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Pathway patologici nella cascata ischemica cerebrale che
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Key points

e Citicoline: an old drug with new perspectives

e Citicoline in cognitive impairment. What do we have learned from
previous studies

 Combination therapies: evidence from literature

* What can we expect from future studies and why?



The final target: the cholinergic neuron

In particular cholinergic neurons and pathways...
Limbic areas, medial part of temporal lobe, entorhinal cortex,
Neurotoxicity /. hippocampus and amygdala, nBM and vertical band of Broca.
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Uridine Cytidine
phosphate triphosphate 1,2-diacylglycerol

v

Cytidine ——

CDP-choline CTP-
(citicoline)

cytidylyltransferase

Choline ———»  Phospho- ——— C(iticoline —— Phosphatidyl-
choline choline

v

- 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 Betaine

—> Methionine — S-adenosyl-L-methionine

A
A

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

Adibhatla et al., Stroke, 2001, modif.
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Figure 1. The targets and interacting partners of SIRT1. SIRT1 has many targets that play roles in different molecular pathways including neuronal protection,
inflammation, stress resistance, mitochondrial biogenesis, fatty acid oxidation and mobilization, insulin secretion, glucose production and lipid homeostasis.
SIRT1 is activated by CR, NAD biosynthesis and small molecule sirtuin activators (STACs).

Protective effects and mechanisms of sirtuins in the nervous
system

Feng Zhang®<~, Suping Wang®¢", Li GanP, Peter S. Vosler®, Yangin Gao?°, and Jun
Chena.c.d

Prog Neurobiol 2011 November ; 95(3): 373395
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SIRT 1 decreases
transcriptional activity
of p53, NF-kB, FOXO1,
YY1, Nrf2 and PPARy.

Legend:
ba ’ Figure 3. SIRT1 globally silences gene transcription by deacetylating histones
S hase par (a) When SIRT1 is not active, the histones are acetylated and unable to bind DNA | thus

P phosphate| g ilitating gene transcription. (b) Once activated, SIRT1 deacetylates histones, giving them

Y lysine a net positive charge Histones are then free to bind DNA at phosphate moieties and
A  acetyl interfere with gene transcription. (¢) Once histones have fully gained their positive charge
/@ SIRT1 upon complete deacetylation of histone lysmes, DNA winds around the histones, making

gene transcription unavailable and leading to genome-wide gene silencing.
Prog Neurobiol. Author manuscript; available in PMC 2012 November 1.
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degradation
Figure 5. Cytosolic targets of SIRT1
In addition to i1ts numerous actions in the nucleus, SIRT1 also has some newly discovered
cytosolic targets. SIRT1 deacetylates and activates LKB1. leading to increased AMPEK
L-Arg AMPK activity and attenuating 1schemic bramn mjury. SIRT1 activity can also inhibit enzyme
activity. Deacetylation of PTEN by SIRT1 wnhibits the phosphatase’s ability to bind and
«— eNOS {— —’ LKB1 — dephosphorylate PIP3, and results in unhindered activity of the neuroprotective PI3K/Akt
signaling pathway. Deacetylation of eNOS stimulates the production of NO, a potent
NO p-AMPK vasodilator. Putatively, this improves cerebral perfusion following ischemic stroke or
subarachnoid hemorthage. Finally, SIRT1 also deacetylates phosphorylated tau, facilitating
l its degradation and reducing neuronal death in models of Alzheimer’s disease.
PTEN
PIP3 —— PIP2 Citicoline (CDP-choline) increases Sirtuin1

expression concomitant to neuroprotection in
experimental stroke

Journal of JNC
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Safety

* Low level of toxicological concern; administration of choline with
cytidine in the form of CDP-choline lowers the toxicity index an
additional 20 fold

* Occasional digestive intolerance and occasional excitability or
restlessness in the first days of treatment (especially parenterally)

* Self-limiting headache, tingling sensation, numbness
* No clinically significant ECG and EEG abnormalities

Gareri et al., 2015



Citicoline vs choline

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

2018 Natural Medicine Journal (ISSN 2157-6769)
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The CITIMEM study: A pilot study. Optimizing pharmacological treatment in
dementia

Pietro Gareri™*, Antonino Maria Cotroneo”, Giuseppe Orsitto®, Salvatore Putignano®

La tabella 1 riassume le azioni pleiotropiche della citicolina.

La Citicolina:

e & efficace nel deterioramento cognitivo di diversa eziologia. demenza di Alzheimer. demenza mista.

Parkinson demenza. demenza vascolare. deterioramento cognitivo vascolare. glaucoma. ambliopia.

trauma cranico’

¢ migliora il richiamo mmmediato e tardivo di parole. oggetti. la memoria verbale ed a lungo

termine!?

e aumenta la sintesi di fosfatidilcolina. fosfatidiletanolamina e fosfatidilserina'!

e aumenta la sintesi di acetilcolinal?

e previene I'accumulo di acidi grassi liberi e la generazione di radicali liberi al sito di ischemia®!

e inibisce I'apoptosi associata ad ischemia cerebrale prevenendo 1'attivazione della caspasi-3’

¢ migliora il metabolismo energetico mitocondriale prevenendo la perdita di cardiolipina’!1*

¢ aumenta il metabolismo cerebrale ed 1 livelli di noradrenalina e dopamina nel Sistema Nervoso

Centrale (SNC)%

e promuove effetti neuroprotettivi in condizion di ipossia ed ischemia. migliora apprendimento e
memoria in modelli animali di invecchiamento cerebrale e ripristina I'attivita dell’ATPasi

mitocondriale e dell”’ATPasi di membrana Na*/K™ %13

¢ inibisce attivazione della fosfolipasi Az ed accelera il riassorbimento dell’edema cerebrale in

vari modelli sperimentali®-

e riduce/ritarda 1’efflusso neuronale di glutammato. stimola la sintesi di glutatione e promuove

neurogenesi. sinaptogenesi e gliagenesi'*!?

e aumenta 1'espressione della SIRT1 nel cervello di ratto. nelle colture neuronali e nelle cellule

mononucleate sieriche circolanti'’

¢ aumenta [’attivita dei livelli sierici di acetilcolinesterasi (AChE), butirrilcolinesterasi (BChE) e

neprilisina (N EP)ZO,M




Review Article
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Clinical Interventions in Aging Dovepress

open access to scientific and medical research
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Effectiveness and safety of citicoline in mild Clinical Interventions in Aging 2013:8 131137
vascular cognitive impairment: the IDEALE study

MMSETO MMSE T1 MMSE T2
226 3 - o7 o4 -
22.4 P=0.156 : P = 0.0001 22.9 P = 0.0001
o —_— - s 19.6
o o 3]
8 o S 7 A— 8 20.5 - ()]
@ 214 | @ 20 -
292} 19,5 -
21 | 19 |
Citicoline group Control group Citicoline group Control group Citicoline group Control group
Antonino Maria Cotroneo' MMSE MMSE
Alberto Castagna?’ . .
Salvatore Putignano’ Citicoline group controls
Roberto Lacava?
Fausto Fanto* TO-T1 TO-T2 TO-T1 TO-T2
Francesco Monteleone®
Filomena Rocca? t 0863 1 439 1 1 792
Alba Malara®
Dietro Carapid P | 0.388 | 0.151 0.319 | 0.075
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25- ADL ¢ |[n sub-acute ischemic cerebrovascular disease, administration
20 D———— o orow of citicoline at the intravenous dose of 2000 mg
15 _ o in 500 cc of saline for 5 days or 10 days has proven to
10 e be effective in improving functional independence and
ZZ | | in reducing the burden of care.
T T2 T3
IADL o After 5 days (80% of cases), or 10 days (20% of cases; T2),
zz I . ) or 2 months (T3) since the beginning of treatment, there
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- -y
05 e No major side effects in any phase of the study
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B T2 T3 Clinical Interventions in Aging 2012:7 113118



* Phospholipids (PC, PE, PS)

* Neurotransmitters (Ach, DA, NA)

* Neuroprotective and oxidative stress
(sirtuin-1, glutathione synthesis)

* Mytochondrial dysfunction (cardiolipin)
* Glutamate

* Synaptogenesis, gliagenesis

«THE CITIDEMAGE
Study

* The CITIMEM Study
* 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 some previous studies




The CITIRIVAD study was a retrospective case-
control study.

It was performed on 174 consecutive outpatients
aged 65 years old or older, affected with AD or MD,
treated with rivastigmine patches + citicoline

1000 mg/day given orally (group A) or with
M ea n M M S EC Sco re rivastigmine alone (group B).

Data showed the effectiveness of combined
administration (citicoline + rivastigmine) versus the

A I Z h e i m e r ’S d i S e a S e AchEI alone, mainly in slowing disease progression. M ixe d d e m e n t i a

17,5 267 16,62
16,6 2
17 R*=0,9753
16,79 16,5
R*=0,8328 ’ 16,41
16,5 16,4
16,3
i6 16,2
15, 161 /
15,5 e
i5- 15,9
i5,8
14,5 15,7 :
MMSEc Mini Mentaf State Examination corrected according to age and educat;on 10 Ti T2
The CITIRIVAD Study CITIcoline plllS RIVAstlgmme mn Elderly Clin Drug Investig. 2016 Dec;36(12):1059-1065

Patients Affected with Dementia Study
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MMSEc Cases Controls p value (ANOVA)
AD MD AD MD
rivastigmine +citicoline 1G rivastigmine
n=62 n=30 n=53 n=29

AIZhei Mer'’s disease

' Mixed dementia

- Alzheimer’s dgisease

~ Mixed dementi

(1279 + 2.75]

T0 (1568303 | 1604=3.3] [ [1532+355] 0.447
T1 (1679284 [ 1641=3.26] (1481358 ] (12.33 + 2,96 @
T2 (1693300 | [16622355) | (1397 =356] | (1320 262]

MMSEc Mini Mental State Examination corrected according to age and education, CT combined treatment, rivastigmine + citicoline,
AD Alzheimer’s disease, MD mixed dementia.

Clin Drug Investig. 2016 Dec;36(12):1059-1065
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CT: rivastigmine +citicoline 1G

Controls rivastigmine

Cases (CT), Controls (rivastigmine),
AD MMSEc n= 62 h =53 p value
Alzheimer’s TO 15.68 + 3.03 15.32 + 3.55 0.565
disease
T1 16.79 = 2.84 14.81 + 3.58 0.001
T2 16.93 = 3.00 13.97 = 3.56 0.000
CT: rivastigmine +citicoline 1G  Controls rivastigmine
M D Cases (CT), Controls (rivastigmine),
MMSEc n =30 n= 20 p value
Mixed
Dementia TO 16.04 + 3.13 14.79 + 2.75 0.110
T1 16.41 = 3.26 14.33 £ 2.96 @
T2 16.62 + 3,55 13.20 + 2.62 0.000
Clin Drug Investig. 2016 Dec;36(12):1059-1065
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The CITIRIVAD Study: CITIcoline plus RIVAstigmine in Elderly
Patients Affected with Dementia Study Clin Drug Investig. 2016 Dec;36(12):1059-1065

Conclusions

The CITIRIVAD Study shows that the association of citicoline to the AChEI rivastigmine may represent an option
to prolong or even potentiate beneficial effects of cholinergic therapies in AD and MD, when concomitant
ischemic cerebrovascular injuries are found.

The combined treatment rivastigmine + CDPcholine was advantageous in terms of cognitive performances
versus patients treated with rivastigmine only, both in the AD and in the MD groups. Furthermore, in the AD

group the increasing trend in MMSE score appeared to be statistically significant, even if it was similar in MD
patients.

If we think to about the pathogenetic mechanisms causing AD and MD, we could hypothesize that a more
prolonged treatment points out the advantage of combined treatment.

The results are very positive, even if we need to take into account the poor sample size, and its features of
being a retrospective and observational study.

Future perspectives could be a similar study on a wider number of patients affected with AD or MD treated with
other AchEls (galantamine, donepezil) and the possible differences in response rate among the various AchEls.
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The Citicholinage Study: Citicoline
Plus Cholinesterase Inhibitors in Aged
Patients Affected with Alzheimer’s

MMSE at Baseline, T1 and T2

MMSE TO

179 16,88 185 -
169 MMSE T1 18 17,89
12:3 : 18 - 17.62 P=0,000 175 -
16,6 - 17,5 - 17

16,5 -

16,5 1 641t—| 17 16 -
16,4 s 155 | 15,41
o B =

' 16 _
16,1 1 . 14,5 1

Citicoline Group Control Group 15,5 1 .: 14— |
15 Citicoline Group Control Group
Citicoline Group Control Group

Journal of Alzheimer’s Disease 56 (20171 5337-565




The Citicholinage Study: Citicoline
Plus Cholinesterase Inhibitors in Aged
Patients Affected with Alzheimer’s
Disease Study

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

MMSE T0 P=0,165 MMSE T1 P=0,007 MMSE T2 P=0,002
] 18,5 -

17,2 17,15 18,15 19

- 15 - 55 | 18,49
16,8 - 17,5 - 18
s | 16.54 - 16,89 175 - 17,07

17 A
16,2 | 16 + T 1° . | . . .
Donepezil Group Rivastigmine Group Donepezil Group Rivastigmine Group Donepezil Group Rivastigmine Group

Journal of Alzheimer’'s Disease 56 (2017) 557-565




Introduction: Citicoline can have beneficial effects both in degenerative and in vascular cognitive decline; it
works through an increase in acetylcholine intrasynaptic levels and promoting phospholipid synthesis, (chiefly
phosphatidylcholine), cellular function, and neuronal repair. Memantine is an N-methyl-D-aspartate (NMDA)
receptor antagonist used for the treatment of mild to moderate Alzheimer's disease (AD). When co-administered
_ they could have a synergistic action in patients affected with AD and mixed dementia (MD) too.
NH2 * HCI % Scope: The aim of the present study was to show the effectiveness of oral citicoline plus memantine in patients
¢ affected with AD and MD.
_ Patients and methods: This was a retrospective study between 2015 and 2017 on 126 patients aged 65 years old
I or older affected with AD or MD (mean age 80.7 = 5.2 years old). The study involved four different centers for
® dementia all over Italy. Diagnosis of AD was made according to clinical symptoms, neuropsychological tests and
brain imaging. Diagnosis of MD was made when symptoms typical of AD such as memory loss were associated to

CH3 1 svmptoms due to cerebrovascular deficits, L.e., impaired judgement, ability to make decisions, plan or organize,

¢ and brain imaging. 58 patients were treated with memantine (group A), 68 patients with memantine plus ci-

HsC ticoline 1 g/day given orally (group B). In both groups memantine dosage was 10— 20 mg/day according to its
Memantine hydrochloride F tolerability. 24 patients of group A and 29 patients of group B were affected with MD, Cognitive functions were

assessed by MMSE, daily life functions by ADL and IADL, behavioral symptoms by NPL, comorbidities by CIRS,
and mood by GDS-short form. Tests were administered at baseline ('T'0), after & ('T1), and 12 months ('T2). The

NH
: primary outcomes were the effects of combined treatment versus memanting alone on cognitive functions as-
sessed by MMSE. The secondary outcomes were the possible side effects or adverse events of combination
= . . - . .
N ‘ therapy versus memantine alone, influence on daily life functions and behavioral symptoms.

I Il T0 and T1 (16.6 = 2.9 vs 17.4 + 2.7) and between T1 and T2 (174 = 2.7 v5 17.7 £ 2.8
O™ o THDJ' T“gf\ The difference in MMSE score was significant when comparing the two groups, both at T1 (p = 0.003) and T2

OH O (p = 0.000).
Since it is important to maximize the pharmacological means in AD and MD, the present study encourages the
role of combined administration of memantine plus citicoline in disease management and in slowing down the

Figure | Citicoline’s chemical structure. progression of disease.

)\ N o o Results and conclusions: Patients treated with citicoline plus memantine showed an increase in MMSE between

HO H
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TO T1 (6 T2 (12
months) months)

B Comb H Mem




320 patients
/ 4 CDCD - retrospective \
study between 2016 and 2018
Exclusion criteria

- age of 65 years or older; . . -
le aff d with ) patients with other neurological disorders,
- people affected with AD; severe psychiatric conditions, other severe

-people had to be on treatment with Memantine plus an AchEl or comorbidities, or taking medications potentially able to interfere with

Memantine + an AchEl + Citicoline 1g since at least three months, from scheduled start. the results of the study (for example, drugs used for cognitive
impairment, i.e. cognitive enhancers, such as choline alphoscerate,

choline bitartrate, L-a-glycerophoshorylethanolamine,
homotaurine, etc.).

169 patients
mean age 78.3 + 5.68 years old

/ \

84 AD pts group A — Combined therapy with citicoline) 85 AD pts group B
39 F—-45 M (77.7 £ 5.47 years old)

Memantine 10-20 mg +

Donepezil 5-10 mg or

Rivastigmine transdermal patches 4.6-9.5-13.3 mg

Inclusion criteria

47 F—38 M (78.8 + 5.89 years old)

Memantine 10-20 mg +

Donepezil 5-10 mg or

Rivastigmine transdermal patches 4.6-9.5-13.3 mg

+ Citicoline 1g
MMSEc
lT\(/)"IgS;EC g el T015.11+3 baseline
.85+ 2, aseline

T116.39 +2.93 6 months p 0.003 7114.95+3.23 6 months

T2 16.43 + 3.08 12 months p 0.011 T2 15.12+3.52 12 months
GDS score significantly improved in group A after 6 months. EuroQol score significantly improved in
No differences between T1 and T2 group A after 6 and 12 months



16,5

16
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7

15

14,5

14

15,85+2,86

T0

15,11+3

p=0.103

16,39+2,93 16,43+3,08

15,12+3,52
14,95+3,23

*p=0_003 **p=0.011

T1 (6 months) T2 (12 months)

Gareri et al., Alzheimer’s & Dementia, 2020
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Tabella 2. Gl studi sulle terapie di combinazione con citicolina pubblicat: ad oggi.
AD = Demenza di Alzheimer; MD = demenza mista; AchEls = inibiton dell acetilcolinesterasi

Gareri et al., RRCT, 2021

HMorme dello smdio Tipo di smdio Pazienti & tipo di Terapia di Bassline (mtezgio 3 mesi (puntezio 1§ mesimonths 9 mesi (uEegmio 12 mes] {pambeszio
demenza (o) combinszome MMEE) MSE) (pmterzie MLEE) MMSE) MMSE)
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Background: Citicoline is a naturally occurring compound with pleiotropic effects on neuronal function and cognitive
processes.

Objective: Based on previous studies, which shed light on the positive effects of citicoline 1 g when combined with acetyl-
cholinesterase inhibitors (AChEIs) and/or memantine, we further investigated the benefits of citicoline in combination therapy
in Alzheimer’s disease and mixed dementia.

Methods: We integrated the datasets of CITIMEM and CITIDEMAGE., increasing the overall sample size to enhance
statistical power. We analyzed data from these two investigator-initiated studies involving 295 patients. The primary outcome
was the assessment over time of the effects of combined treatment versus memantine given alone or AChEI plus memantine
on cognitive functions assessed by Mini-Mental State Examination (MMSE). The secondary outcomes were the influence
of combined treatment on daily life functions, mood, and behavioral symptoms assessed by activities of daily life (ADL)
and instrumental ADL, Geriatric Depression Scale, and Neuropsychiatric Inventory Scale. One-hundred-forty-three patients
were treated with memantine and/or AChEI (control group), and 152 patients were treated with memantine and/or AChEI
plus citicoline 1 g/day orally (Citicoline group).

Results: A significant difference in MMSE score was found in the average between the two groups of treatment at 6 and 12
months.

Conclusions: This study confirmed the effectiveness of combined citicoline treatment in patients with mixed dementia and
Alzheimer’s disease, with a significant effect on the increase of MMSE score over time. The treated group also showed a
significant reduction in the Geriatric Depression Scale and a significant increase in the instrumental ADL scale.



Table 1

Summary of baseline characteristics per treatment

Control Citicoline Total
(n=143) (n=152) (n=295)
Age (y), mean (SD) 79.98 (6.01) 79.38 (5.26) T9.67 (5.64)
Sex. n (%)
Female 83 (58) 85 (56) 168 (57)
Male 60 (42) 67 (44) 127 (43)
Years of education in classes, i (%)
1-5 31(22) 32(21) 63 (21)
5-7 52 (36) 58 (38) 110{37)
T-8 3(2) 4(3) T(2)
=8 3740y 38 (38) 115 (3%)
MMSE T0O, mean (5D) 15.58 (2.95) 16.28 (2.89) 15.94 (2.93)
CIES T0O, mean (SD) 3.09 (1.06) 3.6 (1.04) 3.35(1.08)
ADL TO, mean (5D) 3.24 (1.03) 3.34 (1.08) 3.29(1.06)
IADL T0O, mean (SD) 2.13(1.12) 2.21(1.25) 2.17(1.19)
NPI TO, mean (SD) 11.56(7.51) 13.03 (8.76) 12.32 (8.2)
GDS TO, mean (SD) 2.76(1.34) 2.55(1.33) 2.65(1.34)
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Supplementary Figure 1. Two-way ANOVA with repeated measures over time (MMSE
e versus time and treatment). At each time point (indicated in the plot with T0. baseline. T1. 6
e months and T2. 12 months). we found a significant difference in the average between the two .
A groups of treatment (t-test with a 5% significance level).
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e Citicolina nei disturbi comportamentali?
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Fig. 3. The mean change in IADL score over time. Difference in
the average between the two groups of treatment at (T1. 6 months
and T2, 12 months) (#-test with a 5% significance level). p=0.189
T1 versus treatment group: *p=0.032 T2 versus treatment group.

13 -

12 - ’ E
.
a 11 <
=

10 - Treatment
& Control
o Utikoline
g —
1 | |
0 [} 12
Meonths

Fig. 4. The mean change in NPI score over time. Difference in
the average between the two groups of treatment at each time point
(T1, 6 months and T2, 12 months) (7-test with a 5% significance
level). p=0.688 T1 versus treatment group; p=0.275 T2 versus
treatment group.
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Figure 5. Two-way ANOVA with repeated measures over time (GDS versus time and
treatment). At each time point (indicated in the plot with TO. baseline. T1. 6 months and T2. 12
months). we found a significant difference in mean between the two groups of treatment (t-test
with a 5% significance level).
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Il presente

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

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

Il futuro....

* Ricercare molecole con evidenza di efficacia e
tollerabilita....

e Lecanemab? Donanemab?
e Altro?
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+ Stimulator of interferon genes (STING) deficiency in the 5xFAD mouse model of s TE 104 '—‘ %3 . ‘ %
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deposition and altered microglial activation status. T 2 :i 7 |8 1 E 2| [ E
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health, and reduced levels of oxidative stress. (F) " @, TPER (H)

* Lossof STING in 5xFAD mice leads to improved spatial learning and memory.
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A DOCTOR= working with your own
EMOTIONS, cultivating your PASSION and the
e SCIENCE of the profession, knowing that you
do NOT know
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