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The role of catecholamines in preschool children
in the neurotic development pathogenesis

The clinic of neurosis is diverse, but common symptoms are fears and anxiety, depression, mood swings, ob-
sessions and other manifestations. In addition, it is believed that mental trauma, causing an emotion of fear or
fright affect, can lead not only to cardiovascular, but also to various other violations of the functions of inter-
nal organs. All higher forms of human behavior are associated with the vital activity of nerve cells synthesiz-
ing catecholamines. Neurons use catecholamines as neurotransmitters. (mediators) that carry the nerve im-
pulse. From the activity of synthesis and isolation of catecholamines, such complex processes as the memori-
zation and reproduction of information, aggressive reaction; mood, emotionality, etc. depend. The highest
level of catecholamines (per unit of body weight) in children. The article evaluates the results of excretion of
catecholamines in preschool children with different mental status. The study has found differences in their
metabolism in children with neurotic manifestations and healthy. Biochemical indicators of biological fluids
reflect the characteristics of the state of biochemical systems of the brain, in particular, they are indicators of
the activity of the sympathetic-adrenal  system. This suggests that the evaluation of excretion of
catecholamines can be used as a diagnostic method for this disorder.
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In the last decades of the 21st century, the problem of a significant increase in the number of children
with mental and somatic disorders has become especially acute. There are neurotic states, caused by the im-
pact of a variety of psychotraumatic factors. This is due to the growth of scientific and technological pro-
gress and related changes in all areas of human life, on the one hand, and the improvement of psycho-
physiological adaptation,.on'the other. In this regard, and in the structure of the incidence of the population,
there have been shifts towards an increase in the specific gravity of diseases, in the emergence of which an
essential role.is played by the neuropsychic overvoltage factor. Among such diseases are neuroses. Among
the most vulnerable age groups in this regard, preschool and primary school children are confidently leading
the way. The consequences of a timely unrecognized disorder in the future can be firmly fixed and will de-
termine not only the state of neuropsychiatric and psychosomatic health [1, 2], but also the features of per-
sonality development [3], affecting all levels and forms of adaptation (mental, social, professional) [4].
Al Zakharov points out deviations in the neuropsychological development of children in 33 % who attended
kindergarten [5].

Neurosis is a complex and, on a number of aspects, a debatable problem. Analysis of the scientific liter-
ature indicates that research in the field of neuroses is not of a complex nature and, as a rule, leans either on
psychological methods [6, 7] or on medical [8, 9] methods of diagnosis and interpretation of data. The spec-
trum of clinical forms of neurosis in childhood is very wide, diverse, but not all forms are well known even
to specialists. An important circumstance that makes us turn to this topic is the significant age-specific origi-
nality of the clinic of this condition, ignorance of which leads to diagnostic errors. In the modern scientific
literature there are virtually no works devoted to the analysis of physiological changes in the child's organism
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with neurosis. The importance of studying these conditions is due not only to their high prevalence, but
mainly to the fact that in childhood, neurosis can remain hidden for a long time, or manifest as a symptom of
a physical malaise [10].

Assessing the state of the problem of neuroses in general, it should be recognized that pathogenesis
mechanisms remain the most vulnerable place in the whole problem. It is possible that the way to overcome
this difficulty is that neurosis must be viewed not in parts, not in individual symptoms, but as a disease of the
whole organism. The child's body for a variety of mental trauma and biologically strong agents and harmful
effects can respond with a nonspecific reaction called stress [11]. With neuroses, the functional activity of a
wide variety of organs and substances is changing, resulting in disturbances in the cardiovascular, respirato-
ry, digestive and other systems.

Neurotransmitters play a significant role in the response to external influences and disruption of homeo-
stasis [12]. Catecholamine innervation affects the main centers of higher nervous activity: the center for con-
trol and inhibition of motor and emotional activity, programming activity, attention system and operational
memory. It is known that catecholamines perform the function of positive stimulation and are involved in the
formation of a stress response. Proceeding from this, it can be considered that catecholamine systems partici-
pate in the modulation of higher mental functions and in the violation of catecholamine metabolism, various
neuropsychic disorders can arise. These reasons cause the need to study data on the mechanisms of develop-
ment of pathological processes of the child's body in neurosis, namely: determining. the level of
catecholamines in a biological fluid in preschool children with various neurotic states.

Materials and methods

A study was carried out in the kindergarten nursery Ne 15 «Akku», a kindergarten «Tolagay» in Kara-
ganda. Based on the results of primary research, a group of 127 children was selected, who later participated
in in-depth studies. The entire sample was divided into four groups. There are 22 children with the estab-
lished diagnosis — neurosis, 18 children with pre-neurological status, 40 — with a high degree of anxiety,
48 children — normally developing. On the basis of gender, the study involved 55 girls and 72 boys. The
number of children in the main groups was as follows: in the neurosis group — 18 girls, 13 boys; in the
group of predneurosis — 8 girls, 10 boys; in the group of anxious children — 17 girls, 23 boys; in the group
of normally developing children — 24 girls, 24 boys. The age of the children ranged from 4 years to 5 years
5 months. The indicators of the physical development of children were within the limits of the age norm. The
body weight of children 4 to 5 years was 15.2 £ 1.3; from 5 to 5.5 years — 21.4 + 1.1. The average height of
children from 4 to 5 years is 103 = 0.9; from 5 to 5.5 years — 108.4 £ 2.1.

The study was conducted by standardized sets for enzyme immunoassay. Such sets as Elisa Kit for Do-
pamine (DA), Elisa Kit for Noradrenaline (NE), Elisa Kit for Epinephrine (EPI) are designed for 96 assays
with any type of biological fluids. For the analysis, an EIA station was used: Microplate reader — Zenyth
340st Anthos, a shaker-thermostat — ELMI ST3, washer — anthos fluido. The concentration of epinephrine,
norepinephrine, and dopamine was expressed in mol/d. The calculation used the program Statistica V.6.1,
specifically designed for statistical calculations, including in the natural sciences. Given the presence of four
groups, to solve the problem of detecting differences in these parameters, the best option was Fisher's vari-
ance analysis orF-criterion. The reliability of the parameters studied was assumed to be p < 0.001. The de-
scription of the quantitative characteristics is carried out with the help of the arithmetic mean of the plus-
minus error of the mean value.

Based on the results of single-factor analysis of variance analysis, the following results were obtained
below.

Results and its discussion

In the study, the average statistical indices describing the level of catecholamines in children of differ-
ent groups (neuroses, prednevroses, anxiety states, and norm) were determined. When analyzing the differ-
ences in the Dopamine scale, the values of F = 3209.73 at p = 0.001 were obtained. The graphical analysis of
the differences presented below clearly demonstrates its focus.

Figure 1 clearly demonstrates that the average values for this hormone are the highest in the group
«Normy», gradually decrease when going to the groups «Alarming states», «Predneurose» and finally reach
their minimum in the group «Neuroses». In this case, it makes sense to note a small spread of values and a
high density of results, which certainly increases the accuracy of the measurement.
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In the second parameter, the level of norepinephrine F = 2460.75 at p = 0.001, the opposite situation can
be observed (Fig. 2).
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Figure 1. Descriptive characteristics Figure 2. Descriptive characteristics
of the parameter «Dopamine» of the parameter «Noradrenaline»

With a significant gap, according to the average indices, the group «Neuros» leads, then, after a strong
«failure», the norepinephrine rates decrease smoothly, reaching a minimum on the «Norm» group. As in the
previous case, one can note a high density of indicators and a small spread in the values of groups.

According to the third indicator of the level of hormones — Adrenaline F = 1785.84 with p = 0.001, a
similar situation was found (Fig. 3).
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Figure 3. Descriptive characteristics for the parameter «Adrenaline»

As in the previous case, the highest level is observed in the group «Neuroses» after which it drops
sharply and having a clear tendency to decrease reaches a minimum on the «Normy group.

The diagnostic value of these physiological studies allows us to state that the secretion of epinephrine
and noradrenaline rises sharply in anxiety and fear in pre-school children with neuroses, predoneuroses, and
anxiety. From the physiological point of view, they do not differ from each other, the difference consists on-
ly in the fact that anxiety causes activation of the organism before the expected event occurs, which is why
the children in the group «Anxiety» in terms of adrenaline and noradrenaline are not much inferior to the
group of «Predneurosesy.

W.B. Cannon’s studies of the emotion physiology [13] showed an increase in the amount of adrenaline
in the blood in emotional states (fear, anger, etc.), an excess of which in turn causes a number of somatic
changes in the body. An increase in the amount of adrenaline occurs when emotions are caused by the action
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of both conditioned reflexes and unconditioned reflex stimuli. However, prolonged exposure to high concen-
trations of adrenaline leads to increased protein metabolism, which leads to a decrease in muscle mass, loss
of body weight, and often to exhaustion. This explains the asthenic constitution of neurotic children. In addi-
tion, the predominance of adrenaline in the body destroys the heart, kidneys. The child is in a state of con-
stant nervous over-excitation, sometimes inadequately perceives the emerging situation. In this case, often
increases blood pressure, which can lead to vegetative-vascular dystonia.

When a high concentration of noradrenaline and epinephrine combine, a strong muscular tension arises,
which can lead to a physiological response, such as a tremor which is caused by the excitation of (2-
adrenoreceptors, which is enhanced the contractile activity of skeletal muscles. This reaction is typical for
both neurotics and children with anxiety. It appears in the trembling of the chin, lips, and limbs in a stressful
situation.

Dopamine is a neurotransmitter, as well as a hormone formed from L-tyrosine [14]. Itiis a precursor in
the synthesis of noradrenaline and epinephrine. As a representative of catecholamines participates in' the
basic metabolic processes of the body, the formation of a common adaptation syndrome and through the ac-
tivation of the hypothalamus-pituitary-adrenal system promotes metabolic and hemodynamic adaptive reac-
tions [15]. The excretion of dopamine in the urine in our study is significantly reduced in the Neurosis group
by 43.6 %. When dividing children into groups according to various clinical signs;there were also statistical-
ly significant differences. Thus, the level of dopamine was significantly lowered in‘the Predneuroses group
by 13.1 %. In the group «Anxiety» was found low numbers of the norm.

The results of the study of catecholamines of older children (middle school age, adolescents), having
neurosis, increased anxiety, etc., are somewhat contradictory. The level of adrenaline, noradrenaline or do-
pamine (and sometimes all three hormones at once) did not increase, and in some cases even decreased sig-
nificantly, despite the fact that it was already low initially [16]. Presumably, in a state of chronic stress, since
older children, the adrenal glands are functionally depleted and are no longer able to adequately react and
produce these hormones in the required amount.

The results allow us to conclude that psychoemotional stress in preschool children with neuroses, under
the influence of impulses coming from the limbic system, teleases corticotropin releasing hormone in the
hypothalamus), which stimulates the activity of the pituitary gland. The pituitary gland secretes adrenocorti-
cotropic hormone, which activates the work of the adrenal glands — the main source of catecholamines (epi-
nephrine and norepinephrine) with a parallel decrease in dopaminergic activity.

This is accompanied by activation of the sympathoadrenal system and changes in the functioning of
both internal organs (heart, lungs, gastrointestinal tract) and behavioral disorders. Depressed and anxious
which are not characteristic of children, in children with neuroses are explained by a decrease in dopamine
activity and an increase in norepinephrine and adrenalin neurons.

The magnitude of stress is estimated by the level of increase in adrenal hormones. In children with pre-
neuropathic condition, a significant decrease in dopamine is observed, an increase in epinephrine and nore-
pinephrine reaches a neurotic leveliin terms of severity.

Anxious state has common biochemical pathogenetic mechanisms with neurosis. Despite close to the
norm of dopamine, a significant imbalance in the direction of increased adrenaline and norepinephrine,
which is indicated a significant risk of neurosis in the future.

From the above it follows that to understand the mechanism of neuroses is very important (no less than
the unfolded stage) its initial, more latent period. It is characterized not so much by disturbances in individu-
al functional systems of the body, as by changes in the interaction of different systems, i.e. the violation of
correlations between individual systems is the first reliable criterion for developing neurosis.
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MekTen kacbIHA JeiiHri 0ajaJapablH HEBPOTHKAJBIK
AaMy MATOreHe3iHae KaTeXoJaMuHAepaiH peoJi

HeBpo3apIH KIMHUKACH! KONTYPIIi, anaiia oapAbIH >KaJIIbl 9pi OPTaK CHMIITOMApFa KOPKY, alaHiay, Ypew,
JeTIpeccust, KOHUI-KYHIIH >KHi aybICYBI, >KAIBIKTHIPATHIH. OiNlap kaTangbl. COHBIMEH KaTap ICHXUKAJBIK
JKapakaTTaH 0O0JATHIH KOPKY SMOLMSCH MeH ypeil addeKTiCiHeH KypeK-TaMbIPJIbl )KYHECIHIH JKYMBICH FaHa
eMecC, JKaIIbl iMIKi Mylenepinie (QyHKUHUsIapbIHBIH OY3bUIBICTApbIHA OKelyl MYMKiH. AIaMHBIH MiHe3-
KYJIKBIHBIH OapJIBIK JKOFapbl HbICAHIAPbl KATEXOJIAMMHIEPIl CHHTE3ACHTIH XKYIKe KacyllanapbIHbIH eMipiliK
Gencenpinirine OaitnanpicTel. HeiipoHmap karexonaMHHISPAl KYWKE MMITYJIbCIH aJaThlH HEHPOTPAHCMHT-
Teprnep (Memuatopiap) peTinae maiimananansl. KaTexomamMuHIEpAiH CHHTE3l MeH OKIIayJaHybIHaH,
aKIapaTTHIH €CcTe CaKTaybl MEH KoOerol, arpecCHsUIBIK peakIusuap, KOHUI-KYH, SMOIHOHAIIBIK JKOHE TaFbl
Oacka Kypaenm mporecTepre OailaHbICThL. bamanapna kaTtexomaMUHIEpIiH €H Kem JeHreii (meHe
caJIMarbIHBIH Oipiirine) Oaiikanmagsl. Makanmaga MEKTeIl skachblHa JEHIHT1 opTYpill NCHXUKAIBIK CTaTyCHl Oap
Oayanmap/blH KaTeXOJaMHHACPIIH  DKCKpEIHschiHA Oara Oepineni. 3epTreyiiep KOpCETKEHAEH, cay KoHe
HEBpO3/Ibl Oasanap/iblH METab0IN3M KaTapblHAAFbl epeKIenikTep 0onaabl. BUONTOrHsIIBIK CYHBIKTBIKTAPIbIH
OUOXMMHUSUITBIK, KOPCETKIIITepl 0aC MUABIH OMOXUMHUSUIIBIK XKy#Henep KyWiHiH epeKIIeniKTepiH CHIaTTaiabl, 01
CHMIIATONBI-aJpeHANABI KyieHIH Oencenainiriniy Oaracsl GonMak. KaTexomaMHHIEPIiH 3IKCKPELHSCHIH
Garanay OepinreH Oy3bUIBICTa IUATHOCTHKANBIK 9/IiC PETiHAE KONAAaHbICTa OONYBIH JaJeIeaei .

Kinm cesdep: MexTem >kacblHa NeHiHri Oananmap, HEBpO3, aJaHJAyIIBUIBIK, KaTeXOJIaMHHAEp, XohaMuH,
HOpAaJpEeHANH, aipeHalI}H, HepOMeINaTop, CUMIIATOJIbI-a{peHAaIBI XKYiie.
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PoJsb kaTexo1aMHHOB y JAeTel JOMIKOJbHOI0 BO3pacTa
B MIaTOreHe3e HEBPOTHYECKOr0 pa3BUTHUSA

Knunrka HeBpo3za MHOrooOpasHa, HO OOLIMMH CHUMIITOMAMH CUHUTAIOTCSl CTPAXU U TPEBOXKHOE COCTOSHHE,
JeTpeccusl, epenajibl HaCTPOEHHs], HaBsI34UMBBIE UIEU U Apyrue nposieiaenus. [lomumo 3Toro, NpuHATO Cum-
TaTh, YTO NCUXUYECKHE TPABMbI, BHI3BIBAIOIINE IMOLHIO CTpaxa WK adeKT ucryra, MOryT BECTH HE TOJBKO
K CeplIeYHO-COCYAUCTBIM, HO M K Pa3iIMYHBIM JPYrMM HapyIIeHHsM (YHKOWII BHYTpEeHHHX OpraHoB. Bce
BEICIINE ()OPMBI ITOBEICHUS YEJIOBEKA CBS3aHBI C KU3HEEITSIBHOCTHIO HEPBHBIX KJICTOK, CHHTE3UPYIOIINX
KaTexoJaMUHEL. HeHpoHbI NCTIONB3YIOT KaTeXOoIaMHHBI B KauecTBE HEHPOMeAnaTopoB (IIOCPETHUKOB), OCY-
HIECTBILAIOINUX NepeAady HEpBHOIO UMILynbca. OT aKTUBHOCTU CHHTE3a U BBIIEICHUS KaTEXOJIAMUHOB 3aBU-
CSAT TaKHe CJIOXKHbIE MPOILIECCHI, KaK 3alIOMUHAHKUE ¥ BOCIPOM3BE/ICHHE NH(POPMALINH, arpecCUBHAS PEaKIus,
HACTPOEHUE, SMOIMOHATIBHOCTE U T.JA. CaMblil BHICOKHI ypOBEHb KaTE€XOJaMHMHOB (Ha €IMHHUIYy MAacChl Te-
7a) — y JeTeil. B cTaThe oneHMBaIOTCS pPe3ynbTaThl SKCKPELUH KaTEXO0NAMUHOB y JIETEH JOIMIKOIBHOTO BO3-
pacTa ¢ pa3IHMYHBIM MCUXUUECKUM cTaTycoM. MccnenoBaHneM yCTaHOBIIEHBI pasiHyns B UX MeTaboIu3Me y
JeTel 370pPOBBIX M C HEBPOTHUYECKIMH IIPOSIBICHIAME. broxuMudeckne mokasaTenn OMOIOTHYECKUX JKUIKO-
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cTen OTpaxaroT 0COOCHHOCTH COCTOSIHUS OMOXMMHYECKHUX CHCTEM MO3ra, B 4aCTHOCTH, SABJIAIOTCA IMOKa3aTe-
JISIMH aKTHUBHOCTHU CI/IMHaTO-a,Z[peHaJIOBOI\/'I CHCTEMBI. DTO IMO3BOJISET NPEAIOJIOXKUTDH, YTO OLEHKA SKCKPEIUU
KaTeX0JIAMHMHOB MOYKET OBITh HCIIOJIb30BaHA B KaueCTBE AUArHOCTUYECKOTO METOZa IPYU JaHHOM paccrpoﬁ-
CTBC.

Knrouesvie crosa: JOIIKOJIbHUKH, HEBPO3, TPEBOXKHOCTh, KATEXOJIaMHUHBI, IIO(i)aMI/IH, HOpaJpC€HalliH, aip€Ha-
JINH, HeﬁpOMeI[PIaTOp, CHUMIIaTO-a/Ip€HalioBas CUCTEMaA.
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