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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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NEURAL PROTEINS AS MARKERS FOR DIAGNOSING STRUCTURAL DAMAGE TO 
BRAIN MATTER IN POST-TRAUMATIC NEUROCOGNITIVE DISORDERS

L. Dzyak, K. Miziakina.
Dnipro State Medical University, Ukraine.

Abstract.
Objectives: To determine the role of neural markers for brain 

matter damage in cognitive dysfunction after severe traumatic 
brain injury.

Materials and Methods: A comprehensive study included 
clinical and laboratory examination, neuropsychological 
testing, MRI. To identify markers of structural changes in 
brain substance, neural proteins were identified: glial fibrillary 
acidic protein and neural cell adhesion molecule. Neural 
proteins quantification was performed using an enzyme-linked 
immunosorbent assay.

280 patients with severe traumatic brain injuries and moderate 
neurocognitive disorders (MND) (DSM-V) were examined 
and divided into two groups according to the pathogenetic 
mechanisms and neuropsychological profiles. The first group 
included subjects with MNDs of a primary dysmnestic type (73 
persons), the second group presented MNDs of a neurodynamic-
dysregulatory type (207 persons). The follow-up period was 6 
months, 1 year and 3 years. 

Results: By the third year, progression of cognitive disorders 
in the first group was detected in 5% of cases, in the second 
group - in 10% of cases.

Conclusion: The revealed NP dynamic disturbances and 
their quantitative assessment in clinical groups during the 
examination allowed specifying structural and functional brain 
changes to characterize mechanisms of neurocognitive disorder 
development in traumatic brain injuries.

The findings have demonstrated neural proteins can be 
considered as markers for not only structural, but also 
neurodynamic processes.

Key words. Severe traumatic brain injury, neurocognitive 
disorders, neural proteins, GFAP, NCAM.
Introduction.

Treatment and rehabilitation of patients with traumatic brain 
injury (TBI) is one of the urgent problems of public health. 
The overall frequency of BI in European countries is 262 
hospitalizations per 100,000 people per year [1]. At the same 
time, severe TBI accounts for only about 10% of all cases which 
lead to the most serious consequences: early death in 39% of 
cases and poor outcomes in 60% of cases [2].

It should be noted that traumatic brain injury is also a serious 
medical problem in Ukraine. Thus, the prevalence of this 
pathology is 1.99–3.0 cases per 1000 adults per year [3].

It has been established that the causes determining the 
disability status in this category of patients include disorders of 
higher mental functions [4-6].

Besides, it has been found that pathognomonic nature of 
psychopathological consequences does not depend on the injury 
severity, intensity of neurological disorders, and the structural 

brain damage pattern and can be formed both in the acute, 
intermediate, and long-term periods of BI. It has been shown that 
more than 35% of patients with mild brain injury subsequently 
develop cognitive impairments of varying severity. After a 
severe injury, this number is significantly higher [7]. It has been 
established that cognitive dysfunctions are formed in 68.4% of 
patients with past severe closed brain injury. At the same time, 
3–10% of patients with a history of severe BI develop dementia 
[8-10].

In this regard, the mechanisms of cognitive processes in 
persons with a history of severe BI is an urgent subject to 
investigate.

Having stated that, there is a particular interest and importance 
of searching markers for structural and functional changes in 
the brain involved in this process in people with a history of 
severe BIs.

Studies have shown that neural proteins (NPs) of neuronal, 
glial, and microglial origin are general markers reflecting the 
objective state of the brain [11].

It is known that the neural cell adhesion molecule (NCAM) 
is involved in neuron-neuron interaction, regulates synaptic 
plasticity, and forms neuronal connections. Glial fibrillary 
acidic protein (GFAP), a specific marker of astrocytes involved 
in formation of glial filaments, is involved in molecular 
mechanisms of neuron-astrocytic interactions. It is known that 
one of the functions of NCAM and GFAP is implementation 
of neurocognitive processes. The current data about the role 
of NCAM and GFAP as prognostic markers for developing 
neurocognitive deficit are rather contradictory [12].  
Objectives.

To determine the role of neural markers for brain matter 
damage in cognitive dysfunction after severe traumatic brain 
injury. 
Materials and Methods.

This study is based on the findings of a comprehensive clinical 
and neuropsychological examination of 310 patients with 
severe traumatic brain injuries (210 men and 100 women) aged 
from 20 to 55 years. 280 patients were diagnosed with moderate 
neurocognitive disorders (MND). Neurocognitive deficit was 
assessed according to DSM–V criteria (2013) [13]. To assess 
heterogeneity of the identified neurocognitive disorders, the 
following scales were used: Mini-mental state examination 
(MMSE) (Folstein M. et al. 1975); Monreal Cognitivity 
Assesment (MoCA) (Nasreddine Z. et al. 2005); Frontal 
Assessment Battery (Dubois B. et al. 1999); Clock drawing test 
(Sunderland T. et al. 1989); Digit Spans (Wechsler D. 1945); 
character-digital test (Smith A. 1982), Shulte Table (Bleicher V. 
M. et al. 2002); Trail Making Test (Reitan, 1958); 10-item test 
(S. Ya. Rubinshtein, 1970); 10-item test (A.R. Luriya, 1976); 
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test of "verbal associations" (Borkowski J. et al. 1967).
All patients signed informed consent to participate in the 

study. The exclusion criteria: somatic, neurological pathologies 
leading to cognitive impairment, mental illnesses; therapy 
with psychotropic drugs with a proven cognitive-stimulating 
effect in the period of 6 months before the study; pregnancy 
and lactation; neoplasms of any localizations; a past history 
infectious diseases leading to cognitive deficits; age under 20 
and over 55 years old. The control group included people aged 
from 20 to 55 years old.

Quantitation of immunological markers for development of 
structural and functional brain disorders (MANK and GFAP) 
was performed using an enzyme-linked immunosorbent assay 
including inhibition of antibodies by antigen in blood serum 
[14]. 

The follow-up period was 6 months, 1 year and 3 years.
The Cramer-Welch (T) criterion is based on the approach 

of assessing the equality of mathematical expectations of the 
general populations from which the samples are taken. The 
statistics of the criterion is as follows:

Unknown variances are replaced by their sample estimates (
 and ), n1 n2 are sample sizes,   and   -  are sample 

means. As the sample sizes increase, the distribution of the 
Cramer-Welch T statistic converges to the standard normal 
distribution with a mathematical expectation of 0 and a variance 
of 1. In respect to the asymptotic normality of the T statistic, the 
decision rule for the Cramer-Welch test is as follows:

if , then
The null hypothesis H0, a hypothesis of homogeneity (equal 

mathematical expectations), is accepted at the significance level α. 
The study used a significance level of 0.05. The value of the 

Cramer-Welch statistics module T = 3.8 for "Changes in the 
concentration of NCAM protein (mkg/ml) in blood serum of 
patients in clinical groups at the follow-up stages depending on 
the type of GSU syndrome in 6 months" was compared with 
the critical value Zkr=1.96. Since T > Zkr (3.8 > 1.96), the null 
hypothesis H0 is rejected at the significance level of 0.05, so 
there are significant differences between groups 1 and 2.
Results.

When evaluating the findings of the comprehensive clinical 
and neuropsychological examination, cognitive deficits were 
identified in 90.3% of patients with a history of STBI (Table 1).

The analysis of cognitive indicators in subjects showed 
heterogeneity of the clinical signs of cognitive disorders. 
The overall assessment of their characteristics was consistent 
with the generally accepted diagnostic criteria for moderate 
neurocognitive disorder according to DSM-V. The semiotic 
analysis of the impaired cognitive functions clarified the 
cognitive profile of patients and distinguished two types of 
moderate neurocognitive disorders: polyfunctional MND 
without primary memory impairments and polyfunctional MND 
with primary memory impairments.

Based on the data obtained, the subjects were divided into 2 
clinical groups (Table 2).

The detected clinical heterogeneity of neurocognitive deficit 
allowed for distinguishing two types of neurocognitive 
disorder development: primary dysmnestic and neurodynamic-
dysregulatory.

When assessing blood serum NP level in the subjects, the 
results were compared with the indicators characterizing neural 
protein concentrations (NCAM and GFAP) in blood serum of 
practically healthy individuals with 90-100% correct answers 
during cognitive tests and no pathology (20 persons) and 
patients with a history of STBI and no neurocognitive disorders 
(30 persons). 

There were no significant differences in NCAM, GFAP 
proteins content in patients with no post-traumatic cognitive 
disorders against the controls at the follow-up points.

But when studying content evolution of immunological 
markers characterizing the structural and functional state of 
the brain (NCAM and GFAP) in patients with post-traumatic 
neurocognitive disorders in clinical groups, heterogeneous 
indicators were detected depending on the type of neurocognitive 
deficit (Figures 1 and 2).

It has been established that traumatic brain injuries induce 
pathobiochemical reactions that occur in the main cell pools of 
nervous tissue and cause neuronal disorders involving astrocytes 
and neuroglia.

When studying concentrations of neural proteins (NCAM and 
GFAP) in Clinical group I, a sharp increase in GFAP, a marker 
of astrocytes, was detected in blood serum at all follow-up 
stages. While the increased concentrations of NCAM involved 
in regulation of synaptic plasticity and formation of neural 
networks is observed at the initial follow-up points (6 months, 
1 year), and then significant decrease is demonstrated (2 years, 
3 years).

When studying concentrations of neural proteins (NCAM and 
GFAP) in Clinical group II, a significant increase in NCAM 
concentrations was detected throughout the entire study period, 
and a significant decrease in this indicator was detected at 
the 3rd year of follow-up. When studying evolution of GFAP 
concentrations in this clinical group, a significant uniform 

Examination Group Patient Number %
Patients with no post-
traumatic neurocognitive 
disorders

30 9,7

Patients with post-
traumatic neurocognitive 
disorders

280 90,3

Table 1. Characteristics of STBI Subjects of Comprehensive Clinical 
and Neuropsychological Examination.

Clinical 
Group MND Type Patient 

Number %

Group I polyfunctional MND with 
primary memory impairments 73 26

Group II polyfunctional MND with no 
primary memory impairments 207 74

Table 2. Subjects in Clinical Groups according to MND Type.
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Figure 1. Changes in Blood Serum NCAM Concentrations (mkg/ml) in 
Clinical Groups at Follow-up Points.

Figure 2. Changes in Blood Serum GFAP Concentrations (ng /ml) in 
Clinical Groups at Follow-up Points.

Figure 3. Changes in Blood Serum GFAP Concentrations in Patients 
with a History of STBI at Follow-up Points in Clinical Groups.

Figure 4. Changes in Blood Serum NCAM Concentrations in Patients 
with a History of STBI at Follow-up Points in Clinical Groups.

increase in the studied indicator was detected at all follow-up 
points.

Evolution of blood serum GFAP concentrations in patients 
after STBI at the follow-up points in clinical groups is shown 
in Figure 3.

The increased concentration of serum NCAM localized in 
the neuronal pool of cells was accompanied by progression 
of cognitive impairment in patients. The established positive 
correlation between NCAM expression and severity of memory 
impairment may indicate NCAM involvement in plastic 
rearrangements of neural patterns associated with formation of 
cognitive function. Taking into account the significant content 
of NCAM in synaptic contact zones, it should be recognized 
that NCAM is involved in the structural and molecular 
rearrangements of synapses and in intensity changes of synaptic 
transmission, modification of the synapses morphology.

Evolution of blood serum NCAM concentrations in patients 
after STBI at the follow-up points in clinical groups is shown 
in Figure 4.

The detected shifts in blood serum GFAP content was 
characterized by the sharp increase in the level of the marker 
of astrocytic cells which perform trophic functions in relation 
to neurons in patients with post-traumatic moderate cognitive 
disorders with MND of a polyfunctional type both with and 
without memory impairments. The high level of this indicator has 
been observed within 6 months after the injury and significantly 
increases at all follow-up points. This may indicate the intensive 
processes of plastic restructuring of synaptic connections as 
early as 6 months after a severe brain injury. The increase in 
GFAP expression at further follow-up points is consistent with 
the current data that astroglial cells are closely associated with 
synaptic structures of neurons and have receptors responding to 
neurotransmitter stimulation. 

Besides, the increased level of blood serum GFAP confirms 
the concept that astrocytes having this protein as a structural 
component, are among the cellular elements of the blood-brain 
barrier thereby participating in dysregulation of its permeability, 
starting from the very early stages of the disease.

Thus, the use of neural proteins (NCAM and GFAP) to clarify 
the structural and functional characteristics of the brain which 
lead to development of cognitive impairment in patients with 
severe traumatic brain injury, can present diagnostic "markers" 
of damage and "indicators" of neurocognitive disorders both for 
primary dysmnestic and for neurodynamic-dysregulatory types 
of neurocognitive disorders.
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რეზიუმე 
კვლევის მიზანი. დაზუსტდეს ნეიროსპეციფიური 

ცილების (ნერვული უჯრედების ადგეზიის მოლეკულა 
(ნუამ) და გლიალური ფიბრილალური მჟავე ცილა 
(გფმც)) როლი ნეიროკოგნიტიური დარღვევების 
ფორმირების მექანიზმებში იმ პირებთან, რომელთაც 
გადატანილი აქვთ ქალა-ტვინის მძიმე ტრავმა.

მასალები და მეთოდები. კვლევაში ჩართული 
იყო 310 ავადმყოფი, რომელთაც გადაიტანეს 
ქალა-ტვინის მძიმე ტრავმა. მათგან 280 პაციენტი 
პოსტრავმატული ნეიროკოგნიტიური დარღვევებით, 30 
კი პოსტრავმატული ნეიროკოგნიტიური დარღვევების 
გარეშე. კონტროლის ჯგუფი შედგებოდა 20 კაცისგან. 
ყველა პაციენტს ჩაუტარდა კომპლექსური კლინიკურ-
ნეიროფსიქოლოგიური გამოკვლევა, სისხლის შრატის 
ბიოქიმიური კვლევა. დაკვირვების პერიოდი შეადგენდა 
6 თვეს, 1, 2, 3 წელს. 

შედეგები. იმუნოლოგიური მარკერების შინაარსის 
დინამიკის შესწავლისას, რომელიც ახასიათებს თავის 
ტვინის სტრუქტურულ-ფუნქციონალურ მდგომარეობას 
(ნუამ და გფმც) პოსტრავმატული ნეიროკოგნიტიური 
დარღვევების მქონე პირების კლინიკურ ჯგუფებში, 
გამოვლენილი იყო ჰეტეროგენული მაჩვენებლები 
ნეიროკოგნიტიური დეფიციტის ტიპისდა მიხედვით.

დასკვნა. ჩატარებულმა კლინიკურმა მონიტორინგმა 
შესაძლებლობა მოგვცა დადგენილიყო ნსც-ის (ნუამ 
და გფმც) დონის ცვლილებების დინამიკა გამოსაკვლევ 
ჯგუფებში და შედარებულიყო პათოფიზიოლოგიური 
ცვლილებების ხასიათი, გამოვლენა და მიმართულება, 
რაც განაპირობებს ნეიროკოგნიტიური დარღვევების 
ფორმირებასა და პროგრესირებას პირებში, რომელთაც 
გადაიტანეს ქალა-ტვინის მძიმე ტრავმა. 

საკვანძო სიტყვები: მძიმე ქალა-ტვინის ტრავმა, 
ნეიროკოგნიტიური დარღვევები, ნეიროსპეციფიური 
ცილები, ნუამ და გფმც.

5. Raj R, Kaprio J, Korja M, et al. Risk of hospitalization with 
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