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Double-Blind Placebo-Controlled Study with Citicoline in APOE
Genotyped Alzheimer’s Disease Patients. Effects on Cognitive
Performance, Brain Bioelectrical Activity and Cerebral Perfusion*

X.A. Alvarez. R. Mouzo, V. Pichel, P. Pérez, M. Laredo, L. Ferndndez-Novoa, L. Corzo, R. Zas, M.
Alcaraz, 1.J. Secades’, R. Lozano’ and R. Cacabelos

EuroEspes Biomedical Research Center, A Corufia, and 'Ferrer International, Barcelona, Spain

SUMMARY

Cvtidine 5 -diphosphocholine (citicoline) is a an endogenous intermediaie in the biosynthesis of stenctural membrane phospholipids and brain
acevichotine. Citicoline has been extensively wxed for the treatment of newrodegeneraive disordery associated with head trawma. stroke, brain aging.
cerebrovascular pathology and Alzheimer s divease. In this study we have investigated the efficacy and safety of the treatment with citicoline versus
placebo in patients with Alzheimer disease. Thirty patieats tage = 73.0 £ 8.5 vears! range = § 7-87 vears ) with mild 1o moderate senile dementio (GDS:
stuges 3-6) of the Alzheimer type were included in a double-blind, randontized and placebo-controtled clinical trial. Afrer a 2-week period of drug
washowt, patients were treated with 1) placebo tn = 17: age = 73 £ 5 years) or i) LOX mgiday of citicoline (n = 13: age = 76 £ Y years) for 12 weeky
(84 davy ), Examinations were done ai baseline (1) and dafter the 12 weeks of treatment (T125. As compared to placebo. citicoline improved cognitive
perfurmance in Alzheimer's disease putients with APOE E4 {ADAS: difference between groups = -3.2 £ L8 veores, p < 0.05: ADAS-cog: difference
between groups = -2.3 £ 1.5, ns); and this improvement on cognition was more pronounced (ADAS, p < 0.01; ADAS-cog: difference herween groups
=-2.8 & L3 p < 0.06) in patients with mild dementia (GDS < 5). Citicoline also increased cevebeal blood flow velovities in comparison with pluce-
bo(p < 0.05) when transeranial Doppler recordings from both hemispheres were considered together as well us diastolic velocity in the left middle
cerchral artery tp < 0.05). Putients treated with citicoline showed an increase in the percentage of brain hivelectrical acrivity of a (occipital elec-
trodes) and 8 tvpe (left side electrodes). accompanied by a decrease in relative delta activity particalarly marked in the left temporal lobe. Significant
differences with respect to placebo (p < 0.05) were observed for 8 activity in several fromto-paricto-temporal electrodes of the left hemisphere.
Treatmens with citicoline tended 0 reduce serum W18 levels, mainly after 4 weeks of adminisiration, with no modified blood histamine content. In
addition, neither adverse ide effects nor alterations in hiological and hematological parameters were induced by citicoline. The present dara indicate
that citicoline (1000 mg/day ) is well olerated and improves cognitive performance, cerebral blood perfusion and the brain bioelectrical activity pat-
tern in Al putieats. According 1o our results, it scems that citicoline might be a uscful treatment in Alzheimer’s disease. and that the efficacy of this
compound is greater in patients with mild mental deterioration andfor bearing the €4 ullele of the APOE. <199 Proos Science A nights reversed
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INTRODUCTION

Cytidine 5°-diphosphocholine (citicoline) is an
endogenous intermediate involved in the biosynthetic
pathway of structural membrane phospholipids, special-
ly phosphatidylcholine (1-4). After its per os or parenter-
al administration citicoline releases the two main compo-
nents of the molecule, cytidine and choline. The
absorption of citicoline after oral intake is almost com-
plete as its bioavailability by oral and intravenous admin-
istration is very similar. After absorption, citicoline is

*This article is based on a study tiest reported in Annals of Psychiatry
1999, Volume 7: 331-52. ©1999 Prous Science.

widely distributed in the body, crosses the blood-brain
barrier and reaches the central nervous system (CNS),
where it ix incorporated into the phospholipid fraction of
membranes and microsomes.

Citicoline activates the synthesis of neuronal mem-
brane phospholipids and acetylcholine, increases cere-
bral metabolism. influences the activity of several neuro-
transmitters and metabolic factors into the brain, and
modulates  some neuroimmunotrophic  mechanisms
(1-14). Experimental studies demonstrate that citicoline
increases noradrenaline, dopamine and other neurotrans-
mitters into the CNS (5-8). In conditions of cerebral
hypoxia and/or ischemia, citicoline promotes phospho-
lipid synthesis and reduces the release of free fatty acids,
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improves cerebral glucose uptake and metabolism, exerts
antiaggregatory and antiapoptotic effects, and reduces
neuronal damage (9-12). It has also been demonstrated
that citicoline reduces edema, phospholipase A, activa-
tion and the inhibition of ATPase activities induced by
brain trauma (13, 14). In animal models of neurodegen-
eration induced by the injection of B-amyloid into the rat
hippocampus, citicoline reverses learning and memory
impairment, protects against neuronal loss, counteracts
astroglial activation and the abnormal accumulation of
MAP-2 in neuronal somata, and reduces the number of
apoptotic neurons in a dose-dependent manner (9,
15-17). In addition, citicoline exerts procognitive effects
in rodents, reverses amnesia induced by scopolamine.
lesion of the nucleus basalis of Meynert or bromazepam,
and ameliorates cognitive deficits in aged animals
(18-20). All these data indicate that citicoline has neuro-
protective and procognitive effects in several experimen-
tal conditions.

Various clinical studies demonstrate that citicoline is
effective in the treatment of patients with brain trauma,
stroke and chronic cerebrovascular disorders, vascular
dementia and Alzheimer’s disease, as well as in improv-
ing memory deficits in elderly nondemented people (6,
21-27). In old subjects, Suryani er al. (21) found that citi-
coline improves memory performance in some tasks (for-
ward and backward digit span, logical story test and Bali
picture memory test) and reduces memory and physical
complaints. These positive effects of citicoline on senile
cognitive impairment were recently corroborated by
Spiers ef al. (22) and by Alvarez et al. (23). On the other
hand. clinical trials conducted with stroke, vascular
dementia and Alzheimer’s patients indicate that citicol-
ine improves neurologic dysfunctions and cognitive per-
formance. and exerts vasoregulatory, electrophysiologic
and immunomodulatory effects (24-28).

According to results of the toxicology tests per-
formed, citicoline if a safe and well-tolerated drug, lack-
ing relevant systemic cholinergic effects. Severe adverse
events were not reported in any of the series of patients
treated with citicoline. The pharmacological profile and
the potential mechanisms of action of citicoline suggest
this compound might be a first choice treatment for neu-
rodegenerative disorders such as Alzheimer’s disease.

Objectives of the present study included: i) evaluat-
ing the efficacy of citicoline (1,000 mg/day) vs. placebo
on cognitive performance, brain bioelectrical activity and
cerebral hemodynamics in patients with Alzheimer’s dis-
ease of mild to moderate severity; ii) determining the
effects of citicoline on circulating levels of
interleukin- 1P (IL-1B) and histamine as an indicator of
its potential neuroimmune activity; and iii) assessing the
safety of citicoline treatment, monitoring biologic and
biochemical parameters and recording adverse events.

MATERIALS AND METHODS

Patients

Thinty outpatients of both sexes (age = 74.0 + 8.5
years; range = 57-87 years) with mild to moderate senile
dementia of the Alzheimer type were selected according
to the following criteria: age of at least 50 years, a diag-
nosis of probable Alzheimer’s disease as defined by the
ICDI10 (29), DSM-1V (30) and NICDS-ADRDA (31) cri-
teria, a score of 14 to 26 (inclusive) in the mini mental
state examination (MMSE) of Folstein (32), and a stage
of 3 to 6 (inclusive) in the global deterioration scale
(GDS) (33). Patients were excluded if they had another
disease or required concurrent medications known to
affect the central nervous system. Subjects with scores of
16 or higher in the 21-item Hamilton rating scale for
depression (34) were also excluded. Each patient had a
caregiver to ensure the compliance of the protocol.
Written informed consent was obtained from the patient
{or his/her legal representative) and the caregiver. The
study protocol was approved by the Spanish Ministry of
Health and conducted according to guidelines of the
Spanish Law on Good Clinical Practices and its applica-
tion to the conduction of clinical trials (R.D. 561/1993).

Study design and treatment

This was a pilot, double-blind. placebo-controlled
and randomized clinical trial with two parallel groups.
Patients were randomly assigned to two different treat-
ment groups in a noncompensatory manner (different
number of subjects in each group). After a 2-week peni-
od of drug washout, patients were treated with i) placebo
(n=17; 11 women/6 men; age = 73 £ S years; age range
= 64-79 years) or i) 1,000 mg/day of citicoline (n = 13;
11 women/2 men; age = 76 + 9 years: age range: 57-87
years) for 12 weeks (84 days). Citicoline (1,000 mg/4
cc/day) was administered orally once a day. Placebo (4 cc
tridistilled water) was given orally every day during the
14-day washout period (all patients). the 12 weeks of
treatment (placebo group only), and the I-week post-
treatment discontinuation phase (all patients). Safety and
efficacy evaluations were done at baseline (TO, before
the double-blind phase) and after 12 weeks of active
treatment (T12). Treatment efficacy was also evaluated
as a function of the apolipoprotein E (APOE) genotype.
The number of patients with APOE 2/3, 3/3, 3/4 and 4/4
genotypes were 1, 6, 6 and 4 cases. respectively, in the
placebo group, and 0, 3, 6 and 4 cases, respectively, in
the citicoline group.

Outcome measures: Efficacy and safety

Efficacy was assessed according to primary and sec-
ondary measures. The cognitive-function subscale of the
Alzheimer’s disease assessment scale (ADAS) (35) and
the clinical interview based impression of change
(CIBIC) (36) were used as primary outcome measures.
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The cognitive subscale of the ADAS includes assessment
of word recall, naming of common objects and fingers,
the ability to follow simple commands, constructional
(copying figures) and ideational (addressing a letter)
praxis, orientation, word recognition memory, spoken
language, comprehension of spoken language, word

finding and recall of test instructions. The score range of

the subscale varies from 0 points (no cognitive deficit) to
70 points (severe cognitive deficit). The CIBIC is a glob-
al change measure which reflects data gathered from an
interview conducted by a skilled and experienced physi-
cian or neuropsychologist familiar with the manifesta-
tions of dementia. The format for scoring provides for
symmetrical improvement or worsening using a 7-point
ordinal scale (e.g., 4, no change; 5, 6, 7. increasing
degrees of deterioration; 3, 2,
improvement).

Secondary outcome measures were other psychomet-
ric tests (ADAS: total score. memory subtest, and
noncognitive subscale; MMSE: trail making test: perfor-
mance time and total score): brain bicelectrical activity
pattern; blood tlow hemodynamics in the middle cerebral
artery (MCA); and circulating levels of IL-1P and hista-
mine.

Brain bioelectrical activity was assessed with com-
puterized EEG spectral analysis and topographic brain
mapping. EEG and brain mapping recordings were
obtained by using previously described procedures
{37, 38). Data were normalized and relative power (%)
was used as reference parameter. The following frequen-
¢y bands were studied: 8 (0.5-3.5 Hz), 6 (4-7.5 Hz), a
(8-11.5 Hz) and B (12-15.5 Ha).

Hemodynamic changes in the middle cerebral artery
were evaluated following the same protocol used before
(38, 39). Blood flow parameters studied in the right and
left MCA were uverage mean (Mv), systolic (Sv) and
diastolic (Dv) flow velocities, pulsatility index (Pl =
[Sv-Dv}/Myv), resistance index (Rl = [Sv-Dv}/Sv). and
the effective pulsatility range (EPR = Mv-[Sv-Dv]).

Histamine and IL-1f3 levels were determined by
HPLC and ELISA, respectively, as in previous studies
(28). Methods for the identification of the APOE poly-

morphism were also described in other publications of

our group (40).

Safety was evaluated by using physical examination,
vital signs, laboratory tests (hematology. biochemistry),
EKG and recording of adverse cvents.

Statistics

In order to evaluate the efficacy of citicoline, changes
from baseline (TO) were analyzed for all the variables
studied after treatment (T12). Parametric (s-test) and
nonparametric (Wilcoxon) tests were used to compare
paired data obtained before and after treatment in each
group (intragroup analysis). Analysis of covariance was
used to compare treatment groups (intergroup analysis),

1, increasing degrees of

with the value from T12 (post-treatment) as the depen-
dent variable and baseline (T0) scores as covariates.
Statistical analyses of the treatment effect were per-
formed in the total sample. in the subgroup of pa-
tients with some APOE €4 allele (APOE4), and in
patients with APOE4 and mild dementia (GDS < 5).
Probability values lower than 0.05 were considered sig-
nificant.

In the case of the CIBIC scale, both direct T12 scores,
which reflect the change with respect to TO, and scores of
change from baseline were compared. Distribution of
frequencies by group was also analyzed.

RESULTS

Effects of citicoline on cognitive performance

Mean scores obtained by the two groups (citicoline
and placebo) in psychometric tests and the CIBIC at
baseline (T0) and after 12 weeks of treatment (T12) are
presented in Table 1. Average values of change from
baseline for each test are also reflected. Differences with
respect to baseline tended to be opposite in the two treat-
ment groups, indicating that citicoline reverses or ame-
liorates the worsening in cognitive performance
observed in subjects treated with placebo.

Intragroup analysis showed that CIBIC scores
increased (worsening) significantly (p < 0.05) in the
placebo group und decreased (improvement) in a non-
significant manner in subjects treated with citicoline.

When the total sample was considered, differences
between groups in CIBIC and psychometric scores did
not reach significant values, although trends of change
favor citicoline. However, as compared with placebo,
citicoline induced a significant improvement in ADAS
performance (difference between groups: -3.23 = 1.8
points; p < 0.05) in patients bearing the £4 allele of the
APOE (APOEA4). Citicoline also improved ADAS scores
with respect to placebo (difference between groups: -3.1
£ 0.91 points; p < 0.01) in APOE4 patients with mild
cognitive deterioration (GDS < 5).

In comparison with placebo, citicoline improved
ADAS-cog scores as well, but this improvement was not
significant neither for the total sample (difference
between groups: -1.58 = 1.34 points) nor for the sub-
group of APOE4 patients (difference between groups:
-2.31 £ 1.52 points), and reached almost significant val-
ues in APOE4 and GDS < 5 patients (ditference between
groups: -2.83 + 1.35 points; p < 0.06). Changes from
baseline in ADAS and ADAS-cog observed in both treat-
ment groups and in the different samples studied are
shown in Figure |.

Effects of citicoline on brain hemodynamics

Data on brain hemodynamic parameters are shown in
Table 2. These results reflect a decrease in cerebral blood
flow velocities and in the effective pulsatility range
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TABLE 1. Effects of citicoline on cognitive performance in Alzheimer's disease patients.

Placebo Citicoline
Variable (scoring range) n Baseline (TO) T2 Change n Baseline (TO) Ti2 Change
Primary Variables
ADAS (0-120) 16 36.75 £ 489 3706 £ 513 0312099 12 36.33x5.76 35162603 1162135
(26.3:47.1) (26.1: 48.0) -1.7.24) (23.6: 39.0) 21.8:48.4) —4.1: 1L.8)
ADAS-cog (0-70) 16 31.81 £4.35 3296 +£451 0251080 12 3108+ 5.14 29.75 = S.31 ~1.33x 112
(22.5.41.00 (22.4:41.6) -1.4:19) (19.7: 42.4) (18.0: 41.4) -38: 1.h
CIBIC (1-7)
Mean score 17 4.0 4352014 0352014 13 4.0 3842031 -0.15 £0.31
(4.0; 4.6) (0.04: 0.6) 3.1: 4.5 (-0.8: 0.5)
Secondary variables
ADAS-C (0-48) i6 17.00 £ 2.70 1693290 -0.062060 12 16.58 + 3.46 1558348 -L00:082
t11.2:22.7) 110.7: 23.h =130 LYy (8.9:24.2) (7.9:23.2) (2.8 0.8)
ADAS-M (0-22) 16 1481 £ 1.68 15422171 031 2051 12 14502 176 14.16 = [ .88 -0.33 £ 054
(11.2; 18.4) (114187 (-0.7: 1.4) (10.6: 18.3) (10.0: 18.3) (1.5 0.8)
ADAS-NC (0-50) 16 493 £0.76 5.00 £ 0.86 0.06 £ 0.58 12 525+ 1.03 St 2117 0.16 £ 0.56
3.3 65 (3.1:6.8) 11 1.3) 2.9:7.% (2.8: 8.0) -1.0: 1.9
MMSE (0-3) 16 19.25 2 1.05 19.87 £ O.98 0.62 £ 0.4 12 1933 2 113 195 119 0.16 £ 0.54
(a7.1:21.4 (17.7:21.9) -0.3: 1.5) (16.8: 21.8) (16.8:22.1 =1.0: 1.3
TMT (0-300) 16 1770 £ 19.2 187.2£ 218 1012180 12 184.5 £ 24.0 187.0 2 21 % 250+ 7.63
(136.0:218.0)  (140.6: 233.8)  (-2R.B: 48.6) (131.4:237.5)  (128.7: 2452y  ~-14.4: 194
TMP (0-25) 16 1493 £ 2.77 1593274 1002090 12 1283 £ 3.53 13.58 £ 342 0.75 £ 0.42
(9.0: 20.8) (10.0: 21.7) -09:2.9) (5.0: 20.6) (6.05:21.1H (0.1 1.6)

Scores: mean  SEM (Cl 95%). Chunge: Difference between T12 and TU scores. Subjects without complete psychometric assessment (one in each
group) were not considered in the statistical analysis. ADAS: Alzheimer’s discase assessment scale. ADAS-cog: cognitive subscale of the ADAS.
ADAS-M: memory subtest of the ADAS. ADAS-C: ADAS-cog minus ADAS-M. ADAS-NC: noncognitive subscale of the ADAS. CIBIC: clinical
interview based of change. MMSE: mini mental state examination. TMT: trail muking test, performance time (seconds). TMP: 1otal scoring in the
TMT. *p < 0.08 vy baseline.

3 Change from baseline {(ADAS-cog)
#p <0.1 vs placebo

3 Change from baseline (ADAS)

El citicoline R citcoline

B2 piacebo B3 pacebo
11 A
01 LB
-1 % -14 #
#
.2 . : *¥ T N v . .
TOTAL APOEA4 APOEA4/GDS <5 TOTAL APOE4 APOEA4/GDS <5

FIG. 1. Effect of citicoline on cognition in patients with Alzheimer’s discase. Changes from baseline in ADAS and ADAS-cog performance were eval-
uated in the whole sample. in patients with the epsilond allele of the apolipoprotein E (APOE4). and in patients with APOE4 and mild cognitive impair-
ment (GDS < 5).

the right (p < 0.01), a reduction in mean velocity
{(p < 0,05) and EPR (p < 0.01), and an increase in the

(EPR) in right and left middle cerebral arteries from
patients of the placebo group, as well as an increase (or
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no decrease) of these values in patients treated with citi-
coline, especially in the left middle cerebral artery.

As compared to baseline, after treatment with place-
bo, we observed a significant decrease in diastolic veloc-
ities in the left middle cerebral artery (p < 0.05) and in

resistance index (p < 0.05) in the right side. Although
variations in flow velocities are opposite to those found
in the placebo group, citicoline did not induce any sig-
nificant change from baseline in hemodynamic parame-
ters (Figs. 2-4).
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TABLE 2. Effects of citicoline on brain hemodynamics in patients with Alzheimer’s disease.
Placebo Citicoline
Artery: Variable n Baseline (T0) T2 Change _n Baseline (TO) Ti12 Change
LMCA:
Mv 15 39.05 £ 1.59 36.76 £ 1.81 -2.28 £ 1.54 10 35202 3.18 37.08 £ 3.21 1.88 + 2.48
(35.6.42.4) (32.8: 40.6) (-5.5. L.y (27.9;: 42.4) (298. 44.3) (-3.7.7.4)
Sv s 60.66 £ 2.33 5826+ 2.72 -2.40 £ 2.35 10 55.72 £ 5.05 6342516 4.61 £ 5.04
(55.6:. 65.60) 824:64.1) (44.2: 67.1) (48.6: 72.0y (~6.7. 16.0)
Dv 15 (2475 2 1.2y 2248 £ 1.31* 224110 {0 21122 1.96 2208 £ 216 0.93 = 1.34%
(21.9; 27.5) (19.6; 25.3) (-4.6; 0.1) (1.6.6; 25.5) (17.1: 26.9) =2.1.3.9)
EPR 15 313 £ 1.66 098 £ 1.47 -2,15% 141 10 0.60 £ 142 -1.20 £ 1.96 -8+ 196
(0.4:6.7) <21, 4.0 (-5.1: 0.8) (-2.6: 3.8) (-5.6.3.2) (-6.2:1.2)
Pl Is (.92 £ 0.039 098 = 0.039 0.053 +0.037 10 0.98 + 0.042 104 £ 0.052 0061 £ 0.050
(.84, 1.01) {0.89: 1.06) (-0.02: 0.13) (0.91; 1.05) (11.92; 1.16) —-0.05.0.17)
RI 15 0.59 £ 0.014 0.6 20.014 0.022 £ 0.014 10 .61 £ 0.016 0.63 £0.018 0018 £ 0.019
11.55. 0.62) (0.58: 0.64) (-0.008:; 0.05) (-57. 0.65) (1.59: 0.67) (~4).02: 0.06)
RMCA:
My 17 3944 2224 1576 2 1.92* ~3.69 141 12 2775+ 3.23 3714+ 3,18 ~-0.600x 192
(34.6: 44.1) (316, 30%) -6.7: -0.7) (327429 (30.1: 44.1) (—4.8: 3.6)
Sv 17 62,10 = 4.08 58.36 £ 3.64 ~-373 2 199 12 5925+ 5.09 6062477 1.37 £ 415
(53.3.70.%) (50.6: 66.1) (~7.9;0.4) (48.0; 70.4) (30,1711 (-7.7: 13.5)
Dy 17 24.61 £ 1.42 21202 1.14%* ~341 2113 12 2328+ 2.30 2195+ 2,12 ~1.22% 1.08
121.5.27.6) (18.7: 23.6) (-5.8:-1.0) (1%.1: 28.2) (17.2:26.6) (-3.6:1.1)
EPR 17 1.95 + 1.68 ~1.4] £ 1.87** ~3.36+1.26 12 1.12 +2.33 -1.52+2.12 ~2.64 £ 1.96
{~1.6:5.9) (-5.3;2.5) (-6.0; -0.7) (4.0, 6.2) -6.1:3.1) (-6.9:. 1.6)
Pi i7 0.95 £ 0.039 103 £ 0.053 0.084 +0.042 12 097 = 0.055 1.06 + 0.061 0.092 + 0L.O49
(.86 1.03) (0.92: 1.14) (-0.006; 0.17) t0.85: 1.0% (0.93: 1.2 (~(.01:0.2)
R1 17 {1.59 £ 0.015 0.62 20017 0.029 = 0.013 12 0.60 £ 0.021 0.63 2 0.018 0.029 £ 0.017

(1.56: 0.62) i11.59: 0.66) (0.001: 0.08) 10.56: 0.65) (0.59: 0.67) -0.008: 0.06)

LMCA: left middle cerebral antery: RMCA: right muddie cerebral antery. My mean velocity. Svisystolic velocity, Dv: diastolic velocity, EPR: effec-
tive pulsatility range. PL: pulsatility index. R1: resistance index. Variatons in number (1) are due to difficulties in obtaining TCD recordings in some
patients. Scores: mean 2 SEM (CLYS%). *p < 0,05, “*p < 0.01 vy, basal. #p < 0.05 vs. placebo.

Change from baseline (LMCA): cmi/s Change from baseline {(RMCA): cm/s

3

21 HB Citicoline
B8 placebo

*p <0.05 vs placebo

4

3

-3 r ng ¥ -5 T T T

Mv Sv Dv My Sv Dv
FIG. 2. Effect of citicoline on brain hemodynamics 1a Alzheimer’s disease patients. Changes from baseline in mean (My), systolic {Sv) and diastolic
(Dv) blood How velocities recorded in left (LMCA) and right (RMCA) middle cerebral anteries are shown.

When data of the two MCA were analyzed together,
citicoline induced a significant (p < 0.05) increase in
mean, systolic and diastolic velocities with respect to
placebo (data not shown). Changes from baseline in left
middle cerebral artery diastolic velocity were also differ-
ent in the two groups (difference between groups: 3.4
1.7 cm/s; p < 0.05). The same trend of change was found
for all the flow velocities in the two MCA (Figs. 2-4).

Effects of citicoline on brain bioelectrical activity
Brain bioelectrical activity of the alpha type showed
a decrease from baseline in the placebo group and an
increase after treatment with citicoline. Differences
between groups for relative o power were almost
statistically significant in left (O1: 4.86 + 2.88; p < 0.1),
right (02: 5.29 = 3.04; p < 0.1) and central occipital
electrodes (5.03 = 2.71; p < 0.1) (Table 3, Figs. 5, 6).
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FIG. 3. Spectral analysis of the left middle cerebral artery in a patient treated with citicoline (top recordings) and a patient from the plucebo group
{bottom recordings), obtained at baseline (. ©) and 12 weeks after treatment (b, d). Note the increase in blood How velocities induced by citicoline

and the decrease in the case of placebo.

Changes from baseline in B activity were opposite to that
observed for o activity in all the occipital electrodes. and
differences between groups reached significant values in
02 (-3.12 + 1.38; p < 0.05) (Table 3, Fig. 6).

A generalized increase in 0 activity power was found
in the citicoline group. As compared with placebo, this
increase in theta frequencies after citicoline treatment
was statistically significant {(p < 0.05) in most of the elec-
trodes of the left hemisphere of the brain (C3: 6.8 + 2.9;
F3:94 +37.F7: 111 £32;FPL: 8.1 £ 3.7, P3: 6.1 +
2.6; T3:8.2 +3.6; and T5: 6.9 +4.3) (Table 4, Fig. 7). On
the contrary, slow 8 activity showed a global decrease in
subjects treated with citicoline. This decrease in & power
induced by citicoline was more pronounced in the left
hemisphere, and reached significant values in T3 (change
from baseline: -10.96 + 3.94; p < 0.05). Changes in 8
activity were not significantly different between treat-
ment groups (Table 4, Fig. 7).

Effects of citicoline on IL-1f and histamine levels

Plasma [L-1P levels decreased after citicoline treat-
ment. mainly at the 4-week period, and increased in
patients receiving placebo (Table 5). However, statisti-
cally significant changes were not found in the intra-
group analyses or in the between-group comparisons.
Variations in histamine concentrations were not signifi-
cant in the two therapeutic groups (Table 6). 1L-15 and
histamine levels were consistently, but not significantly,
lower in the placebo group than in the citicoline group
during the study.

Adverse events and safety biology parameters

No severe adverse events were observed in this study.
In the group treated with citicoline, three mild adverse
events were reported (a cold, constipation and coughing)
none of which were related to drug intake; while five
mild adverse events were recorded in the placebo group
(orthostatic hypotension, anxiety disorder, cranial trau-
ma, headache and a cold).
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FIG. 4. Spectral analysis of the right middle cerebral arfery in patients treated with citicoline (top pictures) or placebo (bottom pictures). Recordings
were obtained at baseline (a, ¢) and after 12 weeks of treatment (b, d). Note that citivoline increases blood flow velocities, whereas placebo reduces
them dramatically.

TABLE 3. Effects of citicoline on occipital alpha and beta bioelectrical activity in Alzheimer’s disease patients.

Placebo Citicoline
Activity: Electrode n Baseline (T0) Ti2 Change n Baseline (TO) Ti2 Change
o
01 17 3505 £ 3.95 30.87 £3.22 -4.18 £ 2.64 13 2540+ 443 26.08 £ 4.60 068+ 1.14
(26.6: 43.4) (24.0:37.6) (-9.7; 1L.4) (18.7:35.0) (16.0: 36.1) (-1.8:3.1)
02 17 40.61 2492 3761 £4.32 =299 £2.26 13 2982 £ 5.55 3212+557 230+ 1.82
(30.1: 51.0) (28.4, 46.7) (-7.7: 1L.8) (17.7,41L.9) t19.9; 44.2) (~1.6:6.2)
(074 17 38.08x4.44 34.69 + 3.68 ~-3.39+242 13 27.60 = 4.94 29.23 498 1.62+1.22
(28.6:47.5) (26.8:42.4) (-8.5. 1.7) (16.8; 38.3) (18.3: 40.0 (-1.0,4.3)
B
Ol 17 798 £ 1.24 10.66 + 1.44 2.68 £ 0.87* 13 9.60 = 1.60 934+ 1.23 -0.26 £ 1.25
(5.3: 10.6) (1.6 13.7) (0.8: 4.5) (6.1:13.hH 6.6: 12.0) (-0.3. 2.9
02 17 7472099 943+ 1.26 2.25 + 0.89* 13 959 + 1.66 872+ 128 ~0.86 + 1.06#
(5.0:9.) (6.7. 12.1) (0.3:4.1) (5.9:13.) (5.9: 11.5) (-3 1LY
(072 17 7.65x 1.06 10.04 = 1.33 2.38 + 0.88* 13 9.60 x 1.60 093 +1.22 057z 1.12
(54,99 (7.2: 12.8) (0.5:4.2) (6.1:13.1) (6.3. 1L.7) (-3.0: 1.8)

Occipital electrodes: left (O1), right (02) and central (OZ). Scores: mean = SEM (C1 95%). o and P activity relative power (%). *p < 0.05 vs. basal.
#p < 0.05 vs. placebo.
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FIG. 5. Topographic brain maps from patients treated with citicoline
(1op) or placebo (hottom), obtained in basal conditions (left) and after
treatment (right). 1t can be observed how viticoline induces u decrease
in slow (8 and 8y activity and an increase in o frequencies (a. b). while
placebo increases theta and reduces o relative power (¢, d).

During the clinical trial, no significant changes were
observed in the values of arterial blood pressure, heart
rate, body temperature and body weight in subjects treat-
ed with plucebo or in those receiving citicoline.

3 Change from baseline (% relative power)

21 M citcoline
B2 placebo

01 02 074
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Alterations in electrocardiogram recordings or abnormal-
ities in laboratory tests related to treatinent intake were
not detected.

DISCUSSION

Results of the present study demonstrate that citicol-
ine improves cognitive performance in patients with mild
to moderate Alzheimer's disease, especially in patients
with APOE4 and GDS < § (initial stages of the disease).
As compared with placebo, citicoline induced a signifi-
cant improvement in the ADAS, as well as an almost sig-
nificant improvement in the ADAS-cog. These effects
were more pronounced in APOE4 and GDS < 5 patients.
The clinical impression of change. as assessed with the
CIBIC scale, showed a significant worsening in the
placebo group and a positive trend in the citicoline
group, but differences between groups did not reach sta-
tistical significance. In general. it was observed that per-
formance in psychometric tests tended to improve in
patients treated with citicoline and to worsen in the
placebo group after 12 weeks of treatment. These data
are in agreement with previous studies demonstrating
that citicoline improves mental functioning in elderly
nondemented subjects and in patients with senile demen-
tia of the vascular or the Alzheimer type (21-27).

There are some facts that need to be taken into
account for the evaluation of the cognitive effects of citi-
coline in the present study. Firstly, all the patients select-
ed for this study took citicoline during several months
before selection. Since the procognitive activity of this
drug seems to last for at least 1 month after withdrawal
{data not shown). it is possible that both cognitive wors-
ening in the placebo group and cognitive improvement in
the group of active treatment might appear attenuated. In
addition, the efficacy of citicoline was evaluated in a

5 Change from baseline (% relative power)

*p <0.05 vs placebo

41 W citicoline
3 W Placebo

3 : T ;
01 02 0z

“FIG. 6. Effects of citicoline on brain bioelectrical activity of the o tA) and B (B) type in Alzheimer’s disease. In comparison with baseline recordings.

it is observed that uccipital (01, Q2. OZ) @ activity increases in patients treated with citicoline and decreases in those of the placebo group. Changes

in beta activity are opposite to those found for a frequencies.
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TABLE 4. Effect of citicoline on 8 and 8 bioelectrical activity in Alzheimer’s disease patients.
Placebo Citicoline
Activity: electrode " Buaseline (TO) T2 Change " Baseline (TO) Ti2 Change
6
F3 17 2992 £274 3035+ 313 0422210 (3 24.76 + 2.68 3454 £ 5.16% 9.78 = 3.204
24.1: 351 (23.7.369) (-4.0: 4.8) (18.9: 30.6) 123.3.45.8) (2.7, 16.7)
P} 17 2565+ 283 2223279 157136 13 23.05 £ 2.85 30.69 £ 4.34** 7.63 £ 2.30#
(19.6: 31.6) (21.3:33H (-1.3: 4.9 (16.8:29.2) 21.2:40.0 (24128
T3 17 29021319 2753420 -148 £ 241 13 20.56 + 2.34 2723 £ 434+ 6.66 + 2584
(22.2: 35D (18.6:36.4) (-6.6; 3.6) {15.4:25.6) (17.7:36.7) (L0 123
)
F3 17 21.72 £ 3.07 15.84 £2.00 -S87 2314 13 26.85 £ 3.85 17721233 -8.13 2485
(15.4:28.2) (11.5:20.0) -12.5.07) (17.4:34.2) (12.6:22.8) (-18.7:2.4)
P3 17 2030 £ 3.24 16.04 = 2,36 -4.258 x 3.62 13 2399 £ 4.04 1926 £ 2.24 -4.73 + 3.63
(134:27.hH (10.0: 210 -119.3.4) (15.1: 327 (14.3.24.1) (-12.6: 3.1)
T3 17 22322364 1571 £3.39 -6.61 £ 4.65 13 28.56 £ 5.08 17.60 £ 2.59* -10.96 £ 394
(H.5300) (R.5; 22.9) (-16.4:3.2) (17.4: 39.6) (11.9;23.2) (-19.5:-2.)

Left frontal (F3). parietal (P3) and temporal (T3) clectrodes. Scores: mean + SEM (CE95%). 6 and 8 activity relative power (%). *p < (.05 and

> < 0.01 vs. basal. #p < 0.05 vy, placebo.

Change from baseline (% relative power)
*p <0.0S5 vs placebo

12

Hl citicoline
EB® Placebo

] *
8 *

.2 : T T
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2 Change from baseline (% relative power)
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-12 T v +
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FIG. 7. Effects of citicoline on brain bioclectrical activity of 8 {A) and 8 (B) type in Alzheimer's diseine patients. An increase of B activity in clec-
trodes of the left hemisphere and a decrease in relative § power are evident after treatment with citicaline,

reduced sample (n = 12-13) owing to the fact that most
of the patients were assigned to the placebo group.
Therefore, it is likely that the effect of citicoline on cog-
nition in Alzheimer’s disease patients may be higher than
that observed in this clinical trial. In a previous study
(27) we found the highest procognitive action of citicol-
ine in early onset Alzheimer’s disease patients. This par-
tial evaluation was not performed in the present study
because of the small number of subjects treated with citi-
coline.

A very interesting aspect of our results is that the
improvement in clinical and psychometric parameters
induced by citicoline was higher in patients bearing the
allele €4 of the APOE. Nowadays, it is widely accepted
that the APOE genotype may be useful in predicting drug

response in Alzheimer’s disease therapy. In previous
studies it was found that the rate of responders to acetyl-
cholinesterase inhibitors (AChE) such as tacrine was
higher among non-€4 bearers while the higher frequency
of responders to other neuroprotective drugs such as
$12024 was observed in APOE €4 bearers (41, 42). The
inverse relation described between the number of copies
of the €4 allele and the bruin choline acetyltransferase
activity in Alzheimer’s disease might explain the influ-
ence of the APOE genotype on the clinical response to
AChHE inhibitors (42). According to these investigations,
it seems reasonable to believe that citicoline exerts its
neuroprotective activity through noncholinergic mecha-
nisms. It is true that the best results were obtained in mild
dementia patients (early stages of the disease), in which
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TABLE §. Effect of citicoline on plasma interleukin-1p levels in Alzheimer’s disease.

Placebo Citicoline
Parameter n Baseline (T() 2 hours Change n Baseline (T) 2 hours Change
1L-1B (pg/mb) 17 63.84 2 11.40 79.57 = 11.93 1572 12,19 13 94.61 + 143 9149 £ 143 312+ 1958
(39.6: 88.) (54.2: 104.8) (-10.1: 41.5) (63.3: 125.8) (618 121.1) (5.7 399
Parameter n Buseline (T0) T4 Change n Bascline (TW) T4 Change
fL-1B (pg/mb) 17 63.84 + 11.40 76.00 £ 9.33 12.16 £ 15.55 13 94.61 £ 143 6687 £ 1412 2773 £ 2155
(39.6; 88.0) (56.2;: 95.8) (-20.8: 45. 1) (63.3: 125.8) (36.1:97.6) (=79.0: 23.5)
Parameter n Bascline (TO) TN Change n Bascline (T) T2 Change
1L-1B tpe/ml) 17 63.84 = 11,90 86.68 = .81 22832 11.36 13 9461 + 143 94162 7.77 .45 £ 1671
(39.6: R8.0) 67.9: 10S.3) (1.2: 36.9) (63,3, 1258) (77.2: 1101 (-36.8; 359)
TO: baseline. 2 hours: 2 hours after the first dose of citicoline at TO. T3: 4 weeks, TE 12 weeks. Scores: incan £ SEM (C1Y5%:).
TABLE 6. Effect of citicoline on blood histamine concentrations in Alzheimer’s disease patients.
Placebo Citicoline
Parameter n Baseline (TO) 2 hours Change n Buseline (TO) 2 hours Change
HA (ng/mh) 17 61.33 £ 1483 §7.50 2 12.25 ~3.82 £ 20.66 R 92.35 £ 20.66 92352182 A7 £ 352
(29.8,92.7) (31.5:50.5) t-12.2: 469 47.7: 137.8) (H.7:139.9) (-8.5:7.20)
Parameter n Baseline (TO) T4 Change n Baseline (T T4 Change
HA ting/mb) 17 6133 = 1483 5411 21277 ~7.22 2430 13 92K + 20.66 9K8.65 £ 24.82 582678
(29.8:92.7) (27.0. 81D t-12.2: 4.0 47.7:137.8) (451827 (—-8.8: 205
Parameter " Baseline (TO) Ti2 Change " Baseline (TO) Ti2 Change
HA (ng/ml) 7 61.33 £ 1483 6598 = 16,19 R 13 YK = 2066 96.96 £ 21.00 4132323
(29.8:92.7) (3160 1003 =51 .3 47.7: 137.%) (51.2: 1427 (=29: 101
Parameter " Baseline (T) Ti3 Change " Baneline (TO) T3 Change
HA ing/mi) 17 61.33 £ 1483 5421 £9.26 ~T.H = FH14 13 92.K2 + 20.66 BO.58 + 16.80 ~12.24 £ 580
(29.8:92.7) (34.5:73.8) -30.7: 16.5) 47.7: 137.8) (43.9: 117.2) (~24.8:0.39)

TO: Baseline. 2 hours: 2 hours alter citicoline intake in TO. T4, T12 and T13: 4, 12 and 13 weeks. Scores: mean 2 SEM (C1 Y5%).

the cholinergic impairment is less. This finding might
support both a noncholinergic-mediated effect of citicol-
ine or the contrury. Therefore, although we do not know
the cause of the genotype-response association, it is clear
that Alzheimer’s disease patients with the APOES are the
best responders to citicoline.

As compared to the placebo, citicoline increased all
the brain blood flow velocities when data of the two mid-
dle cerebral aneries were analyzed together, as well as
diastolic velocity in the left middle cerebral artery. This
positive effect of citicoline on brain hemodynamics is
consistent with results of previous studies (27) showing
that this compound improves perfusion deficits observed

in Alzheimer's disease patients (38, 39). As in the case of

cognitive performance, changes in hemodynamic para-
meters were more pronounced in the placebo group
{worsening) than in the citicoline group (improvement).
which might also be in relation with the previous intake
of this medication. It is important to note that the biggest
eftect of citicoline on cerebral perfusion was observed in
the left hemisphere. where blood flow velocities were
lower.

Treatment with citicoline tended to reduce slow 8
activity, potentiated o frequencies in the occipital region
and increased relative 8 power in the left hemisphere in

patients with Alzheimer’s disease. Brain bioelectrical
activity of the o type increased tn a nonsignificant man-
ner in patients treated with citicoline and decreased in
patients receiving placebo. Between group differences in
relative a power were near to statistically significant
values in occipital electrodes. This effect is similar to that
previously reported in patients with late-onset Alzhei-
mer’s disease (27), and was accompanied by an opposite
trend in B activity.

Although differences between groups were not sig-
nificant, the decrease of 8 activity was larger in patients
treated with citicoline than in those receiving placebo,
especially in frontal, right frontopurietal and lett tempo-
ral electrodes. A significant reduction of & frequencies
was observed in the left anterior temporal electrode (T3)
after treatment with citicoline. The decrease in 8 activity
was accompanied by a signtficant increase in relative 0
power in subjects recetving citicoline, suggesting a par-
tial acceleration (trend to normalization) of the EEG
pattern in these patients. In several studies we have found
that « frequencies decrease and d activity increases pro-
gressively with severity of the dementia, with changes in
relative 8 power being less consistent (38). Regarding
0 activity, differences between groups reached signifi-
cant values in electrodes of the left side. which is in
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concordance with the relative improvement in cerebral
blood flow observed in the same hemisphere of patients
treated with citicoline. These results are also in agree-
ment with previous data showing that cognitive perfor-
mance values correlated with the levels of 8 (negatively)
and o activity (positively) in left electrodes (27).

Circulating histamine and IL-1B levels showed no
significant changes in cither the placebo group or in
patients treated with citicoline. However, as in previous
studies (26, 27), we observed a decrease in the concen-
trations of 1L-1P after 4 weeks of treatment with citicol-
ine. Previously, we reported a significant reduction in
serum IL-1f content induced by citicoline in early-onset
Alzheimer’s discase patients, but not in late-onset
patients (26, 27). This kind of ditferential analysis based
on the disease onset was not performed in the present
study due to the smull number of early-onset Alzhei-
mer’s discase patients included in the citicoline-treated
group. As a general trend. IL-1B concentrations
decreased in patients receiving citicoline and increased
in the placebo group. On the other hand. modifications
in blood histamine levels were not observed after citico-
line treatment in this study. which is in contrast with the
decrease in histamine content observed in previous
investigations (27, 43). However, since this reduction in
histamine levels induced by citicoline reached statistical
significance only in early-onset Alzheimer’s disease
patients (27, 43), it is not possible to establish a suitable
comparison with the present results.

According to previous investigations, in patients with
Alzhcimer’s disease the following was observed:
increased circulating histamine and 1L-18 levels (28).
mainly in early-onset cases: the greatest cognitive
impairment in subjects with the highest concentrations
of histamine and [L-18 (28): a progressive increase in
histamine content with increasing disease severity (44):
and correlations of these neuroinmune factors chistamine
and 1L-1f) with brain hemodynamic parameters (44, 45),
1t is interesting to note that baseline values of both hista-
mine and 1L-1B were higher in patients treated with citi-
coline than those in the placeho group. These differences
make it difficult to interpret the changes induced by citi-
coline, as compared to placebo, i the levels of such bio-
logical parameters.

Finally, satety results indicate that citicoline is a safe
drug and has a good pharmacological profile for the
treatment of Alzheimer’s disease patients because of the
lack of side effects. As adverse events reported in the two
treatment groups were similar, and were in fact even
more frequent in the placebo group, they cannot be
attributed 1o the treatment. Administration of citicoline
did not alter arterial blood pressure. heart rate, body tem-
perature or body weight values. Abnormalities in biolog-
ical parameters related to drug intake were not observed.

In summary, our data on the effects of the treatment
with citicoline in Alzheimer’s discase patients indicate

Hne
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that this compound i) improves ADAS scores, especially
in subjects with APOE4 or with APOE4 and GDS < 5,
and performance in the ADAS-cog to a lesser extent; ii)
potentiates cerebral perfusion. avoiding the decrease in
brain blood flow velocities observed in the placebo
group: iii) increases relative a and 8 activity power and
reduces stow & frequencies, which indicates a positive
(accelerating) effect on the brain bioelectrical activity
pattern: iv) tends to reduce plasma IL-1B values, particu-
farly after 4 weeks of treatment: and v) is well-tolerated
by the patients because it does not induce adverse events
nor changes in the biological parameters evaluated.
According to these results, citicoline seems to be effec-
tive in treating Alzheimer’s discase patients, and shows
higher efficacy in APOE4 bearers with mild dementia
(GDS < 5).
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