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The aim of this study was to investigate the clinical and biochemical efficiency of citicoline in cognitive improvement and
changes of glutathione peroxidase (GPx) blood plasma levels in patients at early stages of Parkinson’s disease (PD).

Materials and methods. We recruited 42 patients at I-Il Hoehn and Yahr PD stages and 20 controls. The Montreal Cog-
nitive Assessment test (MoCA) was used to assess several cognitive domains in PD patients (before citicoline treatment,
after intravenous therapy and after pills therapy) and controls (once). Plasma was collected once in controls and twice in
PD patients (on the first and the last days of observation). Citicoline was administrated to 23 of 42 PD patients in addition to
basic antiparkinsonian therapy intravenously during 10 days and with pills during next 30 days. The rest 19 of 42 PD patients
had been taking basic antiparkinsonian treatment only (comparison group).

Results. We observed significant improvement of MoCA scores in PD patients with citicoline course (PD-Cs) in each check
day. But in spite of such an improvement in PD patients, who were left on the basic antiparkinsonian treatment (PD-Bs), on
the 10" day of observation, patients of this group did not keep it to the last day of the research (P < 0.001). After the treatment
the GPx level in plasma of PD-Cs was significantly higher than in PD-Bs (P < 0.001). Furthermore, the activity of GPx plasma
level after citicoline course was significantly higher than before additional neuroprotective therapy, which wasn't observed in
PD patients on basic treatment only.

Conclusions. The cognition of PD patients (according to MoCA scores) at the early stages of the disease was significantly
improved after citicoline treatment. Citicoline treatment had significant positive influence on the increasing antioxidant GPx
plasma activity in PD patients at the early stages of the disease.

BnAuB HeMpoONpoOTEKTUBHOI Tepanii Ha CTaH KOTHITUBHUX QYHKLH
Ta OKCUAATUBHUM CTPEC Ha paHHiX cTapiax XxBopobu MapkiHcoHa

A. B. AemueHko, B. B. biptok

MeTa po6oTH — BU3HAYEHHS KNiHIYHOI Ta BiOXiMIYHOI ePeKTUBHOCTI UMTUKOMIHY B KOPEKLi KOTHITMBHMX po3nagiB i piBHS
rnyTatioHnepokcuaaan (MO) nna3mm KpoBi B NaLIEHTIB Ha paHHix cTagisix xBopobu MapkiHcoHa (XIM).

Matepianu Ta meToaum. Y gocnimkeHHi B3snu yyactb 42 nauieHTn 3 I-11 ctapiamu XI 3a Xen—Apom i 20 oci6 rpynu KOHTponto.
[ns ouiHOBaHHS KOTHITMBHUX (oyHKLN (KP) BrkopucTan MoHpeanbCbKy LiKany KOrHITMBHOTO oLiHioBaHHS (MoCA) B nauieHTiB
i3 XI' go novatky Tepanii LUTUKONIHOM, MiCns 3aBepLUEHHs MapeHTepanbHOro Kypey Ta nepoparnbHOro NpUiMaHHs npenapary,
a TakoX B 0Cib rpynu KOHTPOso (0AmnH paa). Mnasmy KpoBi Opanu Ans SOCNimKeHHs O4WH pa3 Y ocib rpynu KOHTPOMtO Ta ABivi
(Ha NepLUMit Ta OCTaHHiI AeHb CrocTepexeHHs) B nauieHTis i3 XIM. Lintukonin npusHavanu 23 i3 42 nauieHTis i3 XIN Ha gogatok
[0 6a31CHOI NPOTMNAPKIHCOHIYHOT Tepanii BHYTPILLHBOBEHHO NpoTsrom 10 AHIB i B TabneTkax NpoTarom HacTynHMx 30 OHiB.
Pewta 19 i3 42 nauienTis i3 X[ oTpumyBany Tinbku 6a3ncHy NpOTUNAPKIHCOHIYHY Tepanito (rpyna NopiBHAHHS).

Pesynsratu. Cnoctepiranu iporigHe nokpatieHHs K 3a 6anamu wkanv MoCA B nauieHTis i3 XTI, siki OTpUMyBanu LUTUKOMIH
(XM-Ll) koxHoro KOHTponbHOro AHs. Heasaxaroum Ha nokpatleHHs K Ha 10 geHb cnoctepexeHHs y nauieHTi 3 X1, akum
NPU3HaYUNK Tinbkn 6a3McHy NPOTMNAPKIHCOHIYHY Tepanito (XI-B), BOHW He 3mornu yTpuMaTit NO3UTUBHWUIA pesynbTaT A0 OC-
TaHHBOTO AHS AocnimkerHs (p < 0,001). Micna nikyBaHHs piBeHb [T10 nna3mu B nauieHTiB rpynu XIM-L| cyTTeBo BULLWIA, HiX
y xBopux rpynu XI-b (p < 0,001). AktueHicTb 1O y nna3mi nicnsa Kypcy UATUKOMIHY BiPOTiAHO BULLA, HiX 4O NPU3HAYEHHS!
[100aTKOBOI HEMPOMPOTEKTUBHOI Tepanii; Le He cnocTepiranu B navjeHTis rpynu XI-b.

BucHoBku. KorHiTuBHI yHKLii (BignosigHo Ao nokasHukis wkanu MoCA) nauieHTiB Ha paHHix ctagisx X cyTTeBo nonin-
Lumnues nicns Tepanii uTukoniHom. Kypc unTukoniHy BiporigHO BNMHYB Ha NiABWLLEHHS aKTUBHOCTI aHTUokeuaaHTa MO B
navjieHTiB Ha paHHix ctagisx XI1.

BAusiHME HePONPOTEKTOPHOM Tepanun Ha COCTOAHME KOTHUTUBHBIX GYHKLIUH
M OKCHAQTUBHbIN CTPECC HAa PaHHUX CTapuAX 6oAae3HH MapkUHCOHa

A. B. AemueHkKo, B. B. buptok

Llenb paboTbl — onpeaeneHne KNnMH1Yeckon 1 BUOXMMMYECKO 3GhPEKTUBHOCTY LIUTUKOINMHA B KOPPEKLMM KOTHUTUBHBIX pac-
CTPOWCTB 1 YPOBHS rnyTaTvoHnepokcuaasbl (IMO) nna3mbl KpOBM Y NaLMEHTOB Ha paHHUX cTaausix 6onesHm MapkuHcoHa (BI).
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Matepuans! u metoaskl. B uccnegosanve Bkmoumnm 42 naupenta c |-l cragusimmn BIN no Xen—Apy n 20 nuy, rpynnbl KOH-
Tpons. [ANs OLeHKN KOTHUTUBHBIX thyHKLmiA (KP) ncnonb3osany MoHpeanbCekyto LKasy KOrHUTUBHOro ouermeanns (MoCA) y
nauueHToB ¢ bl o Hayana Tepanuu LMTUKONMHOM, NOCHe 3aBepLUEHNs NapeHTepanbHOro Kypca 1 nepopansHoro npuéma
npenaparta, a Taloke y nuL, rpynnbl KOHTPONS (0AWH pas). MNna3my kposu Bpanu Ans uccnenoBaHns O4VH paa y nuL rpynmb
KOHTpONSt v ABaxzbl (Ha NEPBbIA 1 NOCNEAHWIA AeHb HabnoaeHns) y nauneHTos ¢ BI1. LintukonuH HasHavanm 23 13 42 nauw-
eHTOoB ¢ Bl B gononHeHue k 6as3ncHoi NpOTMBONAPKUHCOHNMYECKON Tepaniy BHYTPUBEHHO B TeveHne 10 aHen v B TabneTkax
Ha npoTsxeHun cnepytowwmx 30 gHeit. OctanbHble 19 13 42 naumeHToB ¢ B npuHMManm Tonbko 6a3nCHY0 MPOTUBONAPKIH-
COHMYECKYIO Tepanuio (rpynna CpaBHEHMS).

Pesynbratbl. OTMeYeHo JocToBepHoe ynyulueHne KO no 6annam wkansl MoCA y nauveHTos ¢ BI1, koTopble npuHuMani
umnTukonuH (BIM-Li), Ha KaxkabI KOHTPONbHBIA AeHb. HecmoTps Ha ynyuiweHne KO Ha 10 aeHb HabniogeHns y naLmeHToB ¢
BI1, koTopble NpuHUMany Tonbko 6a3ncHYH NPOTUBOMAPKUHCOHUYECKYHO Tepanuto (BIN-B), oHn He cmornn yaepxatb noso-
XWUTENbHbBIA pe3yneTaT Ao nocneaHero aus uccnegosanus (p < 0,001). Mocne neyeHus ypoeeHb MO nna3mbl y nauneHToB
rpynnbl Br-L cyliecTBeHHo Bbilwe, Yem y naumeHToB rpynnel BM-6 (p < 0,001). Bonee Toro, aktueHocTk MO B nnasme
rnocne Kypca LMTUKONMHA JOCTOBEPHO BhbilLE, YEM [0 Ha3HaYeHUst 4ONONHUTENLHOM HEeMPONPOTEKTOPHO Tepanuu; 310 He
Habntoganu y nauneHToB rpynnbl Br-b.

BbiBoAbl. KOrHUTUBHbIE (hyHKLMM (COOTBETCTBEHHO NokasaTtensm Lukanbl MoCA) naumeHToB Ha paHHKx ctagusix bl cywe-
CTBEHHO YNyYLUMMMCh NOCTE Tepanuy LUTUKONMHOM. Kype UMTUKONMHA JOCTOBEPHO MOBMMSM HA MOBbILEHWE aKTUBHOCTY

aHTuokeuaaHTa MO y nauneHToB Ha paHHKX ctagusx Brl.

Parkinson’s disease (PD) remains one of the most wide-
spread neurodegenerative diseases of our time [1]. The
pathogenesis of PD is quite complicated [2], which is why
researches, that may lead to its understanding and influ-
encing on it, are still relevant. Itis known that PD belongs
to synucleopathies as a-synuclein takes the central place
in its pathogenesis [3]. But the oxidative stress influences
a-synuclein aggregation, which leads to exacerbation of
oxidative stress itself and forms “vicious circle” in PD’s
pathogenesis [4]. As this part of PD’s complex pathoge-
nesis is obligate, it may play sufficient role in motor and
non-motor PD symptoms development.

Citicoline is known as a natural precursor of phos-
pholipid synthesis and serves as a source of choline in
the metabolic pathways for biosynthesis of acetylcholine
[5]. Researchers observed the positive effect of citicoline
in increasing brain dopamine levels and inhibiting dopa-
mine reuptake [5]. It is also known that choline liberated
from citicoline can be metabolized to glutathione, one
of the most important endogenous antioxidant defense
systems in the brain, which has a neuroprotective role by
decreasing lipid peroxidation [6]. And glutathione peroxi-
dase (GPx) catalyzes detoxification of hydrogen peroxide
and lipid peroxides by reduced glutathione [7]. The com-
plex of these facts allows us to be interested in studying
of citicoline influence on GPx levels in patients at early
stages of PD. Moreover, the positive effect of citicoline on
cognitive functions in PD patients was found [8]. The GPx
activity in patients with vascular cognitive impairment-no
dementia was studied as well [9], but we did not find in
open access similar researches in PD patients.

Aim
The aim of this study was to investigate the clinical and
biochemical efficiency of citicoline in cognitive improve-

ment and changes of GPx blood plasma levels in patients
at early stages of PD.

Materials and methods

This study was conducted in Medical Educational and
Scientific Center “University Clinic” (Zaporizhzhia State
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Medical University, Ukraine). We recruited 42 patients (10
males and 32 females) at |-l Hoehn and Yahr (H&Y) PD
stages (9 patients at the | H&Y PD stage and 33 patients
at the Il H&Y PD stage, respectively) and 20 controls (5
males and 15 females). The Movement Disorder Society
Clinical Diagnostic Criteria for PD were used to establish
the diagnosis [10]. The mean age of all PD patients
and controls was 66.86 + 5.32 and 64.35 + 5.45 years,
respectively.

The exclusion criteria were: IlI-V H&Y PD stages,
secondary parkinsonism, other extrapyramidal disorders;
inflammatory, autoimmune, oncological and mental
diseases; decompensated stages of somatic diseases.

All our PD patients had been taking basic antiparkin-
sonian treatment (levodopa, dopamine agonists, amanta-
dine, MAO-B inhibitors) and were divided into two groups.
Citicoline (1000 mg per day) was administrated intrave-
nously to 23 of 42 PD patients (mean age —66.74 + 4.96
years; 4 patients at the | H&Y PD stage and 19 patients at
the Il H&Y PD stage) in addition to basic antiparkinsonian
therapy during 10 days and with pills (500 mg 2 times per
day) during next 30 days (PD-Cs group). The rest 19 of 43
PD patients (mean age — 67.00 + 5.87 years; 5 patients
at the | H&Y PD stage and 14 patients at the [l H&Y PD
stage) had been taking basic antiparkinsonian treatment
only (comparison group, PD-Bs).

The Montreal Cognitive Assessment test (MoCA) was
used to assess several cognitive domains in PD patients
(before citicoline treatment, after intravenous therapy and
after pills therapy) and controls. We defined patients with
MoCA scores of <26 as PD-with mild cognitive impairment
(PD-MCI) (minimal MoCA score in our PD patients was
19 points) [11]. MoCA scores were checked on the 1%
day (the 1% visit), the 10" day (the 2™ visit) and the 40"
day (the 3 visit) of PD patients’ observation and once
in controls.

Plasma was collected once in controls and twice (on
the first and the last days of observation) in PD patients
at a fixed time interval between 7:00-9:00 AM using a
10 ml K2-EDTA tubes (BD Vacutainer). Samples were
centrifuged for 15 min at 1000 x g at 2-8 °C within 30
min of collection. Then 0.5 ml of supernatant plasma
was removed from each tube and transferred into a
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Table 1. MoCA scores dynamic in PD patients depending on therapy, Me (Q1-Q3)

PD-Cs,n =23
PD-Bs, n =19

23.0 (22.0-25.0)
24.0 (21.0-26.0)

27.0 (25.0-27.0)
25.0 (23.0-26.0)

28.0 (27.0-28.0)
24.0 (23.0-25.0)

<0.001 <0.001 <0.001
0.005 0.029 0.272

PD-Cs: patients who underwent citicoline course in addition to basic antiparkinsonian therapy; PD-Bs: patients who took only basic antiparkinsonian therapy.

Table 2. Dynamic of plasma GPx levels in PD patients before and after treatment, Me (Q1-Q3)

PD patients GPx levels before treatment, pg/mL GPx levels after treatment, pg/mL P (Wilcoxon-test)

PD-Cs,n=23
PD-Bs, n =19

314.51 (289.64-339.76)
310.44 (278.73-328.41)

364.56 (340.34-390.94) <0.001
313.03 (259.10-348.21) 0.765

PD-Cs: patients who underwent citicoline course in addition to basic antiparkinsonian therapy; PD-Bs: patients who took only basic antiparkinsonian therapy.
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1.5 ml Eppendorf tubes. All the plasma samples were
frozen at -80 °C. Samples were prepared for evaluating
GPx concentrations with Elabscience® Enzyme linked
immunosorbent assay kit in clinical and diagnostic labo-
ratory of the Medical Educational and Scientific Center
“University Clinic” (Zaporizhzhia State Medical University,
Ukraine). GPx levels were checked with Microplate Rea-
der Immunochem-2100 (USA) on the 1tand 40" days of
observation (the 15t and the 3" visits).

The Shapiro-Wilk test was used as a test of
normality. Numerical variables were expressed as
the mean = standard deviation (SD) or median with
interquartile range (Q1-Q3). For variables not follo-
wing a normal distribution, data was compared using
the Mann-Whitney test. The Wilcoxon signed-rank test
was used to compare two related samples, on the first
and the last days of observation. The Friedman test was
used to compare multiple dependent samples. The Fi-
sher exact test was used to find the differences between
percentage of PD H&Y stages in groups. We performed
all analyses using the Statistica® for Windows 13.0
(No. JPZ8041382130ARCN10-J). A P-value of <0.05
was considered significant.

The study protocol was approved by ethics committee
of Zaporizhzhia State Medical University, according to
the current version of The Declaration of Helsinki. Written
informed consent was provided by all study participants
prior to enroliment in the study.

Results

There were no significant differences between age in
PD patients and HCs (P = 0.09), as well as PD-Cs and
PD-Bs (P = 0.87), last groups did not differ in duration
of the disease (age medians — 2.0 (1.5-2.0) and 2.0
(1.5-2.0), P = 0.74). PD-Cs and PD-Bs groups did not
differ on the percentage of patients with | and Il H&Y PD
stages (P =0.71).

None of adverse effects of citicoline administration
were observed. There were 34 PD-MCI patients (20 in
PD-Cs group and 14 in PD-Bs group) and 8 out of 20
controls with MCl according to MoCA test scores on the 1%t
day of observation. The cognitive functions initially were
significantly worse in PD patients than in controls (MoCA
scores medians —23.0 (22.0-25.0) and 28.0 (26.0-30.0),
respectively, P < 0.001). The MoCA scores did not differ
between PD-Cs and PD-Bs groups on the 1%t day of
observation (P = 0.724), but were significantly higher in
PD-CS group on the 10™ (P = 0.006) and 40" (P < 0.001)
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days of observation by 17.4 % (P < 0,001) and 21.7 %
(P <0.001), respectively.

We observed significant improvement of MoCA
scores in PD-Cs in each check day. But in spite of such
animprovement in PD-Bs, on the 10" day of observation,
patients of this group did not keep it to the last day of
the research (Table 1).

Plasma GPx level in controls (371.70 (332.52-
406.99) pg/mL) was significantly higher than in PD-Cs
(314.51 (289.64-339.76) pg/mL, P < 0.001) and PD-Bs
(310.44 (278.73-328.41) pg/mL, P <0.001) initially before
treatment. The level of GPx in PD-Cs did not differ from
the one in PD-Bs initially as well (P > 0.05). But after
the treatment the GPx level in plasma of PD-Cs (364.56
(340.34-390.94) pg/mL) was significantly higher than
in PD-Bs (313.03 (259.10-348.21) pg/mL, P < 0.001).
Furthermore, the activity of GPx plasma level after citi-
coline course was higher by 15.9 % (P < 0.001) than
before additional neuroprotective therapy, which wasn'’t
observed in PD patients on basic treatment only (Table
2). But after citicoline course plasma GPx concentra-
tions in PD-Cs did not differ significantly from controls
(P=10.503).

Discussion

The search of evidence-based neuroprotective therapy in
PD has still been continuing. Some antioxidants and neu-
roprotectors are being studied nowadays in the context
of possible improvement of non-motor symptoms of PD.
But in general, the results of such researches are quite
controversial. This controversy in neuroprotection was
found even in antiparkinsonian drugs, such as levodopa,
dopamine receptor agonists (pramipexole, bromocriptine,
R-apomorphine, ropinirole), NMDA receptor antagonists
(amantadine), MAO-B inhibitors (rasagiline) in spite of
their positive effect on PD in the early stages [12,13].
Other drugs identified as antioxidants (coenzyme Q10,
creatine), apoptotic inhibitory factors, neurotrophic factors,
iron chelators, calcium channel blockers, kynurenines and
alpha-synuclein immunotherapy showed controversial
results as well [12,13]. There were some researches,
devoted to GPx activity in PD patients [13—15] and citico-
line effect on cognition in different diseases [16,17] with
different results. Patryk Jasielski mentioned in his review
many researches with both positive and uncertain effects
of citicoline during acute stroke, mild vascular dementia,
after traumatic brain injury [16]. There was an interesting
CITIMEM study represented by Pietro Gareri et al. in
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2020, in which researchers confirmed the hypothesis that
combined use of citicoline and memantine could have
an enhanced action in patients affected with Alzheimer’s
disease and mixed dementia [17]. Antioxidant activity
was studied in all these neurological diseases as well,
but there are not so many researches of citicoline impact
on it. For example, there was a study by Demchenko et
al. (2016) in which citicoline positively affected cognitive
functions and GPx activity in blood plasma and erythrocyte
hemolysate of patients with chronic cerebral ischemia
[18]. Due to results of this research we demonstrated that
citicoline was able to increase the activity of antioxidant
GPx and to improve the cognition on long term period
in PD patients at I-Il stages. Although our research has
some limitations in number of participants and large clini-
cal trials are needed, these results show that citicoline
administration may influence the important pathogenetic
chain in PD and helps patients to improve the quality of
life even in the early stages of the disease due to cognitive
functions improvement.

Conclusions

1. Citicoline administration had positive influence on
cognitive improvement in PD patients at the early stages
of the disease, according to the MoCA scores.

2. Citicoline treatment had significant positive influ-
ence on the increasing antioxidant GPx plasma activity in
PD patients at the early stages of the disease.

Perspectives of the future researches are in large
clinical trials for confirming citicoline benefits in treatment
of PD in the early stages.
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