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ABSTRACT

Introduction: Psychomotor performance task is used to assess the arousal and cognitive
functions of the central nervous system. Alternatively, human visual working memory reflects
the capability of the individual’s short-term memory. Psycho-mental stimuli are linked to the
stimulation of Malondialdehyde (MDA) formations. Citicoline is a nootropic nucleotide agent
with a favorable effect on the augmentation of human memory and cognitive function. Thus,
the purpose of this study was to determine the effect of citicoline on human vigilance, visual
working memory, and oxidative stress using healthy volunteers.

Methods: 40 healthy volunteers were enrolled and divided into two groups: group A: 20
volunteers received 500mg/day starch capsule for two weeks and group B: 20 volunteers
received 500mg/day citicoline capsule for two weeks. Human vigilance, visual working
memory, and oxidative stress markers of each volunteer were assessed before and after
citicoline and placebo intake. The obtained data were analyzed by SPSS regarding P<0.05 as
statistically significant.

Results: Placebo had no significant effect on human vigilance and visual working memory after
two weeks of therapy (P>0.05), whereas citicoline improved most variables of psychomotor
performances and working memory (P<0.01). Placebo significantly increased serum MDA
levels from 19.44+2.11 to 29.66+3.28 nmol/mL (P=0.0001), while citicoline significantly
decreased MDA serum levels from 19.11£2.66 to 15.63+1.33 nmol/mL (P=0.0001).

Conclusion: Citicoline improves human psychomotor vigilance, arousal, and visual working
memory with significant amelioration of oxidative stress compared with placebo.
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e Citicoline improves human psychomotor performances and working memory accuracy.

e Citicoline attenuates high vigilance induced-oxidative stress.

e Citicoline provokes cognitive functions in normal healthy volunteers.

Plain Language Summary

Citicoline is a nootropic nucleotide agent with a positive effect on the conservation of the neurons and augmentation
of human memory and cognitive functions. We examined the effect of citicoline on psychomotor performances and
working memory accuracy in relation to the oxidative stress in healthy volunteers. Our results demonstrated that citi-
coline advances psychomotor performances and working memory precision with the noteworthy lessening of oxidative

stress compared with controls in both genders.

1. Introduction

psychomotor performance task is used to as-
sess the arousal and cognitive functions of
the central nervous system through the nec-
essary information from the sensory organs
that are provoked in response to different
stimuli (Kim et al., 2013). Motor-sensory
perception is one of the most important men-
tal processes of psychomotor performances, which plays
a role in the integration between the sensory and motor
organs during the psychomotor performance (Manita et
al., 2015). Psychomotor performance plays an important
and vital role in the process of synergy between the mo-
tor and sensory integration that is reliant on the aware-
ness of the individual (Elsworthy, Burke & Dascombe
2016). Besides, human visual working memory reflects
the capability of an individual’s short-term memory that
requires encoding, loading, and interpretation of sen-
sory neuronal information (Schwarb, Nail & Schum-
acher 2016). Many drugs may improve psychomotor
performance and working memory by the modulations
of different neurotransmitters through antioxidant effect
and free radical scavenger activity (Al-Kuraishy, 2016).
Citicoline is a cytidine 5'-diphosphocholine composed of
ribose, cytosine, pyrophosphate, and choline (Figure 1).

Citicoline is a nootropic nucleotide agent with a favorable
effect on the conservation of the neurons and augmenta-
tion of human memory and cognitive functions. It acts as
choline donors, which stimulates acetylcholine biosynthe-
sis and activates tyrosine hydroxylase activity leading to
activation of dopamine release (Roohi-Azizi et al., 2017).

Different clinical trials have shown that citicoline has
a potential effect on human cognition, whereas other
studies failed to confirm and prove this positive effect
(Agarwal & Patel, 2017). Despite its positive effect on
the reduction of the rate of disability and death after the
ischemic stroke, a meta-analysis found no advantage of
citicoline therapy (Bustamante et al., 2012).

Citicoline has a neuroprotective effect through the pres-
ervation of neuronal sphingomyelin, cardiolipin, and ara-
chidonic content, as well as phosphatidylethanolamine and
phosphatidylcholine. Citicoline also improves glutathione
reductase activity and choline availability for acetylcho-
line synthesis (Trimmel et al., 2018). Moreover, citicoline
prevents phospholipase A2 stimulation during ischemic
stroke; thus, it attenuates free radical generations from car-
diolipin catabolism. It preserves and restores mitochondri-
al cardiolipin at the inner membrane (Topuz et al., 2014).
Citicoline also decreases neuronal glutamate concentra-
tion via intensification of glutamate uptake by astrocytes
through increasing the expression of glutamate transport-
ers. When the accessibility of choline is low and the re-
quirement for acetylcholine is high, choline from neuronal
cell membrane phosphatidylcholine will be the pool for
acetylcholine synthesis (Kim et al., 2018).

Psychological and mental stress due to psycho-mental stim-
uli is associated with the stimulation of Malondialdehyde
(MDA) because of the production of oxidative free radicals.
It has been reported that psychological stress in medical stu-
dents during examinations contributes to the initiation of
oxidative stress and a rise in MDA serum levels; therefore,
irresistible psychosomatic stimuli trigger neuronal oxidative
and extreme lipid peroxidation (Srivastava & Batra, 2014).
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Figure 1. Chemical structure of the citicoline

Furthermore, psychomotor retardation is linked to oxidative
stresses, indicating the possible connection between oxida-
tive stress and psycho-mental capacity (Pomara et al., 2015).
Thus, the purpose of this study was to determine the ef-
fect of citicoline on human vigilance, visual working
memory, and oxidative stress in healthy volunteers.

2. Materials & Methods

This study was conducted in the Department of Clini-
cal Pharmacology, College of Medicine, Al-Mustansiriya
University and approved by the Scientific Adjudicators
and Ethical Committee of Student Research Center at
Medical Board, College of Medicine, Al-Mustansiriya
according to the revised Helsinki Declaration 2013. All
of the enrolled participants provided written informed
consent permission for their contributions. In this double-
blind study, 40 healthy volunteers (22 males and 18 fe-
males) were recruited from the College of Medicine with
the age range of 21-22 years and divided into two groups:
Group A: 20 volunteers (10 males +10 females) receiv-
ing 500mg/day starch capsule for two consecutive weeks
and group B: 20 volunteers (12 males+8 females) receiv-
ing 500mg/day citicoline capsule (Pittsburgh, PA, healthy
origin) for two consecutive weeks.

Starch capsules were prepared by putting 500 mg of
starch in each non-gelatin soft-gel capsule and each volun-
teer received an adequate amount of these capsules to en-
sure a daily intake of one capsule per day in the morning.
This research was a single-blind study; thus, the examiner
was aware but the volunteer was unaware of this agent.

In this study, vigilance, visual working memory, and
oxidative stress markers of each volunteer were assessed
before and after citicoline or placebo intake; i.e. before
the intake of the pharmaceutical agents and two weeks
after the therapy.
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Human vigilance was estimated by the Leeds psycho-
motor tester, through which Total Reaction Time (TRT),
Processing Time (PT), Recognition Reaction Time (RRT),
and Movement Reaction Time (MRT) were evaluated.

2.1. Measurement of human psychomotor perfor-
mances and vigilance

Each participant was asked to press the central button
of the device when saw the red light as soon as possible,
and the mean of five readings was displayed on the digi-
tal screen. TRT (ms) represents the time from the onset
of stimuli to the end of the reaction. RRT (ms) presents
the time from the onset of stimuli to commencement of
motor reaction. MRT (ms) represents the time from the
recognition of the stimulus to the end of motor action
(MRT=TRT-RRT) and finally, PT (ms) provides the la-
tency time between RRT and MRT (PT=RRT-MRT).

2.2 Measurement of Critical Flicker Fusion Fre-
quency (CFFF)

After the training period, each participant was asked
to focus on the four red-emitting diodes located on the
black panel of the psychomotor tester device. The par-
ticipant was asked to press a specific mobile key as soon
as possible when he or she detects flicking or fusion of
emitting red light. Critical Fusion Frequency (CFF) or
ascending frequency (CFFA) represents the time needed
in minutes for the red light to be perceived from flicker-
ing to be steady. Critical Flicker Frequency or Descend-
ing Frequency (CFFD) represents the time needed in
minutes for the red light to be perceived from steady
to be flickered. Both CFFA and CFFD reflect cortical
arousal activity. The range of fusion-flicker frequency
was from zero to 60 Hz. Good values for CFFA should be
more than 30 Hz and less than 30Hz for CFFD (CFFF=
CFFA+CFFD/2) (Alkuraishy & Al-Gareeb, 2017; An-
geli, Veres, Nagy & Schneider 2016).
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2.3. Measurement of the Short-Term Working
Memory Accuracy test (Computerized N-Back test)

This test was carried out on the laptop screen; the eight
squares at dissimilar sites were accessible repeatedly on
laptop monitor at a tempo of three seconds, a response is
demanded each time, and then the single site reverses in
sequence. In a one-back test, the participant detects and
seeks squares site in relation to the preceding square. In
a two-back test, the participant tries to find the site of a
square in relation to two reverse trails of the preceding
square. In the three-back test, the participant detects and
seeks a square site in relation to three reverse trails of
the preceding square. One-back (I-back), two-back (II-
back), and three back (IlI-back) represent a low, moder-
ate, and high level of memory accuracy, respectively (Al-
kuraishy, Al-Gareeb, Albuhadilly & ALmgoter 2014).
The total time needed for the measurement of vigilance,
working memory, and CFFF was 10-20 min for each vol-
unteer. Also, 5ml of the blood sample from all volunteers
was taken before and after this study for the estimation
of MDA, which was assessed by a specific ELISA kit
(Shanghai Yuhua Biological Technology Co., Ltd. China).

2.4. Statistical analysis

Data were analyzed using Statistical Package for the
Social Sciences (SPSS) software version 20 (IBM, Stat-
ics for Window, Version 20.00; Armonk, NY, USA, IBM
Corp.) and expressed as Mean+SD and percentage. The
paired t-test and unpaired t-test were used to detect the
significance of differences regarding a P-value of less
than 0.05 as significant.

3. Results

3.1. Effects ofciticoline on psychomotor perfor-
mances and working memory accuracy

Placebo illustrated an insignificant effect on the working
memory and human vigilance after two weeks of therapy
(P>0.05). Placebo shortened the values of TRT, RRT, and
MRT but not to the significant levels compared with the
baseline values. Besides, it improved working memory
accuracy insignificantly (P>0.05). Citicoline therapy for
two weeks illustrated a significant improvement in TRT,
RRT, MRT, and working memory accuracy (P<0.01)
compared with the baseline value; however, it showed no
significant effect on CFFD (P=0.30) (Table 1).

Regarding PT, placebo caused an insignificant reduc-
tion in the PT (209.11+£15.97 ms) compared with the
baseline value (210.12+15.56 ms) (P=0.84), whereas
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citicoline significantly reduced PT from 223.5+12.82 ms
to 208.25+18.88 ms (P=0.004) (Figure 2)

Citicoline and placebo caused significant differences
after treatment in all vigilance parameters and work-
ing memory and citicoline-treated subjects were more
affected. TRT, RRT, MRT, and CFFD reduced (getting
better and showing a fast reaction) mainly in the citico-
line group. On the other hand, CFFA and working mem-
ory accuracy significantly increased in the citicoline
group. The changes in vigilance, arousal, and working
memory accuracy were significant in the citicoline group
(P<0.05) (Table 2).

3.2. Effects of citicoline on the biomarker of oxida-
tive stress

Concerning the biomarker of oxidative stress, pla-
cebo significantly increased MDA serum levels from
19.4442.11 t0 29.66+3.28 nmol/mL (P=0.001), while cit-
icoline significantly decreased MDA serum levels from
19.11£2.66 15.63£1.33 nmol/mL (P=0.001) (Figure 3).

3.3. Effect of Gender on the citicoline or placebo
effects on psychomotor performances and work-
ing memory accuracy

In the present study, 22 males (55%) and 18 females
(45%) were enrolled, of whom 10 males (50%) com-
pared with 10 female (50%) received citicoline, whereas
12 males (60%) compared with 8 females (40%) re-
ceived the placebo. The results showed that gender
had no significant effect on human psychomotor per-
formances (TRT, RRT, MRT, and CFFF) and working
memory parameters (working memory-one back (WM-
1), WM-2, and WM-3) in both citicoline- and placebo-
treated groups (P>0.05) (Figures 4 & 5).

4. Discussion

Placebo in the present study caused no significant effect
on psychomotor performance, attention, and working
memory parameters. These results are in harmony with
a study, in which a placebo did not cause a significant
effect on the psychomotor performance and working
memory, concerning TRT, CFF, and working capacity
that were not changed after two hours of placebo intake
(Adibhatla, Hatcher, & Dempsey, 2002). Our results
are not consistent with a previous study that showed
the effectiveness of placebo on choice reaction time and
working memory tasks through increasing dopamine
levels in the frontal lobe and striatum (Hindmarch, Trick,
& Ridout, 2005). Thus, a placebo may cause upgrading
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Table 1. Effect of citicoline on the vigilance parameters and working memory compared with placebo (n=20)

Vigilance MeanSD Mean+SD
Parameters Placebo P Citicoline P
Before After Before After

TRT (ms) 655.11+22.62 650.44+21.62 NS 666.18+24.62 493.53+12.58 0.0001*
RRT(ms) 432.55+31.82 429.77+28.83 NS 453.37+22.59 400.31%/ 401.47+19.56 0.001*
MRT(ms) 222.55+20.51 220.66%20.66 NS 229.87+17.49 193.22+11.97 0.0001*
CFFA(Hz) 30.11+11.84 30.88+11.31 NS 30.44+6.44 35.45+4.67 0.0001*
CFFA(Hz) 28.99+9.88 27.55+9.64 NS 29.63+5.83 27.98+4.11 0.30
WM-1(%) 90.54+18.64 95.44+18.42 NS 90.66+17.61 100.65+11.63 0.04

WM-2 (%) 59.66+9.41 61.66+9.39 NS 55.32+8.55 77.63%7.65 0.001*
WM-3 (%) 37.88+9.55 40.45+9.6331 NS 40.29+8.93 49.84+7.56 0.008*

*P<0.01; TRT: Total Reaction Time; RRT: Recognition Reaction Time ; MRT: Movement Reaction Time; CFFA: Critical Fusion
Frequency; CFFD: Critical Flicker Frequency; WM-1: Working Memory-one back; WM-2: Working Memory-two back; WM-3:
Working Memory-three back, NS: Not Significant

P=0.84 P=0.004

2504

BEH Before
BEH After

200+

1509

PT(ms)

1009

504

placebo citicoline

Figure 2. Effect of citicoline and placebo on human Processing Time (PT)

Table 2. Percent of changes and differences between the effect of citicoline and placebo on the vigilance parameters and work-
ing memory accuracy (n=20)

%

Vigilance Parameters P
Placebo Citicoline
TRT (ms) 0.712V 2591V 0.001*
RRT (ms) 0.642V 11.44% 0.001*
MRT (ms) 0.849% 59.44% 0.001*
CFFA (Hz) 2.55" 16.45" 0.001*
CFFD (Hz) 4,96V 5.56Y 0.047
WM-1 (%) 5.411" 10.30" 0.027
WM-2 (%) 3.352" 40.32" 0.001*
WM-3 (%) 6.785" 23.70" 0.001*

*P<0.01; 1P<0.05; ' Increase; * Decrease; TRT: Total Reaction Time; RRT: Recognition Reaction Time; MRT: Movement Reaction
Time; CFFA: Critical Fusion Frequency; CFFD: Critical Flicker Frequency; WM-1: Working Memory-one Back; WM-2: Work-
ing Memory-two back; WM-3: Working Memory-three back

427
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Figure 3. Effect of citicoline on malondialdehyde serum levels compared with the placebo

*P<0.05
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Figure 4. Gender differences following citicoline therapy on psychomotor performances, vigilance, and working memory accuracy
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Figure 5. Gender differences following placebo therapy on psychomotor performances, vigilance, and working memory accuracy
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or deterioration of human cognitive function depending
on specific expectations. Therefore, the effect of placebo
may be revealed on human cognitive functions and re-
action time during psychomotor performance, vigilance,
and working memory testing depending on stereotype
stimulations (Al-Kuraishy, Al-Gareeb, & Ashor, 2012).

The present study also showed that citicoline led to the
significant augmentation of psychomotor performance
variables. It improved attention and vigilance through
upgrading CFFA. Furthermore, citicoline improved
Working Memory-one back (WM-1), WM-2, and
WM-3 significantly as supported by a study that dealt
with the enhancement effect of citicoline on neurologi-
cal and cognitive impairment, indicating that citicoline
plays a precious role in the neuroprotection, neuromodu-
latory, and neuroregeneration (Secades et al., 2016).
Recently, Hutchinson showed a significant effect of citi-
coline on the acceleration of memory and psychomotor
performance in patients with multiple sclerosis through
neuronal remyelination and neuroprotection (Hutchin-
son, 2014). Moreover, Hurtado et al. demonstrated that
citicoline therapy for stroke patients led to significant
amelioration of cognitive functions due to activation and
up-regulation of sirtuin 1 (silent information regulator-1)
protein in the brain, which is a deacetylated histone
protein that preserves neuronal metabolic homeostasis.
Thus, it has a potential therapeutic effect on the amelio-
ration of cognitive function in different neurodegenera-
tive diseases (Hurtado et al., 2013). Additionally, Knott
et al. revealed that citicoline improved cognitive func-
tion due to the activation of the alpha-7-nicotinic recep-
tor that increasing the sensory gate and executive func-
tions on normal healthy volunteers compared with the
placebo group (Knott et al., 2014).

Regarding the arousal and the vigilance effect of citi-
coline, McGlade et al. showed that 28 days of treatment
of citicoline led to significant improvement of attention
and arousal state compared to the placebo effect (Mc-
Glade et al., 2019).

Different molecular mechanisms of citicoline are in-
volved in the improvement of working memory and
psychomotor performances; it improves neuroplasticity
because it is a precursor of the membrane phosphati-
dylcholine and choline, which plays a crucial role in
the activation of cerebral metabolism (Secades, 2019).
Citicoline restored injured neurons through the accelera-
tion of membrane phospholipid synthesis, stabilization
of neuronal Na 2+/K 2+ ATPase, attenuation of free
radical generations, and free fatty acids release (Knott
et al., 2014). Additionally, the central effect of citicoline
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may be mediated through the regulation of immunologi-
cal response following cerebral injury and activation of
the repair process. Citicoline significantly modulates
the expression and activity of neuronal protein kinases
(extracellular signal-regulated kinase and mitochondrial
activated protein kinase) that are involved in cerebral
neuronal death (Gareri et al., 2015).

Therefore, citicoline has been shown to be effective in the
management of Alzheimer disease and vascular dementia
because long-term citicoline therapy may prevent memo-
ry-cognitive decline through the acceleration of executive
functions, temporal orientation, and attention. Besides,
citicoline advances verbal memory, short- and long-term
memory, and also it improves motor-perceptual ability and
emotional-behavioral problems (Gareri et al., 2017).

It has been reported that MDA serum levels are posi-
tively correlated with the eustress during psychomotor
performances (Al-kuraishy & Al-Gareeb, 2017), which
may explain the elevation of MDA during psychomo-
tor activations following the placebo effect. In our study,
citicoline illustrated a significant reduction in the level
of MDA; thus, it prevents lipid peroxidation and free
radical formations as supported by Anthonymuthus et
al. study that showed the significant effect of citicoline
on the reduction of lipid peroxidation in traumatic brain
injury and cerebral ischemia (Anthonymuthu, Kenny,
& Bayir, 2016). Moreover, citicoline activates glutathi-
one reductase activity, which plays an important role in
the attenuation of free radical effects and lipid peroxi-
dation. Citicoline administration leads to an elevation in
glutathione reductase levels within one day, which may
be due to the stimulation of glutathione synthesis (Adib-
hatla, Hatcher, & Dempsey, 2002), but unfortunately, the
level of glutathione reductase activity was not estimated
in the present study.

Therefore, citicoline improves human cognitive func-
tion and working memory through the reduction of oxi-
dative stress and potentiating of endogenous antioxidant
capacity as revealed by McGlade et al. and Menku et al.
studies that subjected adolescent males to citicoline for 28
days, resulting in a significant improvement in psychomo-
tor performances and cognitive-attention activity, as well as
a reduction in impulsivity (McGlade et al., 2019).

Our study showed insignificant differences following citi-
coline administration in both males and females because
there are minimal gender differences in the neuro-cognitive
recognition, working memory, and psychomotor speed (Iver-
son, Brooks, & Ashton Rennison, 2014). On the contrary,
Guarraci and Bolton study illustrated significant differences
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between males and females in the behavior and cognition af-
ter stimulation by nootropic or stimulant agents in conjuga-
tion with sex stimulants (Guarraci & Bolton, 2014).

In addition, citicoline caused no significant effect on both
males and females regarding the activation of psychomo-
tor speed and cognitive functions following ischemic stroke
(Alvarez-Sabin et al., 2016; Mashin, Belova, Bakh-
togarimov, Bergelson, & Sharafutdinova, 2017). This
insignificant effect of citicoline on both genders might be
related to the insignificant differences in male and female
cognitive functions. Hyde 2016 study illustrated that males
outperform females in spatial tests and mathematics, while
females are better than males in verbal tests. The gender dis-
tinction in verbal skills is variable according to the stress-
ful factors and skill types (Hyde, 2016). Moreover, Gruber
et al. reported that citicoline therapy for 4 weeks improved
memory and cognitive functions in subjects with poor
logic memory and inefficient mental performances in both
sexes equally (Gruber et al., 2015). These findings give
a clue that citicoline improved psychomotor performances
and working memory of the studied subjects in the present
study regardless of gender difference.

It can be concluded that citicoline significantly improved
psychomotor vigilance, arousal, and visual working mem-
ory with a significant amelioration of oxidative stress com-
pared with placebo on normal healthy volunteers.

Limitations of the present study were its small sample size
and also the learning level of the medical student groups
was found to influence watchfulness and temporary work-
ing memory; however, this marker was not incorporated or
evaluated amid additional learning echelons. Antioxidant
capacity was not determined and the short duration of the
study was also another limitation. But in spite of these limi-
tations, this study can be regarded as a preliminary large-
scale study for the evaluation the cognitive improvement by
citicoline in healthy subjects.

Ethical Considerations
Compliance with ethical guidelines

This study was approved by the Scientific Adjudica-
tors and Ethical Committee of Student Research Center
at Medical Board, College of Medicine, Al-Mustansiriya
according to the revised Helsinki Declaration 2013 (Eth-
ics Code: 421RT; 11/9/2016).

Basic and Clinical

Funding

This research did not receive any grant from funding
agencies in the public, commercial, or non-profit sectors.

Authors’ contributions

Both authors contributed equally in data collection, data
acquisition, and analysis, data interpretations, manuscript
writing. Both authors approved the final version of the
manuscript for publication.

Conflict of interest

The authors declared no conflict of interest.

References

Adibhatla, R. M., Hatcher, ]. F., & Dempsey, R. J. (2002). Citi-
coline: neuroprotective mechanisms in cerebral ischemia.
Journal of Neurochemistry, 80(1), 12-23. [DOI:10.1046/j.0022-
3042.2001.00697.x] [PMID]

Agarwal, S., & Patel, B. M. (2017). Is aura around citicoline fading?
A systemic review. Indian Journal of Pharmacology, 49(1), 4-9.

[DOLI: 10.4103/0253-7613.201037]

Al-Kuraishy, H. M. (2016). Central additive effect of Ginkgo
biloba and Rhodiola rosea on psychomotor vigilance task
and short-term working memory accuracy. Journal of In-
tercultural ~ Ethnopharmacology, 5(1), 7-13. [DOI:10.5455/
jice.20151123043202] [PMID] [PMCID]

Al-Kuraishy, H. M., & Al-Gareeb, A. 1. (2017). Central beneficial
effects of trimetazidine on psychomotor performance in nor-
mal healthy volunteers. Advanced Biomedical Research, 6, 69.
[DOI:10.4103/2277-9175.190994] [PMID] [PMCID]

Al-kuraishy, H. M., & Al-Gareeb, A. 1. (2017). Eustress and
Malondialdehyde (MDA): Role of Panax ginseng: Rand-
omized placebo controlled study. Iranian journal of psychiatry,
12(3), 194-200. [PMCID] [PMID]

Al-Kuraishy, H. M., Al-Gareeb, A. L, & Ashor, A. W. (2012). Ef-
fect of a single dose of dextromethorphan on psychomotor
performance and working memory capacity. Indian Journal
of Psychological Medicine, 34(2), 140-3. [DOI:10.4103/0253-
7176.101779] [PMID] [PMCID]

Alkuraishy, M. H., I Al-Gareeb, A., K Albuhadilly, A., & M
ALmgoter, B. (2014). Modulation effects of piracetam and
Ginkgo biloba on the cognitive and working memory func-
tions: Psychometric study. Current Psychopharmacology, 3(2),
87-92. [DOI:10.2174/221155600302150302105355]

Alvarez-Sabin, J., Santamarina, E., Maisterra, O., Jacas, C., Mo-
lina, C., & Quintana, M. (2016). Long-term treatment with
citicoline prevents cognitive decline and predicts a better
quality of life after a first ischemic stroke. International Journal
of Molecular Sciences, 17(3), 390. [DOI:10.3390/ijms17030390]
[PMID] [PMCID]



http://bcn.iums.ac.ir/
https://doi.org/10.1046/j.0022-3042.2001.00697.x
https://doi.org/10.1046/j.0022-3042.2001.00697.x
https://www.ncbi.nlm.nih.gov/pubmed/11796739
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5351236/
https://doi.org/10.5455/jice.20151123043202
https://doi.org/10.5455/jice.20151123043202
https://www.ncbi.nlm.nih.gov/pubmed/27069717
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4805150
https://doi.org/10.4103/2277-9175.190994
https://www.ncbi.nlm.nih.gov/pubmed/28626744
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5468786
http://PMC5640581
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5640581/
https://doi.org/10.4103/0253-7176.101779
https://doi.org/10.4103/0253-7176.101779
https://www.ncbi.nlm.nih.gov/pubmed/23162189
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3498776
https://doi.org/10.2174/221155600302150302105355
https://doi.org/10.3390/ijms17030390
https://www.ncbi.nlm.nih.gov/pubmed/26999113
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4813246

Basic and Clinical

Angeli, O., Veres, D. S, Nagy, Z. Z., & Schneider, M. (2016).
Reproducibility of measurements using the IMEA ADR
IIT critical flicker-fusion frequency measuring device. Or-
vosi Hetilap, 157(27), 1079-86. [DOI:10.1556/650.2016.30477]
[PMID]

Anthonymuthu, T. S., Kenny, E. M., & Bayiwr, H. (2016).
Therapies targeting lipid peroxidation in traumatic brain
injury. Brain Research, 1640, 57-76. [DOI:10.1016/].brain-
res.2016.02.006] [PMID] [PMCID]

Bustamante, A., Giralt, D., Garcia-Bonilla, L., Campos, M.,
Rosell, A., & Montaner, ]. (2012). Citicoline in pre-clinical
animal models of stroke: A meta-analysis shows the optimal
neuroprotective profile and the missing steps for jumping
into a stroke clinical trial. Journal of Neurochemistry, 123(2),
217-25. [DOI:10.1111/j.1471-4159.2012.07891.x] [PMID]

Elsworthy, N., Burke, D., & Dascombe, B. J. (2016). Physical
and psychomotor performance of Australian football and
rugby league officials during a match simulation. Journal of
Sports sciences, 34(5), 420-8. [DOI:10.1080/02640414.2015.10
57208] [PMID]

Gareri, P., Castagna, A., Cotroneo, A. M., Putignano, D., Con-
forti, R., & Santamaria, F., et al. (2017). The citicholinage
study: Citicoline plus cholinesterase inhibitors in aged pa-
tients affected with Alzheimer’s disease study. Journal of
Alzheimer’s Disease, 56(2), 557-65. [DOI:10.3233 /JAD-160808]
[PMID]

Gareri, P., Castagna, A., Cotroneo, A. M., Putignano, S., De
Sarro, G., & Bruni, A. C. (2015). The role of citicoline in
cognitive impairment: pharmacological characteristics,
possible advantages, and doubts for an old drug with new
perspectives. Clinical Interventions in Aging, 10, 1421-9.
[DOI:10.2147/ CIA.S97145] [PMID] [PMCID]

Gruber, S. A., Sagar, K. A., Dahlgren, M. K., Goneng, A., Conn,
N. A., & Winer, ]. P, et al. (2015). Citicoline treatment im-
proves measures of impulsivity and task performance in
chronic marijuana smokers: A pilot BOLD fMRI study. In-
ternational Journal of Neurology and Neurotherapy, 2(3), 1-8.
[DOI:10.23937/2378-3001/2/2/1032] [PMID] [PMCID]

Guarraci, F. A, & Bolton, J. L. (2014). “Sexy stimulants”: The
interaction between psychomotor stimulants and sexual be-
havior in the female brain. Pharmacology Biochemistry and Be-
havior, 121, 53-61. [DOI:10.1016/j.pbb.2013.11.006] [PMID]

Hindmarch, I., Trick, L., & Ridout, F. (2005). A double-blind,
placebo-and positive-internal-controlled (alprazolam) in-
vestigation of the cognitive and psychomotor profile of pre-
gabalin in healthy volunteers. Psychopharmacology, 183(2),
133-43. [DOI:10.1007/500213-005-0172-7] [PMID]

Hurtado, O., Hernandez-Jiménez, M., Zarruk, J. G., Cuartero,
M. I, Ballesteros, 1., & Camarero, G., et al. (2013). Citicoline
(CDP-choline) increases S irtuinl expression concomitant
to neuroprotection in experimental stroke. Journal of Neu-
rochemistry, 126(6), 819-26. [DOI:10.1111/jnc.12269] [PMID]

Hutchinson, M. (2014). The best basic science paper in mul-
tiple sclerosis in 2013: Disease specific molecular events in
cortical multiple sclerosis lesions. Multiple Sclerosis Journal,
20(14), 1817. [DOI:10.1177 /1352458514558342] [PMID]

Hyde, J. S. (2016). Sex and cognition: Gender and cogni-
tive functions. Current Opinion in Neurobiology, 38, 53-6.
[DOI:10.1016/j.conb.2016.02.007] [PMID]

July, August 2020, Volume 11, Number 4

Iverson, G. L., Brooks, B. L., & Ashton Rennison, V. L. (2014).
Minimal gender differences on the CNS vital signs com-
puterized neurocognitive battery. Applied Neuropsychology:
Adult, 21(1), 36-42. [DOI:10.1080/09084282.2012.721149]
[PMID]

Kim, J. H., Choi, B. Y., Kho, A.R,, Lee,S. H,, Jeong, ]. H., & Hong,
D. K, etal. (2018). Acetylcholine precursor, citicoline (cytidine
5'-diphosphocholine), reduces hypoglycaemia-induced neu-
ronal death in rats. Journal of Neuroendocrinology, 30(1), €12567.
[DOI:10.1111/jne.12567] [PMID]

Kim, S. W., Bae, K. Y., Shin, H. Y., Kim, J. M., Shin, . S,, &
Kim, J. K, et al. (2013). Caffeine counteracts impairments
in task-oriented psychomotor performance induced by
chlorpheniramine: A  double-blind  placebo-controlled
crossover study. Journal of Psychopharmacology, 27(1), 62-70.
[DOI:10.1177 /0269881112450784] [PMID]

Knott, V., Smith, D., de la Salle, S., Impey, D., Choueiry, J., &
Beaudry, E,, et al. (2014). CDP-choline: Effects of the procho-
line supplement on sensory gating and executive function in
healthy volunteers stratified for low, medium and high P50
suppression. Journal of Psychopharmacology, 28(12), 1095-108.
[DOI:10.1177/0269881114553254] [PMID]

Manita, S., Suzuki, T., Homma, C., Matsumoto, T., Odagawa,
M., & Yamada, K., et al. (2015). A top-down cortical circuit
for accurate sensory perception. Neuron, 86(5), 1304-16.
[DOI:10.1016/j.neuron.2015.05.006] [PMID]

Mashin, V. V., Belova, L. A., Bakhtogarimov, I. R., Bergelson,
T. M., & Sharafutdinova, R. R. (2017). Multicenter observa-
tional program for evaluation of the effectiveness of the rec-
ognan (citicoline) in the correction of cognitive impairment
in patients with chronic cerebrovascular pathology. Zhur-
nal Nevrologii i Psikhiatrii Imeni SS Korsakova, 117(8), 39-43.
[DOI:10.17116/jnevro20171178139-43] [PMID]

McGlade, E., Agoston, A. M., DiMuzio, J., Kizaki, M., Naka-
zaki, E., & Kamiya, T., et al. (2019). The effect of citicoline
supplementation on motor speed and attention in ado-
lescent males. Journal of Attention Disorders, 23(2), 121-34.
[DOI:10.1177/1087054715593633] [PMID]

Pomara, C., Neri, M., Bello, S., Fiore, C., Riezzo, 1., & Turillazzi,
E. (2015). Neurotoxicity by synthetic androgen steroids: oxi-
dative stress, apoptosis, and neuropathology: A review. Cur-
rent Neuropharmacology, 13(1), 132-45. [DOI:10.2174/157015
9X13666141210221434] [PMID] [PMCID]

Roohi-Azizi, M., Arabzadeh, S., Amidfar, M., Salimi, S., Zarin-
dast, M. R, & Talaei, A., et al. (2017). Citicoline combination
therapy for major depressive disorder: A randomized, dou-
ble-blind, placebo-controlled trial. Clinical Neuropharmacology,
40(1), 1-5. [DOI:10.1097/ WNEF.0000000000000185] [PMID]

Schwarb, H., Nail, J., & Schumacher, E. H. (2016). Working
memory training improves visual short-term memory capac-
ity. Psychological Research, 80(1), 128-48. [DOI:10.1007 /s00426-
015-0648-y] [PMID]

Schwarz, K. A., & Biichel, C. (2015). Cognition and the placebo
effect-dissociating subjective perception and actual perfor-
mance. PloS One, 10(7), €0130492. [DOI:10.1371/journal.
pone.0130492] [PMID] [PMCID]

Secades, J. J. (2019). Citicoline in the Treatment of Cognitive
Impairment. Journal of Neurology & Experimental Neuroscience,
5(1), 14-26. [DOI:10.17756 /jnen.2019-047]



http://bcn.iums.ac.ir/
https://doi.org/10.1556/650.2016.30477
https://www.ncbi.nlm.nih.gov/pubmed/27346475
https://doi.org/10.1016/j.brainres.2016.02.006
https://doi.org/10.1016/j.brainres.2016.02.006
https://www.ncbi.nlm.nih.gov/pubmed/26872597
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4870119
https://doi.org/10.1111/j.1471-4159.2012.07891.x
https://www.ncbi.nlm.nih.gov/pubmed/22845688
https://doi.org/10.1080/02640414.2015.1057208
https://doi.org/10.1080/02640414.2015.1057208
https://www.ncbi.nlm.nih.gov/pubmed/26077979
https://doi.org/10.3233/JAD-160808
https://www.ncbi.nlm.nih.gov/pubmed/28035929
https://doi.org/10.2147/CIA.S97145
https://www.ncbi.nlm.nih.gov/pubmed/26366063
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4562749
https://doi.org/10.23937/2378-3001/2/2/1032
https://www.ncbi.nlm.nih.gov/pubmed/26658924
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4674830
https://doi.org/10.1016/j.pbb.2013.11.006
https://www.ncbi.nlm.nih.gov/pubmed/24269964
https://doi.org/10.1007/s00213-005-0172-7
https://www.ncbi.nlm.nih.gov/pubmed/16205916
https://doi.org/10.1111/jnc.12269
https://www.ncbi.nlm.nih.gov/pubmed/23600725
https://doi.org/10.1177/1352458514558342
https://www.ncbi.nlm.nih.gov/pubmed/25392336
https://doi.org/10.1016/j.conb.2016.02.007
https://www.ncbi.nlm.nih.gov/pubmed/26953847
https://doi.org/10.1080/09084282.2012.721149
https://www.ncbi.nlm.nih.gov/pubmed/24826494
https://doi.org/10.1111/jne.12567
https://www.ncbi.nlm.nih.gov/pubmed/29247563
https://doi.org/10.1177/0269881112450784
https://www.ncbi.nlm.nih.gov/pubmed/22719016
https://doi.org/10.1177/0269881114553254
https://www.ncbi.nlm.nih.gov/pubmed/25315828
https://doi.org/10.1016/j.neuron.2015.05.006
https://www.ncbi.nlm.nih.gov/pubmed/26004915
https://doi.org/10.17116/jnevro20171178139-43
https://www.ncbi.nlm.nih.gov/pubmed/28884715
https://doi.org/10.1177/1087054715593633
https://www.ncbi.nlm.nih.gov/pubmed/26179181
https://doi.org/10.2174/1570159X13666141210221434
https://doi.org/10.2174/1570159X13666141210221434
https://www.ncbi.nlm.nih.gov/pubmed/26074748
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4462038
https://doi.org/10.1097/WNF.0000000000000185
https://www.ncbi.nlm.nih.gov/pubmed/28085707
https://doi.org/10.1007/s00426-015-0648-y
https://doi.org/10.1007/s00426-015-0648-y
https://www.ncbi.nlm.nih.gov/pubmed/25656161
https://doi.org/10.1371/journal.pone.0130492
https://doi.org/10.1371/journal.pone.0130492
https://www.ncbi.nlm.nih.gov/pubmed/26148009
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4493024
https://doi.org/10.17756/jnen.2019-047

Basic and Clinical

July, August 2020, Volume 11, Number 4

Secades, J. J., Alvarez-Sabin, J., Castillo, J., Diez-Tejedor, E., Mar-
tinez-Vila, E., Rios, J., & Oudovenko, N. (2016). Citicoline for
acute ischemic stroke: a systematic review and formal meta-
analysis of randomized, double-blind, and placebo-controlled
trials. Journal of Stroke and Cerebrovascular Diseases, 25(8), 1984-96.
[DOI:10.1016/j jstrokecerebrovasdis.2016.04.010] [PMID]

Srivastava, R., & Batra, J. (2014). Oxidative stress and psycholog-
ical functioning among medical students. Industrial Psychiatry
Journal, 23(2), 127. [DOI:10.4103/0972-6748.151684] [PMID]
[PMCID]

Topuz, B. B., Altinbas, B., Ilhan, T., Yilmaz, M. S., Erdost, H.,
& Saha, S,, et al. (2014). Centrally administered CDP-choline
induced cardiovascular responses are mediated by activa-
tion of the central phospholipase-prostaglandin signaling
cascade. Brain Research, 1563, 61-71. [DOI:10.1016/j.brain-
res.2014.03.040] [PMID]

Trimmel, H., Majdan, M., Wodak, A., Herzer, G., Csomor, D.,
& Brazinova, A. (2018). Citicoline in severe traumatic brain
injury: indications for improved outcome. Wiener Klinische
Wochenschrift, 130(1-2), 37-44. [DOI:10.1007/s00508-017-1240-
9] [PMID]



http://bcn.iums.ac.ir/
https://doi.org/10.1016/j.jstrokecerebrovasdis.2016.04.010
https://www.ncbi.nlm.nih.gov/pubmed/27234918
https://doi.org/10.4103/0972-6748.151684
https://www.ncbi.nlm.nih.gov/pubmed/25788802
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4361975
https://doi.org/10.1016/j.brainres.2014.03.040
https://doi.org/10.1016/j.brainres.2014.03.040
https://www.ncbi.nlm.nih.gov/pubmed/24704528
https://doi.org/10.1007/s00508-017-1240-9
https://doi.org/10.1007/s00508-017-1240-9
https://www.ncbi.nlm.nih.gov/pubmed/28752349

