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MCI e Demenza Vascolare : 

i donatori di colina non sono tutti uguali 



Dal 1906 ad oggi sono stati rivisti i 
criteri di ricerca per AD e la malattia 
viene definita sulla base di specifici 
processi patologici discostandosi 
dall’approccio basato 
sull’osservazione dei sintomi clinici e 
sul deterioramento delle funzioni 
cognitive , funzionali e definendo la 
malattia sulla base della presenza in 
vivo di specifiche proteine tossiche  
mediante analisi biochimica o 
metodiche di neuroimaging





2 distinct mechanisms:
coping with pathology vs avoiding pathology

RESILIENZA RESISTENZA

RESTARE SANI ANCHE IN 

PRESENZA di AD pathology

RESTARE SANI IN 
ASSENZA di AD pathology



RISERVA COGNITIVA: FATTORE PROTETTIVO NEI CONFRONTI 
DELLO SVILUPPO DI AD

PLASTICITA’ NEURONALE

ANCHE IN PRESENZA DI ALTE CONCENTRAZIONI DI CARICO AMILOIDEO  
O  DI TAU

RISERVA COGNITIVA / PLASTICITA’ :  STILE DI VITA?
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MCI Issues
• Complex entity - Phenotypically heterogeneous - No certitude of conversion 

Subjective memory impairment

Pathological performances (corrected for age and education level) 

following memory tests

No interference of memory impairment on working, social and daily 

functions

Other cognitive functions unimpaired

Absence of other diseases able to explain memory impairment
(Petersen et al. 1995)



• Prevenzione del rischio cardio-cerebro vascolare

• Promozione di stili di vita attivi

• Ruolo del supporto farmacologico

La combinazione armonica dei tre punti sopra citati è la chiave 

per un possibile outcome

MCI: inquadramento diagnostico



Oxidative Stress: Endothelial 
Dysfunction and CAD/Renal Risk Factors

Oxidative stress and the CNSCarbonylation and nitration of proteins

Peroxidation of membrane lipids

Mitochondrial DNA and nuclear oxidation

RNA oxidation

Mitochondrial

dysfunction

ALS

Parkinson’s disease

Alzheimer’s disease

Huntington’s disease

Vascular Cognitive Impairment

Endothelial Dysfunction

 O2           Endothelial Cells and

 H2O2 Vascular Smooth Muscle

Hypertension

Diabetes Smoking LDL Homocysteine Estrogen
deficiency

Apoptosis
Leukocyte
adhesion

Lipid
deposition

Vasoconstriction VSMC
growth

Thrombosis







Microglia the working class cell of the brain

Vascular CI / post stroke CI



The mechanism by which A induces inflammation and cell death is unclear but 

may

involve a complex cascade of biochemical events resulting in the imbalance of

intracellular ions, production of inflammatory mediators and free radicals, and

finally, apoptotic cell death that culminates in massive atrophy of susceptible 

areas

In particular cholinergic neurons and pathways…

Limbic areas, medial part of temporal lobe, entorhinal cortex,

hippocampus and amygdala, nBM and vertical band of Broca.

NA neurons involved too and the LC



Major mechanisms underlying vascular cognitive impairment (VCI)

A, Vascular causes. B, Brain parenchymal lesions associated 

with VCI. 

(graphical realization: Antonia Weingart, Institute for Stroke 

and Dementia Research).

Vascular Cognitive Impairment

Vascular brain injury involving regions important 

for memory, cognition and behavior 

Vascular Mild CI

“pure” Vascular Dementia (VaD) 

and post-stroke dementia

“Mixed disease”: concomitant 

vascular and other pathology, such 

as pathology associated with AD

In the Framingham study, stroke doubled the risk of dementia and poststroke cognitive decline 

is more common than stroke recurrence. 



Major mechanisms underlying vascular cognitive impairment (VCI)

A, Vascular causes. B, Brain parenchymal lesions associated 

with VCI. 

(graphical realization: Antonia Weingart, Institute for Stroke 

and Dementia Research).

Vascular Cognitive Impairment

Vascular brain injury involving regions important 

for memory, cognition and behavior 

Vascular Mild CI

“pure” Vascular Dementia (VaD) 

and post-stroke dementia

“Mixed disease”: concomitant 

vascular and other pathology, such 

as pathology associated with AD

In the Framingham study, stroke doubled the risk of dementia and poststroke cognitive decline 

is more common than stroke recurrence. 

Strategic areas such as the hippocampus and the white matter lesions (WMLs), the cerebral 
microbleeds (CMBs) due to the small cerebrovascular diseases and the mixed AD with stroke, alone 

or in combination, usually contribute to the pathogenesis of post-stroke cognitive impairment.



Possible treatments

The pharmacological treatments must be started as soon as possible

● Antioxidants (vitamins C and E), L-acetyl-carnitine, Ginkgo Biloba

● MAO-B inhibitors (L-deprenyl)

● Homotaurine, palmytoylethanolamide + luteolin

•Acetylcholine precursors (choline alphoscerate, citicoline) have been shown 
to be effective in MCI and in dementia, both Alzheimer’s and mixed dementia 
(see the  ASCOMALVA, the IDEALE, the CITIRIVAD and CITICHOLINAGE studies)









Fosforilcolina

Citicolina (CDP-colina)

La colina alfoscerato fornisce colina e glicerolo-1-fosfato

Traini E et al. Curr Alzheimer Res. 2013 Dec;10(10):1070-9;
Amenta F et al. Mech Ageing Dev. 2001 Nov;122(16):2025-40

A) La colina alfoscerato viene 
trasformata da un enzima in 
una molecola di COLINA e in 
una di glicerolo-1-fosfato (che 
dopo essere stato fosforilato 
entra nel pool dei fosfolipidi)



Traini E et al. Curr Alzheimer Res. 2013 Dec;10(10):1070-9;
Amenta F et al. Mech Ageing Dev. 2001 Nov;122(16):2025-40

Fosforilcolina

Citicolina (CDP-colina)

La colina viene trasformata in:

B) acetilcolina

C) fosforilcolina





Amenta et al., 2014



Citicolina e Colina alfoscerato a confronto

COLINA 

ALFOSCERATO

(glicerilfosforilcolina)

Struttura chimica di colina alfoscerato
(contenente il 40,5% di colina) che è
trasportatore di colina (nutriente
essenziale).

Molecular 
Formula

C8H20NO6P

La citicolina è un intermedio chiave 
della biosintesi della 
fosfatidilcolina che è uno dei più 
importanti componenti delle 
membrane biologiche, comprese le 
neuronali.

CITICOLINA, colina-citidina-

5’difosfato sale sodico



Citicolina e Colina bitartrato a confronto





• CDP-choline (cytidine-5’-diphosphate-choline) is an endogenous compound 
normally produced by the body 

• When it is introduced as a drug, it can be called citicoline

• Citicoline: 
• inhibits apoptosis associated with cerebral ischemia 
• inhibits several models of neurodegeneration
• is able to potentiate neuroplasticity
• is a natural precursor of phospholipid synthesis, chiefly phosphatidylcholine or 

rather serves as choline source in the metabolic pathways for biosynthesis of 
acethylcholine

• pharmacokinetic studies suggested that it is well absorbed and highly 
bioavailable with oral dosing.

Gareri , Cotroneo et al., Clin Interv Aging 2015



CDP-choline
(citicoline)

Cytidine

Choline

Cytidine 
triphosphate

Phospho-
choline

Citicoline Phosphatidyl-
choline

1,2-diacylglycerol

Betaine Methionine S-adenosyl-L-methionine

S-adenosyl-L-homocysteineCysteineGlutathione

CTP-
cytidylyltransferase

Adibhatla et al., Stroke, 2001, modified

Uridine 

phosphate

- Oral Bioavailability greater than 90%

- Metabolism  

- Plasma levels peak in a biphasic manner,

at one hour after ingestion followed 

by a second peak at 24 hours post-dosing



Citicolina: meccanismo di azione

Colina citidina –5’- difosfato

Attività della PLA2 (fosfolipasi A2)

Sintesi della PC (fosfatidilcolina)

Acido arachidonico Lisofosfatidilcolina

Radicali liberi Sfingomielinasi

Perossidazione 
lipidica

Preservazione 
sfingomielina

CCT (CTP-fosforilcolina-

citidiltransferasi),

enzima chiave 
della sintesi della 

PC



Clin Interv Aging, 2013; 8:131-7

Time, h

• CDP-choline (cytidine-5′-
diphosphate choline), also called 
citicoline, is one of the most 
frequently prescribed drugs for 
cognitive impairment in several 
European countries

• It is composed of ribose, 
pyrophosphate, cytosine (a 
nitrogenous base), and choline

• Citicoline is effective in CI of diverse 
etiology, such as in CI following 
cerebrovascular disease



Martinov and Gusev, J Exp Pharmacol, 2015



Martinov and Gusev, J Exp Pharmacol, 2015



Citicoline’s therapeutic effects in such conditions stem from its ability to: 

1)increase phosphatidylcholine synthesis, the primary component of neuronal membranes; 

2)enhance acetylcholine synthesis, ameliorating the symptoms resulting from ischemic loss of 
cholinergic neurons; 

3)promote the synthesis of several other membrane phospholipids, including 
phosphatidylethanolamine and phosphatidylserine, leading to repair and regeneration of axons and 
synapses; and 

4)prevent the accumulation of free fatty acids and the generation of free radicals at the site of 
ischemia, thereby preventing the initiation of a proinflammatory cascade of events.

5)Thus, citicoline’s therapeutic impact extends well beyond that of choline alone for the treatment of 
neurological conditions.

6)Choline in citicoline is less prone to conversion to trimethylamine (TMA), a gaseous metabolite 
oxidized in the liver to its atherogenic N-oxide TMAO 

Citicoline vs choline

2018 Natural Medicine Journal (ISSN 2157-6769)



• Citicoline improves both the immediate and the delayed recall of words
and objects

• It ameliorated short and long-term memory, capacity of attention and
perceptual-motor capacity, as well as behavioural and emotional control

• Improvement of verbal memory functioning in older individuals with
relatively inefficient memory



In 2005, a Cochrane revision assessed the benefits 

of the treatment with citicoline in aged patients 

with chronic cerebral disorders .

This revision was based on 14 clinical trials with a 

total population of 1291 patients 

In this revision it was concluded that the 

treatment with citicoline had a positive effect 

on memory, behavior and global impression in 

elderly patients suffering from cognitive deficits 

associated with chronic cerebral disorders 

mainly related with cerebrovascular diseases 



Protective effects in:

• Alzheimer’s disease

• Parkinson’s disease

• Prion diseases

• Huntington’s disease

• Amyotrophic Lateral Sclerosis

• Multiple Sclerosis

• Cerebral ischemia







 Our findings suggest that citicoline 
may improve attentional 

performance in middle-aged women 
and may ameliorate attentional 
deficits associated with central 

nervous system disorders 







• THE FUTURE 

PERSPECTIVES

• The CITICHOLINAGE Study

• The CITIRIVAD Study

• The VITA Study– The IDEALE Study 

1) Why does citicoline work?

2) What are its main mechanisms of 

action?

3) Why chronic administration?

4) Focus on the three studies

• Phospholipids (PC, PE, PS)

• Neurotransmitters (Ach, DA, 
NA)

• Neuroprotective and 
oxidative stress 

(sirtuin-1, glutathione 
synthesis)

• Mytochondrial dysfunction 
(cardiolipin)

• Glutamate 

• Synaptogenesis, gliagenesis



● Studi preclinici hanno chiaramente dimostrato che gli AChEIs + i precursori 

colinergici possono essere efficaci sia nella DA che nella demenza mista, 

poichè aumentano i livelli intrasinaptici di  Ach più di quanto possano fare i 

singoli farmaci da soli (The ASCOMALVA Study, Amenta et al., 2012) 

● Meccanismi patogenetici comuni sia nella DA che nella DV

● Deficit colinergici nella demenza vascolare e nel deterioramento cognitivo 

vascolare in generale

Razionale delle terapie di 
combinazione







Years T0 T1 T2

65-74 5,0 5,1 5,1

75-84 3,4 3,6
3,7

>= 85 3,5 3,6 3,8

Years T0 T1 T2

65-74 7,3 7,7 7,9

75-84 5,5 5,8 5,9

>= 85 6,1 6,6 6,6

Years T0 T1 T2

65-74 23,5 23,9 24,1

75-84 22,9 23,3 23,3

>= 85 21,8 22,1 22,2
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MMSE

North 23,4 23,9 23,7

South 22,8 23,1 23,3

North                 South





Conclusions
• An improvement of MMSE score was found between T2, T1 and T0 (increase 

of 0.5 points) 

• The untreated group showed a decline in MMSE score (-1.9 points); significant 
difference among the treated and untreated groups

• ADL and IADL scores remained substantially unchanged in both groups

• A slight difference was found in GDS score among the study and control 
groups (p=0.06, ns). 

• No adverse events were recorded over the course of the study.

• This study showed that citicoline is effective and safe, 

therefore it can be      recommended in mild vascular cognitive 

impairment.



P=0,11

9

P=0,0

00P=0,00

0

MMSE at Baseline, T1 and T2



P=0,165 P=0,002P=0,007

MMSE scores over time in the groups
donezepil+citicoline (n=144) and rivastigmine + citicoline (n=105) 



Cotroneo A.M. et al Clin Drug Investig. 2016 Dec;36(12):1059-

1065

Alzheimer’s disease Mixed dementia

Mean MMSEc score





● Ottimizzare le terapie che possano in qualche modo rallentare la progressione della 
malattia

● Approccio colinergico associando un precursore come colina alfoscerato o citicolina può 
attualmente essere una valida alternativa per cercare di ritardare la progressione del declino 
cognitivo nell’AD e nella MD 

Il presente

Il futuro….

• Ricercare molecole con evidenza di efficacia e 
tollerabilità….

• Anticorpi monoclonali?

• Mitocondri?

• Altro?
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