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INTRODUCTION 

The observation of a reduction of choline acetyltransferase (acetylcholine biosynthetic enzyme) in 

the cerebral cortex of patients with Alzheimer's disease and subsequent preclinical and clinical 

evidence have led, between 1970 and 1980, to the identification of the cholinergic system as the 

most neurotransmitter systems involved in processes of memory and learning (Amenta et al., 2001). 

These studies have allowed to develop the, so-called, cholinergic hypothesis of cognitive 

dysfunction observed in adult. Starting from this hypothesis and from the correlation between brain 

levels of acetylcholine and the cognitive performance degree, several pharmacological approaches 

have been attempted to correct the cholinergic deficit that is observed in the central nervous system 

of patients suffering from the Alzheimer's disease (Giacobini, 1998; Amenta et al., 2001; Gauthier 

2002). Similarly to what was observed in Alzheimer's disease, involvement of the cerebral 

cholinergic system was also suggested in the pathophysiology of vascular dementia VaD, the most 

common form of adult-onset cognitive dysfunction after Alzheimer's disease (Brashear, 2003; 

Roman, 2003). 

 Figure 1 summarizes the cholinergic projections that innervate the cerebral cortex and that 

originate from the nuclei of the basal forebrain. 

 

Figure 1. Schematic representation of the ascending cholinergic projections that, from the base of the forebrain 

cholinergic nuclei (in particular the magnocellular basal nucleus), innervate the cerebral cortex. The figure also 

represents the projection from the nucleus pontine peduncle reaches the diencephalon and is considered to be 

responsible for attentional processes. 
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The possible attempts to restore cholinergic neurotransmission proposed or tried consist essentially 

in using: 

 Cholinergic precursors (drugs that increase the levels of acetylcholine, increasing the 

availability of the substrate for the neurotransmitter synthesis); 

 Inhibitors of acetylcholinesterase (AChE) or cholinesterase (ChE) (drugs that increase the 

levels of acetylcholine, delaying the degradation at the synaptic level); 

 Nicotinic or muscarinic agonists (drugs that mimic the action of acetylcholine at pre- or 

post-synaptic level); 

 Enablers of the release of acetylcholine (drugs to facilitate the release of acetylcholine from 

pre-synaptic terminals). 

Among the 4 categories of compounds potentially capable of increasing or facilitate cholinergic 

neurotransmission, only the first two have led to the development of drugs used in therapy, although 

with different results (Giacobini, 1998; Amenta et al., 2001; Grutzendler and Morris, 2001; 

Gauthier 2002; Grantham and Geerts, 2002). Cholinesterase inhibitors are the first drugs that have 

received regulatory indication of the symptomatic treatment of Alzheimer's disease. 

The activities of the three cholinesterase inhibitors available in the Italian pharmaceutical market 

was subject of a careful evaluation called "Project CRONOS". It is a study of post-marketing 

surveillance nationwide aimed at evaluating the transferability, in clinical practice, of the results 

obtained in clinical trials conducted before the marketing authorization of the medicines in question. 

In particular, the CRONOS, whose adherence was subject, for a time, the dispensation of 

cholinesterase inhibitors, was aimed at: 

 improve knowledge of the characteristics of the population suffering from Alzheimer's 

disease and treated with cholinesterase inhibitors: 

 assessing the appropriateness of the treatments; 

 broaden the definition of tolerability profiles of the drugs; 

 identify possible predictive variables for the optimization of the profile of drug efficacy. 

CRONOS Project was conducted on a representative sample of patients with Alzheimer's disease 

being treated at the over 500 Alzheimer Evaluation Unit (UVA) established in all Italian regions. 

The sample considered sufficient for objectives of the observational study was considered 

corresponding to about 1/5 of the total UVA (118 UVA). The UVA identified provided all the 

patients records from the period September 2000-December 2001 to February 2003. The analyzed 
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sample included 7,395 patients. From the total number of persons, 1,933 patients were excluded 

because they are already being treated with cholinesterase inhibitors before the CRONOS. So the 

analysis of the treatment was carried out on 5,462 patients. In terms of evaluating the results of the 

CRONOS, about 2 in 10 patients showed a response at 3 months. Patients responders to the 

treatment (considered those with a difference of 2 points in MMSE from baseline) only one has 

maintained the response at 9 months. One patient treated every 7 went to meet adverse events, that 

in almost 36% of cases have resulted in the discontinuation of therapy. The conclusion of CRONOS 

was a modest size response to drug therapy. (Bollettino Informazione Farmaci, 2004). 

There is not an analogue evaluation to project CRONOS for Vascular Dementia, although an 

analysis of prescriptions from Italian UVA for different types of patients with adult-onset dementia 

has shown that cholinesterase inhibitors are prescribed to 90% of patients with Alzheimer's disease, 

80% of patients with Lewy bodies dementia (LBD) and at 35-45% of patients with VaD and 

frontotemporal dementia (Frisoni et al., 2007). Careful evaluation of the effectiveness of treatment 

with cholinesterase inhibitors on cognitive dysfunction associated with VaD or otherwise found in 

mixed forms of  neurodegenerative and vascular adult-onset dementia, was conducted by a recent 

meta-analysis that took examined 2,633 patients in active treatment and 1,650 patients treated with 

placebo in three trials with donepezil, 2 with galantamine and  2 with  rivastigmine (Kavirajan and 

Schneider, 2007). The meta-analysis concluded that cholinesterase inhibitors produce a modest 

improvement in cognitive function of uncertain clinical significance in patients with mild to 

moderate VaD. This effect is considered insufficient to support a widespread use of cholinesterase 

inhibitors in the treatment of VaD, suggesting that a more accurate analysis of individual patient 

data is necessary to identify groups of patients who may benefit from the drugs in question 

(Kavirajan and Schneider, 2007). 

The cholinergic system of the forebrain base plays an important role both in the elaboration of 

attention, memory and behavior, that in the regulation of cerebral blood flow (Everitt and Robins, 

1999). The cholinergic structures of the forebrain base, as well as numerous brain areas involved in 

cognitive activities, are particularly sensitive to ischemia. This consideration would explain the 

strong cholinergic deficit that is observed in the associated neurodegenerative and vascular forms of 

dementia (Everitt and Robins, 1999; Roman, 2003). From the point of view of symptoms, these 

forms, which are reported in the literature with the term vascular dementia are characterized by 

progressive cognitive decline, disesecutive syndromes and behavioral changes. Symptoms 

dependent, in all likelihood, from ischemic damage or oligaemia against brain areas involved in the 

development of cognitive functions and complex behaviors (Roman, 2003). 
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Preclinical studies reported a neuroprotective effect of inhibitors of AChE / ChE, which could slow 

the progressive evolution of the disease in question (Francis et al., 2005). However these benefits in 

front a low cost / benefit ratio (especially in terms of adverse reactions) are modest and of doubtful 

clinical significance (Kavirajan and Schneider, 2007). One of the more negative aspects of therapy 

with inhibitors of AChE / ChE lies in the loss of efficacy of treatment with time. Another problem 

is the treatment of specific patient groups in which inhibitors of AChE / ChE are contraindicated;  

particularly the very elderly (over 85 years) or those suffering from bradycardia or obstructive 

pulmonary diseases, such as bronchial asthma and CPOD (Parnetti et al., 2007). 

Cholinergic precursors represent one of the first approaches to treat adult-onset dementias, but their 

effectiveness has been demonstrated only for some molecules (Amenta et al., 2001). Studies 

conducted in experimental animals have shown that an association between choline alphoscerate 

(alpha-glyceryl phosphorylcholine, GFC) and an inhibitor of cholinesterase induces an higher 

increase acetylcholine levels compared to treatment with the individual substances (Tayebati et al., 

2006). This effect on the levels of acetylcholine was particularly pronounced especially in brain 

areas involved in higher cognitive processes. A positive effect of an association precursor (CDP-

choline) and  the Ache inhibitor (galantamine) was reported by a pilot study in patients with 

schizophrenic psychosis; in this study was also highlighted the perfect tolerability of the association 

(Deutsch et al., 2008). 

Choline alphoscerate is a cholinergic precursor probably among the most active and certainly more 

effective respect CDP-choline in increasing brain levels of acetylcholine (Amenta et al., 2001). 
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CHOLINE ALPHOSCERATE 

Changes in cholinergic function are implicated in the pathogenesis of learning and memory 

alterations occurring in adult-onset cholinergic dysfunction including dementia disorders (Davies 

and Maloney, 1976; Bowen, 1977; Perry et al., 1977; Bartus et al., 1985; Gottfries et al., 1994). The 

cholinergic system is not the only neurotransmitter system affected in cognitive dysfunction 

common of Alzheimer’s disease or vascular dementia, but analysis of its involvement in cognitive 

functions has shown that central cholinergic receptors might be involved in learning and memory 

through complex mechanisms (Davies and Maloney, 1976; Bowen, 1977; Perry et al., 1977; Bartus 

et al., 1985; Gottfries et al., 1994). 

Studies of the brain of aged subjects or of patients suffering from Alzheimer’s disease have shown 

marked loss of the acetylcholine  synthesizing enzyme choline acetyltransferase and of nicotinic 

cholinergic receptors (Davies and Maloney, 1976; Bowen, 1977; Perry et al., 1977; Bartus et al., 

1985; Gottfries et al., 1994). Administration of the muscarinic antagonist scopolamine to healthy 

young subjects induces a cognitive impairment resembling that found in adult-onset dementia 

(Amenta and Tayebati, 2008). A correlation between the loss of cortical cholinergic synapses and 

cognitive decline and a relationships between this loss and the decrease of high affinity cholinergic 

receptors were reported (Davies and Maloney, 1976; Bowen, 1977; Perry et al., 1977; Bartus et al., 

1985; Gottfries et al., 1994). These findings have contributed to the development of the cholinergic 

hypothesis of geriatric memory dysfunction (Perry et al., 1977). 

Cholinergic strategies were therefore developed for restoring deficient cholinergic 

neurotransmission which occurs primarily in basal forebrain (Terry and Boccafusco, 2003). 

Cholinergic precursors have represented an old approach to treat cholinergic dysfunction and 

cognitive decline in adult-onset dementia disorders (Amenta et al., 2001; Parnetti et al., 2007). 

Many of these precursors were early leaved because their efficacy was not clearly demonstrated. 

This is not true for choline alphoscerate, a cholinergic precursor available in the pharmaceutical 

market of several countries, which has been studied both in preclinical paradigms and in clinical 

trials (Tayebati and Amenta, 2013).  

Choline and the choline-containing phospholipid phosphatidylcholine, are essential for maintaining 

cell membrane integrity and structure. Choline is also required to transport fats in and out of cells, 

and is a precursor of acetylcholine, the neurotransmitter required for several brain functions 

including learning and memory. Choline is probably one of the most basic nutrients necessary for 

optimal cognitive function being the precursor for acetylcholine and is also used by cellular 
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machinery for synthesizing phosphatidylcholine (Amenta and Tayebati, 2008; Gui et al., 2010; Hoff 

et al., 2010). 

Figure 2 summarizes acetylcholine anabolic pathways (Amenta and Tayebati, 2008). As shown, the 

enzyme glyceryl- phosphorylcholine diesterase transforms alpha glyceryl-phosphorylcholine into a 

molecule of  choline and another of glycerol-1-phosphate.  

 

Figure 2: Acetylcholine synthetic pathways . Interference of choline-containing compounds. Figure modified from 

(Amenta et al., 2001) 

This figure shows the steps in which choline alphoscerate can influence neurotransmitter 

biosynthesis. Cythidin diphosphate (CDP); Cythidin triphosphate (CTP); Glyceryl-

phosphorylcholine diesterase (GPD); Choline acetyltransferase (ChAT); Choline kinase (ChK); 

Phosphocholine cytidyl transferase (PCT).   

Choline can be used to synthesize acetylcholine, whereas glycerol-1-phosphate after being 

phosphorylated can enter in the pool of phospholipids (Dross and Kewitz, 1972; Amenta and 

Tayebati, 2008) These pathways provide both free choline and phospholipids for preparing 

acetylcholine and to reorganize nerve cell membrane components. Free choline administration 

increases brain choline availability but it does not increase acetylcholine synthesis/or release 
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(Amenta and Tayebati, 2008). Acetylcholine is a neurotransmitter derived from choline and acetyl 

coenzyme A, the biosynthesis of which is catalyzed by choline acetyltransferase. Nervous tissue is 

unable to synthesize choline, that derives from the diet and is delivered to neurons through the 

blood stream. Acetylcholine released from cholinergic synapses is hydrolyzed by 

acetylcholinesterase into choline and acetyl coenzyme A. Approximately 50% of choline derived 

from acetylcholine hydrolysis is received through a high affinity transporter. Therefore  neurons 

require a further supply of choline for synthesis of acetylcholine (Amenta and Tayebati, 2008). 

Choline alphoscerate or alpha-glycerylphosphorylcholine (ATC code N07AX02) (GPC) (Figure 3) 

is a semi-synthetic derivative of lecithin. Following oral administration, it  is  converted to  

phosphorylcholine, a metabolically active form of choline able to reach cholinergic nerve terminals 

where it increases acetylcholine synthesis, levels and release (Amenta et al., 2001; Amenta and 

Tayebati, 2008) 

 

 

Figure 3: Chemical structure of choline alphoscerate 

Although choline alphoscerate is in the pharmaceutical market since 1987, the interest on it was 

remarkably reduced after the introduction in therapy of cholinesterase inhibitors. In the last 10 years 

a renewed attention on the compound was also seen in literature with preclinical studies, clinical 

investigations and review articles published on it (Suchy et al., 2009; Tomassoni et al., 2012; 

Scapicchio, 2013; Tayebati and Amenta, 2013; Tayebati et al., 2013).  

 

Pharmacokinetics 

The kinetics and metabolism of choline alphoscerate (GPC) were investigated in male and female 

rats after i.v. (10 mg/kg) and oral doses (100-300 mg/kg), using the compound labelled with [
14

C]-

glycerol ([
14

G]-GPC) or [
14

C]-choline ([
14

C]-GPC). Different kinetic and metabolic profiles were 

observed after i.v. and oral administration. Choline alphoscerate is hydrolyzed by 
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phosphodiesterases in the gut mucosa. The labelled metabolites have different kinetic properties of 

absorption, distribution and clearance, leading to different blood concentration-time curves of total 

radioactivity. Both labelled compounds gave a wide distribution of radioactivity, particularly 

concentrated in the liver, kidney, lung and spleen compared to blood. Brain concentrations of [
14

C]-

GPC were comparable to ([
14

C]-GPC) or lower than ([
14

C]-GPC) total blood radioactivity. The 

metabolite profile in the perfused brain showed a small amount of choline and two unknown 

metabolites, probably the same as in blood. In addition, choline was incorporated into brain 

phospholipids in increasing amounts within 24 h of dosing. In all cases renal and fecal excretion of 

radioactivity was low and comparable for [
14

C]-GPC and [
14

C]-GPC. Mostly the administered 

radioactivity was exhaled as 
14

CO2, this degradation being faster and more pronounced for the 

glycerol-labelled metabolites than for the choline-labelled metabolites for both routes of 

administration (Abbiati et al., 1993). 

Plasma choline levels were higher in eight healthy volunteers after intramuscular administration of 

choline alphoscerate compared to placebo (Fossati et al., 1994). Mean plasma choline levels in the 

placebo group ranged from 10.6 to 12.0 µM. After choline alphoscerate administration, the plasma 

choline level reached 35.1 µM in 30 min, then decreased gradually. Plasma choline levels became 

comparable in the treated and placebo groups 6-8 h after administration (Fossati et al., 1994). These 

pharmacokinetic data further support the view that choline alphoscerate increases the bioavailability 

of choline that can be then converted in acetylcholine.  

An increased of brain cholinergic tone by administration of choline alphoscerate was demonstrated 

by the clinical pharmacology study mentioned below (Ceda et al., 1992). Growth hormone (GH) 

secretion is decreased during aging in humans and in rodents. This decrease may be due to 

increased hypothalamic somatostatin release, which is inhibited by cholinergic agonists, or to 

decreased secretion of GHRH. GH secretion is greater in younger subjects than in old individuals. 

Administration of choline alphoscerate elicited a greater GH response to the GHRH compared to 

placebo. The potentiating effect of choline alphoscerate on GH secretion was more pronounced in 

the elderly subjects. These findings support the  view that increased cholinergic tone elicited by 

administration of choline alphoscerate enhances GH release (Ceda et al., 1992). 
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Toxicology and safety 

Studies on the toxicological profile and safety of choline alphoscerate are summarized in a recent 

review article (Bronawell et al., 2011). The oral LD50 is equal to or greater than 10,000 mg/kg in 

rats and mice. In some cases deaths are preceded by convulsions. Dosing of dogs with up to 3000 

mg/kg choline alphoscerate resulted only in reduced activity. Sub-chronic and chronic oral toxicity 

studies in rats (up to 1000 mg/kg/day) and beagle dogs (up to 300 mg/kg/day) produced 

symptomology primarily consisting of reduced activity, slight decreases in food consumption and 

body weight gain, slight reduction in liver weight, paralleled by significant decreases in plasma 

triglycerides, bilirubin, and alkaline phosphatase. These changes are no accompanied by 

histopathological correlates. In vivo and in vitro assays indicate that choline alphoscerate is devoid 

of mutagenic activity. This indicates that choline alphoscerate is not genotoxic in vitro or in vivo 

(Bronawell et al., 2011). 

To sum up, toxicology studies indicate that choline alphoscerate has low acute oral toxicity and, has 

an oral NOAEL of 150 mg/kg bw/day following 26 weeks oral exposure (Bronawell et al., 2011). 

Choline alphoscerate is a safe drug and in more than 20 years of clinical experience side effects 

were reported only rarely. Pharmacovigilance data analysis did allow to identify a single report of 

moderate adverse reactions in the elapse of time from 1 January 1998 to 16 May 2011. 

Analysis of adverse reactions in controlled clinical trials revealed a slightly higher incidence of 

adverse reactions with choline alphoscerate compared to placebo, but these reactions were always 

mild and never required discontinuation of treatment (Parnetti et al., 2001; De Jesus Moreno, 2003; 

Levin et al., 2011; Amenta et al., 2012). 

Compared with (acetyl)cholinesterase inhibitors that, although investigated in a larger number of 

clinical trials did not demonstrate in controlled studies a higher efficacy on cognitive domains 

compared to choline alphoscerate, the compound under analysis has undoubtedly an extremely 

more favorable safety profile.  

The case of cardiovascular side effects of the (acetyl)cholinesterase inhibitors and of choline 

alphoscerate was reviewed (Amenta et al., 2010). Analysis included a literature search, of all 

randomized clinical trials and meta-analyses published from 1999 to July 2009. Efficacy outcomes 

and adverse reactions requiring treatment discontinuation were considered with attention. 

Alzheimer’s disease, vascular dementia, cholinesterase inhibitors, and choline alphoscerate were the 

terms considered. Second generation (acetyl)cholinesterase inhibitors induced modest improvement 
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in cognitive performances in mild and moderate Alzheimer’s disease patients. In demented aged 

individuals treated with (acetyl)cholinesterase inhibitors, a greater risk for syncope, bradycardia, 

pacemaker insertion, and  hip fracture, was reported. The effect of choline alphoscerate on cognitive 

outcomes was not inferior to that of (acetyl)cholinesterase inhibitors. Treatment with choline 

alphoscerate was associated with a low incidence of adverse reactions and no changes in heart rate 

(Amenta et al.,  2010). It was concluded that association of bradycardia in demented patients treated 

with (acetyl)-cholinesterase inhibitors suggests that closer surveillance for bradycardia may be 

warranted in patients with cardiovascular risk treated with these drugs. In view of the good 

effectiveness/safety profile of choline alphoscerate, this compound may be considered as an option 

in older adults with dementia at risk of cardiovascular events (Amenta et al.,  2010). 
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PRECLINICAL STUDIES     

Choline alphoscerate interferes with brain phospholipid metabolism and increases brain choline and 

acetylcholine levels and release (Amenta et al., 2001; Amenta and Tayebati, 2008). 

Pharmacodynamic studies on choline alphoscerate during phases of development of the compound 

were focused primarily on its role in potentiating brain cholinergic neurotransmission and in 

interfering with brain phospholipid metabolism. Pre-clinical studies have demonstrated that choline 

alphoscerate increases the release of acetylcholine in rat hippocampus (Parnetti et al., 2007), 

facilitates learning and memory in experimental animals (Sigala e al., 1992), improves brain 

transduction mechanisms (Schettini et al., 1990; Lopez et al., 1991) and decreases the age-

dependent structural changes occurring in the rat frontal cortex and hippocampus (Amenta et al., 

1993). Moreover, the compound contributes to anabolic processes responsible for membrane 

phospholipid and glycerolipid synthesis, positively influencing membrane fluidity (Aleppo et al., 

1994). In several animal paradigms of impaired cognitive function, choline alphoscerate was 

demonstrated to improve cognitive deficit in experimental models of aging brain (Canonico et al., 

1990; Drago et al.,  1990) and to reverse mnemonic deficits induced by scopolamine administration 

(Sigala et al., 1992; Parnetti et al., 2007). Based on the above evidence, the central 

parasympathomimetic activity of choline alphoscerate was defined, suggesting its clinical use in 

patients affected by cognitive decline. Consistently with the activity profile, choline alphoscerate 

was classified as a centrally acting parasympathomimetic drugs both in international 

pharmacopoeias (Reynolds, 1996) and in the Chemical Therapeutical Anatomical Classification. 

A restorative role of choline alphoscerate on central cholinergic system was also documented by 

studies performed in old rodents. In these investigations the compound was able to counter age-

related changes in brain acetylcholine synthesizing (choline acetyltransferase) and degrading 

(acetylcholinesterase) enzymes (Amenta et al., 1994a) and some subtypes of muscarinic cholinergic 

receptors (Amenta et al. 1994b; Muccioli et al, 1996). 

Neuroprotective effects of choline alphoscerate were also documented in a rodent model of altered 

cholinergic neurotransmission caused by lesioning of the Nucleus Basalis Magnocellularis which 

represents the main source of cholinergic innervation of cerebral neocortex (Bronzetti et al., 1993; 

Amenta et al., 1995). A neuroprotective effect of treatment with choline alphoscerate on 

hippocampus microanatomy and glial reaction which represents an early sign of brain damage was 

documented in spontaneously hypertensive rats, used as an animal model of brain vascular injury 

(Tomassoni et al., 2006). A model used to mimic  to some extent neuropathological changes 

occurring in vascular dementia (Tayebati et al., 2011). Among cholinergic precursors tested, choline 
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alphoscerate elicited the most relevant stimulation on vesicular acetylcholine transporter, and 

choline transporter in the same model of brain vascular injury suggesting that it represents a strong 

enhancer of central cholinergic neurotransmission (Antal et al., 1999).     

Effects of choline alphoscerate were limited not only in rodent models of aging of lesioning of brain 

cholinergic nuclei, but also in Rhesus monkeys. In this species the compound revealed general 

facilitatory properties on retinal neurotransmission as well as specific spatial frequency tuning 

effects on retinal information processing (Amenta et al., 2006). 

More recent studies have demonstrated that association of choline alphoscerate with 

(acetyl)cholinesterase inhibitors potentiates effects on cholinergic neurotransmission. In fact, 

administration of choline alphoscerate plus the acetylcholinesterase inhibitor rivastigmine induced 

an increase of brain acetylcholine levels and of high affinity choline uptake binding sites more 

pronounced than single drugs (Amenta et al., 2006). This investigation has suggested that 

combination of a suitable precursor of brain acetylcholine such as choline alphoscerate and of an 

acetylcholinesterase inhibitor may represent an association worthwhile of being further investigated 

as a cholinergic replacement therapy in pathologies characterized by impaired cholinergic 

neurotransmission (Amenta et al., 2006). This working hypothesis was supported by the 

demonstration of a more sustained neuroprotective action by choline alphoscerate plus the 

acetylcholinesterase inhibitor galantamine than the two drugs administered alone (Tayebati et al., 

2009).   

In a first phase of our study it was shown that brain levels of acetylcholine are increased by the 

association between choline alphoscerate and rivastigmine in a more relevant than single drugs 

(Table 1). The study has documented an increase of the immunoreactivity for acetylcholine in 

neurons of the nucleus basalis magnocellularis (Figure 4), as well as an increase of binding of the 

high affinity marker for the system of transport of choline [
3
H]hemicholinium-3 more evident in 

association than the single drugs (Amenta et al., 2006). Based on these data it seems that, similar to 

that observed for the dopaminergic therapy of Parkinson's disease several years ago, the association 

between a precursor of acetylcholine synthesis and inhibition of its catabolism, is associated with an 

enhancement of cholinergic neurotransmission. 
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Table 1 

Effect of treatment with the cholinergic precursors choline and choline alphoscerate and 

with the cholinesterase inhibitor rivastigmine on acetylcholine levels in rat brain areas  

 Frontal Cortex  Hippocampus Striatum 

Control (n = 4) 140.25 + 4.9  86.35 + 2.9 223.75 + 7.8 

Choline (n = 5) 135.98 ± 3.2 87.02 ± 3.4 215.64 ± 9.6 

Choline alphoscerate  

(n = 5) 

175.6 + 4.8*  

 

109.4 + 4.4*   267.2 + 9.4* 

Rivastigmine (n = 5) 177.5 + 5.8*  109.5 + 3.3*    264.8 + 8.7* 

Choline alphoscerate  

+ 0.625 mg/kg 

rivastigmine 

(n = 6) 

198.33 + 4.9**  

 

 

126.0 + 3.3**   317.0 + 6.5** 

Choline + 2.5 mg/kg 

rivastigmine  

(n = 6) 

185.4 ± 6.4* 99.64 ± 9.2* 272.9 ± 8.5* 

Choline alphoscerate  

+ 2.5 mg/kg 

rivastigmine 

(n = 6) 

219.33 + 5.9*** 

  

 

142.5 + 2.9 *** 351.66 + 8.8*** 

Data era the means  + SEM and are expressed as pg of acetylcholine /mg of proteins 

p< 0.05 vs. control; **p< 0.05 vs. choline alphoscerate or rivastigmine;  ***p< 0.05 vs. choline 

alphoscerate or rivastigmine  or  vs. choline alphoscerate + rivastigmine (0.625 mg/kg)  

Modified from Amenta et al., 2006 

 

 
Figure 4: Immunohistochemical localization of acetylcholine in neurons of the magno cellular basal complex of control 

Wistar rats (A) after treatment with choline alphoscerate 100 mg/Kg/die (B), galantamine 3 mg/Kg/die (C) and the 

association of the two drugs (D).  Figure modified from Amenta et al., 2008 

Calibration bar: 10 µm 

A 

B 

C 

D 
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Note how the drug treatment with choline alphoscerate or galantamine determines, compared with 

the control, an increase in immunoreactivity for acetylcholine (detectable by their color dark 

brown). The two drugs in combination induce a more pronounced immunoreactivity for the 

neurotransmitter. 

 

To relate the probable neuroprotective activity of cholinesterase inhibitors (Akaike, 2006; Mori et 

al., 2006), however, also shared by memantine (Lipton, 2005) only to the increase in acetylcholine 

brain levels that this class of drugs induces it is a simplistic interpretation of a more complex 

pharmacological activity. It is known that the β-amyloid protein plays an important role in the 

mechanisms of neurotoxicity underlying neurodegenerative and vascular diseases of the nervous 

system by increasing the vulnerability of neurons induced by glutamic acid. Vulnerability 

determined by an over activation of the NMDA receptor of glutamic acid with a consequent 

increase of the entry of Ca
2+

 within neurons, formation of free radicals and neuronal damage. The 

neuroprotective action of memantine, a non-competitive antagonist of the NMDA receptor (Lipton, 

2005) should be attributed to its interference with these mechanisms of neuronal damage. It is also 

speculated that the cholinesterase inhibitors implement its activity neuro protector through the same 

mechanism, mediated through the activation of the nicotinic cholinergic receptors α4-β2 and α7 

(Akaike, 2006; Mori et al., 2006 ). 

For an assessment of a possible neuroprotective effect of the association choline alphoscerate-

cholinesterase inhibitor have been realized some experiments by treating spontaneously 

hypertensive rats (SHR), used as an animal model of vascular dementia, with choline alphoscerate, 

the cholinesterase inhibitor galantamine and the two drugs in combination. 

The selection of the SHR rats as a model of vascular dementia is due to the relation between 

hypertension and adult-onset dementia. Long lasting arterial hypertension affects cerebrovascular 

tree and may be accompanied by brain damage leading to cognitive dysfunction. Cognitive 

impairment of vascular origin characterizes vascular dementia (VaD) (Birkenhager, 2006). 

Evidence developed in the last 10 years has suggested strong relationships between cognitive 

impairment and arterial hypertension (Frishman, 2002). Cerebrovascular pathology is 

acknowledged as an important cause of dementia (Jellinger, 2002). The involvement of cholinergic 

system in VaD cognitive impairment is less clearly established than Alzheimer’s disease (AD) one 

(Roman, 2003a; Roman, 2005).  

Cholinergic neuronal processes are associated with cognitive functions, as well as with the control 

of cerebral blood flow. This may pertain to the pathogenesis of VaD, in which cognitive impairment 

results from decreased brain blood flow, hypoperfusion, and complete or incomplete ischemia 
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(Roman and Kalaria, 2006). Cholinergic structures and specific brain areas are rather vulnerable to 

ischemic damage. For instance, hippocampal CA1 neurons are particularly susceptible to 

experimental ischemia. Hippocampal atrophy is present in patient with VaD in the absence of AD 

(Vinters et al., 2000). Progressive cognition decline, functional ability impairment and behavior 

problems account for a central role of impaired cholinergic neurotransmission in the VaD and AD 

(Brashear, 2003).  

The parameters considered in this micro anatomical study were, mainly, the number of nerve cells 

and the expression of glial reaction, early marker of damage to the nervous system. 

The treatment of SHR rats of 32 weeks for 4 weeks with a daily oral dose of 100 mg / kg of choline 

alphoscerate, 3 mg / kg galantamine or the two drugs in combination has hindered the reduction of 

the number of nerve cells at the level of the frontal cortex , of the CA1 subfield of the hippocampus 

and the dentate gyrus (Figure 5), which occurs in the untreated SHR rats compared to normotensive 

control Wistar Kyoto rats. 

 

                  

 

                   

 

Figura 5: Microphotography of CA1 subfield (A-C) and Dentate gyrus (D-F) of hyppocampus of  normotensive Wistar 

Kyoto rats (A,D) spontaneously hypertensive SHR (B,E) and SHR rats treated with association between choline 

alphoscerate 100 mg/Kg/die and galantamine 3 mg/Kg/die  (C,F). Slides coloured by Nissl stain (Cresyl violet 1.5%). 

Figure modified from Amenta et al., 2008 

Calibration bar: 50 m 
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Note how, in this animal model of vascular dementia, the number of nerve cells in the CA1 subfield 

and to a lesser extent in the dentate gyrus is lower in SHR compared to the corresponding 

normotensive, indicating that the model in question spontaneous hypertension is accompanied by 

neurodegeneration. Treatment with choline alphoscerate galantamine and contrasts this neuronal 

depletion suggesting that drug treatment has a neuroprotective action. 

Regarding glial reaction, which accompanies early neuronal injury, in our study was assessed using 

the protein gliofibrillare acidic (GFAP) as a marker. It is possible to note, in the SHR control, an 

increase in the number and, in some brain areas, in the volume of astrocytes immunoreactive for 

GFAP (Figure 6). Treatment with choline alphoscerate, but not with galantamine counteracts 

astrogliosis observed in brain of SHR rats.  
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The association between choline alphoscerate-galantamine, compared to the two drugs given alone, 

shows a more pronounced neuroprotective action (Figures 5 and 6), suggesting that this association 

merits clinical insights as a possible way to enhance a deficit in cholinergic neurotransmission 

disorders such as disease AD and VaD. 

Other preclinical studies published in the last few years were focused on the activity of choline 

alphoscerate on neurotransmitter transporter systems. Plasma membrane and vesicular transporters 

for acetylcholine, and  biogenic amines (dopamine, norepinephrine, and serotonin) are specific 

proteins with a crucial role in the regulation of neurotransmission and may represent a relevant 

target  for the action of therapeutic agents (Canonico et al., 1990; Tomassoni et al., 2012). 

Cholinergic transporters including high-affinity choline uptake and vesicular acetylcholine 

transporters respectively control cellular mechanisms of acetylcholine synthesis and release at 

presynaptic terminals and loading of it into synaptic vesicles.  

The process of synthesis, storage and release of acetylcholine (ACh) requires the expression of 

specialized systems, including the ACh vesicular transporter (VAChT) and high affinity choline 

transporter (CHT).  Nervous tissue cannot synthesize choline, which is ultimately derived from diet 

and is delivered to neurons through the bloodstream. ACh released from cholinergic synapses is 

hydrolyzed by  acetylcholinesterase (AChE) into choline and acetyl coenzyme A. Almost 50% of 

choline derived ACh hydrolysis is recovered by a high-affinity CHT. 

The status of cholinergic system is investigated by assaying of specific cholinergic markers. 

VAChT is the cholinergic marker more recently identified and represents a protein selective for 

ACh transport into vesicles for evoked release at the cell surface (Weihe, 2006).  

AChE/cholinesterase(ChE) inhibitors have been suggested as a possible symptomatic therapy of 

VaD  patients. A relatively recent large-scale trial using  galantamine (GAL) in subjects with VaD 

and AD with cerebrovascular disease has represented the first placebo-controlled trail showing 

clinically relevant benefits of GAL in this patient population (Brashear, 2003). Among AChE/ChE 

Figura 6: Immunohistochemical demonstration of glial reaction, identified through the localization of the protein 

gliofibrillare acidic (GFAP) in hippocampus of a rat normotensive Wistar Kyoto WKY (A) of spontaneously 

hypertensive control SHR (B) and SHR treated with choline alphoscerate 100 mg/Kg/die (C), galantamine 3mg/Kg/die 

(D) or the association of the two drugs (E). Figure modified from Amenta et al., 2008 

Calibration bar: 50 m  

 

Note the increase in glial reaction in rats SHR compared to WKY control reference and the activity 

on glial reaction carried out by the choline alphoscerate alone or in combination with galantamine, 

but not by galantamine alone. 
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inhibitors, GAL has an interesting pharmacological profile, being both a reversible AChE inhibitor 

and an allosteric modulator of nicotinic cholinergic receptors (Bullock, 2004). 

The influence of treatment for 4 weeks of spontaneously hypertensive rats with  choline 

alphoscerate was investigated (Tomassoni et al., 2012).  

The immunochemical analysis of  Elisa and Western blot are showed in figure 7 e 8. 

Exposure of membranes of cerebral cortex, hippocampus, striatum to anti-VAChT antibody caused 

the development of a band identified approximately at 80 KDa that represents the mature, post-

translationally modified form of VAChT protein. Comparative densitometric analysis of different 

bands formed in WKY rats, SHR and SHR treated with  GPC and GAL, normalized to the 

respective actin intensity for each sample, revealed slightly higher expression of VAChT in control 

SHR compared to the  WKY rats. An increase of the intensity of the VAChT bands was evident in 

the  different brain areas of the GPC treated with SHR, while the expression of VAChT in the SHR 

treated with GAL is similar to the WKY control group. The pattern of the changes expression of the 

VAChT is similar in the lymphocytes (Fig.7).  

 

Figure 7: Western blot of brain area and Blood lymphocytes of rats: WKY Control (A); SHR Control (B); SHR treated 

with GPC (C); SHR treated with GAL (D) 
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Quantitative ELISA determination, shown high expression of VAChT in hippocampus than other 

cerebral areas investigated. In the different treatment groups, the results were similarly to the WB 

determination, with an increase of the concentration of VAChT in the SHR group, respect WKY 

rats. An increase of VAChT was found in the SHR treated with GPC compared to WKY rats and/or 

SHR control rats. VAChT expression in the SHR treated with GAL was similar to the WKY control 

rat (Fig.8).  

 

Figure 8: Western blot of brain area and Blood lymphocytes of rats: WKY Control (WKYC); SHR Control (SHRC ); 

SHR treated with GPC (SHRGPC); SHR treated with GAL (SHRGAL). 

Data are the means ± S.E.M. Significance are p<0,05 

 

Figures 9-11 show the results of VAChT immunohistochemistry. 

In all cerebrocortical layers of WKY rats sparse polygonal I shaped nerve cell bodies expressing in 

their external portions VAChT-IR were seen. These cell bodies were concentrated primarily in  

layers V e VI In SHR, the network of VAChT-positive nerve fibers and cell bodies was more 

evident than in normotensive WKY rats. Treatment of SHR with GPC results in an increase of the 

intensity of the VAChT-positive nerve fibers, while the treatment  with GAL resulted in a 
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cerebrocortical picture of VAChT immunoreactivity more similar to that observed in WKY rats 

than in control SHR (Fig. 9).   

 

 

 

Figure 9: VAChT immunohistochemistry in Frontal Cortex of rat brain: WKY Control (A); SHR Control (B); SHR 

treated with GPC (C); SHR treated with GAL (D). 

Calibration bar: 25 µm 

 

In the striatum of WKY rats, immune reaction was localized both in striosomes and matrix. A 

strong VAChT immune reaction was found around some nerve cell bodies as well as a dense plexus 

of fibers carrying small varicosities. No VAChT immunoreactive nerve cells were observed in 

striosomes. In SHR the pattern of VAChT immunoreactivity was similar to that found in 

normotensive WKY rats, with an apparently higher intensity of immune reaction. Treatment with 

GAL did not affect VAChT immunoreactivity in the striatum of SHR (Fig.10). 
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Figure 10: VAChT immunohistochemistry in Striatum of rat brain: WKY Control (A); SHR Control (B); SHR treated 

with GPC (C); SHR treated with GAL (D) 

Calibration bar: 25 µm 

 

In the hippocampus of WKY rats, VAChT-immunoreactive fibers and varicosities were found 

throughout CA1 and CA3 subfields and the dentate gyrus. Particularly dense punctuates of immune 

reaction surrounded pyramidal cell layer in the CA1 and CA3 subfields. An intermediate level of 

varicosities and fiber staining was found in the stratum oriens, radiatum, molecular and hilum, 

whereas stratum lacunosum molecolare expressed a lower level of immunoreactivity. The pattern of 

VAChT immunoreactivity was similar in untreated SHR, but it displayed a higher intensity of 

immune reaction. Treatment of SHR with  GPC increased the VAChT immunoreactivity, while 

treatment with GAL VAChT immunoreactivity of the hippocampus to a picture similar to that 

observed in WKY rats (Fig. 11). 
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Figure 11: VAChT immunohistochemistry in the Hyppocampus of rat brain: WKY Control (A); SHR Control (B); 

SHR treated with GPC (C); SHR treated with GAL (D) 

Calibration bar: 25 µm 

 

Choline alphoscerate induced an increase of high-affinity choline uptake and vesicular 

acetylcholine transporters in the frontal cortex, striatum and hippocampus as well as in peripheral 

blood lymphocytres considered as a marker of brain cholinergic transporters. This effect of choline 

alphoscerate was considered consistent with the increased synthesis of acetylcholine it induces 

(Tomassoni et al., 2012).  

The role of choline-containing phospholipids on brain phospholipid biosynthesis may have 

influence on  brain metabolism and neurotransmitter systems. Based on the observation that another 

choline-containing phospholipid, CDP-choline may have a monoaminergic profile, the activity of 

choline alphoscerate on brain dopamine, and serotonin levels and on dopamine plasma membrane 

transporter, vesicular monoamine transporters 1 and 2, serotonin transporter and norepinephrine 

transporter were also investigated in different rat brain areas. Administration of the compound 

increased dopamine levels in frontal cortex and cerebellum and serotonin  levels in frontal cortex 

and striatum. It also stimulated dopamine plasma membrane transporter in frontal cortex and 

cerebellum. This investigation concluded that choline alphoscerate possesses also a monoaminergic 
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profile and interfere to some extent with brain monoamine transporters. Authors suggested that this 

profile may represent a first step for further analysis of therapeutic activity of choline alphoscerate 

in clinical settings (Tayebati et al., 2013). 
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CLINICAL EFFICACY 

Cholinergic precursor loading therapy was the first approach tried to relief cognitive impairment in 

dementia disorders. Controlled clinical trials failed to show significant improvements with choline 

or phosphatidylcholine (lecithin), a choline-containing phospholipid (Blusztajn et al., 1987), alone 

or in association with cholinesterase inhibitors (tacrine plus choline, or physostigmine plus choline) 

(Higgins and Flicker, 2003). The reasons for the lack of effect of this precursor strategy are unclear 

(Amenta et al., 2001). The negative effects with choline or phosphatidylcholine (Amenta et al., 

2001; Higgins and Flicker, 2003) cannot be generalized for all cholinergic precursors. It is thought 

that phosphatidylcholine increases brain choline and acetylcholine concentrations (Chung et al., 

1995; Higgins and Flicker, 2003), although an effect of this precursor on neurotransmitter synthesis 

was not confirmed by all studies (Domino et al., 1983). Probably phosphatidylcholine can provide 

choline for acetylcholine synthesis only in conditions of stimulated neurotransmitter release (Jope, 

1982). 

Other cholinergic precursors such as cytidine 5′-diphosphocholine (CDP-choline) and choline 

alphoscerate increase acetylcholine content and release (Gatti et al., 1992; Sigala et al., 1992; 

Pinardi et al 1994; Dixon et al., 1997), being choline alphoscerate more effective than CDP-choline 

in rising plasma choline levels (Gatti et al., 1992). The reason of the different effects of the above 

compounds on acetylcholine synthesis and release is unclear. It cannot be excluded that the activity 

observed in clinical trials with different cholinergic precursors depends from the availability of the 

neurotransmitter they induce (Amenta et al., 2001).  

The main clinical experiences with choline alphoscerate in adult-onset cognitive disorders are 

summarized below. The majority of clinical studies available on the effect of choline alphoscerate 

on cognitive function in neurodegenerative and cerebrovascular disorders were detailed in two 

reviews of our group (Parnetti et al., 2001; Parnetti et al., 2007) and are summarized in Table 2. 

Studies published before 2001 have investigated 1570 patients, 854 of which were included in 

controlled trials. The patients examined were affected by cognitive dysfunction dementia of 

degenerative, vascular or combined origin, such as senile dementia of the Alzheimer's type, 

vascular dementia and acute cerebrovascular diseases, such as transitory ischemic attack (TIA) and 

stroke (Parnetti et al., 2001). Test batteries for assessing the effect of choline alphoscerate on 

cognitive domains were primarily the Mini Mental State Evaluation (MMSE) in disorders of 

neurodegenerative origin and the Sandoz Clinical Assessment Geriatric (SCAG) scale in disorders 

of vascular origin (e.g. vascular dementia) (Parnetti et al., 2001). 
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CI of NDG 

origin 

CI of  VAS 

origin 

CI of combined 

NDG and VAS 

origin 

TIA or 

stroke 
Total 

Total no. of 

trials 

4 4 3 3 14 

Controlled 4 4 1 0 9 

Uncontrolled 0 0 2 3 5 

Total no. of 

patients 

826 789 216 2,484 4,315 

Controlled 486 421 208 0 1,115 

Uncontrolled 340 368 8 2,484 3,200 

Table 2. Clinical trials on choline alphoscerate in cognitive dysfunction of neurodegenerative or vascular origin and in 

cerebrovascular disease. 

Table included in the review article of Parnetti and coworkers (Parnetti et al., 2001) and in the trial of De Jesus Moreno 

(De Jesus Moreno, 2003) on Alzheimer's disease. Data summarized in this table were discussed critically in a paper 

(Parnetti et al., 2007). CI: Cognitive impairment NDG: Neurodegenerative; VAS: Vascular; TIA: Transient ischemic 

attack. 

Overall, 565 patients with cognitive impairment of degenerative origin of mild to moderate grade 

were enrolled. Three homogeneous-case trials evaluated 186 patients, whereas the three combined-

case trials included 379 patients with degenerative dementia. In four trials, choline alphoscerate was 

given orally at the dose of 1200 mg/day (466 patients treated for 6 months and 39 for 3 months). In 

the remaining studies it was administered intramuscularly at the dose of 1000 mg/day. The duration 

of treatment was 3 or 6 months for oral administration and 3 months for parenteral administration. 

These trials documented that choline alphoscerate improved the patients’ clinical condition with 

particular reference to memory and  attention (Parnetti et al., 2001). Comparison between choline 
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alphoscerate and acetyl-l-carnitine gave scores more favorable to choline alphoscerate (Parnetti et 

al., 2001). 

The activity of choline alphoscerate was also investigated in 789 patients with cognitive impairment 

of vascular origin. Three homogeneous-case trials evaluated 408 patients and three combined-case 

trials included 381 patients with vascular dementia. In four trials, choline alphoscerate was 

administered orally at the dose of 1200 mg/day for 3 or 6 months, while in the other three studies it 

was administered by intramuscular injection at the dose of 1000 mg/day for 3 months. Of the 431 

orally-treated patients, 418 received the drug over 6 months and 13 over 3 months. A total of 358 

were treated intramuscularly over 3 months. In these studies, investigators thoroughly assessed, 

cognitive impairment, behavioural disturbances, changes of interpersonal relations, affective 

disorders and somatic problems. Similarly as observed in degenerative dementia disorders in all 

trials on cognitive impairment of vascular origin, treatment with choline alphoscerate improved 

memory and attention impairment, as well as affective and somatic symptoms (fatigue, vertigo). 

Effects of choline alphoscerate were superior than those of placebo and of the same extent or 

superior of those of reference compounds (Parnetti et al., 2001). Comparison between choline 

alphoscerate and CDP-choline gave SCAG scores more favorable to choline alphoscerate (Parnetti 

et al., 2001).Oxiracetam was reported to have an activity comparable with choline alphoscerate in 

two uncontrolled trials (Parnetti et al., 2001). 

Choline alphoscerate was also investigated in three uncontrolled studies examining its activity in 

acute cerebrovascular disease (Parnetti et al., 2001). Treatment consisted in the intramuscular 

administration of a daily dose of 1000 mg/day of choline alphoscerate in the 4 weeks following the 

acute event. Parenteral administration was followed by a 5-month oral administration of the drug at 

the dose of 1200 mg/day. In these trials, parenteral treatment with choline alphoscerate favored 

cognitive, functional and motor recovery in the acute phase. The subsequent oral treatment 

consolidated clinical results obtained in the acute phase and positively influenced the whole clinical 

course. Unfortunately, the typology of these studies makes them of marginal relevance (Parnetti et 

al., 2001). 

A more recent trial has evaluated 261 patients aged 72.2 ± 7.5 years (132 treated for 180 days with 

400 mg tablets of choline alphoscerate 3 times a day and 129 allocated to the placebo group) 

affected by mild to moderate dementia of the Alzheimer's type (De Jesus Moreno, 2003). In patients 

under active treatment, the mean decrease in ADAS-Cog score was 2.42 points after 90 days of 

treatment and 3.20 points at the end of the study (day 180), whereas in the placebo group a mean 

increase in ADAS-Cog score of 0.36 point <1 after 90 days and of 2.90 points after 180 days of 
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observation (p < 0.001 vs. baseline) was noticeable. Other parameters assessed (MMSE, GDS, 

ADAS-Behav, ADAS-Total, and CGI) improved after 90 and 180 days versus baseline, whereas in 

the placebo group they remained unchanged or worsened. Statistically significant differences were 

observed between treatments after 90 and 180 days in ADAS-Cog, MMSE, GDS, ADAS-Total, and 

CGI scores and after 180 days of treatment in ADAS-Behav and GIS scores (De Jesus Moreno, 

2003). This last investigation presents the advantage of having been conducted using a modern 

clinical approach if compared with former investigations. On the other hand this trial, different from 

previous studies with choline alphoscerate (Parnetti et al., 2001), has used batteries of tests and time 

of observation comparable with studies assessing the activity of (acetyl)cholinesterase inhibitors 

(Moretti et al., 2004; Craig and Birks, 2005; Kuduszkiewicz et al., 2005; Roman, 2005; Roman et 

al., 2005; Birks, 2006; Birks and Harvey, 2006; Craig and Birks, 2006). A comparison of ADAS-

Cog analysis from this investigation (De Jesus Moreno, 2003) with the results obtained on the same 

item in 4 trials with the cholinesterase inhibitor donepezil (Rogers et al., 1997; Rogers et al., 1998a; 

Rogers et al., 1998b; Burns et al., 1999) revealed a more positive trend with the cholinergic 

precursor choline alphoscerate compared with donepezil (Figure 12). 

 

Figure 12: Comparison of the results of ADAS-Cog test in Alzheimer's disease patients treated with choline 

alphoscerate or control (placebo choline alphoscerate) and 5 mg/day or 10 mg/day donepezil or control (placebo 

donepezil). Figure modified from Parnetti et al., 2007 

Data of choline alphoscerate are taken from (De Jesus Moreno, 2003). Scores for donepezil and respective control 

groups were obtained by pooling average data obtained in 4 trials (Rogers et al., 1997; Rogers et al., 1998a; Rogers et 

al., 1998b; Burns et al., 1999). Data are expressed as means of the difference in the scores from baseline obtained in 

the ADAS-Cog test and were analyzed statistically by ANOVA. Standard error for each point was less than 5%. 
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A positive effect of treatment with choline alphoscerate on cognitive domains was also reported in 

an open 10-day study in which the therapeutic actions of the compound (in 40 patients at the dose of 

1000 mg/day) were compared with those of piracetam (in 20 patients at a dose of 2000 mg/day) 

(Rogers et al., 1997). The two agents were given intravenously in patients suffering from 

Parkinson’s disease with cognitive impairments reaching the level of moderate cognitive disorder or 

dementia. Choline alphoscerate produced marked and moderate improvements on cognitive 

functions more frequently than piracetam (40% and 25%, respectively), while the incidence of 

deterioration was lower (5% and 15%, p < 0.05). Choline alphoscerate displayed a good profile of 

tolerability, with mild and short-term side effects only in the 15% of  patients investigated Levin et 

al. 2011). Although limited both in terms of size of the sample investigated and of the length of 

treatment the results of this pilot study suggest that choline alphoscerate has cognitive enhancing 

capabilities worthwhile of being further investigated also in Parkinson’s disease accompanied by 

cognitive dysfunction. Other investigation of Russian groups have evaluated the effects of choline 

alphoscerate on ischemic and haemorragic stroke; they observed: regress of neurological deficit, 

better rehabilitation of cognitive functions and functional status in patients actively treated with 

choline alphoscerate (Builova et al., 2009; Ismagilov et al., 2009; Kamchatnov et al., 2012; Vaizova 

et al., 2012) and also stabilization of blood-brain barrier (Vaizova et al., 2012). A few studies 

investigates also chronic cerebrovascular disease (Stulin et al., 2009; Kostenko et al., 2012) with 

improvement of coordination neurological symptoms, cognitive and emotional functions, activity 

and mood. Language barriers (Russian with an English abstract), the small sample of patients 

recruited and/or the limited time of observation do not allow a detailed evaluation of these studies.   

It should be pointed out that cognitive dysfunction is common in untreated patients in early 

Parkinson’s disease and affects attention, psychomotor function, episodic memory, executive 

function and category fluency (Elgl et al., 2009). Therapeutic intervention for cognitive symptoms 

in Parkinson’s disease are currently based on the use of (acetyl)cholinesterase inhibitors. These 

agents can produce a modest improvement in cognitive function, as well as in psychotic symptoms, 

generally without an adverse effect on motor function (Cavinesset al., 2011). The availability of 

another therapeutic option such as choline alphoscerate for these disorders could offer some 

alternatives primarily in patients in which (acetyl)cholinesterase inhibitors are not indicated.  

Based on the preclinical results showing that association of choline alphoscerate with 

(acetyl)cholinesterase inhibitors potentiates effects of both drugs on cholinergic neurotransmission 

(Amenta et al., 2006; Tayebati et al., 2009) prompted the development in Italy of the independent 

(not supported by pharmaceutical companies) trial “Effect of association between a cholinesterase 



30 
 

inhibitor and choline alphoscerate on cognitive deficits in AD associated with cerebrovascular 

impairment” (ASCOMALVA). 
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ASCOMALVA TRIAL 

ASCOMALVA is a clinical study of spontaneous generation; it is multicenter, randomized, 

placebo-controlled and double-blind study. It has included all the planned subjects (n = 210, 132 

females and 78 males), aged between 59 and 93 years (average 77 years ) (Table 3).  

Table 3: Demographic data of patients recruited for the ASCOMALVA trial 

Sex (M/F) ♂ 78 (37%)   /  ♀ 123 (63%) 

Age 77 ± 7 

 Min  59 Max  93 Median  79 

Scolarity 7 ± 4 

 Min   2 Max  17 Median   5 

MMSE at baseline 20 ±  3 

 Min  14 Max   24 Median   20 

 

 Donepezil Donepezil + choline alphoscerate 

Sex (M/F) ♂ 22 (40%)   /♀ 34 (60%) ♂ 24 (42%)   /♀ 33 (58%) 

Age 78 ± 5 76 ± 8 

Scolarity 7 ± 3 8 ± 5 

MMSE at baseline 20 ±  3 20 ±  3 

Table modified from Amenta et al., 2014 

Centers involved were Alzheimer’s Unit of Cardarelli Hospital in Naples, Italy (Unità Valutativa 

Alzheimer e Malattie Involutive Cerebrali, Azienda Ospedaliera di Rilievo Nazionale A. Cardarelli, 

Napoli) and Division of Neurology of Poma General Hospital in Mantua, Italy (Unità Complessa di 

Neurologia, Azienda Ospedaliera C. Poma, Mantova ). Supervision, organization and information 

technology support and statistics were provided by Centro Ricerche Cliniche, Telemedicina e 

Telefarmacia of Camerino University (Camerino, Italy).  Patients’ clinical data were downloaded 

into a computerized file on the website developed by Camerino  University for ASCOMALVA 

(Amenta et al., 2012). Each researcher can access the clinical files using a personal password. For 

increasing the personal data protection, each centre prepared a numerical list of patients. The 

identity of subjects was kept not in the WEB, but was taken protected by the investigating centre 

only. The numerical list was sent to the Clinical Research Centre of Camerino University for 

randomization purposes and for allotting patients to one of the two treatments planned (donepezil + 

placebo or donepezil + choline alphoscerate). Randomization lists were prepared in groups of 20 
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subjects per centre. Hence, each centre could work independently with the advantage of an easy 

possible combination of the results obtained. This WEB-based procedure was followed also for 

economical reasons, being ASCOMALVA a clinical study of spontaneous generation.  

Initially, the protocol considered to treat patients with donepezil + choline alphoscerate (treatment 

group) or donepezil plus placebo (control group) for 24 months starting from enrolment. Interim 

evaluations were planned at 3, 6, 9, 12, 18 months. A recent amendment of the protocol prolonged 

the study for additional two years. Hence, at the conclusion, ASCOMALVA will include 

observation of patients for 4 years of treatment. 

Maintaining the double-blind study, the protocol provides that the supervising Center may assess 

via WEB the advancement of the parameters analyzed at the completion of the 3, 6, 9, 12, 18 and 24 

months of treatment. The mid-term evaluation, without the opening of the blindness, was possible 

because all data of the study, excluding the identity of patients, were available in a web platform 

operated by the coordinating Center. Only the coordinator was aware of the type of treatment 

(active or reference) assigned to individual patients.  

The trial recruited patients suffering from AD with concomitant cerebrovascular damage. These 

patients represent a population with a relevant cholinergic hypofunction (Auld et al., 2002; Schlieb 

and Arendt, 2006) that can obtain benefit from a sustained cholinergic load.  Diagnosis of AD 

disease was established according to  NICDS ADRDA criteria, and vascular damage was evaluated 

using the New Rating Scale for Age-Related White Matter Changes (ARWMC), based on cerebral 

ischemic injury evaluation with computed tomography and/or brain MRI. Patients recruited should 

have a score ≥ 2 at the ARWMC scale and present at least two of the following vascular risk 

factors: hypertension, diabetes, obesity, ischemic heart disease, dyslipidemia, 

hyperhomocysteinemia, smoking, previous cerebrovascular events and family history of cardio-

cerebrovascular diseases.  

The criteria for inclusion in the study were: 

• Age>50 years;  

• Mini-Mental State Evaluation (MMSE) (Folstein et al., 1975) between 24 and 12; 

• Score ≥ 2 at the New Rating Scale for Age-Related White Matter Changes (ARWMC), the rating 

scale of cerebral ischemic injury evaluated with computed tomography and / or brain MRI 

(Wahlund et al., 2001); 
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• Presence of at least two of the following vascular risk factors: hypertension, diabetes, obesity, 

ischemic heart disease, dyslipidemia, hyperhomocysteinemia, smoking, previous cerebrovascular 

events and familiar history of cardio-cerebrovascular diseases.  

Exclusion criteria were:  

• Decompensated heart disease;  

• Chronic renal failure; 

• Severe liver failure;  

• Incorrect dysthyroidism;  

• Developmental disorders (eg cancer);  

• Conditions that could interfere with assessments of safety / efficacy;  

• Diagnosis of major depression (according to DSM IV criteria).  

Eligible patients, after signing the informed consent, were randomly assigned to one of the 

treatment groups listed below.  

• Active treatment: ChE-I (donepezil 10 mg/day) + precursor cholinergic (choline alphoscerate 

1,200 mg/day)  

• Reference treatment of ChE-I  (donepezil 10 mg/day) + placebo. 

Among the three ChE-Is  available on the pharmaceutical market in Italy (donepezil, rivastigmine 

and galantamine), donepezil was chosen as it is the most largely prescribed and presents the 

advantage of once a day administration. Two years of treatment were  reached  by 113 patients (67 

female and 46 male) and they underwent follow-up controls at 3, 6, 9, 12, and 18 months. During 

each follow-up visit, patients were examined using the  tests listed below.    

 • Mini-Mental State Examination (MMSE) and Alzheimer’s Disease Assessment Scale Cognitive 

subscale (ADAS-cog) to assess global cognitive status.  

• Basic Activities of Daily Living (BADL) and Instrumental Activities of Daily Living (IADL) for 

the evaluation of basic and instrumental activities of daily living.  

• Neuropsychiatric Inventory frequency x severity (NPI-F) and distress of the caregiver (NPI-D) for 

assessing the severity of neuropsychiatric symptoms and caregiver distress.  
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     Statistical analysis of possible differences between the scores of different tests in the two study 

groups (donepezil + choline alphoscerate vs. donepezil + placebo) was made by the analysis of 

variance (ANOVA). Significance of differences between the two groups was assessed by the two-

tailed Student "t" test. 

Twelve patients allotted to the reference treatment (11.4%) and 17 patients (16.2%) allotted to the 

association treatment withdrew from the study. Tolerability to treatment was similar in the two 

patient’s groups. Withdrawals reasons are summarised in Table 4. 

Table 4: Patient withdrawals after two years of treatment 

Therapy 

  

Causes of 

withdrawal 

No. Donepezil  + placebo No. Donepezil + choline alphoscerate 

Total 12  17  

Death 0    1    

Lack of 

efficency 

0    2  Worsening  of the Disease 

Non 

compliance 

3 Transferred to geriatric 

homecare support  

3  Transferred to geriatric homecare 

support 

Lack 

tollerability  

3  1  Hallucinations, 

asthenia 

3  1   Hallucinations, insomnia 

1  Diarrhea, vomiting 

2 Diarrhea, 

vomiting 

1 Cutaneous  rash 

Other 

reasons 

6  5  Problems in 

reaching the  

hospital 

8  3  Problems in reaching the  

hospital 

2   Home/city change 

1 Unknown 3   Unknown 

Table modified from Amenta et al., 2014 
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Data of cognitive assessment (MMSE and ADAS-cog) in AD patients throughout the study are 

summarized in Figs. 13A and 13B. In the control group, treated with donepezil + placebo a 

progressive time-dependent worsening of MMSE and ADAS-cog scores was observed. Treatment 

with donepezil + choline alphoscerate (active treatment) countered this decline in cognitive tests. 

The effect of association on psychometric tests was statistically significant after 12 and 24 months 

of treatment (Figs. 13A and 13B).   

Functional evaluation showed a decrease in BADL and IADL values in both treatment groups. 

BADL scores were significantly different between control group and the donepezil + choline 

alphoscerate groups (Fig. 13C) after two years of treatment. IADL scores were improved in active 

treatment patients compared  to the reference group at 12 and 24 months of observation   (Fig. 

13D).  

Data of Neuropsychiatric Inventory (NPI), including analysis severity (NPI-F, Fig. 13E) and 

caregiver distress measures (NPI-D, Fig. 13F), at 12 months of observation and after two years of 

treatment, revealed a significant decrease in NPI severity and distress of caregiver scores in patients 

treated with donepezil + choline alphoscerate compared with those receiving treatment with 

donepezil alone.  
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Figure 13: Evaluation of the cognitive (MMSE, A; ADAS-cog, B)  and functional (BADL, C; IADL, D ) and 

behavioural  (NPI-F , E; NPI-D, F) tests along the course of the ASCOMALVA trial. Data are the means ± S.E.M.  * : 

p<0.05 vs. baseline; # : p<0.05   donepezil vs. association therapy. Figure modified from Amenta et al., 2014 

Data from the above tests (psychometric, functional and behavioural), were also analyzed according 

to the MMSE score at the baseline. MMSE scores were  divided into the three classes listed below: 

a) 24-21(mild dementia); b) 20-18 (mild-moderate dementia); c) 17-15 (moderate dementia).  

Analysis of data of psychometric test revealed the most remarkable improvement in cognitive 

functions in the mild dementia patients group either for reference and active treatment. The most 

marked worsening in cognitive tests scores was observed in the group with intermediate MMSE. In 
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this group the association between donepezil and choline alphoscerate was more effective versus 

donepezil alone in countering cognitive impairment (fig 14A and 14B). 

Similar results were observed in functional tests, in which treatment with donepezil + choline 

alphoscerate was more effective in the groups with mild to moderate and moderate dementia at 

baseline (fig 14C and 14D). 

Behavioural analysis and the stress of the caregiver evaluation revealed a significant improvement 

in patients treated with donepezil + choline alphoscerate primarily in the group with higher MMSE 

at baseline after two years of treatment (fig 14E and 14F). 
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Figure 14: Evaluation of the progression in the cognitive (MMSE, A; ADAS-cog, B)  and functional (BADL, C; IADL, 

D) and behavioural  (NPI-F , E; NPI-D, F) tests after stratification by MMSE at baseline: 25>MMSE>20; 

21>MMSE>17; 18>MMSE>14. Panel summarizes the variation of the parameter in the different groups. Data are the 

means ± S.E.M.;  # p<0.05  donepezil vs. association therapy. Figure modified from Amenta et al., 2014 

Data of MMSE progression were interpolated by linear regression for estimating the time needed to 

reach a severe dementia score (MMSE<10). Regression line was calculated at least on 5-7 points 

(starting from the point of maximum MMSE value), and showed a mean coefficient of correlation 

of 90.9% (minimum 71.9%, maximum 98.7%) (Fig. 15). The results summarized in Table 5 show 

that association therapy increases the mean time needed to reach the severe dementia score. The 

most relevant differences were noticeable in the lower MMSE groups in which the estimated time 

values approximately doubled.  



39 
 

 

Figure 15: Linear regression of the MMSE, data show the progression of the parameter in the two therapy groups 

before and after stratification by MMSE at baseline. Figure modified from Amenta et al., 2014. 
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Table modified from Amenta et al., 2014 

The interim results of the ASCOMALVA trial reported here, after the initial two years of treatment, 

indicate that association between the ChE-I donepezil and the cholinergic precursor choline 

alphoscerate induces cognitive and behavioral improvements better than those obtained with the 

ChE-I alone. After two years of treatment the differences between reference (donepezil) and 

association (donepezil + choline alphoscerate) were more obvious suggesting that the combined 

therapy may slow-down the decline in the effectiveness of ChE-I therapies reported after 1-2 years 

of treatment (Kadusziewicz et al., 2005; Birks, 2006; Birks and Harvey, 2006)  

ChE-Is are the pharmacotherapeutic strategies more extensively used for enhancing cholinergic 

neurotransmission in AD patients. Some authors suggest a neuroprotective effect of this class of 

drugs that could slow the neurodegeneration in AD (Francis et al., 2010).  One of the main 

problems of ChE-I therapy is the time-dependent decrease of efficacy of treatment.  Another 

problem is how to treat particular categories of patients (very old individuals over 85 years, or 

patients with bradycardia, bronchial asthma or chronic obstructive pulmonary disease) in which 

ChE-I are not indicated (Parnetti et al., 2007). The use of higher doses of  ChE-I shows greater 

efficiency, but is also associated with potentially relevant side effects, such as bradycardia, that is 

relatively common in patients treated with ChE-I (no author listed, 2011a; 2011b).  On the whole 

the benefits and cost/benefit ratio of AChE/ ChE-I are modest and for some studies of doubtful 

clinical significance (Kavirrajan and Schneider, 2007). 

Cholinergic precursors were one of the first approaches proposed for treating AD, but these 

compounds were sparsely investigated in clinical settings, versus ChE-I and just a few molecules 

demonstrated some effectiveness (Amenta et al., 2001). Choline alphoscerate is probably the 

cholinergic precursor which has shown the greater clinical activity and a good tolerability in 

patients with mild-to-moderate AD and vascular dementia (Parnetti et al., 2007; Traini et al., 2013). 

The compound crosses the blood-brain barrier and probably acts as a donor of metabolically active 

Table 5: Time of convergence to severe dementia (MMSE<10) 

  Donepezil Donepezil + Choline Alphoscerate 

24 months 55 months 113 months 

 

24 months  MMSE 24-21 123 months 172 months 

24 months  MMSE 20-18 26 months 62 months 

24 months  MMSE 17-15 28 months 66 months 
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choline to the brain. It has been already demonstrated that it can have a neuroprotective effect in 

experimental animals with vascular brain injury (Traini et al., 2013). 

Cholinergic structures of the basal forebrain, which are involved in cognitive activities, are 

particularly susceptible to ischemia (Kiewert et al., 2010). This may explain the cholinergic deficits 

observed in dementia in which neurodegenerative and vascular components are associated (Everitt 

and Robbins, 1997; Roman, 2003). In view of this, patients recruited for ASCOMALVA were 

suffering from AD associated with vascular damage. They therefore represent a patient population 

with a marked cholinergic hypofunction (Auld et al., 2002; Schlieb and Arendt, 2006), that could 

benefit from the cholinergic challenge provided by the association of high doses of choline 

alphoscerate plus 10 mg/day donepezil.   

The association of cholinergic precursors plus ChE-Is such as tacrine or  physostigmine was already 

tried, but showed no evident effect, versus the treatment with ChE-Is alone (Parnetti et al., 2007). 

Possible reasons of this lack of effect were the short duration of these trials or the use of 

inappropriate precursors or inhibitors.   

In the ASCOMALVA trial, our interim data showed that after two years of treatment cholinergic 

association induced clinical effects more pronounced than the ChE-I alone and slowed the 

progressive decline in therapeutic responsiveness which is common with long term administration 

of ChE-I. Activity of the association was more marked in patients with mild dementia, but it was 

effective also in patients with greater cognitive impairment, in which the Che-I monotherapy was 

almost ineffective. 

 

Behavioural symptoms 

Behavioral and psychological symptoms of dementia (BPSD) are a group of psychological 

reactions, psychiatric symptoms, and behaviors often occurring in these subjects (patients affected 

by different forms of dementia) (no author listed, 1996; Benoit et al., 2005). BPSD prevalence is of 

about 30% in the subjects living in the community (Lyketsos et al., 2000; Lawlor, 2002); and arises 

to 80% in those living in nursing facilities (Margallo-Lana et al., 2001). Up to 90% of demented 

patients have at least one BPSD.    

BPSD impact on direct and indirect costs of Alzheimer disease (Colucci et al., 2014) leads to higher 

institutionalization rate (Colerick and George, 1986; Morriss et al., 1990; Steele et al., 1990; 

O’Donnell et al., 1992; Bandyopadhyay et al., 2004). They impair the quality of life of the 
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caregivers (Rabins et al., 1982) contributing to AD intangible costs, an aspect which  is still 

overlooked, but which deserves attention and should thus be  accurately evaluated.  

Four clusters of BPSD have been described: mood disorders (depression, anxiety, and 

apathy/indifference), psychotic symptoms (delusions and hallucinations), aberrant motor behaviors 

(pacing, wandering, and other purposeless behaviors), and inappropriate behaviors (agitation, 

disinhibition, and euphoria), the last two are more associated to faster cognitive and functional 

decline (Miller et al., 1993).  

Genetic factors are related to each cluster (Harvey et al., 1998; Sukonick et al., 2001), however 

BPSD pathophysiology is still unclear. Besides the contribution of psychological and social aspects, 

(including the premorbid personality of the patient, the environmental modifications, and the 

caregiving style), alterations of several neurotransmitters such as γ-Aminobutyric acid (GABA), 

serotonin (5-HT), Norepinephrine (NE) are certainly involved; but the main role is attributed to 

acetylcholine reduction (Pinto et al., 2011).   

The treatment of BPSD (Kozman et al., 2007), is essentially based on antipsychotics, 

antidepressants, and benzodiazepines. Antipsychotics can ameliorate the symptoms in the short 

term (Ballard and Waite, 2006), but older subjects are very sensitive to their undesirable effects, 

that may lead to further functional decline and risk of pharmacological interactions (Eggermont et 

al., 2009); antipsychotics also increase the risk of cerebrovascular events (Wang et al., 2005; Kales 

et al., 2007; Douglas and Smeeth, 2008). Antidepressants are effective essentially on depressive 

aspects (Kozman et al., 2006). Benzodiazepines, which are used if other agents have failed 

(Profenno and Tariot, 2004), may lead to increased confusion and falls, and rarely to a paradoxical 

increase of agitation, in the elderly (Hersch and Falzgraf, 2007).   

BPSD treatment is thus unsatisfactory; the anticholinergic propriety of many drugs represents a 

further limitation (Beier, 2007). Cholinergic dysfunction, in fact, is not only associated to cognitive 

disturbances, but probably also to BPSD itself (Lemstra et al., 2003; Brousseau et al., 2007), an 

hypothesis supported by the benefits demonstrated by the treatment with cholinesterase inhibitors. 

Rivastigmine, in fact, may reduce (was effective in reducing) apathy, anxiety, depression and 

delusions (Roesler, 2002), while donepezil and galantamine decreased delusion, hallucinations, 

agitation (Herrmann et al., 2005; Cummings et al., 2006) depression, apathy and anxiety (Roesler, 

2002; Cummings et al., 2006).  

Findings allow to hypothesize that a higher amount of acetylcholine might be effective on BPSD, a 

speculation that we have investigated. 
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BPSD was investigated at inclusion by an informal interview, and by the Frequency x Severity 

subtest of the NPI (Mega et al., 1996) at baseline and after 3, 6, 9, 12, 18 and 24 months. In all the 

caregivers distress was measured by the and NPI-Distress of caregiver for all subtest. Psychoactive 

drugs assumed by the patients were also registered at the baseline and the follow up together with 

posology changes. Drugs were classified into three categories: antidepressants, anxiolytics and 

neuroleptics.  

The NPI assesses the frequency and the severity of the symptoms, and the caregiver distress in 12 

behavioral domains (delusions, hallucinations, depression/dysphoria, anxiety, agitation/aggression, 

elation/euphoria, disinhibition, irritability/lability, apathy/indifference, and aberrant motor activity,  

sleep/night time behavior, appetite/eating) (Cummings et al., 1994). NPI is given as an interview 

questionnaire, and neuropsychiatric manifestations within each domain are rated by the caregiver in 

terms of both frequency (1-4) and severity (1-3), yielding a composite symptom domain score 

(frequency × severity). The caregiver distress is rated for each positive neuropsychiatric symptom 

domain by scores from 0 (no distress) to 5 (extreme distress). The total composite score obtained by 

summing up the single item score may range from 0 to 144, with higher scores indicating more 

behavioral problems. In addition a score for the care giver stress is assigned for each type of the 

abnormal behavior found. The total distress score may range from 0 to 60, with higher scores 

indicating more severe distress suffered by the care-giver. 

The severity and frequency of neuropsychiatric symptoms are shown in Fig 16, the symptoms more 

present in our sample are: Agitation (13%); Depression (21%); Anxiety (15%); Apathy (18%) and 

Irritability (12%). 
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Figure. 16: Factorization of the NPI frequency x Severity score 

Data of Neuropsychiatric Inventory (NPI), severity and frequency and caregiver distress measures, 

after two years of treatment, revealed a significant decrease of NPI severity and distress of caregiver 

scores in patients treated with association between donepezil and choline alphoscerate compared 

with those receiving treatment with donepezil alone (Fig. 13 E and 13F) 

By analyzing the items of the NPI, we found that, after two years of treatment, there was a 

significant decrease in depression, anxiety and apathy in group A than in group B; while in group B 

an increase in the severity and frequency of these symptoms was observed compared to the baseline 

(Table 6).  
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In the drugs assumption evaluation, after two years of treatment, just a few patients used drugs 

active on SNC, the results of correlation study shows that it is not possible to correlate an 

improvement in the parameter considered with the simultaneous intake of the drug: the severity of 

depression was not related to the assumption of antidepressants (Fig 17a). nor as the severity of 

anxiety was related to the assumption of anxiolytics (Fig 17b). Therefore, it is reasonable to think 

that improvements in the NPI test that have been observed in patients with Alzheimer's disease with 

severe vascular index of an improvement in behavioral disorders, are due to regular therapy they 

perform. 

Table 6: analysis of items of the NPI, after two years of treatment 

 baseline 24 months Difference from baseline 

(SD) 

 Monoterapy   Associative Monoterapy   Associative Monoterapy   Associative 

Anxiety 3.1 ± 4.1 3.3 ± 3.9 3.0 ± 3.8 1.5 ± 2.4 *# -0.1 ± 5.6 -1.8 ± 3.9 * 

Depression 4.2 ± 4.2 4.7 ± 4.4  6.3 ± 4.4 * 4.6 ± 4.2  2.1 ± 6.4  * -0.1 ± 5.0 # 

Apathy 3.2 ± 3.9 4.2 ± 4.5 6.8 ± 4.8 * 4.8 ± 4.9 3.6 ± 4.8 * 0.6 ± 6.1 # 

Values are expressed as average ± S.D.  

* Significantly different p<0.05 by t-Student test vs. baseline,  

# Significantly different p<0.05 by ANOVA test vs. monoterapy 
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Figure. 17: correlation between drug assumption and NPI subscore improvement. 

0/0 : not improved NPI – not assumed drug 

0/+ : not improved NPI –  assumed drug 

+/0 : improved NPI – not assumed drug 

+/+ : improved NPI – assumed drug 

 

BPSD are very common in AD (Mega et al., 1996) and  can be assessed by standardized 

instruments as the NPI (Cummings et al., 1994; Mega et al, 1996). BPSD lead to higher disability 

and poor quality of life (Gonzales-Salvador et al., 2000), they are a further cause of distress and 

depression in the caregivers (Swearer et al., 1988; Black and Almeida, 2004) and are the main 

reason leading to the early institutionalization of these patients (Steele et al., 1990). 

A 

B 
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BPSD have been associated with the cholinergic dysfunction in the limbic system that is  and in the 

hippocampus, amygdalae, anterior thalamus, hypothalamus, basal forebrain, mammillary bodies, 

septal area and cingulated, orbitofrontal and parahippocampal cortices (Cummings et al., 1994; 

Cummings and Back, 1998; Callen et al, 2002). Moreover, the high acetylcholinesterase (AChE) 

levels in the hippocampus, amygdala, and thalamus suggest that the inhibition of this enzyme might 

be useful in BPSD treatment (Rodda et al., 2009). Some studies on this aspect have been conducted 

(Sasakia and Horieb, 2014), showing the beneficial effect of the treatment with cholinesterase 

inhibitors on BPSD (Tariot et al., 2000; Rӧsler, 2002; Holmes et al., 2004). In fact, it has been 

demonstrated that donepezil is effective (Lockhart et al., 2011), particularly on some symptoms 

such as apathy, anxiety, agitation, delusions and depression (Gauthier et al., 2002; Cummings et al., 

2006). 

Our study was aimed to evaluate if the availability of more acetylcholine, as it is provided by 

associating donepezil to the cholinergic precursor choline alphoscerate, might lead to further 

advantages. We thus evaluated the BPSD of  mild-moderate AD subjects included in the double 

blind trial ASCOMALVA, and randomly assigned to the treatment with donepezil or donepezil plus 

choline alphoscerate. We found that the subjects who had been treated with the association had a 

lower NPI score than the other group of subjects and that the stress of the care-givers was, 

accordingly, lower. 

A significant difference was found in the cluster “mood disorders” which refers to depression and 

anxiety, and apathy/indifference, independently from the employ of antidepressants and anxiolytics. 

Mood disorders would indicate, accordingly with the cholinergic hypothesis of AD, a disconnection 

between the neocortex and the basal nuclei, which would deprive the cortex of its major source of 

acetylcholine. The ability to process properly the emotional significance of stimuli would be thus 

impaired (Cummings and Kaufer, 1996). This dysfunction would lead to apathy, a symptom 

classically attributed to the disconnection of cholinergic pathways, or to impairments due to the 

cholinergic reduction (Pinto et al. 2011). Symptoms would be improved by providing an higher 

quantity of acetylcholine.  

Beneficial effects of donepezil only have already been reported on depression and anxiety (Feldman 

et al., 2001; Gauthier et al. 2002; Cummings et al., 2006) and represent a rationale for its use in 

BPSD. Our results indicate that donepezil together with choline alphoscerate has a greater efficacy.   

The study has strengths and weaknesses: the long time of observation and treatment (24 months) 

represent strength points, while the wideness of the sample and the nature of the data which are post 
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hoc are the weaknesses. We are also aware that the NPI score, being dependent from the caregiver 

input, is influenced by the caregiver mood, his burden and belief system (Grimmer and Kurz, 2006; 

Cummings et al., 2008). However, the NPI is up to now the most widely used tool in the clinical 

trials on the BPSD.  

Association of donepezil (10 mg/day) to alphoscerate choline (1200 mg/day) may be a beneficial 

option, in reducing the BPSD of mild to moderate AD patients. It should be considered especially 

when BPSD are unresponsive to donepezil only, or when the caregivers are unsatisfied  with 

donepezil only. 

 

Apathy evaluation 

The reduction and loss of the behaviors directed to a goal is a frequent aspect of Alzheimer’s 

disease (AD) (Marin, 1990). Patients typically show lack of interest, flattening of emotions, and 

absence of will and initiative. These symptoms are broadly indicated with the term “apathy” (Marin, 

1991). Apathy is found in AD with a frequency ranging from 19% to 76% (Tagariello et al., 2009), 

probably because of the difficulty of differentiating it from severe depression (Tagariello et al., 

2009). The core symptoms of apathy are lack of goal-directed cognition and action (Marin, 1990; 

1991; Tgariello et al., 2009; Benoit et al., 2012), while: sadness, loss of energy and negative 

thoughts about the self, are typical of depression (Benoit et al., 2012). Increase in apathy is usually 

proportional with AD progression and increasing age of subjects (Tagariello et al., 2009). Apathy is 

generally associated with a greater functional disability (Vilalta-Franch et al., 2013), cognitive 

impairment (Landes, 2005) and entails higher distress in caregivers. This represents a risk factor for 

institutionalization (Samus et al., 2005), and increases caring costs of patients (Herrmann et al., 

2006). Although detailed guidelines for apathy have been proposed  recently (Robert et al., 2009), 

the Neuropsychiatric Inventory (NPI) (Cummings et al., 1994) is still the instrument more largely 

used for assessing apathy, probably due to its psychometrically robust measures (Clarke et al., 

2011). Apathetic AD subjects are more impaired than non apathetics individuals on executive tasks. 

These include the Inverse Motor Learning Test (IML) non reversal responses (Grossi et al., 2013), 

the Wechsler Adult Intelligence Scale - Revised (WAIS-R) Digit Symbol (McPherson et al., 2002), 

the Trail-Making (McPherson et al., 2002), the Stroop Color Interference Test (McPherson et al., 

2002) and the Frontal Assessment Battery (FAB) (Nakaaki et al., 2008; Grossi et al., 2013). These 

finding led the hypothesis that apathy is a disexecutive syndrome (Grossi et al., 2013). 
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Apathy is related with disconnections between the prefrontal cortex and basal ganglia (Tekin and 

Cummings, 2002; Levy and Dubois, 2006; Bonelli and Cummings, 2007). The presence of vascular 

lesions in these areas, which often coexists in aged individuals with AD (Kling et al., 2013) may 

contribute to apathy behavior (Moon et al., 2014). There is no proven treatment for apathy (Rea et 

al., 2014), but, as dopamine and acetylcholine are the neurotransmitters involved in circuits altered 

in this situation, several trials have evaluated the effect of manipulation of the two systems in the 

treatment of apathy. Metylphenidate, a dopamine and norepinephrine reuptake inhibitor, (Herrmann 

et al., 2008; Rosenberg et al., 2013) was effective in the short term (respectively p=0.045, P=0.02) 

treatment of symptoms of apathy, but no advantage was reported in the long term administration  

(respectively of 3 weeks and 6 weeks). Cholinesterase inhibitors, in particular donepezil, induced 

limited non statistically significant improvements (Seltzer et al., 2004).  

A sustained cholinergic challenge, as that obtained by combining a cholinergic precursor with a 

cholinesterase inhibitor (Amenta et al., 2006), theoretically may contribute to counter effectively 

cholinergic dysfunction associated with apathy. Based on this hypothesis we have investigated if 

treatment of AD patients with the cholinergic precursor choline alphoscerate and the cholinesterase 

donepezil was more effective than donepezil alone on symptoms of apathy.  

Within all AD patients included in the double-blind randomized trial ASCOMALVA, we have 

found in 113 subjects apathy at the baseline. Apathy was investigated at inclusion by an informal 

interview, and by the Frequency x Severity apathy subtest of the NPI at baseline and after 3, 6, 9, 

12, 18 and 24 months. The cognitive functions were measured by the Alzheimer's Disease 

Assessment Scale Cognitive subscale (ADAS-cog) Patients were also  evaluated by the Frontal 

Assessment Battery (FAB). Basic Activities of Daily Living (BADL) and Instrumental Activities of 

Daily Living (IADL) were also assessed. In caregivers distress was measured by the NPI-Distress 

of apathy subtest.  

Presence and severity of apathy were measured by the apathy subscale of the NPI, a well known test 

which allows a semi-quantitative assessment of various behavioral symptoms of AD [10]. Apathy 

scores were obtained by multiplying frequency to severity. The score ≥ 1 in the apathy subfield 

indicates its presence in the last 4 weeks; the maximum score representing the highest level of 

apathy is 12. The reason for the choice of this test to assess apathetic symptoms was its wide use 

and robust association with apathy in patients with dementia (Clarke et al., 2011). To exclude an 

overlap between apathy and severe depression the Geriatric Depression Scale (Yesavage et al., 

1982) was used and subjects scoring ≥ 12 were excluded. 
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The FAB was used to measure frontal functions (Dubois et al., 2000). This test used includes six 

subtests: similarities (conceptualization), lexical fluency (mental flexibility), motor series 

(programming), conflicting instructions (sensitivity to interference), go-no-go (inhibitory control), 

prension behaviour (environmental autonomy). The score for each subtests is graded on a scale 

from 0 to 3, where the highest is 18.  

Apathy was evaluated at baseline and at each follow up. The analysis of variance (ANOVA) was 

used to find out if the treatment was associated with any difference in apathy levels. Statistical 

significance of differences between the 2 groups was assessed by the  two tailed Student’s “t” test. 

The Pearson test was used to identify possible correlations between apathy scores and MMSE, 

ADAS-Cog, and FAB scores at the baseline. Patients were also divided into the 3 sub-groups listed 

below according to FAB scores: (a) those with FAB severely impaired (score 0-6); (b) those with 

FAB mildly impaired (score 7-12); (c) those with FAB in the normal range (score 13-18). Apathy 

levels were then assessed in each of the 3 above subgroups. Data for the donepezil plus choline 

alphoscerate vs. donepezil plus placebo patients grouped according to the 3 classes of FAB scores 

were evaluated statistically by ANOVA. 

Within the 113 apathetic AD subjects (46 males, mean age 77 ± 7 yrs) identified among the patient 

population of the ASCOMALVA trial, 57 (24 males, mean age 76 ± 8 yrs) were treated with 

donepezil (10 mg/day) + choline alphoscerate (1200 mg/day) and 56 (22 males, mean age 78 ± 5 

yrs) were treated with donepezil + placebo (10 mg/day). At 12, 18 and 24 months of treatment 

apathy (Apathy FxS) was lower in subjects treated with donepezil plus choline alphoscerate, than in 

those receiving donepezil alone (Fig.18). The same was true for the caregiver stress (Apathy D) 

after the first sixth months (Fig. 19).  
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Figure  18 : Variations of apathy NPI subscore (frequency x severity) at the baseline and during the 24 months of 

observation.  Modified from Rea et al., 2014 

Data are the means ± S.E.M. *= p<0.05 vs. baseline; #= p<0.05 donepezil vs. association therapy. 

 

Figure 19: Variations of NPI apathy subscore (distress of the caregiver) at the  baseline and during the 24 months of 

observation.  Modified from Rea et al., 2014 

Data are the means ± S.E.M. *= p<0.05 vs. baseline; #= p<0.05 donepezil vs. association therapy. 

Apathy severity was not related to the MMSE score (correlation:-0,271 P: 0,031), nor to the ADAS-

Cog (correlation:0,258 P: 0,040), neither at the baseline nor after 24 months of observation. On the 

other hand, apathy severity was positively related to FAB scores (correlation:-0,404 P: 0,001) (Fig. 

20). 
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Figure 3: Correlations between FAB and apathy scale according to the Pearson test. Modified from Rea et al., 2014 

Data are the mean values if NPI (apathy subscore) ± S.E.M. plotted as a function of FAB scores. 

 

Stratification of patients according to FAB scores revealed that the 23.5 % of the sample included 

subjects with a very low score (0-6), the 64.7%  subjects with mild-low score (7-12) and the 

remaining 11.8% of the individuals had FAB score in the normal range (13-18). In these subjects, 

that is those with normal FAB scores, the difference between the two treatments was statistically 

significant (Fig.21), while it was not significant in patients having a very low and mild FAB scores 

(Fig. 21).  
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Figure 21: Changes of NPI apathy subscores at the baseline and during the 24 months of observation stratified for 

executive abilities assessed by FAB. Modified from Rea et al., 2014 

A: FAB scores 0-6; B: FAB scores 7-1; C: FAB scores 13-18 

Data are the means ± S.E.M. *= p<0.05 vs. baseline; #= p<0.05 donepezil vs. association therapy. 
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Apathy is the most common behavioural symptom in AD and its impact is relevant, as it is 

associated with low daily performances (Starkstein et al., 2006) and increased dependence (Stout et 

al., 2003). Previous studies have demonstrated that apathy, as well as agitation or aggression, 

depression, and irritability, are significantly associated with lower quality of life (Samus et al., 

2005) and consequently to an higher stress level of the caregivers. Apathy is also the most frequent 

neuropsychiatric symptom reported in patients with dementia (Mega et al., 1996; Landes et al., 

2001; Bojle and Malloy, 2004). Even if no therapy has proven to be effective in the long term, some 

improvements on apathy have been found with the use of cholinesterase inhibitors (Rea et al., 2014) 

suggesting that the correction of the cholinergic dysfunctions might be effective. This hypothesis 

has a substantial theoretical background that will be discussed below. In fact the disconnection to 

which apathy in AD is attributed, may involves largely the cholinergic pathways (Robert et al., 

2006), and particularly those connecting the basal forebrain, the major cholinergic output of the 

cerebral cortex, to the amygdala and the midline thalamic nuclei.  

The higher amount of acetylcholine provided by the cholinergic compound may also have 

stimulated the dopaminergic system, whose involvement in apathy is demonstrated (Robert et al., 

2010). Presynaptic nicotinic acetylcholine receptors in fact lead the release of different 

neurotransmitters, including dopamine, and it has been demonstrated that cholinergic agents can 

increase dopamine levels in the Central Nervous System (Secades and Frontera, 1995). 

Acetylcholine receptors, thus, are modulators of dopaminergic cells (Picciotto et al., 2012; Faure et 

al., 2014; Isaias et al., 2014). 

In this study we evaluated the severity of apathy in 113 mild-moderate AD subjects included in the 

double blind trial ASCOMALVA, and randomly assigned to treatment with donepezil plus choline 

alphoscerate or with donepezil plus placebo. We found that, overall, the subject treated with the 

association had lower apathy at 12 and 24 months than the patients in the reference group. A similar 

trend was found in the level of the caregiver distress, as it was found lower in those taking care of 

patients treated with donepezil plus choline alphoscerate, than in those who were caring patients 

receiving only donepezil. The effect of donepezil plus choline alphoscerate on apathy symptoms 

was unrelated to the cognitive impairment and its progression, measured by the MMSE and the 

ADAS-Cog tests, but it was related to FAB scores. In fact, the subjects having FAB scores at the 

baseline in the normal range (FAB 13-18) were those showing lower apathy after 12, 18 and 24 

months. This finding would suggest that the treatment with donepezil plus choline alphoscerate 

countered the progression of apathy, and that providing more cholinergic stimulation to patients 
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having still spared executive functions may be protective. This is not surprising as apathy is largely 

related to dysfunctions of the frontal pathways, and in particular of the attention system, which are 

also implied in the execution of the FAB test. Previous evidences have also indicated that the 

demands in the attentional processing are mediated via the cortical cholinergic inputs (Perry and 

Hodges, 1999). Deficiencies in these inputs would thus impair the discriminatory processes, and the 

responsiveness to relevant stimuli inputs (Perry and Hodges, 1999). Probably, in subjects where the 

frontal system is already severely impaired, the sustained cholinergic challenge is useless. We can 

hypothesize that a pre-evaluation by the FAB test may be useful to predict the effectiveness of 

cholinergic therapies in countering apathy in AD. Another observation concerns the absence of 

correlation between the cognitive functions and apathy scores both at the baseline and along to the 

study.   

The present investigation has two obvious weaknesses. Data were collected retrospectively and the 

sample size is limited. We are also aware that apathy was measured by one scale only, the NPI, 

which is due to the fact that apathy was a secondary outcome of the ASCOMALVA trial. Even if 

NPI is widely used and has a robust association with apathy in patients with dementia (Clarke et al., 

2011), it would have been useful to confirm its results with a second scale. 

In spite of the above limitations, the present results suggest some reflection. First, to evaluate the 

effects of drugs on apathy progression, it would be useful to include an evaluation of the frontal 

functions and particularly the FAB, which provides a rapid assessment of the functions related to 

circuits largely involved in apathy. Second, as the effect on apathy is independent from MMSE and 

ADAS-Cog, our findings confirm the view that apathy is a selective impairment. Moreover our data 

suggest that the association of a choline alphoscerate to donepezil may be protective against apathy. 

Apathy is a complex disorder, related to the impairment of selective mechanisms and to the 

dysfunction of specific circuits and neurotransmitter systems. Depending on the circuit(s) impaired, 

pharmacological treatments should be considered. Enhancement of cholinergic function might be 

one of them. 
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CONCLUSIONS 

Controlled clinical trials reviewed in this paper have demonstrated the efficacy of choline 

alphoscerate in clinical situations associated with cognitive impairment characteristic of mild 

cognitive impairment (MCI) or even dementia disorders, both of degenerative and vascular origin. 

The stated therapeutic usefulness of choline alphoscerate in the relief of cognitive symptoms, such 

as memory and attention impairment, differentiates the drug from cholinergic precursors (lecithin, 

CDP-choline) used in former clinical trials. The results of uncontrolled trials carried out in the 

treatment of TIA or stroke suggest that choline alphoscerate might favor functional recovery of 

patients with acute cerebrovascular event. Although these findings need to be confirmed by 

controlled trials, published clinical data collectively suggest a clinical efficacy of this cholinergic 

precursor in cognitive impairment occurring in the elderly. 

A problem with cholinergic precursors including choline alphoscerate, is that the majority of 

clinical trials were carried out from 25 to 15 years ago. They therefore reflected diagnostic limits 

and cognitive function analysis of that time. However, the few studies comparable with trials 

assessing activity of more recent drugs such as (acetyl)cholinesterase inhibitors, do not reveal a 

relevant advantage of these newer compounds compared with the safe and well tolerated choline 

alphoscerate. On the other hand, independently from any comparison with cholinesterase inhibitors, 

choline alphoscerate could represent a therapeutic resource in particular situations in which 

treatment with inhibitors is not tolerated or contraindicated. This is the case, for instance, of 

bradycardia, asthma, or of the cognitive impairment in the oldest old (> 85 years), a typical 

condition in which very advanced age and co-morbidity may contraindicate cholinesterase inhibitor 

use. 

Therapeutic strategies for countering MCI either of degenerative and vascular origins are not 

established yet. There are currently no EMEA/FDA-approved therapies for MCI as no treatment 

trial to date has convincingly demonstrated a significant effect on cognition or symptom 

progression. This is true also for drugs shown to have therapeutic benefit in Alzheimer’s disease. 

Future trials will likely need to use strategies to enrich for more homogeneous samples with 

appropriate biological characteristics at entry, define optimal treatment durations, and develop 

sensitive assessments and reliable outcomes to detect treatment benefit in mildly impaired subjects. 

In meantime, in spite of the numeric differences of patients treated with (acetyl)cholinesterase 

inhibitors or with choline alphoscerate, positive results obtained with this cholinergic precursor 

probably would justify reconsideration of its effects as well as further investigations on it in larger 

carefully controlled studies. 
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New interest on therapeutic applications of choline alphoscerate comes also from the more recent 

studies demonstrating an activity of the compound in relieving cognitive dysfunction occurring in 

Parkinson’s disease (Levin et al., 2011) and from the ongoing ASCOMALVA trial (Amenta et al., 

2012; 2014). The first of these studies (Levin et al., 2011) highlights new possible therapeutic 

applications of choline alphoscerate in treating an early and so far rather neglected 

symptomatological correlate of Parkinson’s disease. The second one (Amenta et al., 2012; 2014) if 

the interim results will be confirmed at the conclusion of the trial, suggests that association of a 

(acetyl)cholinesterase inhibitor with choline alphoscerate could slow-down the progressive loss of 

efficacy of treatment with inhibitors so far experienced.  

To sum up, in his long service choline alphoscerate has demonstrated a relevant role as a 

cholinergic neurotransmission enhancing agent with a documented and interesting profile in 

cognitive dysfunctions related to impaired brain cholinergic function. New possible therapeutic 

applications of it for treating cognitive impairment occurring in Parkinson’s disease and for 

potentiating/prolonging therapeutic effects of (acetyl)cholinesterase inhibitors in symptomatological 

relief of Alzheimer’s disease are opening new avenues in choline alphoscerate research worthwhile 

of being pursued. 

  



58 
 

REFERENCES 

 Abbiati G, Fossati T, Lachmann G, Bergamaschi M, Castiglioni C. Absorption, tissue 

distribution and excretion of radiolabelled compounds in rats after administration of [14C]-L-

alpha-glycerylphosphorylcholine. Eur J Drug Metab Pharmacokinet 18: 173-80 (1993). 

 Akaike A. Preclinical evidence of neuroprotection by cholinesterase inhibitors. Alzheimer Dis 

Assoc Disord. 20:S8-11 (2006). 

 Aleppo G, Nicoletti F, Sortino MA, Casabona G, Scapagnini U, Canonico PL, Chronic α-

glycerylphosphorylcholine increases inositol phosphate formation in brain slices and neuronal 

cultures. Pharmacol Toxicol  74: 95–100 (1994).   

 Amenta F, Bronzetti E, Mancini M, Vega JA, Zaccheo D. Choline acetyltransferase and 

acetylcholinesterase in the hippocampus of aged rats: sensitivity to choline alphoscerate 

treatment. Mech Ageing Dev 74: 47-58 (1994a). 

 Amenta F, Bronzetti E, Ricci A, Sagratella S, Scotti de Carolis A, Zaccheo D. Nucleus basalis 

magnocellularis lesions decrease histochemically reactive zinc stores in the rat brain: effect of 

choline alphoscerate treatment. Eur J Histochem 39: 281-8 (1995). 

 Amenta F, Carotenuto A, Fasanaro AM, Lanari A, Previdi P, Rea R, Silvestrelli G, Traini E. 

Analisi comparativa della sicurezza/efficacia degli inibitori delle colinesterasi e del precursore 

colinergico colina alfoscerato nelle demenze ad esordio nell’età adulta. G Gerontol 58:1-6 

(2010). 

 Amenta F, Carotenuto A, Fasanaro AM, Rea R, Traini E. The ASCOMALVA trial: association 

between the cholinesterase inhibitor donepezil and the cholinergic precursor choline 

alphoscerate in Alzheimer's disease with cerebrovascular injury: interim results. J Neurol Sci. 

322:96-101 (2012). 

 Amenta F, Carotenuto A, Fasanaro AM, Rea R, Traini E. The ASCOMALVA (Association 

between the Cholinesterase Inhibitor Donepezil and the Cholinergic Precursor Choline 

Alphoscerate in Alzheimer's Disease) Trial: interim results after two years of treatment. J 

Alzheimers Dis. 42:S281-8. (2014). 

 Amenta F, Franch F, Ricci A, Vega JA. Cholinergic neurotransmission in the hippocampus of 

aged rats: influence of  α-glycerylphosphorylcholine treatment.  Ann NY Acad Sci 695: 311–

313 (1993).   

 Amenta F, Liu A, Zeng YC, Zaccheo D. Muscarinic cholinergic receptors in the hippocampus 

of aged rats: influence of choline alphoscerate treatment. Mech Ageing Dev 76: 49-64 (1994b). 

 Amenta F, Parnetti L, Gallai V, Wallin A. Treatment of cognitive dysfunction associated with 

Alzheimer's disease with cholinergic precursors. Ineffective treatments or inappropriate 

approaches? Mech Ageing Dev 122: 2025-40 (2001). 

 Amenta F, Tayebati SK, Vitali D, Di Tullio MA. Association with the cholinergic precursor 

choline alphoscerate and the cholinesterase inhibitor rivastigmine: an approach for enhancing 

cholinergic neurotransmission. Mech Ageing Dev 127: 173-9 (2006). 



59 
 

 Amenta F, Tayebati SK. Pathways of acetylcholine synthesis, transport and release as targets 

for treatment of adult-onset cognitive dysfunction. Current Medicinal Chemistry 15: 488-498 

(2008). 

 Amenta F, Traini E, Tomassoni D. La terapia del vascular cognitive impairment e delle 

disfunzioni cognitive nella demenza vascolare. In Malattia cerebrovascolare e funzioni 

cognitive. Fisiopatologia, prevenzione e trattamento. F. Amenta Eds, Wolters Kluwer Health 

Italy Ltd, pp 143-173 (2008). 

 Antal A, Kéri S, Bodis-Wollner I. L-alpha-glycerylphosphorylcholine enhances the amplitude 

of the pattern electroretinogram in rhesus monkeys. A pilot study. Neurobiology (Bp) 7: 407-12  

(1999). 

 Auld DS, Kornecook TJ, Bastianetto S,  Quinron R. Alzheimer’s disease and the basal 

forebrain cholinergic system: relations to beta-amyloid peptides, cognition, and treatment 

strategies. Prog Neurobiol 68: 209-245 (2002). 

 Ballard C, Waite J. The effectiveness of atypical antipsychotics for the treatment of aggression 

and psychosis in Alzheimer’s disease. Cochrane Database Syst Rev, CD003476. (2006). 

 Bandyopadhyay TK, Biswas A, Roy A, Guin DS, Gangopadhyay G, Sarkhel S, Ghoshal MK, 

Senapati AK. Neuropsychiatric profiles in patients with Alzheimer's disease and vascular 

dementia. Ann Indian Acad Neurol 17: 325-30 (2004). 

 Bartus RT, Dean RL, Pontecorvo MJ, Flicker C. The cholinergic hypothesis: a historical 

overview, current perspective, and future directions. Ann NY Acad Sci 444: 332–358 (1985).  

 Behavioral and psychological signs and symptoms of dementia: implications for research and 

treatment. Proceedings of an international consensus conference. Int Psychogeriatr 8: 215-552 

(1996). 

 Beier MT. Treatment strategies for the behavioral symptoms of Alzheimer's disease: focus on 

early pharmacologic intervention. Pharmacotherapy 27: 399-411. (2007). 

 Benoit M, Berrut G, Doussaint J, Bakchine S, Bonin-Guillaume S, Frémont P, Gallarda T, 

Krolak-Salmon P, Marquet T, Mékiès C, Sellal F, Schuck S, David R, Robert P. Apathy and 

depression in mild Alzheimer's disease: a cross-sectional study using diagnostic criteria. J 

Alzheimers Dis. 31: 325-334. (2012). 

 Benoit M, Brocker P, Clement JP, Cnockaert X, Hinault P, Nourashemi F, Pancrazi MP, Portet 

F, Robert P, Thomas P, Verny M, Groupe de consensus Thma. Behavioral and psychological 

symptoms in dementia: description and management. Rev. Neurol 161: 357–366 (2005). 

 Birkenhager WH, Staessen JA. Progress in cardiovascular diseases cognitive function in 

essential hypertension. Prog Cardiovasc Dis 49: 1-10 (2006). 

 Birks J, Harvey R. Donepezil for dementia due to Alzheimer's disease. Cochrane Database Syst 

Rev 1: CD001190 (2006).   

 Birks J. Cholinesterase inhibitors for Alzheimer's disease. Cochrane Database Syst Rev 1: 

CD005593 (2006). 



60 
 

 Black W, Almeida OP. A systematic review of the association between the behavioral and 

psychological symptoms of dementia and burden of care. Inter-national Psychogeriatrics 16: 

295–315 (2004) 

 Blusztajn JK, Liscovitch M, Mauron C, Richardson UJ, Wurtman RJ. Phosphatidylcholine as a 

precursor of choline for acetylcholine synthesis. J Neural Transm Suppl 24: 247–259 (1987).  

 Bollettino Informazione Farmaci: Progetto CRONOS: i risultati dello studio osservazionale. 11: 

183-188 (2004). 

 Bonelli RM, Cummings JL. Frontal-subcortical circuitry and behavior. Dialogues Clin 

Neurosci. 9:141-151 (2007). 

 Bowen DM. Biochemistry of dementias. Proc R Soc Med 70: 351–353 (1977).  

 Boyle PA, Malloy PF. Treating apathy in Alzheimer's disease. Dement Geriatr Cogn Disord.17: 

1-2:91-9 (2004). 

 Brashear HR. Galantamine in the treatment of vascular dementia. Int Psychogeriatr. 15:187-93. 

(2003). 

 Bronzetti E, Felici L, Amenta F. Effect of ipsilateral lesioning of the nucleus basalis 

magnocellularis and of L-alpha-glyceryl phosphorylcholine treatment on choline 

acetyltransferase and acetylcholinesterase in the rat fronto-parietal cortex. Neurosci Lett 164: 

47-50 (1993). 

 Brousseau G1, Rourke BP, Burke B. Acetylcholinesterase inhibitors, neuropsychiatric 

symptoms, and Alzheimer's disease subtypes: an alternate hypothesis to global cognitive 

enhancement. Exp Clin Psychopharmacol 15: 546-54 (2007). 

 Brownawell AM, Carmines EL, Montesano F. Safety  assessment of AGPC as a food  

ingredient. Food and Chemical Toxicology 49: 1303–1315 (2011). 

 Buĭlova TV, Glotova ME, Khalak ME, Vashkevich VV. The use of cereton in the rehabilitation 

of patients with hemorrhagic stroke. Zh Nevrol Psikhiatr Im S S Korsakova.109:57-61 (2009). 

[Article in Russian] 

 Bullock R. Galantamine: use in Alzheimer's disease and related disorders. Expert Rev 

Neurother. 4:153-63. (2004). 

 Burns A, Rossor M, Hecker J, Gauthier S, Petit H, Moller HJ.  The effects of donepezil in 

Alzheimer's disease-results from a multinational trial. Dement Geriatr Cogn Disord 10: 237–

244 (1999).   

 Callen DJA, Black SE, Caldwell CB. Limbic system perfusion in Alzheimer’s Disease 

measured by MRI-coregistered HMPAO SPET. European Journal of Nuclear Medicine and 

Molecular Imaging 29:899–906 (2002). 

 Canonico PL, Nicoletti F, Scapagnini U. Effetti neurochimici e comportamentali di α-GFC 

(colina alfoscerato). Basi Raz Ter  20: 53–54 (1990). 

 Caviness JN, Lue L, Adler CH, Walker DG. Parkinson's disease dementia and potential 

therapeutic strategies. CNS Neurosci Ther 17: 32-44 (2011).   



61 
 

 Ceda GP, Ceresini G, Denti L, Marzani G, Piovani E, Banchini A et al. Alpha-

Glycerylphosphorylcholine administration increases the GH responses to GHRH of young and 

elderly subjects. Horm Metab Res 24: 119-21 (1992). 

 Chung SY, Moriyama T, Uezu E, Uezu K, Hirata R, Yohena N. Administration of 

phosphatidylcholine increases brain acetylcholine concentration and improves memory in mice 

with dementia. J Nutr 125: 1484–1489 (1995). 

 Clarke DE, Ko JY, Kuhl EA, van Reekum R, Salvador R, Marin S. Are the available apathy 

measures reliable and valid? A review of the psychometric evidence. Journal of Psychosomatic 

Research. 70:73-97 (2011). 

 Colerick EJ, George LK. Predictors of institutionalization among caregivers of patients with 

Alzheimer’s disease. J Am Geriatr Soc 34: 492–498 (1986). 

 Colucci L, Bosco M, Fasanaro AM, Gaeta GL, Ricci G, Amenta F Alzheimer's Disease Costs: 

What We Know and What We Should Take into Account. J Alzheimers Dis. 42:1311-24 

(2014). 

 Craig D, Birks J.  Rivastigmine for vascular cognitive impairment. Cochrane Database Syst 

Rev 2: CD004744 (2005).  

 Craig D, Birks J. Galantamine for vascular cognitive impairment. Cochrane Database Syst Rev 

1: CD004746 (2006).   

 Cummings JL, Back C. The cholinergic hypothesis of neuropsychiatric symptoms in 

Alzheimer's disease. Am J Geriatr Psychiatry 6: 64–78 (1998). 

 Cummings JL, Kaufer D. Neuropsychiatric aspects of Alzheimer’s disease: the cholinergic 

hypothesis revisited. Neurology 47:876-883 (1996). 

 Cummings JL, Mackell J, Kaufer D. Behavioral effects of current Alzheimer's disease 

treatments: a descriptive review. Alzheimers Dement 4: 49-60 (2008). 

 Cummings JL, Mega M, Gray K, Rosenberg-Thompson S, Carusi DA, Gornbein J. The 

Neuropsychiatric Inventory. Comprehensive assessment of psychopathology in dementia. 

Neurology. 44: 2308-2314 (1994). 

 Cummings JL, McRae T, Zhang R.  Donepezil-Sertraline Study Group. 

Effects of donepezil on neuropsychiatric symptoms in patients with dementia and severe 

behavioral disorders. Am J Geriatr Psychiatry 14: 605-12 (2006).   

 Davies P, Maloney AJ. Selective loss of central cholinergic neurons in Alzheimer's disease. 

Lancet 2: 1403 (1976).  

 De Jesus Moreno M. Cognitive improvement in mild to moderate Alzheimer's dementia after 

treatment with the acetylcholine precursor choline alphoscerate: a multicenter, double-blind, 

randomized, placebo-controlled trial. Clin Ther 25: 178–193 (2003). 

 Deutsch SI, Schwartz BL, Schooler NR, Rosse RB, Mastropaolo J, Gaskins B. First 

administration of cytidine diphosphocholine and galantamine in schizophrenia: a sustained 

alpha7 nicotinic agonist strategy. Clin Neuropharmacol.31:34-9 (2008). 



62 
 

 Dixon CE, Ma X, Marion DW. Effects of CDP-choline treatment on neurobehavioral deficits 

after TBI and on hippocampal and neocortical acetylcholine release. J Neurotrauma 14: 161–

169 (1997).   

 Domino EF, Mathews BN, Tait SK, Ortiz A, Effects of oral phosphatidylcholine on mouse 

brain choline and acetylcholine. Arch Int Pharmacodyn Ther 265: 49–54 (1983).   

 Douglas IJ, Smeeth L. Exposure to antipsychotics and risk of stroke: self controlled case series 

study. BMJ, 337:a1227 (2008). 

 Drago F, Nardo L, Freni V, Spadaro F, Valerio C. Effetti comportamentali di α-GFC in modelli 

di invecchiamento cerebrale patologico. Basi Raz Ter 20: 65–68 (1990). 

 Dross K, Kewitz H. Concentration and origin of choline in the rat brain. Naunyn Schmied Arch 

Pharmacol 274: 91-106 (1972). 

 Dubois B, Slachevsky A, Livtvan I, Pillon B. The FAB: a frontal assessment battery at bedside. 

Neurology. 55: 1621-1626 (2000). 

 Eggermont LH, de Vries K, Scherder EJ. Psychotropic medication use and cognition in 

institutionalized older adults with mild to moderate dementia. Int Psychogeriatr 21: 286–94 

(2009). 

 Elgh E, Domellöf M, Linder J, Edström M, Stenlund H, Forsgren L. Cognitive function in early 

Parkinson's disease: a population-based study. Eur J Neurol 16: 1278-84 (2009).   

 Everitt BJ, Robbins TW. Central cholinergic systems and cognition. Annu Rev Psychol. 

48:649-84 (1997). 

 Faure P, Tolu S, Valverde S, Naudé J. Role of nicotinic acetylcholine receptors in regulating 

dopamine neuron activity. Neuroscience. 282C: 86-100 (2014). 

 Feldman H, Gauthier S, Hecker J, Vellas B, Subbiah P, Whalen E. Donepezil MSAD Study 

Investigators Group. A 24-week, randomized, double-blind study of donepezil in moderate to 

severe Alzheimer's disease. Neurology 57: 613-20 (2001). 

 Folstein MF, Folstein SE, Mc Hugh PR. Mini Mental State: a pratical method for grading the 

cognitive state of patients for the clinician. J Psychiatr Res  12:189-198 (1975). 

 Fossati T, Colombo M, Castiglioni C, Abbiati G. Determination of plasma choline by high-

performance liquid chromatography with a postcolumn enzyme reactor and electrochemical 

detection. J Chromatogr B Biomed Appl 656: 59-64 (1994). 

 Francis PT, Nordberg A, Arnold SE. A preclinical view of cholinesterase inhibitors in 

neuroprotection: do they provide more than symptomatic benefits in Alzheimer's disease? 

Trends Pharmacol Sci. 26:104-111 (2005). 

 Francis PT, Ramírez MJ, Lai MK. Neurochemical basis for symptomatic treatment of 

Alzheimer’s disease. Neuropharmacology 59, 221-229 (2010). 

 Frishman WH. Are antihypertensive agents protective against dementia? A review of clinical 

and preclinical data. Heart Dis  4: 380-386 (2002). 



63 
 

 Frisoni GB, Canu E, Geroldi C, Brignoli B, Anglani L, Galluzzi S, Zacchi V, Zanetti O. 

Prescription patterns and efficacy of drugs for patients with dementia: physicians' perspective 

in Italy. Aging Clin Exp Res. 19:349-55 (2007). 

 Gatti G, Barzaghi N, Acuto G, Abbiati G,  Fossati T, Perucca E.  A comparative study of free 

plasma choline levels following intramuscular administration of L-alpha-

glycerylphosphorylcholine and citicoline in normal volunteers. Int J Clin Pharmacol Ther 

Toxicol 30: 331–335 (1992).   

 Gauthier S, Feldman H, Hecker J, Vellas B, Ames D, Subbiah P, Whalen E, Emir B, Donepezil 

MSAD Study Investigators Group Efficacy of donepezil on behavioral symptoms in patients 

with moderate to severe Alzheimer's disease. Int Psychogeriatr 14: 389-404 (2002). 

 Gauthier S. Advances in the pharmacotherapy of Alzheimer's disease. CMAJ 166:616-23 

(2002). 

 Giacobini E. Cholinergic foundations of Alzheimer's disease therapy. J Physiol Paris 92:283-7 

(1998). 

 González-Salvador T, Lyketsos CG, Baker A, Hovanec L, Roques C, Brandt J, Steele C. 

Quality of life in dementia patients in long-term care. Int J Geriatr Psychiatry 15: 181–189 

(2000). 

 Gottfries CG, Blennow K, Karlsson I, Wallin A. The neurochemistry of vascular dementia. 

Dementia 5: 163–167 (1994).   

 Grantham C, Geerts H., The rationale behind cholinergic drug treatment for dementia related to 

cerebrovascular disease. J Neurol Sci 203-204:131-6 (2002). 

 Grimmer T, Kurz A. Effects of cholinesterase inhibitors on behavioural disturbances in 

Alzheimer's disease: a systematic review. Drugs Aging 23: 957-67 (2006). 

 Grossi D, Santangelo G, Barbarulo AM, Vitale C, Castaldo G, Proto MG, Siano P, Barone P, 

Trojano L. Apathy and related executive syndromes in dementia associated with Parkinson's 

disease and in Alzheimer's disease. Behav Neurol. 27:515-522 (2013). 

 Grutzendler J, Morris JC. Cholinesterase inhibitors for Alzheimer's disease. Drugs 61:41-52 

(2001). 

 Gui CZ, Ran LY, Li JP, Guan ZZ. Changes of learning and memory ability and brain nicotinic 

receptors of rat offspring with coal burning fluorosis. Neurotoxicol Teratol 32: 536-41 (2010).   

 Harvey RJ, Ellison D, Hardy J, Hutton M, Roques PK, Collinge J, Fox NC, Rossor MN. 

Chromosome 14 familial Alzheimer's disease: the clinical and neuropathological characteristics 

of a family with a leucine-serine (L250S) substitution at codon 250 of the presenilin 1ágene. J 

Neurol Neurosurg Psychiatry 64: 44–49 (1998). 

 Herrmann N, Lanctôt KL, Sambrook R, Lesnikova N, Hébert R, McCracken P, Robillard A, 

Nguyen E. The contribution of neuropsychiatric symptoms to the cost of dementia care. Int J 

Geriatr Psychiatry. 21: 972-976 (2006). 

 Herrmann N, Rabheru K, Wang J, Binder C. Galantamine treatment of problematic behavior in 

Alzheimer disease: post-hoc analysis of pooled data from three large trials. Am J Geriatr 

Psychiatry 13: 527-34 (2005). 



64 
 

 Herrmann N, Rothenburg LS, Black SE, Ryan M, Liu BA, Busto UE, Lanctôt KL. 

Methylphenidate for the treatment of apathy in Alzheimer disease: prediction of response using 

dextroamphetamine challenge. The Journal of Clinical Psychopharmacology. 28: 296-301 

(2008). 

 Hersch EC, Falzgraf S. Management of the behavioral and psychological symptoms of 

dementia. Clin Interv Aging 2: 611-21 (2007). 

 Higgins JP, Flicker L, Lecithin for dementia and cognitive impairment. Cochrane Database 

Syst Rev 1: CD001015 (2003).   

 Hoff EI, van Oostenbrugge RJ, Otte WM, van der Marel K, Steinbusch HW, Dijkhuizen RM. 

Pharmacological magnetic resonance imaging of muscarinic acetylcholine receptor activation 

in rat brain. Neuropharmacology 58: 1252-7 (2010). 

 Holmes C, Wilkinson D, Dean C, Vethanayagam S, Olivieri S, Langley A, Pandita-

Gunawardena ND, Hogg F, Clare C, Damms J. The efficacy of donepezil in the treatment of 

neuropsychiatric symptoms in Alzheimer disease. Neurology 63: 214-9 (2004). 

 Isaias IU, Spiegel J, Brumberg J, Cosgrove KP, Marotta G, Oishi N, Higuchi T, Küsters S, 

Schiller M, Dillmann U, van Dyck CH, Buck A, Herrmann K, Schloegl S, Volkmann J, 

Lassmann M, Fassbender K, Lorenz R, Samnick S. Nicotinic acetylcholine receptor density in 

cognitively intact subjects at an early stage of Parkinson's disease. Front Aging Neurosci. 6: 

213 (2014). 

 Ismagilov MF, Vasilevskaia OV, Gaĭfutdinov RT, Strakhova TM, Kuz'mina IA. Efficacy of 

cereton in the acute period of ischemic stroke. Zh Nevrol Psikhiatr Im S S Korsakova. 109:35-6 

(2009). [Article in Russian] 

 Jellinger KA. Vascular-ischemic dementia: an update. J Neural Transm Suppl 62: 1-23 (2002). 

 Jope RS. Effects of phosphatidylcholine administration to rats on choline in blood and choline 

and acetylcholine in brain. J Pharmacol Exp Ther 220: 322–328 (1982).   

 Kaduszkiewicz H, Zimmermann T, Beck-Bornholdt HP van den Bussche H. Cholinesterase 

inhibitors for patients with Alzheimer's disease: systematic review of randomised clinical trials. 

BMJ 331: 321–327 (2005).   

 Kales HC1, Valenstein M, Kim HM, McCarthy JF, Ganoczy D, Cunningham F, Blow FC. 

Mortality risk in patients with dementia treated with antipsychotics versus other psychiatric 

medication. Am J Psychiatry 164: 1568-1576 (2007). 

 Kamchatnov PR, Abusueva BA, Evzel'man MA, Esin RG, Kol'iak EV, Novikova LB, 

Prikazchikov SV, Riabov AG, Umarova KhIa, Boĭko AN. Efficacy of cereton in acute ischemic 

stroke: results of the trial SOLNTSE. Zh Nevrol Psikhiatr Im S S Korsakova 9112:10-4 (2012). 

[Article in Russian] 

 Kavirajan H, Schneider LS. Efficacy and adverse effects of cholinesterase inhibitors and 

memantine in vascular dementia: a meta-analysis of randomised controlled trials Lancet Neurol 

6: 782–92 (2007). 



65 
 

 Kiewert C, Mdzinarishvili A, Hartmann J, Bickel U, Klein J. Metabolic and transmitter changes 

in core and penumbra after middle cerebral artery occlusion in mice. Brain Res 1312: 101-107 

(2010). 

 Kling MA, Trojanowski JQ, Wolk DA, Lee VM, Arnold SE. Vascular disease and dementias: 

paradigm shifts to drive research in new directions. Alzheimers Dement. 9: 76-92 (2013). 

 Kostenko EV, Petrova LV, Artemova IIu, Vdovichenko TV, Ganzhula PA, Ismailov AM, 

Lisenker LN, Petrov SV, Otcheskaia OV, Rotor LD, Khozova AA, Boĭko AN. The use of 

cerepro (choline alphoscerate) in the treatment of outpatients with chronic progressive 

cerebrovascular disease. Zh Nevrol Psikhiatr Im S S Korsakova. 112:24-30 (2012). [Article in 

Russian] 

 Kozman M, Wattis J, Curran S. Pharmacological management of behavioral and psychological 

disturbance in dementia. Hum Psychopharmacol Clin Exp 21: 1–12 (2006). 

 Landes AM, Sperry SD, Strauss ME, Geldmacher DS. Apathy in Alzheimer's disease. J Am 

Geriatr Soc. 49:  12:1700-7 (2001). 

 Landes AM, Sperry SD, Strauss ME. Prevalence of apathy, dysphoria, and depression in 

relation to dementia severity in Alzheimer's disease. J Neuropsychiatry Clin Neurosci. 17: 342-

349 (2005). 

 Lawlor B. Managing behavioural and psychological symptoms in dementia. Br J Psychiatry 

181. 463-465 (2002). 

 Lemstra AW, Eikelenboom P, van Gool WA. The cholinergic deficiency syndrome and its 

therapeutic implications. Gerontology 49: 55-60 (2003) 

 Levin OS, Batukaeva LA, Anikina MA, Yunishchenko NA.  Efficacy and safety of choline 

alphoscerate (Cereton) in patients with Parkinson’s disease with cognitive impairments. 

Neurosci Behav Physiol 41: 47-51 (2011).   

 Levy R, Dubois B. Apathy and the functional anatomy of the prefrontal cortex-basal ganglia 

circuits. Cereb Cortex. 16. 916-928 (2006). 

 Lipton SA. Paradigm shift in neuroprotection by NMDA receptor blockade: memantine and 

beyond. Nat Rev Drug Discov. 5:160-70 (2006). 

 Lockhart IA, Orme ME, Mitchell SA. The efficacy of licensed-indication use of donepezil and 

memantine monotherapies for treating behavioural and psychological symptoms of dementia in 

patients with Alzheimer's disease: systematic review and meta-analysis. Dement Geriatr Cogn 

Dis Extra 1: 212-27 (2011). 

 Lopez CM, Govoni S, Battaini F, Bergamaschi S, Longoni A, Giaroni C et al. Effect of a new 

cognition enhancer, alpha- glycerylphosphorylcholine, on scopolamine-induced amnesia and 

brain acetylcholine. Pharmacol Biochem Behav 39,  835–840 (1991).  

 Lyketsos CG, Steinberg M, Tschanz JT, Norton MC, Steffens DC, Breitner JC. Mental and 

behavioral disturbances in dementia: findings from the Cache County Study on Memory in 

Aging. Am J Psychiatry 157: 708-714 (2000). 

 Margallo-Lana M, Swann A, O'Brien J, Fairbairn A, Reichelt K, Potkins D, Mynt P, Ballard C. 

Prevalence and pharmacological management of behavioural and psychological symptoms 



66 
 

amongst dementia sufferers living in  care environments. Int J Geriatr Psychiatry 16: 39-44 

(2001). 

 Marin RS. Apathy: a neuropsychiatric syndrome. The Journal of Neuropsychiatry and Clinical 

Neurosciences. 3: 243-254 (1991). 

 Marin RS. Differential diagnosis and classification of apathy. The American Journal of 

Psychiatry. 147: 22-30 (1990). 

 McPherson S, Fairbanks L, Tiken S, Cummings JL, Back-Madruga C. Apathy and executive 

function in Alzheimer's disease. J Int Neuropsychol Soc. 8: 373-381 (2002) 

 Mega MS, Cummings JL, Fiorello T, Gornbein J. The spectrum of behavioral changes in 

Alzheimer's disease. Neurology. 46. 1:130-5 (1996). 

 Miller TP, Tinklenberg JR, Brooks JO 3rd, Fenn HH, Yesavage JA. Selected psychiatric 

symptoms associated with rate of cognitive decline in patients with Alzheimer’s disease. J 

Geriatr Psychiatry Neurol 6: 235-238 (1993). 

 Moon Y, Kim H, Ok Kim J, Han SH. Vascular factors are associated with the severity of the 

neuropsychiatric symptoms in Alzheimer's disease. Int J Neurosci. 124. 512-517 (2014). 

 Moretti R, Torre P, Antonello RM, Cazzato G, Griggio S,  Ukmar M. Rivastigmine superior to 

aspirin plus nimodipine in subcortical vascular dementia: an open, 16-month, comparative 

study. Int J Clin Pract 58: 346–353 (2004).   

 Mori E, Hashimoto M, Krishnan KR, Doraiswamy PM.What constitutes clinical evidence for 

neuroprotection in Alzheimer disease: support for the cholinesterase inhibitors? Alzheimer Dis 

Assoc Disord. 20:S19-26 (2006). 

 Morriss RK, Rovner BW, Folstein MF, German PS. Delusions in newly admitted residents of 

nursing homes. Am J Psychiatry 147; 299–302 (1990). 

 Muccioli G, Raso GM, Ghé C, Di Carlo R. Effect of L-alpha glycerylphosphorylcholine on 

muscarinic receptors and membrane microviscosity of aged rat brain. Prog 

Neuropsychopharmacol Biol Psychiatry 20: 323-39 (1996). 

 Nakaaki S, Murata Y, Sato J, Shinagawa Y, Hongo J, Tatsumi H, Hirono N, Mimura M, 

Furukawa TA. Association between apathy/depression and executive function in patients with 

Alzheimer's disease. Int Psychogeriatr. 20: 964-975 (2008). 

 No authors listed. Bradycardia due to cholinesterase inhibitors: identify adverse effects and 

take them into account. Prescrire Int 20: 95 (2011). 

 No authors listed. Syncope with cholinesterase inhibitors. Prescrire Int 20: 240 (2011). 

 O'Donnell BF, Drachman DA, Barnes HJ, Peterson KE, Swearer JM, Lew RA. Incontinence 

and troublesome behaviors predict institutionalization in dementia. J Geriatr Psychiatry Neurol 

5: 45–52. (1992). 

 Parnetti L, Amenta F, Gallai V. Choline alphoscerate in cognitive decline and in acute 

cerebrovascular disease: an analysis of published clinical data. Mech Ageing Dev 122: 2041–

2055 (2001). 



67 
 

 Parnetti L, Mignini F, Tomassoni D, Traini E, Amenta F. Cholinergic precursors in the 

treatment of cognitive impairment of vascular origin: ineffective approaches or need for re-

evaluation? J Neurol Sci 257: 264-9 (2007).  

 Perry EK, Gibson PH, Blessed G, Perry RH, Tomlinson PE. Neurotransmitter enzyme 

abnormalities in senile dementia. Choline acetyltransferase and glutamic acid decarboxylase 

activities in necropsy brain tissue. J Neurol Sci 34: 247–265 (1977).  

 Perry RJ, Hodges JR. Attention and executive deficits in Alzheimer's disease. A critical review. 

Brain. 122: 383-404 (1999). 

 Picciotto MR, Higley MJ, Mineur YS. Acetylcholine as a neuromodulator: cholinergic 

signaling shapes nervous system function and behavior. Neuron.76: 116-29 (2012). 

 Pinardi G, Pelissier T, Kramer V, Paeile C, Miranda HF. Effects of CDP-choline on 

acetylcholine-induced relaxation of the perfused carotid vascular beds of the rat. Gen 

Pharmacol 25: 635–638 (1994).   

 Pinto T, Lanctot KL, Herrmann N. Revisiting the cholinergic hypothesis of behavioral and 

psychological symptoms dementia of the Alzheimer’s type. Agening  Research Reviews 10: 

404-412 (2011). 

 Profenno LA, Tariot PN. Pharmacologic management of agitation in Alzheimer’s 

disease. Dement Geriatr Cogn Disord, 17: 65–77 (2004). 

 Rabins PV, Mace NL, Lucas MJ. The impact of dementia on the family. JAMA 248: 333–335 

(1982). 

 Rea R, Carotenuto A, Fasanaro AM, Traini E, Amenta F. Apathy in Alzheimer's disease: Any 

effective treatment? The Scientific World Journal 2014:421385 (2014). 

 Rea R, Carotenuto A, Traini E, Fasanaro AM, Manzo Valentino, Amenta F (2014) Apathy 

treatment in Alzheimer’s  disease.  Interim results of the ASCOMALVA Trial. Journal of 

Alzheimer’s disease (in press) 2014 

 Reynolds JEF. Parasympathomimetics. In: Martindale:The Extra Pharmacopoeia, thirty-first ed. 

(Ed: Reynolds JEF). London: Royal Pharmaceutical Society.  pp 1413–1428 (1996). 

 Robert P, Onyike CU, Leentjens AF, Dujardin K, Aalten P, Starkstein S, Verhey FR, 

Yessavage J, Clement JP, Drapier D, Bayle F, Benoit M, Boyer P, Lorca PM, Thibaut F, 

Gauthier S, Grossberg G, Vellas B, Byrne J. Proposed diagnostic criteria for apathy in 

Alzheimer's disease and other neuropsychiatric disorders. Eur Psychiatry 24: 98-104 (2009). 

 Robert PH, Darcourt G, Koulibaly MP, Clairet S, Benoit M, Garcia R, Dechaux O, Darcourt J. 

Lack of initiative and interest in Alzheimer's disease: a single photon emission computed 

tomography study. Eur J Neurol. 13: 729-735 (2006). 

 Robert PH, Mulin E, Malléa P, David R. Apathy diagnosis, assessment, and treatment in 

Alzheimer's disease. CNS Neurosci Ther. 16: 263-71 (2010). 

 Rodda J1, Morgan S, Walker Z. Are cholinesterase inhibitors effective in the management of 

the behavioral and psychological symptoms of dementia in Alzheimer's disease? A systematic 

review of randomized, placebo-controlled trials of donepezil, rivastigmine and galantamine. Int 

Psychogeriatr 21: 813-24 (2009). 



68 
 

 Rogers SL, Doody RS, Mohs RC, Friedhoff LT and the Donepezil Study Group. Donepezil 

improves cognition and global function in Alzheimer disease, a 15-week, double-blind, 

placebo-controlled study. Arch Intern Med 158: 1021–1031 (1998).   

 Rogers SL, Farlow MR, Doody RS, Mohs R, Friedhoff LT. A 24-week, double-blind, placebo-

controlled trial of donepezil in patients with Alzheimer's disease. Neurology 50: 136–145 

(1998).   

 Rogers SL, Friedhoff LT, and the Donepezil Study Group, The efficacy and safety of donepezil 

in patients with Alzheimer's disease: results of a US multicentre, randomized, double-blind, 

placebo-controlled trial. Dementia 7: 293–303 (1997).   

 Román GC, Kalaria RN. Vascular determinants of cholinergic deficits in Alzheimer disease 

and vascular dementia. Neurobiol Aging. 27:1769-85 (2006). 

 Roman GC, Wilkinson DG, Doody RS, Black SE, Salloway SP, Schindler RJ. Donepezil in 

vascular dementia: combined analysis of two large-scale clinical trials. Dement Geriatr Cogn 

Disord 20: 338–344 (2005).   

 Roman GC. Cholinergic dysfunction in vascular dementia. Curr Psychiatry Rep 2005; 7: 18-26.  

 Roman GC. Rivastigmine for subcortical vascular dementia. Expert Rev Neurother 5: 309–313 

(2005).  

 Roman GC. Vascular dementia: a historical background. Int Psychogeriatr Suppl 1 15: 3-11 

(2003a). 

 Román GC. Vascular dementia: distinguishing characteristics, treatment, and prevention. J Am 

Geriatr Soc. 51:S296-S304 (2003). 

 Rosenberg PB, Lanctôt KL, Drye LT, Herrmann N, Scherer RW, Bachman DL, Mintzer JE, 

ADMET Investigators. Safety and efficacy of methylphenidate for apathy in Alzheimer's 

disease: a randomized, placebo-controlled trial. J Clin Psychiatry. 74: 810-816 (2013). 

 Rösler M. The efficacy of cholinesterase inhibitors in treating the behavioural symptoms of 

dementia. Int J Clin Pract Suppl. 127: 20-36 (2002). 

 Samus QM, Rosenblatt A, Steele C, Baker A, Harper M, Brandt J, Mayer L, Rabins PV, 

Lyketsos CG. The association of neuropsychiatric symptoms and environment with quality of 

life in assisted living residents with dementia. Gerontologist. 1: 19-26 (2005). 

 Sasakia S. and Horieb Y. The Effects of an Uninterrupted Switch from Donepezil to 

Galantamine without Dose Titration on Behavioral and Psychological Symptoms of Dementia 

in Alzheimer's Disease. Dement Geriatr Cogn Dis Extra 4: 131–139 (2014). 

 Scapicchio PL. Revisiting choline alphoscerate profile: a new, perspective, role in dementia? 

Int J Neurosci. Int J Neurosci. 123:444-9 (2013). 

 Schettini G, Florio T, Ventra C, Grimaldi M, Meucci O, Landolfi E. Effetto del trattamento in 

vivo con α-GFC (colina alfoscerato) sull'attività dei sistemi di trasduzione a livello cerebrale. 

Basi Raz Ter 20: 23–30 (1990).  

 Schliebs R, Arendt T.  The significance of the cholinergic system in the brain during aging and 

in Alzheimer’s disease. J Neural Transm 113:1625-2644 (2006). 



69 
 

 Secades JJ, Frontera G. CDP-choline: pharmacological and clinical review. Methods Find Exp 

Clin Pharmacol. 17:  1-54 (1995). 

 Seltzer B, Zolnouni P, Nunez M, Goldman R, Kumar D, Ieni J, Richardson S, Donepezil "402" 

Study Group. Efficacy of donepezil in early-stage Alzheimer disease: a randomized placebo-

controlled trial. Archive of Neurology. 61: 1852-1856 (2004). 

 Sigala S, Imperato A, Rizzonelli P, Casolini P, Missale C, Spano PF.  L-alpha-

glycerylphosphorylcholine antagonizes scopolamine-induced amnesia and enhances 

hippocampal cholinergic transmission in the rat. Eur J Pharmacol 21: 351–358 (1992). 

 Starkstein SE, Jorge R, Mizrahi R, Robinson RG. A prospective longitudinal study of apathy in 

Alzheimer’s disease. J Neurol Neurosurg Psychiatry 77: 8–11 (2006). 

 Steele C, Rovner B, Chase GA, Folstein M. Psychiatric symptoms and nursing home placement 

of patients with Alzheimer's disease. Am J Psychiatry 147: 1049–1051 (1990). 

 Stout JC, Wyman MF, Johnson SA, Peavy GM, Salmon DP. Frontal behavioral syndromes and 

functional status in Alzheimer’s disease. Am J Geriatr Psychiatry. 11: 683-686 (2003). 

 Stulin ID, Musin RS, Solonskiĭ DS. Choline alphoscerate (ceretone) in the treatment of patients 

with chronic cerebral ischemia. Zh Nevrol Psikhiatr Im S S Korsakova. 109: 87-9 (2009). 

[Article in Russian] 

 Suchy J, Chan A, Shea TB. Dietary supplementation with a combination of alpha-lipoic acid, 

acetyl-L-carnitine, glycerophosphocoline, docosahexaenoic acid, and phosphatidylserine 

reduces oxidative damage to murine brain and improves cognitive performance. Nutr Res 

29:70-4 (2009). 

 Sukonick DL, Pollock BG, Sweet RA, Mulsant BH, Rosen J, Klunk WE, Kastango KB, 

DeKosky ST, Ferrell RE. The 5-HTTPR*S/*L Polymorphism and Aggressive Behavior in 

Alzheimer Disease. Arch Neurol 58: 1425–1428 (2001). 

 Swearer JM, Drachman DA, O'Donnell BF, Mitchell AL. Troublesome and disruptive 

behaviors in dementia. Relationships to diagnosis and disease severity. J Am Geriatr Soc 36: 

784–790 (1988). 

 Tagariello P, Girardi P, Amore M. Depression and apathy in dementia: same syndrome or 

different constructs? A critical  Review. Archives of Gerontology and Geriatrics. 49. 246-249 

(2009). 

 Tariot PN, Solomon PR, Morris JC, Kershaw P, Lilienfeld S, Ding C. A 5-month, randomized, 

placebo-controlled trial of galantamine in AD. The Galantamine USA-10 Study Group. 

Neurology 54: 2269-76 (2000). 

 Tayebati SK, Amenta F. Choline-containing phospholipids: relevance to brain functional 

pathways. Clin Chem Lab Med 51:513-21 (2013). 

 Tayebati SK, Di Tullio MA, Tomassoni D, Amenta F. Neuroprotective effect of treatment with 

galantamine and choline alphoscerate on brain microanatomy in spontaneously hypertensive 

rats. J Neurol Sci 283: 187-94 (2009). 



70 
 

 Tayebati SK, Tomassoni D, Di Stefano A, Sozio P, Cerasa LS, Amenta F. Effect of choline-

containing phospholipids on brain cholinergic transporters in the rat. J Neurol Sci 302: 49-57 

(2011). 

 Tayebati SK, Tomassoni D, Nwankwo IE, Di Stefano A, Sozio P, Cerasa LS, Amenta F. 

Modulation of monoaminergic transporters by choline-containing phospholipids in rat brain. 

CNS Neurol Disord Drug Targets. 12:94-103 (2013). 

 Tekin S, Cummings JL. Frontal-subcortical neuronal circuits and clinical neuropsychiatry: an 

update. J Psychosom Res. 53: 647-654 (2002). 

 Terry AVJ, Buccafusco JJ. The cholinergic hypothesis of age and Alzheimer's disease-related 

cognitive deficits: recent challenges and their implications for novel drug development. J 

Pharmacol Exp Ther 306: 821-27 (2003). 

 Tomassoni D, Avola R, Mignini F, Parnetti L, Amenta F. Effect of treatment with choline 

alphoscerate on hippocampus microanatomy and glial reaction in spontaneously hypertensive 

rats. Brain Res 1120: 183-90 (2006). 

 Tomassoni D, Catalani A, Cinque C, Di Tullio MA, Tayebati SK, Cadoni A, Nwankwo IE, 

Traini E, Amenta F. Effects of cholinergic enhancing drugs on cholinergic transporters in the 

brain and peripheral blood lymphocytes of spontaneously hypertensive rats. Curr Alzheimer 

Res. 9:120-7 (2012). 

 Traini E, Bramanti V, Amenta F. Choline alphoscerate (alpha-glyceryl-phosphoryl-choline) an 

old choline- containing phospholipid with a still interesting profile as cognition enhancing 

agent. Curr Alzheimer Res. 10:1070-9 (2013). 

 Vaizova OE, Zautner NA, Alifirova VM, Vengerovskiĭ AI. Influence of neuroprotectors with 

choline-positive action on the level of brain-injury markers during acute ischemic stroke. Eksp 

Klin Farmakol. 75:7-9 (2012). [Article in Russian] 

 Vilalta-Franch J, Calvó-Perxas L, Garre-Olmo J, Turró-Garriga O, López-Pousa S. Apathy 

syndrome in Alzheimer's disease epidemiology: prevalence, incidence, persistence, and risk 

and mortality factors. J Alzheimers Dis. 33: 535-543 (2013). 

 Vinters HV, Ellis WG, Zarow C, Zaias BW, Jagust WJ, Mack WJ, Chui HC. Neuropathologic 

substrates of ischemic vascular dementia. J Neuropathol Exp Neurol. 59:931-45 (2000). 

 Wahlund LO, Barkhof F, Fazekas F. A New Rating Scale for Age Related White Matter 

Changes applicable to MRI and CT. Stroke 32:1318-1322 (2001). 

 Wang PS, Schneeweiss S, Avorn J, Fischer MA, Mogun H, Solomon DH, Brookhart MA. Risk 

of death in elderly users of conventional vs. atypical antipsychotic medications. N Engl J Med 

353: 2335-2341 (2005). 

 Yesavage JA, Brink TL, Rose TL, Lum O, Huang V, Adey M, Leirer VO. Development and 

validation of a geriatric depression screening scale: a preliminary report. J Psychiatr Res. 

17:37-49 (1982). 

 

 


