanolamine levels significantly in-
creased by 19% and 20% respectively, while phos-
phatidylserine levels increased by 18%, but statisti-
cal significance was not reached (Fig. 10). Similar
increases were noted when 12-month-old animals
were treated for 3 months, but not with shorter
treatment periods. These results suggest that
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chronic administration of citicoline may have sig-
nificant effects on phospholipid composition of the
brain that may partly be responsible for the report-
ed therapeutic efficacy of this drug. Wang and Lee
[345] obtained similar results in their study. Plat-
aras et al. [346] showed citicoline to be able to re-
store activity of hippocampal acetylcholinesterase
and Na*/K* pumps, involving these mechanisms in
the improvement of memory performance exerted
by citicoline. Zhang et al. [347] suggest the citico-
line could play a role in improving memory perfor-
mance and exert protective effects against Al-
zheimer’s disease by increasing expression or activ-
ity of Na*/K*-ATPase. Giménez et al. [348] showed
that citicoline, administered for 2 months to aged
rats, caused a significant activation of cytidine
triphosphate:phosphocholine  cytidyltransferase,
which according to authors would explain the re-
parative effects of the drug on damaged membranes
of aged animals. This same investigating team made
a more extensive study of the effects of citicoline on
the activity of this enzymatic system and showed
that, in addition to its effect on phospholipid me-
tabolism, citicoline also has a regulatory effect upon
platelet activating factor levels in the brain
[325,326]. All such effects occur with no changes in
plasma levels of homocysteine, a known risk factor
[349]. However, citicoline also offers beneficial ac-
tions on brain metabolism of nucleic acids and pro-
teins [345,350-352], on dopaminergic, nicotinic and
muscarinic receptors [299], and on neuroendocrine
and neurosecretory changes [353-355] in experi-
mental aging models, as well as a neuroprotective
effect against neurotoxic aggressions [356-362], an
immunomodulatory effect [363], and an antiapop-
totic effect [364,365] in various models of neurode-
generation and cerebrovascular dementia. Because
of such actions, various studies have shown the
positive effects of citicoline on learning and memo-
ry in aged animals [339,366,367]. Based on these ef-
fects and the effects on neuroplasticity [368] and on
proliferation and differentiation of astroglial cells
[10,369] it has been postulated the use of citicoline
in neurodegenerative diseases, but there are some
exceptions, such the no protective effect of the drug
in a model of Huntington’s disease [370] and in a
model of amyotrophic lateral sclerosis [371].

If citicoline 300 mg is injected by the intracarotid
route to cats, effects similar to those seen with ad-
ministration of 2 mg of morphine by the same
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Figure 10. Effect of chronic administration of citicoline on the brain titres of phospholipids in 30-month-
old mice fed a dietary supplement with citicoline (500 mg/kg/day) or placebo for 27 months. 2p < 0.05;

bp<0.01.
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route are obtained. The animal shows symptoms of
anger and alertness, and the tail is placed in a rigid
and upright position. This finding led to think that
both substances could have some parallel effects at
neuroreceptors of endogenous opiates, and that
administration of citicoline could be of value in the
opiate withdrawal syndrome by slowing the effects
of sudden drug discontinuation [372]. Tornos et al.
[373] studied the effects of citicoline administra-
tion upon experimental withdrawal syndrome by
analyzing various methods, such as the jumping
test in mice and studies of the behavior and body
temperature changes in rats. The withdrawal syn-
drome caused by administration of naloxone to
morphine-dependent mice was assessed based on
the number of jumps by the animals. A decrease in
severity was seen in the group of animals treated
with citicoline 2 g/kg p.o. as compared to the un-
treated animal group. This decreased severity of
the withdrawal syndrome was demonstrated by a
39% decrease in the mean number of jumps by the
animals within 10 minutes of administration of the
opiate antagonist. Similarly, the behavioral study
in morphine-dependent rats showed that adminis-
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tration of an oral dose of citicoline 2 g/kg at the
same time as naloxone was able to significantly de-
crease the severity of manifestations that charac-
terize the withdrawal picture provoked. As regards
hypothermia caused by naloxone administration
in morphine-dependent rats, administration of a
single oral dose of citicoline neutralizes such effect
almost completely.

Characteristic findings of fetal alcohol syn-
drome include delayed maturation and late devel-
opment of dendrites in neocortex, hippocampus,
and cerebellum. Based on these data, Patt et al.
[374] conducted a study to investigate the effects of
citicoline on Purkinje cells from rats newborn from
alcoholic dams, showing that this stabilizing agent
of neuronal membranes decreases the harmful ef-
fect of alcohol on the central nervous system.
Wang and Bieberich [375] demonstrated that pre-
natal alcohol exposure triggers ceramide-induced
apoptosis in neural crest-derived tissues concur-
rent with defective cranial development and that
treatment with CDP-choline may alleviate the tis-
sue damage caused by alcohol. Petkov et al. [376]
have also shown that citicoline decreases mnesic
deficits in rats pre and post-natally exposed to al-
cohol, which may be related with the beneficial ef-
fects upon acetylcholine synthesis and release
shown using cerebral microdialysis in rats chroni-
cally exposed to alcohol [377, 378]. Citicoline has
also shown a protective effect in nicotine intoxica-
tion [379] and in mercury intoxication [380].

Acute toxicity from single citicoline administra-
tion has been studied in various animal species
and using different administration routes. The in-
travenous LD, in mice, rats, and rabbits is 4.6,
4.15,and 1.95 g/kg, respectively [381,382]. Oral LD,
is 27.14 g/kg in mice and 18.5 g/kg in rats [383]. The
intravenous LD, of citicoline is approximately 44
times higher than the LD, of choline hydrochlo-
ride at equivalent doses, and it has been shown that
choline doses inducing cholinergic crises do not
cause any toxicity sign when equivalent doses of
citicoline are administered [384,385]. This sug-
gests that administration of choline has metabolic
implications clearly different from those of exog-
enous choline administration. The administration
of 2000 mg/kg of citicoline p.o. during 14 days was
well tolerated [386].

Intraperitoneal administration to rats of doses up
to 2 g/kg/d of citicoline for 4.5 weeks did not results
in clinical toxicity signs or significant changes in
the hematological, biochemical, or histological pa-
rameters analyzed. A slight decrease in intake and
weight gain was only seen from 2 weeks of the study
[383]. Similar results were seen following subcuta-
neous administration to male rats of up 1 g/kg for 4
weeks [382]. Oral administration of 1.5 g/kg/d to
rats for 30 days did not cause weight, hematologi-
cal, biochemical, or histological changes [387].

Chronic oral (1.5 g/kg/d for 6 months in dogs) and
intraperitoneal (1 g/kg/d for 12 weeks in rats) tox-
icity studies did not reveal either significant abnor-
malities related to drug administration [382,388].
Intravenous administration of citicoline 300-500
mg/kg/d for 3 months in dogs only caused toxic
signs immediately after injection, including vomit-
ing and occasional diarrhea and sialorrhea [385].
In a 90-day study in rats, 100, 350, and 1000 mg/
kg/day oral doses resulted in no mortality. In males,
slight significant increases in serum creatinine
(350 and 1000 mg/kg/day), and decreases in urine
volume (all treated groups) were observed. In fe-
males, slight significant increases in total white
blood cell and absolute lymphocyte counts (1000
mg/kg/day), and blood urea nitrogen (BUN) (100
and 350, but not 1000 mg/kg/day) were noted. A
dose-related increase in renal tubular mineraliza-
tion, without degenerative or inflammatory reac-
tion, was found in females (all treated groups) and
two males (1000 mg/kg/day). Renal mineralization
in rats (especially females) is influenced by
calcium:phosphorus ratios in the diet. A high level
of citicoline consumption resulted in increased
phosphorus intake in the rats, and likely explains
this result [386].

Citicoline was administered to albino rabbits at a
dose of 800 mg/kg during the organogenesis phase,
i.e. from days 7th to 18th of pregnancy. Animals
were killed on day 29, and a detailed examination
was made of fetuses and their mothers. No signs of
maternal or embryofetal toxicity were seen. Effects
on organogenesis were imperceptible, and only a
slight delay in cranial osteogenesis was seen in 10%
of treated fetuses [unpublished data].
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Labelled citicoline (methyl *C) was administered
to rats at a dose of 4 mg/kg by jugular vein injec-
tion and by the oral route using a nasogastric tube
[389]. The results obtained, expressed as percent
radioactivity in 10 ml of blood for each administra-
tion route, are shown in Table III. From these data,
the ratio between bioavailability of the oral and the
intravenous administration route was estimated
and found to be virtually one, which agrees with
the fact, demonstrated in the same study, that no
residual radioactivity is found in feces excreted in
the 72 hours following oral administration.

Lopez G.-Coviella et al. [390] studied the effects
of citicoline on plasma levels of cytidine, choline,
and citicoline in healthy volunteers receiving the
substance by the oral or intravenous route and in
rats treated by the intravenous route. Two hours
following administration of a single oral dose of
citicoline 2 g, choline plasma levels increased 48%,
and cytidine plasma levels 136% (Fig. 11). In indi-
viduals receiving three 2 g doses at 2-hour inter-
vals, choline plasma levels reached a peak, repre-
senting approximately 30% of baseline value, 4
hours after administration of the initial citicoline
dose, while cytidine plasma levels increased up to
6 hours (Fig. 12) and were 5-fold higher than the
baseline value (p < 0.001). Citicoline administered
by the intravenous route was rapidly hydrolyzed in
both humans and rats [391]. In healthy individuals
receiving a citicoline infusion of 3 g in 500 ml of
physiological saline over 30 minutes, citicoline lev-
els were virtually undetectable just after the end of
the infusion period, when plasma levels of cytidine
and choline reached a peak, though their concen-
trations remained significantly increased up to 6
hours after the start of infusion (Fig. 13). These ob-
servations show that citicoline, administered by
both the oral and intravenous routes, is converted
into two major circulating metabolites, cytidine
and choline. However, plasma cytidine is converted
in humans to uridine, its circulating form, that is
transformed in the brain to uridine phosphate, that
will in turn be converted to cytidine triphosphate
at neuronal level [392].

Tissue diffusion of citicoline and its components
has been studied in rats intravenously adminis-
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Table I1. Blood kinetics of the total radioactivity of 4 mg/g methyl "C-citicoline after oral or intravenous
administration to male rats. The percentages of radioactivity (mean + SD) with respect to the total ad-

ministered are shown.

Time Oral route
10 min 0.26 £ 0.12
20 min 0.40 +0.02
30 min 0.74 +0.01

1h 1.32£0.40
2h 2.33+0.63
3h 3.31+0.86
4h 3.57+0.88
5h 417 +£0.83
6h 418 +0.03
7h 3.81+0.73
24h 2.48 £0.40

tered (methyl ¥C, 5-3H) citicoline, labelled in the
choline and the cytidine fraction [393,394]. In the
same battery test, plasma radioactivity levels were
measured for 30 minutes following administration.
Renal and fecal excretion of labelled metabolites
was also measured for 48 hours. As early as 2 min-
utes following injection, less than 10% of adminis-
tered radioactivity was found in plasma. In addi-
tion, radioactivity excreted by the kidney during
the first 48 hours only accounted for 2.5% of 14C
and 6.5 % of ®H administered. In the same time in-
terval, fecal excretion did not exceed 2% of the ad-
ministered dose. These results suggest that citico-
line rapidly diffuses to tissue following administra-
tion, and is actively used by tissues. Figure 14 shows
the radioactivity levels found in liver, brain, and
kidney at different time points following intrave-
nous administration of dually labelled citicoline.
There is a special interest in changes in brain lev-
els. Radioactivity uptake by the brain gradually in-
creases for the first 10 hours after drug adminis-
tration, and the levels achieved remain unchanged
at 48 hours.

In a group of animals, radioactivity levels of the
labelled compounds were measured in the brain at
0.5, 1, 4, and 48 hours of administration of dually
labelled citicoline. Radioactivity corresponding to

Intravenous route

3.05+0.24

2.59+0.31

1.47 £ 0.22

1.40 £ 0.02

2.84+0.02

2.50 £ 0.05

2.77 £1.00

3.37+£0.31

3.68 £0.02

312+0.19
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Figure 11. Plasma concentrations of choline and cytidine immediately
after administration of a single oral dose of 2 g citicoline in humans.
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Figure 12. Plasma concentrations of choline and cytidine immediately
after administration of three consecutive oral doses (2 g) in humans.
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3H in the brain was mainly concentrated in cyti-
dine nucleotides at the beginning, but subsequent-

ly concentrated in nucleic acids. As regards com-
pounds labelled with C, the highest levels initially
corresponded to betaine, choline, and phosphoryl-
choline, while at 4 hours *C-methionine and “C
-phospholipids accounted for 26.4% and 24.2% re-
spectively of total cerebral radioactivity corre-
sponding to *C. At 48 hours, this radioactivity
mainly concentrated in phospholipids and pro-
teins. Thus, labelled phospholipids were seen to
continuously increase in the 48 hours following
administration of dually labelled citicoline. As
shown in figure 15, such increase is fast in the first
5 hours, but then becomes slower.

In another test battery, the presence of the drug
in various brain areas and its distribution in cere-
bral ultrastructures was measured following ad-
ministration of (methyl 1*C) citicoline [395-399].
In a study performed with high-performance au-
toradiography in mouse brain 24 hours following
administration of labelled citicoline [395], the ra-
dioactive marker was seen to be widely incorpo-
rated into the different cerebral areas studied,
brain cortex, white matter, and central grey nu-
clei. It was found in both intra and extracellular
spaces, with a particular presence in cell mem-
branes. In the same experimental model, but 10
days following administration of the labelled drug
[396], concentration of radioactivity in the more
myelinated areas was seen, as well as a marked
uptake by the cerebellar Purkinje cells. Using low-
performance autoradiography, distribution of ra-
dioactivity of labelled citicoline in rat brain was
analyzed 5 and 24 hours after drug administra-
tion [397]. At 24 hours, most radioactivity was de-
tected at intracellular level. In another study, in-
corporation of radioactivity from (methyl 14C) citi-
coline after oral administration to male Sprague-
Dawley rats was analyzed in the different cerebral
phospholipid fractions [398]. Of total radioactivity
measured in brain, 62.8% was found to be part of
brain phospholipids, particularly phosphatidylcho-
line and sphingomyelin, showing that citicoline
administered by the oral route has an effect upon
the synthesis of structural phospholipids of cell
membranes. These results agree with those ob-
tained by Aguilar et al. [399], who showed radioac-
tivity from labelled citicoline to be associated to
cytoplasmic and mitochondrial membranes in brain
homogenate.

In conclusion, these studies showed that the
citicoline administered is widely distributed in
brain structures, with a rapid incorporation of the
choline fraction into structural phospholipids, and
of the cytosine fraction into cytidine nucleotides
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Figure 13. Concentrations of choline, cytidine and CDP-choline in human plasma after intravenous infusion of a solution of citicoline (3 g/500 mL

physiological saline solution).
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and nucleic acids. Citicoline reaches the brain and
incorporates actively into the cytoplasmic and mi-
tochondrial cell membranes, being part of the
structural phospholipid fraction [391,400,401].

When labelled citicoline is administered by either
the oral or intravenous route, radioactivity is elim-
inated very slowly by the urinary or fecal route and
in expired CO, [402].

Figure 16 shows total radioactivity excretion for
the 5 days following oral administration of *C-citi-
coline to healthy volunteers. Table III gives the main
data on the elimination kinetics of the product.

Two phases are differentiated in urinary elimi-
nation of the drug: a first phase, lasting approxi-
mately 36 hours, in which excretion rate decreases
rapidly, and a second phase in which excretion rate
decreases much more slowly. The same occurs with
expired CO,, whose elimination rate decreases
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CDP-choline (uM)

rapidly for the first 15 hours, approximately, after
which a slower decrease is seen.

The above reported experimental studies showed
that administration of citicoline led to a significant
regression of brain edema and improvements in the
electroencephalographic tracing and impairment of
consciousness, as well as in survival quality. The ef-
fect on consciousness level is attributable to the facili-
tating action of the electroencephalographic arousal
reaction, induced by stimulation of the ascending
reticular activating system at brain stem level.

Based on these experimental assumptions, many
clinical trials have been conducted to verify if these
effects have some implications for treatment of pa-
tients with traumatic brain injury (TBI).
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Figure 14. Concentrations of radioactivity in the liver (a), brain (b) and kidneys (c) of rats at different time
points after injecting double-labelled citicoline at a dose of 2 mg/kg. All values represent the means ob-
tained from 10 animals.
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In 1967, Moriyama et al. [403] published their
study on the effects of citicoline in 25 patients with
head injury and depressed consciousness. The drug
was shown to be effective, leading to recovery from
neurological clinical symptoms and return to a
conscious state, in 70% of cases, and was very well
tolerated, causing no side effects.

Ayuso and Saiz [404] conducted a double-blind
study on the value of citicoline in mnesic dysfunc-
tion induced by bilateral electroshock in a series of
22 patients admitted to hospital for an endogenous
depression. The group receiving active drug had a
lower reduction in memory performance after four
electroshock sessions as compared to the control
group, thus showing the value of citicoline for
treatment of patients with memory disorders of an
organic base.

De la Herrdn et al. [405] compared the effects of
citicoline administration in a series of 50 patients
with an impaired level of consciousness, of a trau-
matic origin in 32 cases, to another series of patients
with similar characteristics who were receiving stan-
dard treatment. 34% of patients recovered conscious-
ness within 48 hours. After a few days, 66% of pa-
tients had recovered consciousness. These results
were better than those achieved in the control group.
With these results, authors showed that citicoline re-
activates and accelerates normalization of the con-
sciousness stated in patients with head injury.

Carcassonne and LeTourneau [406] conducted a
double-blind study in a series of 43 children with a
true consciousness disorder of a traumatic origin,
after excluding severe cases and those requiring
surgical treatment. After analyzing the results ob-
tained, these authors arrived to the following con-
clusions:

— Citicoline is very well tolerated, both locally and
systemically.

— Citicoline significantly accelerates recovery of a
normal consciousness state.

— Citicoline accelerates disappearance of neurops-
ychological disorders and cerebral electrogene-
sis disorders.

— Citicoline confers a better quality to the course
of patients.

Espagno et al. [407] compared the effects of citico-
line versus placebo in a series of 46 patients who
had sustained a head injury. For this, authors con-
ducted a double-blind study in which 22 patients
received citicoline 250 mg/d by the parenteral
route for 20 days, while 24 patients were given pla-
cebo. The results obtained showed that, in mild
coma, citicoline significantly accelerated (p < 0.05)
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Table Ill. Most significant parameters in the elimination kinetics of C-citicoline after oral administration. Data show the means of six individuals.

co Urine Faeces

Maximum rate of excretion (% dose/h) 1.22 £ 0.59 0.159 + 0.084 0.021+ 0.008
Time of maximum excretion (h) 1.60+0.73 1.3+0.8 56 +18
First phase of elimination

Apparent half-life 2.58 £ 0.60 6.62+1.28 -

Apparent rate of elimination (% dose/h) 0.279 + 0.055 0.107 + 0.017 -
Second phase of elimination

Apparent half-life (h) 56.22 +33.39 71.08 + 58.16 19.39+6.63

Apparent rate of elimination (% dose/h) 0.030 +0.049 0.013 + 0.006 0.039 +0.014

recovery of consciousness, while in more severe
coma and at the administered dose, that is cur-
rently considered to be highly inadequate, citico-
line improved prognosis, so that 75.2% of patients
in the placebo group showed a late recovery (> 15
days) of consciousness and/or progressed to death.
By contrast, in the group treated with the active
product, recovery from coma beyond the 15th day
occurred in 31% of cases, and incidence of pro-
longed coma and/or death was 12.5%. In conclu-
sion, citicoline resulted in an earlier recovery of
consciousness and an increased number of clinical
and electroencephalographic improvements, and
was also very well tolerated.

Richer and Cohadon [408] conducted a double-
blind study in a group of 60 patients with coma of a
traumatic origin who were distributed into two ho-
mogeneous groups, one of which was given the ac-
tive drug, and the other placebo. As regards coma
duration, the number of patients who had recov-
ered consciousness at 60 days was significantly
greater (p < 0.01) in the group treated with citico-
line. After 90 days, a greater recovery (p < 0.04)
from the motor deficit was found in the citicoline-
treated group. Gait recovery was also shown to be
significantly accelerated in the active drug group.
As a result, a greater social and occupational rein-
sertion was found at 60 days in the group treated
with citicoline (p < 0.06). This demonstrated the
limiting effect of duration of posttraumatic coma
of citicoline, as well as its participation in restora-
tion of deficits related to the brain lesions associat-
ed to such coma. However, there were no changes
in mortality associated to the treatments.

Lecuire and Duplay [409], in a double-blind tri-
al, compared the effects of citicoline, at an intrave-
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nous dose of 750 mg/d, to those of meclofenoxate
at 3 g/d iv. in a group of 25 patients. An analysis of
the results showed a significant improvement in
the patient group treated with citicoline, particu-
larly as regarded recovery of consciousness, elec-
troencephalographic changes, and functional re-
covery. Mean coma duration was 10 days in the
citicoline group, as compared to 20 days in the
meclofenoxate group. At 10 days, electroencepha-
lographic tracings had improved in 50% of citico-
line-treated patients and in 18% of patients given
meclofenoxate. Citicoline was therefore shown to
be superior to meclofenoxate, and its main charac-
teristic was accelerated recovery of the conscious-
ness level, that is related to improvement in the
electroencephalographic tracing. These same au-
thors carried out an open label study in a series of
154 patients with head injury [410]. This study as-
sessed the effects of citicoline treatment and found
the drug to accelerate patient arousal and recovery
from deficit syndromes, and to improve the quality
of survival. Lecuire [411] subsequently performed
a double-blind study comparing piracetam (6 g/d)
versus citicoline (750 mg/d) in a group of 40 pa-
tients sustaining head injury and found a favorable
course in 75% of patients in the citicoline group, as
compared to 33% in the piracetam group.
Cohadon et al. [16,412] showed the clinical effi-
cacy of citicoline in a double-blind study conduct-
ed on a series of 60 patients with severe head injury.
A standard treatment was used in both groups, and
surgery was performed when required. A group of
patients was given citicoline 750 mg/d by the intra-
venous route for the first 6 days, and subsequently
by the intramuscular route for an additional 20
days. The other group was administered placebo.
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Figure 15. Evolution of "C-phospholipid concentrations in rat brains after intravenous administration of
double-labelled citicoline. The concentrations represent the means of three animals and are expressed as

a percentage of the total radioactivity corresponding to ™C in the brain.
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Figure 16. Total excretion of radioactivity (percentage of total administered) for 5 days after oral admin-

istration of 4C -Citicoline. The mean values of six individuals are shown.
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Clinical evaluation was continued up to 6 months.
At 15 days, response to painful stimuli was already
superior in the group of citicoline-treated patients
(p < 0.01), in which an earlier recovery of con-
S28

sciousness was also seen (Fig. 17). Authors also
noted a greater recovery from neurological deficits
in the active group. After 120 days, autonomous
ambulation was seen in 84% of patients in the citi-
coline group, as compared to 62.5% of patients in
the placebo group. This difference was statistically
significant from day 60 (p < 0.01). Table IV shows
the final outcome obtained in both groups, as as-
sessed using the Glasgow Outcome Scale (GOS).
The mortality rate was similar in both groups. Data
reported in this study show that citicoline shortens
the time elapsed to recovery of consciousness and
accelerates recovery from neurological deficits in
patients with severe head injury.

Deleuze et al. [413] reported that citicoline is
able to decrease serum creatine phosphokinase
(CPK) levels and lactate levels in cerebrospinal flu-
id (CSF), with a decrease in the lactate/pyruvate
ratio, in patients with severe brain distress and
coma. They also emphasized that the product was
very well tolerated.

Ogashiwa et al. [109] conducted a clinical trial in
101 patients with disorders of consciousness from
different causes (20% of traumatic origin), showing
the effectiveness of citicoline for improving the
General Recovery Rate, closely related to the Prin-
cipal Component Analysis Score. Authors found
citicoline to be more effective in items related to
the executive factor than in those related to the ver-
bal factor, and that the greatest effect was achieved
in patients less than 60 years of age and with a sta-
bilized period of impaired consciousness not longer
than 3 weeks. They also emphasized the excellent
tolerability of the product, and even administered it
by the intrathecal route in some cases [414,415].

At the Department of Neurosurgery of the
‘Ramoén y Cajal’ Special Center in Madrid, a series
of 100 patients with head injury treated with citico-
line until discharge were studied, and their results
were compared to those of another series of 100 pa-
tients with similar characteristics, but who did not
receive citicoline [416]. Treatment with citicoline
was started at doses of 600-1200 mg/d by the par-
enteral route, switched to 300-900 mg/d by the oral
route in the rehabilitation phase. The course was
monitored by assessing mean coma duration, per-
sistence of neurological and psychic symptoms, the
WALIS test, and electrophysiological studies of mus-
cle tension. Results achieved suggested that citico-
line addition to the treatment regimen caused a de-
crease in duration of posttraumatic coma and rate
of both neurological and psychic sequelae, and
achieved a better response in recovery from intel-
lectual disorders and motor deficits.
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Raggueneau and Jarrige [417], in a national sur-
vey conducted in France, recorded 921 cases of se-
vere head injury, i.e. with an initial score in the
Glasgow Coma Scale (GCS) of 8 or less. Of these,
219 patients had been treated with citicoline, which
allowed for distribution into two groups to com-
pare the results obtained. No significant differenc-
es were found in mortality, but differences were
seen in the number of dependent states, and the
greatest effect was found in patients with an initial
GCS score of 6-7 (Fig. 18). Citicoline improved
quality of survival, allowing for more frequent so-
cial and familiar reinsertion, as well as return to
work or school. Mortality in head injuries essen-
tially depends on initial lesions which, except for
epidural hematoma, are beyond any real therapeu-
tic resolution.

Calatayud et al. [418] reported the results of the
influence of citicoline addition to the treatment of
head injury. Two hundred and sixteen patients
with an initial GCS score ranging from 5 and 10
were reported. Of these, 115 patients received
treatment with citicoline. Mean citicoline dose ad-
ministered was 4 g/d. Analysis of the results showed
that citicoline:

— Decreased hospital stay (p < 0.05) and duration
of outpatient follow-up (p < 0.001), with differen-
ces being more marked in the group of patients
with an initial GCS score ranging from 5 and 7.

— Promoted the recovery of memory, motor disor-
ders, higher neurological functions, and mood
changes.

— Improved global functional outcome (Table V).

Lozano [419] reported the impact of citicoline
therapy on the course of posttraumatic cerebral
edema in a study conducted in 78 cases of head in-
jury with an initial GCS score ranging from 5 and
7. In all cases, a computerized tomography of the
head was performed at the start and end of the
study to assess changes in the tomographic image
of cerebral edema. Other parameters investigated
included duration of hospital stay and the extent of
autonomy at hospital discharge. Citicoline was ad-
ministered to 39 patients for the first 2 weeks at a
dose ranging from 3 and 6 g/d by intravenous infu-
sion. After 14 days of treatment with citicoline, im-
age of cerebral edema evolved as shown in figure
19. Cerebral edema had been reduced or normal-
ized in a higher number of patients treated with
citicoline as compared to control patients, with
differences being highly significant (p < 0.005). No
significant differences were seen between both
groups in therapeutic requirements or treatments
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Figure 17. Normalisation of the state of consciousness in relation to time and treatment; p < 0.01 at
day 60.
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Table IV. Final results according to treatment.
Glasgow Outcome Scale
| 1l LI} \Y Vv
Placebo group 12 5 4 3 6
Citicoline group n 9 3 2 5

Table V. Final result, evaluated with the Glasgow Outcome Scale (GOS),
in relation to treatment (p < 0.05).

Citicoline Control
GOS| 77 51
Gosi 19 31
Gos i 1 7
GOS IV 0 2
GOsV 18 10

received. Mean hospital stay was 28.718 + 21.6 days
for the group receiving active treatment and 37.323
+ 35.22 days for the control group, with statistical-
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Figure 18. Effect of treatment with citicoline on final results. Results are expressed as percentages. 2p < 0.001
vs. patients not treated with citicoline.
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Table VI. Final result, evaluated with the Glasgow Outcome Scale (GOS),
in relation to treatment (n.s.).

Citicoline Control
GOS| 15 n
GOS I 8 8
Gos 1 6 7
GOS IV 4 6
GOSV 6 7

ly significant differences (p < 0.001). Differences in
final outcomes assessed according to the GOS did
not reach statistical significance due to the low
number of cases and the special characteristics of
this type of patients. However, a trend was seen to
a more favorable resolution in the group of patients
treated with citicoline (Table VI).

Levin [420] conducted a study in 14 patients with
postconcussional syndrome following a mild to

moderate head injury. This syndrome is character-
ized by the occurrence of symptoms such as head-
ache, dizziness, mnesic disorders, and sleep distur-
bances mainly. In this study, patients treated with
citicoline for one month experienced an improve-
ment in memory tests, particularly recognition
tests, that was statistically significant as compared
to placebo. Figure 20 shows changes in symptoms
after one month of treatment. Greater improvements
were achieved in patients treated with citicoline as
compared to placebo patients, except for gastroin-
testinal discomfort. Dizziness was significantly
more common in patients from the placebo group
after one month of study. However, in a simple-
blind study in patients with mild head injury [421],
the authors were unable to evidence differences be-
tween citicoline and control with regards to the
evolution of the postconcussional symptoms. De-
spite that, CDP-choline is considered a therapeutic
option for postconcussional syndrome [422].
Leo6n-Carrién et al. [423-425] investigated in a
series of studies the effects of citicoline on post-
traumatic memory disorders. In a group of 7 pa-
tients with severe memory deficits, these authors
investigated the effects of administration of citico-
line 1 g on cerebral blood flow (CBF), as measured
by the 33Xe inhalation technique. Two measure-
ments were made, one at baseline and the other at
48 hours, under the same conditions, except that
patients had taken the drug one hour before the
test. All patients showed a significant hypoperfu-
sion at the inferoposterior area of the left femoral
lobe in the first measurement, that disappeared
following citicoline administration. In a second
study, 10 patients with severe memory deficits were
randomized into two groups. Both patient groups
were subjected to a short memory rehabilitation
program. A group received citicoline 1 g/d p.o. for
the 3 months the neuropsychological treatment
program lasted, while the other group was given
placebo. The results obtained are shown in Table
VII. Neuropsychological rehabilitation associated
to citicoline achieved improvements in all evaluat-
ed areas, reaching statistical significance in verbal
fluency and the word recall Luria test. CDP-choline
is considered as a valid therapeutic option for the
treatment of post-traumatic cognitive impairments
[426], improving also the quality of survival [427].
A Cochrane review of citicoline for the treat-
ment of head injury will be available [428]. In 2012,
the COBRIT trial was published [429,430], regis-
tered as NCT00545662. The Citicoline Brain Injury
Treatment Trial (COBRIT), a phase 3, double-blind
randomized clinical trial conducted between July
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20, 2007, and February 4, 2011, among 1213 pa-
tients with the objective to determine the ability of
citicoline to positively affect functional and cogni-
tive status in persons with complicated mild, mod-
erate, and severe TBI. Patients were randomized to
a 90 days regimen of daily enteral or oral citicoline
(2000 mg) or placebo. The main outcome was the
functional and cognitive status, assessed at 90 days
using the TBI-Clinical Trials Network Core Bat-
tery. A global statistical test was used to analyze
the 9 scales of the core battery. Secondary out-
comes were functional and cognitive improvement,
assessed at 30, 90, and 180 days, and examination
of the long-term maintenance of treatment effects.
The main outcome was the functional and cogni-
tive status, assessed at 90 days using the. A global
statistical test was used to analyze the 9 scales of
the core battery. Secondary outcomes were func-
tional and cognitive improvement, assessed at 30,
90, and 180 days, and examination of the long-term
maintenance of treatment effects. Rates of favor-
able improvement for the Glasgow Outcome Scale-
Extended were 35.4% in the citicoline group and
35.6% in the placebo group. For all other scales the
rate of improvement ranged from 37.3% to 86.5% in
the citicoline group and from 42.7% to 84.0% in the
placebo group. 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); in
addition, there was no significant treatment effect
in the 2 severity subgroups: global OR, 1.14 (95% CI:
0.88-1.49) and 0.89 (95% CI: 0.72-1.49) for moder-
ate/severe and complicated mild TBI, respectively).
At the 180-day evaluation, the citicoline and pla-
cebo groups did not differ significantly with respect
to the primary outcome: global OR, 0.87 (95% CI:
0.72-1.04). According with the results obtained,
the authors concluded that, among patients with
TBI, the use of citicoline compared with placebo
for 90 days did not result in improvement in func-
tional and cognitive status.

The COBRIT trial is the largest study performed
with citicoline in this indication, but there are sev-
eral methodological issues that question seriously
the validity and applicability of the results ob-
tained. This study was an independent study, fi-
nanced by the US National Institute of Health,
with a limited budget. A first point to consider is
the sample size calculation. The authors chose an
OR of 1.4 as the effect of the treatment, when in
the most recent publications; the size of the effect
of citicoline has been 1.26 in acute ischemic stroke
patients, a less heterogeneous pathology than TBI.
It appears that the sample size was calculated
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Figure 19. Evolution of the tomographic image of cerebral oedema after 14 days of treatment (p < 0.005).
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based on the number of patients that could be af-
forded and then the OR of the treatment was es-
tablished accordingly, rather than basing it on the
effects of the drug. A more conservative and realis-
tic OR of 1.2 or less would result in a sample size
which was much higher but that would likely have
been unaffordable for the authors. Another point
to consider is that the authors mixed different pop-
ulations, confusing mild, moderate and severe TBI.
The pathophysiology, localization, and trajectory
for recovery can be very different among these
groups. One means of avoiding this would have
been to use a randomized, matched sample design.
This mixing of lesion severity is a clear source of
heterogeneity and would have to be considered an
important confounding factor in the analysis and
interpretation of the data. Also the oro-enteral ad-
ministration of citicoline used in this trial is com-
pletely atypical, is not approved in any country, has
not previously been scientifically tested and addi-
tionally is not appropriate for many of the patients
enrolled in the study. But the most controversial
point is the poor compliance of the treatment. A
compliance of only 44.4% of patients having taken
more than 75% of the medication expected is very
low and needs to be explained. Not receiving the
active treatment is not the same as receiving the
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Figure 20. Evolution of post-concussional symptoms after one month of treatment with citicoline or placebo. The number of patients reporting

each symptom is shown.
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placebo, in terms of the standard of care being re-
ceived. This means that less than half of the pa-
tients received something close to a therapeutic
dose of citicoline. Thus, the COBRIT trial is not
the definitive study on citicoline, especially when
the methodological confounds just described are
taken into consideration.

Given the controversy after the publication of
the COBRIT trial, a meta-analysis has been pub-
lished [431] to assess the real efficacy of citicoline
in the treatment of TBI patients. systematic search
of the relevant terms was performed on Medline,
Embase, and Ferrer database (the company mar-
keting the product in a number of countries) to
identify all published, unconfounded, comparative
clinical trials of citicoline in acute phase head in-
jured patients. Studies were identified by search-
ing electronic databases, scanning reference lists
of articles, and consulting with experts in the field

1 month

Baseline

w
~
o
(o))

(n)

and at the pharmaceutical company (Ferrer). To be
included in the meta-analysis, the trials must as-
sess the effect of citicoline in the acute phase of
TBI, be comparative studies and have indepen-
dence outcomes, evaluated with the Glasgow Out-
come Scale (GOS) or similar scales. All trials ran-
domizing patients of any age or sex were included.
No restrictions were applied in regard to doses,
route of administration or duration of treatment.
No restrictions regarding language, publication
date or publication status was applied. The prima-
ry efficacy measure was patient independence at
the end of a scheduled follow-up period, evaluated
as a score GOS 4-5, reflecting an excellent out-
come or with mild sequelae, that guarantee an in-
dependence status after the TBI. The systematic
search detected 23 clinical trials, but only 12 were
considered valid for the meta-analysis. The includ-
ed studies involved 2706 patients with mild, mod-
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Table VII. Scores (mean + SD) obtained by patients before and after treatment.

Group A (placebo + rehabilitation)

Group B (citicoline + rehabilitation)

Before After Before After
Attention 95.60 +5.73 97.60 +2.19 82.00 +33.79 90.80 +20.57
Alertness 88.40 + 8.65 96.80 £1.79 89.60 £17.74 98.80 £1.79
Verbal fluency 22.40 +9.91 23.60 +11.01 24.80 +14.65 31.80 £9.362
Benton test 8.20 +£3.63 9.40 + 6.95 8.80 +5.45 7.20+3.70
Luria test 62.80 £13.24 62.00 £11.58 63.20 £17.31 71.00 £12.98°

ap < 0.05 vs. before treatment.

erate, or severe TBI treated in the acute phase with
citicoline or not. The doses of citicoline ranged
from 250 mg to 6 g per day, administered orally or
parenterally. The duration of the treatment ranged
from 7 to 90 days. According to the formal meta-
analysis, based on random effect model (Fig. 21),
the use of citicoline is associated with a significant
increase in the rates of independence with an OR
of 1.815 (95% CI: 1.302-2.530), but a significant
heterogeneity (I? = 54.6%; p = 0.001) was detected,
reflecting the time gap of 34 years between the
studies included in the meta-analysis. The meta-
analysis under the fixed-effects model obtains an
OR of 1.451 (95% CI: 1.224-1.721), reinforcing the
results obtained. Recently a new meta-analysis has
been published [432] showing neutral effects of
CDP-choline in the treatment of patients with TBI,
but this meta-analysis is based only in studies pub-
lished in english, and that is a well-known source
of bias, enough to question the results obtained.

In the last years new studies published found a
significant effect of citicoline in the recovery of pa-
tients with severe head injuries [433], especially in
patients with diffuse axonal injuries [434-436].

As a final conclusion, it has been shown that pa-
tients who have sustained a head injury, particu-
larly those with an initial GCS score of 5-7, benefit
from the addition of citicoline into their therapeu-
tic regimen because this drug accelerates cerebral
oedema reabsorption and recovery of both con-
sciousness and neurological disorders, resulting in
a shorter hospital stay and improved quality of sur-
vival, with a bigger degree of Independence. These
effects could be explained by the pharmacodynam-
ics of the product and it pleiotropic effect on the
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mechanisms involved in the development of the
traumatic brain injury [437,438].

The neurobiological processes involved in the patho-
physiology of the cerebral ischemia are extremely
complex [439]. For this reason, some authors postu-
late the need to use multifunctional treatments for
this disease [440-445], for intracerebral hemor-
rhages [446,447], and for the recovery phase [448,
449]. As experimentally shown, citicoline is a drug
having pleiotropic actions including activation of
neuronal metabolism, stabilization of neuronal mem-
branes and their function, and normalization of
neurotransmission [15,34-36,167,259, 260]. Various
studies with citicoline conducted in the 60s sug-
gested its efficacy to reduce neurological symptoms
in patients with cerebral ischemia [450,451].
Hazama et al. [452] conducted a double-blind
study to assess the effect of citicoline on functional
recovery from hemiplegia in 165 patients with
cerebrovascular disease. These authors showed
that citicoline, at a dose of 1000 mg/d for 8 weeks,
was superior to placebo, particularly for motor re-
covery in the upper limbs, and concluded that citi-
coline promotes natural recovery from hemiplegia.
Goas et al. [453] conducted a double-blind study
comparing citicoline (750 mg/d/10 d iv.) versus
placebo in 64 patients with cerebral infarction
starting less than 48 hours before. Assessment at 3
months showed citicoline to be superior to placebo
for improving motor deficit (p < 0.05), hypertonia
(p < 0.03), gait recovery (p < 0.02), changes over
time in electroencephalographic tracing (p < 0.01)
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Figure 21. Forest plot of the meta-analysis of the effects of citicoline on independence after traumatic brain injury, based on the random-effects model: odds ratio, 1.815 (95% Cl:
1.302-2.530). Reprinted with permission from J.J. Secades. Citicoline for the treatment of head injury: a systematic review and meta-analysis of controlled clinical trials. J Trauma
Treat 2014; 4: 227. doi:10.4172/2167-1222.1000227.
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and psychometric tests (p < 0.05), achieving a
higher number of independent states (51.6% with
citicoline; 24.24% with placebo) (Fig. 22). In a study
with the same characteristics, Boudouresques et
al. [454] achieved similar results. This study in-
cluded 52 patients, of whom 27 patients received
citicoline (750 mg/d/10 d iv.) and 25, placebo. An
assessment was made at 10 days, and showed that
citicoline-treated patients had a better course as
regarded consciousness disorders, with recovery of
consciousness in 66.7% of cases as compared to
32.0% in the placebo group (p < 0.01), and also def-
icit syndromes (82.6% and 54.5% of patients recov-
ered with citicoline and placebo respectively; p <
0.04) and electroencephalographic tracings (83.3%
with citicoline versus 35.3% with placebo; p < 0.01).

In both studies, citicoline tolerability was rated as
excellent by investigators.

Corso et al. [455], in a double-blind study of citi-
coline (1 g/d/30 d i.v.) versus placebo in a sample of
33 patients, noted that at the end of the study the
deficit syndrome had improved in 76.5% of patients
treated with citicoline (p < 0.01 versus placebo), while
an improved electroencephalographic tracing was
seen in 70.6% of patients (p < 0.01 versus placebo).

Tazaki et al. [456] performed a double-blind,
prospective, multicentre, placebo-controlled study
on the value of citicoline for the treatment of acute
cerebral infarction. Sixty-three Japanese academic
centers participated in this study, in which a total
of 272 patients were enrolled following strict inclu-
sion criteria. Patients were randomized to receive 1
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g/d iv. of citicoline or saline (placebo) for 14 days.
At the end of treatment, citicoline was shown to
significantly improve consciousness (51% versus
33% for placebo; p < 0.05) and overall improvement
(52% versus 26%; p < 0.01) and overall usefulness
rates (47% versus 24%; p < 0.001). In addition, fewer
complications occurred in the citicoline-treated
patient group (1%) as compared to the placebo
group (8.1%). These authors concluded that citico-
line is an effective and safe drug for the treatment
of acute cerebral infarction. These results agree to
those reported by other authors [457-460].

Guillén et al. [461] reported a comparative, ran-
domized study on the efficacy of citicoline for
treating acute ischemic stroke as compared to con-
ventional therapy, showing a significantly higher
improvement in the citicoline group as compared
to the control group. In the open label studies by
Bruhwyler et al. [462] and Fridman et al. [463], re-
sults favoring citicoline were also achieved, with a
significant clinical improvement of patients and an
excellent safety profile of the drug. Alviarez and
Gonzélez [464] reported the beneficial effects with
citicoline in a double-blind study conducted in
Venezuela. Le6n-Jiménez et al. [465] evaluated the
correlation between citicoline exposure and func-
tional outcome at discharge and at 30 and 90 days
post-stroke, in a retrospective case-control design
on systematic descriptive databases from three re-
ferral hospitals in Mexico. Clinical records of 173
consecutively registered patients were analyzed, 86
of whom were treated with citicoline within the
first 48 h after acute ischemic stroke and the re-
maining 87 were untreated, randomly selected
controls matched for age (+ 5 years), gender and
NIHSS (£ 1 point) at hospital admission. Pretreat-
ment conditions were similar between groups.
Compared with controls, exposure to citicoline was
associated with a significantly lower 30-day mean
and median modified Rankin score (in both, p < 0.05).
After paired multivariate analyses (controlled for
NIHSS, age, gender, hospital arrival in < 24 h,
thrombolysis and comorbidities) citicoline was in-
dependently associated with a lower 90-day mor-
tality risk (p = 0.047) and with fewer in-hospital
complications (mainly infections and sepsis, p =
0.001). In this observational study, citicoline use
was associated with a better functional status and
lower rates of short-term mortality, possibly due to
fewer in-hospital systemic complications.

In the second half of the 90s, study of oral citi-
coline for the treatment of acute ischemic stroke
was started in the United States. The first clinical
trial was a randomized, dose-response study [466].
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Figure 22. Outcome in relation to treatment, highlighting the number of good results achieved with citi-

coline compared to the control group.
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This double-blind, randomized, multicentre study
compared 3 citicoline doses (500, 1000, and 2000
mg by the oral route) to placebo to document drug
safety, find the optimum dose, and collect data on
the efficacy of citicoline for the treatment of acute
ischemic stroke. A total of 259 patients with isch-
emic stroke in the territory of the middle cerebral
artery were recruited within 24 hours of the start
of symptoms. Patients were randomized into four
groups: administration of placebo or 500, 1000, or
2000 mg/d of oral citicoline for 6 weeks. Patient re-
covery at the end of the 6-week treatment period
and after a subsequent follow-up period of 6 addi-
tional weeks was assessed. The main efficacy end-
point was Barthel Index (BI) at 12 weeks. Second-
ary endpoints included the modified Rankin Scale
(mRS), the National Institutes of Health Stroke
Scale (NIHSS), the Mini-Mental Status Examina-
tion (MMSE), hospital stay duration, and mortality.
A significant difference favoring citicoline was
found between the groups in functional status (BI,
mRS), neurological assessment (NIHSS), and cog-
nitive function (MMSE). In a regression analysis of
BI including as covariate baseline NIHSS score, a
significant effect of citicoline treatment was found
at 12 weeks (p < 0.05). The proportions of patients
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who achieved a BI score ranging from 85 and 100
were 39.1% for placebo, 61.3% for the 500 mg dose,
39.4% for the 1000 mg dose, and 52.3% for the 2000
mg dose. Odds ratios for an improved outcome
were 2.0 for the 500 mg dose and 2.1 for the 2000
mg dose. The lack of efficacy seen in the 1000 mg
group could be due to the greater overweight of pa-
tients included in this group and their poorer neu-
rological status at baseline. Mean score in the mRS
was 3.1 with placebo, 2.5 with citicoline 500 mg,
3.1 with 1000 mg, and 2.6 with 2000 mg, with a
significant difference being found between the 500
mg and placebo groups (p < 0.03). No citicoline-
related serious adverse events or deaths were seen.
According to these results, oral citicoline treat-
ment achieves a better functional outcome, and
500 mg is the most effective dose of citicoline.

A second multicentre, double-blind, placebo-
controlled, randomized study [467] recruited 394
patients with acute ischemic stroke arising in the
middle cerebral artery less than 24 hours before
and with a NIHSS score of 5 or higher. Patients
were assigned oral administration of placebo (n =
127) or citicoline 500 mg/d (n = 267). Treatment
was continued for 6 weeks, and follow-up was sub-
sequently conducted for 6 additional weeks. Mean
entry time was 12 hours after the stroke, and mean
patient age was 71 years in the placebo group and
71 years in the citicoline group. While the mean
baseline NIHSS score was similar in both groups, a
greater proportion of patients had a baseline
NIHSS < 8 (34% versus 22%; p < 0.01). The planned
primary endpoint (logistic regression for 5 BI cate-
gories) did not meet the proportional odd assump-
tion and was therefore not reliable. No significant
between-group differences were seen in any of the
planned secondary variables, including a BI of 95
or higher at 12 weeks (placebo 40%, citicoline 40%)
or mortality rate (placebo 18%, citicoline 17%)
However, a post hoc subgroup analysis showed that
in patients with moderate to severe stroke, defined
by a baseline NIHSS score of 8 or higher, treatment
with citicoline conferred a greater chance of
achieving a complete recovery, defined as a BI > 95
at 12 weeks (21% placebo, 33% citicoline; p = 0.05),
while no differences were found in patients with
mild stroke, i.e. with a baseline NIHSS score < 8.
No serious adverse events attributable to the drug
were detected, which attests to its safety. Based on
these data, citicoline may be considered a safe drug
that may induce favorable effects in patients with
moderate to severe acute ischemic stroke.

The last clinical study conducted in the US was
the ECCO 2000 study [468]. This study, having sim-

ilar characteristics to the previous ones, enrolled
899 patients with moderate to severe acute isch-
emic stroke (baseline NIHSS score = 8) arising in
the middle cerebral artery within the past 24 hours.
Patients were randomized to receive citicoline 2000
mg/d (n = 453) or placebo (n = 446) by the oral route
for 6 weeks, with a subsequent follow-up for 6 addi-
tional weeks. The primary study endpoint was the
proportion of patients having a reduction by 7 or
more points in the NIHSS scale at 12 weeks. At the
end of the study, 51% of patients in the placebo
group and 52% of those in the citicoline group had
achieved the reduction by 7 or more points in the
NIHSS scale, with no significant between-group
differences. By contrast, there was a trend favoring
citicoline in achievement of a complete neurologi-
cal recovery, defined by a score in the NIHSS scale
of 1 or less (40% with citicoline versus 35% with pla-
cebo; p = 0.056), and in complete functional recov-
ery, defined by a BI score of 95 or higher (40% with
citicoline versus 35% with placebo; p = 0.108). With
regard to mRS, 20% of patients in the placebo group
achieved a complete recovery (mRS < 1), as com-
pared to 26% of patients in the citicoline group, the
difference being statistically significant (p = 0.025).
There were no differences between treatments in
mortality or incidence of serious adverse events,
but a significant decrease was seen in stroke wors-
ening (3% with citicoline versus 6% with placebo;
p = 0.02). On the other hand, occurrence of new
stroke was decreased in patients treated with citi-
coline (2.9% with placebo versus 1.8% with citico-
line, i.e. a 62.1% risk reduction). A post hoc analysis
assessed the effect of citicoline in a multiple out-
come global assessment, using the method of Gen-
eralized Estimating Equations (GEE) defined by
Tilley et al. [469], considering the proportion of pa-
tients who had a complete recovery in all 3 scales
used, i.e. achieved scores of 0-1 in the NIHSS scale,
0-1 in mRS, and > 95 in BI at 12 weeks. Citicoline
was shown to be significantly superior to placebo,
achieving this complete recovery in 19% of the cas-
es, as compared to 14% in the placebo group (OR:
1.32; 95% CI: 1.03-1.69; p = 0.03).

Citicoline effects on reduction of cerebral in-
farction volume were investigated in parallel. The
first analysis conducted was a pilot study to assess
citicoline effects on lesion volume measured by
diffusion-weighted magnetic resonance imaging
(MRI) in patients with acute cerebral infarction
[470]. This study recruited 12 patients from the
first clinical study on citicoline in the USA [466].
Lesion growth was seen in 3 of the 4 patients treat-
ed with placebo, while a decrease in lesion volume
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was noted in 7 of the 8 patients treated with citico-
line (p < 0.01, with baseline NIHSS score as covari-
ate). A second, double-blind study designed for this
purpose, i.e. to measure changes in lesion volume
using diffusion-weighted techniques, recruited 100
patients who were randomized to receive citicoline
500 mg/d or placebo by the oral route for 6 weeks
[471]. These patients should be enrolled within 24
hours of symptom start, and have a baseline NIHSS
score of 5 points or more and a lesion volume in
cerebral grey matter of 1-120 c¢cm? in diffusion-
weighted MRI. Neuroimaging techniques (diffu-
sion-weighted MRI, T,-weighted MRI, perfusion-
weighted MRI, and MRI angiography) were per-
formed at baseline and on weeks 1 and 12. Main
endpoint was progression of ischemic lesion from
baseline to final assessment at 12 weeks as mea-
sured by MRI. The primary analysis planned could
be performed in 41 patients treated with citicoline
and 40 patients treated with placebo, and no sig-
nificant differences were found. From baseline to
12 weeks, ischemic lesion volume expanded by 180
+ 107% in the placebo group and 34 + 19% in the
citicoline group. A secondary analysis showed that,
from week 1 to week 12, lesion volume decreased
by 6.9 + 2.8 cm? in the placebo group and by 17.2 +
2.6 cm? with citicoline (p < 0.01). A significant
finding in this study was the great correlation ex-
isting, regardless of treatment, between lesion vol-
ume reduction and clinical improvement, support-
ing the idea of using this methodology for assess-
ing stroke treatments. In the ECCO 2000 study
[468], a substudy was conducted to assess the ef-
fects of citicoline on lesion volume [472]. This sub-
study had three objectives. The first objective was
to assess the effects of the drug on chronic lesion
volume, as measured using MRI T, sequences in
the whole patient sample, although this assessment
could only be made in 676 patients. The second ob-
jective was to analyze citicoline effects on change
in lesion volume, using diffusion-weighted MRI
performed at baseline and week 12. One hundred
and eighty-one patients were recruited for this sec-
ond objective, of whom only 134 patients were
evaluable. The third objective was methodological
in nature, that is, an attempt was made to correlate
clinical changes to volume changes and to check if
lesion volume reduction was associated to clinical
improvement. No significant differences were found
in assessment of chronic lesion volume (median of
25.0 cm? for citicoline; median of 31.3 ¢cm3 for pla-
cebo). The diffusion-weighted study showed that in
the placebo group (n = 71) lesion the increased 30.1
£ 20.5%, with a median of —8.7%, while the change
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occurring in the citicoline group (n = 63) was 1.3 +
14.3%, with a median of —22.9%, a non-significant
difference (p = 0.077). However, when the loga-
rithm of change was analyzed and the baseline
NIHSS score was introduced as covariate, the dif-
ference was significant (p = 0.02). In this diffusion-
weighted substudy, 54% of patients in the placebo
group and 675 of citicoline-treated patients were
shown to have a decreased lesion volume compared
to baseline, though the difference was not significant
(p = 0.122). If patients having at baseline a cortical
lesion with a volume ranging from 1-120 cm?® were
analyzed, a lesion increase by 40.5 + 28.7% was
seen in patients treated with placebo (n = 47), with
a median of 4.5%, while in patients receiving treat-
ment with citicoline (# = 43) the lesion increased
by 7.3 + 19.9%, with a median of —23.9%. The differ-
ence between the groups was statistically signifi-
cant (p = 0.006, median comparison). In this patient
subgroup with initial cortical lesions with a volume
of 1-120 cm?, a decrease in lesion volume occurred
in 47% of patients in the placebo group and in 70%
of patients in the citicoline group. The difference
was significant, with a value of p = 0.028. The de-
crease in volume was also seen to be significantly
correlated to the clinical improvement of patients.

Although the results obtained in studies con-
ducted in the USA with oral citicoline for treat-
ment of acute ischemic stroke were not conclusive
for citicoline efficacy, it may be seen that, in addi-
tion to drug safety, there is a certain trend to an
improved prognosis of treated patients. Since there
was currently no neuroprotective drug that has
been shown to be effective for the treatment of this
severe condition [473], it was decided to conduct a
meta-analysis of the results obtained with oral citi-
coline in the treatment of acute ischemic stroke to
examine the effects of the drug on neurological
and functional recovery of patients [474]. For this,
following the methods of the Cochrane Library
[475] and the guidelines of the International Con-
ference on Harmonization [476], a comprehensive
literature search was made in both Medline and
our own literature database. This search found that
only 4 double-blind, randomized clinical studies
had been conducted with oral citicoline for the
treatment of acute ischemic stroke, namely the 4
trials performed in the US [466-468,471]. The total
sample comprised 1652 patients, 686 patients in
the placebo group and 966 patients in the citicoline
group (381 with 500 mg/d, 66 with 1000 mg/d, and
519 with 2000 mg/d). The first analysis was per-
formed irrespective of the dose and in the total pa-
tient sample. As regards complete neurological re-
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Table VIIL. Results obtained after three months on individual scales.

NIHSS <1

mRS <1

Bl > 95

Patients (n) Peto odds ratio (95% Cl) p
1,372 1.34 (1.05-1.71) 0.020
1,351 1.45 (1.11-1.90) 0.007
1,372 1.28 (1.03-1.59) 0.003

95% Cl: 95% confidence interval; NIHSS: National Institutes of Health Stroke Scale; mRS: modified Rankin Scale;

BI: Barthel index.
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covery (NIHSS < 1) at 3 months, the odds ratio was
1.22 (95% CI :0.98-1.52), not reaching statistical
significance (p = 0.07); by contrast, significant dif-
ferences favoring citicoline were obtained in an
analysis of patients who achieved a virtually com-
plete recovery in activities of daily living (BI = 95)
at 3 months (OR: 1.26; 95% CI: 1.02-1.55; p = 0.01)
and functional recovery at 3 months, defined as a
score of 1 or less in the mRS (OR: 1.36; 95% CI:
1.06-1.74: p = 0.01). Since the experience gathered
in the above clinical studies suggests that the drug
is more effective in patients with moderate to se-
vere acute ischemic stroke (baseline NIHSS > 8),
databases from the original studies were obtained,
and patients who met this criterion and had an op-
timum functional status before the stroke (mRS <
1) were selected. Of the whole sample, 1372 pa-
tients met these criteria and therefore underwent
the same assessment. In this case, the meta-analy-
sis found statistically significant differences for all
variables analyzed (Table VIII).

To continue with analysis of these data, it was
decided to perform a pooling data analysis [477],
using individual data from each patient. This addi-
tional analysis included the sample of 1372 patients
who met the established criteria of severity (base-
line NIHSS = 8), prior functional status (mRS < 1),
therapeutic window not longer than 24 hours, and
consistent neuroimage. The efficacy endpoint se-
lected was total recovery at 3 months in the three
scales analyzed (mRS < 1 + NIHSS < 1 + BI > 95),
using the previously described GEE analysis [469].
Among the 1372 patients, 583 received placebo and
789 citicoline (264 patients 500 mg, 40 patients
1000 mg, and 485 patients 2000 mg). Total recov-
ery at 3 months was achieved in 25.2% of patients
treated with citicoline and 20.2% of patients in the
placebo group (OR: 1.33; 95% CI: 1.10-1.62; p =
0.003), and the dose shown to be most effective was
2000 mg. This dose resulted in complete recovery

at 3 months in 27.9% of patients who received it
(OR: 1.38; 95% CI: 1.10-1.72; p = 0.004) (Fig. 23). In
addition, citicoline safety was similar to placebo.

The preliminary results of a Cochrane review
on the effects of choline precursors, including citi-
coline, in the treatment of acute and subacute
stroke were reported in 2002 [478]. This meta-
analysis collected data from 8 double-blind studies
conducted with citicoline at doses ranging from
500 and 2000 mg daily, administered by both the
oral and intravenous routes. Despite study hetero-
geneity, citicoline treatment was associated to de-
creases in late mortality and disability rates: citico-
line 611/1119 (64.6%) versus placebo 561/844
(54.4%) (OR: 0.64; 95% CI: 0.53-0.77; p < 0.00001].
In order to decrease heterogeneity, analysis was re-
stricted to the 4 studies with a greater sample size
(n > 100), and the positive effect seen persisted:
citicoline 574/1048 (54.58%) versus placebo
500/773 (64.7%) (OR: 0.70; 95% CI: 0.58-0.85; p <
0.0003). In the safety analysis, no differences were
found between citicoline and placebo in the mor-
tality rate. Authors concluded that the formal me-
ta-analysis of citicoline studies in acute and sub-
acute stroke suggests a beneficial and substantial
effect of the drug, with absolute reductions by 10-
12% in the long-term disability and mortality rate,
i.e. the number of patients with a score of 3 or
higher in the modified Rankin scale is significantly
decreased. These results agree with those previ-
ously reported for the pooled data analysis [477].

A pooled data analysis evaluating the effect of
citicoline on increase of cerebral infarction size is
also available [479]. Data used in this analysis come
from two studies in which neuroimaging data had
been obtained using MRI techniques [468,471].
The primary endpoint in this analysis was percent
change in infarction size from the start to the end
of the study at 3 months. Data were available for
111 patients receiving placebo, 41 patients treated
with citicoline 500 mg/d/6 weeks, and 62 patients
treated with citicoline 2000 mg/d/6 weeks. Patients
receiving placebo experienced a mean increase by
84.7 + 41.2%, while a dose-dependent effect was
seen associated to citicoline: mean increase by 34.0
+ 18.5% with citicoline 500 mg and by 1.8 + 14.5%
with citicoline 2000 mg.

These benefits shown in these systematic re-
views were also associated to a reduction in the
costs of integral treatment of patients with acute
ischemic stroke [480], with average cost savings
between €101.2 and €126.4 per patient treated,
then in patients with acute ischemic stroke, treat-
ment with placebo was more expensive and less ef-
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fective in the scenarios of inpatient care and inpa-
tient plus outpatient care after discharge from the
hospital. Same results on cost-efficacy of citicoline
have been obtained in Russia [481,482].

Sobrino et al. [483] investigate if an administra-
tion of citicoline, started in the acute phase of
stroke, could increase the endothelial progenitor
cell (EPC) concentration in patients with ischemic
stroke. Forty eight patients with a first-ever non-
lacunar ischemic stroke were prospectively includ-
ed in the study within 12 hours of symptoms onset.
Patients received treatment (# = 26) or non-treat-
ment (n = 22) with oral citicoline (2000 mg/day/6
week. EPC colonies were quantified as early out-
growth colony forming unit-endothelial cell (CFU-
EC) at admission (previous to citicoline treatment)
and day 7. The EPC increment during the first week
was defined as the difference in the number of
CFU-EC between day 7 and admission. CFU-EC
were similar at baseline between patients treated
and non-treated with citicoline (7.7 + 6.1 versus 9.1
+ 7.3 CFU-EC; p = 0.819). However, patients treated
with citicoline and recombinant tissue-plasmino-
gen activator (rt-PA) had a higher EPC increment
compared to patients treated only with citicoline
or non-treated (35.4 + 15.9 versus 8.4 + 8.1 versus
0.9 +10.2 CFU-EC; p < 0.0001). In a logistic model,
citicoline treatment (OR; 17.6; 95% CI: 2.3-137.5; p
= 0.006) and co-treatment with citicoline and rt-
PA (OR: 108.5; 95% CI: 2.9-1094.2; p = 0.001) were
independently associated with an EPC increment >
4 CFU-EC. The authors concluded that the admin-
istration of citicoline and the co-administration of
citicoline and rt-PA increase EPC concentration in
acute ischemic stroke. However, the molecular
mechanism by which citicoline increases the con-
centration of EPCs remains to be clarified.

Regarding safety, a drug surveillance study in-
volving 4191 acute stroke patients treated with citi-
coline has been finished in South Korea [484]. The
aim of this study was to determine the efficacy and
safety of oral citicoline in Korean patients with
acute ischemic stroke. Oral citicoline (500-4000
mg/day) was administered within less than 24 h af-
ter acute ischemic stroke in 3,736 patients (early
group) and later than 24 h after acute ischemic
stroke in 455 patients (late group) for at least 6
weeks. For efficacy assessment, primary outcomes
were patients’ scores obtained with a short form of
the National Institutes of Health Stroke Scale (s-
NIHSS), a short form of the Barthel Index of activi-
ties of daily living (s-BI) and a modified Rankin
Scale (mRS) at enrolment, after 6 weeks and at the
end of therapy for those patients with extended
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Figure 23. Estimated probabilities (GEE analysis) of overall recovery three months after onset of symp-
toms. Overall recovery is defined as a consistent and persuasive difference in the proportion of patients

who achieve scores of NIHSS <1, Bl 2 95 and mRS < 1 at the same time.
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treatment. All adverse reactions were monitored
during the study period for safety assessment. All
measured outcomes, including s-NIHSS, s-BI and
mRS, were improved after 6 weeks of therapy (p <
0.05). Further improvement was observed in 125
patients who continued citicoline therapy for more
than 12 weeks when compared with those who
ended therapy at week 6. Improvements were more
significant in the higher dose group (= 2000 mg/
day) (p < 0.001). s-BI scores showed no differences
between the early and late groups at the end of
therapy. Citicoline safety was excellent; 37 side ef-
fects were observed in 31 patients (0.73%). The
most frequent findings were nervous system-relat-
ed symptoms (8 of 37, 21.62%), followed by gastro-
intestinal symptoms (5 of 37, 13.5%). Oral citicoline
improved neurological, functional and global out-
comes in patients with acute ischemic stroke with-
out significant safety concerns.

A pilot study has been published on the safety
and efficacy of citicoline for the treatment of pri-
mary intracerebral hemorrhage [485]. This study
recruited 38 patients aged 40 to 85 years, who
should be previously independent and be enrolled
within 6 hours of the onset of symptoms caused by
primary intracerebral hemorrhage, as diagnosed
by neuroimaging tests (CT or MRI). Patients should
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have a baseline severity as determined by a score
higher than 8 in the Glasgow Coma Scale and
higher than 7 in the NIH stroke scale. Patients
were randomized to 1 g/12 h of citicoline or place-
bo by the i.v. or oral route for 2 weeks. The primary
study objective was to assess treatment safety
based on the occurrence of adverse events. The ef-
ficacy endpoint selected was the proportion of pa-
tients who had a score of 0-2 in the modified
Rankin scale at 3 months. Nineteen patients were
included in each of the groups, that were perfectly
matched as regarded baseline characteristics. Ad-
verse event rate did not differ between the groups
(4 cases each). With regard to efficacy, a patient
from the placebo group was rated as independent
(mRS < 3), as compared to 5 patients from the citi-
coline group (OR: 5.38; 95% CI: 0.55-52; n.s.). As a
conclusion, it may be stated that citicoline appears
to be a safe drug in patients with primary intracere-
bral hemorrhage, which may allow citicoline to be
given to patients with clinical signs suggesting
stroke before neuroimaging tests are performed, at
an earlier time than usual. As regards efficacy,
highly promising data have been obtained, but
should be confirmed in a larger study. Also, recently
Eribal and Chua [486] communicated the results of
the RICH trial performed in the Philippines. This
study was conceived to investigate the role of neu-
roprotectants, particularly citicoline, in intracere-
bral supratentorial hemorrhage which to date, still
has paucity of data on proven effective therapy.
This was a randomized double-blind, placebo-con-
trolled, multicentre, parallel group study on pa-
tients with first ever supratentorial intracerebral
hemorrhage given either 4 gram citicoline or place-
bo for 14 days from index stroke. A total of 182 pa-
tients were enrolled into the study. The mean age of
both groups were similar: 56.90 + 11.45 citicoline
and 57.61 * 11.83 for placebo. Comorbidities were
similar except for the significantly higher number
of diabetes patients in citicoline group. Results
showed there were more patients with favorable
Barthel Index scores (2.2 versus 0, 9.2 versus 8.5,
and 50.8 versus 31.9) in the citicoline group than in
the placebo group respectively. However the differ-
ence was only clinically significant after day 90. Pa-
tients had favorable MRS score (7.9 versus 13.4, 18.2
versus 20.3, and 46.1 versus 33.8) in the citicoline
that in the placebo group only on the day 90. This
was however not statistically significant. The NIHSS
did not differ in both groups with scores of 76.3
versus 75.6, 93.9 versus 91.9, and 96.8 versus 94.3
respectively. Mortality was slightly higher in the
citicoline group (11 patients) than in the placebo

group (10 patients) but this was not statistically sig-
nificant. The incidence of adverse in both groups
was not different statistically. For the authors, citi-
coline is effective in improving the BI, and mRS
scores on the attainment of functional indepen-
dence beginning on the 90th day post stroke com-
pared to placebo. Iranmanesh and Vakilian demon-
strated the efficiency of citicoline in increasing
muscular strength of patients with nontraumatic
cerebral hemorrhage in a double-blind randomized
clinical trial [487]. Thus, citicoline could play a role
in the pharmacological treatment of patients with
intracerebral hemorrhages [488,489], and also in
subarachnoid hemorrhage [490].

In a new study-based meta-analysis, including all
the double-blind studies performed with citicoline in
acute stroke patients, Saver [491,492] suggest again
the beneficial effect of citicoline on the long-term
death and disability in this kind of patients (Fig. 24).

Several publications from different countries about
the use of citicoline in the treatment of acute stroke
have been published in the last years [493-503], and,
I some cases, assessing the major efficacy when as-
sociated with other neuroprotective drugs [504].

From 2006 to 2012, a large trial was conducted
in Europe with the objective to corroborate the data
obtained with citicoline, but under the current cir-
cumstances. This was the International citicoline
Trial on acUte Ischemic Stroke, the ICTUS trial
[505-508]. It was a randomised, placebo-controlled,
sequential trial in patients with moderate-to-severe
acute ischaemic stroke admitted at university hos-
pitals in Germany, Portugal, and Spain. Using a
centralised minimisation process, patients were
randomly assigned in a 1:1 ratio to receive citicoline
or placebo within 24 h after the onset of symptoms
(1000 mg every 12 h intravenously during the first 3
days and orally thereafter for a total of 6 weeks (2 x
500 mg oral tablets given every 12 h). All study par-
ticipants were masked. The primary outcome was
recovery at 90 days measured by a global test com-
bining three measures of success: NIHSS < 1, mRS
< 1, and BI = 95 [507]. Safety endpoints included
symptomatic intracranial haemorrhage in patients
treated with recombinant tissue plasminogen acti-
vator, neurological deterioration, and mortality.
This trial was registered, NCT00331890. 2298 pa-
tients were enrolled into the study. 37 centres in
Spain, 11 in Portugal, and 11 in Germany recruited
patients. Of the 2298 patients who gave informed
consent and underwent randomisation, 1148 were
assigned to citicoline and 1150 to placebo. The trial
was stopped for futility at the third interim analysis
on the basis of complete data from 2078 patients.
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Figure 24. Death or dependency at long-term follow-up. Forest plot meta-analysis of the effect of citicoline vs. control in trials enrolling patients
with ischaemic stroke, intracerebral haemorrhage and stroke without imaging confirmation of subtype. C0O10: citicoline 010 trial; ClI: confidence
interval; CSSG: Citicoline Stroke Study Group; df: degree of freedom; Fixed: fixed-effects model; M-H: Mantel-Haenszel estimate. Reprinted with
permission from J.L. Saver. Citicoline: update on a promising and widely available agent for neuroprotection and neurorepair. Rev Neurol Dis 2008;

5:167-77.
Treatment Control Weight oOdds Ratio odds Ratio
Study or Subgroup Events Total Events Total (%)  M-H, Fixed, 95% CI M.-H, Fixed, 95% CI
Ischemic Stroke
co1o" 2 s2 2 48 37 1.05 [0.47, 2.34] —
cssc' 13 193 42 64 83 0.74[041,1.33] —
cssG™ 151 267 77 127 144 0.85 [0.55, 1.30] —_
cssc® 267 452 20 446 380 0.78 [0.59, 1.02] -
Tazaki ¥ et al."” 68 136 101 136 161 0.35[0.21, 0.58] —
subtotal (95% C1) 1100 821 80.5 0.71 [0.59, 0.86] L 3
Total events 631 539
Heterogenelty: chi® = 9.55, di = 4 (P = .05); I” = 58%
Test for overall effect: Z = 3.51 (P = .0005)
Intracerebral Hemorrhage
Chua 48 89 62 94 88 0.60 [0.33, 1.10] -1
secades )] et al.™! 13 18 14 15 1.3 0.19 [0.02, 1.81]
Subtotal (95% cI) 107 109 10.2 0.55 [0.31, 0.97] ~all—
Total events 61 76
Heterogenelty: Chi® = 0.97, df = 1 (P = .32); ¥ = 0%
Test for overall effect: Z = 2.06 (P = .04)
Stroke—Subtype not Imaging
Confirmed
Boudouresques and Michel™ 12 n 20 22 31 0.11 [0.02, 0.58]
Corso EA et al.*! w7 16 16 22 0.04[0.00, 0.82] n
Goas Y et al.® 15 31 25 33 40 0.30 [0.10, 0.87] —_—
Subtotal (95% CI) 71 71 93 0.17 [0.08, 0.40] ——
Total events 37 61
Heterogenelty: Chi® = 2,18, df = 2 (P = 34); I = 8%
Test for overall effect: Z = 4.14 (P < .0001)
Total (95% CI) 1278 1001 100 0.64 [0.54, 0.77] <
Total events 79 676
Heterogeneity: Chi* = 21.40, df = 9 (P = .01); I* = 58% r T T 1
Test for overall effect: Z = 4.91 (P < .00001) 0.01 [N} 1 10 100
Test for subgroup differences: Not applicable Favors experimental Favors control

The final randomised analysis was based on data for
2298 patients: 1148 in citicoline group and 1150 in
placebo group. Global recovery was similar in both
groups (OR: 1.03; 95% CI: 0.86-1.25; p = 0.364). No
significant differences were reported in the safety
variables nor in the rate of adverse events. Thus, un-
der the circumstances of the ICTUS trial, citicoline
is not efficacious in the treatment of moderate-to-
severe acute ischaemic stroke. But when the results
of the ICTUS trial were placed in the context with
the previous data, the interpretation of the study
was that on top of the best treatment possible, citi-
coline does not show any clinical improvement but,
as shown an the updated fixed-effects meta-analysis
included in the original paper, the effect of the drug
remains significant (OR: 1.14; 95% CI: 1.00-1.30).
Heterogeneity coming from the older studies sug-
gests that the beneficial effect of citicoline over time
was diluted in parallel with the improvement of the
standard of care of acute ischaemic stroke. One of
the points to consider interpreting the results of
this study is that more than 46% of patients were
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treated with rTPA. Clinical guidelines for the treat-
ment of ischaemic stroke should be updated in light
of the salutary results of ICTUS [509].

A new updated meta-analysis [510] was done
with to assess whether starting citicoline treatment
within 14 days after stroke onset improves the out-
come (measured as a mRS of 0-2 or equivalent) in
patients with acute ischemic stroke, as compared
with placebo. Additionally, to explore if the effect
of citicoline has decreased along with improve-
ments in the standard of care. A systematic search
of the adequate terms was performed on Medline,
PubMed, Embase, Cochrane Specialised Register of
Clinical Trials, Clinicaltrials.gov, Internet Stroke
Center and Ferrer database to identify all published,
unconfounded, randomized, double-blind and pla-
cebo-controlled clinical trials of citicoline initiated
within the first 24 h and up to 14 days of onset in
acute ischemic stroke patients. Ten randomized
clinical trials (n = 4436, but only 4420 were valid
for analysis) met the inclusion and quality criteria.
The studies used citicoline with doses ranging from
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Figure 25. Effect estimates and 95% confidence intervals (95% Cl) of the intervention with citicoline on the rates of independence (mRS score of 0-2 or equivalent) in comparison
with the placebo in patients with acute ischemic stroke. Reprinted with permission from J.J. Secades, et al. Citicoline for acute ischemic stroke: a systematic review and formal meta-
analysis of randomized, double-blind, and placebo-controlled trials. ) Stroke Cerebrovasc Dis 2016; 25: 1984-96.
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500 to 2000 mg administered by oral and/or intra-
venous route. Heterogeneity among studies was ob-
served, reflecting the time gap of 32 years between
the studies included in the meta-analysis. The ad-
ministration of citicoline was associated with a
higher rate of independence (Fig. 25), using as a mea-
sure the mRS of 0-2, independently of the method
of evaluation used (OR: 1.56; 95% CI: 1.12-2.16 un-
der random effects; OR: 1.20; 95% CI: 1.06-1.36 un-
der fixed effects). The results obtained with the sub-
group of patients not treated with rtPA (OR: 1.63;
95% CI: 1.18-2.24 under random effects; OR: 1.42;
95% CI: 1.22-1.66 under fixed effects), and the re-
sults of patients not treated with rtPA and receiving
the highest dose of citicoline (2g/d/6 weeks) started
in the first 24 h after onset (OR: 1.27; 95% CI: 1.05-
1.53) demonstrated that the effect of citicoline is
diluted when paralleled with improved standards
of care. In conclusion, this systematic review shows
the benefits of citicoline in the treatment of acute
ischemic stroke, increasing the rate of indepen-

100

dence. This effect is stronger in the case of patients
not treated with rtPA. However, another meta-
analysis based only on studies in chinese and eng-
lish, that is with an important bias, citicoline can-
not reduce long-term mortality and dependence
rate in the treatment of acute stroke [511].

In the sequelar phase, some studies have been
shown that citicoline potentiates the effects of mo-
tor rehabilitation [452,487,512,513]. In a published
meta-analysis [514], it was shown how citicoline is
able to increase the efficacy of motor rehabilitation
in upper limbs in hemiplegic patients after isch-
emic stroke. Citicoline could play a relevant role in
neurorehabilitation [515].

In conclusion, it may be stated that it has been
adequately shown that patients with acute stroke,
as well as with sequelae, may benefit from citico-
line treatment by achieving a better functional and
neurological recovery, and that this is a safe and
well tolerated treatment, as recognized by various
authors [516-529] and some agencies [530,531].
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Various experimental investigations on the so-
called brain aging have led in recent years to give
an increasing importance to changes in neuronal
metabolism as a factor involved in the pathophysi-
ology of this process. In the senile brain there is a
general decrease in enzyme activities related to en-
ergy metabolism, and also more specific biochemi-
cal changes affecting lipid and nucleic acid metab-
olism. It has also been shown that specific changes
in certain neurotransmitters (dopamine, acetyl-
choline) and hormones (growth hormone, prolac-
tin) are associated in both aging processes and cer-
tain presenile and senile diseases [532], and more
recently there are several publications showing an
increasing evidence of vascular risk factors as key
mechanisms in the development of cognitive im-
pairment and dementia [533-535].

As shown in the various experimental studies
analyzed, citicoline increases phospholipid synthe-
sis and glucose uptake in the brain in conditions in
which these processes are decreased. Citicoline
also influences metabolism of neurotransmitters,
and has been shown to increase dopamine synthe-
sis in certain brain regions. Based on these facts,
many clinical trials have been conducted to assess
the efficacy of citicoline in the treatment of cogni-
tive disorders associated to brain aging, chronic
cerebral vascular disease, and dementia [536]. Us-
ing magnetic resonance spectroscopy techniques,
citicoline has been shown to stimulate phosphati-
dylcholine synthesis in the brain [537-540] and im-
proves the energetic cerebral metabolism of elderly
subjects [541], which is related to an improvement
in their cognitive capacities [542], particularly
memory [543-545] and reaction time [546]. In
healthy volunteers, the administration of citicoline
has been associated with improvement in attention
[547,548], memory [549,550] and in some neuro-
physiological parameters [551-554].

In one of the early studies conducted in this
field, Madariaga et al. [555] showed that, in a group
of female senile patients, treatment with citicoline
induced improvements in memory, cooperation,
and capacity of relationship to the environment.
Fassio et al. [556] discussed the value of citicoline
in psychogeriatrics, and also stressed that use of
citicoline as background treatment allows for re-
ducing dosage of psychoactive drugs routinely used
in psychogeriatrics. Many studies have shown the
value of citicoline for the treatment of the so-called
senile cerebral involution, decreasing its character-
istics symptoms [557-566]. Lingetti et al. [557], in
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Table IX. Percentage remission and symptomatic improvement (p < 0.001
for each symptom in relation to the onset of treatment).

Patients (n)  Remission Improvement

State of mood 1521 38.2% 40.9%
Emotivity 1559 36.9% 39.7%
Restlessness 1504 1.3% 34.1%
Own initiative 1378 35.8% 32.9%
Short-term memory 1614 26.0% 45.5%
Interest in the environment 1410 38.3% 34.5%
Appearance 132 40.0% 26.9%
Vertigo 1463 59.4% 31.3%
Mobility 1234 35.2% 30.5%
Headache 1425 57.7% 31.2%

an open-label, controlled study conducted on a
group of 30 patients with senile involutive brain
disease, achieved symptomatic improvements in
83.3% of cases and emphasized the absence of
treatment-related side effects. Stramba-Badiale and
Scillieri [558] were able to show a significant im-
provement in scores of the Fishback Mental Status
Questionnaire in a group of 24 elderly subjects af-
ter 20 days of treatment with citicoline 500 mg/d
i.m. Bonavita et al. [559] emphasized the efficacy of
citicoline for promoting changes in some neurop-
sychiatric symptoms, such as memory and atten-
tion, in senile patients without causing side effects.
Lozano et al. [560] reviewed a series of 2067 elderly
patients treated with citicoline at doses of 300-600
mg/d for 2 months. Table IX gives the results ob-
tained based on remission and improvement of
certain neuropsychic symptoms. Palleschi and Ca-
pobianco [561] showed significant improvements
in scores of the SCAG and Mini Mental State Ex-
amination scales in patients with pathological
brain aging following citicoline treatment. In a
multicentre study in which 502 senile patients par-
ticipated, Schergna and Lupo [562] showed citico-
line to induce significant improvements in atten-
tion, behavior, relational life, and independence.
No side effects occurred associated to this treat-
ment. Suryani et al. [563] showed citicoline to be
effective for the treatment of memory deficits in
the elderly, achieving significant and progressive
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Table X. Scores for the repetition of digits, an adaptation by Wechsler of the Stanford-Benet logical history test, the Bali image memorisation test
and memory deficits and physical disorders reported by patients before and after treatment with citicoline. Values are expressed as means + SD.

Baseline

(n=10)
Direct repetition of digits 14.6+4.6
Reverse repetition of digits 5.60+4.1
Logic history test 6.10 £ 4.4
Bali images test 520+3.2
Memory deficits 25+09
Physical disorders 23+09

2p < 0.05; °p < 0.01, vs. baseline values.

improvements in all parameters analyzed (Table X).
Citicoline has been able to improve scores of senile
patients in various scales, such as the Plutchik scale
[564], Trail Making Test, Randt Memory Test, and
Toulouse-Piéron Attention Test [565,566].
Administration of citicoline to healthy adult in-
dividuals was shown to act upon the anterior pitu-
itary gland, inducing an increased growth hormone
secretion and a decreased prolactin secretion thanks
to the activation of the dopaminergic system in-
duced [567, 568]. Ceda et al. [569] showed that citi-
coline is able to increase growth hormone secretion,
both basal and stimulated by the growth hormone-
releasing hormone, in elderly patients. This secre-
tion is impaired in such individuals and, to a greater
extent, in patients with degenerative brain diseases.
One of the main causes of cognitive impairment
in the elderly is chronic cerebral vascular disease,
also called cerebral insufficiency, whose maximum
degree of clinical expression is vascular dementia.
A multicentre, randomized, double-blind study ver-
sus placebo assessed the efficacy of citicoline for the
treatment of patients with chronic vascular disease
[570]. In this study, 33 patients received treatment
with citicoline 1 g/d or saline as an intravenous in-
fusion for 28 days. At the end of the treatment pe-
riod, significant improvements were noted in the
citicoline-treated group in the Bender-Gestalt test,
Hamilton scale for depression, Parkside scale, neu-
rological assessment scale, and attention test. Fal-
chi Delitalia et al. [571] and Moglia et al. [572] noted
that the clinical improvement seen was associated
to an improved EEG tracing in these patients. Mer-

1week (n=10)

After treatment

2 weeks (n =10) 3 weeks (n = 6)

19.6 £5.6° 20.2£4.5b 22.8+6.0°
7.30 +3.4° n3+£71° 121+77°
9.60 +3.8° 12.7£3.7° 13.6+4.8°
9.30 £3.5b 1.7 £3.4° 12.0 £2.45
1.00+0.92 030+0.4° 0.30+0.5°
1.00+0.82 0.20+0.6° 0.10£0.4°

chan et al. [573] showed a gradual improvement in
symptoms associated to cerebrovascular insuffi-
ciency in a group of 40 elderly patients treated with
citicoline at a dose of 1 g/d i.m. for 60 days.

Agnoli et al. [574] conducted a double-blind
study in 100 patients with chronic cerebral vascu-
lar disease, in whom effectiveness of administra-
tion of citicoline 1 g/d/28 d i.v. compared to place-
bo was assessed. After the treatment period, the
group of citicoline-treated patients showed statisti-
cally significant improvements in the scores ob-
tained in the Hamilton scale for depression and in
the modified Parkside behavior rating scale, as well
as in the psychometric and observational tests
used. It was concluded that citicoline improved
perceptual-motor capacity and attention in these
patients, in addition to having a stabilizing effect
on behavior. Sinforani et al. [575], Motta et al. [576],
and Rossi and Zanardi [577] achieved very similar
results in their respective studies. The best clinical
and behavioral results were seen in patients with a
diffuse cerebral vascular disease [578-583].

Eberhardt and Derr [584] conducted a double-
blind, crossover study to assess the efficacy and
tolerability of citicoline in patients with senile ce-
rebral insufficiency. This study enrolled 111 pa-
tients with a mean age of 74.6 + 6.9 years and a
clinical diagnosis of senile cerebral insufficiency.
After a placebo washout period, 2 homogeneous
groups were formed, one of which received treat-
ment with citicoline 600 mg/d p.o. for 5 weeks and
placebo for 5 additional weeks, with a placebo
washout period between both treatments. The re-
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verse administration order was used in the other
group. Controls were performed at 2, 7, 9, and 12
weeks. Citicoline significantly improved the clini-
cal status in all six tests used (number recall, laby-
rinth, number connection, neuropsychological as-
sessment scale or NAS, geriatric observation scale
or NAB, and SCAGQ) as initial treatment, and pro-
vided a statistically significant additional improve-
ment as second treatment after placebo, that
achieved some degree of improvement in 5 of the 6
tests. Between-subject comparisons also showed a
superior efficacy of citicoline. Table XI shows the
proportions of patients who improved in each
treatment phase in both groups. No treatment-as-
sociated severe side effects were seen. Authors con-
cluded that these results support the efficacy of
citicoline for the treatment of senile cerebral insuf-
ficiency and its excellent tolerability in geriatric
patients. Such benefits would be due to the capaci-
ty of citicoline to inhibit degradation of phospho-
lipids in neuronal membranes, increase choline
plasma levels, and activate the synthesis of struc-
tural phospholipids and the synthesis and release
of catecholamines. Citicoline effects on test im-
provement were also shown to persist after switch-
ing to placebo, suggesting that they are related to
the neuronal metabolic process tending to restore
and maintain neuron function.

Chandra [585] reported the results of a double-
blind study on the treatment of multi-infarction
dementia with citicoline. The study enrolled 146
patients who were randomized into two groups,
one of which received treatment with citicoline,
750 mg/d iv., and the other saline for 2 months,
though follow-up was prolonged up to 10 months.
At the end of the treatment period, citicoline-treat-
ed patients showed significant improvements in
the MMSE scores. By contrast, such scores slightly
worsened in the placebo group. After 10 months,
citicoline-treated patients had a sustained im-
provement, while patients in the placebo group
continued to worsen.

Piccoli et al. [586] reported the results of a dou-
ble-blind study conducted in 92 patients with
chronic cerebral vascular disease treated with citi-
coline (1000 mg/d i.m.) or placebo in 2 treatment
cycles of 4 weeks each separated by a one week in-
terval. Forty-six patients were randomized to each
group, and both groups were fully matched as re-
garded cognitive impairment. Psychometric as-
sessment was performed using the Toulouse-Piéron
test (attention to non-verbal stimuli), Randt mem-
ory test, and SCAG scale (a measure of behavior
and emotional control). A between-group compar-
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Table XI. Percentage of patients who improved in each group in relation to treatment initiation with citi-

coline or placebo.

Group |
Citicoline Placebo
Numerical counting 47 31
Labyrinth 73 69
Numerical connection 67 76
NAS 57 1
NAB 63 57
SCAG 80 73

Placebo

21

7

67

44

48

65

Citicoline

52

83

87

69

67

83

NAS: Neuropsychological Self-Assessment Scale; NAB: Gerontopsychological Observation Scale; SCAG: Sandoz

Clinical Assessment Geriatric Scale.

ison revealed significant improvements in the citi-
coline group in attention tests, with a decreased
number of wrong answers in the Toulouse-Piéron
test (p < 0.05), in mnesic capacities according to
the general information subtest of the Randt mem-
ory tests (p < 0.05), and in the affective disorder
score in the SCAG scale (p < 0.02). In addition to
being clinically effective, citicoline was shown to
be a very safe drug, as no adverse effects associated
to treatment were detected.

Capurso et al. [587] assessed the efficacy of citi-
coline for the treatment of chronic cerebrovascular
disease in a multicentre, double-blind, placebo-
controlled study. Cognitive and behavioral func-
tions were assessed using psychometric scales and
tests in 31 patients, who were randomized to re-
ceive citicoline (17 cases) or placebo (16 cases). Af-
ter a 2-week washout period, 3 treatment periods,
each lasting 28 days, were started. Patients were
given 1 g/d of citicoline or placebo by the intramus-
cular route. A 1-week washout period was left be-
tween each treatment cycle. Various cognitive func-
tions improved in the group of citicoline-treated
patients, particularly short and long-term memory.
The Randt Memory Test showed a constant im-
provement in several subtests, and cognitive and
attention efficiency also significantly improved. The
GBS scale, assessing behavioral indices, also showed
improvements associated to citicoline treatment.
Authors concluded that patients treated with citi-
coline showed a significant improvement in cogni-
tive functions, while placebo-treated patients showed
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no favourable trends. On the other hand, good tol-
erability of the drug was also reported.

However, in patients with vascular dementia ac-
cording to current diagnostic criteria, Cohen et al.
[588] were not able to show any beneficial effect of
citicoline in their pilot study.

Using positron emission tomography, Tanaka et
al. [589] correlated cognitive improvement to a sig-
nificant increase in cerebral blood flow in patients
with vascular dementia who received treatment
with citicoline (1 g/d/1 week iv.).

Lozano [590] reported the results of a study
conducted by the Iberian-American Group for the
study of Alzheimer disease and Longevity (GIAL),
aimed at assessing the status and course, after one
year, of a group of patients with dementia-like psy-
chic and organic impairment following diagnosis
and classification of its cause as degenerative, vas-
cular or mixed, and treatment with oral citicoline.
Citicoline 600 mg/d p.o. was administered for one
year to 314 patients with a mean age of 75.02 + 7.72
years to assess the course of their dementia during
that time. Dementia was rated as degenerative in
41.1% of cases, while vascular dementia accounted
for 39.5% of cases and mixed dementia for 11.4%.
The MMSE and BI were used for assessment, and
controls were performed at months 1, 3, and 12.
MMSE scores were seen to significantly improve in
vascular and mixed dementia and to remain stable,
with a certain trend to improve, in degenerative
dementia. Scores in the BI showed statistically sig-
nificant improvements in each of the controls and
for each type of dementia. These results suggest
that citicoline has a beneficial effect of long-term
course of dementia and is also a safe treatment.

Corona et al. [591] pointed that citicoline bene-
fits in the treatment of patients with dementia
would be partly due to the ability of the drug to
improve activity of the noradrenergic, dopaminer-
gic, and serotonergic systems, as shown by them in
a study assessing changes over time in CSF and
urinary levels of metabolites from the monoamines
involved in these systems during treatment of pa-
tients with senile dementia of the Alzheimer type.

Cacabelos et al. [592] conducted a study to as-
sess the therapeutic effects of citicoline in demen-
tia patients. This study recruited 40 patients, who
were distributed into 4 groups: 10 healthy elderly
subjects, 10 patients with early onset Alzheimer
disease, 10 patients with late onset Alzheimer dis-
ease, and 10 patients with multi-infarction demen-
tia. These patients received treatment with citico-
line at a dose of 1 g/d p.o. for 3 months. After this
treatment period, all groups experienced a signifi-

cant improvement in MMSE scores (Fig. 26) and a
significant antidepressant effect, as assessed by the
Hamilton scale for depression (Fig. 27). Patients
with early onset Alzheimer disease were also found
to have significantly higher interleukin 13 (IL-1p)
plasma levels at baseline as compared to all other
groups, revealing the participation of a neuroim-
mune change in the pathophysiology of Alzheimer
disease. After citicoline treatment, IL-1p plasma
levels were normalized, which suggests that this
drug has a certain immunomodulatory action. In a
subsequent phase of their study, this same investi-
gating group showed that, in patients with Al-
zheimer disease, citicoline not only improved cog-
nitive function, but also cerebrovascular function,
as assessed using transcranial Doppler ultrasonog-
raphy [593]. The neuroimmune effect of the drug
was demonstrated by the findings that citicoline
therapy decreased histamine plasma levels that are
abnormally elevated in patients with Alzheimer
disease [594] and increases plasma levels of tumor
necrosis factor alpha or TNFa [595].

This same investigating group recently pub-
lished the results of a double-blind, randomized,
placebo-controlled, pilot study where citicoline (1
g/d/12 weeks p.o.) or placebo was administered to
30 patients with mild to moderate senile dementia
of the Alzheimer type [596]. As compared to the 17
patients treated with placebo, patients receiving
citicoline who had a positive APOE €4 genotype
showed a significant improvement in their cogni-
tive capacity as assessed with the ADAS scale (p <
0.05). As previously seen, citicoline was also shown
to increase cerebral blood flow and improve bio-
electric activity in the brain.

Soto et al. [597] showed the value of the thera-
peutic association of citicoline, piracetam, and a
dihydropyridine calcium channel blocker, either
nicardipine or nimodipine, for the treatment of se-
nile dementia of the Alzheimer type. Cacabelos et
al. [598] also advocated a multifactorial treatment,
that would include citicoline, for Alzheimer disease
in genotyped patients. Zhuravin et al. [599] dem-
onstrated that the activities of blood serum acetyl-
cholinesterase, butyrylcholinesterase and neprilysin
reflect the level of cognitive dysfunction in patients
with Alzheimer’s disease and can be used as prog-
nostic biomarkers of the level of dementia progres-
sion, and that the treatment with citicoline can
modify positively these levels.

In a systematic review published by the Co-
chrane Library, Fioravanti and Yanagi [600] exam-
ined the effects of citicoline in the treatment of
cognitive, emotional, and behavioral deficits asso-
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Figure 26. Effects of citicoline on cognitive function assessed using the MMSE in healthy older subjects (control), patients with early-onset Al-

zheimer’s disease (EOAD) or late-onset Alzheimer’s disease (LOAD) and patients with multi-infarct dementia (MID). 2p < 0.02; Pp < 0.01.
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ciated to chronic brain disorders in the elderly.
Fourteen studies were included in this review.
Some of the included studies did not present nu-
merical data suitable for analysis. Description of
participants varied over the years and by type of
disorders and severity, and ranged from aged indi-
viduals with subjective memory disorders to pa-
tients with vascular cognitive impairment (mild to
moderate), vascular dementia or senile dementia
(mild to moderate). Seven of the included studies
observed the subjects for a period between 20 to 30
days, one study was of 6 weeks duration, four stud-
ies used periods extending over 2 and 3 months,
one study observed continuous administration
over 3 months and one study was prolonged, with
12 months of observation. The studies were hetero-
geneous in dose, modalities of administration, in-
clusion criteria for subjects, and outcome mea-
sures. Results were reported for the domains of at-
tention, memory testing, behavioural rating scales,
global clinical impression and tolerability. Reac-
tion time was used as a measure of attention, and
the results were obtained from seven of the includ-
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ed studies with a total of 790 subjects, 384 in the
citicoline group and 406 in the placebo group. Us-
ing the standardised mean difference (SMD) and
fixed-effect model, the summary effect size is —0.09
(=0.23 to 0.05), then there was evidence of little ef-
fect of CDP-choline on attention. The meta-analy-
sis of the memory tests from ten studies included a
total of 924 subjects, 456 in the citicoline group
and 468 in the placebo group. The effect size on
memory was 0.38 (0.11-0.65) which was statisti-
cally significant. Using the six studies which re-
ported memory test results in 675 participants
with cognitive deficits associated with cerebrovas-
cular disorders, the meta-analysis of memory func-
tion revealed homogeneous results and there was
evidence of a statistically significant positive effect
on memory (SMD = 0.22; 0.07-0.37). Behaviour
was measured using five different scales in eight
studies with 844 subjects, 412 in the citicoline
group and 432 in the placebo group. There was evi-
dence of a positive effect of citicoline on behaviour
(SMD = -0.60; —1.05 to —0.15) using the random-
effects model. The evidence of benefit from global

S47



J.J. Secades

S48

Figure 27. Antidepressive effects of citicoline in healthy older subjects (control) and in patients with Alzheimer’s disease or multi-infarct dementia
(MID), evaluated with the Hamilton Depression Scale. EOAD: early-onset Alzheimer’s disease; LOAD: late-onset Alzheimer’s disease. 2p < 0.02;

bp<0.01;<p < 0.05.
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impression was stronger; using a fixed-effect mod-
el, the Peto OR for improvement in the subjects
treated with citicoline as opposed to the subjects
treated with placebo was 8.89 (95% CI: 5.19-15.22).
Relevant was the finding that citicoline tended to
be associated with fewer adverse effects than pla-
cebo, but this was not statistically significant. Ac-
cording the authors, further research with citico-
line should focus on longer term studies in subjects
who have been diagnosed with currently accepted
standardised criteria, especially vascular mild cog-
nitive impairment or vascular dementia.

Deutsch et al. [601,602] are studying the associ-
ation citicoline plus galantamine in schizophrenia.
Also recently some positive effects of citicoline in
the prevention of postoperative cognitive dysfunc-
tion during total intravenous anesthesia have been
reported [603-605]. In a recent study, Li et al. [606]
demonstrated the effect of citicoline as adjuvant
therapy on mild cognitive impairment in Parkin-
son’s disease. Putignano et al. published the VITA
study [607], a retrospective and observational study
was performed to assess the efficacy of citicoline in

elderly patients suffering from stupor related to
complex geriatric syndrome, showing that there
was an improvement in key measures of perfor-
mance after the treatment. The same team pub-
lished the Studio di Intervento nel Decadimento
Vascolare Lieve study (IDEALE) [608]. The IDE-
ALE study was an open multicentre Italian study,
the aim of which was to assess the effectiveness
and safety of oral citicoline in elderly people with
mild vascular cognitive impairment. The study was
performed in 349 patients. The active or citicoline
group was composed of 265 patients and included
122 men and 143 women of mean age 79.9 + 7.8
years selected from six Italian regions. Inclusion
criteria were age > 65 years, MMSE > 21, subjective
memory complaints but no evidence of deficits on
MMSE, and evidence of vascular lesions on neuro-
radiology. Those with probable Alzheimer’s disease
were excluded. The control group consisted of 84
patients, including 36 men and 48 women of mean
age 789 * 7.01 (range: 67-90) years. Patients in-
cluded in the study underwent brain computed to-
mography or magnetic resonance imaging, and
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Figure 28. Comparison of corrected Minimental State Examination levels between citicoline group and controls.
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plasma dosage of vitamin B,,, folate, and thyroid
hormones. Functional dependence was investigat-
ed by scores on the Activities of Daily Living (ADL)
and Instrumental Activities of Daily Living (IADL)
scales, mood was assessed by the Geriatric Depres-
sion Scale (GDS), and behavioral disorders using
the Neuropsychiatric Inventory scale. Comorbidity
was assessed using the Cumulative Illness Rating
Scale. An assessment was made at baseline (TO0),
after 3 months (T1), and after 9 months (T2, ie, 6
months after T1). The main outcomes were an im-
provement in MMSE, ADL, and IADL scores in
the study group compared with the control group.
Side effects were also investigated. The study group
was administered oral citicoline 500 mg twice a
day throughout the study. MMSE scores remained
unchanged over time (22.4 + 4 at T0; 22.7 + 4 at T1;
22.9 + 4 at T2), whereas a significant difference was
found between the study and control groups, both
in T1 and in T2 (Fig. 28). No differences were found
in ADL and IADL scores between the two groups.
A slight but not statistically significant difference
was found in GDS score between the study and
control groups (p = 0.06). No adverse events were
recorded. In this study, citicoline was effective and
well tolerated in patients with mild vascular cogni-
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Month 9

tive impairment. Recently the same team published
the CITIRIVAD Study [609], with the aim to show
the effectiveness of oral citicoline plus rivastigmine
in patients with Alzheimer’s disease and mixed de-
mentia. The results show the effectiveness and
safety of combined administration versus rivastig-
mine alone, mainly in slowing disease progression
and consequently in disease management, both in
Alzheimer’s disease and in mixed dementia.
Cognitive disorders are common stroke seque-
lae and can impair functional recovery [610]. Isch-
emic stroke is a significant risk factor for vascular
cognitive impairment and vascular dementia [611].
In this context, Alvarez-Sabin et al. performed a
study to assess the safety of long-term administra-
tion and its possible efficacy of citicoline in pre-
venting poststroke cognitive decline in patients
with first-ever ischemic stroke [612], following an
open-label, randomized, and parallel design to
compare citicoline versus usual treatment. All sub-
jects were selected 6 weeks after suffering a quali-
fying stroke and randomized by age, gender, edu-
cation and stroke type into parallel arms of citico-
line (1 g/day) for 12 months versus no citicoline
(control group). Medical management was similar
otherwise. All patients underwent neuropsycho-
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logical evaluation at 1 month, 6 months and 1 year
after stroke. Tests results were combined to give
indexes of 6 neurocognitive domains: attention
and executive function, memory, language, spatial
perception, motor speed and temporal orientation.
Using adjusted logistic regression models the asso-
ciation between citicoline treatment and cognitive
decline for each neurocognitive domain at 6 and 12
months was determined. 347 subjects were recruit-
ed —mean age 67.2 years, 186 male (56.6%), mean
education 5.7 years—; 172 (49.6%) received citico-
line for 12 months (no significant differences from
controls # = 175). Demographic data, risk factors,
initial stroke severity (NIHSS), clinical and etio-
logical classification were similar in both groups.
Only 37 subjects (10.7%) discontinued treatment
(10.5% citicoline versus 10.9% control) at 6 months;
30 (8.6%) due to death (16 (9.3%) citicoline versus
14 (8.0%) control (p = 0.740), 7 lost to follow-up or
incorrect treatment, and 4 (2.3%) had adverse
events from citicoline without discontinuation. 199
patients underwent neuropsychological evaluation
at 1 year. Cognitive functions improved 6 and 12
months after stroke in the entire group but in com-
parison with controls, citicoline-treated patients
showed better outcome in attention-executive
functions (OR: 1.721; 95% CI: 1.065-2.781; p = 0.027
at 6 months; OR: 2.379; 95% CI: 1.269-4.462; p =
0.007 at 12 months) and temporal orientation (OR:
1.780; 95% CI: 1.020-3.104; p = 0.042 at 6 months;
OR: 2.155; 95% CI: 1.017-4.566; p = 0.045 at 12
months) during the follow-up. Moreover, citicoline
group showed a better functional outcome (mRS < 2)
at 12 months (57.3 versus 48.7%) without statisti-
cally 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. Citicoline appears to be a prom-
ising agent to improve recovery after stroke. Re-
cently, the authors published the follow-up of this
study after 2 years of treatment with citicoline [613],
adding an evaluation of the quality of life, using the
EuroQoL-5D questionnaire, to the cognitive assess-
ment. 163 patients were followed during 2 years.
The mean age was 67.5 years-old, and 50.9% were
women. Age and absence of citicoline treatment were
independent predictors of both utility and poor
quality of life. Patients with cognitive impairment
had a poorer quality of life at 2 years (0.55 versus
0.66 in utility; p = 0.015). Citicoline treatment im-
proved significantly cognitive status during follow-
up (p = 0.005), showing a gradual improvement
across the time (Fig. 29). Other authors communi-

cated beneficial effects of citicoline in the treatment
of post-stroke cognitive disturbances [614,615].
The drug may be more effective for mild cogni-
tive disorders [616-618] and cases related with vas-
cular pathologies [619-621]. In addition, citicoline
has been shown to have beneficial effects on neuro-
physiological and neuroimmune changes.

Parkinson disease

While levodopa continues to be the central thera-
peutic agent in Parkinson disease, it has well-
known limitations, the main of which is a progres-
sive loss of efficacy, that is often already evident at
3-5 years of treatment. It seems therefore warrant-
ed to use other drugs that, associated to levodopa,
allow for decreasing its dosage or may even be ad-
ministered as the only medication in the early
stages of the disease. In this regard, use of citico-
line has been tested because of its previously ana-
lyzed capacity to increase dopamine availability in
the striatum and to act as a dopaminergic agonist.
Citicoline has been shown to be effective in various
experimental models, and its use in Parkinson dis-
ease is therefore accepted [622].

Ruggieri et al. [623], in a double-blind, crossover
study conducted on 28 parkinsonian patients com-
paring citicoline 600 mg/d/10 d iv. to placebo,
showed citicoline to be an effective treatment for
these patients, achieving improvements in the as-
sessment of bradykinesia, rigidity, and tremor, and
also in the scores of the Webster scale and the
Northwestern University Disability Scale (NUDS).
These same investigators later obtained very simi-
lar results in an extension of the above [624]. They
subsequently tested the effects of citicoline in two
groups of patients with Parkinson disease [625].
The first group included 28 patients who had not
previously received treatment, while the second
group included 30 patients who were already re-
ceiving treatment with levodopa and carbidopa
since at least 2 months before, and in whom dosage
had been stabilized at the minimum effective level.
The same methods as in previous studies by these
investigators were used, that is, a double-blind,
crossover study comparative to placebo. Treatment
was administered for 20 days at a dose of 500 mg/d
by the parenteral route. Clinical assessments were
performed on days 10 and 20, coinciding with
change in treatment, according to the study design.
Treatment with citicoline provided statistically sig-
nificant improvements in Webster scale, NUDS, and
assessment of bradykinesia in both patient groups.
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Figure 29. Global cognitive impairment during follow-up. Patients treated with citicoline show a significant improvement in cognitive status during
follow-up (p = 0.005). After the first year, only citicoline-treated patients continue to improve cognitive status. Reprinted from J. Alvarez-Sabin, et al.
Long-term treatment with citicoline prevents cognitive decline and predicts a better quality of life after a first ischemic stroke. Int J Mol Sci 2016; 17: 390.
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Rigidity also improved in both groups, although
this improvement only reached statistical signifi-
cance in the previously treated group of patients.
Tremor also improved in both groups, but the de-
sired statistical significance was not reached.

Eberhardt et al. [626-628] have shown that as-
sociation of citicoline to levodopa treatment allows
for reducing levodopa dose by 50%, thus minimiz-
ing the side effects associated to levodopa therapy.
Thus, for this group of investigators, citicoline rep-
resents a useful alternative in patients requiring a
reduction in levodopa doses and, moreover, addi-
tion of citicoline to a treatment with levodopa may
relieve decompensation states in the course of par-
kinsonism [629].

Loeb et al. [630] conducted a multicentre, dou-
ble-blind study with citicoline for the treatment of
parkinsonian patients. In this study, 65 patients
were randomized to a group to which citicoline 1
g/d iv. was added or to a placebo group. Treatment
lasted 21 days. All patients continued their under-
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lying treatment with levodopa plus mianserin or
benserazide for at least 8 weeks. Authors found sig-
nificant differences between citicoline and placebo
at the controls performed after 14 and 21 days of
treatment in all parameters assessed by the Web-
ster and NUDS scales. They also noted that pa-
tients treated with citicoline experienced a signifi-
cant worsening 45 days after the medication was
discontinued, thus showing the efficacy of citico-
line as adjuvant treatment to levodopa in patients
with Parkinson disease.

Acosta et al. [631] treated with citicoline 61 par-
kinsonian patients, of whom 48 patients were al-
ready receiving treatment with levodopa. Each pa-
tient received two treatment courses. In the first
10-day phase, citicoline 500 mg daily were admin-
istered by the intramuscular route. This was fol-
lowed in a second phase by oral treatment at the
same dose for 14 weeks. Patients treated with
levodopa continued taking this medication at the
same dose in a first period, after which an attempt
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was made to decrease it. Parkinsonian symptoms
were assessed using the Webster scale. Among pa-
tients receiving levodopa, 36% improved when citi-
coline was added, with the greater percent im-
provements being obtained in bradykinesia, rigidi-
ty, posture, gait, and limb sway. In patients who
had been treated with levodopa for less than 2
years, percent improvements amounted to 42.12%,
as compared to 19.08% of improvements in patients
with more than 2 years of levodopa therapy. Levo-
dopa doses could be decreased by 20% to 100% in
35.3% of patients with less the 2 years of treatment.
In patients with more than 2 years of levodopa
treatment, levodopa dose could be reduced by 25-
33% in 10% of the cases. Authors concluded that
citicoline treatment allows for delaying the start of
levodopa therapy in the early disease stages, and
for decreasing or maintaining levodopa dosage in
already treated subjects.

Cubells and Hernando [632] tested citicoline in
30 parkinsonian patients who were already being
treated with levodopa. The dose administered was
500 mg/d by the intramuscular route for 2 months,
and was reduced to a third at the end of the first
month of treatment. Changes in parkinsonian
symptoms, according to the Yahr scale, showed af-
ter the first month of treatment a moderate im-
provement in facial expression and digital skills,
and an obvious improvement in postural stability,
motor changes and bradykinesia. A greater stabili-
zation of therapeutic response was also seen, with
a decreased incidence of ‘wearing-off’ and ‘on-off’
phenomena, although dyskinesia increased. When
levodopa dose was decreased during the second
study month, clinical improvement was main-
tained and incidence of dyskinesia was decreased.
Measurements of various electrophysiological pa-
rameters using an original technique by the au-
thors revealed recovery from hyporeflexia and hy-
potonia after one month of treatment with citico-
line, and also a major improvement in active mus-
cle contraction, decreased muscle fatigue, and an
obvious recovery of contractile speed, a parameter
that was greatly decreased before treatment with
citicoline was started. Authors stated that the in-
crease in levodopa plasma levels was so significant
that it could not be interpreted as due only to an
increased release of dopamine stored in presynap-
tic vesicles. They therefore assumed that citicoline
exerts an action upon the synthetic mechanism of
dopamine, acting through the tyrosine hydroxy-
lase enzymatic system. In addition, the increase in
dopamine receptors quantified in lymphocytes
suggests, according to authors, a promoting role of

citicoline upon the availability of postsynaptic do-
pamine receptors.

Marti-Massé and Urtasun [633] examined the
effects of citicoline in 20 parkinsonian patients
treated with levodopa for more the 2 years. These
patients were administered citicoline 1 g/d/15 d i.m.,
and then continued with half the dose for 15 addi-
tional days. A progressive symptom improvement
was achieved. Thus, 4.16% and 7.26% overall im-
provements were achieved in the Columbia Uni-
versity scale at 15 days and at the end of treatment
respectively. Partial improvements achieved in am-
bulation, turning time in bed, and writing time
should be particularly noted. In assessment con-
ducted by relatives, improvements achieved in agil-
ity, ambulation, and general patient status deserved
special mention.

Garcia-Mas et al. [634] conducted a study with
quantified electroencephalography (qEEG) using
fast Fourier transforms in two groups of patients
with idiopathic Parkinson disease, one of which
showed cortical cognitive impairment. Study of
specific gEEG indices allowed for establishing some
parameters differentiating patients with and with-
out cortical impairment. Specifically, differences
were found in global potencies of delta and alpha
rhythms, the alpha/theta index, posterior activities,
anteriorization index of delta and alpha rhythms
and finally, spatialization index of alpha rhythm.
Administration of citicoline 2 g iv. in these patients
achieves a global increase in potencies correspond-
ing to posterior rhythms, particularly alpha rhythm,
that is a marker of cognitive activity in dementia
processes. As shown previously, citicoline is an ad-
juvant therapy on mild cognitive impairment in
Parkinson’s disease [606]. By other hand, citicoline
significantly improved essential tremor [635].

Based on the reported and discussed studies, it
may be stated that citicoline represents an effective
treatment for Parkinson disease in both untreated
patients and patients already treated with levodo-
pa, in whom it also allows for reducing levodopa
dose. In patients with Parkinson disease and cog-
nitive impairment, administration of citicoline in-
duces a trend to normalization of deficits and the
main electrophysiological parameters altered.

Alcoholism and drug addiction

Clinical experience with citicoline in alcoholism

and drug addictions is not very extensive, but there is

some evidence of its efficacy in these applications.
Chinchilla et al. [636] conducted a randomized,

double-blind study on the effects of citicoline in 20

patients with alcohol withdrawal syndrome. At the
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end of the study, i.e. at 2 months, a significant im-
provement in attention-concentration and time
and space orientation in the group of patients re-
ceiving citicoline suggesting, according to the au-
thors, that the drug may be useful for the treatment
of chronic alcoholism.

Renshaw et al. [637-639] published a double-
blind pilot study of patients addicted to cocaine,
showing that after 14 days of treatment with 500
mg/12 h of citicoline, or placebo, the patients in
the citicoline group experienced a reduction in
craving for cocaine. Consequently, citicoline ap-
pears to be a promising therapy for this type of af-
fliction, that not perturb sleep/wake cycles [640].
But Licata et al. [641] reported that citicoline is not
an effective treatment reducing craving for heavy
cocaine users. Also have been reported positive ef-
fects in patients with mood disorders related with
the use of cocaine [642,643], antidepressant prop-
erties in methamphetamine dependence [644], and
a role facilitating the treatment of marijuana use
disorders by improving the cognitive skills neces-
sary to fully engage in comprehensive treatment
programs [645]. There is a clear implication of the
cerebral metabolism in the drug addiction patho-
physiology [646,647]. The recent application of
brain imaging to study drug addictions has offered
new insights into the fundamental factors that
contribute to their use and abuse [648]. And also
there is some data suggesting a potential useful-
ness of citicoline in modulating appetite [649]. De-
spite the limited research on the efficacy of citico-
line for addictive disorders, the available literature
suggests promising results [650].

Amblyopia and glaucoma

There is clinical evidence that citicoline improves
visual acuity in patients with amblyopia [651-661],
visual function in patients with glaucoma [662-
672], and in patients with non-arteritic ischemic
optic neuropathy [673].

Other uses

There are positive results reported for citicoline in
the treatment of facial neuritis [674], X-chromo-
some-linked ichthyosis [675], Delayed-onset en-
cephalopathy caused by carbon monoxide poison-
ing [676], epilepsy [677], and vertigo [678]. Recently,
a new mechanism to enhance central nervous sys-
tem remyelination via the choline pathway has been
described. Due to its regenerative action combined
with an excellent safety profile, CDP-choline could
become a promising substance for patients with
multiple sclerosis as an add-on therapy [679-682].
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Pediatric use
The experience in children is limited; therefore it
may only be administered when the expected ther-
apeutically benefit is higher than any possible risk.
There are some studies published in pediatric
populations with citicoline in traumatic brain inju-
ries [406], organic brain syndromes [683-685], neo-
natal hypoxic-ischaemic encephalopathy [686,687],
visual impairment [688], neurophysiologic abnor-
malities in developmental dysphasias [689] and
learning disturbances [690,691]. No safety con-
cerns related with the use of citicoline were report-
ed in these studies.

Dinsdale et al. [692] administered citicoline or pla-
cebo to 12 healthy volunteers in two oral regimens
repeated at short-term intervals (600 mg/day and 1
g/day), every day for 5 days. The only adverse ef-
fects that appeared were self-limiting headaches in
four and five subjects with high and low doses, re-
spectively and in one subject who was given place-
bo. The results of hematological and clinical analy-
ses did not show any abnormality associated to
citicoline administration. No clinically significant
ECG and EEG abnormalities were registered. Em-
pirical neurological tests, tendon reflexes, blood
pressure and heart rate were not affected by any
dose of the drug or placebo.

In addition to an excellent tolerability in healthy
individuals, as demonstrated in the above study, all
of the authors of clinical trials using citicoline that
have been reviewed in this present article, agree in
rating the safety of this drug as excellent without
serious side effects being reported. In some cases,
the appearance of digestive intolerance has been
reported and occasional excitability or restlessness
in the first days of treatment. For instance, Lozano
[693] monitored a study of the efficacy and safety
of citicoline in 2,817 patients of all ages, with a pre-
dominance of patients between 60 and 80 years,
who had different neurological processes, mostly
cognitive disorders of diverse origin. The duration
of citicoline Treatment ranged from 15 to 60 days
and the mean dose administered was 600 mg/day
orally. Only 5.01% of the patients had collateral ef-
fects associated with citicoline treatment, most of-
ten digestive intolerance (3.6%). In no case was it
necessary to interrupt treatment for side effects at-
tributable to citicoline use.

In the pooled analysis of citicoline in the treat-
ment of acute ischemic stroke [477], in the safety
analysis, there were few adverse events that were
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Table XII. Safety analysis in the pooling data analysis of acute ischaemic stroke patients treated with citicoline. The table shows adverse events
that were reported in more than 5% of cases. n.s.: no significative.

Placebo Citicoline
n % n % p
Adverse events with incidence > 5% in the citicoline group
Anxiety 58 9.95 108 13.69 0.036
Leg oedema 38 6.52 77 9.76 0.032
Adverse events with incidence > 5%
Accidental injury 86 14.75 135 7.1 n.s.
Agitation 78 13.38 13 14.32 n.s.
Constipation 228 39.1 286 36.25 n.s.
Coughing 81 13.89 105 13.31 n.s.
Diarrhoea 81 13.89 nz 14.83 n.s.
Dizziness 46 7.89 72 9.13 n.s.
ECG abnormality 57 9.78 74 9.38 n.s.
Fever 182 31.22 21 30.54 n.s.
Auricular fibrillation 65 1.15 92 11.66 n.s.
Headache 186 31.90 261 33.08 ns.
Haematuria 53 9.09 91 11.53 n.s.
Hypertension 88 15.09 131 16.60 n.s.
Hypokalemia 71 12.18 19 15.08 n.s.
Hypotension 55 9.43 90 n.41 n.s.
Urinary tract infection 235 40.31 298 37.77 n.s.
Insomnia 103 17.67 145 18.38 n.s.
Joint pain 48 8.23 78 9.89 n.s.
Nausea m 19.04 157 19.90 n.s.
Pain 180 30.87 227 28.77 n.s.
Back pain 45 7.72 74 9.38 n.s.
Chest pain 55 9.43 82 10.39 n.s.
Rash 79 13.55 12 14.20 n.s.
Restlessness 49 8.40 74 9.38 n.s.
Shoulder pain 75 12.86 105 13.31 n.s.
Vomiting 89 15.27 m 14.07 n.s.
Adverse events with incidence > 5% in the placebo group
Depression 160 27.44 178 22.56 0.038
Falling down 109 18.70 99 12.55 0.002
Urinary incontinence 82 14.07 83 10.52 0.047
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reported in more than the 5 %. These adverse events
are listed in Table XII.

In the South Korean drug surveillance study
[484], the safety of the product was considered as
excellent, with only 37 side effects in 31 cases among
the 4191 patients treated, that is a rate of side ef-
fects of 0.73%.

Also, in the Cochrane Library review [600], it
was demonstrated a lower rate on the incidence of
adverse events related with citicoline in compari-
son with placebo.

In conclusion, the tolerability of citicoline is ex-
cellent and the side effects attributable to this drug
are infrequent. In any case, side effects are never
severe and consist, mainly, in gastrointestinal dis-
comfort and restlessness.

Cytidine 5-diphosphocholine, CDP-choline, or citi-
coline is an essential intermediate in the biosyn-
thetic pathway of structural phospholipids in cell
membranes, particularly phosphatidylcholine. Fol-
lowing administration by both the oral and paren-
teral routes, citicoline releases its two main com-
ponents, cytidine and choline. Absorption by the
oral route is virtually complete, and bioavailability
by the oral route is therefore approximately the
same as by the intravenous route. Once absorbed,
citicoline is widely distributed throughout the
body, crosses the blood-brain barrier and reaches
the central nervous system (CNS), where it is in-
corporated into the membrane and microsomal
phospholipid fraction. Citicoline activates biosyn-
thesis of structural phospholipids of neuronal
membranes, increases brain metabolism, and acts
upon the levels of different neurotransmitters.
Thus, citicoline has been experimentally shown to
increase norepinephrine and dopamine levels in
the CNS. Owing to these pharmacological mecha-
nisms, citicoline has a neuroprotective effect in hy-
poxic and ischemic conditions, and also improves
learning and memory performance in animal mod-
els of brain aging. In addition, citicoline has been
shown to restore the activity of mitochondrial AT-
Pase and membrane Na*/K*ATPase, to inhibit acti-
vation of phospholipase A,, and to accelerate reab-
sorption of cerebral edema in various experimental
models. Citicoline is a safe drug, as shown by the
toxicological tests conducted, that has no signifi-
cant systemic cholinergic effects and is a well-tol-
erated product. These pharmacological character-
istics and the action mechanisms of citicoline sug-
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gest that this product may be indicated for treat-
ment of cerebral vascular disease, head injury of
varying severity, and cognitive disorders of differ-
ent causes. In studies conducted in the treatment
of patients with head injury, citicoline was able to
accelerate recovery from post-traumatic coma and
improve gait, achieving an improved final func-
tional outcome and shortening hospital stay in
these patients. Citicoline also improved the mnesic
and cognitive disorders seen after head injury of
minor severity that constitute the so-called post-
concussional syndrome. In the treatment of pa-
tients with acute ischemic cerebral vascular dis-
ease, citicoline accelerates recovery of conscious-
ness and motor deficit, achieves a better final out-
come, and facilitates rehabilitation of these pa-
tients. The other major indication of citicoline is
for the treatment of senile cognitive impairment,
either secondary to degenerative diseases (e.g. Al-
zheimer disease) or to chronic cerebral vascular
disease. In patients with vascular cognitive impair-
ment, citicoline improves scores in cognitive rating
scales, while in patients with senile dementia of the
Alzheimer type it stops the course of disease, and
neuroendocrine, neuroimmunodulatory, and neu-
rophysiological benefits have been reported. More-
over, citicoline has also been shown to be effective
as adjuvant therapy in Parkinson disease. No seri-
ous side effects have occurred in any series of pa-
tients treated with citicoline, which attests to the
safety of treatment with citicoline [694,695].
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Resumen. Esta revision se basa en la publicada en 2010 —Secades JJ. Citicolina: revision farmacoldgica y clinica, actualiza-
cién 2010. Rev Neurol 2011; 52 (Supl 2): S1-62— e incorpora 183 nuevas referencias aparecidas desde entonces, con lo que
se organiza toda la informacién disponible para facilitar el acceso a dicha informacién en un Unico documento. La revisién
se centra en las principales indicaciones del farmaco, como son los accidentes cerebrovasculares agudos y sus secuelas,
incluyendo el deterioro cognitivo, y los traumatismos craneoencefalicos y sus secuelas. Se recogen los principales aspec-
tos experimentales y clinicos en estas indicaciones.

Palabras clave. Alcoholismo. Ampliopia. Apoptosis. CDP-colina. Citicolina. Demencia senil. Deterioro cognitivo leve. Dro-
godependencia. Edema cerebral. Enfermedad de Alzheimer. Enfermedad de Parkinson. Fosfatidilcolina. Fosfolipasa. Fo-
sfolipidos estructurales. Glaucoma. Ictus. Isquemia cerebral. Lesidn cerebral traumatica. Membrana neuronal. Memoria.
Neuroplasticidad. Neuroproteccién. Neurorreparacién. Neurotransmision. Remielinizacion. Trastorno cognitivo. Trauma-
tismo craneoencefalico.
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