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Citicoline Improves Memory Performance in Elderly Subjects

X. Antén Alvarez, Marta Laredo, Dolores Corzo, Lucia Ferndndez-Novoa, Ricardo Mouzo,
J. Enrique Perea’, Danilo Daniele! and Ramén Cacabelos

EuroEspes Biomedical Research Center, La Coruiia, Spain; I'Laboratorios Baliarda, Buenos Aires, Argentina

SUMMARY

Citicoline is a choline donor involved in the biosynthesis of brain phospholipids and acervicholine extensively used in the treatment
of neurodegenerative diseases. In this study we investigated the effects of the oral administration of citicoline alone (C1000: 1000 mg/
day; C500: 500 mg/day) or in combination with nimodipine ( C+Ni: 300 + 90 mg/day) during 4 weeks on memory performance in elderly
subjects with memory deficits and without dementia (N = 24; age = 66.12 & 10.78 years; MMS score = 31.69 £ 2.76). Results indicated
that citicoline in comparison with placebo improves memory in free recall tasks, but not in recognition tests. A significant improvement
in word recall (5.17 + 1.1 vs. 3.95 £ 1.2 omissions; p < 0.005), immediate object recall (6.5 £ 1.6 vs. 5.5 + 1.2 omission; p < 0.05)
and delaved object recall (8.5 + 2.1 vs. 6.7 + 2.4 omissions; p < 0.005) was observed after citicoline treanment. Similar results were
found in the three subgroups of treatment (8 subjects per group), suggesting that citicoline possesses memary-enhancing activity at doses
of 300-1000 mg/day. A decrease in systolic blood pressure and minor changes in lymphocyte cell counting were also observed in old
subjects after receiving citicoline. These effects are consistent with the vasoregulatory and newroimmiine actions of citicoline and sug-
gest that this compound may improve memory by acting on mechanisms of brain neurotropism and cerebrovascular regulation. Accord-
ing 1o the present results, showing that citicoline improves memory performance in elderly subjects, we concluded thar this molecule
is switable for the treatment of memory deficits in old people.
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INTRODUCTION
Citicoline is a choline donor acting as an endoge-

cant clinical improvements after treatment with citi-
coline have been reported in patients with brain

nous intermediate in the biosynthesis of membrane
phospholipids (1-4). It has been found that citicoline
protects against neurodegeneration induced by
hypoxia, ischemia and f-amyloid deposition in lab-
oratory animals (5-8). In these experimental condi-
tions citicoline increases brain phospholipid synthe-
sis and glucose metabolism, reduces free fatty acid
release and exerts neuroimmunotrophic actions that
might account for its neuroprotective effect (5-8).
Furthermore, citicoline improves learning and
memory in rodents, reverses amnesia induced by
scopolamine, neurotoxic lesions of the nucleus
basalis of Meynert and bromazepam and attenuates
behavioral deficits in aged animals (9-11). Signifi-

trauma, stroke, cerebrovascular disorders, vascular
dementia and Alzheimer’s disease (12-16).

Age-associated memory impairments are preva-
lent in elderly nondemented subjects and have been
related to alterations in brain neurotransmission sys-
tems, mainly cholinergic deficits (17-21). Accord-
ing to the cholinergic hypothesis of memory, citico-
line has been proposed for the treatment of memory
deficits in elderly people, in which it improves
memory performance in some tasks (forward and
backward digit span, logical story test and Bali pic-
ture memory test) and reduces memory and physical
complaints (21).
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STUDY DESIGN
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FIG. 1. Study design. T0: baseline evaluation: T4: evaluation
at week 4: T8: assessment at week 8. Half of the subjects
received active treatment the first 4 weeks and no treatment the
next 4 {placebo); the other half of subjects were without active
treatment for the first 4 weeks (placebo) and then on treatment
for the next 4 weeks.

Treatment

In this study we investigated the effects of

treatment with citicoline (1000 or 500 mg/day) or
with citicoline plus nimodipine (300 + 90 mg/day)
during 4 weeks on memory performance in elderly
individuals. Subjects were treated according to a

cross-design (Fig. 1) open clinical trial in which half

of the subjects received active treatment during 4
weeks (treatment period) and did not receive it the
next 4 weeks (no treatment period); the other half of
the subjects were treated in the reverse order (first
no treatment and then treatment). Before and after
each treatment period, memory assessment and
evaluation of physiological, biochemical and hema-
tological parameters were done,

SUBJECTS AND METHODS

Subjects

Twenty-four elderly subjects (18 women/6 men;
age = 66.12 £ 10.78 years; mean MMS score =
31.69 £ 2.76) were included in the present study.
Medical and neurological examination, psychomet-
ric evaluation, EKG and laboratory analysis were
performed in all subjects before inclusion. None of
the subjects met DSM-IV and/or NINCDS-
ADRDA criteria for senile dementia (22, 23). Eight
subjects were completely drug-free and had only
minor memory complaints. Sixteen subjects were
receiving treatment for different medical conditions
(cardiopathy, arterial hypertension, depression,
thrombocytosis, fibromyalgic syndrome, hypercho-

lesterolemia, osteoporosis, varicose veins, cerebro-
vascular disorder, Parkinson’s disease and gastric
ulcers). To demonstrate memory impairment in
elderly subjects, neuropsychological assessment
was conducted in 24 young controls (15 women/9
men: age = 29.20 £ 5.74 years; mean MMS score
= 3441 £ 0.67) and scores obtained in memory
tasks by the two groups of subjects were compared.

Study design and treatment regimen

In this open clinical trial, elderly subjects were
randomly distributed into three groups of treatment:
(a) Citicoline 1000 mg/day, single p.o. dose
(C1000): (b) citicoline 500 mg/day, single p.o. dose
(C500); and (c) citicoline 300 mg/day plus nimodi
pine 90 mg/day, divided in three p.o. doses (C + Ni).
All subjects were involved in treatment and no treat-
ment four-week periods in a cross-design manner;
half of the subjects in each group received active
treatment the first 4 weeks and no treatment during
the next 4 weeks, while the other half received no
treatment for the first 4 weeks and received treat-
ment during the next 4 weeks (Fig. 1). All partici-
pants were tested before and after each treatment
period. With this type of study design the potential
influence of retest on memory performance was
similar in both experimental phases. The effect of
active treatment on memory scores was evaluated in
two ways, [irst by comparing pre- and posttreatment
scores and second by studying differences in
memory changes observed during treatment and no
treatment periods in the same subjects.

Memory assessment

Neuropsychological evaluation was conducted
in basal conditions, and 4 and 8 weeks later by using
the Mini-Mental State Examination of Folstein
(MMS) (24), the cognitive part of the Alzheimer’s
Disease Assessment Scale (ADAS) (25) and the
Syndrome-Kurztest (SKT) (26, 27). Memory tasks
included for analysis were word recall and word rec-
ognition items of the ADAS, immediate and delayed
recall of objects (12 object representations), and rec-
ognition of objects (12 target objects and 12 distrac-
tor objects) of the SKT. Memory performance is
expressed as mean error score in all tasks. the high-
est scores indicating the worst memory functioning
and vice versa.



Testing procedures

Word recall task of the ADAS

Subjects read 10 words, exposed for 2 seconds
each, and then recalled them aloud. Three trials of
reading and recall were given. The score equals the
mean number of words not recalled on three trials
(maximum = 10).

Word recognition task of the ADAS

Subjects read aloud 12 words. These words were
then randomly mixed with 12 words not presented
before. The subject indicated whether or not the
word was shown previously. Then two more trials of
reading the original words and recognition were
given. The score equals the mean number of incor-
rect responses for three trials (maximum = 12).

Immediate object recall item of the SKT

The subject named 12 objects represented in an
illustrated cardboard and then recalled them aloud.
The number of omissions (objects not recalled) is
scored. Immediately after recall the illustrated card-
board was presented again to the subject during 5
seconds.

Delayed object recall item of the SKT

Ten minutes after the second presentation of the
illustrated cardboard the subject had 60 seconds to
recall objects. The number of omissions (objects not
recalled) is scored.

Object recognition task of the SKT

Immediately after delayed recall, a cardboard
containing 24 illustrations (12 target objects shown
before and 12 distractor pictures of objects the sub-
ject had not seen) was presented. Subjects indicated
during a 60-second interval whether or not the
object picture had been shown previously. The num-
ber of objects not recognized (omissions) is scored.

Physiological, biochemical and
hematological parameters evaluated

Systolic and diastolic blood pressure, mean heart
rate, body temperature and body weight were
recorded at baseline, 4 weeks and 8 weeks, The
biochemical parameters analyzed in serum were
glucose, cholesterol. triglycerides, proteins, albu-
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min. uric acid, urea, CK, GOT, GPT, GGT, calcium,
sodium, potassium and chloride. Hematologic study
included red cells, hematocrit, hemoglobin, MCV,
MCH, MCHC, platelets, leukocytes, lymphocytes,
monocytes and granulocytes.

Statistics

Data are presented as means (£ standard devi-
ation of the mean). The nonparametric Wilcoxon
test was used to compare paired data obtained before
and after treatment and no treatment periods.
Memory improvement was analyzed by using split-
plotanalyses of variance with treatment (yes and no)
as the independent factor and testing day (day | and
day 28) as the repeated measure. Any memory
improvement due to treatment is reflected by a sig-
nificant treatment x day interaction. Statistical anal-
ysis was conducted in the whole sample (24 sub-
jects) and in particular treatment subgroups (C1000,
C500 and C + Ni), in order to evaluate the efficacy
of active treatment as well as of each treatment
regimen.

RESULTS

Memory performance

Elderly subjects showed significantly higher
mean error scores than young controls in word
recall, word recognition, immediate object recall,
delayed object recall and object recognition tasks
(Table 1).

When all subjects where analyzed together, a sig-
nificant treatment by day interaction was observed
for word recall (F(46,1) = 5.95; p < 0.02) and
delayed object recall tasks (F(46,1) = 20.04; p <
0.001), these interactions reflecting that active treat-
ment significantly improves memory performance
with respect to the no treatment period. No signifi-
cant changes in memory scores were observed dur-
ing the no treatment period (Table 2, Fig. 2). Active
treatment induced a significant improvement in
memory performance, reducing mean error scores
from day 1 to day 28 of treatment in word recall (z
=-3.22, p < 0.005), immediate object recall (z =
-2.19, p<0.05) and delayed object recall tests
(z=-3.42, p<0.005), but notin word and objectrec-
ognition tasks (Table 2, Fig. 2).
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TABLE 1. Memory performance in young and elderly subjects.

Memory task

Young subjects { X £ SD)

Elderly subjects (X £SD)

Word recall 214+ 1.01 522 £ 1.24%%
Word recognition 1.40 + 0.88 295+ 1.98*
Immediate object recall 4.00x1.53 6.54 £ [ .44
Delayed object recall 491+ 1.66 FTO 2.2k
Object recognition 087+ 1.15 2.54 £ 1.71%*
#p < 0.005 and **p < 0.001 vs. young subjects (Student’s 1 test). Results: omissions (mean £ SD)
TABLE 2. Effects of citicoline on memory performance in elderly subjects.
Group N Memory task Treatment Day 1 Day 28 Treatment x day
{No/Yes) (X +SD) (X+8D) interaction
Whole sample 24 Word recall N 4.83+£1.24 474+ 1.34 Fi46.1) = 5.95
b 517118 30511242+ p <002
24 Word recognition N 2.691+2.02 240+ 1.70 F(46.,1) = 1.65
Y 2.44 + 1.64 305+ 246 NS
24 Immediate object recall N 6.04 +£1.23 596+ 1.33 Fi46,1)=2.76
Y 6.50 + 1.62 550+ 1.25*% NS
24 Delayed object recall N 7.00+2.27 796 +2.61 F(46,1)= 20.04
¥ 2462219 6.75 £ 2. 4(3* p<0.001
24 Object recognition N 2424+1.79 2.29+£2.10 F(46,1) = 0.01
Y 2631186 24619 NS

*p < 0.05 and *#p < 0.005 vs. day | scores (Wilcoxon test). Results: omissions (mean £ SD).

Daily treatment with a single 1000 mg dose of
citicoline (C1000) significantly improved memory
performance in the delayed object recall test as
compared with the no treatment period (F(14,1) =
7.44; p <0.02) (Table 3, Fig. 3). Memory improve-
ment in this task was evident when scores obtained
before and after citicoline treatment were compared

(Table 3, Fig. 3). After treatment with 1000 mg of .

citicoline, a nonsignificant improvement was also
observed in immediate word recall, but not in recog-
nition tasks (Table 3).

Citicoline (500 mg/day; C500) induced signifi-
cant improvements in delayed object recall and
object recognition tests, improved immediate word
and object recall in a nonsignificant manner, and did
not alter word recognition scores (Table 3, Fig. 4).

Subjects of the C + Ni group, receiving daily
treatment with citicoline plus nimodipine (300 + 90
mg/kg), showed a significant improvement in word
recall and delayed object recall tasks, a nearly sig-

nificant improvement in immediate object recall
and no change in word and object recognition tests
(Table 3, Fig. 5).

Physiological, biochemical and
hematological parameters

A significant decrease in systolic blood pressure
scores was found during the treatment period in the
whole sample (z = —.265; p < 0.01), and the same
tendency was observed in all treatment subgroups
(Table 4). No significant changes in body weight,
diastolic blood pressure, mean heart rate and body
temperature were observed during yes and no treat-
ment periods in the total group or in any particular
subgroup of subjects.

No significant modifications in biochemical
parameters were found during treatment and no
treatment periods,

Active treatment induced a slight reduction in
lymphocyte cell counting (z = -2.35; p < 0.05),
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FIG. 2. Effects of citicoline on memory performance in elderly subjects. Mean results before (day 1) and alter (day 28) placebo (N) and
treatment (Y) periods are represented. “p < 0,05 and **p < 0.005 vs, day 1.

being the number of lymphocytes into the normal
range (1.2-3.2 x 103/mm?) in all cases and had no
effect on the other hematological parameters tested.

DISCUSSION

According to the present results, old subjects per-
formed worse than young people in all memory
tasks evaluated. These data confirm the presence of
a generalized decline in memory functioning in
elderly subjects included in this study, which is in
agreement with the episodic memory deficit
reported in old age (18). Apart from the influence of
age, differences in educational status might also
contribute to enhance differences between young
and elderly subjects in memory functioning. How-
ever, mean error score for the memory subtest of the
ADAS was also higher in our sample (8.17 omis-
sions) than that reported for normal elderly subjects
(3.4 omissions) in a previous study (25). Therefore,
elderly individuals are susceptible to improving per-
formance in the memory tasks tested.

Analysis of the whole sample (24 elderly sub-
jects) shows that active treatment is effective in
improving word and object recall, but not in amelio-
rating recognition deficits in aged individuals indi-
cating that the memory-enhancing activity of citico-
line is not the result of a nonspecific generalized
action. The most striking effect of citicoline treat-
ment on memory was found in the delayed object
recall task, with improved performance in all treat-
ment subgroups. From these results showing that
citicoline potentiates immediate and short-term
memory, it is suggested that this compound acts on
brain mechanisms underlying processes of memory
retrieval and storage. Encoding and retrieval are
similar in both types of memory tasks, whereas the
process of storage consolidation is important in
delayed recall but not for the immediate retrieval of
information. Our data also indicate that citicoline is
most efficient in improving free recall than cued
recall in elderly people. As a difference with free
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TABLE 3. Effects of different doses of citicoline on memory performance in elderly subjects.

Treatment Inmmediate Immediate
Group N period Word recall Word recognition object recall
Day 1 Day 28 Day 1 Day 28 Day 1 Day 28
C 1000 3 No 47+12 44+ 1.7 22+14 241+1.0 6.2+1.5 5412
Yes 50£1.1 42407 1.9+1.2 26126 59+1.1 54+ 1
C500 8 No 50+£1.2 50+1.2 29+1.8 28425 5.5+09 5710
Yes 50x1.3 38+ 1.6 26+20 34424 62+19 54+1.3
C+Ni ] No 47+ 1.3 47110 29428 20x14 6.4£1.2 6.7+15
Yes 54+ 1.1 37+ 1.2% 28+ 1.6 31£26 74%1.5 57+ 1.1
Treatment Delayed
Group N period object recall Object recognition
Day 1 Day 28 Day | Day 28
C 1000 ] No 67129 77134 2827 l6+2.2
Yes 84427 6.1 +2.9% 21+£2.0 i s
C500 8 No 7521 87125 2210 2.7+£23
Yes 9.0+23 T1x£23% 34z 1R 1.9 +(.3*
C+MNi B No 6719 73+1.7 21+13 25+18
Yes 8.0+1.6 J.0+2.1% 24+1.7 33£23

C1000: citicoline (1000 mg/day); C500; citicoline (500 mg/day); C + Ni: citicoline plus nimodipine (300 mg/day + 90 mg/day). *p
< 0.05 vs. day | score (Wilcoxon test). Results: omissions (mean £ SD).

recall tests (immediate and delayed), recognition
tasks involve cued retrieval, in which words and fig-
ures of objects previously seen are presented again
to subjects in combination with distractors. In accor-
dance with authors reporting that memory deficits in
elderly subjects are less evident in cued conditions
(18), we found lower mean error scores in recogni-
tion than in recall tasks (Table 1). Thus, itis possible
that a ceiling effect might account for the lack of
effect of citicoline on performance in recognition
tasks. In fact, citicoline improves object recognition
only in C500 subjects, the subgroup with the highest
pretreatment impairment (Table 3).

Similar memory-enhancing effects of citicoline
were found in the three subgroups of treatment,
delayed object recall being the most significantly
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FIG. 3. Effects of citicoline (1000 mg/day) on delayed object
recall in elderly subjects. Mean results before (day 1) and after
(day 28) placebo (N) and treatment (Y) periods are
represented. “p < 0.05 vs. day 1.
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FIG. 4. Effects of citicoline (500 mg/day) on delayed object
recall and on object recognition in elderly subjects. Mean
results before (day 1) and after (day 28) placebo (N) and
treatment (Y) periods are represented. “p < 0.05 vs. day 1.

improved in all cases. Improvement in word recall
and immediate object recall in the different sub-
groups does not reach significant values owing to
the low number of subjects included in each one. In
subjects treated with citicoline plus nimodipine it is
difficult to know if the positive effect on memory is
induced by citicoline or by a combined action of the
two compounds. On the other hand, although the
500 mg dose of citicoline appears to be the most
effective in improving recall and recognition func-
tions, we have not found differences among treat-
ment subgroups, indicating that citicoline in the
300-1000 mg/day dose range is able to improve
memory performance in elderly subjects. A more
extensive study is needed to establish the optimum
promnesic dose of citicoline.
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Our results are in agreement with the memory
improvement reported in elderly demented subjects
treated with citicoline for 2-3 weeks (21). It has also
been found that citicoline increases cognitive per-
formance in the MMS test in patients with early-on-
set Alzheimer’s disease (16) or vascular dementia
(14). In the Suryani et al. study (21), however, the
different effect of citicoline on immediate recall,
delayed recall and recognition tasks was not eva-
luated. Furthermore, these authors did not include a
placebo period and retested subjects every week,
making it not possible to exclude the effect of retest-
ing on memory scores. Results of the open clinical
trial reported here are hence relevant in demonstrat-
ing the promnesic activity of citicoline in non-
demented elderly subjects. In addition, all the
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FIG. 3. Elfects of citicoline plus nimodipine (300 + 90 mg/day)
on word recall and on delayed object recall in elderly subjects.
Mean results before (day 1) and after (day 28) placebo (N) and
treatment (Y) periods are represented. “p < 0.05 vs. day 1.
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TABLE 4. Effects of citicoline on systolic blood pressure in elderly subjects.

Treatment x day

Group N Treatment Systolic blood pressure interaction
Day | Day 28
Total 24 No 139.6 +22.2 141.1 £23.7 F(46.1)=5.93
Yes 1440+ 21.8 133.0£15.3% <002
C 1000 8 No 132.5 +23.0 135.0+27.7 F(14,1)=5.38
Yes 139.7+£25.3 1298 + 18.7* P <0.05
€500 8 No 135.6 £ 152 135.7+ 16.5 NS
Yes 140.0 £ 14.0 12908 + 10.6
C+Ni 8 No 150.7+25.2 152.6+24.1 NS
Yes 1522+ 248 1393+ 154

C1000: citicoline (1000 mg/day); C500: citicoline (500 mg/day); C + Ni: citicoline plus nimodipine (300 mg/day + 90 mg/day).
#p < 0.05 and **p < 0.01 vy, day 1 score (Wilcoxon test). Results: mmHg (mean + SD).

mentioned studies are consistent with a memory-en-
hancing effect of citicoline in elderly people with
cognitive deficits.

Although the specific goal of the present study
was not to investigate the mechanisms responsible
for the positive effects of citicoline on memory, we
can speculate about such mechanisms by reviewing
the actions of citicoline on brain neurochemical,
bioelectrical and hemodynamic functions. Citico-
line increases the biosynthesis of acetylcholine,
phosphatidylcholine and lecithin, reduces phospho-
lipase A activation and the inhibition of ATPase
activities in brain injury, improves cerebral glucose
uptake and inhibits free fatty acid release and lactic
acid accumulation in the brain (1-4, 8, 12, 13, 28,
29). All these neurochemical actions of citicoline
may be beneficial in alleviating memory deficits in
elderly subjects with a general decline in brain func-
tioning. In fact, most compounds used for the treat-
ment of Alzheimer’s disease act on one or some of
the mentioned brain mechanisms (1). It has also
been demonstrated that citicoline improves cerebro-
vascular perfusion by increasing blood flow veloci-
ties and decreasing vascular resistance in the mean
cerebral artery (14, 16). This vasoregulatory effect
of citicoline is consistent with the decrease in sys-
tolic blood pressure observed in the present study
and may potentiate memory performance by facili-
tating tissular perfusion and oxygenation in brain
areas like the hippocampus.

In addition, it was found that citicoline reduces 6
activity in fronto-temporal areas and increases rela-
tive o power in occipital regions in patients with

Alzheimer’s disease evaluated by brain mapping
(16). This effect of citicoline on brain bioelectrical
activity might reflect an activation of arousal/atten-
tional mechanisms contributing to a better cognitive
functioning. In this regard, significant correlations
between bioelectrical activity values and MMS
scores were reported (16).

On the other hand, citicoline reduces the
increased circulating levels of histamine and inter-
leukin-1p in Alzheimer’s disease (16, 30) and hip-
pocampal interleukin-13 content in an animal
model of neurodegeneration induced by f-amyloid
implants into the brain (5).

The reduction in lymphocyte cell counts
observed in aged subjects is consistent with these
neuroimmune effects of citicoline. Since the immu-
nomodulatory actions of citicoline are accompanied
by cognitive improvements and reduced neuronal
death, it is suggested that changes in neuroimmune
factors, as the result of a direct influence of the com-
pound on immune responses or as an event second-
ary to its neuroprotective action, reflect a neuro-
trophic activity of citicoline. Therefore, it is
possible that citicoline may improve mental perfor-
mance by reducing immune activation and poten-
tiating neurotrophic mechanisms into the brain. In
line with this possibility, it has been found that citi-
coline is able to stimulate growth hormone release
inelderly people in basal conditions and under stim-
ulation with growth hormone releasing factor (31),
and several studies have demonstrated the influence
of the somatotropinergic system on cognitive func-
tions in animals and humans (32-35). However,



investigation of the effects of citicoline on growth
hormone, somatomedins and other trophic factors in
subjects tested for memory performance has never
been done and could be relevant in order to clarify
the specific involvement of such biological parame-
ters on the promnesic activity of citicoline.

In summary, we conclude that citicoline
improves memory performance in elderly subjects,
mainly in free recall tasks, at doses ranging from 300
to 1000 mg/day, probably by influencing brain neu-
rotrophic mechanisms and processes of cerebrovas-
cularregulation. According to these results, and tak-
ing into account the lack of relevant side effects,
citicoline seems to be a useful and safe drug for the
reatment of memory deficits in elderly people.
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