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Objectives. To systematize publications on drugs based on cytidine diphosphocholine (CDP-choline).
Materials and methods. Systematic computer analysis of all currently available publications on CDP-
choline (1750 publications in PubMed) using topological analysis theory for big data. Results. CDP-choline
is required for acetylcholine biosynthesis, phospholipid metabolism, and DNA methylation. This article
sequentially considers the effects of CDP-choline on acetylcholinergic and other types of neurotransmis-
sion and the anti-inflammatory and neuroprotective effects of CDP-choline, as well as the influences of this
molecule on fat metabolism and gene expression in the context of the postgenomic paradigm (particularly
elevated expression of nicotinic and muscarinic acetylcholine receptors). Results from basic and clinical
studies of CDP-choline in the treatment of cognitive impairments associated with cerebral ischemia and
neurodegeneration are presented. Conclusions. The pharmacological effects of CDP-choline are realized
via multiple molecular mechanisms contributing to the nootropic actions of this molecule.
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Choline and its derivatives phosphatidylcholine, cyti-
dine-diphosphocholine (CDP-choline or the contracted syn-
onym citicoline) are widely used in neurological practice. The
biological effects of the compound choline have the greatest
importance in the neuromuscular system, where choline de-
rivatives are precursors of acetylcholine. Acetylcholine defi-
cit is linked with decreased memory in ischemic and neuro-
degenerative diseases of the brain [1], degradation of phos-
pholipid metabolism in the liver, and impairment of the DNA
methylation required for regenerating neurons [2, 3].

In pharmacology, CDP-choline is conventionally re-
garded as an intermediate metabolite in phosphatidylcho-
line synthesis. Intravenously administered CDP-choline
undergoes hydrolysis to form choline and cytidine. Choline
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is rapidly taken up for the synthesis of acetylcholine and
phospholipids for neuron and mitochondrial membranes,
while cytidine is included in cytidine nucleotides. However,
in the concept of postgenomic medicine, this mechanism
of action seems very simple and is unable to explain many
of the pharmacological effects of CDP-choline (particularly
the long-term influences on cognitive functions) [4].

Materials and Methods. This work presents the results
of systematic analysis of all the available scientific litera-
ture on basic and clinical research into the effects of CDP-
choline, one of the main choline derivatives used in neurol-
ogy. Use of the search term “Cytidine-5-diphosphocholine
OR CDP-choline OR citicoline” in the biomedical publica-
tions database PubMed revealed 1750 references. We under-
took systematic computer analysis of this set of publications
using contemporary analytical methods for big data devel-
oped in the framework of topological [5] and metrical [6]
approaches to recognition tasks [7, 8].

Results. Systematic analysis of the literature identified
145 informative biomedical terms distinguishing publications
on the neurology of CDP-choline from publications forming a
control set. The control set of texts included 1800 articles ran-
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domly selected from nore than 5,500,000 articles found using
the search term “clinical NOT citicoline NOT cytidine-5-di-
phosphocholine NOT CDP-choline.” Annotation of these
terms in relation to the corresponding molecular-biological
processes, neurological symptomatology, and ICD-10 diag-
noses identified the 89 most informative terms, which were
found significantly more frequently in the set of publications
on CDP-choline than in controls (3—84 times more frequent-
ly, p < 0.05, for each of the 89 terms). The result yielded a
map of the molecular physiology of the neurological actions
of CDP-choline (Neipilept), with two clusters of informative
biomedical terms: “Inflammation” and “Acetylcholinergic
neurotransmission.”

Analysis of the “Inflammation” cluster showed that
use of CDP-choline decreased the inflammatory response to
interleukin-6 (IL-6) and tumor necrosis factor o (TNF-a).
CDP-choline-induced decreases in inflammation promote
activation of neuron sprouting via activation of signals from
neurotrophin TRKA and TRKC receptors and brain-derived
neurotrophin factor (BDNF) receptors and the elimination of
depression of synaptic function. The anti-inflammatory ef-
fects of CDP-choline are linked with activation of acetylcho-
linergic neurotransmission. By increasing nicotinic receptor
activity, acetylcholine and CDP-choline regulate the expres-
sion and levels of choline-O-acetyltransferase and other el-
ements of choline metabolism and decrease NF-»B activity,
this compound being involved in producing the effects of
proinflammatory cytokines. Adequate provision of zinc ions
to body cells is also important for realization of these effects
of choline formulations. In addition, activation of acetylcho-
linergic neurotransmission is also important for normalizing
insulin-dependent glucose transporters, endorphinergic neu-
rotransmission, and dopaminergic neurotransmission in the
cerebral cortex. Maintenance of these processes helps inhib-
it neurodegenerative changes. CDP-choline also decreases
inflammation via other molecular mechanisms (y-interferon
synthesis, toll-like receptor 1 signals, decreased IL-1a syn-
thesis, regulation of B lymphocytes, etc.), promotes com-
pensation of impaired liver function (cholestasis, steatohep-
atosis, obesity, fatty acid metabolism, regulation of triglycer-
ide synthesis), affects neurotransmitter homeostasis: GABA,
glycine, nerve growth factor (NGF), etc. We emphasize that
phosphatidylcholine biosynthesis, the rational basis of the
“membrane repair” hypothesis, is just one of dozens of pro-
cesses regulated by CDP-choline [9].

Overall, analysis of the metric pattern identified a set
of informative keywords describing important but rarely
considered molecular mechanisms of CDP-choline action.
On the basis of these keywords, further PubMed searches
were run and these identified 65 representative publications
describing the molecular mechanisms and clinical aspects
of the actions of CDP-choline.

CDP-choline and acetylcholinergic neurotransmission.
Citicoline treatment is known to have favorable influences on
cognitive functions in vascular dementia [10]. These effects
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are associated primarily with the maintaining effects of CDP-
choline on acetylcholinergic neurotransmission. The neuro-
protective effect of citicoline is also associated with increases
in brain acetylcholine levels and, as a result, decreases in the
symptoms of cerebral ischemia [11].

The main effect of CDP-choline on acetylcholinergic
neurotransmission is activation of nicotinic acetylcholine
receptors. In particular, by activating central nicotinic re-
ceptors in rats, CDP-choline weakens scopolamine-stimu-
lated suppression of the startle reflex induced by sudden
loud noises. In experimental studies, scopolamine signifi-
cantly decreased the levels of reflexes, while i.p. CDP-
choline weakened the effects of scopolamine [12].

Simultaneous use of CDP-choline (500 mg/day) with
the cholinesterase inhibitor galantamine (16 mg/day) pro-
moted activation of a7-nicotinic acetylcholine receptors.
Activation of o7-nicotinic receptors normalized the so-
called encephalographic mismatch response in healthy
volunteers. This effect of CDP-choline corresponded to im-
provements in speech perception [13], including improve-
ments in the understanding of speech and other auditory
stimuli [14]. CDP-choline maintains the sensitivity of a7
receptors in patients with schizophrenia and improves ver-
bal memory [15]. Activating supraspinal a7-nicotinic ace-
tylcholine receptors, CDP-choline promotes suppression of
pain [16]. In experiments, CDP-choline stimulated cholin-
ergic neurotransmission [17], including via regulation of
muscarinic acetylcholine receptor levels in the brain [18].

Results from postgenomic chemotranscriptome studies
indicate that CDP-choline can increase the expression of
genes encoding proteins involved in choline metabolism
(Table 1) and genes encoding nicotinic and muscarinic ace-
tylcholine receptors, as well as genes involved in choline
transport [4], which corresponds to realization of the clini-
cally observed long-term nootropic action of Neipilept.

CDP-choline and the metabolism of other neurotrans-
mitters. Cognitive functions are realized via a close interac-
tion between different neurotransmitter systems in the brain.
CDP-choline influences the activity of the GABAergic, opi-
oidergic, adrenergic, and dopaminergic systems. Studies on
a model of acute pain in rats demonstrated an anti-pain ef-
fect of CDP-choline in interaction with opioid and GABA
receptors. Intracerebroventricular administration of CDP-
choline suppressed pain reactions by activating supraspinal
a7 nicotinic acetylcholine receptors. At the same time, the
opioid receptor antagonist naloxone and the GABAp recep-
tor antagonist CGP-35348 inhibited the antinociceptive ef-
fect of CDP-choline in experimental studies [16].

CDP-choline countered the effects of cerebral hypoxia
in rats induced by impairment of the synthesis of the neu-
rotransmitters dopamine and noradrenaline in the hypothal-
amus and corpus striatum in the brain. Hypoxia decreased
the 3-methoxy-4-hydroxyphenylacetic acid level and the
dihydroxyphenylacetic acid level in the corpus striatum of
the brain and the noradrenaline concentration in the hypo-
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TABLE 1. Proteins Mediating the Physiological Effects of Choline Substances. The “Expr.” Column Shows the Results of Chemotranscriptome Studies of
the Effects of CDP-Choline on Neuron Precursor Cells [4]

Protein Function Gene | N | Expr.
Choline metabolism
Choline dehydrogenase Betaine synthesis CHDH 1 0%
Choline kinase Phosphatidylcholine synthesis CHK 1 7%
Choline O-acetyltransferase Acetylcholine synthesis CHAT 1 +23%
Choline phosphatidyltransferase Phosphatidylcholine synthesis PCYTIA PCYTIB 2 +25%
Butyrylcholinesterase Acetylcholine synthesis and degradation BCHE 1 0%
Acetylcholinesterase Acetylcholine hydrolysis ACHE 1 —8%
Choline phosphotransferase Phosphatidylcholine synthesis CHPTI 1 0%
gﬁ‘g’;;’;if::j;‘;if:ne Phosphatidylcholine synthesis CEPTI 1| +11%
Lecithin retinol acyltransferase Es;ii}ﬁaiis(;;rlcszglti};?is from transretinols involving LRAT 1 +8%
Lecithin cholesterol acyltransferase szﬁg::ri:ﬁfsﬁgiezig leiit;rs and cholesterol transport from LCAT 1 0%
Choline transport
CDW92 protein Intracellular choline transport CDW92 1 0%
Phosphatidylcholine-binding protein | Transfer of choline derivatives between intracellular organelles PCTP 1 -12%
Choline transporter 22/1 Specific choline transport SLC22A1 1 +11%
Choline transporter 44/1 Specific choline transport SLC44A1 1 +10%
Choline transporter 5/7 Specific choline transport SLC5A7 1 +8%
Choline transporter 18/3 Acetylcholine transfer within secretory synaptic vesicles SLC18A3 1 +6%
Cholinergic signal transmission
Nicotinic receptors zllcoo,tg ; g‘;tg;h;ine receptors types A2, A3, A4, AS, A6, AT, A9, CHRNAI etc. 11 | +12%
Muscarinic receptors E/Ielc,ell\)gf hrr/}(;ln;{t:ﬁ Itl}:je I\j[fsfects of acetylcholine via G-proteins: types CHRM] etc. 5 +10%
Ca-dependent phospholipase A2 S:Zpgj?g?]cc}?ﬁ l’ilglilg’ dgﬁi]’sg\?’nél;faéilllllfz)s(llgll;flll)tlr ?2;?;;2()“’ PLA2GS etc. 10 | +14%
Z‘Chert(;rlr;ll;(;?;tlz—s:lctivated Lr;::)cstpi)\}llz(i)tﬁz ipdlsatelet activating factor and the corresponding PLA2G7 | +9%
Cell cycle kinase 2/5 Regulation of the cell division cycle, possibly choline-dependent CDC2L5 1 0%

N is the number of corresponding genes; Expr. is the dose-dependent effect of CDP-choline (% change for every additional uM).

thalamus. CDP-choline (1000 mg/kg/day p.o. for 1-3 days)
inhibited impairments to noradrenaline and dopamine me-
tabolism [19].

The effects of CDP-choline have been best studied in
relation to dopamine. Activation of dopaminergic transmis-
sion is required for attention-switching processes in hu-
mans, so impairments to dopamine metabolism are associ-
ated with impaired concentration, including attention deficit
hyperactivity disorder [20]. CDP-choline modulates dopa-
mine release in the corpus striatum [21] and decreases loss
of dopaminergic neurons induced by glutamate in primary

mesencephalic cell cultures [22]. Even at quite small doses
(50 mg/kg), CDP-choline increased the rate of dopamine
and tyrosine biosynthesis in the corpus striatum in rats [23].

Experimental studies have established the influence
of CDP-choline on changes in dopamine and acetylcholine
receptor levels in the corpus striatum in aged mice, includ-
ing increasing the density of dopamine receptors by 11%
(at a CDP-choline dose of 100 mg/kg) and 18% (at a dose
of 500 mg/kg). The density of muscarinic acetylcholine re-
ceptors was increased by 6% (at a dose of 100 mg/kg) and
17% (at a dose of 500 mg/kg) [18].
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Extreme dopaminergic insufficiency is a characteristic
of Parkinson’s disease (PD), which is associated not only
with impaired motor functions, but also decreased cognitive
functions. Studies in a model of Parkinson’s disease in-
duced by 6-hydroxydopamine (6-HD) in rats confirmed the
neuroprotective effect of citicoline, with decreases in the
cytotoxic effect of 6-HD on SH-SYS5Y neurons and decreas-
es in the loss of dopaminergic neurons in the substantia nig-
ra [3]. There is experience of the use of CDP-choline in
combination with levodopa in the treatment of PD [20].

The anti-inflammatory effects of CDP-choline. Decre-
ases in excessive inflammatory reactions in the CNS are
an obligatory condition for the maintenance of cognitive
functions. Chemoreactive analysis of CDP-choline pointed
to complex anti-inflammatory actions [24]. In experiments,
CDP-choline preserved mitochondrial function and pro-
duced decreases in oxidative stress and the levels of alanine
aspartate aminotransferase (AST), alanine aminotransferase
(ALT), and TNF-a, with parallel increases in the blood con-
centration of the lipid mediator resolvin D1 [25]. We recall
that resolvin D1 is one of the most important derivatives of
w-3-polyunsaturated fatty acids and is involved in the phys-
iological resolution of inflammation [26].

In experimental studies in rats, CDP-choline (125 mg/
kg/day) prevented mitochondrial damage and impaired re-
nal function induced by mercury poisoning (mercury is also
a neurotoxin). Citicoline decreased the synthesis of proin-
flammatory IL-1 and IL-6 and oxidative injury to mitochon-
drial DNA and increased creatinine and urea clearance from
the blood [27].

In a rat model of stroke, use of CDP-choline (1000 mg
per kg) 30 min and 24 and 48 h after induction of patholo-
gy was just as effective as thrombolysis by administration
of recombinant tissue plasminogen activator. Both CDP-
choline and plasminogen activator produced significant re-
ductions in infarct volume on the background of decreased
TNF-o and IL-6 concentrations [28].

Studies in models of neuropathic and inflammatory pain
demonstrated the antinociceptive effect of CDP-choline [29],
which involved a7-nicotinic receptors [30]. Thus, activation
of a7-nicotinic receptors by CDP-choline was linked with
anti-inflammatory, antinociceptive, and procognitive effects.

Neuroprotective effects of CDP-choline. In acute isch-
emic stroke, citicoline provided neuroprotection, weaken-
ing glutamate excitotoxicity, oxidative stress, and neuron
apoptosis and decreasing dysfunction of the blood:brain
barrier (BBB). Citicoline influences survival and neurolog-
ical and behavioral outcomes in mice subjected to transient
hyperglycemia and hypovolemic hypoxia [31]. In the sub-
acute phase of ischemic stroke, citicoline enhances neu-
rotransmitter metabolism, synaptogenesis, and angiogene-
sis [32]. Assessment of the neuroprotective, anticonvulsant,
sedative, and anxiolytic activities of CDP-choline in rats
demonstrated significant improvements in indicators in a
maze test (p < 0.05) [33].
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In stroke induced by permanent occlusion of the mid-
dle cerebral artery in rats, CDP-choline increased the ex-
pression of brain plasticity markers, decreased cerebral in-
farct volume on MRI scans, reduced the number of cells
undergoing apoptosis, and increased BrdU uptake in the
periinfarct zone (a marker of cell division), vascular endo-
thelial growth factor (VEGF), and synaptophysin, stimulat-
ing functional recovery of the brain [34].

Use of CDP-choline improved the state of the BBB.
For example, i.p. CDP-choline at a dose of 100 mg/kg de-
creased cerebral edema, while a dose of 400 mg/kg signifi-
cantly reduced BBB impairments in a model of traumatic
brain injury in rats [35]. In addition, administration of citico-
line decreased acute hypoglycemia-induced neuron death and
loss of immunoglobulins through the damaged BBB, also in-
creasing choline acetyltransferase expression, this enzyme
being involved in phosphatidylcholine biosynthesis [36].

The neuroprotective effects of CDP-choline are me-
diated by a variety of molecular mechanisms, including:
1) improvements in brain energy metabolism (increases in
phosphocreatine and ATP in the frontal lobe of the brain, as
indicated by MRI data) [37], including mechanisms involv-
ing magnesium ions [38]; 2) decreased neuron apoptosis (de-
creased expression of procaspase-3, activated caspase-3, and
fragmented nuclear DNA) [39, 40]. More specific molecular
effects have also been recorded for CDP-choline in cerebral
ischemia: decreased phospholipase PLA2 activity [41], in-
hibition of ERK1/2 and MEK1/2 signal pathways [42], and
regulation of IRS1 [43] and sirtuin-1 [44] proteins.

For example, studies in a model of transient cerebral
ischemia in gerbils showed that citicoline decreased phos-
pholipase A2 activity (an enzyme partially degrading neu-
ron membranes) and inhibited the formation of hydroxyl
radicals. PLA?2 activity increased significantly (p < 0.05) in
both the membrane and mitochondrial fractions after cere-
bral ischemia and this response was significantly weakened
by citicoline (p < 0.01), though citicoline had no effect on
PLA2 enzyme activity in vitro [41].

Studies in a model of transient occlusion of the middle
cerebral artery in rats showed that citicoline induced angio-
genesis and improved survival of vascular endothelial cells
in the brain on the background of elevated expression of the
protein insulin receptor substrate IRS1. Inhibition of the ex-
pression of the /IRS] gene suppressed the neuroprotective
and angiogenic effects of citicoline [43].

The neuroprotective effects of CDP-choline in experi-
mental stroke are accompanied by increases in the expression
of sirtuin-1 protein (the SIRT gene) in the brain. Resveratrol
(an activator of sirtuin-1 protein) increased the neuroprotec-
tive effect of CDP-choline, while inactivation of the SIRT1
gene led to weakening of the effect of CDP-choline [44]. We
recall that sirtuin-1 is an NAD-dependent deacetylase regu-
lating the epigenetic code of the genome, inflammation (inhi-
bition of NF-xB), and the effects of insulin (deacetylation of
peroxisome proliferator y receptor coactivator protein) [45].
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TABLE 2. Genes and Proteins Whose Expression Increases in Response to CDP-Choline. “% Chemo” Shows Percentage Changes in Expression per 1 pM
of Substance (chemotranscriptome analysis of CDP-choline in NPC.TAK neurons) and Experimental Confirmation

Gene Protein Main functions % Chemo Expt.
CHAT Choline acetyltransferase Acetylcholine biosynthesis 22.3 [36]
SIRTI Sirtuin-1 Neuroprotection, including in hyperinsulinemia 94 [44]
IRS4 Insulin receptor substrate protein Increased sensitivity of neurons to insulin 72 [43]
VEGFC Vascular endothelial growth factor Brain vascularization 12.2 [34]
SYP Synaptophysin Transport of neurotransmitter into synapses 83 [34]
OPRD/M/K | Opioid receptors types 9, [, and % Anti-inflammatory and analgesic effects 17-29 [16]
GABRBI1/3 | GABAg receptors types 1 and 3 Analgesic effects 5894 [16]
DRD2/3/4 Dopamine receptors types 2, 3, and 4 Maintenance of attention, assessment of negative experience 10-50 [18]
CHRM4/5 Muscarinic receptors types 4 and 5 Long-term effects of acetylcholine in the CNS 84-129 [18]

Thus, the neuroprotective effect of CDP-choline is
accompanied by anti-inflammatory and antihyperinsuline-
mic actions, reductions in BBB dysfunction, and increas-
es in neuron energy supply. Timely use of CDP-choline is
therefore useful in patients suffering from chronic cerebral
ischemia on the background of diabetes mellitus, traumat-
ic brain injury, and other diseases accompanied by impair-
ments to BBB integrity (viral and bacterial infections, alco-
holic and other toxic brain damage, etc.).

The neurotrophic effects of CDP-choline. The neuro-
protective effects described above suggest increased neuron
survival in stress conditions. The neurotrophic effects imply
stimulation of neuroregenerative processes: dendrite sprout-
ing, axon growth, formation of more highly branched neu-
ron networks.

CDP-choline and its metabolites cytidine and choline
have marked neurotrophic actions. Studies in a model of
sciatic nerve injury in rats showed that use of CDP-choline
led to a significantly greater increase in scores for recovery
of limb movement activity (SFI) as compared with choline,
cytidine, and placebo. Use of CDP-choline increased the
number of neurons by 50% or more, while use of choline
alone or cytidine alone did not produce any significant in-
crease in the number of axons [46]. Citicoline stimulated
neurite regeneration in the retina in rats just as much as neu-
rotrophic factors BDNF and NT-4 (neurotrophin-4) [47].
Administration of CDP-choline to neonatal rats induced
stable increases in the dendritic complexity of the neural
neurons in the somatosensory cortex on the background of
increases in neurite length, the number of branch points, and
total cortical area [48].

In the clinic, citicoline improved the morphology and
function of nerve endings in the ophthalmic branch of the
trigeminal nerve in the cornea in patients with diabetes [49]
and improved visual function in patients with glaucoma [50].

The previously noted results of chemotranscriptome
analysis of the CDP-choline molecule [4] confirm the mo-

lecular mechanisms mediating the neuroprotective effects
of CDP-choline described above. For example, chemotran-
scriptome analysis showed that CDP-choline increases the
expression of most of the genes discussed in the present re-
port: SIRTI (encodes sirtuin-1), /RS (encodes insulin re-
ceptor substrate 1 protein), VEGFC (encodes vascular en-
dothelial growth factor C), CHRM4 (encodes muscarinic
acetylcholine receptor-4), and others. Results from chemo-
transcriptome analysis have supported investigations of in-
dividual genes and the proteins corresponding to them
(Table 2, Fig. 1).

CDP-choline counteracts hepatic encephalopathy. Fatty
dystrophy of the liver arising as a result of poor diet, alcohol
consumption, or genetic defects is associated with cognitive
impairments. Hepatic encephalopathy may also be iatrogenic
[51]. CDP-choline is unique in the sense that it produces an
indirect nootropic action by normalizing lipid metabolism in
the liver. In particular, CDP-choline prevents free saturated
fatty acid release in cerebral ischemia [52], which promotes
improvements in choline transport [53]. CDP-choline-
activated diacylglycerol synthetase CdsA coordinates cell
growth and fat accumulation involving phosphatidylinositol
and signals from insulin receptors [54]. CDP-choline is there-
fore the substance of choice for the treatment of cognitive im-
pairments on the background of fatty dystrophy of the liver.

Use of CDP-choline in the treatment of cognitive im-
pairments in ischemia. The neuroprotective and neurotroph-
ic effects of CDP-choline and the effects of CDP-choline on
neurotransmission, lipid metabolism, and decreases in in-
flammation are mediated by the various actions of this mol-
ecule on cognitive functions. The complex nootropic action
of CDP-choline has been demonstrated in experimental
studies in various models of cerebral ischemia [55, 56] and
has been supported by results from clinical investigations.
For example, a study of patients with acute ischemic stroke
found that CDP-choline (1000 mg/day, 15 days) led to de-
creased cognitive impairment on the mini mental state ex-
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Fig. 1. Examples of the dose-dependent effects of citicoline (Neipilept) on the expression of genes realizing the neuroprotective and neurotrophic effects of

the molecule (chemotranscriptome analysis of NPC.TAK neurons).

amination (MMSE), regression of neurological symptom-
atology on the NIHSS, and improved memory and motor
activity (Rankin scale, Bartel scale, Rivermead Mobility
Index) [57].

CDP-choline (500-4000 mg/day, p.o., 612 weeks)
has been shown to be effective and safe when use is initiated
24-48 h after the development of acute ischemic stroke
(n =4191). Significant improvements in patients’ status on
the NIHSS and Bartel and modified Rankin (p < 0.05) scales
were seen at six weeks. At 12 weeks of treatment, there
were further improvements in study parameters which were
significantly more marked on use of high doses (>2000 mg/
day) [58].

Long-term treatment with CDP-choline prevented re-
ductions in cognitive functions and predicted better qual-
ity of life after ischemic stroke [59]. Meta-analysis of 10

randomized trials of patients with acute ischemic stroke
demonstrated an increased chance of faster recovery of in-
dependence in patients receiving CDP-choline (OR 1.56,
95% CI 1.12-2.16) [60].

CDP-choline displays nootropic effects in patients
with chronic cerebral ischemia of different origins. A multi-
center trial of citicoline (1000 mg/day, 30 days) in patients
with arterial hypertension and/or atherosclerosis (n = 736,
64.5 + 8.7 years old) showed significant restoration of cog-
nitive functions on the MSSE, with correction of impaired
visuospatial coordination on the CDT scale, and decreased
severity of depression on the MGDS [61].

CDP-choline improved memory indicators in elderly
patients with memory impairments but without dementia
(n = 24; 66.12 + 10.78 years old). On the background of
use of CDP-choline, significant improvements were seen in
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word memorization (5.17 + 1.1 omissions in controls com-
pared with 3.95 + 1.2, p < 0.005), immediate object recall
(6.5 £ 1.6 omissions in controls vs. 5.5 + 1.2, p < 0.05),
and delayed object recall (8.5 + 2.1 omissions in controls
vs. 6.7 £ 2.4, p < 0.005), along with decreases in systolic
arterial blood pressure [62].

Asthenic, cognitive, and psychoemotional impairments
are typical of cerebral ischemia. Apart from the nootropic
action of CDP-choline in ischemia, we note that use of CDP-
choline (500 mg/day, 30 days) could also reduce cognitive,
emotional, autonomic, and asthenic disorders in healthy sub-
jects without ischemia (students, university teachers, n = 58,
age 27.8 + 12.1 years) [63].

Basic and clinical studies of CDP-choline in neurode-
generative pathology. Neurodegenerative pathology is gen-
erally accompanied by cognitive impairments, especially in
elderly and old people. A double-blind, placebo-controlled
study of CDP-choline (1000 mg/day, 12 weeks) in mild and
moderate Alzheimer’s disease demonstrated improvements
in brain bioelectrical indicators, cerebral blood flow, and
cognitive capacities in the patients. Citicoline improved
cognitive functions in patients with the E4 genetic variant of
apolipoprotein E (APOE4), which corresponds to an elevat-
ed risk of atherosclerosis and dementia (decreases in ADAS
scores from placebo: —3.2 + 1.8 points, p < 0.05). Trans-
cranial dopplerography data indicate that use of CDP-
choline led to increases in cerebral blood flow rate as com-
pared with placebo (p < 0.05). Patients given citicoline
showed improvements in brain bioelectrical activity in the
form of increases in the percentage o and O activity and
decreases in O activity, particularly marked in the left tem-
poral lobe. CDP-choline treatment also produced significant
reductions in blood IL-1f levels [64].

Analysis of two retrospective cohort studies in elderly
patients with Alzheimer’s disease (n = 563) showed that
treatment with CDP-choline and acetylcholinesterase inhib-
itors for three months led to significant improvements on
the MMSE (+2-3 points compared with the control group
given acetylcholinesterase inhibitors only). Treatment im-
proved cognitive functions and mood. The frequency of
side effects (irritability, nausea, headache) was not signifi-
cantly different from that in controls [65].

The nootropic properties of CDP-choline, which result
from the set of molecular mechanisms described above, can
be enhanced by the antihypoxant/antioxidant ethylmethyl-
hydroxypyridine succinate (EMHPS). CDP-choline and
EMHPS act synergistically in elderly patients with chronic
cerebral ischemia (n = 40, age 54-72 years) [66]. The de-
tailed description of the mechanisms of the molecular syn-
ergy between CDP-choline and EMHPS is very complex, as
these molecules also act on the transcription of numerous
genes and on the activity of proteins in the proteome [4].

Chemoreactome analysis of the synergism between
EMHPS and a number of nootropic substances showed that
CDP-choline can increase the pharmacological properties

of EMHPS in three directions: 1) neuroprotective activity
and modulation of neurotransmission (inhibition of am-
yloid synthesis, activation of serotonin and cannabinoid
receptors), 2) anti-inflammatory activity (blockade of the
effects of proinflammatory factors TNF-a, IL-1, IL-6, and
leukotriene B4), and 3) antithrombotic activity (inhibition
of platelet aggregation by inhibition of the effects of throm-
boxane A2) [24].

Conclusions. In some cases, maintenance of the brain’s
mnestic and cognitive functions requires use of nootropic
drugs which improve the neurobiochemistry of the brain.
CDP-choline occupies a special place amongst the noot-
ropes, simultaneously being an acetylcholine precursor and
a central component of phospholipid metabolism which
detoxifies homocysteine via the betaine pathway and DNA
methylation. In addition, CDP-choline also has complex in-
fluences on the activity of the GABAergic, opioidergic, ad-
renergic, and dopaminergic neurotransmitter systems; it has
anti-inflammatory, neuroprotective, and neurotrophic prop-
erties. CDP-choline promotes increases in the expression of
nicotinic and muscarinic acetylcholine receptors, which is
important in producing its long-term effects. Results from
basic and clinical research have confirmed the importance
of CDP-choline in the treatment of cognitive impairment in
ischemic and neurodegenerative diseases of the CNS.

This work was carried out in the framework of state
task “Adaptive morphofunctional rearrangements of organs
and systems on physical loading as a model of rehabilitation
measures after formation of total cerebral hypoxia in rats de-
pending on the state of higher nervous activity” (2018-2020),
part 2, “Applied Scientific Research.” Study details: unique
registration No. 730000F.99.1. BV10AA00006. Analysis of
data on demyelination was funded by the a grant from the
Russian Foundation for Basic Research (Project No. 20-12-
00175).
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