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This study analysed the relationship between levels of brain-derived neurotrophic factor (BDNF) and pro-inflam-
matory interleukin-6 (IL-6) and cognitive impairment in patients with multiple sclerosis (MS) with different disease
durations. The study included 72 patients with relapsing-remitting MS, who were divided into three groups depend-
ing on the duration of the disease: Group 1 - 27 patients with a disease duration of up to 5 years, Group 2 - from 5
to 10 years (23 patients), Group 3 - over 10 years (22 patients). The neurocognitive status of patients was assessed
using the MoCA, SDMT and PASAT-3 tests, and the serum levels of BDNF and IL-6 were determined by enzyme-linked
immunosorbent assay. The results showed that in patients with MS, the formation of cognitive impairment (as as-
sessed by the MoCA, SDMT, and PASAT-3 scores) was associated with a decrease in serum BDNF and an increase
in IL-6 levels. In particular, a positive correlation was found between BDNF levels and cognitive test scores (MoCA
r=0.61, p=0.000; SDMT r=0.668, p=0.000 and PASAT-3 r=0.634, p=0.000), while IL-6 levels were negatively correlated
with cognitive scores (MoCA r=-0.417, p=0.000; SDMT r=-0.532, p=0.000 and PASAT-3 r=-0.415, p=0.000). These
results confirm the importance of neurotrophic and inflammatory dysfunction in the development of cognitive im-

pairment in patients with MS.
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Connection of the publication with planned re-
search works.

The article is a fragment of the planned research
work of Kharkiv National Medical University, “The role of
neurotrophic and inflammatory factors in the formation
of cognitive dysfunction in patients with multiple sclero-
sis”, state registration number 0123U104329.

Introduction.

Multiple sclerosis (MS) is a chronic disease of the
central nervous system of demyelinating genesis that is
constantly progressing and affects people of predomi-
nantly young age [1]. There are about 21,000 patients
with multiple sclerosis in the Ukrainian population, and
every year, the number of “young” and deeply disabling
patients is steadily increasing [2].

Inflammatory processes are observed in patients at
almost all stages of MS development. According to some
authors, inflammatory processes play a significant role
in the pathogenesis of MS, causing the destruction of
the myelin sheath and axonal damage due to the release
of proinflammatory cytokines, particularly interleukin-6
(IL-6) [3].

These pathological processes can occur both within
and around multiple focal lesions of the brain and spinal
cord, exacerbating demyelination processes in cerebral
and spinal structures associated with the formation of
inflammatory infiltrates, the development of reactive
gliosis and axonal damage [4].

Neurotrophic factors, in particular brain-derived
neurotrophic factor (BDNF), play an important role in
modulating existing inflammatory processes in nervous
tissue, which provides a protective mechanism of neuro-
protection in patients with MS [5, 6]. BDNF plays a key
role in neuroplasticity and neuronal survival and also
promotes myelin repair after damage, with the partici-
pation of the immune system [5, 6].

A characteristic feature of MS is the simultaneous in-
volvement of several parts of the nervous system, which
leads to a wide range of different disorders. The main
clinical syndromes observed in patients with MS and their

percentage of frequent occurrence are pyramidal syn-
drome (31.34%), motor disorders (paresis) — (49.25%),
cerebellar ataxia syndrome (58.21%), pelvic organ dys-
function (17.91%), sensory disorders — (56.71%), visual
disorders — (46.27%), cranial innervation disorders (stem
disorders) — 14.92%, mental disorders (anxiety, depres-
sion) — (16.42%) [7].

Recently, the attention of physicians has been drawn
to cognitive impairment, which occurs quite often and
is found in approximately 50-70% of patients with MS
[8]. Cognitive impairment in MS can be manifested by
a decrease in the speed of information processing, a re-
duction in the volume of short-term (working) memory
(including learning difficulties, forgetfulness, especially
recall of recently memorised information), impaired ex-
ecutive functions and deficit of complex attention [9]. To
identify cognitive impairment, patients with MS require
a thorough interview and neurocognitive testing. Typi-
cally, standard neurocognitive tests such as the Symbol
Digit Modalities Test (SDMT) and the Paced Auditory Se-
rial Addition Test (PASAT-3) are used for this purpose [10,
11].

The SDMT is a simple and quick (90 seconds) test
to determine the speed of information processing, at-
tention, and memory. Within the specified time, the
patient must match numbers with the corresponding
symbols [10, 12]. The PASAT-3 test allows us to assess
the volume of working memory, information processing
speed, concentration, and the ability to solve the pro-
posed tasks [11, 12]. Literature data and our own studies
have demonstrated the diagnostic value of the Montre-
al Cognitive Assessment Scale (MoCA) in assessing the
state of cognitive functions, such as memory, attention,
visuospatial, verbal and executive functions, in patients
with MS [13, 14].

Recent studies have shown the important role of
neurotrophic and pro-inflammatory factors in the for-
mation of cognitive impairment in MS [15]. Under the
influence of pro-inflammatory interleukin-6, inflamma-
tory processes increase, oxidative stress develops, and
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neurogenerative processes occur in the brain micro-
environment, which leads to cognitive deterioration in
patients with MS. At the same time, BDNF, due to its
neuroprotective effect, can support cognitive functions,
mainly in terms of attention and information processing
speed [16].

It is essential to understand the pathophysiological
relationships between neurotrophic processes (serum
BDNF) and inflammatory processes (pro-inflammatory
interleukin-6), their impact on cognitive impairment and
the relationship with disease duration in patients with
MS. By studying these pathophysiological processes in
the body, new biochemical markers for early diagnosis,
course, and therapeutic strategies for the treatment of
patients with MS can be developed.

The aim of the study.

To determine the relationship between blood levels
of BDNF and interleukin-6 and cognitive impairment in
patients with MS with different disease duration.

Object and research methods.

We examined 72 patients from the Kharkiv region
who were inpatients in the neurological department No.
1 of the CNPE “RCH” of KhRC, with a diagnosis of relaps-
ing-remitting MS according to the criteria of McDonald
(2018).

The study was approved by the Ethics and Bioethics
Committee of Kharkiv National Medical University. It was
conducted with respect for human rights in accordance
with Ukraine’s current legislation and the Declaration of
Helsinki for the Ethical Principles of Medical Research In-
volving Human Subjects. All patients provided informed,
voluntary consent to participate in the study.

Patients were divided into three groups depending
on the duration of the disease: Group 1 included 27
patients with a disease duration of up to 5 years (15
women and 12 men), the average age of patients was
36.5+2.1 years; Group 2 included 23 patients with the
disease duration from 5 to 10 years (16 women and 7
men), the average age of patients was 40.4+1.1 years;
Group 3 included 22 patients with the disease duration
of more than 10 years (13 women and 9 men), the aver-
age age of patients was 48.2+1.8 years.

The control group comprised 30 practically healthy
individuals of comparable age and gender.

All patients in this study underwent a thorough neu-
rological, neuropsychological, and biochemical examina-
tion. The severity of MS was assessed using the J. Kurtz-
ke Disability Status Scale (EDSS). The degree of disability
according to the EDSS scale in patients of group 1 ranged

Table — The content of brain-derived neurotrophic factor
(BDNF) and interleukin-6 in the blood serum of control
group and patients with multiple sclerosis, (Mtm)

from 1 to 5 points, and the average score was 2.42+1.26;
in group 2, the range was from 1.5 to 7 points, the aver-
age score was 3.47%1.29; in group 3, the range was from
2.5 to 6 points, the average EDSS score was 4.36+1.28.

The SDMT, PASAT-3, and MoCA tests were used to as-
sess cognitive processes in patients.

The enzyme-linked immunosorbent assay (ELISA)
method was used to determine the content of BDNF and
interleukin-6 (IL-6) in the blood serum. Biological mate-
rial, namely blood, was collected for biochemical testing
under sterile conditions. In the morning, on an empty
stomach, the ulnar vein of either arm was punctured in
healthy people and patients with MS. Venous blood was
obtained in an amount of 5 ml and immediately collect-
ed in sterile K2 EDTA VACUTAINER tubes (BD Vacutainer,
China). The blood was settled and centrifuged at 3000
rpm for 10 minutes using a Universal 320R centrifuge to
obtain serum. Serum from healthy subjects and patients
with MS was separated and put into several microtubes
(eppendorf, 1.5 ml) to avoid the effect of repeated thaw-
ing cycles. Blood serum collected from patients with MS
and healthy subjects was stored in microtubes at -51°C
in a Haier (China) low-temperature freezer at the Depart-
ment of Biological Chemistry of Kharkiv National Medi-
cal University. Blood samples were thawed immediately
before the ELISA. Serum levels were measured using the
appropriate instructions for the test systems. To deter-
mine the content of interleukin-6 in the blood serum, an
ELISA kit (Labor Diagnostika Nord, Germany) was used.
The serum BDNF content was determined using the di-
agnostic test system “Human BDNF (Brain-Derived Neu-
rotrophic Factor) Elisa Kit” (Elabscience, USA).

The results were statistically processed using STATIS-
TICA 12.0 software, which used Pearson and Spearman
correlation analysis, nonlinear regression analysis (fixed
nonlinear regression), and scatter plots.

Research results and their discussion.

The table presents the serum levels of BDNF and in-
terleukin-6 in the control group and in patients with MS,
depending on the duration of the disease.

A study of the levels of BDNF and interleukin-6 in the
blood serum of patients with MS revealed that the con-
tent of brain-derived neurotrophic factor was statistical-
ly significantly reduced, while the level of interleukin-6
in the blood, on the contrary, increased in all patients,
depending on the duration of the disease.

A detailed analysis of the serum BDNF content
showed that all patients with MS had a significant de-
crease in this indicator.

Thus, in patients with MS in group 1, com-
pared with the control group, there was a statisti-
cally significant decrease in the serum BDNF con-
tent by 61.22%, in patients in group 2 — by 63.2%,

Research [ . — First group | Second Third group | @nd in group 3 a more signiﬁcant.decrease in the
indicators 3 (n=27) |group (n=23) (n=22) BDNF level by 74.9% was determined.
130,23+11,49 . 84,24+11 98 We analysed the results qf BDNF 'content'm
BDNF, p<0,001 |12372£3,08 = 0 () 001 the blood serum of all examined patients with
og/mi 335,84+19,97 p,=0,024 ng'gg% p,=0,024 | MS (72 patients) and formed scatter plots of this
p,>0,05 P; =% p,=0,0276 | indicator. At the same time, a moderate negative
29,79+2,49 44,5615,7 correlation was o’bsgrved for the 'blood cop’Fent
. 31,62+4,41 of BDNF: Pearson’s linear correlation coefficient
Interleukin-6, 14.66+0.61 p<0,001 <0.001 p<0,001 8
pg/ml 00 p,=0,0448 p_o'0367 p,=0,0448 | r=-0.375; p=0.0012 and Spearman’s R= -0.235;
p,>0,05 | P:7 p,=0,0367 | p=0.047).

Notes: p — compared to the control; p, — compared to the first group; p, —

compared to the second group; p, — compared to the third group.

We also calculated the coefficients of the
ratio of BDNF content in the blood of patients
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with different disease duration to the BDNF content in
the control group, where k_ is the ratio of BDNF content
in the blood of patients in group 1 to this indicator in
the control group; k, is the ratio of BDNF content in
the blood of patients in group 2 to the indicator in the
control group and k, is the ratio of BDNF content in
the blood of patients in group 3 to the indicator in the
control group. Thus, k, is 0.38, k,=0.36, and k,=0.25.
More significant changes in this coefficient, namely the
difference (k,-k,= -0.13), were observed in patients of
group 3 compared with kin groups 1 and 2. That is why a
longer duration of the disease (more than ten years) has
the most significant effect on the blood content of BDNF.

The content of interleukin-6 in the blood of patients
with MS, depending on the duration of the disease,
showed that the level of this proinflammatory cytokine
almost doubled at the beginning of the disease, the
concentration remained almost unchanged up to 10
years of the disease, and in group 3 (patients with a
disease duration of more than ten years) it increased
significantly again.

When compared with the level of IL-6 in the
blood of the control group, an increase in the level of
proinflammatory cytokine was observed in all patients
with MS. IL-6 in the blood of patients in group 1 increased
by 103.2%, in patients in group 2 — by 115.7%, and in
patients in group 3 —a significant increase in blood levels,
namely by 204% compared to the concentration of IL-6
in the control group. Moreover, there was a significant
increase in IL-6 in patients in group 3 compared to group
1 — by 49.6% and group 2 — by 40.9%. There were no
statistically significant changes in the content of IL-6 in
the blood of patients with MS in the first and second
groups.

Depending on the duration of the disease, the
data on the content of interleukin-6 in the blood of
72 patients with MS were analysed, and scatter plots
of this indicator were formed. A moderate positive
Pearson’s correlation (r=0.317; p=0.007) and Spearman’s
correlation (R.= -0.232; p=0.049) were observed for the
blood IL-6 content.

Similarly, we calculated the correlation coefficients
for the content of interleukin-6 in the blood of patients
with different disease duration to the content of this
indicator in the control group, where k_ is the ratio of
the content of IL-6 in the blood of patients in group 1 to
the control group; k, is the ratio of the content of IL-6
in the blood of patients in group 2 to the control group
and k, is the ratio of the content of IL-6 in the blood of
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patients in group 3 to the corresponding indicator in
practically healthy people. The following coefficients
were calculated: k, equals 2.03, k,=2.15, and k,=3.03.
Also, we see more significant changes between the
indicators in patients with MS of the third group (k,-
k,=1.0; k-k,=1.12).

The coefficients of the corresponding ratios between
the content of BDNF in the blood to the content of
interleukin-6 were calculated to indicate at what stage of
the disease which process prevails: neurodegenerative
or inflammatory. The coefficients of the corresponding
ratios between the content of BDNF to the content of
interleukin-6 in the blood (BDNF/IL-6) were: for group
1 - 4.37, for group 2 — 3.91, for group 3 — 1.89, for the
control group — 22.9.

Thus, in patients with MS of all studied groups,
there was a significant decrease in the BDNF/IL-6 ratio
compared to the control group: 5.24 times for patients
in group 1, 5.85 times for patients in group 2, and 12.11
times for patients in group 3. The obtained results
indicated a significant decrease in the concentration
of BDNF in the blood for each unit to increased the
proinflammatory cytokine interleukin-6. In the future,
to predict the development of cognitive dysfunction in
patients with MS, it is necessary to consider the BDNF/
IL-6 ratio: the lower the ratio, the more severe cognitive
dysfunction can be observed in patients with MS.

Summarising the results of cognitive function testing
in all groups of patients with MS, a significant decrease
in the scores of all tests (MoCA, SDMT and PASAT-3)
was determined. The worst test results were obtained
in patients of group 3, which coincided with the lowest
value of the BDNF/IL-6 ratio.

Thus, in patients of group 1, the average score on
the MoCA scale was 22.6+0.8, which is 20.4% lower
compared to the control group (in the control group, it
was 28.7+0.2 points). In patients of group 2, the average
MoCA score was 22.7+0.8, which did not differ from the
average score in groups 1 and 3 but was 20.1% lower
than the corresponding score in the control group. In
group 3, the mean MoCA score was the lowest among
all studied patients with MS and was 21.6+0.8, which
was significantly different from the average score in the
control group; namely, it was 23.9% lower and did not
differ from the average score in patients from groups 1
and 2.

If we look at the scatter plots of BDNF and
interleukin-6 levels with cognitive scores obtained by
the MoCA test not only from MS patients with different
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Figure 1 — Scatter plot of BDNF and interleukin-6 levels and cognitive performance on the MoCA scale.
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Figure 2 — Scatter plot of BDNF and interleukin-6 levels and cognitive performance on the SDMT scale.

disease duration but also from the control group, we
find significant correlations between them (fig. 1).

According to the SDMT test in the control group, the
average number of processed signs was 57.1+0.9, of
which 56.31£0.9 were correct and 1.40% were errors. In
group 1, according to the SDMT test, the average num-
ber of processed signs decreased to 35.2+2.7, which is
38.3% lower than the control group, of which 34.3+2.7
were correct, which is probably 39.1% less than in prac-
tically healthy people.

In group 2, the average number of processed signs
in the SDMT test was 35.3+2.6 (38.2% lower than in the
control group), of which 34.1+2.6 were correct, which
is 39.4% lower than in practically healthy people. The
test results obtained in patients of group 2 did not differ
from those of group 1.

In group 3, the lowest average number of pro-
cessed signs by the SDMT test was 26.5+2.5 (which is
52.9% lower than the corresponding indicator in healthy
people), of which only 25.3+2.5 were correct, which is
55.06% lower than the corresponding indicator in the
control group. The number of processed signs in the
SDMT test was 24.7% and 24.9% lower than in the first
and second groups, respectively.

According to the PASAT-3 test, the results in the con-
trol group were 56.8+0.5 signs, errors — 1.93+0.5, and
omissions — 1.12+0.4. In patients of group 1, the result
of the PASAT-3 test was 34.3+2.0, which is 39.6% lower
than in the control group, errors — 13.93+6.2 and omis-
sions — 11.81+6.0, which is significantly 7.2 and 10.5

times higher than the corresponding values in the con-
trol group.

In patients of group 2, the PASAT-3 test result was
35.7+3.0, which is 37.1% lower than in the control group;
errors 13.65+8.6, and omissions 10.65%9.2, which are
significantly 7.1 and 9.5 times higher than the corre-
sponding values in the control group and almost equal
to the values obtained in group 1.

In patients of group 3, the result was 27.1+2.7,
which is 52.3% lower than in the control group; errors
18.27+9.1, and omissions 14.5+11.7, which were most
significantly 9.5 and 12.9 times higher than in the control
group and differed from the results obtained in groups 1
and 2 of patients with MS.

If we look at the scatter plot of blood BDNF and in-
terleukin-6 levels with the mean cognitive scores ob-
tained by SDMT and PASAT-3 tests not only for patients
with MS but also for the control group (72 patients + 30
controls), we can observe correlations between them
(fig. 2, fig. 3).

A detailed analysis of the graphical representations
of the obtained cognitive indices on the MoCA, SDMT,
and PASAT-3 scales reveals that such disorders repeat
changes in the serum levels of BDNF and IL-6 in patients
with MS who have different disease durations. It is
a significant decrease in BDNF content against the
background of increased IL-6 that is accompanied by a
weakening of cognitive abilities in patients with MS with
different disease duration.

Statistical analysis showed that the relationships
between blood levels of BDNF, interleukin-6 and
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Figure 3 — Scatter plot of BDNF and interleukin-6 levels and cognitive performance according to PASAT-3.
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cognitive performance on the MoCA, SDMT and PASAT-3
scales for 102 observations (72 patients with MS + 30
controls) were nonlinear. That is why we used nonlinear
regression analysis methods, namely fixed nonlinear
regression. The results showed that only 40% of the
variability in cognitive performance was due to the
influence of BDNF and IL-6, as evidenced by the presence
of determination coefficients for all test scores on the
MoCA, SDMT and PASAT-3 scales in the range of 0.4-
0.42. Thus, the pathogenesis of cognitive impairment
in MS is multifactorial, in which increased inflammatory
processes and depletion of neuroprotective capabilities
play a particular role.

Conclusions.

A correlation analysis was performed between BDNF
and interleukin-6 in the serum of healthy people and
patients with MS with different disease duration and
cognitive dysfunction scores: MoCA, PASAT-3, SDMT.
The results showed the dependence of neurocognitive
assessment on the content of biochemical markers in
the blood. To predict the development of cognitive
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dysfunction in patients with MS, it was proposed to
determine the BDNF/IL-6 ratio.

The pathogenesis of cognitive impairment in MS
is multifactorial, in which increased inflammatory
processes and depletion of neuroprotective capabilities
play a particular role.

Despite the existing literature data, our results on
the role of BDNF and proinflammatory interleukin-6
in the development of cognitive impairment in MS
require further study, which will allow us to deepen
our understanding of the pathogenetic mechanisms of
these disorders in MS and develop algorithms for early
diagnosis and prognosis of cognitive dysfunction in
patients with MS.

Prospects for further research.

It will be a more detailed understanding of the
pathogenetic mechanisms of interaction between BDNF
and proinflammatory interleukin-6 in the development
of cognitive impairment in patients with multiple
sclerosis, as well as the development of new methods of
early diagnosis and therapeutic strategies.

PO/Ib MO3KOBOIO HEMPOTPO®IYHOIO ®AKTOPY TA IHTEP/IEMKIHY-6 Y
®OPMYBAHHI KOTHITUBHUX NMOPYLUEHb Y MALLIEHTIB 3 PO3CIAHUM CK/NIEPO30OM

XapKiBCbKUiA HaLioOHaNbHUIT MeguUHUit yHiBepcuteT (M. XapkiB, YKpaiHa)
osteslenko.int15@knmu.edu.ua

Y ubomy 0ocnioxeHHi bysa0 NPoaHanizo8aHo 38°A30K MixC pieHAMU HelipompoghiuHozo pakmopa (BDNF) ma
npo3ananbHo20 iHmepnelkiHy-6 (1/1-6) 3 KoeHIMUBHUMU MOPYWeEHHAMU y nayieHmie 3 po3ciaHum ckaepo3om (PC)
3 Pi3HOK MPUBANICMIO 3aX80PHBAHHA. LOCNiOH(eHHA 8KAKYAA0 72 NauieHmMu 3 peyuumusyroyo-pemimyrvum
munom PC, aki 6ynu po3dineHi Ha 3 epynu 3anexcHo 8i0 mpusasaocmi 3axeoprosaHHA: 1 2pyna - 27 nayieHmis i3
mpusanicmio 3axeopto8aHHA 00 5 pokis, 2 epyna — 8i0 5 do 10 pokie (23 nauieHmu), 3 epyna - noHao 10 pokis
(22 nauienmu). 3a dornomozoro mecmie MoCA, SDMT ma PASAT-3 oyiHtoganu HelipoKo2HimusHuli cmamyc Xeopux,
a memoodom meepdodha3HO20 iMyHOepMeHMHO20 aHAI3y 8u3Ha4aau emicm pieHa BDNF ma I/1-6 y cuposamui
Kposi. OmpumaHi peaynemamu 0ogesnu, wo y nayieHmis 3 PC (popMyB8aHHA KO2HIMUBHUX nopyuwieHs (3a 6anb6Ho0
ouiHKoto 3a wkanamu MoCA, SDMT, PASAT-3) 6yno nog’asaHe 3i 3HUXeHHAM emicmy 8 cuposamuyi Kposi BDNF ma
nioguweHHAM pieHto I/1-6. 30Kpema, sUABAEHA MO3UMUBHA KOPEAAUIa Mixc pisHamu BDNF ma oyiHoyHumu 6anamu
Ko2HimusHux mecmie (MoCA r=0,61, p=0,000; SDMT r=0,668, p=0,000 ma PASAT-3 r=0,634, p=0,000), modi sk pieHi
I/1-6 HecamueHO Kopenrsasnu 3 Ko2HimueHUMU nokazHukamu (MoCA r=-0,417, p=0,000; SDMT r=-0,532, p=0,000
ma PASAT-3 r=-0,415, p=0,000). Lli pe3ynemamu niomeepoxcyroms 8axcausicms nopyweHHs HelipompogiyHux ma

MOCUsIeHHA 3aaabHUX MPOUecie y po38UMKY KO2HIMUBHUX MopyuweHb y xaopux Ha PC.
Knwouoei cnoea: poscisHuli cknepos, KoeHIMueHi nopyweHHs, HelipokoeHimueHe mecmysaHHs, BDNF,

iHmepneliKiH-6.

38’A30K ny6niKauii 3 n1aHOBUMM HayKOBO-AoCAiA-
HUMU poboTamu.

CratTa € PpparmeHTOM NAAHOBOI HayKOBO-AOCAIAHOI
po60TM XapKiBCbKOrO HaLiOHANbHOrO MEAUYHOrO YHi-
BepcuTeTy «Ponb HelpoTpodiyHnX dakTopiB Ta daKTo-
piB 3ananeHHA y GOpMyBaHHi KOFHITUBHOT AUCYHKLT Y
XBOPMX Ha PO3CIAHMI CKIEepPO3», HOMEP AepPKaBHOI pee-
cTpauii 0123U104329.

Bcryn.

Po3cisaHuit cknepos (PC) — Lie XpoHiYHe 3aXBOPOBaH-
HA LEeHTPaNbHOI HEPBOBOI CUCTEMMU, AEMIENIHI3YIOYO-
ro reHesy, WO HEBMWHHO MPOrPecye Ta BPakae ntoaei
nepesaxkHo monogoro BiKy [1]. Cepeps, yKpaiHCbKOI no-
nynauii HapaxoByeTbcA 6aM3bKo 21 TUCAYI NauieHTIB i3

PO3CIAHUM CKEPO30M, | KOXKHOTO POKY MOKA3HUK «MO-
noAoi» Ta rnboKo iHBaNian3yo4oi XxBopobu HEBMNUHHO
36inbluyeTben [2].

MpaKTMYHO Ha BCix cTagiax po3suTKy PC B opraHismi
XBOPUX CNOCTEPIraeTbCA HAABHICTb 3anaibHUX NPOLLECIB.
3a AyMKO AeAakux aBTopis, y naToreHesi PC 3ananbHi
npouecu BiZirpatoTb 3HaYHY PO/b, BUKINKAIOUM PYNHY-
BaHHA Mi€NiHOBOI 060/IOHKM Ta MOLWIKOAMKEHHSA aKCOHIB
33 YMOB BMBIiZIbHEHHA NPO3anasbHUX LUTOKIHIB, 30Kpe-
Ma iHTepnelnKiny-6 (11-6) [3].

Lli natonoriyHi npouecn MoXyTb BMHUKATU AK BCe-
peamHi, Tak i HABKONO MHOXMHHUX GOKaZIbHUX BOTHULL,
ypaxKeHHA pe4yoBMHU rONIOBHOTO Ta CMIMHHOIO MO3KY, Mo-
CUNIOOUM MpoLecn AemieniHisauii B uepebpaibHUX Ta
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CMNiHAaNbHUX CTPYKTYpax, acouinoBaHmx 3 GopmyBaHHAM
3anasnbHUX iHINbLTPATIB, PO3BUTKOM PEAKTUBHOTO Nio-
3y Ta NOLUKOAKEHHSM aKCOHiB [4].

Bak/iMBY posib B MOAY/NOBaHHI HAfABHUX 3ananbHUX
NpoLeciB y HEPBOBilA TKAHWHI BiAirpatoTb HEMPOTPODIiUHI
daKTopK, 30Kpema HelMpoTPodiYHUI GaKTOP roSI0BHOTO
Mo3Ky (BDNF), aKkuiA 3abe3neyye 3axMCHUIA MexaHizm
HenponpoTekuii y nauieHTie 3 PC [5, 6]. BDNF Bigirpae
K/IH04OBY POJib Y HEMPOMAACTUYHOCTI Ta BUKMBAHHI HEW-
POHIB, @ TAaKOX CMPUAE BiAHOBNEHHIO MIENiIHY MicnA no-
LUKOAKEHHS, 3@ y4acTi imyHHOI cuctemu [5, 6].

XapaKTtepHoto ocobnumsicTio nepebiry PC € ogHouac-
He Ypa)KeHHs [AeKiNIbKOX BiAdinis HepBOBOI cCUCTEMMU,
O NPU3BOAUTL A0 LWMPOKOIO CMEKTPY PiSHOMAHITHUX
nopyweHb. OCHOBHUMU KIHIYHUMW CUHAPOMAMMU, AKi
cnocTepiratoTbea y nauieHTiB 3 PC Ta ix BigCcOTKOBe CniB-
BifHOLIEHHA 32 YaCTOl 3YyCTPiYaNbHOCTI €: NipamigHui
cuHapom (31,34%), moTOopHi nopylweHHA (napesu) -—
(49,25%), M0O304KOBO-aTaKTUYHUN cuHApPom (58,21%),
nopyLweHHs GyHKL,ii TasoBMX opraHis (17,91%), ceHcopHi
nopyweHHs —(56,71%), 30poBi nopyweHHa — (46,27%),
NopyLLEHHs YepenHoi iHHepBaU,i (cToBbypoBi NopyLueH-
HA) — 14,92%, ncuxiyHi NopyLleHHs (TpuBora, genpecis)
—-(16,42%) [7].

OcTaHHiM Yacom, yBary fikapis NpMBepTatOTb KOTHI-
TUBHI MOPYLUEHHA, AKI BUHMKAKOTb AOCUTb YacTo Ta 3y-
cTpivatoTbea npubnamsHo y 50-70% nauieHTie 3 PC [8].
KorHitTmeHi nopyweHHs npu PC MOXyTb MpoAaBAATUCA
3HMMKEHHAM LIBUAKOCTI 06pobKM iHpopmauii, 3meH-
LWEeHHAM 06’eMy KOpOTKOYacHOi (onepaTuMBHOI) nam AT
(BrAtOYatOUM TPyAHOLLi 3 HaBYaHHAM, 3abyAbKyBaTiCTb,
0cobAMBO MpUrafyBaHHA HeWoAaBHO 3anam’AaTOBaHOI
iHpopmaLi,ii), NnopyLeHHAM BUKOHABYMX OYHKLUIM Ta ae-
diyMTOM KOMNAeKcHoi yBaru [9]. s BUSBAEHHA KOTHi-
TUBHMUX NOPYLUIEHHA, NaLieHTH 3 PC noTpebytoTb peTenb-
HOFO OMWTYBAHHA Ta HEMPOKOrHITUBHONO TECTYBaHHS.
3asBuuall, ANA UbOTO BMKOPUCTOBYHOTbCA CTaHAAPTHI
HEeNPOKOTHITUBHI TecTn, Taki ak Symbol Digit Modalities
Test (SDMT) Ta Paced Auditory Serial Addition Test
(PASAT-3) [10, 11].

SDMT € npoctum Ta wemnakmMm (90 cekyHZ) TecTtom
017 BU3HAUYEHHSA WBMAKOCTI 06pobKu iHdopmauii, ysaru
Ta Nam’aTi. Y mexkax 3a3Ha4eHoro yacy naLieHT NOBMHEH
3icTaBUTM Ymncna 3 BignosigHMmmu cumsonamu [10, 12].
Tect PASAT-3 003B0OASIE OLiHUTM 06’em poboyoi nam’aTi,
WBKUAKICTb 06POBKM iHbOpMaLLi, KOHLLEHTpaLilo yBaru
Ta 34aTHICTb BUPilWyBaTM 3aNpONOHOBaHI 3aBAaHHA [11,
12]. AaHi niTepaTypy Ta Halwi BAACHI AOCAiIAXKEHHS Npo-
OEMOHCTPYBaIM AjarHOCTUYHY LLiHHICTb MOHpeanbCbKoi
LWKaNW OLiHKM Ni3HaBabHUX GyHKLUiM (MoOCA) npwm ouiH-
Lj CTaHy KOTHITMBHMX GYHKLIT, TaKMX AK Nam’ATb, yBara,
30pOBO-NPOCTOPOBI, BepbanbHi Ta BUKOHaBYI OYHKLi, ¥
naujienTis 3 PC [13, 14].

JocnigrKeHHA OCTaHHIX POKiB [0BEeNn BaXauBy
ponb y GOopMyBaHHi KOFHITUBHMX nopyweHb npu PC
HenpoTpodiuyHMX Ta nposananbHux ¢daktopis [15]. Mig
Oi€0 NpOo3ananbHOro iHTep/enKiHy-6, MoCKMAOTLCA
3ananbHi Npouecu, PO3BUBAETHCA OKCUAATUBHUI CTPEC,
BMHUKAOTb HEMPOreHepaTMBHI NPOLLECU Y MIKPOOTOYEH-
Hi MO3KYy, LLO NPW3BOAUTb A0 NOFiPWEHHA KOTHITUBHUX
dyHKUiM y nauienTi 3 PC. B Tol yac, sk BDNF BHachi-
[0K CBOET HEMPONPOTEKTOPHOI Aii 34aTeH 40 NiATPUMKM
KOTHITUBHUX OYHKLiN, FONOBHUM YMHOM, LWLOAO YBaru Ta
WBKMAKOCTI 06pobKM iHbopmauii [16].

[ocnTb BaXKNMBUMM € PO3YMiHHA NaTodisioNoriyHmx
B33aEMO3B’A3KIB MK HelpoTpodiyHMMKM npouecamm
(BmicT y cuposaTLi Kposi BDNF) i1 3ananbHMmMu npoue-
camu (BMicT npo3anasibHOro iHTepselKiHy-6), X BRAU-
BOM Ha KOTHIiTMBHI NOPYLEHHA Ta 3B'A30K 3 TPUBAJICTIO
3aXBOpPOBaHHA y xBOpux Ha PC. 3aBAAKM BUBYEHHIO LIMX
naTodizioNoriyHMX NPoLEeCciB B OpraHiami, MoxKyTb 6yTn
po3pobsieHi HoBi BioxiMiuHi MapKepn paHHbOI giarHoc-
TUKK, nepebiry, TepaneBTUYHI cTpaTerii Ana NikyBaHHSA
nauienTis 3 PC.

Merta gocnigKeHHs.

Bu3HauyeHHA 3B’A3Ky MiX piBHAMK B KpoBi BDNF Ta
iHTEepNEeNKiHY-6 3 KOTHITMBHUMM NOPYLIEHHAMM Y Naui-
€HTiB 3 PC 3 pi3HOI TPMBANICTIO 3aXBOPHOBAHHA.

O6’eKT i meTOaU AOCNiAXKEHHA.

Byno obcTexkeHo 72 nauieHTU Xutenis XapKiBCbKOi
obnacrTi, AKi nepebyBann Ha CTaLiOHAPHOMY JliKyBaHHi
B HesposoriyHomy BigaineHHi Ne 1 KHIM «OKJ1» XOP, 3i
BCTAHOB/IEHUM pAiarHo3zom PC peuumamsyrouo-peMmiTyto-
ynin TMN nepebiry BianoBiaHO Ao KpwuTepiis McDonald
(2018 pik).

Ha npoBefeHHA HayKOBOro foc/igKeHHs byno oTpu-
MaHO [03BiN Bif, €KCNEePTHOI KOMICIi 3 MMTaHb eTUKM Ta
6ioeTnKM XapKiBCbKOro Hal,ioOHaNbHOrO MeAUYHOrO YHi-
BepcuteTy. [locnigKeHHA NPOBOAMIIOCH 3 LOTPUMAHHAM
npas AOAMHU BIANOBIAHO A0 YMHHOIO B YKpaiHi 3aKo-
HOJ@BCTBA Ta leNbCiHCbKOI Aeknapauii «ETMYHI npuHUK-
Ny MegUYHUX AO0CNiIAMXKEHDb 32 YYaCTIO JIIOANHU Y AKOCTI
06’eKTa gocnigxeHHa». Yci xBopi Haganu iHbopmoBaHy
[06pOBiINbHY 3roAy HAa y4acTb Y AOCAIAMKEHHI.

MauieHTiB 6yN10 po3nogineHo Ha 3 rpynu B 3a/1eKHO-
CTi Bif, TPMBANOCTI 3aXBOPIOBAHHA: y 1-wwy rpyny yBilLw-
N 27 NauieHTIB i3 TPUBANICTIO 3aXBOPHOBAHHA 0 5 pokKiB
(15 xiHoK Ta 12 vosnoBiKiB), cepeaHilt BiK NaLieHTIB —
36,512,1 poku, y 2-ry rpyny — 23 nauieHTH 3 TPMBANICTIO
3axBoptoBaHHA Big 5 A0 10 pokis (16 *KiHOK Ta 7 Yoso-
BiKiB), cepeaHii BiK nmauieHTiB — 40,4+1,1 poku, y 3-Tio
rpyny yBiMwaM 22 NauieHTy i3 TPUBANICTIO 3aXBOPHOBAH-
HA noHag, 10 pokis (13 »KiHOK Ta 9 YonoBiKiB), cepeaHiin
BiK nauieHTiB — 48,2+1,8 poKu.

lpyny KoHTpoAto ckNaganv 30 NPakTUYHO 340POBUX
0cib cniBCTaBHMX 3a BIKOM Ta CTaTTIO.

Bci nauieHTM y gaHoMy AOCAiAXKeHHI nporwan pe-
Te/ibHe HEBPOJIOTIYHE, HEMPONCMXO/OriYHe Ta Bioximiu-
He obcTexkeHHA. CTyniHb TAXKKOCTI PC BcTaHOBAOBanacA
BiANOBIAHO A0 WKanuM iHBanigmusauii 3a J. Kurtzke (EDSS).

CtyniHb iHBanigm3sauii 3rigHo i3 wkanoto EDSS y na-
uieHTiB 1-woi rpynu 6yB B gianasoHi Big 1 go 5 6anis,
a cepegHin 6an cknagas 2,42+1,26; y 2-roi rpynun Aia-
nasoH 6ys Big 1,5 go 7 6anis, cepeaHint 6an cknanas
3,47+1,29; y 3-Tin rpyni — gianasoH 6yB Big 2,5 f0 6
banis, cepegHilt 6an 3a EDSS — 4,36+1,28.

[Ns OUiHKN KOTHITUBHUX MPOLECiB Y NaLieHTIB 6yaum
BuKopwucTaHi Tect SDMT, PASAT-3 Ta MoCA.

[OnAa BU3HaueHHA BMIiCTy y cupoBaTui Kposi BDNF Ta
iHTepnenkiHy-6 (1/1-6) BUKOpUCTOBYBABCA METOA TBEp-
nodasHoro imyHodpepmeHTHOro aHanisy (IPA). 3abip 6i-
0/10riYHOrO MaTepiany, a came Kposi, Ana bioximiyHoro
OOCNiAXKEHHA NPOBOAUAM B CTEPUIbHUX yMmoBax. Hat-
LiecepLe BpaHLUi BUMKOHYBAAM NMYHKLiIO NiKTbOBOI BEHMU
6yab-AKOi pyKM 300poBUX Atodel Ta nauieHTis 3 PC.
OTprMmyBann BEHO3HY KPOB Y KiZIbKOCTi 5 ma Ta Bigpasy
36Mpanu y ctepunbHi npobipkn K2 EDTA VACUTAINER
(BD Vacutainer, Kutai). Ons OTPMMaHHSA CUPOBATKM
KpoB BigcTotoBanu Ta ueHTpuoyrysanm npu 3000 obep-
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Tax/XBUAMHY npoTtarom 10 XBUAWH 3 BUKOPUCTAHHAM
ueHTpuoyrn Universal 320R. CupoBaTKy KpoBi npak-
TUYHO 340POBUX NtoAel Ta nauieHTis 3 PC noginanun ta
BHOCW/IM B AeKiNbKa Mikponpobipok (eppendorf, 06’e-
mom 1,5 mn) Ana yHUKHEHHA epeKTy HeoAHOPa3oBMX
LMKiB PO3MOPOXKYBaHHA. CMPOBATKY KPOBI, 3ibpaHy Bif,
nauieHTiB 3 PC, Ta 3g40poBux ntoaen 36epirann B mikpo-
npobipkax — eniHgopdax npm -512C B HM3bKOTEMNEPA-
TYPHilA MOpPO3U/bHIA Kamepi Haier (Kutai) Ha Kadeapi
6ionoriyHoi Ximii XapKiBCbKOro HauioHasbHOrO meamy-
HOro yHiBepcuteTy. besanocepegHbo nepes BUKOHAHHAM
I®A npoBoaMAN PO3MOPOXKYBAHHA 3Pa3KiB KpPoBi. BmicT
NOKA3HMKIB Yy CMPOBATLi KPOBIi NPOBOANAM 3 BUKOPUC-
TAHHAM BiAMOBIAHUX [HCTPYKLiM A0 TecT-cuctem. Ons
BM3HAYEHHS BMICTYy iHTEpNeMKiHy-6 y cupoBaTui KpoBi
BMKopuctosyBanm IGA — Habip «Labor Diagnostika
Nord», HimeuunHa. Bmict BDNF y cupoBaTui KpoBi Bu-
3HayanM 3a AOMOMOroK AiarHOCTUYHOI TecT-CUCTeMMU
«Human BDNF (Brain Derived Neurotrophic Factor) Elisa
Kit» (Elabscience, CLLA).

CTaTMCTMYHY 06pO6KY OTPUMaHUX pe3ynbTaTiB npo-
BOoAMAM 32 gonomoroto nporpamu STATISTICA 12.0 3
BUKOPUCTAHHAM KopensuinHoro aHanisy [lipcoHa Ta
CnipmeHa, HeniHiliHoro perpeciiHoro aHanisy (¢ikcosa-
Ha HeniHiltHa perpecisa) 3 popmyBaHHAM rpadikis posci-
IOBaHHA.

Pe3ynbTatu gocnigyeHHs 1a ix 06roBopeHHs.

BmicT y cupoBaTui KpoBi piBHA BDNF Ta iHTepaeinki-
Hy-6 B rpyni KOHTPOAO Ta y NauieHTiB 3 PC B 3aneXHOCTI
BiZ, TPMBANOCTi 3aXBOPIOBAHHA NPeACcTaBNEHO B TabAuUL,.

JocniaxeHHa pisHa BDNF Ta iHTepnelikiHy-6 y cupo-
BaTLi Kposi nauieHTiB 3 PC BMABWANO, WO BMICT MO3KO-
BOro HelpoTpodiyHOro GakTopy CTAaTUCTUYHO 3HauyLle
3HUKYBABCA, @ PiBEHb iHTEPNENKiHY-6 B KPOBI, HaBNakKM,
36iNblUyBaBCA B KPOBi BCiX XBOPWX, B 3aJIEXKHOCTI Bif,
TPWBA/IOCTi 3aXBOPIOBAHHA.

Mpn getanbHoMy aHanisi Bmicty BDNF B cuposaTu,i
KPOBi BM3Ha4yeHO, WO Yy BCix naujieHTiB 3 PC cnocrepira-
€TbCA 3HAaYHE 3HMMKEHHA LLbOro NOKa3HMKa.

Tak, y xBopux 3 PC B 1 rpyni y nOpiBHAHHI i3 rpynoto
KOHTPO/IO, CNOCTEPirasiocd CTaTUCTUYHO 3HAYHE 3HU-
*keHHA BmicTy BDNF B cnpoBaTu,i Kposi Ha 61,22%, y XBO-
pux 2 rpynu — Ha 63,2%, a B 3 rpyni BU3Ha4anoch GinbLu
3HayHe 3meHweHHA pisHA BDNF Ha 74,9%.

Hamn 6yno npoaHanizoBaHoO OTPUMaHi pe3ynbTaTi
BmicTy BDNF y cupoBaTLi KpPOBi BCiXx 06CTEXKEHMX NaLli-
€HTiB 3 PC (72 nauieHTn) Ta cdopmoBaHo rpadiku pos-
CitOBaHHA BW3HAYEHOro MOKasHuKa. lMpu upomy ana
BMicTy B Kposi BDNF cnocrtepiranaca nomipHa
HeraTMBHa Kopenauia: KoediluieHT niHiMHOI Kope-
nauji NipcoHa r= -0,375; p=0,0012 ta CnipmeHa
R,=-0,235; p=0,047).

cnocrepiranacb y NauieHTiB 3 rpynu y NopiBHAHHAX 3 k
y rpyn 1 1a 2. Came Tomy TPUBaiIMN TEPMIH 3aXBOpIO-
BaHHA (noHag 10 pokiB) HalbiNbLW BNAMBAE HA BMICT B
Kposi BDNF.

BMicT iHTepneiKiHy-6 B KpoBi xBopux Ha PC y 3anex-
HOCTI Bif, TPMBaNOCTi 3aXBOPIOBAHHA NOKa3aB, Lo PiBEHb
LLbOro Npo3anasbHOro LMTOKiIHY Ha MO4YaTKy 3axBopto-
BaHHA 36iNbLIYETbCA NPAKTMYHO Y ABa pa3u, Ao 10 pokis
33aXBOPHOBAHHA KOHLEHTPALLA NPAKTUYHO HE 3MIHIOETb-
cs,ay 3 rpyni (XxBopux 3 TepMiHOM 3aXBOpPIOBaHHA GiNbLL
Hi>k 10 poKiB) 3HOBY CYTTEBO 3POCTaE.

Mpwn nopiBHAHHI 3 BMiCTOM I/1-6 y KPOBI rpynu KOHTP-
ONl0 cnocTepirann 36inblUeHHA piBHA MNpPo3anasnbHOro
LMTOKIiHY y BCix nauieHTiB 3 PC. BmicT I/1-6 B KpOBi XBOpMX
1 rpynu 36inbwyBaBca Ha 103,2%, y nauieHTiB 2 rpynu
—Ha 115,7%, a y xBopux 3 rpynu — 3HayHe 36inblueHHA
BMICTY B KpOBi, @ came Ha 204% y NOpiBHAHHI 3 KOHLEH-
Tpauieto 1/1-6 y KOHTPOAbHINM rpyni. Mpuyomy cnocTepi-
raeTbcA 3HauyLe 36inbweHHA 1/1-6 y XBOPMX, LLLO CKAANN
3 rpyny, y NOPiBHAHHI 3 NepLuoto rpynoto — Ha 49,6% Ta
apyroto rpynoto — Ha 40,9%. He cnocTepiranocsa cratuc-
TMYHO 3HAYMMMX 3MiH MiXK BMicTOM I/1-6 B KpoBi NaLLieH-
TiB 3 PC nepwoi Ta A4pyroi rpyn cnoctepexeHHs.

B 3anerKHOCTI Bif, TPMBANOCTi 3axBOPOBAHHA Oy/0
NnpoaHani3oBaHO AaHi WOAO BMICTYy iHTepAenKiHy-6 y
KpoBi 72 nauieHTiB 3 PC Ta cdopmoBaHo rpadiku pos-
CitOBaHHA BWM3HAYEHOro MOKasHMKa. lpu upomy anA
BMICTY B KpoBi I/1-6 cnocTepiranacAa nomipHa No3nTMBHA
Kopenauia MNipcoHa —r=0,317; p=0,007 Ta CnipmeHa —
R.=-0,232; p=0,049.

AHanoriyHo MU pospaxyBanun KoedilieHTN chiBBia-
HOLWEHHA ANA BMICTy iHTEep/ielKiHy-6 B KpOBi XBOPWUX
i3 pPi3HOIO TPMBAJICTIO 3aXBOPIOBAHHA A0 BMICTY LbOro
NOKa3HMKa y KOHTPO/IbHIN rpyni, Ae k, — Ue BiAHOWeH-
HA BMICTYy I/1-6 B KpOBi XBOpMX, LLO BXOAATbL A0 rpynu 1
[0 NOKa3HMKa Yy KOHTPOAbHIM rpyni; k2 — Lle BiAHOLWeEeHHA
BMICTY B KpOBi I/1-6 y XBOpMX, WO HaneXann 40 rpynu
2 [0 NOKA3HMKA Y KOHTPOAbHOI rpynu Ta k3 — ue Big-
HOLEHHA BMicCTy I/1-6 y KpoBi xBopux 3 rpynu 4o Bigno-
BiZLHOrO MOKa3HWKA Y NPAKTUYHO 340p0OBUX Ntoaelt. byno
pO3paxoBaHO HACTYMHi KoedilieHTu: k1 popisHtoe 2,03,
k,=2,15, Ta k,=3,03. Takox 6inbL 3Ha4yLLi 3MIHU MK 6a-
YMMO MiXK NOKa3HWKammM y nauienTis 3 PC TpeTboi rpynu
(k;-k,=1,0; k,-k,=1,12).

Bynn po3spaxoBaHi KoeodiuieHTM BigNOBIAHWMX CniB-
BifHOWeEHb Mixk BmicTom BDNF B KpoBi f0 BMICTy iHTe-
pnelikiHy-6 gas Toro, Wob 3a3HauynTM Ha AKOMY TePMiHi
3aXBOPIOBAHHA SIKMW NpoOLEC NepeBaykae: Helpogere-
HepaTUBHUI abo 3ananbHuii. KoedilieHTn BignoBigHMX

Ta6bnuua — BmicT mo3KoBOro HelipoTpodiuHoro ¢pakTopy
(BDNF) Ta iHTepneiiKiHy-6 y cupoBaTL,i KpoBi rpynu KOHTpO-

JII0 Ta XBOPUX Ha PO3CiAHUIA cKnepos, (Mim)

. Takox, 6yno PO3an°BaHO Koed)'."'"EHTM cn||.3- [ocnigxysaHi| KoHTponb |[Mepuwa rpyna|fpyrarpyna| TpeTtarpyna
BigHoweHHA BMicTy BDNF B KpoBi XBOPUX i3 | [okasumkm (n=30) (n=27) (n=23) (n=22)
Pi3HOIO TPMBANICTIO 3aXBOPKOBAHHA A0 BMICTY B .\
BDNF y rpyni KoHTponto, ae k. — Le BifHOWEHHA 130,23+11,49 123,72+9,08 84,24+11,38

. . 1 BDNF, p<0,001 p<0,001
BmicTy B kKposi BDNF y xBopux, wwo Bxoaats y 1 | /vy 3358441997 o _0 024 | P<O001 p.=0,024
rpyny A0 LbOro NOKa3HWKa Y KOHTPO/IbHIM rpyni; ;)32 >0,05 P,=0,0276 p21=0,0276
k2 — ue BigHowWweHHA BmicTy B Kposi BDNF xBo-

PUX, WO BIAHOCATLCA A0 2 IPYNN A0 NOKAsHMKAY | 29,33%26119 31,62+4,41 44;%685&7
KOHTPO/IbHIW rpyni Ta k, — Le Bi4HOWeEHHsA BMic- KiH-g nr/mn 14,6610,61 pp=0,0448 p<0,001 pp=0,0448
Ty BDNF y KpOBi XBOPUX 3 3 rpynu 0 NOKa3HMKa ’ b, 50,05 | P»=0,0367 P2=0:0357

Yy rpyni KOHTPOAt. TakKMM YMHOM, k1 LOpPiBHIOE
0,38, k,=0,36, a k,=0,25. Binblw 3HauyLi 3MiHK
uboro koeodiuieHTy, a came pisHuuA (k -k = -0,13)

NpPUMITKK: p — y NOPIBHAHHI 3 KOHTPONEM; P, — Y MOPIiBHSAHHI 3 NOKAa3HWUKOM Y
nepLiv rpyni; p,—y NOPIBHAHHI 3 MOKa3HWMKOM Y ApYriii rpyni; p,— Y NOPIBHAHHI 3
NOKA3HUKOM TPeTbOI rpynu.
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PucyHok 1 - I'padik poscitoBaHHA Bmicty BDNF Ta iHTepnelikiHy-6 Ta KOrHITMBHUX NOKa3HMKIB 3a WKanoto MoCA.

cnisBigHoWeHb Mix BMicTom BDNF go Bmicty iHTepnei-
KiHy-6 B Kposi (BDNF/IL-6) cknaganu: ana 1 rpynu —
4,37, pna 2 rpynn — 3,91, gna 3 rpyna — 1,89, ana rpynu
KOHTpOlO —22,9.

Takum 4mMHOM, y nauieHTiB 3 PC ycix gocnigyeHux
rPyn CNOCTepiraeTbCA 3HaYHE 3HUMKEHHA CNiBBigHOLWEH-
HA BDNF/IL-6 y nOpiBHAHHI 3 BU3HAYEHUM MOKA3HUKOM Y
KOHTPOAbHIM rpyni: B 5,24 pasiB an1s naujieHTis 1 rpynu, B
5,85 pasiB anA nauieHTiB 2 rpynn Ta B 12,11 pasis — ana
nauienTis 3 rpynu. OTpUMaHI pe3ynbTaTh CBIAYMAM HA
3HAYHY Be/IMUYMHY 3HUMKEHHA KOHUEHTpaLii B Kposi BDNF
Ha KOXHY OAMHULIO 36inblUeHHA NPO3anasbHOro LUTO-
KiHy — iHTepneliKkiHy-6. Hagani gna nporHosyBaHHA pos-
BUTKY KOTHITUBHOT ANCPYHKLIT y xBOopux 3 PC HeobxiaHo
pO3mAHYTM KoediuieHT cnisBigHOweHHA BDNF/1/1-6:
UMM HUKYe KoedilieHT, TUM Binblu BUpaXKeHa KOrHiTUB-
Ha AMchYHKLiA MOXKe cnocTepiratncsa y nauieHTis 3 PC.

Y3aranbHIOUYM Pe3ynbTaTh TeCTYBAHHA KOTHITUBHMX
dYHKUiM B ycix rpynax nauieHTiB 3 PC 6yno BM3HA4YeHO
BiporigHe 3HMKEHHS OLiHOYHMX H6anis 3a BCima TecTamm
(MoCA, SDMT Ta PASAT-3). Hatripwwi pe3ynbtaTv 3a Tec-
TyBaHHAM Oy/M OTPMMAHI y NauieHTiB 3 rpynu, Wwo 36ira-
J10Cb 3 HAMHUMKYMM 3HaYeHHAM KoedilieHTy BDNF/IL-6.

Tak, y nauieHTiB 1 rpynun cepegHiin 6an 3a wWkKanoto
MoCA cknagas 22,610,8, wo Ha 20,4% Hux4e y nopis-
HAHHI 3 NOKA3HUKOM Y TPyMnu KOHTPOAO (Y KOHTPObHIN
rpyni cknagas 28,7+0,2 6anis). Y nauieHTiB 2 rpynu ce-
peaHii 6an 3a wkanoto MoCA cknagas 22,7+0,8, uen
NMOKa3HMK He Bigpi3HABCA Big cepeagHboro 6any y nawi-
€HTIB NepLwoi Ta TpeTboi rpyn, ane 6ys Ha 20,1% Huxye
BignoBigAHOro 6any y NOpiBHAHHI 3 rpymnot KOHTpost0. Y

70

3 rpyni nauieHTiB cepeaHii 6an 3a wkanoto MoCA 6ys
HaMHMKUYMM cepen yCix gocnigxeHmx naujienTis 3 PC Ta
cKknagas 21,6+0,8, wo A0CTOBIpPHO BiApi3HABCA Big, ce-
peaHboro 6any y rpyni KOHTPO, a came 3HUKyBaBCA
Ha 23,9%, Ta He BiApPI3HABCA Y NOPIBHAHHI 3 cepeaHiM
6anom y NauieHTiB 3 NepLuoi Ta Apyroi rpyn.

AKWO MKW po3rnsiHeMo rpadiku po3citoBaHHA PiBHIB
BDNF Ta iHTEep/IelKiHy-6 3 KOTHITUBHMMMW MOKa3HMKaMK,
oTpmaHumm 3a Tectom MoCA He TinbKu Big NaLieHTIB
3 PC 3 pi3HOO TpMBanICTIO 3aXBOPHOBaHHA, ane W Big,
KOHTPONbHOI rpynn, TO BU3HAYMMO 3HAYHI KOpenaLuinHi
3B’A3KKN MiXK HUMM (purc. 1).

3a TectyBaHHAM SDMT B rpyni KOHTpoOAO cepeaHs
KiNIbKiCTb onpauboBaHMX cknagana 57,1+0,9, 3 HMx npa-
BUAbHI Bignosiai —56,3+0,9, nomunok —1,40%. Y 1 rpyni
3a Tectom SDMT, cnocTtepiranoca 3HUKEHHA cepeaHbol
KiNbKOCTi OnpauboBaHMX 3HaKiB Ao 35,2127, wo Ha
38,3% HUXKYe BM3HAYEHOrO MOKa3HMKa Yy rpyni KOHTPO-
N0, 3 HUX NpPaBUAbHUX Bignosigen byno 34,3+2,7, wo
BiporiaHo Ha 39,1% MeHLUe, HiX Y NPAKTUYHO 340POBUX
noaen.

Y 2 rpyni nauieHTiB cepenHa KinbKiCTb onpauboBa-
HUX 3HaKiB 3a TecTom SDMT cknana 35,3+2,6 (Ha 38,2%
HUKYE BM3HAYEHOrO MOKA3HMKA Yy TPynu KOHTPOAI),
3 HWUX NpaBUIbHUX Bignosigen cknaganu 34,1+2,6, wo
Ha 39,4% HU)KYe MOKA3HWKIB Y MPAKTUYHO 340POBUX
nogen. OTpuMaHi pesynbTaTi TeCTYBaHHA Y NaLEHTIB 2
rpynu He BigpisHanuca sig 1 rpynu.

Y 3 rpyni cnoctepirasaca HaMHUXKYa cepenHs Kifb-
KiCTb OnpaLboBaHMX 3HaKiB 3a TecTom SDMT 11 cknagana
26,5%2,5 (o Ha 52,9% HuKYe HixK BignoBiAHWI NOKas-
70
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PucyHok 3 —'padik po3citoBaHHA BmicTy BDNF Ta iHTepnelikiHy-6 Ta KOTHITUBHUX NOKa3HUKIB 3a PASAT-3.

HWK Y 34,0POBUX JI0AEN), 3 AKUX NPaBUIbHUX Bianosiae
6yno nuwe 25,3+2,5, wo Ha 55,06% Huxkye BignosigHo-
ro NMoKasHWKa y rpyni KoHTposto. KinbKicTb onpalboBa-
HUX 3HakiB 3a Tectom SDMT 6yna HuK4e Ha 24,7% Ta
24,9% y NopiBHAHHI 3 NOKAa3HWKaMM Y NepLUiin Ta apyrin
rpyni signosigHo.

3a TecTyBaHHAM PASAT-3 pe3ynbTaTv Y KOHTPO/IbHIN
rpyni cknaganu —56,8+0,5 3Hakis, nommnnok —1,9310,5,
nponyckis —1,12+0,4. Y nauieHTiB 1 rpynu pesynbraT 3a
Tectom PASAT-3 cknagas 34,312,0, wo Ha 39,6% Huxkue,
HiX Y rpyni KOHTpoAto, nomuaoK — 13,9316,2 Ta nponyc-
Kis —11,81+6,0, wo 3Ha4yHo B 7,2 Ta 10,5 pasis nepesu-
LLLyBa/10 BiANOBiAHI 3HAYEHHSA Y KOHTPOAbHIN rpyni.

Y nauieHTiB 2 rpynu pesynbtaT 3a Tectom PASAT-
3 cknagas 35,7+3,0, wo Ha 37,1% Huxk4e, HiXK y rpyni
KOHTpoOato, nomunok — 13,65+8,6 Ta nponyckis —
10,65+9,2, wo 3HayHo B 7,1 Ta 9,5 pasis nepesuLLyBano
BiZMOBIAHI 3HAYEHHA Y KOHTPO/IbHIl rpyni Ta NPakTUYHO
[O0pPiBHIOBA/IN NOKa3HUKaMm, oTpumaHux y 1 rpyni.

Y nauieHTiB 3 rpynu pesynbraT cknagas 27,112,7,
Wo Ha 52,3% HuXK4e, HiXK Y rpyni KOHTPO/IO, MOMMUJIOK
— 18,2749,1 Ta nponyckis — 14,5+11,7, wo HalbinbLy
3Ha4yHO —B 9,5 Ta 12,9 pasis nepeBuLLyBano BiANOBIAHI
3HAYeHHA y rpyni KOHTPOAIO Ta BIAPI3HANANCA BiA, NOKa3-
HWKIB, oTpMaHux y 1 Ta 2 rpyn nauienTis 3 PC.

AKWO po3rmAHYTM rpadik po3citoBaHHA BMICTy B
Kposi BDNF Ta iHTepnelKiHy-6 B KpOBi 3 OTPUMaHUMM
cepefHiMM 6anamm KOrHITUBHMX MOKA3HMKIB 33 TecTy-
BaHHAMKM SDMT Ta PASAT-3 He TinbKM ANA NAUiEHTIB 3
PC, ane i1 gns rpynu KoHTpoAto (72 nauieHTn + 30 rpyna
KOHTPO/110), TO MW MOMKEMO CMOCTepirat KopensuiiHi
3B’A3KM MiK HUMU (puc. 2, puc. 3).

Mpu petanbHOMY aHanisi rpadiyHMx 306parkeHb
OTPMMAHMX KOTHITUBHUX MOKA3HMKIB 3a WKaiamm MoCA,
SDMT Ta PASAT-3, MOXHa BU3HAUYMTK, LLO TaKi NOPYLUEH-
HA NOBTOPIOKOTL 3MiHW BMICTY B cMpoBaTui Kposi BDNF
Ta I/1-6 xBopmx 3 PC 3 pi3HOI TPMBANICTIO 3aXBOPHOBAH-
HA. Came 3HayHe 3meHwWweHHA BmicTy BDNF Ha Tai nig-
BULWEHHA 1/1-6 CyNpOBOAKYETbCA NOCAAaBNEHHAM KOTHi-
TUBHUX 3ai6HOCTel nauieHTiB 3 PC 3 pi3HOO TpuBanicTio
3aXBOPIOBAHHSA.

CTaTUCTUYHKIA aHaNi3 NOKa3as, L0 3a/1eKHOCTI MiXK
Bmictom BDNF, iHTepneiKiHy-6 B KpOBi Ta KOrHITUBHUMM

noKasHukamu 3a wkrkanamm MoCA, SDMT Tta PASAT-3 ana
102 cnocTepekeHb (72 nauieHT 3 PC + 30 KOHTPOAbHUX
3HayeHb) € HeniHinHMMK. Came Tomy y pobOTi BUKOpUC-
TOBYBANMCA METOAMN HENiHIMHOTo perpeciiHoro aHanisy,
a came ¢ikcoBaHa HeniHiliHa perpecia. OTpumaHi pe-
3yNbTaTW BU3HAUUAU, TinbKM 40% MiIHAMBOCTI KOTHITUB-
HUX MOKa3HMKiB obymosneHo Bnansom BDNF Ta 1/1-6,
Npo WO CBiAYMAA HAABHICTb KoediuieHTiB geTepmiHaLii
ONA BCiX MOKA3HWUKIB TecTyBaHHA 3a wkanamu MoCA,
SDMT Ta PASAT-3 B mexax 0,4-0,42. TakMm 4ynHom, na-
ToreHe3s GOpPMYyBAHHA KOTHITUBHWMX MopylweHb npu PC
€ MyNbTUDAKTOPHUM, B AKOMY MEBHY PO/b BiAirpatoTb
NOCUNEHHA 3anasibHUX NMPOLLECIB Ta BUCHAXKEHHA HeNpo-
NPOTEKTUBHUX MOXKINBOCTEN.

BucHOBKM.

MpoBeaeHUit KopenauiiHuii aHanis mixxk BDNF Ta
iHTepNelKiHy-6 y cMpoBaTLi KpOBi 340pOBUX Ntoael Ta
nauieHTis 3 PC 3 pi3HOO TPMBaniCTIO 3aXBOPIOBAHHA Ta
NOKasHMKaMWM CTaHy KOTHITUBHOI AMCPYHKLIT 33 LWKa-
namu: MoCA, PASAT-3, SDMT noKa3aB 3an1eXHicTb no-
Ka3HWKIB HEMPOKOTHITUBHOI OLiHKWU BiZ, BMICTy B KpPOBI
6ioxiMmiuHMX mapKepiB. AN NPOrHO3yBaHHA PO3BUTKY
KOTHITUBHOT ANCOYHKLiT y XxBopux 3 PC 3anponoHOBaHO
BM3HAYeHHs KoeodilieHTy cniBBigHoweHHA BDNF/I/1-6.

MaToreHes popmyBaHHA KOTHITUBHUX NMOPYLLUEHb MPK
PC € mynbTndaKTOpHUM, B AKOMY MEeBHY posib Bigirpa-
I0Tb MOCUNEHHA 3amnajbHUX MPOLECIB Ta BUCHAXKEHHA
HENPONPOTEKTUBHUX MOXKNBOCTEN.

He 3Bakatoum Ha icHyHOMI NiTepaTypHi AaHi, OTpMMa-
Hi Hamun pesynbtatv poni BDNF Ta npo3ananbHoOro iHTe-
pAeliKiHy-6 y pO3BUTKY KOTHITUBHUX nopyleHb npu PC
notpebye NoAanbLIOro BUBYEHHSA, WO AACTb 3MOry MNo-
rMMBUTK YABNEHHA NPO NaTOreHeTUYHi MexaHi3sMu pos-
BUTKY LMX nopyweHb npu PC Ta po3pobuTn anropmutmm
PaHHbOI AiarHOCTMKM Ta MNPOrHO3yBaHHA KOTHITUBHOI
ANCOYHKLITy xBOpuMX Ha PC.

MepcnekTUBM NOAANbLUUX [OCNIAMKEHD.

MonAratoTb y Binbl AeTaNbHOMY PO3yMiHHI naTore-
HETUYHMX MexaHi3miB B3aemogii BDNF ta npo3ananbHo-
ro iHTepnerKiHy-6 y pO3BUTKY KOTHITUBHMX NOPYLUEHDb Y
NaLi€HTIB 3 PO3CIAHUM CK/IEPO30M, @ TaKOX Yy po3pobLi
HOBUWX METOAIB PaHHbOI AiarHOCTUKM Ta TepaneBTUYHUX
cTparTerin.
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PO/Ib MO3KOBOIO HEMPOTPODIYHOIO GAKTOPY TA IHTEP/IEVUKIHY-6 Y ®OPMYBAHHI KOFHITUBHUX MNO-
PYLWIEHb Y NALUIEHTIB 3 PO3CIAHUM CK/ZIEPO30OM

TecneHko O. C., ToBaxKHAAHCbKa O. /1.

Pestome. Po3sciaHuit cknepos (PC) — XpoHiyHe 3aXxBOPIOBaAHHA HEPBOBOI CUCTEMMU, AEMIENIHI3YOYOro reHesy. 3a-
nasibHi NpouecK rpatoTb KAOUYOBY Posib y natoreHesi PC, npu3BoaayYM A0 NOLWKOAMKEHHA MiENiHOBOI 060/0HKK Ta
aKcoHiB. HelipoTpodiuHi pakTopu, Taki Ak BDNF, 3a6e3neuytoTb 3aXMCHUIA MexaHi3M HeliponpoTeKLii, Toaj AK npo-
3ana/ibHUM iHTeNEelKiH-6 MOXKe NPU3BOAUTM A0 MOTipWEHHA KOTHITUBHUX GYHKUIN. lOCUTb BaXKANMBUM € PO3YMiHHA
B33aEMO3B’A3KIB MiK HelMpoTpodiuHMMM Ta 3anasibHMMU NPOLLECAMMU, iX BMAMBOM Ha KOTHITUBHI NOPYLUEHHS Ta 3B8A-
30K 3 TPUBAICTIO 3aXBOPIOBAHHA Y XBOpMX Ha PC.

Memoto docnioreHHA 6yno BU3HaYeHHA 3B’A3KY MiX piBHAMMK B KpoBi BDNF Ta iHTep/ieliKiHy-6 3 KOTHITUBHUMM
NOpPYLEHHAMM Y naLieHTiB 3 PC 3 pi3HOIO TPMBANICTIO 3aXBOPHOBAHHA.

06’ekm i Memoou 0ocnidnceHHA. byno obcTeskeHo 72 naujieHTU 3i BCTaHOBAEHUM AjarHosom PC peungmsyio-
Yyo-pemiTytoumii TN nepebiry signosigHo Ao Kputepiis McDonald (2018 pik). MauieHTiB 6yno posnogineHo Ha 3
rpynu B 3a/1€XKHOCTI Bif, TPMBANOCTI 3aXBOPIOBaHHA: y 1 rpyny yBiWAKM 27 NauieHTIB i3 TPMBANICTIO 3aXBOPHOBAHHSA
00 5 pokis, y 2 rpyny — 23 nauieHTM 3 TPMBANICTIO 3aXBOPtOBaHHA Big, 5 Ao 10 pokis, y 3 rpyny yBinwAM 22 NaLieHTH
i3 TpMBanicTio 3axBoptoBaHHA NoHaz 10 pokis. Mpyny KOHTPoA cknaganm 30 NPaKTUUYHO 340POBUX OCIO CNiBCTaBHUX
3a BiKoM Ta cTatTio. CTyniHb TAXKocTi PC BCTaHOBAIOBaNacsa BiANoBiAHO A0 WKaau iHBanigm3auii 3a J. Kurtzke (EDSS).
[Ns OUiHKM HEMPOKOTHITUBHOIO CTaTyCy XBOPUX Bynn BUKopucTaHi Tectn SDMT, PASAT-3 Ta MoCA. s BU3HAUYEHHSA
BMicTy y cupoBaTLi Kposi BDNF Ta iHTepnelikiHy-6 (1/1-6) BUKopucToBYyBaBCcsA MeTog TeepaodasHoro imyHodpepmeHT-
Horo aHanisy (IPA).

Pe3ynomamu. NpoaHanisysasLim pe3ynbtatn Bmicty BDNF Ta I/1-6 y cmpoBaTLi Kposi 72 nauieHTiB 3 PC B 3anex-
HOCTI Bifg, TpMBaNOCTi 3axBOpOBaHHA Ta NobyaysaBLuKM BianoBiAHI rpadiku poscitoBaHHsA, ans BDNF 6yno sussieHo
NoMmipHy HeraTueHy Kopenauito 3 koediuientamm Mipcona r=-0,375 (p=0,0012) Ta CnipmeHa R.= -0,235 (p=0,047), a
ana 1N1-6 cnocTepiranacb NnomMipHa No3MTUBHA Kopensauia 3 KoediuieHTamu MipcoHa r=0,317 (p=0,007) Ta CnipmeHa
R.=-0,232 (p=0,049). Pe3ynbTaTvt TECTYBaHHA KOTHITUBHMX GYHKLiM 3a WKanamm MoCA, SDMT, PASAT-3 y navL,ieHTis
3 pPi3HOIO TPMBAJIICTIO 3aXBOPKOBAHHA NIATBEPAM/IM MOTIPLUEHHA KOTHITUBHMX NMOKA3HMKIB y BCiX rpynax Naui€eHTiB 3
PC nopiBHAHO 3 KOHTPOJIbHOO rPyMnot. AHani3 rpadikiB po3citoBaHHA TaKOXK NiATBEPAMB KOPENALiMHI 3B’ A3KM MixK
Bmictom BDNF, 1/1-6 Ta KOTHITUBHMMM NOKa3HMKaMK. 30Kpema, BUABAEHA MO3UTUBHA KopenaLia Mix piBHAMN BDNF
Ta KoediuieHTamm KorHiTMBHMX TecTiB (MoCA r=0,61, p=0,000; SDMT r=0,668, p=0,000 Ta PASAT-3 r=0,634, p=0,000),
TOAj AK piBHi I/1-6 HEraTMBHO KOPENIOBAIMN 3 KOTHITUBHMMM NokasHuKamu (MoCA r=-0,417, p=0,000; SDMT r=-0,532,
p=0,000 Ta PASAT-3 r=-0,415, p=0,000).

BucHosKu. MpoBeaeHui KopensauiiHuii aHanis mixk pisHamu BDNF Ta I/1-6 y cMpoBaTLi Kposi nauieHTis 3 PC Ta
rPYMnoo KOHTPOJIIO, Pa30M 3 KOTHITUBHMMM MOKa3HMKamm 3a wkanamm MoCA, PASAT-3 ta SDMT, niaTeepams 3anex-
HiCTb HEMPOKOTHITUBHMX NMOKA3HMKIB Bif BMICTY LUux BioximiuHMX MapKepis.

KntouoBi cnoBa: po3ciAHUI CKNepo3, KOFHITUBHI NOpPYLUEeHHA, HEMPOKOrHITUBHE TecTyBaHHA, BDNF, iHTepnei-
KiH-6
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THE ROLE OF BRAIN-DERIVED NEUROTROPHIC FACTOR AND INTERLEUKIN-6 IN THE FORMATION OF COGNITIVE
IMPAIRMENTS IN PATIENTS WITH MULTIPLE SCLEROSIS

Teslenko O. S., Tovazhnyanska O. L.

Abstract. Multiple sclerosis (MS) is a chronic disease of the nervous system of demyelinating origin. Inflammatory
processes play a key role in the pathogenesis of MS, leading to damage to the myelin sheath and axons. Neurotrophic
factors, such as BDNF provide a neuroprotective mechanism, while pro-inflammatory interleukin-6 can lead to
cognitive disorders. It is quite important to understand the relationship between neurotrophic and inflammatory
processes, their influence on cognitive impairments, and the relationship with the duration of the disease in patients
with MS.

The aim of the study was to determine the relationship between BDNF and interleukin-6 blood levels with
cognitive impairments in MS patients with different disease durations.

Object and research methods. 72 patients with a diagnosis of relapsing-remitting MS according to McDonald’s
criteria (2018) were examined. Patients were divided into 3 groups depending on the duration of the disease: 1
group included 27 patients with a duration of the disease up to 5 years, 2 group — 23 patients with a duration
of the disease from 5 to 10 years, 3 group included 22 patients with a duration of the disease over 10 years. The
control group consisted of 30 practically healthy persons of similar age and sex. The severity of MS was determined
according to the Expanded Disability Status Scale (EDSS). SDMT, PASAT-3, and MoCA tests were used to assess the
neurocognitive status of patients. To determine the levels of BDNF and interleukin-6 (IL-6) in blood serum, the
method of solid-phase enzyme-linked immunosorbent assay (ELISA) was used.

Results. Analyzing the results of the levels of BDNF and IL-6 in the blood serum of 72 patients with MS depending
on the duration of the disease and constructing the corresponding scatter plots, a moderate negative correlation was
found for BDNF with Pearson r=-0.375 (p=0.0012) and Spearman’s coefficients R =-0.235 (p=0.047), and a moderate
positive correlation was observed for IL-6 with Pearson’s r=0.317 (p=0.007) and Spearman’s coefficients R =-0.232
(p=0.049). The results of testing of cognitive functions according to the MoCA, SDMT, and PASAT-3 scales in patients
with different duration of the disease confirmed the deterioration of cognitive indicators in all groups of patients
with MS compared to the control group. Analysis of scatter plots also confirmed correlations between BDNF, IL-6
levels, and cognitive indicators. In particular, a positive correlation was found between BDNF levels and coefficients
of cognitive tests (MoCA r=0.61, p=0.000; SDMT r=0.668, p=0.000 and PASAT-3 r=0.634, p=0.000), while levels of
IL — 6 were negatively correlated with cognitive indicators (MoCA r=-0.417, p=0.000; SDMT r=-0.532, p=0.000 and
PASAT-3 r=-0.415, p=0.000).

Conclusions. The correlation analysis between the levels of BDNF and IL-6 in the blood serum of patients with MS
and the control group with cognitive indicators according to the MoCA, PASAT-3, and SDMT scales, confirmed the
dependence of neurocognitive indicators on the level of these biochemical markers.

Key words: multiple sclerosis, cognitive disorders, neurocognitive testing, BDNF, interleukin-6.
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