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Abstract

The purpose of this study was to evaluate the blood level of neurotrophic factors (S100 protein, nerve growth factor, L-
homocysteine and angiotensin II) in the diagnosis of disorders of the psychomotor and physical development of children who
underwent perinatal CNS lesions.A comprehensive approach to assessing the blood levels of neurotrophic factors, along with
methods of neuroimaging in children in the first 6 months of the postnatal period, allows identification of the total result of
multidirectional degenerative-reparative processes in the neurovascular components of CNS and construction of the diagnostically
significant criteria of the severity of neuropathology, which determines the physical development of children in the first year of

life. (International Journal of Biomedicine. 2018;8(2):129-133.)
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Introduction

A reliable system of early diagnosis, based on a
comprehensive analysis of circulating biochemical markers
of brain damage in infants, is an important criterion of the
effectiveness of therapeutic/preventive measures aimed at
preventing the development of disorders in children who
underwent perinatal lesions of CNS. This system of early
diagnosis should be convenient to use and interpret and
available at any level of health care.» The microcirculatory
insufficiency in childbirth and the antenatal period is the
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dominant link in the development of degenerative processes
in CNS of newborns, which requires a more detailed analysis
of the variability of neurovascular markers that reflect the
formation of adaptation processes of the body.® The capillary
endothelium of the brain is extremely sensitive to ischemic-
hypoxic effects, and its pathology occupies leading positions
in the formation of neurological disorders.*> Homocysteine
(Hcy) and angiotensin II (AIl) are leading markers in the
diagnosis of the pathomorphological state and function of the
endothelium of the microcirculatory bed. They are released
in high concentrations during damage to capillary structures,
causing disruption of the passage of nerve impulses between
neurons of the brain through myelination of the axonal
structures of the white matter, which affects the metabolism
of nerve cells and the regenerative potential of astrocytic glia,
manifested by the variability in the blood levels of S100 protein
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and NGF.© An increase in the Hey level is directly related to
the activity of the enzyme cystathionine beta-synthase, which
is involved in the metabolism of white substance myelin
structures. Therefore, hyperhomocysteinemia is direct evidence
of the impaired conduction and synergy of nerve impulses
between neurons in brain structures.” An increase in the All
level is a direct consequence of hyperhomocysteinemia, which
provokes a cytotoxic effect on the vascular endothelium, which
in turn potentiates expression of prostacyclin derivatives, and
which, through feedback, lead to an even greater spasm of the
microcirculation network of CNS.® Experimental studies of the
dynamics of neurotrophic factors in ischemic CNS lesions, and
under neuroapoptosis, were performed only in newborns and
pregnant women, and markers of endothelial dysfunction (Hcy
and AII) were not taken into account.®” Results obtained in these
studies do not fully correspond to the possibility of estimating
the recovery period during the first year of life. In addition,
there is currently no agreement between specialists in the
choice of diagnostic neurobiochemical indicators as prognostic
criteria reflecting the structural and functional damage to CNS,
their dependence on clinical and instrumental examination, the
severity of the condition, the timing of the initiation of treatment,
or its duration, and the form of effective control.!'” Evaluation of
the level of physical development of children in any age range,
correlated with other factors of analysis, allows us to provide
a full clinical picture of the pathological process.!' Physical
development of the child is the result of a combination of many
factors, and the achieved indicators are unique for each child.
The large variability of normal rates of development, determined
by the complex interactions of a genetically determined
response to a range of environmental conditions, significantly
complicates the timely detection of the consequences of
perinatal CNS lesions.'>!¥ Currently, it is far from uncommon
that with a well-flowing pregnancy and childbirth, a child
may be neurologically compromised, and a perinatal lesion
diagnosed in the neonatal period may subsequently manifest in
each child differently—from a persistent ND to the complete
absence of clinical manifestations. This multi-vector state of
the problem led to profile practitioners facing difficulties in
establishing the diagnosis of perinatal damage of CNS, and the
“transiency” of neurological manifestations often postpones
the formulation of a correct diagnosis and leads to the untimely
pathogenetic therapy for the underlying disease, leading to
irreversible psycho-neurological effects.

Thus, competent and timely correction of the level of
neurotrophic factors will avoid cerebral microcirculatory
alterations and significantly reduce the disneyrometabolism,
the risk of cognitive impairment, and also will allow early
diagnosis of the latent effects of perinatal CNS lesions.

The purpose of this study was to evaluate the blood level
of neurotrophic factors (S100 protein, NGF, L-Hcy and All)
in the diagnosis of disorders of the psychomotor and physical
development of children who underwent perinatal CNS lesions.

Materials and Methods

The study included 419 patients (52% boys and 48%
girls) aged from 0 to 6 months. The main group (Group 1)

included 336 patients in the first year of life who received
inpatient treatment because of perinatal CNS damage of
a different degree of severity. The control group (Group 2)
included 83 apparently healthy children. Children in the
control group passed standard clinical examinations in
specified periods of observation at the stage of outpatient
services. There were several obligatory criteria for patients
to be included in the control group: absence of neurological
symptoms, absence of a neurologist’s supervision, and
pharmacotherapy of neurological deviations during the first
year of life.

Groups 1 and 2 were each divided into two subgroups
according to age: Group la (n=163) and Group 2a (n=43)
between the ages of 1 to 3 months; Group 1b (n=173) and Group
2b (n=40) between the ages of 4 to 6 months. In accordance with
the ND severity (YA Yakunin’s classification, 1979), Group la
and Group 1b was also divided into subgroups: mild degree
(n=122), moderate degree (n=118), and severe degree (n=96).

To assess the risk factors and the dynamics of clinical
manifestations of the perinatal CNS damage consequences,
we evaluated the women’s somatic health, reproductive and
gynecological history, and peculiarities of the course and
complications of pregnancy and childbirth, using a scale of
the optimal course of gestation (SOCG) and a scale of the
optimal course of delivery (SOCD).® To assess the severity
of perinatal CNS damage, the Apgar score at birth was taken
into account.®” The consequences of the severity of the perinatal
CNS damage was established during a neurologic examination
and evaluation of the children’s neurological status.'® The
analysis of individual physical development of the children
was carried out using Z score (weight-for-age) and centiles
(7 intervals (“corridors™)) according to the WHO standard
program WHO AnthroPlus.'*'? The average Z-score of weight-
for-age (WAZ) was determined. The obtained Z-score data
were correlated with centile intervals as follows: 4-5 - “normal”
physical development; 3 and 6 - physical development “below
average” and “above average,” respectively; 2 and 7 - physical
development “low” and “high,”; 1 and 8 - “very low” and “very
high” physical development, respectively.

The concentrations of biochemical markers in the
blood were evaluated in all children at admission, as a routine
entry investigation. The serum level of the beta subunit
of human NGF (beta-NGF) was measured by EIA (Beta-
NGF, «RayBio», Russia.). The serum level of L-Hcy was
determined by EIA using «Axis-Shield» test kit. S100 protein
was evaluated by means of the ELISA method, with the Cobas
e411 analyser (Roche Diagnostics GmbH, Germany) and
reagents by BioKhimMak (Russia). The serum level of All
was determined by using EIA kits according to manufacturer
instructions (BCM Diagnostics, Moscow, Russia).

The study was approved by the Voronezh State Medical
University Ethics Committee (Protocol No. 6 of October 19,
2013). Written informed consent was obtained from the child’s
parents.

Statistical analysis was performed using StatSoft
Statistica v6.0. Multiple comparisons were performed with
one-way ANOVA and post-hoc Tukey HSD test. A probability
value of P<(.05 was considered statistically significant.
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Results and Discussion

An analysis of the frequency of identified neurologic
syndromes in patients of the main group by age, depending
on the severity of the CNS lesion, is presented in Table 1.
The results obtained established that, regardless of age, the
incidence of neurologic syndromes increased with an increase
in the severity of the CNS lesion. It should be noted that in
Group la, regardless of the degree of severity of the CNS
lesion, hyperexcitability syndrome was dominant, to which
the syndrome of motor disorders was added at a severe degree
of CNS damage. In Group 1b, a syndrome of motor disorders
and a syndrome of delayed psychomotor development were
dominant (Table 1).

Table 1.

The frequency of neurologic syndromes in newborns with perinatal
CNS lesions, depending on the ND severity and age group

Mild degree Moderate Severe degree
of ND degree of ND of ND
(n=112) (n=118) (n=96)

Clinical syndrome
1-3 4-6 1-3 4-6 1-3 4-6
months{months|months|months |months| months
(n=60) [(n=62) | (n=58) | (n=60)| (n=45)| (n=51)

Syndrome of motor

disorders (n/%) 7/11.7| 4/6.4 |15/25.9]16/26.7|21/46.7/17/33.3
Posthypoxic
ventricular 2/33 | 1/1.6 |7/12.1| 3/5
dilatation (n/%)

13/28.9 5/9.8

Vegetative-visceral
dysregulation 1/1.7 | 1/1.6 | 4/6.9 | 8/13.3| 4/8.9 | 6/11.8
(n/%)

Hyperexcitability
syndrome (n/%) L7 0

19/32.8] 0 [6/13.3|1/1.96)

Syndrome

of delayed
psychomotor
development (n/%)

0 2/32 | 1/1.7 | 9/15 | 2/4.4 |12/23.5

Assessment of the physical and psychomotor states of
the children revealed significant differences in accordance with
the severity of the CNS lesion (Table 2). The received results
testify to a decrease in all investigated parameters against the
background of increased severity of the CNS lesion.

The blood levels of biochemical markers of CNS
damage are presented in Table 3. Thus, a mild degree of CNS
lesion was associated with increased levels of neurotrophic
and vascular markers, reflecting both the pathological and
compensatory nature of the changes. The average and severe
degrees of CNS lesions were accompanied by a decreased
level of all parameters, which indicates more pronounced
and organically irreversible consequences of damage to brain
structures.

It should be noted that the age period of 1-3 months
is characterized by a decrease in both neuronal loss and
the severity of neurological disorders, which is especially
important for the timely diagnosis of ND. In the age period
of 4-6 months, there is an aggravation of neurodystrophic
processes, a rupture of synaptic connections, and a disruption
in the interaction of different areas of the brain. All of which
determine a broader clinical picture of neurologic symptoms
in this age group.

Thus, a comprehensive approach to assessing the
blood levels of neurotrophic factors, along with methods
of neuroimaging in children in the first 6 months of the
postnatal period, allows identification of the total result
of multidirectional degenerative-reparative processes in
the neurovascular components of CNS and construction
of the diagnostically significant criteria of the severity of
neuropathology, which determines the physical development
of children in the first year of life:

1. With a mild degree of the CNS lesion, a slight increase
in the content of S100 protein and NGF (no more than 15% of
the norm) in the age group of 1-3 months is determined. The
presence of physical development "above average" is found,
regardless of the age group.

Table 2.
The physical and psychomotor states of the children and the severity of the CNS lesion (M£SEM)
Control Mild degree of ND Moderate degree of ND Severe degree of ND
. ntr -
Variable grou; Group la | Group 1b | Group la | Group Ib | Group la | Group 1b Statistics
(=60) (1) | (n=62) (2) | (n=58) (3) | (n=60) (4) | (n-45)(5) | (n=51) (6)
Group la: F=8.3469 P=0.0004
P, =0.0002, P, =0.0486
SOCG (%) 77£3 63+4 62+4 51+6 34+4 36+3 léroup 1b: F= 13.9444, P=0.0000
P, =0.0316, P, =0.0000, P, =0.0147
Group la: F=12.3615 P=0.0000
P, ,=0.0023, P, =0.0000
SOCD (%) 67+4 58+3 572 4443% 3743 3443 'f‘iroup Ib: F= 18.6146, P=0.0000
P, ,=0.0006, P, =0.0000
Group la: F=0.9392 P=0.3931
Apgar score 7+1 6+1 5+1 5+1 4+1 4+1 Group 1b: F=0.3097, P=0.7341
Group la: F=10.6572 P=0.0000
Zscore (WAZ)| 040.8 | 0.9£02 | 1.0+0.1 | 14+0.1 | 15201 | 1.9:0.1 | 2.1%0.1 Pl-sz((})r'gilzszl?l-zs; O 0.0000
P, =0.0011, P, =0.0000, P, =0.0002
Group la: F=2.3333 P=0.1003
Centile 63+7 75+8 74+6 8543 9242 93+3 Group 1b: F=4.0113, P=0.0199
P, =0.0147
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Table 3.
Blood levels of neurotrophic factors and the severity of the CNS lesion (M£SEM)
Age group | Variable Control Mild degree Moderate degree | Severe degree Statistics
(month) group (1) of ND (2) of ND (3) of ND (4)
S-100 F=15.2345 P=0.0000
(pgiml) | 23124247 270.4+17.6 337.8+14.7 169.05£15.4 | P,_=0.0000, P, =0.0000,
PE P, =0.0000, P, ,=0.0000
NGF F=10.5940 P=0.0000
(pg/ml) 287.6+16.3 312.1+11.9 264.1+13.4 207.25+12.8 P, ,=0.0008, P273:0.O386
1-3 months P,,=0.0000, P, =0.0184
L-Hcy — —
4.9+0.8 6.87+0.91 6.06+£0.99 7.441.01 F=1.1606 P=0.3259
(umol/ml)
All 0.09£0.01 0.06£0.01 0.07£0.05 0.0410.03 F=0.3547P=0.7858
(ng/ml)
S-100 242.0+61.7 341.55+415.3 333.8+18.7 341.55+19.3 F=2.3649 P=0.0721
(pg/ml)
NGF 287.6+26.3 298.2+12.6 255.3+18.2 298.2+11.6 F=1.5856 P=0.1939
(pg/ml)
4-6 months
L-Hey — —
4.9+0.8 6.51+1.91 5.61+0.61 5.51+0.91 F=0.2691 P=0.8527
(umol/ml)
All 0.08£0.6 0.080.03 0.105+0.05 0.04£0.01 F=0.0143 P=0.9977
(ng/ml)

2. With a moderate degree of the CNS lesion, a
significant increase in the blood content of S100 protein (an
average of 45% of the norm) is determined in the age group
of 1-3 months. Physical development at a moderate degree of
the CNS lesion is characterized as "above average" in the age
group of 1-3 months and "below average" in the age group of
4-6 months.

3. With a severe degree of the CNS lesion, the blood
levels of NGF decreased by 28% relative to normal indices
in the age group of 1-3 months. The physical development of
these children was "very low."
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