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SANATATEA SOCIETATII CONTEMPORANE —
PROBLEMA GLOBALA CE AMENINTA VIITORUL
CIVILIZATIEL REZOLVAREA PROBLEMEI SANATATII
E POSIBILA DOAR PRIN DEZVOLTAREA
SANOCREATOLOGIEI.
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Abstract. The paper examines the problem of somato-vegetative health of
the contemporary population as one of the most important, which determines the
future of civilization. The analysis of the bibliographic literature indicates the
insufficient study of the systems and mechanisms that determine the formation,
maintenance and deterioration of health, as a specific phenomenon that ensures
the human vitality and daily activity.

Based on the literature and special own studies, the definition of somato-
vegetative health, physiological and psychical indicators of health identification,
determinants of the formation and deterioration of health were developed and
argued. Evidence is provided in support of the statement of the way to solve the
health problem - the development of sanocreatology, science about creating,
maintaining, strengthening health of the human organism and preventing its
premature deterioration.

Key words. Health, mental health, somato-vegetative health,
sanocreatology, phenomenology.

1. Sanéitatea ca fenomen al organismului uman ce determina
existenta si activitatea acestuia
Sanatatea reprezintd un fenomen determinat genetic si fiziologic,
ce se creeaza conform unor legitati specifice, in conditii stabile ale
mediului intern, determinate filogenetic, cu rol hotarator in dezvoltarea
proceselor metabolico-structural-fiziologice si psihice, functionalitatea,
durata si manifestarea operativa a careia depinde de o gama complexa de
factori intrin- si extrinseci, influenta concreta a carora este determinata
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atat de natura, durata si intensitatea actiunii lor, cat si de starea
functionala si psihica a organismului.

Sandtatea somato-vegetativa, psihicd, senzoriald si sociala, fiind
determinate de un complex specific de mecanisme si legitati genetice,
metabolice, structurale, fiziologice, psihice si sociale, care preced si
asigura in conditii fiziologic determinate dezvoltarea, existenta, realizarea
necesitatilor fiziologice si psihice si activitatea zilnica, raportate la
eficienta activitatii, la longevitatea si calitatea vietii, realizarea
idealurilor, generate de activitati directionate, reprezinta preponderenta
absoluta, semnificatia determinatoare in dezvoltarea si realizarea
destinatiei genetice, fiziologice, psihice si sociale, precum si a evolutiei
speciei social-biologice a societatii.

Pe langa cele mentionate, e necesar de semnalat, ca sanatatea
constituie cel mai valoros patrimoniu al fiecdrui om, o caracteristica
fundamentala, unica, ce declanseaza nasterea, dezvoltarea, activitatea
vitala si cognitiva si, care i-a permis speciei biologice — Homo sapiens,
nu numai de a supravietui si a domina pe Planeta Pamant, dar si de a
obtine asa succese exceptionale ca descifrarea codului genetic, explorarea
altor planete, crearea robotilor, capabili si se invete si sa renoveze
sisteme electronice de diagnosticare exacta a functiilor organismului
uman, aparate de comunicare mobila si computerizarea activitatii umane
etc. Gratie sanatatii somato-vegetative si psihice omul a obtinut rolul
hegemon, de superioritate pe globul pamantesc.

Insa asa a fost sd fie, ca societatea contemporana, fiind
preponderent societate consumatoare, iar guvernatorii si politicienii nu au
constientizat la justa valoare primordialitatea sanatatii in supravietuirea si
activitatea cotidiana a fiecarui om, a si determinat faptul nerecunoasterii
acesteia ca fenomen fundamental si practic semnificativ de natura
specifica, prin ce a ramas in afara intereselor stiintei si activitatii
societatii. Ca urmare, pana in prezent nu a fost elaborata chiar si 0
definitie stiintifica unanim acceptatd de catre specialistii in domeniu a
notiunilor de ,,sdnatate”, ,,sindtate somato-vegetativa”, ,,sanatate psihica”,
,,Sandtate senzoriala”, ,,sanatate sociala”.

Actualmente exista circa 100 de definitii a notiunii de ,,sanatate”,
fara a fi diferentiate sau specificate caracteristicile tipurilor de sanatate,
care se bazeazd pe asa notiuni ca ,bunastare”, ,echilibru cu mediul
ambiant”, ,functionarea optimald a organelor si sistemelor”, ce nu
dezvaluie indicii metabolici, structurali, fiziologici si psihogeni, care ar
reflecta tipul de sanatate.



La crearea acestei incertitudini fata de sanatatea omului a
contribuit si medicina contemporana ca stiintd nozologica, directionata
spre diagnosticarea si tratamentul bolilor, ce au o raspandire larga in
societate si care a elaborat metode si tehnici eficiente, permitandu-i sa
obtina succese exceptionale in tratamentul celor mai grave maladii, prin
ce a devenit una din cele mai dominante stiinte contemporane.

Cauzele lipsei conceptului unanim acceptat a si determinat situatia
actuald a sanatatii populatiei. Printre acestea vom mentiona cele mai
importante. Una din ele — scopul medicinei contemporane este studierea
etiologiei, manifestarilor clinice, diagnosticarea, elaborarea tratamentului
prevenirea (profilaxia) bolilor, terapia eficace a generat opinia despre
inutilitatea preocuparii speciale cu fenomenul sanatatii. Cea de a doua
pricina consta in faptul, ca pentru categoria ,,sanatate” nu sunt determinati
indicatorii fenomenologici caracteristici, precum sunt pentru categoria
»maladie”, ce prezintd o notiune palpabild cu indicatori obiectivi,
perceputd ca generatoare a dificultatilor in activitatea zilnica, pe cand
indicii subiectivi ai sanatatii aparuti in procesul evolutiei, ca repere ale
starii de sanatate nu sunt recunoscuti.

Cea mai raspanditd viziune, ce caracterizeaza sanatatea In medicina
practicd se bazeazd pe alternativa ,,sandtos-bolnav”. In cazul, cand
medicul nu determind indicii de diagnosticare a maladiei, el stabileste
diagnoza ,,practic sanatos”. Altd pricina a inutilitatii tentativelor de a
elabora un concept unic consta in complexitatea fenomenului sanatate,
existenta unor indici comuni si interrelatiile dintre sanatate si patologii.

Medicina apreciazd sandtatea ca rezultat general firesc al
tratamentului — manifestandu-se prin prezenta totalitatii parametrilor
organismului, ce revin la limitele normei (temperatura corpului, tensiunea
arteriald, frecventa cardiacd, indicii sanguini, indicii urinei, indicii
hormonilor etc.).

Tratamentul cu succes de catre medicina contemporana, in acelasi
timp, a contribuit la formarea opiniei, sustinutd de multi medici, conform
careia tratarea cu succes cum ca recupereaza sanatatea i automat rezolva
problema sanatatii, prin ce, de facto, s-a negat existenta mecanismelor
specifice de formare, mentinere si fortificare a sanatatii si degradarii
precoce a ei.

Aceasta opinie a si determinat faptul, ca problema sanatatii —
esenta, mecanismele de formare, de reglare, fortificare si preventie a
degradarii precoce a sanatatii nu este recomandata ca obiect de studiu in



institutiile de pregatire a cadrelor. Din aceeasi cauza in manualele de
fiziologie, biochimie s. a. nu se abordeaza problema sanatatii.

S-a creat un paradox, care constd in faptul, cd organele oficiale
responsabile pentru starea sanatitii populatiei si care in activitatea lor
utilizeaza notiunea ,sanatate”, nefiind informati in esenta acestui
fenomen, precum si oamenii de stiinta ce studiaza diverse nozologii prin
editarea lucrdrilor stiintifice sub grifa ,sanatate”, desi nu au atributie
nemijlocita la sanatate, contribuie la nerecunoasterea problemei sanatitii,
de rand cu cea a maladiilor ca una prioritara in activitatea lor si de a 0
oficializa ca una prioritara la nivel de state. In aceasti ordine de idei,
mentionam, ca fiecare om, cand se Imbolnaveste atentioneaza
semnificatia sanatatii ca cel mai valoros patrimoniu pentru ei. Fraza ,,de
ar fi sanatate — toate celelalte vor fi” este exclamatd des in societatea
contemporand, prin ce se recunoaste prioritatea sanatatii.

Motivele lipsei conceptului unanim acceptat a si determinat situatia
actuald a sanatatii populatiei. Printre acestea vom mentiona douad, cele
mai importante. Una din ele — scopul medicinei contemporane este
studierea cauzelor (etiologia), manifestarile clinice si efectele asupra
organelor (patologia clinica), recunoasterea (diagnosticul), tratamentul
(terapia) si prevenirea (profilaxia) bolilor care afecteaza corpul omenesc,
de aceea ea nu direct contribuie la rezolvarea problemei sanatatii. Cea de
a doua pricind constd 1n faptul, ca pentru categoria ,,sanatate” nu sunt
determinati indicatorii fenomenologici caracteristici, precum sunt pentru
categoria ,maladie”, ce prezintd o notiune palpabild, perceputd ca
disconfort, dificultati in activitatea de fiecare zi, excitabilitate etc.

Luand in considerare, ca inca in a. 2016 in primul volum al
sanocreatologiei  ,,Tratatul bazelor stiintifice si  practice ale
sanocreatologiei” [20] au fost analizate cele mai raspandite concepte
despre ,,sanatate” aici vom mentiona pe scurt doar unele din ele, printre
care si a compatriotului nostru I. I. Mecinicov, expusa la inceputul
secolului XX. Conform opiniei lui I. I. Mecinicov, asigurarea sanatatii si
longevitatii este posibild prin organizarea modului sanitos de viata,
criteriile principiale ale caruia — pastrarea constructiei armonioase a
corpului, echilibrului naturii, sarguintei, echilibrului dintre munca fizica
si psihica [15].

Academicianul N. M. Amosov [12] delimita patru principii ce
determind pastrarea sanatatii: intensitatea fizica (,,in atdt, ca sa te
inddusi”); limitarea alimentarii; calirea; timpul si capacitatea de a te
odihni.



In enciclopedia mare medicald [17], editati in ex-URSS se
subliniaza, ca scopul medicinei consta in fortificarea si pastrarea sanatatii,
preventia si tratamentul bolilor oamenilor, dar se trece sub tacere definitia
fenomenului ,,sanatate”. Aceasta situatie S-a pastrat pe parcursul secolului
XX si continud si pana in prezent, neavand apreciere acceptabila in
documente medicale oficiale.

Cea mai raspanditd definitie a sanatitii se considera ce a
Organizatiei Mondiale a Sanatatii, expusa in cartea OMS (1946).
wandatatea este o bunastare deplina fizica, sufleteasca si sociald, ci nu
numai lipsa maladiilor si defectelor fizice”, care nu determina posibilele
cai de creare, mentinere, fortificare a sanatatii si prevenirii
dissanogeniilor, din ce cauza nu poate fi utilizata In practica [5].

Contrazicerea abordarii notiunii ,,sanatate” este conditionatd in
mare masura de diferenta criteriilor, ce stau la baza conceptelor
corespunzatoare:

1) ,sanatatea” —,lipsa maladiilor”;

2) ,sanatatea” si ,,norma” — ,,notiuni identice”;

3) ,sanatatea” ca ,unitate de constante morfologice, psiho-

emotionale si social-economice”;

4) ,sanatatea” —,stare”;

5) ,sandtatea” —, insusire, calitate”;

6) ,sanatatea” —,,proces”;

7) ,sanatatea” —,,masura viabilitatii”;

8) ,.sanatatea” —,,calitate noua”.

Asadar, pana 1in prezent lipseste claritate privind esenta,
mecanismele, caile de formare si mentinere a sanatatii, preventiei
dissanogeniilor [6; 13; 15; 17].

Cauza principala a acestei situatii despre esenta sanatatii, posibil,
constd in conservatismul pacientilor si a majoritatii medicilor practicieni,
atentia carora este orientatd spre rezolvarea obiectivelor principale ale
activitatii acestora — diagnosticarea, tratamentul si profilaxia maladiilor.
Aceastd atitudine a contribuit la formarea paradigmei patocentriste,
conform careia sarcina principald a medicinei consta in tratamentul si
profilaxia maladiilor, iar sdndtatea se rezolvd de la sine in rezultatul
tratarii eficiente a bolilor.

Ignoranta si neglijenta fatda de crearea, fortificarea, mentinerea
sanatatii si preventia precoce a diminuarii functiilor si degradarii
biologice si psihice a organismului uman a cauzat tendinta ascendenta a
morbiditatii si mortalitatii, ce are loc si in conditiile tratamentului eficient
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al maladiilor, fapt ce marturiseste despre nerezolvarea problemei sanatatii
si despre scaderea longevitatii, degradarea precoce a sanatatii somato-
vegetative si psihice si mortalitatii.

2. Starea contemporana a sanétitii societatii pe fondalul

tratamentului cu succes al maladiilor

Despre starea alarmantd a sanatatii, ce ameninta viitorul societatii
contemporane denota statistica morbiditatii si mortalitatii populatiei: circa
40 % din populatia mapamonda sufera de boli alergice; 24,6 % — de
hipertenzie arteriala; fiecare al treilea locuitor al Planetei suportd maladii
respiratorii; 25 % din populatia matura tolereaza obezitatea; de dilatarea
varicoasa a venelor sufera 17 %; de hemoroizi — 50 % persoane la varsta
de 50 de ani; de stenocardie — 10-20 % la varsta de 60-70 de ani. In
fiecare an se imbolnivesc de malarie circa 500 mIn de oameni. In Statele
Unite ale Americii morbiditatea diabetului zaharat constituie pana la 20
% din populatie. In ultima jumitate a secolului trecut, patologiile hepatice
au luat forma pandemiei. Conform datelor OMS fiecare a 12 persoana de
pe Paméant trdieste cu hepatitd cronicd de etiologie virald. Din cauza
infectiei acute, insuficientei hepatice, cirozei hepatice si cancerului
aproximativ 1,4 mln de oameni mor in fiecare an (WHO, 2016). Numai 8
% din toatd populatia mapamonda ating véarsta de 65 de ani, 92 %
decedeaza din cauza deteriorarii sanatatii, 26 % traiesc mai putin de 14
ani, 66 % decedeaza intre 15 si 64 de ani, 8 % cu varsta peste 65 de ani.
Catre varsta de 43 de ani, de facto, fiecare locuitor este afectat de 2-3
boli. Nimeni nu decedeaza de batranete, dar toti mor din cauza bolilor.
Conform datelor ,,MupoBoii cratuctiku 3apaBooxpanenus 2011 roxa”,
editate de OMS in Geneva, maladiile neinfectioase: cancer, insult, si
diabetul prezinta cea mai raspandita cauza a morbiditati [9].

Despre starea sanatatii populatiei in Republica Moldova
marturisesc urmatoarele cifre: 1) longevitatea medie este cu 6-7 ani mai
mica, decat in Europa si constituie 59 de ani; 2) mortalitatea din cauza
bolilor oncologice spre deosebire de alte tari din regiunea Europei are
caracter ascendent. In crestere se afld si morbiditatea din cauza bolilor
cardiovasculare, diabetului zaharat si bolilor tractului digestiv. Numai 39
la sutd din persoanele in varsta de 16 ani si peste din mediul rural fsi
apreciaza starea de sanatate ca fiind buna [10; 11].

Ingrijoritor este si pronosticul morbiditatii populatiei in viitorul
apropiat: daca in 2008 din cauza bolilor cardiovasculare au decedat 17,3
mln de oameni, apoi in 2030 vor deceda 25 mln, in anul 2010 sufereau de
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boli oncologice 2,6 min, apoi in 2020 — 15 mln, in 2000 bolnavi de diabet
zaharat au fost 150 mln, in 2010 — 300 mln, iar peste 15 ani numarul
acestora va spori de 2 ori [7; 8].

Conform datelor OMS circa 500 mIn de oameni sufera de dereglari
psihice, iar dereglarile psihice in Europa constituie 38,2 % [7; 8].

Cele mentionate pe deplin compromit si defavorizeaza paradigma
patocentristd a medicinei contemporane si servesc argument esential al
necesitatii modificarii paradigmei existente prin una sanocentrista si
recunoasterea actualitatii, prioritatii rezolvarii problemei sanatatii, de
rand cu problema maladiilor. In acest context, este evident sau devine
absolut stricta formarea opiniei obstesti privind importanta primordiala ca
valoare determinatoare pe care o are problema sanatitii. In prezent
societatea nu a constientizat la justa valoare, ca cea mai notabila calitate
vitald a organismului prezintd starea sanatatii. Societatea manifestd o
atitudine mai mult indiferentd fata de sanatatea sa, dandu-si seama de
semnificatia acestui fenomen pentru existenta organismului numai in
perioada imbolnavirii copiilor sau personale sau diminuarii functiilor si
degradarii structurilor biologice ale organismului. Una din cauzele acestei
situatii este insuficienta cunostintelor populatiei privind formarea,
reglarea, fortificarea si caile de deteriorare a sanatatii.

E necesar de mentionat, ca daca tratarea maladiilor nu obliga
elaborarea unui concept comun, ce ar dezvalui caile de dezvoltare si de
preventiei a bolilor, deoarece etiologia, patogenia si tratamentul fiecarei
maladii prezintd un proces specific, unic, apoi sanatatea ca atare,
formarea, mentinerea, fortificarea si preventia deteriorarii ei, prezentand
o stare integrald a organismului de a mentine activitatea metabolico-
structural-functionala a tuturor organelor somato-vegetative in limitele
filogenetic determinate, interrelatiile, coordonarea si sincronizarea
acestora [1; 2; 3; 4; 14; 16] pot fi realizate gratie unui concept stiintific
argumentat, ce ar orienta cdile de formare, mentinere, fortificare a
sanatatii si de preventie a deteriorarii ei si degradarii biologice precoce a
organismului, ce a si determinat necesitatea elaborarii unui astfel de
concept.

Sandtatea somato-vegetativd prezintd o stare integrald a
organismului definita de viabilitatea si capacitatea organismului de a
genera si mentine activitatea metabolico-structural-functionala a
structurilor somato-vegetative 1in limitele filogenetic determinate,
coordonarea si sincronizarea lor, prioritar circulatia sangvina si respiratia
conform necesitatilor biologice, destinatia careia este asigurarea
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creierului si celorlalte structuri ale organismului cu oxigen, substante
plastice, energetice si biologic active, prin ce se oferd garantie existentei
si activitatii operative adecvate, fiind realizate de mecanismele genetice,
ce cauzeaza autoreglarea prin feedback cu participarea metabolitilor si
cele fiziologice, care se creeazd 1n ontogeneza postnatala 1n baza
principiului reflector de reglare a functiilor sub influenta mediului de
viata si invatarii, manifestandu-se in:

a) perioada intrauterind prin autoreglarea cu feedback, ce se
bazeaza pe mecanismele genetice cu participarea metabolitilor
organismului matern, care in asociere cu starea fiziologica si psihicd a
gravidei cauzeaza sanogenitatea embrionului si fatului;

b) perioada postnatald, cand are loc autoconstituirea mecanismelor
fiziologice (ontogenetice) de reglare a activitatii operative a
organismului, care, comparativ cu cele genetice cu timpul obtine rolul
preponderent in reglarea operativa, autoformarea si reglarea proceselor
manifestarii sanatatii  somato-vegetative se realizeazd prin sisteme
functionale — sanoformatoare (metabolic, digestiv, respirator,
cardiovascular, locomotor, endocrin, nervos), gratie mecanismelor
genetice de autoreglare cu feedback si celor ontogenetice, ce se constituie
in procesul activ de viatda si prin oportunitatea factorilor producenti de
sanogenii (nutrienti adecvati, stabilitatea pH si t © mediului intern,
excretia deseurilor metabolice), exteriorizandu-se prin indicatori
fenomenologici atat de natura obiectiva — mentinerea homeostaziei
metabolico-structural-functionala a tesuturilor, organelor si sistemelor
somato-vegetative in limitele filogenetic determinate, coordonarea si
sincronizarea sistemelor biologice ale organismului etc., cat si prin
indicatori de naturd subiectiva — senzatii, emotii, motivatia de viata,
puterea de vointa de a supravietui, realizarea la timp a necesitatilor
fiziologice, insotite de sentimente de satisfacere, activitatea fizica si
psihica adecvata etc.

Afirmatia privind reglarea preponderenta de catre mecanismele
ontogenetice (fiziologice) a sanatatii somato-vegetative (formarea,
mentinerea, fortificarea, sanatatii, preventia degradarii precoce), in
perioada postnatala nicidecum nu contestd rolul genelor, mecanismelor
genetice, ce stau la baza functiilor metabolico-fiziologice si servesc ca
sursa a ,,evolutiei” informatiei, cum ar fi de genul dispozitiei ,,a vietui si
activa”.

Conceptul despre sanatatea somato-vegetativd se bazeazda pe
axiomele despre determinarea vitalitatii, existentei, longevitatii,
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supravietuirii si reproducerii de sanogenitatea activitatii structurilor
biologice somato-vegetative in limitele filogenetic determinate si despre
preponderenta rolului sistemelor circulant-sangvin si respirator in
asigurarea supravietuirii organismului.

Avantajele si originalitatea conceptului constd nu numai in
prezentarea Vviziunii privind interpretarea notiunii sanatatii somato-
vegetative, destinatiei acesteia, mecanismele, reactiile si oportunitatile
formarii ei, dar si 1n orientarea practica privind caile de creare, fortificare
a sanatatii si preventiei diminuarii functiilor si degradarii precoce a
sanogenitatii.

3. Determinantii sanatatii somato-vegetative — constituenti-cheie, ce
influenteaza manifestarea sanataitii

Unele din obiectivele studiilor in domeniul sanatatii au fost
consacrate determindrii factorilor, conditiilor, cauzelor, principiilor,
constituentilor, influenta carora influenteaza constituirea, favorizarea sau
deteriorarea sanatatii somato-vegetative. Desi, stabilirea determinantilor
externi ai sanatatii prezinta o problema dificila, deoarece natura si
mecanismele lor de influentd sunt specifice, consecintele carora depind
atat de intensitatea si durata influentei, cat si de starea psiho-functionala a
organismului, necesitatea acestor studii a fost determinatd de
imposibilitatea organizarii activitatii sanogene a organismului de fiecare
zi, deoarece, de facto, acesti constituenti-cheie determind atat
sanogenitatea, cat si dissanogenitatea. Cunoasterea constituentilor-cheie
ai sanatatii, o parte din care influenteaza pe parcursul intregii vieti, iar 0
altd parte — in perioade concrete ale ontogenezei, structurarea acestora s-a
efectuat conform etapelor ontogenetice de dezvoltare a organismului:
intrauterind, postnatald de crestere si dezvoltare; functionarii stabile a
structurilor biologice; diminuarii functiilor si degradarii structurilor
biologice.

Determinanti sanogeni sunt acei factori, cauze, conditii, durata si
intensitatea carora mentin parametrii  homeostaziei metabolico-
functionale in limitele filogenetic determinate sau, daca provoaca unele
modificari ale parametrilor metabolico-fiziologici, apoi cu intreruperea
actiunii lor, valoarea acestora se restituie la nivelul filogenetic determinat,
iar cei dissanogeni sunt cei ce cauzeazd modificari ai indicilor
metabolico-fiziologici, filogenetic determinati si declanseaza dereglarea
interrelatiilor si coordonarea structurilor biologice ale organismului,
generand simptoame subiective — senzatii, emotii etc. dissanogene.

13



Determinantii sanatatii somato-vegetative — constituenti-cheie,
ce influenteaza manifestarea sanatatii:
1) Determinanyii sanogeni:
a) caracteristici pentru toate varstele:

- integritatea si functionalitatea sistemulor nervos;

- integritatea enzimo-hormono-umorala;

- modul sandtos de viata;

- integritatea  si  functionalitatea  sistemelor  functional-
sanoformatoare si a altor structuri biologice;

- sistemul genetic si mecanismele genetice, sistemul
ontogenetic (filogenetic) nediteriorate;

- pH, t ° — constante ale mediului intern;

- oportunitatea nutritiei si excretiei deseurilor metabolice;

- coordonarea si sincronizarea functiilor structurilor biologice;

- autoreglarea genetica si ontogenetica (fiziologica) a proceselor
metabolice, structurale si fiziologice;

- circulatia sanguina i respiratia conform necesitatilor
organismului;

- factorii mediului ambiant si conditiile de trai, ce favorizeaza
realizarea potentialului vital si intelectual;

b) pentru perioada intrauterina:

- sistemul genetic nedetiorat al gametilor masculini si feminini;

- mediul intern sanogen al organismului mamei;

- starea fiziologica si psihica a acestea;

C) pentru perioada postnatald de crestere si dezvoltare a
structurilor biologice si organismului integru:

- excluderea factorilor ce influenteaza mecanismele genetice;

- conditiile de trai ce genereaza mecanismele ontogenetice
(fiziologice) de reglare a functiilor organismului, care cu
constituirea structural-functionald a structurilor organismului
obtin preponderenta in reglarea activitatii vitale i
homeostaziei organismului;

- socializarea si invatarea activad a regulilor de viatd, mediu de
trai binevoitor;

- formarea  aptitudinilor,  cunostintelor  despre  mediul
inconjurator si modul de viata;

- activitatea moderat sporitd a functiilor si locomotia relativ
fortata;

- emotiile sanogene;
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- durata somnului pentru restabilirea potentialului de viata in
dependenta de varsta — 6-10 ore;
d) pentru perioada functionarii stabile metabolico-structural-
functionala:
- factorii sanogeni ai mediului de viata;
- echilibrul mecanismelor genetice si ontogenetice (fiziologice);
modul sanogen de viata;
invatarea profesionald a bazelor stiintifice si practice de
mentinere, fortificare a sanatatii si preventiei diminuarii
functiilor si degradarii biologice si psihice precoce;
activitatea moderat fortata a sistemului locomotor si psihic de
a realiza potentialul de viata;
activitatea dirijata specifica de a mentine si fortifica
potentialul functional al sistemelor cardiovascular, respirator
si imun;
mentinerea  coordondrii  §i  sincronizdrii  structurilor
organismului;
e) pentru perioada degradarii structurale si diminuarii functiilor:
mentinerea activitatii moderat active a structurilor biologice
ale organismului;
activitatea locomotoare relativ fortata a organismului integru;
masajul moderat al muschilor organelor interne si externe ale
organismului;
mentinerea coordonarii si sincronizdrii activitatii structurilor
biologice ale organismului;
activitatea dirijatd de fortificare a potentialului functional al
sistemelor cardiovascular, respirator si imun si circulatiei
sanguine periferice;
emotiile sanogene;
nutritia cu produse alimentare usor digerabile in portii mici,
dar mai frecvente.
2) Determinanyii dissanogeni:
a) caracteristici pentru toate varstele:
- dereglarea integritatii sistemului nervos sau enzimo-hormono-
umoral si deteriorarea functiilor;
- modificarea brusca sau cronica relativ moderata a activitatii
metabolico-functionale sau a unor structuri biologice;
- factorii dissanogeni ai mediului de trai si ecologici, ce
deterioreaza realizarea potentialului vital si intelectual;
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- modul de viata dissanogen
b) pentru perioada intrauterina:

- deteriorarea matricei genetice;

- dereglarea mediului intern, starea functionald si psihica a
gravidei;

C) pentru perioada postnatala de crestere si dezvoltare a
structurilor biologice si a organismului integru:

- nutritia dezechilibrata in concordanta cu necesitatile biologice
ale proceselor, ce asigura cresterea si dezvoltarea;

- mediul social izolat, lipsa si instabilitatea relatiilor de
reciprocitate dintre persoanele mediului de viata;

- absenta invatarii obligatorie si modul sedentar de viata;

- emotiile dissanogene;

d) pentru perioada functionarii stabile metabolico-structural-
fiziologica:

- modul dissanogen de viata;

- dezintegrarea sau discoordonarea functiilor structurilor
biologice ale organismului;

- activitatea monotond si adinamica;

- nutritia si excretia intarziata a deseurilor metabolice;

- stresul cronic si excesiv;

- lipsa cunostintelor privind factorii si conditiile ce influenteaza
sanatatea.

e) pentru perioada degradarii structurale si diminuarii functiilor;

- activarea redusa a functiilor organismului;

- discoordonarea si dezintegrarea functiilor;

- activitatea redusa locomotoare dinamica si psihica;

- modul dissanogen de viata, emotii dissanogene;

- lipsa cunostintelor privind diminuarea naturalda a functiilor
somatice si psihice, a degradarii structurilor biologice si a
procedeelor de preventie a acestora;

3) Determinanyii socio-economici:

- conditiile socio-economice instabile;

- starea materiala si morala precara in familie si societate;

- coruptia si indiferenta conducerii statului fatda de starea de
sanatate a populatiei;

- neincrederea in ziua de maine si in securitatea personald si a
familiei;

- etc.
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Deoarece factorii materiali si psihosociali, indiscutabil influenteaza
sanatatea pe parcursul intregii vieti (nivelul scazut de cunostinte despre
sanatate, neincrederea in ziua de maine si 1n pastrarea locului de munca,
conditiile nesatisfacatoare de a intretine familia, a creste copii etc.) ceea
ce are efect cumulativ, in ultimul timp sunt apreciati ca ,factori
determinanti sociali ai sanatatii”. Luadnd 1in considerare influenta
suficientd a determinantilor sociali asupra sanatatii, OMS a creat o
comisie speciald, care se ocupa cu determinantii sociali ai sanatatii si care
a publicat mai multe materiale privind conceptia si principiile de
preintampinare a dereglarilor dissanogeniilor si de mentinere a sanatatii
pentru toti.

4. Fenomenologia manifestarii sanéatatii somato-vegetative
cunoasterea obiectiva a indicilor specifici, ce reflectd fenomenul sanatatii.
Apropo, pana in prezent unii astfel de indicatori nu sunt unanim acceptati.
Pricina fiind determinatd de nivelul insuficient al studiilor consacrate
sanatatii.

Conceptul elaborarii fenomenologiei si indicatorilor corespunzatori
al sanatatii S-a bazat pe generarii obligatorie a reactiilor de tip psihogen
subiective la actiunea factorilor stresogeni si pe valoarea parametrilor
metabolico-structural-fiziologici filogenetic determinati, ce reflecta
nivelul sanogen al organismului, in special pe: a) predominarea reactiilor
si predictorilor sanogeni subiectivi in perioada initiald a influentei
factorilor stresogeni; b) semnificatia sano- si dissanogenitatii indicilor
subiectivi filogenetic determinati: senzatii, emotii, confort, disconfort,
dispozitie etc. in exteriorizarea sanatatii; ¢) sSimptoamele nespecifice ce se
depisteazd in toate nozologiile cronice; d) reactiile stereotipice,
nespecifice a starii de stres, ca posibile repere ale starii de sanatate.

Conform acestui concept fenomenologia sanatatii somato-
vegetative se manifesta prin: a) ansamblul de indici subiectivi, filogenetic
si ontogenetic determinati: senzatii, sentimente, perceptii, invatare,
emotii, necesitati fiziologice, astenie, motivatie, comfort/disconfort cu
caracter adecvat etc.; b) simptoame nespecifice, ce se depisteaza in
procesul dezvoltarii diverselor nozologii sau in perioada actiunii
factorilor stresogeni (sporirea functiilor glandelor suprarenale, emotiile,
modificarea de scurta duratd a tensiunii si frecventei cardiace, cresterea
sau scaderea de scurta duratd a poftei de mancare, reactii Steriotipice
etc.); ¢) indicii specifici, ce reflectd integritatea structurald si functionala
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a structurilor biologice de reglare , coordonare si sincronizare a
sistemelor  functionale sanoformatoare; d) indicii homeostaziei
metabolico-structural-functionale ai structurilor organismului in limitele
filogenetic determinate sau modificarea carora de scurtd duratd se
restituie cu intreruperea actiunii factorilor corespunzatori; e) algoritmul
conduitei.

Fenomenologia exteriorizarii sanatatii somato-vegetative, gratie
multiplelor mecanisme si sisteme de reglare a acestea (doar cele mai
semnificative constituie circa 40), este mult mai complexa decat a
nozoologiilor, fiind cauzata si de faptul, ca sanatatea ca fenomen natural
al organismului, prezintd o stare integrald a activitatii metabolico-
functionala a tuturor structurilor organismului, a nivelurilor de
interrelatii, integrare, coordonare si sincronizare ale acestora, al
algoritmului conduitei organismului, a influentei optionale a nutritiei,
excretiei, viabilitatii etc.

In conditii de repaos fizic si psihic sanitatea se manifestd prin ritm
regulat moderat al activitatii metabolico-structural-functionale a
sistemelor biologice ale organismului, determinat doar de sistemele si
mecanismele genetice de reglare in limitele de jos ale valorii numerice a
indicilor homeostaziei organelor somato-vegetative, precum si prin
ameliorarea starii mintale.

5. Rezolvarea problemei sanatitii e posibili doar prin dezvoltarea
sanocreatologie

Analiza morbiditatii si mortalitatii populatiei mapamonde in
viitorul apropiat, efectuatd in ultimii ani (Furdui T.I., Ciochind V.Ch. s.
a. 1998-2024) denotd despre evolutia acutd a maladiilor cronice
neinvazive, In special a cancerului, diabetului zaharat, cardiovasculare
etc., in rezultat la ce majoritatea societatii civile contemporane este, de
facto, bolnava [18; 19; 20; 21;22]. Si mai mult, ludnd in considerare, ca si
pronosticului sdndtitii in viitorul apropiat nu este imbucurator, plus
diminuarea si degradarea precoce biologica a populatiei, s-a creat o
situatie care ameninta viitorul civilizatiei contemporane, fapt, ce
argumenteazd organizarea unor studii speciale consacrate fenomenului
»sanatate”.

Deoarece sanatatea somato-vegetativa, psihicd, senzoriald, sociala
se creeaza, mentine, fortificad si se deterioreaza prin mecanisme si legitati
specifice si, luand in considerare semnificatia lor determinatoare in
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dezvoltarea si activitatea zilnicd a fiecarei persoane si in realizarea
destinatiei sociale, a servit ca baza in initierea si fondarea unei stiinte
speciale, obiectivul principal al careia este fenomenul ,,sdnatate” in toate
aspectele: crearea, mentinerea, fortificarea sanatatii, preventiei
deteriorarii si degradarii precoce biologice si psihice, elaborarea
metodelor de reglare dirijata a sanatatii, stiinta, ce ar elabora metode,
principii, tehnologii, algoritme pentru a influenta dirijat asupra
constituirii, mentinerii si fortificarii sanatatii si ar permite de a ne dezice
de formarea si mentinerea spontana, stihinicd a acesteia in favoarea
credrii si pastrarii dirijate a sanatatii.

Acutizarea initierii in mod imperios la sfarsitul secolului XX a
studiilor speciale in acest domeniu a fost cauzatd de studiile fostului
Institut de Zoologie si Fiziologie in domeniul stresului (1963-1998), ce
stabilise o dinamicd ascendentd exprimata a factorilor stresogeni pe
parcursul ultimului secol de dezvoltare a tehnologiilor si tehnicii
contemporane.

Conceptualizarea caii de rezolvare a problemei sanatatii, ca unica
cale stiintifica posibila prin dezvoltarea sanocreatologiei, s-a bazat pe
succesul evidentierii unor mecanisme si sisteme specifice analiza
complexd a datelor stiintifice de autoconstituire si reglare a sanatatii
psihice si somato-vegetative a unor aspecte a bazelor stiintifice
fundamentale si practice de pe pozitia sanocreatologiei, stiinta cu scopuri
inedite, practic semnificative si destinate de a determina legitatile
specifice, ce creeaza si asigurd functionarea diverselor tipuri de sanatate.

In acest scop au fost delimitate scopurile medicinei si
sanocreatologiei. Astfel scopurile medicinei ca stiinta nozologica sunt:
obtinerea cunostintelor stiintifice complexe despre maladii, tratament si
preventia dezvoltarii acestora; mentinerea sanatatii, preventia bolilor,
diagnosticul, tratamentul maladiilor omului; asigurarea efectivi a
tratamentului bolilor, prin ce se considera, cd automat se mentine
sanatatea.

Scopurile sanocreatologiei, ca stiinta despre formarea si mentinerea
dirijatd a sanatatii, preventia precoce a degradarii biologice si psihice
sunt: formarea si mentinerea dirijata a sanatatii somato-vegetative,
senzoriale, psihice si sociale in corespundere cu schimbarile in continuu a
factorilor mediului inconjurator; preventia degradarii precoce biologice si
psihice; reproducerea sanogena a descendentilor.

Studiile stiintifice ale colectivului Institutului de Fiziologie si
Sanocreatologie au afirmat eficacitatea sanocreatologiei in posibila
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rezolvare a aspectelor teoretice si practice dificile ale fenomenului ce
prezintd sanatatea. Au fost obtinute un sir de date noi privind
proprietatile, mecanismele, sistemele etc. ce determind dezvoltarea si
mentinerea sanatatii, care au fost publicate in mai mult de 200 de lucrari
stiintifice, trei volume ale tratatului ,,Bazele stiintifice si practice ale
sanocreatologiei” si prezentate la circa 30 de foruri stiintifice
internationale si nationale si, care au servit ca baza a fondarii stiintei
despre crearea, mentinerea sanatatii si preventiei degradarii precoce
biologice si psihice.

In acelasi timp, cercetirile privind fenomenul ,sinitate” ce au
descris modurile de manifestare, deteriorare, semnificatia acesteia in
asigurarea existentei si activitatii vitale zilnice a fiecarui om si a societatii
ne-au convins, ca sanatatea meritd sa-ti consacri viata in evidentierea
esentei si reglarii directionate a ei.

Concluzii

1. Sanatatea somato-vegetativa prezintd un fenomen determinator
in asigurarea existentei si activitatii vitale de fiecare zi a organismului.

2. Pentru prima data a fost elaborat un concept privind esenta
fenomenului ,,sandtate somato-vegetativa”, ce se bazeaza pe mecanismele
genetice si ontogenetice (fiziologice) de reglare, integrare, coordonare si
sincronizare a functiilor sistemelor functionale-sanoformatoare si celor ce
contribuie la mentinerea sanatatii, pe viabilitatea si capacitatea
organismului cu structurile sale — componente biologice ale arhitecturii
organismului de a stabiliza activitatea metabolico-structural-functionala
in limitele filogenetic determinate in perioadele de dezvoltare intrauterina
si ontogenezei postnatale in conditii de influentd variabila a factorilor
mediului de trai si pe oportunitatea nutritiei si excretiei deseurilor
metabolice.

3. Functia sanatatii somato-vegetative consta in asigurarea
creierului si a celorlalte organe cu substante plastice, energetice si
biologic active, cresterii si dezvoltarii organismului, supravietuirii,
activitatii fizice si psihice, reproducerii si evolutiei omului, ca specie
biologica.

4. Sanatatea  somato-vegetativa ~a  majoritatii  populatiei
contemporane este deterioratd, din ce cauzd sufera de diverse maladii,
devenind societate de oameni bolnavi, ce reprezinta o primejdie pentru
viitorul civilizatiei si ce marturiseste despre arhiactualitatea problemei
sanatatii somato-vegetative.
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5. Studiile realizate pe parcursul ultimilor ani demonstreaza
posibilitatea teoreticd si practica a rezolvarii problemei sanatatii prin
evaluarea mecanismelor autocredrii, automentinerii si dereglarii sanatatii,
principiilor, legitatilor genetice si ontogenetice (fiziologice) ale
proceselor metabolice, structurale si functionarii componentelor biologice
ale arhitectonicii organismului.

6. Unul din obiectivele principale ale sanocreatologiei constituie
analiza datelor stiintifice, ce se refera la problema sanatatii somato-
vegetative, generalizarea acestora si elaborarea corespunzitoare a bazelor
stiintifice si practice, ce vor fi expuse in volumul IV ,,Sanatatea somato-
vegetativa, crearea, mentinerea si preventia deteriorarii ei” al ,,Tratatului
bazele stiintifice si practice ale sanocreatologiei”.
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Abstract. In this article we presented the characteristics of the immune
system at different periods of childhood, the particularities of the adaptation of
the humoral and cellular immunity to the newborn, infant and child, the stages of
the development of the immune system organs at different ages of the child.
Primary immunodeficiency is a heterogeneous group of genetic disorders of
immune system. PID are genetic disorders related to more than 485 genes, with
a heterogenous expression, in form of more than 500 phenotypically different
pathological entities
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Introducere

Sistemul imun este un complex polimorf de organe si structuri
limfoide, elemente celulare, factori umorali si citokine, care este marcat
de un proces evolutiv cu caracteristici bine definite in perioadele
copildriei. Imunitatea prezinta o retea interactivda ale tuturor
componentelor si elementelor structurale ale sistemului limfatic, formelor
celulare si umorale cu proprietiti de aparare a organismului copilului de
agresiuni si factori din mediul ambiant [1, 2 ,4, 5, 16, 21].

Organele si functiile sistemului imun

Timusul — organul limfoid primar central al sistemului imun cu
structurd limfoepiteliald si rol primordial in procesele de diferentiere a
limfocitelor T pentru asigurarea unei homeostazii optimale a
organismului copilului. Structura timusului este prezentatda de multipli
lobuli formati din stratul cortical (limfocite mari, celule stem, limfocite
mici cu markeri antigenici pentru subpopulatiile T limfocitare) si stratul
medular (corpusculii Hassal, celule epiteliale limfocite timus-dependente,
care se transferd in patul sanguin pentru a se implica in reactiile imune).
In copildrie timusul este expus unei proliferdri tisulare intensive si
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majorarea dimensiunilor la nou-nascut, sugar si mentine acest vector pana
la varsta de 6 ani, cand se incepe micsorarea timusului cu o involutie
progresivd in perioada pubertard. In cadrul proceselor infectioase, in
special, cu sediul in sistemul respirator, tesutul limfatic al timusului
prolifereaza intensiv cu o hiperplazie si majorarea considerabild a
dimensiunilor, care ulterior prezintd o involutie foarte lentd
postinfectioasa in cadrul episodului morbid. Aceste reactii ale sistemului
imun cu timomegalie caracterizeaza reactia hiperergica la infectii a
copilului cu constitutie limfatica si certifica o functie imatura, perturbata
a imunitatii; timomegalia este considerata un risc pentru moartea subita la
sugar si copilul mic [4-6, 11, 15, 16, 20].

Mdduva osoasd — organ primar central al sistemului imun cu
functie de diferentiere a celulelor stem 1in structuri celulare
imunocompetente —  precursoare a  populatiilor/subpopulatiilor
limfocitare.

Ganglionii limfatici prezinta structuri limfatice periferice cu rol
important in functionalitatea sistemului imun la copil. Spectrul celular al
ganglionilor limfatici este prezentat de celule stem si celule precursoare a
seriei granulocitare si limfocitare (6-8%). Ganglionii limfatici sunt
formati din folicule limfoide, centre germinative, unde se realizeaza o
mitoza intensiva, iar spectrul celular include limfoblasti, limfocite medii,
celule plasmatice, limfocite T, macrofage. Dimensiunile nodulilor
limfatici sunt relativ majorate in perioadele copilariei, iar limfadenopatia
periferica este un marker al proceselor infectioase localizate [1, 5, 16, 19,
21].

Organele limfoide ale sistemului respirator sunt formate din
tesutul limfoid (bronchus associated limphoid tissue), care include
formatiunile adenoide (tonzilele nasofaringiene), amigdalele palatine,
amigdalele tubare, amigdala linguala, tesutul limfoid al peretelui
faringelui (foliculi limfoizi, insule limfoide), care realizeazd o bariera
fizica din tesuturi limfoide — inelul Waldayer, care este cel mai important
sediu al celulelor prezentatoare de antigen in organism.

Foliculii limfatici ai sistemului digestiv sunt formati din tesutul
limfoid al tractului gastro-intestinal (gut associated lymphoid tissue)
constituit din structuri tisulare limfoide situate in tunica proprie a
stomacului si intestinelor. Un element de semnificatie majora sunt placile
Peyer, amplasate in intestin, iar compozitia celulara include aglomerari de
macrofage, limfocite, plasmocite. Antigenele bacteriene, virale din
lumenul intestinal prin procedee de inglobare, fuziune, translocare sunt
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prezentate limfocitelor cu initierea ulterioara a raspunsului imun —
prelucrarea antigenului de subpopulatiile limfocitare implicate si
activarea limfocitelor B din centrele germinative cu formarea
plasmocitelor, care sunt responsabile de initierea sintezei anticorpilor
specifici la antigenii incriminati si productia IgA secretorii. Foliculi
limfoizi au 0 compozitie celulara polimorfa — limfocite B, celule T helper
si T supresoare, celule cu proprietati de adeziune, pinocitoza si eliminare
a antigenului pentru prelucrare in celulele dendritice, macrofagele
subepiteliale cu prezentare ulterioara limfocitelor locale [2, 5, 16].

Apendicele este o structurd limfoidd atasatd intestinului cu
organizare macrofagica si functionala similara placilor Peyer cu foliculi
limfoizi formati din aglomerari de limfocite B si secretoare interfoliculare
care contin limfocite T.

Splina — organ hematopoietic, dar si de importanta semnificatiiva
pentru sistemul imun. Structurile macrofagale din pulpa rosie a splinei
realizeazd functii de filtru sanguin, elimind din sange particule striine,
fragmente celulare, eritrocite imbatranite si celulele pe care sunt fixate
complexele imune, este locul reactiilor imunologice specifice la
antigenele care circuld in sdnge. Functia majora a splinei este producerea
imunoglobulinelor si sinteza anticorpilor fatd de antigenele circulante,
realizata prin intermediu limfocitelor B activate in pulpa alba, a
plasmocitelor din pulpa rosie si a celulelor NK din zona marginala.
Hiperplazia tesuturilor splinei se produce in infectiile cu tropism la
organele limfatice — virusuri, protozoare, micobacterii, care induc procese
inflamatorii, dar si faciliteaza procesele de activare a celulelor sistemului
imun, in special, a clasterelor limfocitare din splina [2, 4, 6, 15, 19].

Un prim element al sistemului imun este reprezentat de bariere,
care sunt reprezentate de piele, mucoase, mucus, enzime si IgA secretor
de la suprafata acestora [4, 16, 21].

Sistemul imun si fesutul limfoid al tegumentelor prezinta un
complex de mecanisme de protectie a organismului de factori antigenici,
influente nocive exogene prin intermediul structurilor celulare limfoide si
compusilor umorali cu localizare in piele. Sistemul celular imun
tegumentar include celule Langerhans — celule dendritice, care se
diferentiaza din maduva osoasa, cu localizare in epiderm, anexele pielii,
mucoasa orald si esofagiani. In epiderm, derm si mucoase se contin si
limfocite T, preponderent celule CD8*, CD4". Sistemul macrofagal al
tegumentelor este reprezentat de fagocite mononucleare, care au functii
de protectie a gazdei prin proprietati de procesare a antigenului si
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prezentarea lui limfocitelor T. Factori celulari nespecifici de protectie
(fibrocite, histiocite, melanofagi, fibroblasti) realizeaza fenomene
fagocitare. Protectia nespecificd este asiguratd de mantia cutanatd — un
strat biologic activ compus din acid lactic, acizi lipidici nesaturati, care
inhiba proliferarea microflorei patogene si a virusurilor. Factori imuni
umorali de protectie ale tegumentelor sunt prezentati prin
imunoglobuline, anticorpii specifici, anticorpi homocitotropi formati din
Ig specifice si mastocitele, bazofile [1, 5].

Sistemul celular al imunitatii

Limfocitele T au o mare precizie in recunoasterea structurilor
antigenice si in felul care il ataca, ceea ce induce o afectare mai mica a
tesuturilor adiacente cu leziuni tisulare minime. Caracteristic este o viteza
de reactie lenta la primul contact, fiind nevoie de timp si contacte
multiple repetate pentru a deveni mai eficiente in distrugerea tintelor [5-
7].

Limfocitele B sunt celule producatoare de imunoglobuline serice
A, M, G, a anticorpilor, dar sunt implicate si in prezentarea de antigene.
Acestea recunosc cu o precizie inalta antigenele, au o specificitate mare,
ceea ce inseamnd ca nu deterioreaza tesuturile, dar au o viteza mica de
reactie la primul contact si au nevoie de timp pentru sinteza anticorpilor
specifici, dar in timp, prin contacte repetate, devin din ce in ce mai
eficiente in productia de anticorpi [1-4, 7, 16].

Limfocitele NK (natural killer) au o mare putere de recunoastere a
antigenelor, pe care-i identifici cu precizie. Aceste limfocite sunt
capabile sa recunoasca celulele infectate cu microbi, virusuri, paraziti, dar
si celulele maligne care au pierdut anumiti markeri de suprafata sau care
au Inceput sd exprime markeri noi. Celulele NK au o viteza mare de
reactivitate odata ce tinta a fost marcata, precizie mare, specificitate, efect
sigur, nu produc leziuni ale celulelor normale [5-7, 11].

Sistemul complementului cu cascada multiplelor molecule, care se
activeaza consecutiv, ulterior actioneaza relativ rapid, distrug structurile
strdine, atacd membranele care nu-S protejate de moleculele proprii,
specifice si recognoscibile de elementele complementului [2, 6, 11].

Particularititi ale imunititii in perioadele copiliriei
Sistemul imun al nou-ndscutului prezintd semne de imaturitate a
limfocitelor, a mecanismelor de cooperare a populatiilor si
subpopulatiilor limfocitare, imaturitate functionala celulara cu sinteza
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insuficienta de imunoglobuline, anticorpi specifici, dar si prin fenomene
supresorii exprimate in functionalitatea organelor sistemului imun [2, 4,
5, 16, 21].

Caracteristicile antigenice ale sistemului imun in perioada
neonatala sunt determinate de trecerea nou-nascutului din conditiile
sterile intrauterine intr-un mediu format din structuri antigenice
bacteriene, virale, micotice. Postnatal se produce insimantarea
organismului copilului cu germenii din mediul biologic cu formarea
biocenozei fiziologice a sistemului digestiv. In tractul respirator superior
al nou-nascutului se instaleaza flora bacteriana pneumotropa, proliferarea
careia este controlatd de mecanismele locale de protectie antiinfectioasa,
care sunt imature si determina riscuri pentru infectii respiratorii in
copildrie. Procesele de colonizare cu germeni determind extinderea
memoriei imunologice si formarea imunitatii de durata, protejand ulterior
copilul de multe infectii, in special, de cele care stimuleaza sinteza
anticorpilor specifici protectivi de duratd. Un rol important in formarea
protectiei antiinfectioase la copil revine imunoprofilaxiei specifice prin
vaccinare programatd, care fortificda functiile sistemului imun si
determina sinteza anticorpilor specifici la vaccinurile administrare
conform programului national.

Stimularea masiva antigenica din perioada postnatald favorizeaza
dezvoltarea tesuturilor limfoide ale copilului, proliferarea limfocitelor cu
migrarea lor in ganglionii periferici, cresterea greutatii lor, dezvoltarea
intensivd a centrilor germinativi din structurile limfoide. Aceste
fenomene determind intensificarea proceselor de maturare a limfocitelor,
majorarea numarului de plasmocite — limfocite mature functional, care
sintetizeazd imunoglobuline, anticorpi specifici la stimulii antigenici
exogeni (bacterii, virusuri). Caracteristic pentru nou-ndscut este o
limfopoieza si imunitate celulard functional deficitara, desi numarul de
limfocite in singele periferic este majorat. Adaptarea hemoleucografica
in perioada neonatald este determinati de incrucisarea fiziologica a
formulei leucocitare la varsta de 5-7 zile cu majorarea treptatd a
numadrului de limfocite. Limfocitoza fiziologica absolutd si relativd din
primii ani persista pana la varsta scolara, astfel ca numarul de limfocite
devine mai mic decét cel al neutrofilelor dupa varsta de 6-7 ani [1, 3, 4,
16]. In aceasta perioada se realizeaza procese de diferentiere si maturare a
diferitor linii limfocitare T si B, care acumuleaza receptori antigenici
pentru recunoasterea antigenelor heterogene. Concomitent se acumuleaza
limfocitele T cu memorie. Este demonstrat, ca structura morfologica a
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limfocitelor nu se modifica in relatie cu varsta, iar fenotipul imun rdmane
constant.

Structura populationala a limfocitelor la nou-nascut este
caracterizatd printr-un numar exagerat de limfocite T nespecializate,
ineficienta cooperarii populatiilor limfocitare, prin care raspunsul
imunologic la prezentarea antigenului este imperfect. Copildria este
marcatd prin numar crescut al valorilor absolute (1000-1200/ml) si
relative (65-80%) ale limfocitelor T in sangele periferic, iar ponderea
limfocitelor T active constituie 20-23%. Populatia de limfocite T se
caracterizeaza prin imaturitatea functionald, la fel si subpopulatia de T
helper, care se majoreaza lent dupd varsta de 2 ani. Capacitatea de
diferentiere a limfocitelor in T-helper este redusa, fapt care genereaza
stimularea compensatorie a sistemului macrofagal de protectie
antiinfectioasa. In cadrul mecanismelor de cooperare limfocitara la nou-
nascuti lipseste semnalul de interactiune a limfocitelor T cu limfocitele B,
care sunt intr-0 Stare functionald redusd si nu pot asigura o sintetiza
suficientd de imunoglobuline — doar 20% limfocite B pot sintetiza
imunoglobuline. Este demonstrat, ca structura morfologica a limfocitelor
nu se modificd in dependentd de varsta copilului, iar fenotipul imun de
asemeni este constant [1, 5, 16, 21].

Mecanismele celulare nespecifice de protectie la nou-nascut se pot
realiza prin activarea fagocitozei si prezentarea antigenelor, care
faciliteazd concentrarea neutrofilelor in organele afectate antigenic,
migrarea eficientd a monocitelor din maduva osoasa in sange. Capacitatea
monocitelor de a produce citokine proinflamatorii este eficientd din
perioada intrauterina si nu este influentatd de varsta de gestatie a nou-
nascutului. Sistemului umoral nespecific de protectie este reprezentat de
lizozim, care se determind 1n concentratii majorate in perioada neonatala
cu reducerea ulterioard pana la valori normale. Lactoferina din neutrofile
se apreciaza in cantitdti optimale la copii. Fibronectina plasmatica cu
proprietati de opsonizare la nou-nascuti se determina in concentratii
reduse, fapt care favorizeaza aparitia maladiilor infectioase [3, 5, 16, 19].

Limfocitele B responsabile de imunitatea umorala la nou-nadscut
sunt intr-un numar majorat de 4-5 ori mai mare decat la adulti, dar
capacitatile functionale sunt foarte reduse si doar 20% din ele pot
sintetiza IgA, IgM, IgG. Numarul limfocitelor B este constant la toate
varstele copilariei si constituie 10-14% (170/ml) in hemoleucograma, iar
functional devin eficiente treptat cu maturarea organismului; la copilul
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mic se constatd o sensibilitate majoratd a limfocitelor B la efectele
celulelor T helper [2, 3-5, 16, 19, 21].

Imunoglobulinele serice sunt produsul final al activitatii sistemului
imun, prin care se realizeaza cele mai eficiente mecanisme de protectie
antiinfectioasa a organismului. IgM constituie 6-10% din cantitatea totala
a imunoglobulinelor serice, se sintetizeaza din perioada fetala si sunt
prezente in sangele nou-nascutului, dar raspunsul imun mediat de IgM nu
poate asigura 0 protectie imuna si o memorie sigurd, deoarece IgM este
cea mai veche filogenetic si mai putin specifica imunoglobuling, iar
anticorpii IgM au un rol secundar in evolutia proceselor infectioase.
Imunitatea umorald antiinfectioasd a nou-nascutului este asiguratd de
anticorpii materni IgG, care penetreazd bariera placentard si protejeaza
organismul copilului de infectii in primele 4-6 luni de viata. Limfocitele
B la nou-nascut au capacitatea de a sintetiza subclasele 1gG: si 1gGs
implicate in protectia antiinfectioasa, dar nu produc IgG: si 1gGs, carora
le apartin anticorpii specifici pentru polizaharidele capsulare ale
pneumococilor, H. influenzae tip B, meningococilor; 1gG constituie 65-
70%, iar IgA — 15% din cantitatea imunoglobulinelor serice. In primele 6
luni se reduce treptat nivelul IgG in ser din contul eliminarii IgG materne,
care dispar complet la varsta de 4-6 luni. Sinteza IgG proprii se initiaza la
copilul de 2 luni, se majoreaza progresiv pana la 3 ani, apoi mai lent pana
la 7-10 ani. Fiind cei mai specifici si eficienti, anticorpii IgG constituie o
pondere cantitativa redusa la sugarul mic, iar cu varsta concentratia lor
devine majoritarda si asigurd protectia antiinfectioasa de durata.
Optimizarea cantitativa a subclaselor IgG se produce la scolar si
adolescent — valorile serice normale ale 1gG; si 1gG4 sunt atinse de catre
copil la 8 ani, 1gGs — la 10 ani, 1gG2— la 12 ani. Reactiile imune primare
infectioase la copilul sugar sunt determinate de anticorpi de clasa IgM,
care nu asigurd o memorie imuna sigurd si cu varsta se reprofileaza spre
sinteza anticorpilor mai eficienti de tipul 1gG. Izotipul IgA este decelabil
in ser din ziua 10-14 de viatd a nou-nascutului, dar se mentine la valori
reduse la sugar, copilul mic si atinge valori normale la 10-12 ani,
determindnd o protectie imunologicd insuficienta a mucoaselor de
virusuri, bacterii, toxine. IgA secretorie se deceleaza doar la varsta de 2-3
luni, concentratii optimale in secrete se sintetizeaza la copiii de 2-4 ani.
La sugar deficitul slgA este compensat de IgA secretorii din laptele
matern in alaptare la san [1, 13, 16].
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Maladii ale sistemului imun

Functia esentiald a imunitétii in apararea organismului cel mai bine
este ilustrata atunci cand intervine o functie insuficienta cu aparitia
infectiilor severe recurente si tumori, cauzata de aparitia unei
imunodeficiente sau hiperactivitate cu inducerea bolilor autoimune.
Sistemul imun prin complexitatea sa prezinta o multitudine de
interconexiuni, afectarea sau defectul unei componente poate provoca
tulburari in functionalitatea sistemului, inducand stéri patologice numite
imunodeficiente [7, 9, 12, 15, 17]. Imunodeficientele primare (IDP),
denumite astizi erori innascute ale sistemului imun, reprezintd un grup
heterogen de boli ereditare, caracterizate prin existenta unuia sau a mai
multor defecte la nivel de sistem imun, prezente frecvent inci de la
nastere. Prima descriere a imunodeficientelor dateaza de 70 ani, in
prezent au fost descrise peste 500 tipuri de IDP, in peste 480 dintre ele
fiind cu precizie identificat substratul genetic [9, 12, 19].

Imunodeficiente sunt defecte genetice cu pierderea functiei unui
element, dar exista IDP cu cresterea functiei care pot fi la fel de severe ca
si cele cu functie insuficienta [12, 21]. Forme secundare de
imunodeficiente pot fi confirmate in malnutritie si  bolile
limfoproliferative maligne, cancer, terapiile cu corticosteroizi si
imunosupresoare care pot afecta functia sistemului imun [11, 14, 16, 18].
Aspectele clinice se caracterizeaza prin debut frecvent in perioadele
pediatrice, vulnerabilitate crescuta fata de infectii cu caracter sever,
deseori cu recurente, durata prelungitd, provocata de agenti oportunisti.
IDP poartd un risc crescut de boli autoimune (citopeniile autoimune),
malignitati oncohematologice, afectarea cresterii si dezvoltarii, care poate
fi in cadrul simptomelor, dar mai frecvent din contul infectiilor frecvente
[8, 10].

Un diagnostic precoce al imunodeficientelor este important pentru
prevenirea complicatiilor ireversibile si la o calitate mai buna a vietii
acestor pacienti, iar implementarea screening-ului neonatal pentru
imunodeficiente primare ar fi 0 solutie eficientd pentru un identificarea
precoce a acestor maladii [4, 7, 15, 16, 20, 21].

Concluzii
Sistemul imunitar al copilului are o serie de particularitati de
varsta, care sunt in relatie cu etapele de maturare a organismului.
Imunodeficientele primare sunt preponderent maladii rare cu polimorfism
clinic si imunologic. IDP severe la copii evolueaza cu infectii, care
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determina riscuri majore de evolutii nefavorabile. Diagnosticul precoce si
masurile de preventie reduc riscurile de infectii, malignitati si
amelioreaza prognosticul si calitatea vietii pacientilor.
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Abstract. Therapeutic control of the intensity, duration, and quality of
immune-inflammatory processes is fundamental to the successful treatment of
most infectious and non-infectious diseases, including autoimmune disorders.
The aim of this study was to investigate the anti-inflammatory potential of
probiotic strains. In an experiment on male Wistar rats using a model of
systemic inflammatory response syndrome (SIRS), significant reductions in key
inflammatory markers such as TNF-o, IL-1, IL-12, IFN-y, and MCP-1 were
observed following the administration of a probiotic mix of L. acidophilus (LA-5)
and B. animalis subsp. lactis (BB-12), as well as the isolated strain L.
delbrueckii TS1-06. Improvements in myocardial functional indicators,
behavioral responses, and accelerated reparative and regenerative processes
were noted, suggesting the potential of these probiotic strains as candidates for
therapeutic agents used as slow-acting anti-inflammatory drugs.

Key words. Probiotics, immunity, inflammation, cytokines.

Introduction

The COVID-19 pandemic has advanced sanitary-epidemiological
services at all levels and enriched clinical infectious institutions, while
providing fundamental biomedical science with new insights into the
nature of systemic inflammatory responses [4]. Terms like ,,cytokine
storm” [5], ,.cytokine release syndrome”, and hypercytokinemia (HC)
describe the process of excessive activation of immune cells with
uncontrolled production of pro-inflammatory cytokines. HC is
characteristic of severe cases of various pathologies: sepsis, viral
infections, transplantation, oncology, extracorporeal fertilization,
pancreonecrosis, bronchial asthma, and others [16]. As a predictor of
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poor prognosis [8], HC is associated with clinical manifestations such as
fever, diarrhea, headaches, muscle, and joint pain, and elevated
laboratory indicators like ferritin, C-reactive protein, D-dimers, troponins,
and lactate dehydrogenase.

The key cytokines implicated in the development of HC include
pro-inflammatory (TNF-a, IL-1p, IFN-y, IL-2, IL-7, IL-12, IL-18, IL-33,
IL-6, CXCLS8/IL-8, CXCLI1/GROa, CXCL2/GRO-B, CXCL9/Mig,
CXCL10/1P-10, CCL2/MCP-1, CCL3/MIP-1a, CCL5/RANTES), anti-
inflammatory (IL-1RA, TNF-sRI, IL-4, IL-10), and the hematopoietic
granulocyte-macrophage colony-stimulating factor (GM-CSF). While
leaving aside extensive material on the role of the renin-angiotensin-
aldosterone system (RAAS) [10], the kallikrein-kinin system, the
complement system, and hyaluronic acid [15], we focus on the potential
modulation of inflammatory status through oral administration of
probiotic strains in a SIR’S model in rats [1].

Given that the list of cytokines involved in various HC scenarios is
largely similar, and recognizing that the primary pro-inflammatory
mediators associated with complications, including cardiovascular
diseases, are TNF-a, IFN-y, IL-6, GM-CSF, and MCP-1, this study aims
to test the hypothesis that it is possible to control the balance of key
cytokines and factors through the administration of probiotic strains.

Materials and methods

Wistar rats (280 + 25 g) were randomized into 5 groups (n = 8 per
group):

1. Control (CTR): Rats received standard feed and drinking water
ad libitum.

2. SIRS modeling: Animals with primary visceral obesity were
chemically induced with colonic inflammation by administering 1 ml of
saline per os.

3. SIRS + Probiotic Mix (SPM): Rats underwent procedures
according to the previous protocol and were given a mixture of probiotic
strains L. acidophilus (LA-5) and B. animalis subsp. lactis (BB-12) at a
concentration of 10"8 CFU per animal in 1 ml of saline for 8 days instead
of saline.

4. SIRS + L. delbrueckii (SLD): Rats in this group received the
probiotic strain L. delbrueckii TS1-06 according to a similar protocol.

One day before the end of the experiment, blood samples (1.5 ml)
were collected from the rats under short-term anesthesia from a large
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subcutaneous vein for hematological and immunological analysis.
Clinical blood analysis was performed using an automatic veterinary
hematological 3-diff analyzer (URIT-3000 Vet Plus, URIT Medical
Electronic, China). Levels of TNF-a, IL-1a, IFN-y, MCP-1, IL-2, GM-
CSF, G-CSF, and M-CSF were measured by ELISA (MR-96A, Mindray,
China). Throughout the experiment, the clinical status of the animals,
feed and water consumption, and body weight were monitored daily from
9to 10 am.

Statistical analysis of the experimental data was conducted using
the STATISTICA 12.0 software package. Statistical analysis of discrete
values was performed using the non-parametric Kruskal-Wallis H-test to
detect statistically significant differences, followed by a posteriori
comparison using the Mann-Whitney U-test. Median values (Me) and
interquartile ranges (25%; 75%) are provided in the tables. Differences
were considered statistically significant at p<0.05.

Results and discussions

Throughout the observation period, the body weight of rats in the
control group (CTR) increased by an average of 0.60+0.05 g/day. In
contrast, body weight in the SIRS, SIRS + Probiotic Mix (SPM), and
SIRS + L. delbrueckii (SLD) groups decreased by 1.59+0.81, 1.27+0.51,
and 0.95+0.59 g/day, respectively (p<0.05 vs CTR). Water consumption
per 100 g of body weight in the CTR group was 10.6+1.2 ml/day, which
was significantly lower than in the other groups (14.3+£2.2, 13.8+£2.5, and
13.8+0.7 ml/day for the SIRS, SPM, and SLD groups, respectively,
p<0.05 vs CTR). Feed consumption in these groups was 2.2+0.8, 1.8+0.4,
and 2.2+0.5 g/day, respectively (p<0.05), which was significantly lower
than in the CTR group (5.2+0.6 g/day).

An increase in spleen mass index (MI) by 24% (p<0.05) compared
to CTR was observed in the SIRS group. In the SPM group, the kidney
mass index increased by 15% compared to CTR (p<0.05). Significant
increases in cecum mass were observed in the SIRS, SPM, and SLD
groups (p<0.05 compared to CTR). The visceral fat deposit mass index in
the SIRS group was 144% lower than in the CTR group (p<0.05), and in
the SPM group, it was 65% lower (p<0.05) (Table 1).
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Table 1. Organ Mass Indices, Me (25%;75%b).

Group [ CTR SIRS SIRS+SPM SIRS+SLD
organ
Cecum | 1.8(1.7;2.0) 57(5.3;5.9* | 49 (42552)* 46 (4.45.3)*
Liver 2.9 (2.8;3.0) 2.8 (2.7;2.9) 2.7 (2.6;2.9) 2.7 (2.6;2.9)
Spleen | 0.17 (0.16;0.19) | 0.21 (0.19;0.22)*| 0.16 (0.15;0.18) | 0.17 (0.15;0,19)
Kidneys | 0.61 (0.60;0.64) | 0.65 (0.64;0.68) | 0.70 (0.68;0.71)* | 0.63 (0.61,0.67)
Visceral | 2.1 (1.9;2.2) 0.86(0.68;1.05) | 1.27 (0.98;1.32)* | 1.62 (1.31;1.95)
Fat *

Note: * — p<0.05 compared to KTR (U test).

No significant changes in the number of erythrocytes and platelets
compared to the control were observed in the SIRS+SPM and SIRS+SLD
groups. In the SIRS group, the number of platelets and leukocytes was
significantly higher by 19% and 139%, respectively, with lymphocytes
increased by 26%, MID-fraction cells by 50%, and granulocytes by 106%
(p<0.05). In the SIRS+SPM and SIRS+SLD groups, changes in the blood
cell composition mostly differed from the control insignificantly (Table
2).

Table 2. Hematological Parameters, Me £ SD.

Group CTR SIRS SIRS+SPM SIRS+SLD

Parameter

WBC 10*9/L 5.8 (5.4;6.4) 9.9 (8.1;11.9)* 7.5(6.1,9.4) 6.8 (5.8;9.2)
LYM 10*9/L 2.3(1.9;2.7) 2.9(2.4;3.6) 1.9(1.4;2.6) 1.7 (1,2;2.5)
MID  10%9/L 0.6 (0.4;,0.7) 0.9 (0.6;1.2)* 0.8 (0.7;0.9)* 0.7 (0.4;,0.9)
GRAN 10%9/L 2.9(2.5;3.3) 6.0 (5.7;6.4)* 4.8 (4.3;5.5)* 4.4 (4.0;,5.8)*
RBC  10*12/L 6.7 (6.3;7.5) 6.9 (6.5;7.4) 6.3(5.7;6.6) 6.5 (6.2;7.3)
PLT  10*9/L 575 (522;596) | 683 (604;715)* | 596 (572;638) 612 (590;642)

Note: *— p<0.05 compared to control (U-test). 1 — Increase in parameter.

In Table 3, data on several key markers of SIRS are presented:
TNF-a, IL-10, IL-12a, IFN-y, MCP-1. In the SIRS group, compared to
the CTR group, all indicators were significantly increased: TNF-a by
96%, IL-1a by 87%, IFN-y by 100%, and MCP-1 by 91% (p<0.05). In
the SIRS+SPM and SIRS+SLD groups, the indicators were close to
control levels in the vast majority of cases (Table 3).
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Table 3.

Levels of TNF-a, IL-1a, IL-12a, IFN-y, MCP-1. Me + SD.

Group [ CTR SIRS SIRS+SPM SIRS+SLD
Analyte
TNF-a 4,6(3,2;4,0) 18,3(8,1;10,9)* 3,8(3,5;4,2) # | 49(4,1,5,6) #
IL-1a 78(64;89) 160(128; 184)* | 85(76;91) # | 94(88;99) #
IL-12b 2,7(2,6;2,8) | 4,7(2,8; 7,7)* | 2,6(2,3;3,1) # | 4,0(2,4;4,8)
IFN-y 15(9;20) 60(35;129) * 14 (11;18) # | 17(15;19) #
MCP-1 34(25;65) 80(60;140) 21(15;40) # | 31(20;40) #

Note: * — p<0.05 compared to control; # — p<0.05 compared to SIRS; (U-test).

The results of studies using this experimental model regarding
myocardial resistance in isolated hearts [2] and in cases of left coronary
artery occlusion [13], corroborated by histological data on chemically
induced damage to the large intestine [14] and behavioral tests [12],
convincingly demonstrate the effectiveness of probiotic strains in the
context of systemic inflammatory response syndrome (SIRS). The
reduction of visceral fat deposits, characteristic of SIRS, combined with
increased levels of pro-inflammatory cytokines [1], particularly cachectin
TNF-a, produced by monocytes and lymphocytes [6], endothelial and
epithelial cells, smooth muscle cells of blood vessels, and cardiomyocytes
[9], aligns with the known role of this cytokine in lipid metabolism [7].
Data on TNF-a cytokines as a key cytokine stimulating the expression of
genes necessary for controlling inflammation and tissue damage help
understand the importance of maintaining its functions in various immune
responses during inflammation, differentiation, and the regulation of cell
proliferation and apoptosis [11]. The increase in all studied markers,
along with the shift in the leukocyte formula observed in this study, forms
the basis for evaluating the impact of probiotic strains on the intensity of
cytokinemia. It is known that some cytokines (IL-1, IL-6, TNF-o, and
IFN-y) have systemic effects associated with the development of
pronounced inflammation; however, the possibility of modulating their
production at the local and systemic levels using probiotic strains remains
an open question. Inflammation development, for example, IL-1, TNF-a,
and IFN-y, enhances the adhesive and procoagulant activity of
endothelial cells in post-capillary venules, IL-2 stimulates neutrophil
migration, IL-1, IL-6, TNF-a, GM-CSF, and IFN-y potentiate the effector
functions of macrophages, etc., demonstrating the pleiotropy of the
studied cytokines. Neutrophils are programmed by activated
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macrophages through IL-1, IL-8, TNF, IFN-a, G-CSF, and others, as well
as by migrating Th1 cells to the site of inflammation, with IFN-y being a
predominant inducer among cytokines [17].

Currently, research is underway to determine the molecular
mechanisms of interaction between the macroorganism and individual
probiotic strains, including their modulation of the entire intestinal
microbiota. Undoubtedly, probiotic modulation of immune-inflammatory
responses in the macroorganism represents the most physiological and
evolutionarily justified approach for overall control of the pathological
process. The search for new, safe therapeutic and preventive tools, used
both individually and as part of comprehensive treatment regimens for
managing inflammation and pain, is an undoubtedly promising direction.
This is because prolonged use of steroidal and non-steroidal drugs,
included in clinical treatment guidelines for a wide range of diseases, is
associated with undesirable reactions, side effects, and reduced efficacy.
Additionally, alongside the expansion of the nomenclature of classical
anti-inflammatory and anti-allergic drugs, there has recently been rapid
development in genetically engineered biological drugs and selective
cytokine blockers, which, despite their efficacy and high cost, also have
the aforementioned drawbacks. This further underscores the need for
continued research into probiotic regulators of immune-inflammatory
responses.

Conclusions

1. Changes in clinical status and blood parameters: Rats subjected
to the SIRS model exhibited weight loss and decreased food intake, while
water consumption increased. Significant changes in hematological
parameters were also observed.

2. Anti-inflammatory potential of probiotic strains: Probiotic
strains L. acidophilus (LA-5), B. animalis subsp. lactis (BB-12), and L.
delbrueckii TS1-06 have demonstrated significant anti-inflammatory
potential. This is evidenced by the reduction in key inflammatory markers
such as TNF-a, IL-1, IL-12, IFN-y, and MCP-1 in rats, along with the
normalization of hematological parameters in the SIRS model.

3. Improvement in functional indicators and behavioral responses:
The administration of probiotics led to improvements in myocardial
functional indicators, accelerated reparative and regenerative processes,
and enhanced behavioral responses in experimental animals. This
indicates the therapeutic potential of probiotic strains.
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4. Need for further research: The study underscores the necessity
for further research into probiotic strains as effective therapeutic agents
for managing inflammatory and immune reactions without causing
undesirable side effects.
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Abstract. This work is devoted to the study of the physical and
physiological development of children aged 6-7 years old. in order to facilitate
their adaptation to schooling — a problem faced by the children themselves, as
well as by their parents and teachers. It is mentioned that children's adaptation
to schooling is a complex process, dependent on several subjective factors,
among which individual physical and physiological peculiarities, as well as
objective factors, notably the family and the social factors are the most
important. The results of the investigations of the indicators of the
cardiovascular system show that in the vast majority of children (68.75%) the
FCC indices are lower than the average values for the given age. These children
have adapted to the requirements of the proposed activities during the initial
schooling period. 31.25% of children demonstrated relatively higher indices
compared to the average level, which indicates problems in adapting to
schooling.

Key words. Adaptation, schooling, physical indicators, physiological
indicators, cardiovascular system.

Introducere

Scoala contemporana strabate un amplu si profund proces de
integrare si dezvoltare, care influenteaza intensificarea vietii colective a
elevilor, in actiunea complexa de instructie si educatie [4]. Actualmente
scoala se confruntd cu numeroase probleme obiective privind educatia
copiilor si tineretului, probleme care necesita solutionare operativa tinand
cont de numeroase aspecte, printre care si individualitatea copilului,
nivelul de pregatire catre procesul educational, adaptarea lui la conditiile
noi din scoala [10, 8].

Analiza starii actuale din scoald a dat posibilitate de a evidentia
unele contradictii obiective dintre:
- existenta unui numar mare de copii care vin in clasa I cu probleme de
adaptare catre procesul educational si ajutorul la timp si operativ din
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partea profesorului scolar, care poate avea o influenta enorma asupra
copilului;

- necesitatea scolii in pedagogi competenti pentru a solutiona probleme
de adaptare a copiilor la procesul educational si incapabilitatea unui
numar mare de pedagogi de a preveni dezadaptarea si a contribui la
adaptarea copiilor catre procesul educational;

- necesitatea dezvoltarii competentei pedagogilor pentru prevenirea
problemelor legate de adaptarea copiilor catre scolarizare si lipsa unui
program special de pregatire a profesorilor scolari si pedagogilor din
institutiile prescolare pentru adaptarea copiilor catre procesul educational;
- cunoasterea profunda a statusului fiziologic si psihic al copilului si
atenuarea factorilor de ordin stresogen fizic si psihic care actioneaza
asupra lor odata cu incadrarea in procesul educational [2].

Daca adaptarea scolara reprezintd un deziderat major, vizat in
cadrul oricarui sistem de Invatimant, inadaptarea scolard este un fenomen
de mare amploare, cu o cauzalitate si o etiologie multipla, ce se doreste
limitat si pe cat posibil controlat. Astfel, pregatirea copilului pentru o
buna adaptare la cerintele scolii se face inca din primii ani de viatd ai
copilului, in familie si la gradinita (grupa pregatitoare urmareste tocmai
acest lucru), premergator, deci perioadei scolare [11, 3].

Problemele de inadaptare scolara nu sunt insa apanajul primului an
de scolarizare. Desi intdlnite incd de la intrarea in scoala, situatiile de
inadaptare pot sd apara la orice varsta de-a lungul perioadei petrecute de
elev In scoald, fiind insd mai frecvente la tranzitia de la o etapd de
scolarizare la alta (clasa I, a V-a, a VIlI-a etc.) [6], deoarece aceste treceri
necesitd prin insasi natura lor, o readaptare a elevului, la noi cerinte
educative, la un alt mod de organizare a procesului de invatiméant etc.

[9].

Actiunile destinate micsorarii duratei procesului de adaptare
trebuie sa fie orientate spre sporirea stresorezistentei copiilor la factorii
procesului educational si in acelasi timp, sd se tina cont de
individualitatea fiecarui copil [7].

Adaptarea copiilor catre procesul educational poate fi impartita in
mai multe etape: prima etapa — de orientare, caracterizatd de reactii
prompte si suprasolicitarea tuturor sistemelor de organe ale organismului.
Aceasta perioadd dureaza 2-3 saptamanii pentru copiii care au fost
antrenati anterior in activitate educationala la gradinita; etapa a doua —
acomodarea nestabila, cand organismul cauta si gaseste careva variante
optimale de reactii la factorii care actioneaza asupra lui; etapa a treia —
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perioada de acomodare relativ stabild, cand organismul gaseste cele mai
optime variante de a reactiona la suprasolicitare implicand mai putine
eforturi din partea sistemelor de organe ale organismului. In corespundere
cu durata perioadelor de adaptare se atesta copii care se adapteaza usor la
procesul educational, care au un grad mediu de adaptare sau se adapteaza
destul de greu. E necesar ca pedagogii sa tina cont de aceste lucruri si nu
trebuie sd forteze adaptarea, dar sa foloseascad diverse metode, procedee
de sporire a acestui proces [3].

Reiesind din cele mentionate, scopul studiului a fost evaluarea
nivelului de dezvoltare fizica, fiziologica a copiilor de 6-7 ani in vederea
Sacilitarii adaptarii lor la procesul de scolarizare.

Materiale si metode

In scopul aprecierii unor indici antropometrici si fiziologici au fost
planificate si efectuate investigatii pe un lot de 17 copii (6 baieti si 11
fete) de 6-7 ani din gimnaziul din s. Borceag raionul Cahul. in urma
analizei fiselor medicale si a situatiei familiare a copiilor a fost stabilit, ca
toti copiii sunt practic sanatosi au frecventat gradinita inainte de scoala
mai mult sau mai putin regulat. 13 copiii sunt din familii complete, 3 din
acestea din familii mixte, unde se comunica in 2 limbi, 4 dintre ei sunt
lasati in grija buneilor si rudelor, deoarece parintii sunt plecati la munci
peste hotare. Metodele utilizate pentru aprecierea indicatorilor
antropometrici sunt traditionale, accesibile si dau informatii adecvate
despre starea fizica a organismului copilului. Calculele le-am efectuat,
reiesind din marimile standarde. Indicii sistemului cardiovascular au fost
apreciati conform metodei Korotkov in conditii obisnuite de activitate si
la suprasolicitare intelectuald, la doud siptiméani dupi scolarizare. In
baza lor au fost determinati indirect indicele minut-volumului inimii (Mv)
si indicele Kerdo (1K) cu ajutorul formulei Lillihei si Zander [12].

Rezultate si discutii
Orice organism, pentru crestere, dezvoltare si activitate vitala
necesitd anumite conditii de existenta, reprezentind un tot intreg cu
mediul extern. Orice schimbare care are loc in mediul extern se manifesta
asupra organismului prin intermediul sistemului neuroendocrin si ca
rezultat au loc schimbari ale reactiilor functionale, care ajuta organismul

la adaptarea catre anumite conditii ale mediului.
Fiind obiect biologic al ecosistemului natural si in acelasi rand
membru societdtii, omul se afla sub influenta unui complex compus de
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factori climatici, chimici, radioactivi, electromagnetici precum si a altor
factori caracteristici mediului socio-economic de existenta. De aceea
starea sanatatii este rezultatul interactiunii complexe a organismului cu
natura si societatea. Aceastd interactiune se reflecta nu doar asupra starii
sanatatii, dar si a activitatii copilului, in special in conditiile cand el
schimba tipul de activitate si grupul social de interactiune. Asemenea
stare poate fi consideratd drept procesul educational. Pentru incadrarea cu
succes si adaptarea la el copilul trebuie sa dispunad de un anumit nivel al
dezvoltarii fizice, fiziologice si psihofiziologice, care sd poatd face fatd
solicitarilor organismului la aceasta etapa. Cunoasterea nivelului de
dezvoltare fizica si fiziologicd a copiilor orienteaza invatatorul la
activitate tinand cont de particularitatile individuale si de starea sanatatii
copiilor. Acesta poate doza atat activitatile intelectuale, cat si cele fizice.
Analiza nivelului indicilor antropometrici denotd, ca in medie toti copiii
investigati aveau indltimea mai sporita decat indicii antropometrici
normali pentru varsta data (116 cm) si constituiau 124,5+0,56 cm.

Mai sporita fata de indicii norma (21 kg) era si masa corporala,
atingand valoarea 23, +0,26kg, precum si perimetrul cutiei toracice, care
era de 59,9+0,46 cm fatd de 57 cm, ultima consideratd valoare
antropometrici normald. Aceastd tendintd de sporire a indicilor
antropometrici se atestd de mai mult timp nu numai pe teritoriul
Republicii Moldova, dar in general in plan mondial. Anterior toate aceste
schimbari erau explicate prin fenomenul acceleratiei, care avea la baza
mai multe teorii, primar fiind cea heliocentrica.

Analiza individuala a indicilor antropometrici ne-a orientat spre
clasterizarea copiilor in dependentd de sex. In pofida faptului estimat in
literaturd, cé la copiii de pana la varsta de 10 ani nu sunt deosebiri de sex
in manifestarea indicilor antropometrici si functionali, totusi un sir de
autori estimeaza ca indicii functionali la copii au particularitati de sex
incepand cu vérsta de 3 ani.

Analiza de grup a datelor denota ca fetele sunt mai inalte decat baietii cu
mai mult de 3 cm, cu peste 2 kg au masa corporaldi mai mare, cu
aproximativ 2 cm au perimetrul cutiei toracice mai sporit (Fig.1).
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Fig.1. Valorile indicatorilor antropometrici la prescolari.
(Media generala — semnifica valorile medii obtinute, Media baieti,
Media fete — valorile medii la grupurile de sex).

Insa analiza individuald ne indica ca 16,6% din baieti au masa
corporald si perimetrul cutiei toracice mai scazuti fata de indicii
antropometrici considerati norma, iar 33,3 % au indicii masei corporale
mai jos de limitele admisibile. Referitor la fete, datele sunt mai sporite la
toti indicii investigati. Aceasta se lamureste si prin rezistenta mai sporita
a organismului feminin, care se manifestd deja la aceastd varsta. Aceste
date ne orienteaza la analiza modului de viata si conditiile in care cresc si
se dezvolta acesti copii, deoarece aceastd situatie In marea majoritate a
cazurilor se pastreazd pana la finalizarea dezvoltarii fizice si isi lasa
amprenta asupra starii generale a organismului. Cunoasterea
particularitatilor anatomo-fiziologice a copiilor de orice varsta are o
importanta deosebita in organizarea procesului educational in baze
stiintifice.

La varsta datd, cand are loc schimbarea tipului de activitate,
predominarea meditatiilor in grupele pregatitoare, organismul copilului
este tot mai des supus suprasolicitdrilor intelectuale, care influenteaza
toate sistemele de organe si organismul in general.

In cazul cand copilul este antrenat in activititi care nu suprasolicita
la maxim organismul, nu apar dereglari functionale, dar, in marea
majoritate a cauzelor, organismul se mobilizeaza pentru a indeplini cu
succes activitatile. Deosebit de evident este aceasta in cazul activitatii
cognitive, cand copilul treptat se pregateste pentru a se implica intr-0 0
activitate productiva [5].
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Cunoscand céd sistemul cardiovascular este unul din cele mai
vulnerabile sisteme ale organismului si ludnd in considerare capacitatea
de evaluare a lui ne-am trasat ca scop studierea variabilitatii sistemului
dat la copiii de 5-6 ani, iar in baza datelor obtinute de a aprecia
fenomenul adaptarii copiilor la procesul educational. Aceasta a fost
conditionat si de interesul sporit fata de acest sistem la etapa cand abia a
avut loc finalizarea mielinizarii unor segmente centrale a SNC, iar dupa
alti autori acest proces mai continua [1].

In baza indicatorilor cardiovasculari, in special al Mv (minut-
volumului inimii) si IK (indicelui Kerdo). ne-am propus sa apreciem tipul
predominant de sistem nervos al copiilor. Valoarea norma a Mv pentru
varsta data este 5,5 1, abaterile spre sporire sau diminuarea acestei valori
denota dereglari in activitatea sistemului cardiovascular. Valorile normale
ale IK constituie 0. Daca coeficientul are semnul minus, atunci
predomind tonusul sistemului nervos parasimpatic, dacad coeficientul este
pozitiv — sistemul nervos simpatic. Concluzia despre predominanta
tonusului se face atunci cand indicele Kerdo se abate de la zero cu mai
mult de zece unitati.

Rezultatele investigatiilor noastre denotd ca intr-adevar
suprasolicitarea intelectuald, dupa indicii pulsului copiilor, induce
schimbari in activitatea cardiacd a lor. Datele atesta ca pulsul copiilor
investigati in conditii relativ confortogene este mai diminuat fata de
indicii norma (105—110 b/m) pentru varsta data si are valorile medii de 84
b/m. Insa sunt abateri de la valorile medii obtinute cu tendinte atat de
sporire, cat si de diminuare. Asa dar, din numarul total de copii
investigati 6,25% au exact valoarea medie stabilitdi de noi—84 b/m.
56,25% au demonstrat valori relativ mai sporite fata de nivelul mediu, dar
care nu ating valorile medii stabilite de Erencov V. (2001) (Fig.2.) [13].

Valori diminuate pentru frecventa contractiilor cardiace (FCC) au
fost stabilite si pentru conditiile stresogene de menajare, induse de stresul
emotional la care au fost supusi copiii. La 68,75% copii indicii FCC sunt
mult mai diminuati fatd de valorile medii stabilite pentru varsta data,
precum si fatd de valorile stabilite de noi (91 b/m). Probabil, ca acesti
copii fie s-au adaptat la cerintele din cadrul activitatilor propuse de noi,
fie ca aceste suprasolicitari sunt neexcesive. 31,25% copii au demonstrat
indici relativ mai sporiti fata de nivelul mediu obtinut de noi (91 b/m),
dar care la fel nu atinge nivelul mediu stabilit pentru varsta data.
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Figura 2. Repartizarea procentuala a copiilor de 6-7 ani dupa indicii frecventei
contractiilor cardiace in stare de confort relativ (A) si stres de menajare (B).

Analizand indicii TAS (tensiunea arteriald sistolica) si TAD
(tensiunea arteriald diastolicd) atat in confort cat si in stres de menajare
am depistat unele abateri de la valorile lor norma (TAS -98 mm/Hg, TAD
-55 mm/Hg). In cazul nostru valoarea medie TAS in confort a fost
90,75mm, insa acest nivel al indicatorului dat a fost stabilit doar la
43,75% dintre copii. 37,5% au avut indici sporiti fata de valorile medii
stabilite de noi mai aproape de valorile medii caracteristice varstei.
Probabil ca pentru acesti copii este caracteristica acceleratia, ceea ce a
fost estimat si in cazul indicilor antropometrici. Valori mai diminuate fata
de cele ale normei stabilite de noi au demonstrat 18,75% copii.

Pentru conditiile stresului de menajare, e cert de asteptat o sporire a
indicilor TAS. Valorile medii norma pentru TAS pentru conditii
stresogene sunt de 108 mm Hg. In cazul nostru valorile medii s-au plasat
mai jos (101 mm/Hg). Analiza individuald a datelor a evidentiat mai
multe clastere: cu indici mai diminuati la 25% din copii; cu nivel egal cu
cel mediu - 12,5%; cu nivel sporit - la 62,5% din copii. Practic toti copii
in testare au suportat bine factorul stresogen emotional. in acelasi timp s-
au evidentiat copii, in special fetite, care posibil la aceastd varsta sunt cu
un nivel emotional mai sporit, ceea ce dovedeste nivelul avansat de
dezvoltarea a sistemului nervos central. Tablou similar se atestd si in
cazul TAD.

Indicii Mv si IK ai prescolarilor investigati de catre noi de
asemenea s-au dovedit a fi variabili in ambele conditii testate de catre noi.
Valoarea normd a Mv pentru varsta datd este 5,5 1, valoarea medie
obtinuta de noi era de 4,1 1, ceea ce denotd o antrenare slaba a inimii la
copiii investigati si ca urmare o satisfacere insuficienta cu O a tesuturilor
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organismului lor. Insa cel mai alarmant este ca 37,5% din copii au Mv si
mai jos de 4,1. Sugerdm educatorilor si parintilor a acorda atentie mai
mult ocupatiilor fizice, plimbarilor la aer liber si mai putin practicarea
activitatilor intelectuale si celor cu mod sedentar de activitate in incaperi.
Aceasta e confirmat si de indicele Mv egal cu 4,1 la 18,75% de copii,
care de asemenea este considerat nesatisfacator (Fig.3).

A B
18,75

43,75

7,60

5.01
O media @sporit Odiminuat Omedia @sporit Odiminuat

Fig. 3. Clasterizarea copiilor de 6-7 ani dupa indicii Mv in stare de confort
relativ si stres de menajare. A — Mv confort; B — Mv stres.

Indicele Kerdo ne prezintd o situatie clard si precisd despre
predominarea sistemului vegetativ simpatic sau parasimpatic in stare
confortogend sau la actiunea factorilor stresogeni. Studiul acestui
indicator in conditii confortogene ne-a oferit urmatorul tablou: la 81,25%
din copii acest indice a fost mai mare de 11, astfel fiind atestata
predominarea simpaticului, iar la 18, 75% din ei, el a avut valorile
negative, ceea ce ne indica la predominarea parasimpaticului.

Conditiile stresogene induc o corectie in aceste date sporind si mai
mult de 93,75% indicii predominarii simpaticului si diminuarii la 6,25% a
parasimpaticului. Predominarea sistemului nervos simpatic este o dovada
a maturizarii functionale a sistemului nervos si 0 premisa pentru
adaptarea mai rapida la scolarizare.

Concluzii
Asa deci, adaptarea copiilor la scolarizare este un proces complex
si dependent de mai multi factori obiectivi si subiectivi, printre care
primatul il au particularitatile individuale fizice, fiziologice si
psihologice, precum si factorii obiectivi, in special factorii familiari si
sociali.
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Analiza datelor antropometrice ale copiilor denota, ca fetitele sunt
mai dezvoltate fizic decat baieteii si aceste date se inregistreaza practic la
toi indicii investigati: masa corporald, inaltimea si perimetrul cutiei
toracice.

Rezultatele investigatiilor indicatorilor sistemului cardiovascular
denotd, cd la marea majoritate din copii (68,75%) indicii FCC sunt mai
diminuati fata de valorile medii stabilite pentru varsta data. Acesti copii
s-au adaptat la cerintele din cadrul activitatilor propuse in perioada
initiala de scolarizare. 31,25% copii au demonstrat indici relativ mai
sporiti fata de nivelul mediu, ceea ce indicd la probleme in adaptarea la
scolarizare.

Investigatiile efectuate asupra copiilor de 6-7 ani in perioada cand
e definitivatd mielinizarea fibrelor nervoase, activitatea cardiaca a lor este
determinati de conditiile de activitate. In conditiile relativ confortogene
numarul persoanelor la care predomina tonusului simpatic este mai
diminuat ca in conditiile stresogene. Astfel conditiile stresogene sporesc
IK, ceea ce denota sporirea numarului persoanelor simpatotonice, care
mai usor se vor adapta la procesul educational.
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Abstract. Spermatogenesis is a continuous process, maintained by the
self-renewal and differentiation of spermatogonial stem cells (SSC), which arise
from undifferentiated precursors (gonocytes) in the physiological conditions of
the testicular cell niche. SSC serve as the foundation for the physiology of
continuous spermatogenesis, they have the ability to self-renew by differentiation
to produce spermatozoa suitable for fertilization, therefore the knowledge of the
regulatory processes of SSC is of great importance for understanding the
fundamental molecular mechanisms of the function of these cells in
spermatogenesis. By strict physiological regulation, spermatogonial transitions
occur with a complete non-exploitation of equivalent changes in metabolism, a
conserved overregulation of mitochondrial function, biogenesis and oxidative
phosphorylation in spermatogony differentiation, as well as the relationship
between metabolism and the external microenvironment. In the present paper we
have tried to review the current state of research in CSS physiology and biology,
as well as their molecular regulation, in the physiological and metabolic niches,
necessary for fundamental investigations and possible practical applications.
Elucidation of the exact mechanisms and characteristics of testicular maturation
events and gonocyte transition to SSC by activation of CSS-specific pathways or
early embryonic establishment of transcriptional profiling of neonatal and
prepubertal spermatogonia will contribute to new achievements of biological,
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physiological and metabolic aspects of SSC. Increased knowledge regarding the
biology, physiology and metabolism of SSC will improve our understanding of
the possibilities of applying SSC tools and manipulations in the evolution of
spermatogenesis mechanisms.

Key  words.  Spermatogonial  stem  cells, spermatogenesis,
microenvironment.

Introducere

Potentialul celulelor stem se afld la baza dezvoltarii tuturor
tesuturilor si are un rol primordial in evolutia si formarea celulelor
diferentiate in anumite organe. Mentinerea fiziologiei tesuturilor si
organelor se realizeaza prin reinnoirea continud a celulelor stem, care este
capabila sa produca diferentieri intr-un mod nelimitat. Prin diferentieri in
procesul de spermatogeneza celulele stem spermatogoniale (CSS)
transmit informatia genetica descendentilor. Spermatogeneza este un
proces extrem de complex, care mentine productia de celule reproductive
pe toatd durata vietii mamiferelor si este controlatd cu precizie de
expresia factorilor intrin- si extrinseci. Derularea spermatogenezei
depinde de proliferarea si diferentierea continud a CSS [8, 18], care
reprezinta spermatogonii nediferentiate ce mentin potentialul de auto-
reinnoire, diferentiere si evoluarea spermatogenezei [16]. Desi, reinnoirea
are loc prin diviziunea celulard continud pe tot parcursul vietii
organismului, modul in care celulele germinale isi mentin activitatea de
reinnoire putin este elucidat. Prin urmare, CSS situate pe membrana
bazala a tubilor seminiferi ai testiculului au capacitatea de a se reinnoi pe
parcursul mentinerii populatiilor stabile si diferentierii in celule
spermatogene la diferite stadii de dezvoltare in procesul de formare a
spermatozoizilor [8, 20]. CSS sunt fundamentul spermatogenezei si
fertilitatii masculine, iar aceastd temelie se mentine prin replicarea
fiziologica a acestora de dimensiuni normale si prin producerea numerica
suficientd de spermatogonii progenitoare diferentiate pentru a asigura
dezvoltarea continue a spermatozoizilor [8]. CSS, ca si in cazul tuturor
celulelor stem specifice tesuturilor, se afla intr-un mediu fiziologic
special sau 1intr-0 nisa, constituita din celule somatice testiculare si
celulele mioide peritubulare [5, 26], care secreta numerosi factori de
crestere si citokine, ce regleazid replicarea si diferentierea CSS. Nisa
fiziologicd a CSS este consideratd o nisd deschisd, care nu poate fi
definitd anatomic cu precizie si isi schimba natura pe parcursul ciclului
epitelial seminifer, datorita fluctuatiilor ciclice ale expresiei regulatorilor
paracrini. Aceastd nisd este definitd de fenomene moleculare, dar nu
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anatomice, iar fiziologia micromediului, care asigurd reinnoirea CSS si
declansarea diferentierii in celule spermatogene la toate nivelurile,
constituie criteriile fiziologice minime pentru o nisa CSS [27]. In aceste
conditii, spermatogoniile nediferentiate suferd o serie de diviziuni
celulare pentru a forma spermatogonii diferentiate, iar CSS sunt definite
prin capacitatea lor de auto-reinnoire sub influenta anumitor factori.
Primul factor de crestere demonstrat a fi esential pentru functionarea
fiziologica a nisei CSS este factorul neurotrofic, derivat din linia celulara
gliala [23]. Mai mult, sub influenta acestui factor, bine definit, divizarea
CSS poate fi extinsd in esentd la infinit, pastrand in acelasi timp
capacitatea de reinnoire si capacitatea de a da nastere la colonii
spermatogene pe termen lung. Dacd, diviziunea CSS este un proces
simetric sau asimetric la mamifere, indiferent de caile de diviziune, CSS
suferd, fie auto-reinnoire, pentru a mentine un numar suficient de CSS,
fie diferentiere in spermatogonii, pregatiti pentru diferentierea
spermatogend. In timp ce modelele traditionale propun, ci capacitatea
celulelor stem este limitata la spermatogonii [21], majoritatea datelor
actuale sustin un model dinamic de CSS, in care soarta celulelor
spermatogoniale poartd caracter variabil [3]. Evaluarea efectului unui
numdr de molecule candidate asupra fiziologiei spermatogoniilor a
constatat, cd majoritatea dintre aceste celule au caracteristici
asemandtoare progenitoarelor, iar cele cu statut de auto-reinnoire sunt
minoritare [19]. Acest lucru se datoreaza faptului, cd CSS sunt depasite
numeric de diferentierea spermatogoniilor, spermatocitelor, spermatidelor
si spermatozoizilor pe care le produc si sunt definite, ca toate celelalte
celule stem, prin capacitatea lor de a echilibra procesele de auto-reinnoire
si diferentiere. Acest echilibru fiziologic mentine volumul de CSS si
satisface cererea proliferativa a testiculelor de a produce zilnic milioane
de spermatozoizi, inclusiv si la transplantul lor, ceea ce deschide noi cai
de utilizare a CSS pentru biomedicind si agriculturd, cum sunt animalele
modificate genetic, conservarea resurselor genetice si, in ansamblu, a
biodiversititii si combaterea infertilititii masculine. In ultimile decenii,
transplantul celulelor stem spermatogoniale a fost incercat la diferite
specii de animale, inclusiv porci, bovine, caprine, ovine, maimute, canine
si camelide. In mod semnificativ, CSS au un potential extraordinar
benefic si, in acelasi timp, un obstacol major in tehnologia de reproducere
asistata, fiind putine la numar si dificil de a fi identificate si izolate. In
acest context, apare speranta, cd aceasta scurtd informatie rezumata va
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putea contribui la continuarea cercetarilor asupra detaliilor fiziologice ale
CSS.

Nisele testiculare ale celulelor stem spermatogonale

CSS se dezvolta din gonocite in testiculul postnatal, care apar din
celulele germinale primordiale (CGP) in timpul dezvoltarii fetale. CGP
iau nastere din amniosul dorsal la debutul gastrulatiei [29] si sunt o
populatie de celule tranzitorie, care apare initial intr-un grup mic de
celule alcaline pozitive pentru fosfataza in embrion dupa specificarea lor
din ectodermul extraembrionar [36]. CGP prolifereaza in mod activ si
migreaza catre gonada in curs de dezvoltare [5, 32], unde vor ocupa
creasta genitala si vor suferi determinarea sexului prin intrarea in caile de
dezvoltare specifice sexului masculin sau feminin [20]. In timpul formarii
alantoidei, CGP sunt indepartate pasiv din embrion, inainte de a incepe
migrarea catre gonada indiferentd, se reproduc si colonizeaza crestele
genitale. Semnalele externe din mediul somatic determina sexul CGP
[25] si, concomitent, cu dezvoltarea celulelor germinale masculine, CGP
infiltreaza tubii seminiferi ai testicolelor si sunt denumite gonocite [7],
care devin 1Inchise in cordoane testiculare formate din celulele
precursoare Sertoli si celulele mioide peritubulare. Gonocitele ulterior
interactioneaza cu celulele din nisa fiziologicd a CSS pentru a deveni
spermatogonii [24], care colonizeazd membrana bazala si initiaza prima
rundi de spermatogeneza, precum si stabilesc grupul primordial de CSS,
care mentin spermatogeneza pe tot parcursul vietii postpuberale [39].
Nisa fiziologica, la randul sau, este constituitd din doud compartimente
distincte structural, tubul seminifer si tesutul interstitial [28] si regleaza
homeostazia testiculara prin echilibrarea reinnoirii si diferentierii CSS. O
nisa de CSS este formata din celule, componente ale matricei
extracelulare si factori locali, solubili si prezenti in vecinatatea acestei
celule, care si regleaza activitatea nisei. Baza structurala pentru nisa CSS
este compartimentul bazal al tubilor seminiferi, care este compus din
celule Sertoli si celule mioide peritubulare [8]. Celulele Sertoli si celulele
mioide peritubulare secretd componentele membranei bazale la care CSS
sunt conectate prin molecule de adeziune. Celulele Sertoli sunt celule
epiteliale polarizate in forma de coloane, care sustin CSS si diferentierea
celulelor germinale prin furnizarea de nutrienti si medierea semnalelor
externe pentru a mentine spermatogeneza [10]. in interiorul tubului
seminifer, celulele Sertoli, prin jonctiuni stranse, formeaza bariera
hematotesticulara, care imparte epiteliul seminifer in compartimentele
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bazale si luminale si joacd un rol important in reglarea diferentierii
celulelor germinale [5]. Bariera hematotesticulara mentine un flux
selectiv al compusilor intre lichidul luminal, plasma sangvina si lichidul
interstitial, asigurdand un mediu imunitar pentru celulele germinale
haploide din compartimentul luminal al tubilor seminiferi, unde sunt
localizate CSS in zone adiacente spatiului interstitial. Spermatogoniile
nediferentiate se afla in zonele tubulare adiacente sistemului vascular
[39]. Spermatogoniile se dezvolta pe suprafata membranei bazale si in
continuare evolueaza in trei tipuri de celule: spermatogonii nediferentiate,
spermatogonii in diferentiere activa si spermatogonii diferentiate [6].
Celulele Sertoli stimuleaza populatia de celule germinale din testicule si
sunt esentiale pentru mentinerea fiziologica a spermatogenezei prin
asigurarea matricei celulare si secretia unor factori de crestere specifici
[10], iar nisa fiziologica a CSS, in ansamblu, mediaza semnalele
endocrine si paracrine, care regleaza auto-reinnoirea si diferentierea.
Tesutul interstitial reprezintd diferite tipuri de celule, care includ celule
mezenchimale, fibre nervoase, tesuturi conjunctive si celulele Leydig,
care secreta hormonul testosteron si citokine, actionand direct sau indirect
reglarea de auto-reinnoire a CSS [28, 40].

Linia ciclului spermatogen a celulelor stem spermatogoniale

Dezvoltarea ciclului spermatogen se produce potrivit liniei
spermatogene, care reprezintd un proces stabilit, impartit n etape
variabile, in functie de particularitatile celulare specifice ale speciei.
Pentru clarificarea reglarii CSS este important sd descifram esenta liniei
spermatogene pe care o produc. Initial pe baza morfologiei nucleare au
fost descrise trei tipuri de spermatogonii, care reprezinta celule germinale
diploide primitive, situate pe membrana bazald a tubilor seminiferi [6].
Prin absenta in nucleu a heterocromatinei, o caracteristicd generald a
celulelor nediferentiate, spermatogoniile de tip A au fost considerate cele
mai primitive. Nucleii spermatogonilor de tip intermediar contin o
cantitate mica de heterocromatina, iar spermatogoniile de tip B, contin 0
cantitate mare de heterocromatin, indicand o stare mai diferentiata. Aici,
investigatiile histologice a tesuturilor tubilor seminiferi au oferit un nivel
suplimentar de detalii referitor la morfometria spermatogoniala,
comparativ cu sectionarea tesuturilor testiculare integre. Pe baza
examindrii sectiunilor transversale si longitudinale a tubilor seminiferi,
Huckins si Oakberg [16, 27] au stabilit, ca spermatogoniile de tip A
nediferentiate pot fi subdivizate in trei tipuri de spermatogonii, care se
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deosebesc doar prin dislocarea lor topografici pe membrana bazala a
tubului seminifer. Divizarea unui tip de spermatogonii duce la divizarea
consecutiva a altor tipuri, care completeaza citokineza, pentru a produce
prin auto-reinnoire, doud noi spermatogonii, care raman conectate printr-
o punte citoplasmaticd intercelulara si produce un lant de patru
spermatogonii la urmatoarea diviziune diferentiata. Diviziunile celulare
ulterioare duc la formarea de lanturi de 8, 16 si uneori 32 spermatogonii,
iar lanturile de 4-16 spermatogonii sunt, in general, considerate implicate
in procesul de diferentiere si. astfel, grupul de CSS include, cel putin,
doua tipuri de spermatogonii. Unii autori au sustinut ca potentialul CSS
se poate extinde la clone mai mari [39], dar acest lucru raméane abstract.
Totodata, in timp ce fiecare clona poate fi observata in sectiuni
histologice ale tubilor seminiferi, dimensiunea clonei poate fi observata
numai in preparatele integre ale testiculelor. Pe de altd parte, spre
deosebire de spermatogoniile nediferentiate, spermatogoniile de
diferentiere, sunt distribuite uniform de-a lungul epiteliului seminifer si
se divid in mod sincronizat si se afld in stadii specifice ale epiteliului
seminifer [27]. In acelasi timp, spermatogoniile de tip B evolueazi in
spermatocite primare, care progreseaza in meioza. Doua diviziuni
meiotice duc la formarea spermatocitelor secundare si, respectiv, a
spermatidelor haploide, care suportd 16 etape de modificari morfologice
pentru a deveni in final spermatozoizi morfologic si fiziologic apti de a fi
eliberati din epiteliul seminifer [27]. O alternativa a modelului mentionat
de auto-reinnoire a CSS este un model sincron ,zero” [6], unde
spermatogoniile sunt prezente ca celule unice sau perechi la toate etapele
din epiteliul seminifer, fara mitoze si au fost considerate ,,celule stem de
rezerva”, celule care nu contribuie la echilibrul spermatogenezei. CSS de
rezervd, evoluate sincron, sunt activate numai 1in cazul cand
spermatogeneza este deterioratd prin diversitatea factorilor destructivi.
Aceastd dezvoltare spermatogend sincronizatd poate fi facilitata de
citokineza incompleta in timpul diviziunilor mitotice, care mentin puntile
citoplasmatice intre celulele germinale si care pot contribui la
coordonarea dezvoltarii sincronizate a clonelor de celule germinale [2].
Fiecare etapa este caracterizata si cronometratd de o combinatie de tipuri
de spermatogonii, spermatocite si Spermatide, care parcurg sincron
procesul spermatogen.
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Metabolismul celulelor stem spermatogoniale

Nisa fiziologicd de CSS este, in general, caracterizatad printr-0
combinatie de interactiuni celulare specifice, matricea extracelulara si
factorii de crestere, intru-un anumit mediu metabolic, specific pentru
CSS, onisa metabolica. Datele literaturii demonstreaza, ca aceasta
reglare metabolica este esentiala pentru mentinerea viabilitatii CSS [17,
13]. Cu toate acestea, pe langd cunoscuta metabolismului celular si
fenotipul metabolic al majoritatii celulelor din nisa, raman un sir de
fenomene de investigat si, prin urmare, implicarea detaliatdi a
compartimentului interstitial in mediul metabolic specific CSS nu este
complet elucidata. Morfofunctionalitatea nigei CSS actualmente mai este
in dezbatere [23, 4]. CSS sunt dispersate printre spermatogoniile
diferentiate [32, 39] intr-un model de nisa deschisd, dar nu intr-0 nisa
inchisd, ca si majoritatea celulelor stem din organism, unde factorii de
reglementare sunt, relativ, usor de definit si explicat [32]. Spre deosebire
de alte tipuri de celule stem, metabolismul CSS, modificarile metabolice
la diferentierea spermatogoniald si functionalitatea fiziologicd a acestor
celule raméane putin studiatd. CSS se caracterizeaza prin capacitatea lor de
auto-reinnoire, sub influenta factorilor externi si interni cu asigurarea
adaptarii rapide si mentinerii functiei tisulare, care necesitd un grad
ridicat de plasticitate metabolica in tesutul testicular [18, 37]. Testiculele
sunt organe lipsite de oxigen [37], iar CSS se afla departe de la vasele
sangvine, intr-0 nisd hipoxica [4, 23], sau populatiile de spermatogonii
nediferentiate se afld in apropierea sistemului vascular [39]. CSS si
spermatogoniile nediferentiate sunt situate adiacent laminei bazale a
tubului seminifer in diferite stari transcriptionale in functie de dezvoltarea
lor [11, 14]. Desi, investigatiile privind relatiile dintre metabolism si
starea CSS au fost mult mai putin extinse, cercetarile functionale au
predeterminat, ca CSS, la fel, ca si multi dintre omologii multipotenti ale
acestora si celulele stem pluripotente, nu numai cid realizeaza
metabolismul glicolitic, dar si il utilizeaza pentru mentinerea pe termen
lung a capacitatii de regenerare. Totodatd, potrivit cercetarilor,
spermatogoniile nediferentiate metabolizeazd predominant glucoza
derivata din fluxul sangvin prin glicoliza, dar nu prin respiratia
mitocondriala [1], dar, In acelasi timp, studii de flux metabolic, adica
analiza aprofundatd a consumului preferential de metaboliti ai CSS nu a
fost de gasit. Cu toate acestea, glicoliza in aceste celule a fost confirmata
prin analiza de secventiere a ARN-ului si tranzitie in fosforilarea
oxidativa cu diferentiere in nisa vasculard a CSS. Aceastd tranzitie catre
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nisa vasculard ar putea fi asociatd cu o miscare de-a lungul lantului de
diferentiere, produsid de micromediile metabolice, inclusiv oxigen, care
serveste ca un declansator initial al modificarilor fluxului metabolic [1,
12, 36]. In primul rand, in cercetirile de prelungire a functionalitatii CSS
s-a stabilit, cd implicarea spermatogoniilor nediferentiate in stare
glicolitica, prin scaderea presiunii oxigenului a crescut semnificativ
numarul CSS si a prelungit capacitatea CSS de a genera cicluri puternice
de spermatogenezi [13]. In mod similar, s-a demonstrat, ci stimularea
ciclului glicolitic a produs o auto-reinnoire crescuta a CSS, iar inhibarea
acestuia a stabilit scaderea glicolizei si cresterea respiratiei mitocondriale,
provocand devieri de la auto-reinnoire, inclusiv si inhibarea chimici a
glicolizei a afectat in mod similar capacitatea de auto-reinnoire a CSS
[17]. Cumulativ, aceste studii aratd, ca CSS nu numai ca utilizeaza
preferabil glicoliza, dar si ca pot sa apara schimbari ale metabolismului
oxidativ la tranzitia de diferentiere [17]. Alte cercetari au confirmat
aceste constatari, sugerand ca tranzitia de diferentiere este, intr-adevar,
asociata cu reglarea functiei mitocondriale epuizate in linia germinativa,
care a dus la dereglarea spermatogenezei, cu reducerea numarului de
spermatogonii diferentiate, dar fara efect nociv aparent asupra
spermatogoniilor nediferentiate [35]. Functia mitocondriald optima si
metabolismul aerob in compartimentul celular este asigurat de
constitutivitatea modificarilor mitocondriale cu facilitarea raspandirii
metabolitilor, minimizarea heteroplasmei si repararea deteriorarilor
mitocondriale, in timp ce, deficitul de mitofusind poate duce la
fragmentarea mitocondriala, scaderea expresiei complexelor lantului
respirator si capacitatea redusa pentru celulele liniei spermatogene [35].
Acest fenomen a stabilit, cd spre deosebire de CSS participante in
glicoliza,  diferentierea  spermatogoniilor, pentru asi  pastra
functionalitatea, evolueaza prin cresterea mitocondriala si trecerea la
metabolismul oxidativ. Simultan, este de remarcat faptul, ca un neajuns al
informatiei accesibile este, ca efectele dereglarii descrise a fuziunii
mitocondriale nu au putut fi evaluate cu siguranta in functionarea CSS cu
auto-reinnoire. Totodata, s-a mentionat experimental, ca procesul de
pregatire a fuziunii mitocondriale poate incepe in urma tranzitiei CSS la
progenitor, pentru a sprijini diferentierea spermatogoniala [13]. Alte
dovezi, referitor la rolul integral al mitocondriilor in facilitarea tranzitiei
diferentiate in spermatogonii nu au fost capabile sa sustina diferentierea
si regenerarea ulterioara a spermatogenezei, cu ipoteza de retinere a
trecerii metabolice de la glicolizd la fosforilarea oxidativd, facand
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imposibila  capacitatea  spermatogoniilor la  diferentiere  [17].
Concomitent, existd dovezi indirecte, privind prezenta mitocondriilor
imature in CSS, bazate pe glicolizd, desi procesul de crestere
mitocondriald incepe la progenitori prin fosforilarea oxidativa la
diferentiere, modificari ale morfologiei mitocondriale, consumul de
oxigen si productia de lactat in spermatogonii. In plus, nu este cunoscut
nici faptul, daca aceste preferinte metabolice sunt asociate cu intensitatea
diferentiala de oxigen in micromediul inconjurator al spermatogonilor din
testicul, asa cum este cazul altor tipuri de celule stem. Astfel, prin
abordarile mentionate, ne-am straduit sa ne imbunatatim cunostintele in
domeniul metabolismului CSS. Imbunitatirea intelegerii  rolului
fiziologiei si metabolismului in reglarea functionalitatii CSS reprezinta
un progres important in domeniul biologiei celulelor germinale
masculine, mentinerii biodiversitatii viului si combaterii infertilitatii. Mai
mult, CSS adulte se afla intr-0 nisa fiziologica, determinata de functia
celulelor Sertoli adulte [15, 19, 28], intr-un compartiment mic si strins
controlat la membrana bazala, inconjurat de celule complexe de nisa si
controlat prin difuzie paracelulard prin diferite complexe jonctionale
intercelulare. Celulele Sertoli adulte formeaza un sistem de nisa polarizat
metabolic si imunologic. Fluxul metabolic celular este sensibil la

gyt

Mentinerea stdrilor metabolice distincte sunt esentiale pentru
spermatogeneza, dezvoltarea celulelor stem ale liniei germinale [12, 33,
36], mentinerea CSS [13, 17], diferentiere [5]si, prin urmare, pentru
fertilitatea masculina.

Concluzii si perspective

Progresele in studiul originilor, reglementarii si activitatii CSS au
pus bazele cercetarii optiunilor biologice, fiziologice si metabolice ale
CSS. in prezenta lucrare am fincercat si revizuim stadiul actual de
cercetare in fiziologia si biologia CSS, precum si reglarea lor moleculara,
necesare pentru investigatii fundamentale si posibile aplicatii practice.
Mecanismele si caracteristicile exacte ale evenimentelor de maturare
testiculara si tranzitia gonocitelor la CSS prin activarea cailor specifice
ale CSS sau stabilirea embrionara timpurie a profilului transcriptional a
spermatogoniilor neonatale si prepuberale nu sunt definitiv elucidate. In
aceastd ordine de idei, intrucat metabolismul precursorilor CSS sau
gonocitele nu a fost investigat multilateral si caracteristicile maturizarii
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acestora sunt inca in dezbatere, momentul exact al timpului si amprenta
metabolica a stadiilor distincte de dezvoltare a celulelor germinale raman
de elucidat in continuare. Gonocitele, care se bazeaza potential pe un
metabolism diferit fata de celulele adulte necesitd anumit timp pentru
maturarea fiziologica in conditiile de nisa, care duce la asigurarea
integrititii CSS si modului in care metabolismul CSS este stabilit si
protejat in cadrul nisei, ceea ce este foarte important in continuitatea
investigatiilor acestui micromediu.

Alt moment de perspectivd sunt functionalitatea mitocondriilor si
disfunctiile lor in mentinerea integritatii CSS, care cu siguranta reprezinta
o provocare complexi ce necesitd cercetdri suplimentare. in ghidarea
acestor studii, va fi in mod clar avantajos sa se ia in considerare cerintele
metabolice ale mitocondriilor si sa se exploreze strategii prin care sa se
mentina integritatea acestora. Disfunctiile si mutatiile mitocondriale au
un rol deosebit in metabolismul si reglarea activitatilor spermatogoniale,
legate de infertilitatea masculind, iar deteriorarile mitocondriilor pot duce
la oprirea completa a spermatogenezei in dependenta de defectul specific.
Prin urmare, opiniile reviului referitor la cresterea mitocondriala si
trecerea la metabolismul oxidativ necesar pentru diferentierea
spermatogoniilor va putea explica circumstantele in care deteriorarile
functiei fiziologice a mitocondriilor pot duce la infertilitate asociata cu
oprirea 1n acest stadiu de dezvoltare. Mai mult, sunt necesare cercetari
pentru a intelege in detaliu modul in care modificérile structurale si
metabolice influenteaza evenimentele din nisa fiziologica si maturarea
metabolica ulterioard a CSS in timpul dezvoltarii.

In acelasi timp, CSS la toate etapele metabolice si fiziologice,
necesitd o manipulare eficienta pentru cea mai buna conservare i
extindere functionald a lor in beneficiul reproductiei prin optimizarea
tehnicilor de aplicare. Tesuturile testiculare sau suspensiile de celule
testiculare, care contin CSS, in perspectiva, pot fi supuse si procesului de
crioconservare si pot servi ca o alternativa in conservarea biodiversitatii.
Asadar, cercetarile de perspectiva referitor la aplicarea in viitor a CSS
conservate, paralel cu tehnicile de reproducere alternative aplicabile
animalelor vor contribui la combaterea infertilitatii masculine, la
mentinerea speciilor pe cale de disparitie in biodiversitatea viului si la
accelerarea progresului cresterii si exploatarii animalelor domestice
valoroase.
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Abstract. The purpose of the research was to study the effect of
., protected” urea added to feed on the biochemical parameters of the blood of
some ruminant animals. It was found that the use of ,, protected” urea in the diet
of ewes and lactating cows does not cause pathological changes in the
morphological composition of the animals’ blood, enhances metabolism, which
helps to increase economically useful traits. Thus, to increase wool productivity
in sheep and milk productivity in cows. we can recommend the use of
,,protected” urea in the diet.
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Beenenue

JocTaTouHO JaBHO M3BECTHA CIOCOOHOCTH MOJUTaCTPHYHBIX
JKUBOTHBIX CHHTE3UpOBaTh B pyOlle OHOJOCTYNHBIA TPOTEUH U3
HEeOENKOBOT0 a30Ta MPH HEJTOCTATKE NEPEBAPUMOTO POTEHHA.

Hepmocrarok mporeriHa B pamuoHe BeJeT K HapyIIEeHHIO OOMeEHa
BEIICCTB, CHIDKCHUIO TPOJYKTUBHOCTH, TIEPEpacxojy KOPMOB H eIle
piany npoOnem. IlpegoTBpaTuTh JaHHBIE NPOOJIEMBI  IO3BOJSIET
MPaBWJILHO COAJJAHCUPOBAHHBIN paIlMOH, OCOOCHHO IO IPOTCHHOBBIM
nobaBkam. OjHako OeNKOBbIE JOOABKH JIOCTATOYHO JIOPOTH B CBS3H C
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YeM JJIs BOCTIONIHECHUS JeQUIMTa MEPEeBAPUMOro MPOTEHHA U IeduIuTa
azoTa B XO34MCTBaX IMUPOKO TPHUMCHSIOT KOPMOBOH KapOaMum
(zammieHHp  kapObamMua) s OalaHCHpOBAHMSI — palliOHAa  Ha
MPOTSKEHUU BCETO Mepuoia BeipamuBanus [4, 5, 6, 7, 8, 9].
3amumieHHass MouYeBHMHA (@30T MEUIEHHOTO BBICBOOOXKIEHUS
Omaromapss moOaBkaM — HaIpUMEp ITalbMOBOTO Macja) TIOJHOCTBIO
pacTBopsieTcs B pyOie B TeueHHe 12 wacoB, uro obecmeunBaeT 100%
YCBOSIEMOCTH M pABHOMEPHOE MOCTYIIEHHE a30Ta OakTepusm pyoma. Urto
00ecCevnT UX POCT U MOBBICUT NMPOYKTHBHOCTH JKUBOTHOTO [4, 10, 11].

Xors kopmoBoii kapbamun ((NH2)CO, moueBuHa, OHa ke U
nueBas go6aBka E-927) moiy4aloT MpOMBIIIIEHHBIM cliocoOoM mpH t
15 °C myrem cuHTe3a M3 aMMHaKka M YTIEKHCIOTO Ta3a, KOHEYHas
CTOMMOCTh TPOJAYKTa HEBBICOKa. Hu3kas cromMocTh KapOamuma u
conepkanue okoio 44% a3oTa, KOTOpPBIM HEOOXOAMM JUIs CHHTE3a
NPOTEMHa U BBICOKOE COIEpXKaHue chIporo mnporenHa (okosno 280%)
JISNAa0T ATOT KOMIIOHEHT OYEHb BBITOJHBIM HCTOYHHKOM Oenka. Tak,
HCIIOJIb30BaAHME MOYCBHHBI B PAIIMOHE IMMO3BOJIACT BOCHOJHUTL OT 15 a0
20% pmedunura mnpoTemHa, crocoOcTByer Ha 8-10% yBenn4eHUIo
npoaykruBHOcTH KPC mpu 3TOM mo3BOMsieT CHU3UTH 3aTtpaTsl 10 10% u
MHoroe apyroe [1,2, 3,4, 12, 13].

ITonoxuTeNnbHOE BIUSHUE HA YPOBEHD ITPOJYKTUBHOCTH BXOAIIEH
B COCTaB paIliOHOB MOYEBHHBI HEOJHOKPAaTHO OCBEIIEHO B psje
myOJMKaIuii, OJHAKO CpPeOu W3YYCHHBIX WCTOYHUKOB IUTEPATYPHI
JIOCTAaTOYHO PEJKO MOXKHO OOHapyXUTh ONHCAHWE BIHMSIHUS KOPMOBOTO
KapOaMua B CTAaHJAPTHBIX WM U30BITOUHBIX JI03aX HA METa0OJIMYECKUe
TIPOIIECCHI.

Ilenpro M 3amayedl HAIIMX MCCIEIOBAHUN SBISIJIOCH H3yYEHHE
W3MEHEHHH MOP(OJOTHUECKIX H OHOXMMHYECKHMX TOKa3aTele KpOBU
OBIIEMAaTOK W KOpPOB IIEPBOM JIaKTallMM TIPH JI00ABIEHHH WM B PaIIOH
«3AIUIIIEHHOT0» KapOamu/a B MOBBIITICHHBIX KOHIICHTPAITHIX.

MartepuaJibl 1 METOABI
Jnst BBITONMHEHUWS 3a7adqd OBUIM CPOPMHUPOBAHBI OIBITHBIE W
KOHTPOJIbHBIE TPYTIIIHI.
B pammon KPC ombitHO#M Tpynmbl (50 rosioB) 3aluiieHHBIH
kapOamu[ 1o0aBsim U3 pacueta 30 KT Ha TOHHY KOpMa.
B panmon oBem ombiTHOM rpymmbl (50 TOJIOB) 3alUIICHHBIH
KapOamMu 100aBIsUTH U3 pacdeTa 35 KT Ha TOHHY KOpMa.
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Mopdornorudeckue  HCCAEIOBaHHS  KPOBU  MPOBOAWIM  C
WCTIONIb30BAHMEM  ABTOMATHYECKOTO  T'€MAaTOJIOTMYECKOTO — aHaIn3aTropa
URET-3020. Onpenensnu yposens: WBC, x109/L, RBC, x10*?/L, HGB,
g/L, HCT, %, PLT, x10%L.

bruoxnMudeckne aHadw3bl CHIBOPOTKHA KPOBH IIPOBETH METOIOM
(dhoTOMETpPHH B JIAOOPATOPHH BETEPHHAPHON MEIUITMHBI Beepoccniickoro
HAYYHO-UCCIIEI0BATENBCKOTO MHCTUTYTa OBLIEBOJICTBA M KO30BOJCTBA —
¢ummana PI'BHY «CeBepo-Kaskazckmit DHAILLy.

B cpIBOpOTKE KpOBH OBIIEMATOK M KOPOB OMNPENEISUTH KOJIUYIECTBO
METabOJIUTOB, OTPasKAIOIMX HHTEHCHBHOCTD a30THCTOIO U SHEPTETHIECKOTO
0OMEHOB.

YpoBeHb conmepKaHus 00Iero 0eKa B CHIBOPOTKE KPOBH OPEICIISITH
Ha pedpakromerpe RL (POLAND); conepikanue OCIKOBBIX (pakimii -
He(enoMeTpHIecKUM MeToJIoM Ha  QoTtosnektpokonopumerpe KOK 2;
orpezieieHre KOJMYEeCTBa MOYEBWHEBI, TIIIOKO3bI, KpEaTHHHHA, aKTHBHOCTH
amuHoTparcdepas (ALT, AST) OuoxumudecKuMH TecTaMHd (HPMBI
«Lachema» Ha oroanexrpokonopumerpe KOK-2.

Pe3ysbTaThl Hecjief0BaHU M 00CyKIeHUe
[lpn mnpoBemeHWM WCCIEAOBATENLCKUX PabOT ObUIO  M3YYECHO
U3MEHEeHHe MOPQOJIOTHUECKUX W OWOXMMHYECKHX TIOKa3aTelell KpOBH
OBIIEMATOK M KOPOB IEPBOH JIAKTAIMY NP BBEACHUH B PALOH >KHMBOTHBIX
«GaIMIIEHHOro» KapOamua. Pe3ynbTaTel MCCIEIOBaHHI IPEICTABICHBI
HIDKE B Ta0IHIaX.

Tab6auna 1. Mopdoaoruyeckue noka3aresii KPOBH IKCIEePUMEHTAIBHBIX

OBIIEMATOK
I 11 I PedepenrHbie
Ilokazarenu
KOHTpOIII)HaSI OIIbITHAA OIIBITHAA 3HAYCHUS
WBC,
<109/L. 11,23+0,8 7,45+2.,4 8,33+1,3 4,0-13,0
RBC,
<102/L 9,44+0,8 8,66+0,3 8,88+1,5 8,0-13,0
HGB, g/L 84,0+6,7 80,0+1,0 85,0+12,1 80,0-120,0
HCT, % 31,47+2,6 29,55+0,1 31,44+4,1 24,0-50,0
PLT,x10%L | 598,7+133,7 | 522,5+135,5 | 311,3£106,3 170,0-530,0
MPV, f/L 7,5+0,2 7,75+0,4 8,7+0,9 7,0-11,0
IIpu aHaIM3e Mopdonmornaeckux TIoKa3aTeJieh KpOBH

SKCTICPUMCHTAJIBHBIX KMBOTHBIX OBLIO YCTAHOBJICHO, 4YTO BBCIACHHC B
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pauoH  KUBOTHBIX

<GalIHUIICHHOI' O»

Kap6aMI/I,Z[a HC BbBI3BIBACT HX

MaTOJIOTHYECKUX M3MEHEeHnH. Bce mokasarenm, Kak y OBLEMATOK, Tak My
KOPOB TIEPBOM JIAKTAIIMM HAXOMATCS B NpHAEiax (U3MOIOrHIECKOH HOPMBI
(tabmuua 1, Tabnma 2).

Ta6auna 2. Mopdosioruueckue nNoKa3arejii KpoOBH KOPOB NMepBoii

JAKTalluu
[Tokazarenn I xouTpONBHAS OHBIIiHa}I Peiiiii;}fe
WBC, x10%L 13,45+0,1 11,8+1,3 5,0-16,0
RBC, x10%?/L 6,97+0,26 7,15+£0,08 5,00-10,00
HGB, g/L 79,5+1,0 83,542,5 90,0-139,0
HCT, % 33,440,2 35,42+1,1 28,0-46,0
PLT, x10%/L 405,8+71,6 406,0+£58,7 120,0-600,0
MPV, f/L 5,540,1 5,60,2 5,0-9,0
Pesynbratel OMOXMMHYECKUX noxasaresen KpOBU

SKCTIEPUMEHTANBHBIX JKMBOTHBIX TaKXXe YKa3bplBalOT Ha TO, YTO
CKapMJIMBAaHUE >KUBOTHBIM <«3allUIICHHOTO» KapOamuia HE BbBI3bIBACT
pasBUTHE MATOJIOIMU METaOOJNYECKUX MPOLECCOB Y KUBOTHBIX. Ho mpu
9TOM TIOKa3aTelu OEIKOBOro 0OMEHa MMEIOT KaK MEXIPYIIOBbIE, TaK U
MEKBUJIOBbIC pa3Nuuusi. Tak B OMNBITE C OBIEMaTKaMH HaMH OBbLIO
YCTaHOBJIEHO IMPEBOCXOJCTBO OINBITHBIX >KUBOTHBIX HaJ KOHTPOJIbHBIMU
JKUBOTHBIMH 110 OOIIEMY KOJHWYECTBY oOmero Oeika, MOYEBHHBI,
KpeaTWHHMHAa W  (epMeHTaM MepeaMuHUpoBaHus  (Tabmmma  3).
IIpeBocxoactBo II ombitHOM M III ombITHOW Tpynnm Haa KOHTPOJbHOM
TPYNIION 1O MEPEYHCICHHBIM MOKa3aTeNlsIM ObLJIO BBICOKO JOCTOBEPHO
BhIle Ha 22,6% u B 1,9 pa3a, cooTBeTCTBEHHO, 10 Oenky B 1,7 u B 1,3
pasa, COOTBETCTBEHHO, 110 KOJHYECTBY albOyMUHOBOH (Qpakiuu, mpuieM
NPEBOCXOACTBO XHUBOTHBIX Il rpymnmbl Mo KoHHEeHTpauu odmero oenka
OBLTO BBICOKO JOCTOBEPHO (Tabmura 3).

[To coneprkanuio OOIIETO KOJMMYECTBA TI00YIMHOBOH (pakuuu [
KOHTpOJIbHAs Tpymnmna npesocxoauna Il omeitHyro rpymmy Ha 5,9%, HO
vMena JaHHBIM MOKaszarenb B 2,2 pa3a MEHblIE, yeM aHanoruyHeiid B 111
onblTHON rpymme. IIpu stom oBuemartku III rpynmel umenn MmeHbliee
3HaYCHUE OTHOIICHHS AIbOYMHHOBOH (pakiuuu oOIIeMYy KOJHYECTBY
r100ynMHOBBIX (pakuuii B 1,8, uem xuBoTHbIe | rpynmsl 1 B 2,9 pasa,
yem a”anmoru Il rpynmel. CornacHO CHpaBOYHBIM JIaHHBIM CHIKEHHE
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JAHHOTO TIOKa3aTellss HaOMoJaeTcs MpH YBENIWYEHHUH MIEPCTHOU
IPOAYKTUBHOCTHU y OBELl, YTO IOATBEPKAAETCS PE3yJIbTaTaMy IIEPCTHOU
MPOAYKTUBHOCTH OBLIEMATOK, rAe kuBOTHbIE Il rpynmel npeBocxoaunn
ocobeit koHTponbHOH Tpymnel u Il ombitHoi Ha 3,7% u 2,0%,
COOTBETCTBEHHO.

Tabauna 3. BuoxumMuyeckue NOKa3aTeJu KPOBH OBHEMATOK

Moxasarem Tpymmet PedepenTtHbie
I II I 3HAYEHUS
KOHTpOHBHaﬂ OIIbITHasA OIIbITHasA
Obumit 62,73+1,8 | 76,93£22,1 | 119,70+1,3** |  61,0-75,0
O€JIoK, I/1
Am’?’f)f“"" 22,44+5,1 | 38,87£19,1 | 29,65+4.4 24,4-375
FH°6FY/J;“HH’ 4029453 | 38,05+3,1 | 90,25+4,1%* 32-50
AT 0,610,2 0,96=0.4 0,33+0.1
Mouesua, 521412 6,21+1,2 9,02+4 4 3,7-9,2
MMOJIb/J
Kpeamunuh, |7 53 196 | 11854163 | 151,6£14.6 76-174
MKMOJIb/JT
AST,En/n | 60,37+13,7 | 79,75+12,0 | 104,5+153 49-123
ALT, Ex/n 20,7144,7 | 28,61454 | 35,7575 15-44

KomuuectBo obmero Oenka B Il ombitHo#t Tpymme 119,70 r/a
CUMTaeM He KPUTHYHBIM, NOCKOJIBKY JTAHHBIN MOKa3aTellb yKa3bIBaeT Ha
COJIep’KaHue B KPOBH YKHBOTHBIX BCEX OEIIKOB ¥ 3aBUCHT OT MOCTYIUICHUS
0ENKOB B cOCTaBe palyioHa U OT ()YHKIIMOHAIBHOTO COCTOSIHUSI TEYCHH.
[TosTOMYy Takoe BBICOKOE 3HAUEHHE IAHHOI'O IOKa3aTellsi CBS3aHO C
BBOJIOM B PAIMiOH XKHBOTHBIX «3aIIHIICHHOT0» KapOamwuia, KOTOPBIH 3a
CYeT aKTHBHM3AIMH M YCKOPEHHUS POCTa M Pa3BUTHI MHKPOOPTaHWU3MOB
pyOiia, CTUMyJISIMM ~ pyOIIOBOrO MHINEBAPEHHUs, CIOCOOCTBYIOIICH
YBEIMUEHHUIO KOJHMYECTBAa HEOEIKOBOTO a30Ta, HEOOXOAWMOTO Ui
CUHTe3a OMOIOCTYITHOTO OeJKa B pyOIie, ClIOCOOCTBYIOIIETO YBEIMUESHUIO
KOHIIEHTpAIMX 001Iero Oernka.

Cne;:[yeT OTME€TUTH, YTO CKapMJIMBAHUE JKUBOTHBIM )IaHHOﬁ
KOpPMOBOH 700aBKM HE BBI3bIBAET MATOJIOTUYECKUX H3MEHEHUH C
BBIIEJICHEM MPOAYKTOB O€JIKOBOrOo MeTabomm3Ma M3 OpraHu3Ma
KUBOTHBIX, ITOCKOJBKY 00aJaeT MPOJOHTUPOBAHHONW CIOCOOHOCTHIO
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BEICBOOOKJICHHEM MOYCBUHBI B TEUCHHE 12 4acoOB, YTO UCKIIOYAET PUCK
aMMHUAYHOTO OTpaBieHus. KomnmyecTBO MOYEBMHBI M KpEeaTHHHWHA B
CBIBOPOTKH OIBITHBIX JKUBOTHBIX XOTh M TPEBBIMAIOT JIaHHBIN
MOKa3aTellb KOHTPOJIBHBIX JKUBOTHBIX, HO OCTAIOTCS B MpHUAETIax
(hH3UOTIOTHIECKON HOPMBI. B CBIBOPOTKE KPOBH OBIIEMAaTOK KOHTPOILHOM
Tpynmbl KOHIIEHTpAIUS MOYEBHMHBI M KpeaTWHWHA ObUTa HIDKE, YeM
anasoru Bo II-oi#t u Ill-ei rpynmax Ha 16,1% u 26,1% u B 1,7 u 1,7 pa3za,
COOTBETCTBEHHO (Tab1.3).

AKTHUBHOCTH (hepMeHTOB TepeaMIHAPOBAHUS Oomee
YYBCTBUTEJIbHA K TOKCHYECKOMY BO3JEHCTBHIO, MO3TOMY IOKa3aTeIu
aKTUBHOCTH aclapTaTaMUHOTpaHCepa3bl U alaHWHAMUHOTpaHC(hepas3bl
B CBIBOPOTKE KPOBH IIUPOKO MPUMEHSETCS MPH JUATHOCTUKE TTaTOJIOTUH
IICYCHHU pa3anH0171 OTUOJIOTHHU I OIIPEACIICHUA CTCIICHU MOBPCKACHUA
renaToUTOB. AKTUBHOCTh JaHHBIX (PEPMEHTOB B CBHIBOPOTKH KPOBHU
OBIIEMATOK,  MONYYaBIINX  «3alIMIICHHBI»  KapOammu,  Obuia
cootBercTBeHHO Bbimie B 1,3; 1,7 m B 1,7; 1,2 pa3a, yem JaHHBII
MOKa3aTenb B KPOBU 0COOEH KOHTPOJIBHOW TPYIIIBI, HAXOAACH IIPH STOM B
pedepeHTHBIX npeaenax (tadi.3).

Tadauua 4. Buoxumuveckue nNoKa3arejii CbIBOPOTKH KPOBH KOPOB IepPBoii

JIAKTAIMH
Tokasatei I II PedepenTtabie
KOHTPOJIbHAS OIIBITHAS 3HAYEHHSA
OOwmwii 6enoK, /1 79,12+1,0 86,7+1,9** 62,0-82,0
Anb0yMHUHBI, /71 27,25+5,0 37,09+3,6 18,0-42,5
I'moGyauHEL, /11 51,87+4,4 47,36+2,.3 29,0-49,0
AT 0,58+0,2 0,80+0,1 -
Moresuna, 3,56+0,25 5.40+0,04%* 28-8,8
MMOJIL/JT
Kpearumm, 67,28+0,5 72,0493 56,0-162,0
MKMOJIB/JT
AST, Ex/n 60,77+1,2 62,3+£0,51 45,0-110,0
ALT, Ex/n 34,61+4,5 38,67+0,63 6,9-35,0
Xonecrepu, 3,00+0,6 3,39+0,2 1,6-5,0
MMOJIb/TT
T'moxosa, 2,89+0,05 3,12+0,07* 2,3-4,1
MMOJIb/TT
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B omnbITe ¢ mpuMeHEHNEM «3aIUIIICHHOT0» KapOaMuia B parioHe
KOpPOB TIEPBOM JIAKTAIIMM OMOXMMHUYECKUE MOKA3aTEeNN CHIBOPOTKH KPOBU
TaK)Ke HaXOJWJINCh B TpeesaxX (U3U0JIOTHISCKON HOPMBI, HO MPU STOM
MOKA3aTeJId OIBITHOW TPYMITBI TPEBBINIATH aHAJIOTU KOHTPOJIBHOU
TPYIIIEL.

KonnenTpanuu obmiero 6eka ¥ MOYEBUHBI B CHIBOPOTKE KPOBU
KOPOB OINBITHOW TPYIIIBI BBICOKO JIOCTOBEPHO MPEBOCXOJIWIA CBOUX
aHaAJIOTOB KOHTPOJBHOU Tpynmbl Ha 9,6% u B 1,5 pasa, COOTBETCTBEHHO
(Tabn.4). Kpome TOr0, ;KHBOTHBIE OTIBITHOM TPYIIITHEI IMETH OOJNbIIEe YeM
KOHTPOJIHOM TpyIIe KoJdndecTBa anbOyMHHOB B 1,4 pa3za, KOJIMYECTBO
kpeatnaunHa Ha 7,0%, aKTUBHOCTH acmapTaTaMHHOTpaHC(epasbl U
ajaamHamMuHOTpaHchepasbl Ha 2,5% u 11,7%, COOTBETCTBEHHO, a TaKXkKe
Ha 13% Oonbllle KOHIEHTpalnuio xonecTepuHa U Ha 8,0% KomnyecTBa
TJIFOKO3BI B CBIBOPOTKE KPOBH.

Ha ocHOBaHWMH BBIIICH3IIOKEHHOTO MOYXHO TOBOPUTH O TOM, YTO
NPUMEHEHUE KOPMOBOW JOOABKH «3alllMIICHHBIN» KapOaMHIl B palnnoHe
JIAKTUPYIOIIMX KOPOB YCHJIMBACT METAa0OJU3M BEILECTB B OPraHU3ME
JKMBOTHBIX, YTO MNPHUBOAUT K IMOBBIHNICHHUIO CPEAHCCYTOUHOI'O HaI0sd
MOJIOKA.

BriBoabI

[IpumeHeHne TOBBIIEHHBIX 103 «3aIUIICHHOTO» KapOamuaa B
palroOHe OBLIEMATOK U JAKTUPYIOLIUX KOPOB:

- HE BBI3BIBACT MATOJIOIMUYECKUX H3MEHEHHH MOP(OIOTHYECKOro
COCTaBa KPOBH JKHBOTHBIX,

- ycuImBaeT OOMEH BEIIECTB, YTO CHOCOOCTBYET IOBBIIICHHIO
MIEPCTHON TMPOJYKTUBHOCTH y OBELl WU MOJIOYHOM TNPOAYKTUBHOCTH Yy
KOpOB.
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OCHOBHBIE XAPAKTEPUCTUKHA UMMYHHOM
CUCTEMBI B IEPUO/ ITOCJIE COVID-19

AxmenoBa I'yiacapa Baxoqup ku3zu
Hayuonanvusiii ynueepcumem Ysbexucmana umenu Mup3zo Ynyebeka,
e. Tawxenm, Y36exucman, gulsara.akhmedova@inbox.ru

Abstract. This scientific article investigates the impact of COVID-19 on
peripheral leukocytes and hematopoietic elements in the blood, exploring
changes in their quantitative dynamics throughout the course of the disease and
during recovery. The study focuses on understanding how SARS-CoV-2 infection
affects the hematopoietic system, particularly observing lymphopenia and
eosinopenia during the active phase of the disease and tracking the recovery
phase through monitoring changes in formed elements. The research sheds light
on physiological responses to COVID-19 and post-COVID-19 conditions,
emphasizing the roles of various immune cells such as leukocytes, lymphocytes,
monocytes, neutrophils, and eosinophils. This comprehensive analysis
contributes valuable insights into the pathophysiology of COVID-19 and
highlights potential markers for monitoring disease progression and recovery.

Key words. Post-COVID-19, leukocytes, lymphocytes, monocytes,
neutrophils, eosinophils.

Beenenune

COVID-19 cTai rI100aIbHON yrpo3on 3JI0POBBIO.
I'emaTomornveckrie N3MEHEHHs y TAIEeHToB ¢ 3aboeBanuem COVID-19
MOTYT OBITh OJIHUM U3 MOKa3arejel (yHKIHOHAIFHOTO BOCCTAHOBJICHHUS
Hapsly ¢ MMMYyHHBIM oTBeToM mpu uHbekuun SARS-CoV-2 [1, 2].
[TosTOMy B HacTOsIIEE BpeMs N3yUYarOTCs KOJIMYECTBEHHbIE HU3MEHEHHS B
nepudepruuecKux JICHKOLUUTaX, a TaKKe IeMONOATHYECKHUX 3JIEMEHTaXx,
4yTOOBI OnpeaeanTb, cBsazan ju COVID-19 ¢ nerajibHBIMH MCXOJaMH B
KAaueCTBE PAaHHEro CUT'Hajla y MalueHTOB [3, 4].

Ananuzupys HaY4HYIO JUTEPATYPY, Hauboee
pacipoCTpaHEHHBIMH T'eMaToI0rHuecKuMu cumnToMamu pu COVID-19
SBIISIFOTCS. YMEHBIICHUE KOJIUYECTBA JIMM(POLUUTOB — JUMQPOIUTOTICHHS
[5, 6], yBennuenue uucna HeiitpoduinoB — HedTpodmus [7, 8], a Takke
CHIDKEHHE I10 KOJHMYECTBY 303MHO(MMIOB - 303uHONECHMA [9] W jerkas
tpombonuTonenus (35%) [10]. Bo MHOTMX OTHOMICHHSIX 303UHOMHIIBI
paccMaTpUBAaIOT Kak IPOTHBOBHpYCHbIe KieTkd [11]. Do3uHO(HIBI
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coJepKaTr U NPOSYLIUPYIOT MOJIEKYJIbI C MPOTHBOBUPYCHOM aKTHBHOCTBIO
U, TaKUM 00pa3oM, y4acTBYIOT B aJallTUBHOM HMMYHHTETE, CBOICTBa
KOTOPOTO M3y4eHBI iN VItro u in VivO B OTHOLICHHH Psa PECIHPATOPHBIX
BUpYyCOB, Bkmtoyass rpunm [12]. IlpumeuarensHo, 4TO JUMQOINEHUS U
so3uHONIeHMs Habmromanuch y 73 (52,9%) u3 138 rocrnutain3upoBaHHBIX
nareaToB ¢ COVID-19. CymecTByeT NOJOXKHUTEIbHAS KOPPEISIHS
MeXIy JduMQorneHreld 1 TpoMOOUMTONIEHHEH Y MAlMEHTOB C TSHKEIBIM
3aboneBanuem (r=0,486, P <0,001). ITosToMy B JaHHOI cTaThe MPOBEACH
JUHAMUYECKUI aHajdu3 TIE€MaTOJIOTMYECKUX IIOKa3aHUH K JIEYCHUIO
COVID-19 B nocneonepaluOHHOM TEPHOJIE.

Marepuajbl 1 METOAbI

OO6mmii ¥u OMOXMMHYECKHH aHanu3 KPOBU  IMPOBOJHUIICS
IPEUMYLIECTBEHHO B 16 7 cemeliHOM MOMMKIMHKMKE AJIMa3apcKoro
paiiona ropona TamkeHTa, B MHOTOIPO(IIIFHONW KIMHUKE TalnTkeHTCKOM
MEIUIMHCKON akageMuu. AHaau3bl NPOBOAWIM Ha OHOXUMHYECKOM
ananu3atope BA-88A Mindray Co.Ltd (KNR). Mcnons3oBanu peareHThI
HUMAN (GmbH) (I'epmanus). HMccinemoBanue NpOBOJWIOCH B
MOMEIIEHNH ¢ YMEpeHHOH TeMmeparypoii (26°C) [14].

YyacTrue y4acTHHKOB HMCCJCIOBAaHUS ObLIO JOOPOBOJBHBIM U HE
¢unaHncupoBanochk. lccienoBaHne NPOBOAMIOCH B COOTBETCTBHU C
NpaBUIaMU HAayYHOH STHKH C COXPaHEHHEM aHOHHMMHOCTH YYaCTHHUKOB
[13]. LuromeTpudeckne WCCIICJOBaHUS TPOBOAWIM II0 CTaHIapTaM,
yCTaHOBJICHHBIM Ha MuKpockole BM 1800. Ilomcuer nedKonuToB
MpoBOAWIM Ha  OwomormvyeckoM  MuKpockorle BM 1800 ¢
MCIIOJIb30BaHMEM Kamephl | opsieBa 1 aBTOMaTHYECKUX CUETYHKOB. KpoBb
Opanu B CTEpUIIBHBIX YCIOBHSX, IS MOJACYETa JIEHKOLIUTOB K pacTBOPY,
OKpalIeHHOMY METWJICHOBBIM CHHUM, fno0aBisum 0,4 mn 3-5% pactBopa
YKCyCHOM KucioThl. KamwmuispHoii mwuretkoil Opamm 20 MK CBexei
KpoBH (pa3BeneHHoW B 20 pa3) M moacUYUTHIBaIM JieHKkonuThl. [loncyer
TPOMOOLIMTOB Tak)Ke MPOBOAWIM MO CTaHAapTaM, yCTAHOBIEHHBIM B
kamepe [opseBa mon OwonormueckuM Mukpockoriom BM  1800.
Pesynbrarel  oOpabateiBayin ¢ momoumipio  mporpamm  Excel u
OriginPro6.2017  (OriginLab  Corporation, CIIIA). Pe3ynbrarsl
oOpabaTbiBajiii € HCIONb30BaHMeM Kpurepus Puinepa u t-dakropa
Creronenta. Ompenensuin  cpeqHee  apudmerndeckoe (M), cpemHee
OTKJIOHEHHE (+m) W HMHAEKC cTaTHUcTh4Yeckod 3Haummoctu (p). llpm p
<0,05 pe3ynpTaThl CYUTANINCH CTATUCTUYECKH 3HAYMMBIMH Ha 95%.
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B mocTkopoHaBUpYCHOM TMEpHOJE YYAaCTHHKH WCCIEIOBaHUS
OBLTH pa3zienieHbl Ha 4 SKCIIEPUMEHTAbHBIE U 2 KOHTPOJIbHBIE Tpynmbl. B
1-t0 rpynmy Ha OCHOBAaHMH JOOPOBOJBHOIO COTJAcHs OBLIM OTOOPAaHBI
mura ¢ TsokeneiM TedeHuem COVID-19, B Bospacte mo 40 ner, Oes
XpOHMYECKHX 3a0oneBaHwit (n=25). 2-1 rpymnma HAa OCHOBaHUH
JIOOPOBOJIGHOTO coTIacus ObliIa OTOOpaHa CO CPEIHETSKEION W JIETKON
dopmamu COVID-19, uepe3 2-3 mecsima mocjie BBI3JOPOBICHUS, HE
crapme 40 mer m 0e3 xpoHmUYeckWx 3aboneBannii (n=25). Bropyro
KOHTPOJIBHYIO TPYIIITY COCTaBWIIM 3I0POBBIE JIIOIM B Bo3pacte 41-55 ner,
He nHpumuposanusie COVID-19 (n=12). B 3-10 rpynmy Ha oCHOBaHHMHU
JOOpPOBOJIBHOTO corjiacusi ObLTM OTOOpaHBI JIMIA C TSHKEIBIM TEUCHHEM
COVID-19, uepe3 2-3 Mecsma 1ocjie BbI3AOPOBIACHHS, B BO3pacTe HE
crapiue 41-55 net, 6e3 xpoHndeckux 3adboneBanuii (n=25). B 4-10 rpynmy
Ha OCHOBAaHWHU JOOPOBOJILHOTO cOTNacusi ObUIM OTOOpaHbl OOJIbHBIE
cpenHeTsbKenon u serkoit popmamu COVID-19, wepes 2-3 mecsma nmocie
BEI3ZIOPOBIICHNS, B Bo3pacte He crapiie 41-55 ner, 6e3 XpOHHYECKUX
3aboneBanuii (n=25).

Pe3yabTarsl u 00cy:xIeHue

Jns uccnenoBanusi ObUTM OTOOpaHBI JIOAW 0€3 COMYTCTBYIOIINX
XpOHWYECKHUX  3a0omeBaHuid,  BbI3gOpoBeBmme ot  COVID-19.
OyHKIMOHABHEIE TTapaMeTpsl B iepuoj 3aboneBanus COVID-19 6pum
MOJYYEHBl IyTeM PETPOCIIEKTUBHOTO aHajM3a UCTOpuil Oone3nu. bpuin
MOJYYeHbl  pe3yNbTaThl, MpeACTaBICHHbIE Ha puc. 1. s
MOCJICOTNIEPALMOHHBIX  (YHKUMOHAIBHBIX M Ie€MaTOJIOTHYECKHX
MoKa3aTelen.

B rpynme 30-40-netHux, cpeaHuii Bo3pacTt KOTOpPbIX 36,64+2,13
rojia, peTPOCIEKTUBHBIA aHAU3 MOKa3all, YTO KOJUYECTBO JICHKOIIUTOB
nipu 3a0o0sieBaHny cocTaBmiio 6,68+0,37 * 1079 ki/7, B THKENBIX CIydasix
— 6,47£0,41. *10"9 ki/n1 B JIETKUX, YTO HECKOJBKO HIKE KOHTPOJBHOMN
HOpMBI, HabOoAanack Jeikonuronenus (P<0,05). Ha 4-it Hexene mocie
3aboneBanus oHa coctaBwia 9,01+£1,22*10"9 wi/n B mepBoit rpymre,
8,79+0,41*10"9 kn/n Bo BTOpOil Tpynme (P<0,05). YcraHoBneHo, 4to
MOCJIE BBI3JIOPOBIICHUS JIEHKOIMTHI yBenuyminch Ha 26% B obeunx
rpymnmnax.

Bo Bropoii OomnpmIOi Tpymnme CpeaHUd BO3PACT HCIBITYEMbIX
coctapun 46,1+1,87 roma. B pesymprare peTPOCIEKTHBHOTO U
nabopaTopHOrO aHAIM3a YCTAHOBIICHO, YTO KOJMYECTBO JICHKOIUTOB NPU
3aboneBanuu coctasiser 5,78+0,65 (P<0,05) B TspKeNbIX ciiy4asx, a B
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HeTspKenbIx ciydasx — 7,08+0,81 (P<0,05), ymepenHas IeiKOUUTONCHUS
Ha0II0/1aJ1ach HECKOJIBKO MEHbIIIE KOHTPOJIBHON HOpMBI (P<0,05), Ha 4-i
Hezene mociie 3aboneBanus — 8,75+1,78, B 3-if rpynme — 9,15. +0, B
yeTBepToil Tpymme — 68 (P<0,05). Ilocne BBI3IOPOBICHUS JICHKOIMTHI
yBenuuunuck Ha 19,2% B nepsoii rpymnne u Ha 19,7% Bo BTOpO# rpynme
(puc.1).
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Pucynok 1. AHanu3 JEHKOITUTOB B IIEPHO BOCCTaHOBICHUS (M+m)
(* — P<0,05; ** — P<0,01; ***— P<0,001).
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Puc. 2. Jlunamuika TuMQOIMTOB B BOCCTAHOBUTEILHOM MIEPUO/IE
(ITpumeuanue: Exnnnna usmepenns — 1019 knerok /m; * — P<0,05; ** — P<0,01;
*** _P<0,001).
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Uncmo muM@oruToB OBUIO HECKOIBKO HIKE HOPMBI M B TEUCHHE
3a0oneBanus  coctaBisuio  0,93+0,11*%10"9xmetox/n u 1,034+0,18
(P<0,01), a na 4-ii Hegene nocine 3adoneBanust — 1,50+£0,19 *1079 xn/n u
2,48+0,23 (P<0,01), uro B amHamMuKe OBLIO ONHM3KO K HOpMe. Ymcio
mumdonnToB B 3-it U 4-if rpymmax 3aboneBanus coctaBmsuio 0,97+0,16
(P<0,05) u 1,03=0,18 (P<0,01), B 3-ii rpynne mo cocraBy 1,64+0,24
(P<0,05), B 4-i1 rpynme 2,32+0,26 (P<0,01). B 1-ii rpynme ycTaHOBIIEHO,
4yTO OHa OBUTAa B 3 pa3a MeHbIE, a BO BTOPOW TpyIe OJM3Ka K HOpME
(puc. 2.).

KonnyecTBO MOHOIIMTOB B MEPBOIl ¥ BTOPOM IpyIIiaXx COCTaBISIO
0,71£0,17 (P<0,05) u 0,52+0,27 (P<0,05) Bo Bpems 3a0oyicBaHHSI W
HaXOAWJIOCh B MIpeiesiax BepxHel rpaHullsl HopMbl. Ha 4-if Henene nocne
3aboneBanuss oH cocraBun 0,87+0,26 (P<0,05) B mepBoii rpymnme u
0,72+0,09 (P<0,01) Bo BTOpO¥ TpyIIe. YCTAaHOBIEHO COOTBETCTBEHHO,
yTo OHa yBenuumiachk B 4,0 u 3,7 pa3za. Uuciio MOHOIMTOB B TPETbEH U
YeTBEPTOW IPyMIax COOTBETCTBEHHO B MEPHO/] 3a00JI€BaHMsI COCTABIISIIO
0,78+0,09 (P<0,05) u 0,58+0,01 (P<0,01) u HaxomuiOCh B MpeaeIax
BepxHel Tpanmnbl HOpMEL. Ilocme 3aboneBanmii Ha 4-if Hemene —
0,81+0,07 (P<0,05) B 3-ii rpymmne u 0,69+0,12 (P<0,01) Bo 2-if rpymme
COOTBETCTBEHHO, OHa yBeIM4Ymiach B 2,5 u 2,1 pa3a oT KOHTpoms (puc.
3).

_| Control
=] COVID-19
Post-COVID-19

1,4 -

1,2

Monocytes 10" 9cells/L

Group 1. (n=25) Group 2. (n=25) Group 3. (n=25) Group 4. (n=25)

Puc.3. /IluHamMuka MOHOIIUTOB B BOCCTAHOBUTEIHHOM TIEPUOJIC
(lIpumeuanne: Eauania usmepenns — 1079 knerok /i, * — P<0,05;
** - P<0,01; *** —P<0,001)
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Yucno nedtpoduiaoB mpu 3aboneBanuu coctaBisuio 5,82+0,61
(P<0,05) B mepBo#t rpymme, 5,16+0,44 (P<0,01) Bo BTOpO# Tpymme u
HaOJIroano0Cch Ha YpOBHE BepxHel rpanuisl HOpMbl. [locie 3a0oneBanus
CHIDKCHHE YHUClia HEUTpO(HUIIOB NMPONOJDKWIOCH U Ha 4-U Hexene — B
nepBoii rpymnmne ono cocramwio 5,18+0,30 (P<0,05), Bo BTOpO#t rpymnme —
5,81+0,62 (P<0,05) (3,15 — cm. pucyHoOk). ). B Tperweit u werBepToOit
rpynnax oH cocraBisun 5,63+0,87 (P<0,05), 5,24+0,16 (P<0,01) u
HaXOJWJICS Ha YPOBHE BEpXHEH rpaHUIBI HOPMBL B ciemyromux rpynmax
nocyie 3a00JIeBaHUsI CHMYKEHNE YMCIIa HEUTPO(HUIOB TPOIOIDKAIOCH U Ha
4-if Hemene OHO COCTAaBWIIO B Tperhbel rpymme 5,22+0,28 (P<0,05), B
yerBepTol rpymme 5,07+0,51 (P<0,05). ) (puc. 4).

J Control
8- B2 covip-19

Post-COVID-19

Neutrophils 10" 9cells/L

Group 1. (n=25) Group 2. (n=25) Group 3. (n=25) Group 4. (n=25)

Puc. 4. /lunamuka HEUTPO(DUIIOB B BOCCTAHOBUTEIILHOM MEPUO/IC
(pumeuanne: Equnnna nusmepenns — 1079 kineroxk /i ; * — P<0,05;
** _P<0,01; *** — P<0,001)

Y psma 303uHOGWIOBR HaOmronangach ciabas 303WHOICHUS,
KOJIM4YeCTBO KOTophIx coctasmwio 0,017+0,01 (P<0,01) m 0,021+0,03
(P<0,01) B mepBoif U BTOpOH Trpymnmax COOTBETCTBEHHO. B nuHamuke
nociie  3a0ojieBaHUs ~ HAONIONANIOCh  YBEJIMYCHHE  KOJIMYECTBA
303uHO(UIOB M Ha 4-ii Hemene oHo coctaBmwio (,09+0,04 (P<0,05),
0,20+0,11 (P<0,05). VY namWeHTOB C ToKeNbIM 3a00JeBaHUEM
HaO0JTI0/1a71ach JIETKas 303WHOIICHHS.

Bo Bpems 3apaxenms COVID-19 cuHTE3upyIOTCS BBICOKHE
YPOBHU XEMOKWHOB ISl TpUBJIeYCHUsT d(PPEKTOPHBIX BOCIAIUTEIHHBIX

77



KJICTOK BCJICJICTBHE MIMMYHHOT'O OTBETa. DTOT HEaJICKBATHBIN UMMYHHBIN
OTBET TMPHBOJAUT K WHQWUIBTpAMU JIETKUX © TUICPAKTHBALUU
MOHOITUTOB U Makpo(aroB B pe3yJibTaTe CEKPEI[UN XEMOKHHOB. boJbiioe
KOJIMYECTBO BOCHAIUTEILHBIX ITUTOKHHOB, XEMOKHHOB M MOHOIIUTOB B
JErOYHOH  TKAaHM  TPUBJICKAIOT  HEHUTPO(MWIBI, YTO  BBI3BIBAET
aJbBCOJSIPHBIM OTEK M CHIDKEHHE Ta3zo00MeHa [14]. DrtoT mporecc
OOBSACHSCT TATOrCHE3 M3MEHCHHS KOJIMYECTBA  MEPUPEPUUCCKUX
UMMYHHBIX KJIETOK.

BriBoabI

Takum o6pazom, COVID-19 sBisieTcss cucTeMHBIM 3a00JICBaHUEM,
CYIIECTBEHHO MOPAXKAIOIMUM CHUCTEMY KpPOBETBOPEHHS W CHCTEMY
remoctasa. Ilockombky B Xojae  3a0o0JieBaHUS  HAOJIOJAIOTCS
JUMQOIUTONCHUS U S03UHOINCHUS, TUHAMUYCCKHI KOHTPOJIb KOJIMYECTBA
KPOBETBOPHBIX JJIEMEHTOB SIBIIICTCS OAHMM M3 BaKHEHINX (haKTOpoB
BEI3ZIOPOBIEHN. B pe3ynbTareé MOHUTOPHHT T'€MAaTOJIOTHYECKIX
MoKa3aTesie,  JUHAMHMKA ~ KOJMYECTBA  JUMQOIUTOB  ITOMOTaeT
KOHTPOJIMPOBAaTh  IEPHOJ]  BBI3JIOPOBJICHUS OT  3a0O0JicBaHUS U
CBOEBPEMEHHO MPHHUMATH MPOPHIAKTHIECKIE MEPEI.
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IMPACTUL FITOPREPARATULUI HEMAREG D ASUPRA
INDICILOR ERITROCITARI PE FONDALUL
DIABETULUI EXPERIMENTAL

Bacalov lurie!, Crivoi Aurelial, Chirita Elena?,
Druta Adrianal!, Mahmud Suleiman Abu Samac?
tUniversitatea de Stat din Moldova, iurabacalov@gmail.com
?Institutul de Endocrinologie, Yemen

Abstract. Medicinal plants are essential in naturopathic medicine
because of their biologically active effects that treat various health problems
without causing addiction or side effects. Phytocomplexes accelerate and
normalize metabolism, regenerate intestinal villi and detoxify the body, having
hypoglycemic effects and numerous other therapeutic benefits.

The study was carried out on white laboratory rats, divided into four
groups. Diabetes mellitus was induced by the administration of 5% alloxan
solution. The hematological analyzes were performed using the hematological
analyzer Erma PCE 210. The phytopreparation Hemareg D includes: Echinacea
purpureia, Potentilla alba and Taraxacum officinale.

Research results have identified a decrease in the number of erythrocytes,
hemoglobin concentration and hematocrit in experimental diabetes, but the
administration of the phytopreparation kept these values close to normal limits.
The VSH, on the contrary, was increased in diabetes, and in the group where the
animals received the phytopreparation Hemareg D on the background of alloxan
diabetes, this index remained at normal values.

Key words. Erythrocytes; experimental diabetes; phytopreparation;
hemoglobin; the VSH.

Introducere

Unele dintre principalele cauze care conditioneaza aparitia
diabetului zaharat sunt obezitatea si ereditatea. Acestea sunt asociate cu
un numar mare de complicatii cronice, ce antreneaza toate sistemele
organismului si in primul rand sistemul cardiovascular, al caror rezultat
final este diminuarea calitatii vietii si mortalitatea prematura.
Diagnosticarea si tratamentul precoce reprezinta strategia care ar
minimaliza aceste efecte.

Mult timp a persistat ideea precum ca 1n diabet nu existd modificari
hematologice, 1nsa rezultatele ultimelor cercetdri contrazic aceasta
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afirmatie. Astfel, glucoza poate reactiona neenzimatic cu proteinele,
inclusiv cu hemoglobina, formand compusi stabili, covalenti. Asemenea,
compusi ai hemoglobinei cu glucoza sunt cunoscuti sub numele de
hemoglobina glicozilatd. Astfel, in cazul diabetului zaharat modificari
apar, in special, la nivelul hemoglobinei glicozilate. Hematiile bogate in
Hb- glicozilatd conferind sangelui proprietati particulare precum:
modificarea fluiditatii sangvine si cedarea O, la nivelul Hb- glicozilata
este ingreuiata [1].

De asemenea, vascozitatea membranei hematice este crescuta in

diabet, precum si volumul eritrocitelor este marit, fapt ce s-ar explica prin
modificarile osmolaritatii plasmei si cresterea cantitativa a hemoglobinei
intraeritrocitare. La fel, este cunoscut faptul ca hematiile au o duratd de
viata mai scurtd in cazul diabetului, decat in sangele omului sanatos.
In legaturid cu aceasta, in ultimul timp se acordi o atentie sporita
masurilor profilactice si elaborarii metodelor ce ar asigura regresul si
remisia diabetului. De asemenea, se fac investigatii asupra unor
medicamente mai efective pentru tratamentul acestei maladii. Un rol
important in rezolvarea acestei probleme o are si fitoterapia [2, 3].

Plantele medicinale, prin substantele biologic active pe care le
contin, devin esentiale in medicina naturista. Datorita efectelor pe care le
au, ele au fost alese cu scopul de a ameliora diverse dereglari care
afecteaza sanatatea populatiei contemporane.

Plantele medicinale introduse in organism sau aplicate pe suprafata
corpului, prin intermediul principiilor bioactive actioneaza asupra
celulelor, tesuturilor, organelor si sistemelor de organe, inducand efecte
in conformitate cu proprietatile lor. S-a constatat cd numeroase principii
active dintr-o plantd se influenteaza reciproc si pot determina efecte
diferite de cele la care ne-am astepta la administrarea lor separatd. Cu
toate acestea, actiunea fitocomplexelor se supune aceleiasi legitati
generale a cauzalitatii.

O proprietate importantd a plantelor medicinale este faptul ca ele
fata de medicamentele sintetice nu produc obisnuinta, nu dau reactii
adverse, nu dau efecte nocive secundare si sunt mult mai accesibile [4].

De asemenea, complexele din plante medicinale cu actiune
hipoglicemianta accelereazd si normalizeaza metabolismul, regenereaza
vilozititile intestinale si detoxifici organismul. In plus, ele au efect
antiseptic, dezinfectant, antiinflamator, anestezic, analgezic, antibacterial,
antifungic, antibiotic, antiviral si pot chiar stimula regenerarea celulara.
Prin efectele benefice, ele asigurd combaterea numeroaselor probleme de
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sandtate si sunt capabile sa vindece si sa amelioreze boala si complicatiile
ei. La fel, contrar medicamentului clasic, fitoterapia prezinta avantajul
unui numar mare de proprietati farmacologice, care permit tratarea multor
simptome in acelasi timp. Actiunea fitopreparatelor este in profunzime,
fiind in acelasi timp pur fiziologica, respectind astfel echilibrele
interioare [5].

Astfel, scopul acestui studiu a fost de a determina modificarile
indicilor eritrocitari in diabetul experimental pe fondalul administrarii
fitopreparatului Hemareg D.

Material si metode

Cercetarile a fost realizate pe sobolanii albi de laborator, de ambele
sexe, cu greutatea corporald cuprinsa intre 160-190 g. Investigatia s-a
montat pe 60 sobolani care au fost repartizati in 4 loturi experimentale.
Modelul diabetului zaharat s-a obtinut prin administrarea alloxanului sub
forma de solutie de 5 % (200 mg/kg). Pentru a identifica dinamica
modificarilor, cercetarile au avut o duratd de 28 zile, pe parcurs au fost
preluate probele necesare pentru cercetare.

Fitopreparatul Hemareg D ' Sobolanul alb de Iaborator

Pentru determinarea indicilor eritrocitari s-a utilizat analizatorul
hematologic Erma PCE 210, iar viteza de sedimentare a hematiilor dupa
metoda lui Pancencov. Ca metoda de obtinere a biopreparatului Hemareg
D a fost utilizatd infuzia care consta in tratarea materialului vegetal
maruntit cu cantitate de apa in clocot si infuzarea lui timp de 30 minute.
Fitopreparatul Hemareg D are in componentd urmaitoarele plante
medicinale: Echinacea purpureia 5 g, Potentilla alba 10 g, Taraxacum
officinale 10 g.
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Rezultate si discutii

In cadrul preocuparilor de descifrare a proceselor patogenetice a
complicatiilor ce apar in diabet, s-a acordat si continua sa se acorde un
interes major modificarilor hematologice. Multd vreme s-a crezut ca in
diabet nu existd modificdri hematologice, Insa rezultatul ultimelor
cercetdri contrazic aceasta afirmatie. Toate perturbdrile enzimatice,
metabolice si structurale a unei hipervascozitati intraeritrocitare, ca si a
unei cresteri a rigiditatii membranare, au drept consecinta o reducere a
deformabilitatii si filtrabilitatii eritroctare. [6]. Agregarea eritrocitara este,
de asemenea, crescutd in diabet (dupa Branemark), atat in acidoza, cat si
in deregldrile metabolice. Volumul eritrocitelor este marit, (dupa
Davidson), fapt care s-ar explica prin modificari ale osmolaritatii plasmei
si Cresterea cantitativi a hemoglobinei intraeritrocitare. In modul acesta
patrunderea hematiilor in capilare este ingreunatd, cu atat mai mult cat
flexibilitatea eritrocitelor are fluiditatea scazutd. Aceasta pentru ca
diametrul eritrocitelor depaseste cu mult diametrul capilarului.
Traversarea are loc numai daca eritrocitele sunt destul de flexibile ca sa
se poata deforma. Ernes in anul 1980 subliniaza importanta anomaliilor
eritrocitare in alterarea structurii peretilor vasculari si pentru perturbarea
microcirculatiei, care contribuie esential la producerea leziunilor
distrofice si a complicatiilor degenerative ale diabetului [7, 8].
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Eritrocitele la etapa de debut a diabetului
Orice modificare a statutului endocrin poate induce schimbari la
nivelul sangelui. Astfel, globulele rosii au un rol important in asigurarea
echilibrului acido-bazic. Aceasta proprietate se datoreaza pe de-0 parte
hemoglobinei care are un caracter bazic, iar pe de alta parte membranei,
care este selectiv permeabild pentru anioni si protonul de hidrogen.
Majoritatea eritrocitelor imbatranite sunt distruse la nivelul celulelor
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sistemului reticuloendotelial din splina, ficat si maduva osoasa, care au
capacitatea de a le recunoaste si fagocita in cateva minute.

Cand numarul eritrocitelor scade sub limita normald, vorbim de
anemie, iar cand numarul globulelor rosii este mai mare se instaleaza
poliglobulia. Anemia apare ca urmare a reducerii nivelului de
hemoglobina functionald si se caracterizeazd prin simptome precum
oboseala, puls accelerat sau neregulat, dispnee etc. Reducerea numarului
de eritrocitelor poate fi ca urmare a unei hemoragii, sau a afectarii,
distrugerii ori producerii lor in cantititi insuficiente in organism. In
stabilirea unei anemii, pe langd numarul de eritrocite, se mai cerceteaza
si volumul hematocritului [9,10].

Tabelul 1. Impactul fitopreparatului Hemareg D asupra indicilor
eritrocitari si hemoglobinei in diabetul experimental

Indicii Martor Alloxan Fitoprepar | Fitoprepara

atul tul Hemareg

Hemareg D | D + Alloxan

Numirul (n) 15 15 15 15
Eritrocite(*10%%/ | 7,04+0,12 | 5,87+0,33 7,17£0,14 6,49+0,29
1)
Hemoglobina 128,8+4,9 116,5£5,6 134,1£6,4 125,7+4,5
(g/h)

Concentratia 39,03£1,73 | 27,23+2,11 | 39,18+1,94 35,42+1,47
hemoglobinei in
eritrocite (g/dl)

Hematocritul 33,36+2,43 | 26,98+3,02 | 33,92+2,27 30,75+2,81

(%)
VSH (mm/ora) 3,59+0,89 | 13,92+1,43 | 3,8440,0,78 5,77+1,09

Analiza rezultatelor obtinute a evidentiat modificari ale numarului
de eritrocite chiar la etapele initiale a evolutiei diabetului experimental,
atingand valoarea de 5,87 (*10'¢/I) in comparatie cu norma: 7,04
(*10'2¢/1), pe cand in lotul unde s-a administrat fitopreparatul Hemareg D
pe fondalul diabetului alloxanic numarul de eritrocite este de 6,49
(*10'2e/1), adica se atesta o tendintd de normalizare a acestui indice.

De asemenea, concentratia hemoglobinei in eritrocite se modifica
in lotul cu diabet experimental, valoarea reducandu-se pana la 27,23 g/dl,
norma fiind de 39,03 g/dl. lar administrarea fitopreparatului pe fondalul
diabetului alloxanic mentine acest indice (35,42 g/dl) aproape de limitele
normei (39,03 g/dl).
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La fel si hematocritul se reduce in lotul cu diabet alloxanic pana la
26,98 % norma fiind 33,36%, pe cand in lotul in care s-a administrat
fitopreparatul Hemareg D pe fondalul diabetului experimental
hematocritului este deja 30,75%.

Un rol important in evolutia diabetului 0 au si modificarile
hemoglobinei. Glicozilarea hemoglobinei este un fenomen ce afecteaza
eliberarea tisulara a hidrogenului.

In cercetirile date norma hemoglobinei este de 128,8 g/l, far in
cazul diabetului experimental nivelul ei s-a redus pana la 116,5 g/l.
Administrarea fitopreparatului cercetat contribuie la normalizarea
nivelului de hemoglobina, atingdnd valoarea de 125,7 g/1.

Un VSH prea mare, poate fi semnul unui proces inflamator, unei
infectii, unui proces tumoral, unor afectiuni reumatoide, unor modificari
cantitative sau calitative ale globulelor rosii.

Un VSH prea mic, poate fi semnul unei hepatite epidemice, unor
modificari cantitative sau calitative ale globulelor rosii, aparitiei ciclului
menstrual, unei sarcini, unei parazitoze digestive, unei alergii.

In diabetul alloxanic au fost determinate modificari ale VSH-ului,
valoarea fiind de 13,92 mm/h, norma fiind de — 3,59 mm/h. Rezultatele
experientelor au evidentiat actiunea efectiva a fitopreparatului Hemareg
D si asupra acestui indice prin mentinerea lui in limitele normei: 5,77
mm/h.

In cercetirile date, majorarea VSH-ului, in paralel cu diminuarea
numarului de eritrocite in sange, este cauza aparitiei dezechilibrului
dintre albuminele si globulinele din plasma si a vascozitatii scazute a
sangelui la sobolani. Putem mentiona cd in cazul dat s-a produs
dereglarea  sintezei  proteinelor plasmatice, iar administrarea
fitopreparatului cercetat mentine acest indice in limitele normei.

Din cele mentionate mai sus, reiese ca substantele biologic active
aflate la baza fitopreparatului cercetat ascund foarte multe secrete, ce
atrag un interes deosebit asupra acestui studiu. Pe langd terapia cu
insulind sau antibiotice pe cale orald, care uneori este inevitabila, regimul
alimentar si regimul de activitate fizica fac parte integrantd din abordarea
actuald a tratamentului antidiabetic. Pe langa acestea se folosesc pe larg
in profilaxia diabetului zaharat tipul II si biopreparatele pe baza de plante
medicinale. Principiile active hipoglicemiante de natura vegetala
actioneaza prin: stimularea celulelor -pancreatice (pentru producerea si
eliberarea de insulind); reactivarea insulinei legate de proteine,

85



potentandu-i efectul; inhibarea insulinazei; modificarea metabolismului
glucozei.

Concluzii

1. Rezultatele clinico-functionale ale cercetarilor au evidentiat
efectul hipoglicemiant al extraselor din plante medicinale. Administrarea
fitopreparatului Hemareg D pe fondalul diabetului alloxanic exercitd o
influenta pozitiva asupra indicilor eritrocitari. Aceasta se evidentiaza prin
normalizarea acestora in comparatie cu rezultatele lotului cu diabet
experimental.

2. Rezultatele cercetarilor au confirmat actiunea biostimulatoare a
fitopreparatului cercetat asupra metabolismului glucidic si hemogramei in
patologia pancreasului endocrin. Astfel utilizarea extractului cercetat
imbogateste organismul cu vitamine si minerale, nu are efecte adverse si
deci, poate fi utilizat ca adjuvant in profilaxia diabetului zaharat tip II.
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Abstract. The purpose of this paper is to review and synthesize data on
educational technologies aimed at facilitating perception, deeper understanding
of mechanisms and apply a method of emotional state detection based on facial
action coding system (FACS). The review demonstrates the demand and
attractiveness for investment of modernized visualization, computer simulation
and virtual immersion techniques in understanding complex fundamental
mechanisms of living systems at different levels of organization. The described
conceptual solutions have a great potential to facilitate, increase the productivity
of the educational process and prevent mental and physical fatigue of
schoolchildren, especially in the period of their puberty against the background
of increased risk of formation of stressogenic suppression of neuroendocrine
mechanisms and reproductive failure in the future mature organism. In the
practical part, testing of virtual immersion in conditionally neutral, safe and
threatening environments on adolescent volunteers after the end of training
sessions showed that viewing threatening video content is accompanied by an
increase in mimic movements in the area of localization of musculus corrugator
supercilii on the background of minimization of movements in the area of
musculus zygomaticus major and minor. We assume that immersive virtual
reality technologies can be successfully applied to solve various tasks related to
the modernization of science education. Qualitative and quantitative assessment
of the expression of emotions in schoolchildren can be successfully used to
identify the degree of purposefulness, concentration, the presence of motivation
and satisfaction or, conversely, dissatisfaction and disgust, as well as for early
detection of manifestations of mental or physical fatigue.

Key words. 3D modeling; immersive virtual environment; facial action
coding system.
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Introduction

The clear evidence that mental and physical fatigue; a violent shift
in the diurnal sleep-wake cycle; and exposure to artificial light at night
due to intense educational, work and service activities are often
associated with neoplastic degeneration of hormone-dependent tissues of
the reproductive glands, prostate and mammary glands, especially in
young men and women, is of great concern [2, 5, 8, 10, 12].
Psychoemotional stress caused by educational, labor or service activity is
accompanied by immunosuppression and suppressive effect on the
reproductive system, characterized by irregularity of monthly sexual
cycle, deterioration of ovo- and spermatogenesis against the background
of insufficient production of sex hormones. According to our working
hypothesis: a complex of factors of external and internal environment of
the organism, associated with intensive daily educational activities of
individuals during the development and formation of reproductive
structures and functions in puberty, can have a destructive effect on
hormone-dependent tissues and cause subsequent insufficiency of
neuroendocrine regulatory mechanisms. The solution to such a socio-
economic problem of health-saving human resource is possible by finding
ways to modernize educational technologies, particularly in the field of
natural sciences. Currently, there is a significant leap in the development
of information technologies for computer modeling and virtual
visualization of hidden processes of life activity of living systems at the
nano- and microlevel. For example, outstanding companies
(3DforScience; O2Labz; The Visual Marketing Agency) creating 3D/2D
biological, biomedical, and various scientific animations are realizing
amazing concepts (Figure 1.) [4]. Against this backdrop, there is a surge
of interest in the introduction of immersive virtual reality (Immersive
Virtual Reality, IVR) into educational technologies, which provides for
increased investment in numerous studies in this direction [3, 4]. IVR
technologies contain a huge potential to accelerate, optimize, improve the
efficiency and fruitfulness of modern educational technologies in the field
of natural sciences [7]. It is obvious that digital technologies can ensure
the modernization of education.
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Figure 1. Three-dimensional modeling of a neuron (microscopic) and
transmembrane ion flux (nanoscopic) through ion channels (K*-channels,
Na*-channels) [Extraordinary 3D/2D medical animation and scientific
animation company O2Labz, https://www.youtube.com/c/O2Labz]

There are already predictions that virtual reality (VR) and related
technologies will reach an ever-increasing multi-million dollars audience
of learners. Naturally, investment in VVR-based education, research and
development programs is growing rapidly [6]. It is now important to
develop a conceptual model and software action algorithm that integrates
the results of multiple research studies and provides insights into
immersive virtual reality learning to modernize educational technology.
This is necessary so that stakeholders: students, instructors, curriculum
developers, or educational policy makers, know what to consider when
selecting, using, designing, developing, and purchasing IVR-based
learning applications. From a psychophysiological perspective, IVR is
defined as a complex media system that includes a specific technological
setup for sensory immersion of the individual, and as a means of complex
content presentation capable of modeling and simulating real as well as
imagined environments and conditions [9].

Taking into account the above mentioned, the aim of the work is to
build a conceptually updated approach in educational technologies in the
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field of natural sciences, aimed at preventing mental and physical fatigue
in the period of sexual development, increasing the risk of reproductive
failure in the future mature body.

Materials and methods

Synthesis of the concept of modernization of the practical approach
in educational technology by the help of IVR is made on the basis of
literature review and own experiment. The experiment with the use of
IVR is taken as an illustrative example of increasing the productivity of
learning processes. For example, the experiment is conducted over two
days and is based on solving the so-called "Loci" task on the first day and
the "Cupboard" task on the second day. Before performing the "Loci"
task, each participant performs concentration exercises in an IVR for 15
minutes in order to best prepare for the task. When performing the task,
the learner uses a laser pointer to virtually open the cupboard doors and
select objects [11]. The total time to complete the tasks for each learner is
30 minutes per task. Trainees participating in the experiment use an
immersive virtual reality device with a Head Mounted Display (HMD,
"Oculus Go Standalone Virtual Reality Headset-32GB") and a handheld
controller that allows them to interact with the system. The general layout
of the system based on IVR demonstrates its technological sophistication
and, at the same time, simplicity. The generated results are stored in a
local database and sent to a remote server in the network for further
analysis [11].

In our own experiment, we immersed schoolchildren (boys: 14
years old; n=10) in a conditionally "neutral" (“Control”) virtual
environment, as well as in a "Threatening” ("Safety NO") and
"Entertaining” ("Safety YES") virtual environment. The adolescents'
psychomotor reactions were assessed using the technique used in the
Facial Action Coding System (FACS), which allows for a qualitative and
quantitative evaluation of facial muscular activity of a person when his
emotional state changes. Each facial psychomotor reaction is defined as a
motor unit (MU) and a motor descriptor (MD). The FACS arsenal has a
list of basic MUs and MDs, where each is assigned a different code: AC
16, AC 22, etc. Statistical analysis methods are implemented using
LabChart for Research (ADInstruments Pty Ltd, Australia). The minimal
level of statistical significance was 0.05 (p-value <0.05).
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Results and discussion

In the practical part of the experiment on adolescent volunteers
(male sex, age 14 years, n = 10) showed that virtual immersion in a
conditionally “threatening” environment by watching video content after
the end of classes compared to determinations in the same individuals on
a weekend day without classes is characterized by the dynamics of
increased movements in the area of musculus corrugator supercilii on the
background of suppression of activity in the area of musculus
zygomaticus major and minor (Figure 2).
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Figure 2. Dynamics of psychomotor reactions manifested in the form of
contraction of facial muscles: =~ —m. corrugator supercilii; ™= —m,
zigomaticus major and minor

The diagram constructed based on the results of using the facial
acting coding system (FACS) allows us to trace the opposite direction of
motor activity in the areas of the musculus corrugator supercilii and
musculus zygomaticus major and minor in dynamics during a 5-second
recording period. During the period of recording facial movements, the
activity in the area of the musculus corrugator supercilii increases to
150%, and then shows a tendency to decrease to 140%. While the activity
in the areas of the musculus zygomaticus major and minor is minimized
and does not show significant changes. We assume that such dynamics
may reflect a characteristic change in the emotional state of the subjects
examined, caused by watching video content on the background of the
study loading. Obviously, polygraphic registration with the inclusion of
EEG, ECG, EMG, respiration, arterial blood pressure and galvanic skin
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response (GSR) can be used to increase the objectivity of measurements,
but the conditions of such registration themselves have a mental impact.
Increased levels of anxiety hinder the productive educational process and
promote mental trauma, negative attitudes and loss of motivation towards
the learning process itself. This experimental model also allows to
objectify and to modernize psychological and psychophysiological
laboratory tests, as well as in combination with other methods presents
the possibility of early diagnosis of mental and physical fatigue. Other
experiments used as illustrative examples focus on adequate assessment
of the performance of everyday activities that were not memorization
tasks per se, e.g., training on a simulator, vehicle driving simulator [11].
The learning content can be varied and made more complex, for example,
by presenting animations of complex molecular or cellular interactions
hidden in biological systems, as well as processes in ecosystems. Some
IVR-based tasks involve cognitive training and memory assessment to
detect memory impairments. The introduction of IVR methods potentially
provides an opportunity to prevent mental and physical fatigue by
facilitating learning processes, early objective assessment of memory and
cognitive performance of adolescent learners, and optimizing the
management of mental and physical disorders. Moreover, IVR
technologies are becoming widespread in clinical settings, enabling
neuropsychologists and psychotherapists to manage a variety of mental
disorders and diseases. Especially, it is relevant that VR technologies
can be used to address cognitive impairments caused by brain injuries or
neurodegeneration. Currently, severe cognitive disorders, dementias, are
also being bought with the help of new IVR technologies being
developed. For all its productivity and effectiveness, IVR is becoming a
relatively affordable approach to cognitive rehabilitation. Memory
training methods using VR have good results [1].

Thus, immersive virtual reality techniques open new ways to
modernize educational technologies for the prevention and early
diagnosis of mental and physical fatigue, preventing possible harmful
effects on the developing structures and functions of the adolescent
reproductive system. Science education based on modeling and
immersive virtual reality provides new opportunities for the development
of simulations in medicine, telemedicine, art history, humanities and, of
course, in engineering education.
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Conclusion

A review of modern achievements in 3D/2D computer modeling of
complex fundamental mechanisms of vital activity of living systems for
solving research and educational problems demonstrates their potentially
high efficiency in facilitating and productivity of perception and
assimilation processes, increasing motivation, innovation, creativity and
satisfaction. Conceptually, such advantages of using modeling
technologies and virtual reality (VR) should ensure prevention of
development of mental fatigue and psycho-emotional stress in subjects
during puberty during the implementation of the educational programs.

The use of the facial acting coding system (FACS) allows non-
invasively and without additional mental influences to monitor
characteristic shifts in the emotional state associated with sensory
perception of threatening environmental impact, based on the first
manifestations of psychomotor reactions in the areas of the musculus
corrugator supercilii, musculus zygomaticus and other groups of facial
muscles. Quantitative mathematical assessment of such reactions is
successfully implemented by determining the displacement of points in
the coordinate system.
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Abstract. In spermatogenesis, mitochondria are particularly important
for the development and maintenance of germ cells and the production of healthy
gametes. Deficiencies in these processes lead to mitochondrial dysfunction and
abnormal spermatogenesis. The classical roles of mitochondria in energy
production, metabolism and apoptosis have been well defined, but they also have
various other functions. Mitochondria are also involved in testosterone
production, regulating proton secretion in the lumen to maintain an acidic state
in the epididymis, and condensing sperm DNA. In the available literature on
sperm mitochondria, it is increasingly recognized that the morphology and
functional status of mitochondria has a significant impact on sperm
characteristics. Although mitochondria are recognized as essential for sperm,
their exact pathophysiological role and functioning are complex. Understanding
and managing mitochondrial quality control could be a valuable approach for
developing new strategies in the physiological evolution of spermatogenesis.

Key words. Spermatogenesis, mitochondria, metabolism, mitosis, meiosis,
apoptosis.

Introducere
Mitocondriile sunt organite esentiale, delimitate de membrana
dubla, cu formarea cristelor, cu propriu material genetic (ADN) si cu o
functie asiguratd, in majoritate, de proteinele codificate in genomul
nuclear, care faciliteaza procesele fiziologice distincte esentiale si
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homeostazia celulari. In spermatogenezi, mitocondriile joacid un rol
esential evolutiv in dezvoltarea celulelor germinale si orice defecte ale
calitatii mitocondriale pot avea consecinte grave asupra proprietatilor
celulelor reproductive. Mai mult, fiziologia mitocondriala este unul dintre
principalii factori de mentinere a integritatii cromatinei si a reactiei
acrozomale [9]. Functia clasica atribuitd mitocondriilor in procesul de
spermatogenezd este producerea de adenozintrifosfat (ATP) prin
fosforilarea oxidativa [1, 3], inclusiv furnizarea de energie pentru
mobilitatea spermatozoizilor. Mitocondriile nu produc numai energie sub
forma de ATP, dar si o cantitate mica de specii reactive de oxigen (SRO),
care declanseaza in mod normal reactii fiziologice esentiale. De nivelul
fiziologic al SRO depinde mobilitatea, vitalitatea si potentialul normal al
membranei mitocondriale [25], iar disfunctia in fiziologia mitocondriala
poate duce la un dezechilibru al SRO, care poate avea efecte ddunatoare
asupra calitatii materialului seminal.

Mitocondriile servesc si ca unitati de stocare a calciului, exercita
influenta asupra semnalizarii SRO, faciliteaza sinteza steroizilor,
contribuie la generarea de caldura, regleaza moartea celulelor apoptotice
si participa la diferite alte procese biologice [15]. Activitatea
mitocondriald in spermatogeneza si in functia spermatozoizilor este
esentiala, unde diferentierea mitocondriilor in timpul spermatogenezei
include modificari dinamice ale morfologiei si functiei moleculare.
Aceste modificari structurale si functionale drastice sunt vitale pentru
spermatogeneza si necesitd o adaptare constanta la necesitatile energetice
in expresia specifica a etapei proteinelor mitocondriale in timpul
meiozei [6, 37].

Unul dintre rolul mitocondriilor este fisiunea si fuziunea, ca
procese primare pentru a regla mai multe aspecte, inclusiv distributia lor
in citoplasma, precum si dimensiunea, forma si numarul lor [9]. Forma si
functia mitocondriilor 1in fiecare etapd a dezvoltarii celulelor
spermatogene sunt diferite [36], iar numarul lor creste rapid, de la meioza
spermatocitelor, pana la formarea acrozomilor spermatidelor, precum si
la etapa finald a spermatogenezei, mitocondriile se agregheaza cu
formarea tecii mitocondriale si a corpurilor reziduale [36]. Prin urmare,
controlul calitatii mitocondriale este mentinut prin diferite procese,
inclusiv fisiunea si fuziunea mitocondriala, biogeneza, mitofagia si
apoptoza [15], procese esentiale pentru mai multe functii fiziologice,
inclusiv pentru spermatogeneza. Spermatogeneza, la randul sau, are loc in
tubii seminiferi, unde procesele de proliferare si diferentiere a celulelor
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germinale duc la producerea spermatozoizilor, care se bazeaza, in mare
masurd, pe functia mitocondriala [17]. Pe masurd ce spermatogeneza
progreseaza in evolutie, mitocondriile sufera transformari de condensate,
alungire si in activitatea lor de fosforilare oxidativa, de performanta
corectd a cdrei depinde mobilitatea si functia spermatozoizilor [33]. In
numeroase  cazuri, modificarile  proprietatilor  fiziologice ale
mitocondriilor au potentialul de a provoca disfunctii in derularea
spermatogenezei. In acest context, prezentul articol fisi propune
explorarea unei actualizari referitor la rolul mitocondriilor in diferite
evenimente ale procesului de spermatogeneza si a calitatii gametilor.

Particularitati fiziologice ale mitocondriilor
sistemului reproducator masculin

Spermatogeneza, in conditiile mentinerii homeostaziei testiculului
prin formarea barierei hematotesticulare, evolueaza intr-un micromediu
specializat in spatiul adluminal al epiteliului seminifer testicular [23]. in
fiziologia mitocondriilor in conditiile acestui micromediu celular diferit
al testiculului, cu implicarea celulelor stem spermatogoniale (CSS),
spermatocitelor si  spermatidelor, existd modificari metabolice si
morfologice [26]. Mitocondriile din CSS sunt imature si foarte vacuolate,
de forma sferica si cu o matrice cu putini electroni si putine criste. in
schimb, spermatocitele si spermatidele posedd un numir mare de
mitocondrii mature [7], care ulterior isi schimba forma si sporesc pana la
transformare in spermatozoizi maturi [36]. Aceste variatii ale numarului,
dimensiunii si formei mitocondriale depind de fiziologia functionarii
fuziunii si fisiunii, care sunt esentiale pentru mentinerea homeostaziei
celulelor germinale masculine in timpul diferitelor etape ale
spermatogenezei, dependente de activitatea fosforildrii oxidative
mitocondriale pentru generarea de energie [12, 36]. Cererea mare de
energie este predeterminatdi de necesitatea de finalizare a
spermatogenezei si a numarului de gameti. Un rol aparte in reglarea
numadrului de celule germinale in testicul revine celulelor Sertoli prin
modularea apoptozei, ceea ce previne supraproductia de celule germinale
si mentine homeostazia testiculului [36]. De asemenea, celulele Sertoli
joaca un rol important in condensarea mitocondrialda 1n timpul
diferentierii, in reglarea evenimentelor transcriptionale, asociate cu
biogeneza mitocondriala si reglarea gradientului de protoni si a activitatii
fosforilarii oxidative in celulele germinale.
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Functionalitatea fiziologica a mitocondriilor este influentata si de
catre celulele Leydig, din tesutul interstitial al testiculului prin producerea
si secretia hormonilor steroizi, care joaca un rol important in reglarea
spermatogenezei. In special, celulele Leydig influenteazi atit matricea
mitocondriald, cat si membrana mitocondriala si, prin urmare, participa in
procesul de steroidogeneza [30]. In ansamblu, celulele testiculare
somatice oferd suport structural si functional pentru spermatogeneza.

Ulterior, dupa pardsirea tubilor seminiferi testiculari,
spermatozoizii se maturizeaza in epididim, celulele carui sunt considerate
ca bogate in mitocondrii, care asigura acidificarea lumenului, activitatea
endocitard si secretia de protoni [2]. Activitatea mitocondriala a
spermatozoizilor este influentata si de speciile reactive de oxigen, care
duc la daune oxidative, afectand functia spermatozoizilor prin pierderea
activitatii mitocondriale si scaderea mobilitatii spermatozoizilor [24].
Asadar, mitocondriile joacd un rol vital 1n fiziologia sistemului
reproducdtor masculin, iar disfunctia lor poate provoca erori
semnificative in derularea spermatogenezei.

Dezvoltarea celulelor germinale in functie de dinamica mitocondriala

In timpul spermatogenezei (mitoza spermatogoniilor, meioza
spermatocitelor si spermiogeneza postnatald) numarul, morfologia,
dimensiunea si localizarea mitocondriilor din celulele germinale
masculine se modifica, in functie de starea de diferentiere a celulelor
[14]. Spermatocitele, spermatidele si spermatozoizii contin mitocondrii
de forma mai condensatd si mai potrivitd pentru structura flagelului
spermatozoidului, care sunt ancorate elicoidal, cap la cap, in jurul piesei
mediane a cozii spermatozoizilor, fiind mai eficiente metabolic [31].
Profilul metabolic si morfologia mitocondriala se modifica impreuna cu
micromediul diferential din testicul, cu mentinerea homeostazei imune
prin bariera hematotesticulara [23].

In urma procesului de diferentiere, modificarile importante ale
mitocondriilor se produc prin cresterea si maturarea mitocondriala,
asociate cu sporirea ansamblului complexului lantului respirator
mitocondrial si dezvoltarea cristelor [16] si prin cresterea proteinelor
mitocondriale, asociate cu organizarea mitocondriala si replicarea AND
mitocondrial [11, 13, 27, 34]. Aceste schimbari dramatice ale
caracteristicilor mitocondriale sunt esentiale pentru spermatogeneza si,
prin urmare, trebuie sa fie reglementate cu precizie pentru a sustine
evenimentele primordiale in dezvoltarea celulelor germinale.
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Mitocondriile sunt organite foarte dinamice, care trec prin cicluri
coordonate de fisiune si fuziune [4], fuzioneaza si se divid continuu in
doua etape distincte, ambele mediate de enzime, asigurand circulatia
componentelor lor in 1intregul bazin organelar. Spre deosebire de
majoritatea organitelor, care produc fuziune, mitocondriile prin
membranele duble asigurd functionalitatea homeostatica in procesul de
spermatogenezad prin fosforilarea oxidativa si inglobarea organelelor, iar
devierile mitofusionale duc la disfunctii mitocondriale si celulare [20].
Totodatd, dinamica mitocondriald 1in spermatogenezd modifica
caracteristicile si functiile mitocondriale intr-o maniera specifica stadiului
de dezvoltare si tipului de celule germinale, ceea ce, la randul sdu, are un
impact direct asupra celulelor reproductive [5, 20].

In special, in stadiul de initiere a procesului spermatogoniile
prezintd mitocondrii marite, ceea ce constata faptul, cd mitofuziunea
redusd duce la scaderea fisiunii pentru a compensa activititile
mitocondriale dezechilibrate [5, 38]. In acest caz, diferentierea
spermatogoniala redusa poate sa rezulte din stresul oxidativ sau din cauza
esecului in reechilibrarea mitofuziunii si fisiunii. In rezultat, celulele
germinale prezintd o expresie redusd a respiratiei mitocondriale si a
fosforilarii oxidative [36], care, la randul sau, compromite functiile
mitocondriale si blocheaza diferentierea spermatogoniald si meioza in
spermatogeneza. In acelasi timp, nivelurile scizute de mitofuziune si
fisiune in spermatozoizi sunt predeterminate de reducerea activitatii
dinamicii mitocondriale in gameti si prin disfunctii mitocondriale la baza
flagelului [28].

Prin urmare, morfologia si distributia mitocondriilor se schimba
dramatic in timpul spermiogenezei si orice modificare a functiei
mitocondriale are ca consecinta o reducere a calitatii materialului
seminal, iar spermatogeneza regleaza cu atentie morfologia mitocondriala
pentru a sustine cerintele fiziologice ale celulelor germinale in curs de
dezvoltare. Desi mecanismele moleculare, care stau la baza functiilor
mitocondriale au fost, in mare parte descifrate, rolul activitatilor
mitocondriale in spermatide si spermatozoizi rdmane, in mare parte,
necunoscut. Mai mult, in ciuda tranzitiilor mitocondriale de mult
cunoscute, rolul factorilor majori in dinamica mitocondriala in timpul
spermatogenezei la mamifere a ramas neelucidat, in special, in reglarea
transformarii si rearanjamentelor mitocondriale.
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Potentialul energetic al mitocondriilor in fiziologia spermatogenezei

In pofida interesului crescand pentru relatia dintre alimentatie si
sanatatea reproducerii, efectele potentiale ale carbohidratilor din ratii
asupra calitatii materialului seminal raman in mare parte neexplorate de
cercetarea stiintifica [10]. Rolul principal al mitocondriilor este de a
furniza energie, iar caile metabolice implicate in producerea de energie a
spermatozoizilor sunt inca in discutie [8, 32], in special, referitor la
suficienta pentru a difuza in intregul flagel [22]. Glucoza este principalul
combustibil pentru glicoliza in spermatozoizi, unde este metabolizata in
piruvat si lactat pentru a produce ATP, care servesc ca surse potentiale de
energie esentiala pentru mobilitatea spermatozoizilor. Astfel, orice
reducere a absorbtiei de glucoza si a metabolismului de catre
spermatozoizi poate duce la o scadere a nivelului de ATP, prin afectarea
functiei mitocondriale, care este primordiala pentru generarea de energie
si mentinere a mobilitatii spermatozoizilor [10]. Miscarea flagelara a
spermatozoizilor este asiguratd de energia produsd de mitocondrii, iar
mitocondriile spermatozoizilor, la randul lor, folosesc diferite mijloace
pentru a oferi echivalente reducatoare lantului respirator.

Mitocondriile spermatozoizilor pot sa beneficieze si de o sursa
alternativa de energie pentru spermatogeneza, prin procesul oxidativ in
matricea mitocondriala si a acizilor grasi in mitocondrii [10]. Capacitatea
spermatozoizilor de a folosi diferite surse de energie si cai metabolice
este consideratd ca un regulator puternic al activitatii mitocondriale si
permite adaptarea functiilor spermatice la conditiile de mediu [18].
Spermatozoizii maturi, prin functionarea fiziologica sporitd a
mitocondriilor, pentru supravietuire in diverse conditii de mediu, folosesc
atat glicoliza, cat si fosforilarea oxidativa pentru generarea energiei si
asigurarea mobilitatii si fertilitatii. Aici ramane intrebarea esentiala, daca
mitocondriile spermatozoizilor trebuie sa functioneze la capacitatea lor
maxima, deoarece cresterea activitatii mitocondriale duce la cresterea
productiei de SRO [21], care, pe de o parte, sunt considerate produse
secundare daunatoare ale metabolismului mitocondrial, pe de altd parte,
imbunatateste capacitatea spermatozoizilor prin reglarea fosforilarii [19].
Prin urmare, este necesara mentinerea echilibrului mitocondrial optim
intre generarea de SRO si apdrarea antioxidantd pentru sustinerea
fiziologica a functionalititii procesului de spermatogeneza [21]. In acest
context, mentinerea functiei mitocondriale optime este esentiala pentru
spermatozoizii sanatosi si mitocondriile joaca un rol vital in fiziologia si
sanatatea spermatogenezei, iar calitatea si buna functionare a acestora in
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spermatozoizi sunt mentinute, nu numai prin mecanisme de biogeneza,
dar si prin echilibrarea supraproductiei si subproductiei de ROS. In plus,
cercetarile viitoare trebuie sa se concentreze pe determinarea
mecanismelor concrete, care regleazd metabolismul mitocondrial si pe
identificarea potentialelor posibilitati de mentinere a functiei
mitocondriale in limite fiziologice.

Mai mult, calea metabolica a spermatozoizilor, In ceea ce priveste
productia de energie, este foarte specifica speciei [35]. La oameni, porci
si rozatoare, glicoliza oxidativa este o sursd importantd de energie, in
timp ce la cabaline, fosforilarea oxidativa este principala forma
metabolica [21]. Cu toate acestea, existenta componentelor specifice
testiculelor atét ale glicolizei, cat si ale elementelor fosforilarii oxidative
sugereazd schimbari suplimentare sau complementari si in etapele
ulterioare de dezvoltare. Aceste doua varietati sunt echilibrate la tauri
[29]. Prin urmare, concomitent cu aceasta variabilitate interspecifica,
imbinarea diverselor surse energetice metabolice si diversitatii
informatiei stiintifice relevante nu permit de a concluziona unanim
referitor la principalele surse metabolice ale spermatozoizilor.

Concluzii

Mitocondriile sunt organite esentiale, cu structura distincta pentru
celulele reproductive, iar functionarea lor fiziologica este esentiala pentru
derularea procesului de spermatogeneza. In dinamica mitocondriala rolul
mitocondriilor in mentinerea homeostaziei si in reglarea transformarilor
metabolice vine in proportionalitate cu specificul stadiului de dezvoltare a
celulelor germinale 1n timpul spermatogenezei. Totodatd, este cunoscut,
ca pe parcursul dezvoltarii celulelor germinale, morfologia mitocondriala
se schimba dramatic, cu modificarea coordonata a mitocondriilor si
metabolismului in evolutia spermatogenezei, cu accesibilitate la oxigen,
cerinte si preferinte energetice. In acelasi timp, riman necunoscute un sir
de mecanisme esentiale ale sanatatii mitocondriilor.

Mitocondriile joaca un rol esential in reglarea functiilor specifice
celulelor germinale, in generarea de ATP, energia necesara mecanismelor
fiziologice implicate in spermatogeneza, inclusiv mobilitatea,
hiperactivarea, capacitatea si reactia acrozomala a spermatozoizilor. Ele
sunt, de asemenea, implicate in echilibrul redox, reglarea calciului si in
caile apoptotice, care sunt necesare pentru fuziunea si fisiunea gametica,
iar dereglarile mitocondriale produc disfunctii ale celulelor reproductive.
Mitocondriile sunt susceptibile atat la deteriordrile, cat si la prevenirea
acestora in functie de influenta factorilor interni si externi, dintre care
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sunt supra- si subproductia de ROS, celulele germinale imature, formele
patologice de gameti si stresul oxidativ. Evaluarea activitatii
mitocondriale este evidenta pentru mentinerea functiei mitocondriale prin
echilibrarea cailor metabolice si echilibrului fiziologic in producerea de
SRO si prin mecanismul de biogeneza a mitocondriilor functionale.
Mentinerea unui echilibru intre generarea de ATP si productia de SRO
este necesara pentru evolutia fiziologica a spermatogenezei. Astfel,
intelegerea mecanismelor implicate in functia mitocondriala a proceselor
fiziologice specifice celulelor germinale si cercetarile privind
reglementarile mitocondriale ale spermatogenezei vor completa lacunele
critice de cunostinte ale spermatogenezei mamiferelor.
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Abstract. Chronic hepatopathies present one of the important medical
issues in Moldova having leading place in terms of incidence and severity. The
aim: to study physiological indices in patients with chronic hepatopathies. There
were examined 59 patients: 34 — with chronic HBV infection (HBV gr.), 25 —
with associated metabolic steatosis liver disease (MASLD gr.), 26 apparently
healthy people entered the control group (CG). The indices of systolic (APs) and
diastolic (APd) arterial pressure, pulse rate (RPs) and Kerdo Vegetative Index
(KVI) were evaluated. The APs average values in the MASLD gr. were 131.96 +
2.42 mm Hg, inthe HBV gr.: 129.12 + 2.37, in CG: 116.92 + 1.44 mm Hg. RPs
in the MASLD gr. was 81.7 = 1.7, in the HBV gr. — 74.2 + 1.3 and in CG 74.3 +
0.9 beats/min. The HBV gr. was found vagotonic by KVI, the CG -normotonic
and the MASLD gr. — normotonic with transition to sympathicotonia. The highest
average values of the APs, RPs were determined in patients with MASLD;
patients with HBV were predominately vagotonic, patients with MASLD had the
tendency towards sympathicotonia; APs, RPs and KVI can be used as additional
non-invasive diagnostic tools in chronic hepatopathies.

Key words. Chronic hepatopaties, blood pressure, pulse rate, Kerdo
Vegetative Index.

Introducere

Hepatopatiile cronice prezinta una dintre cele mai importante
probleme ale medicinei moderne. S-a inregistrat 0 crestere constantd a
incidentei patologiei hepatice la nivel mondial in ultima jumatate a
secolului, care in ultimele decenii a luat forma pandemiei. Patologia
hepatica de peste 25 de ani ocupa unul dintre locurile de frunte in ceea ce
priveste incidenta, severitatea, frecventa cronicizarii, handicapul si
daunele economice in Republica Moldova. Aproape de 30 ani bolile
cronice difuze ale ficatului, se plaseaza pe locul trei in structura cauzelor
de deces in populatia Republicii Moldova [4, 11]. Conform datelor OMS,
in ultimii ani mortalitatea cauzata de ciroza hepatica in tara noastra este
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una dintre cele mai inalte din lume, ocupand primul loc in Europa [10].
Astfel, hepatopatiile cronice reprezinta una dintre cele mai grave si
urgente probleme medicale si sociale ale timpului nostru.

In ciuda numarului mare de publicatii dedicate patologiei hepatice,
cele mai multe dintre ele au ca scop studierea caracteristicilor clinice si a
metodelor de diagnostic si tratament. in timp ce parametrii fiziologice ale
pacientilor cu hepatopatiile cronice sunt extrem de rar obiectul cercetarii.

Scopul studiului: Studierea indicatorilor fiziologice la pacientii cu
hepatopatii cronice.

Cuvinte cheie: hepatopatii cronice, presiune arteriald, frecventa
pulsului, Indicelui Vegetativ Kerdo.

Materiale si metode

Pentru elucidarea particularitatilor fiziologice in hepatopatiile
cronice au fost examinati: 59 pacienti adulti cu diferite hepatopatii
cronice, care au fost impartiti in 2 grupe in conformitate cu factorul
etiologic: lotul HBV — 34 de pacienti cu infectie cronica cu virusul
hepatic B, fara semne de hepatita cronica activa; lotul BFSMA — 25 de
pacienti cu boala ficatului steatotic asociata disfunctiei metabolice; 26
persoane adulte aparent sandtoase au fost examinate ca lotul martor.
Distributia pacientilor dupa criteriul de gen (B/F): in lotul HBV au fost
44,1 / 55,9%; in lotul BFSMA — 64 / 36% si la lotul martor — 26,9 /
73,1%.

Cercetarea a inclus analiza caracteristicilor fiziologice: parametrii
presiunii arteriale sistolice (PAs) si diastolice (PAd), frecventa pulsului
(FPs), dupa ce a fost calculat indicele vegetativ Kerdo (IVK).

Datele obtinute au fost prezentate in formatul M+m (puncte), unde
M este media aritmetica si m este eroarea standard a mediei. IVK a fost
determinat de doi parametri: PAd si FPs si a fost calculat prin formula
[4]: IVK = (1 — PAd/ FPs) x 100%; unde: TPAd este presiunea diastolica
(mm Hg), FPs este frecventa pulsului.

Datele au fost analizate utilizind pachetul de ,,Statistica
Descriptiva” al programului de completare ,,Analiza datelor” din Excel
365. Pentru a determina nivelul de semnificatie statistica a diferentelor
(p), au fost utilizate testul Student (in Excel — T.TEST) sau, dupa
necesitatea, testul statistic Mann-Whitney nonparametric pentru doua
esantioane neperechi.
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Rezultate si discutii
PAs la pacientii cu BFSMA (Fig. 1) s-a determinat la valori medii
de 131,96 + 2,42 mm Hg, iar in lotul cu infectie cronica HBV a fost
nesemnificativ (p>0,05) mai joasa (129,12 + 2,37 mm Hg). La persoanele
practic sinatoase acest indice a avut valorile cele mai mici (116,92 + 1,44
mm Hg) comparativ cu ambele loturi de studiu (p <0,001; p <0,001).
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Figura 1. Indicele PAs in grupe de studiu si lotul martor

PAd la pacientii lotului HBV (Fig. 2) s-a determinat la valori medii
de 82,66 + 1,66 mm Hg, iar in lotul BFSMA — 77,28 + 2,38 mm Hg, insa
fara diferente statistic veridice (p>0,05). Cifrele cele mai mici ale TAd s-
au apreciat la persoanele sanatoase din lotul martor (74,23 + 1,05mm
Hg), vs ambele loturi cu hepatopatii (p <0,001; p <0,05).
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Figura 2. Indicele PAd in grupe de studiu si lotul martor
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Presiunea arteriald (PA) prezinta un indice primordial in aprecierea
modului de adaptare a sistemului circulator la cerintele organismului. PA
maximala / sistolica exprima cheltuielile energetice ale cordului si se afla
intr-un raport direct cu volumul sistolic. PA minimala / diastolica
exprimd gradul de rezistentd vasculard si starea generald a sistemului
vascular [8].

Prin urmare, conform clasificarii PA si criteriilor de definitie a
gradelor de hipertensiune arteriala ce au fost propuse de catre G. Mancia
cu coautori (2023) datele mediile la pacientii cu BFSMA coincide de
categoria inalt normala de PA, la pacientii cu HBV — normala, dar la
persoane practic sandtoasa — optimala [6].

Cresterea presiunii arteriale este adesea observata si se incadreaza
in criteriile de diagnostic pentru sindromul metabolic, care insoteste
frecvent boala ficatului gras [3, 9].

Frecventa pulsului (Fig. 3) a fost mai mare in lotul BFSMA (81,7
+ 1,7 batai/min), ceea ce este semnificativ mai putin decat in lotul HBV
si vs lotul martor (p <0,001; p <0,001), in care acest indicator a fost de
74,2 + 1,3 batdi/min si, respectiv, 74,3 + 0,9 batai/min, intre aceste
grupuri diferenta nu a fost semnificativ statistica.
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Figura 3. Indicele FPs in grupe de studiu si lotul martor

Palparea pulsului este una dintre cele mai vechi si pretuite metode
de examinare folosite in medicind, ramanand si astdzi, in epoca
investigatiilor moderne, 0 metoda simpla, comoda, prin care putem obtine
informatii valoroase, atat asupra activitatii inimii, cat si a starii circulatiei.
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FPs — depinde de multi factori: efortul fizic depus, cheltuielile de energie,
starea sistemului nervos vegetativ. Pulsul este un indice, ce caracterizeaza
volumul afluxului de sange in stare de expulzare maxima a sangelui in
timpul (sistolei) [4]. Dupa J. M. Mangrum cu coautori (2000) intervalul
,-normal” al pulsului este de 50 pana la 95 de batai pe minut [7].

Analizand rezultatele obtinute la calcularea indicelui vegetativ
Kerdo, trebuie mentionat ca vagotonia a predominat la subiectii cu
infectie HBV (Fig. 4): valorile medii pentru IVK au fost (-11,93 +
1,87%), probabilitatea de eroare in comparatie cu lotul BFSMA si lotul
de control este semnificativ mica (p <0,01; p <0,01), normotonia a fost
observata la persoanele cu BFSMA si la indivizii practic sanatosi,
indicatorii acestora au fost 4,93 + 2,52 si respectiv 0,05 + 1,04, totusi ar
trebui de remarcat un efect mai mare al simpaticotoniei la pacientii din
lotul BFSMA, semnificatia diferentelor dintre aceste loturi a fost mai
multe de 95% (p<0,05).
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Figura 4. IVK in grupe de studiu si lotul martor

IVK este un indicator integral care face posibila evaluarea starii
functionale a diferitelor procese ale corpului si ofera 0 caracteristica
indirecta a echilibrului vagosimpatic in organism si pot fi recomandat
pentru a evalua echilibrul tonusului sistemului nervos simpatic si
parasimpatic. Daca indicele vegetativ este in intervalul de la -10 % la +10
%, aceasta este norma (persoane normotonice). O valoare pozitiva a
indicelui indica predominanta influentelor simpatice, 0 valoare negativa
indica predominarea influentelor parasimpatice [12].
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A fost gasit un numar mic de lucrari privind utilizarea indicelui
Kerdo la pacientii cu patologie hepatica, s-a observat ca simpaticotonia
creste odatd cu exacerbarea simptomelor de intoxicatie [1, 13]. A
existat, de asemenea, o normalizare a parametrilor hemodinamici si 0
tendintd de armonizare a compartimentelor simpatic si parasimpatic ale
SNC la pacientii cu sindrom metabolic pe fondul reabilitarii fizice si al
pierderii in greutate [5].

In acelasi timp, existi o opinie ci in patogeneza degenerarii
lipidice a hepatocitelor, echilibrul reglarii simpatice si parasimpatice este
de mare importanta, astfel incat, odatd cu scaderea influentei reglarii
autonome, se observa 0 crestere a greutatii corporale in paralel [2].

Si, de asemenea, predominanta simpaticotoniei la pacientii cu
BFSMA poate fi considerata un criteriu de prognostic nefavorabil,
deoarece o crestere a influentei sistemului nervos simpatic duce la
tulburari hipotonice si hipokinenice ale tractului gastrointestinal, care
implica insuficienta aparatului sfincterian cu dezvoltarea diferitelor
refluxuri. Astfel, pe de o parte, excitarea nervului simpatic ajuta la
relaxarea vezicii biliare, pe de altd parte duce la disfunctia sfincterului
Oddi, din cauza careia procesul de formare a degenerarii ficatului gras
este accelerat [2].

Concluzii

Cele mai Tnalte valori medii ale parametrilor presiunii arteriale
sistolice, frecventa pulsului s-au determinat in lotul de pacienti cu
BFSMA.

La pacientii cu infectie virald cronici HBV a predominat
vagotonia, iar la pacientii cu BFSMA s-a apreciat tendinta catre
simpaticotonie.

Indicatorii fiziologici, cum ar fi presiunea arteriala, frecventa
pulsului si indicele vegetativ Kerdo pot fi utilizati ca metode
suplimentare neinvazive de diagnostic pentru hepatopatiile cronice.

Multumiri
Autorul exprimd profundda recunostingd profesorului dr.hab.st.med
Dumbrava Vlada-Tatiana pentru sprijinul oferit in colectarea materialului
pentru publicarie.

Bibliografie
1. Akalaev R. N., Sharipova V. K., Stopnitskiy A. A., Khozhiev K. S.
Assessment of effect of chronic alcohol intoxication on certain parameters of the

111



autonomic nervous system and cognitive functions. Messenger Anesthesiol.
Resusc. 2020, Tom 17, Ne. 3, cc. 32-38, doi: https://doi.org/10.21292/2078-5658-
2020-17-3-32-38.

2. Ambartsumyan A. R. et al. Kputepuu ¢opmupoBaHus KHUPOBOWH
ACTCHECpallu NEYCHU Yy JIMI PAa3JIUYHBIX BO3PACTHBIX TPYIIl B OTAAJICHHOM
nepuoae Imocie MUHHUHUHBA3UBHOM XOJCHUCTOKTOMMUH. Poccuiickuti  meouxo-
ouonocuyeckuti gecmuux um. akaoemuxa M.I1. ITasnosa. Jul. 2023, Tom 31, Ne 2,
cc. 231-242, doi: 10.17816/PAVLOVJ110948.

3. Ciardullo S., Grassi G., Mancia G., Perseghin G. Nonalcoholic fatty
liver disease and risk of incident hypertension: a systematic review and meta-
analysis. Eur. J. Gastroenterol. Hepatol. Apr. 2022, vol. 34, no. 4, p. 365, doi:
10.1097/MEG.0000000000002299.

4. Dumbrava V.-T., Lupasco |., Vengher |., Berezovscaia E. Ficatul si
hormonii: de la mecanismele esentiale pdnd la manifestarile clinice
extrahepatice. Monografie. Chisinau, 2016, 203 p.

5. Kalmykova Y., Kalmykov S. The effectiveness of the physical therapy
program for patients with metabolic syndrome based on the study of the
dynamics of the functional state of the autonomic nervous system and
hemodynamic parameters. Phys. Rehabil. Recreat. Heal. Technol. 2023, vol. 8,
no. 2, pp. 117-127, doi: https://doi.org/10.15391/prrht.2023-8(2).05.

6. Mancia G. et al. 2023 ESH Guidelines for the management of arterial
hypertension The Task Force for the management of arterial hypertension of the
European Society of Hypertension: Endorsed by the International Society of
Hypertension (ISH) and the European Renal Association (ERA). J. Hypertens.
Dec. 2023, vol. 41, no. 12, pp. 1874-2071, doi:
10.1097/HJH.0000000000003480.

7. Mangrum J. M., DiMarco J. P. The evaluation and management of
bradycardia. N. Engl. J. Med. Mar. 2000, vol. 342, no. 10, pp. 703-709, doi:
10.1056/NEJM200003093421006.

8. Mesina V. Metodele de cercetare si evaluare a starii functionale a
organismului uman in timpul lucrului cu efort fizic. Chisinau. 2013, 23 p.

9. Polyzos S. A., Kechagias S., Tsochatzis E. A. Review article: non-
alcoholic fatty liver disease and cardiovascular diseases: associations and
treatment considerations. Aliment. Pharmacol. Ther. Oct. 2021, vol. 54, no. 8,
pp. 1013-1025, doi: 10.1111/APT.16575.

10. www.worldlifeexpectancy.com (WHO). Liver disease death rate by
country. worldlifeexpectancy.com, 2023. [Online]. Available:
https://www.worldlifeexpectancy.com/cause-of-death/liver-disease/by-country/.
[Accessed: 05-Jul-2024].

11. www.worldlifeexpectancy.com (WHO). Profil de sanatate: Moldova.
Surse de date: OMS, CDC, Banca Mondiala, ONU.
www.worldlifeexpectancy.com, 2022. [Online]. Available:

112


https://doi.org/10.21292/2078-5658-2020-17-3-32-38
https://doi.org/10.21292/2078-5658-2020-17-3-32-38
https://doi.org/10.15391/prrht.2023-8(2).05
http://www.worldlifeexpectancy.com/
https://www.worldlifeexpectancy.com/cause-of-death/liver-disease/by-country/
http://www.worldlifeexpectancy.com/

https://www.worldlifeexpectancy.com/ro/country-health-profile/moldova
[Accessed: 05-Jul-2024].

12. Baeun IO. E., /leyneacesa C. M., Xnoimuna A. A. BereraTHBHBII
uHnekc Kepno: poims HMCXOJHBIX MapaMeTpoB, OOJACTH W OrPAaHHYCHHUS
npumenenus. Qusuonoeus uenrosexa. 2021, Tom 47, Ne. 1, cc. 31-42, doi:
10.31857/S0131164620060120.

13. @ununnosa JI. II., Benobopodosa 3. H., Benobopooosa E. B.,
Anexceesa A. C., Illenenesa E. I'. KauecTBO XU3HH OONBHBIX IIHPPO3OM IEUCHH
B 3aBUCUMOCTH OT TOHyCa BEr€TAaTHUBHOM HEPBHOW cHUCTeMBl. bioaremens
cubupckou meouyunet,.2012. Tom 11, Ne. 4, cc. 152-157.

Articolul este realizat in baza datelor cercetarii realizate in cadrul
proiectului institutional cu titlul ,, Interactiuni metabolice, nutritionale si
psihosociale in boala ficatului steatotic asociatd disfunctiei metabolice, rolul
principiilor bioetice in managementul bolnavilor” in Laboratorul de
gastroenterologie din cadrul Centrului de patologie abdominald si transplant
(080401).

113


https://www.worldlifeexpectancy.com/ro/country-health-profile/moldova

CZU: 612.336.3:616.33/34
DOI: https://doi.org/10.52692/cfz12024.12

CARACTERISTICILE MICROBIOTEI IN DIFERITE
SEGMENTE ALE TUBULUI DIGESTIV:
PARTICULARITATILE DE COLONIZARE Sl
SEMNIFICATIA PENTRU SANATATE

Bogdan Victoria
Institutul de Fiziologie si Sanocreatologie, Universitatea de Stat din
Moldova, Chisindu, Republica Moldova, victoriabogdan@gmail.com

Abstract. Diverse microbial communities colonize distinct segments of the
gastrointestinal tract, influencing human health and pathology. The
concentration and composition of the microbiota vary in different parts of the
body and digestive tract: 20% in the oral cavity, 15-16% in the oropharynx, 40%
in the esophagogastroduodenal region and intestines, 18-20% on the skin, and 2-
10% in the urogenital tract. Bacterial colonization is dictated by environmental
conditions (aerobic/anaerobic, pH), with most intestinal bacteria being
anaerobic, but some segments, such as the cecum, can have high densities of
aerobic bacteria. The oxygen concentration along the intestine and in early life
determines the bacterial composition, with the first colonizing bacteria being
aerobic or facultative anaerobes (Enterobacteria, Enterococci, and
Staphylococci). As these consume oxygen, the environment becomes suitable for
anaerobic bacteria (Bifidobacterium, Clostridia, Bacteroides). The bacterial
community of the digestive tract has coevolved with the human species,
establishing mechanisms of beneficial coexistence (commensalism). Proper
colonization of the digestive tract immediately after birth is crucial for later
health, influenced by the mode of birth, breastfeeding, nutrition, and microbiome
modulation by the immune system. This forms the basis for the development of
the gastrointestinal tract and immune system and establishes the pattern of the
adult microbiome.

Key words. Microbiota, gastrointestinal tract, bacterial colonization,
microbiome modulation, human health.

Introducere
Diverse comunitdti microbiene care colonizeaza segmente distincte
ale tractului gastrointestinal sunt strans legate de aspecte fiziologice ale
sanatatii si patologiei omului.
Concentratia si compozitia microbiotei variaza in diferite parti ale
organismului uman si de-a lungul tubului digestiv. Aproximativ 20% de

114


mailto:victoriabogdan@gmail.com

microorganisme din microbiota umana se gasesc in cavitatea orala, 15-
16% in lorofaringe, 40% in zona esofagogastroduodenala si intestine, 18-
20% pe piele si 2-10% in tractul urogenital [39].

Incidenta bacteriilor in diferite parti ale organismului uman,
precum si in diferite segmente ale tubului digestiv este determinata de
conditiile de existenta pentru bacterii (aerobe/anaerobe, indicii pH etc.),
ceea ce dicteaza colonizarea acestora de anumite specii de bacterii. De
exemplu peste 99% din bacteriile din intestin sunt anaerobe, insa in unele
segmente ale tubului digestiv, de exemplu in cecum, bacteriile aerobe pot
atinge densitati mari [38].

Concentratia de oxigen diferentiat de-a lungul intestinului, precum
si in timpul vietii timpurii reprezinta unul din factori determinanti majori
al compozitiei bacteriene, deoarece cantitatea relativa de oxigen are un
impact asupra capacitatii de dezvoltare a speciilor aerobe, facultativ
anaerobe si obligat anaerobe. Primele bacterii care colonizeaza intestinul
la inceputul vietii sunt bacteriile aerobe sau facultativ anaerobe
(Enterobacteria, Enterococci si Staphylococci), datoritd nivelului mai
ridicat de oxigen prezent. Pe masurd ce aceste bacterii se dezvolta, ele
consuma rapid oxigenul si elibereaza metaboliti care determind ca tubul
intestinal sa aiba un mediu mai potrivit pentru bacteriile anaerobe precum
Bifidobacterium, Clostridia si Bacteroides [13].

Microbiota orala

Microbiota orala reprezinta o parte importantd a microbiotei umane
si include cateva sute pana la cateva mii de diverse specii, fiind a doud ca
marime si diversitate dupa microbiota intestinald. Datorita usurintei de
colectare a probelor, a devenit cel mai bine studiat microbiom pana in
prezent [6].

Au fost identificate aproximativ 700 de specii de procariote in
cavitatea bucala. Aceste specii apartin la 185 de genuri si 12 filumuri,
dintre care aproximativ 54% sunt denumite oficial, 14% nu au denumire
(dar cultivate) si 32% sunt cunoscute doar ca filotipuri necultivate. Cele
12 filumuri sunt Firmicutes, Fusobacteria, Proteobacteria,
Actinobacteria, Bacteroidetes, Chlamydiae, Chloroflexi, Spirochaetes,
SR1, Synergistetes, Saccharibacteria (TM7) si Gracilibacteria (GN02)
[23]. Diversitatea microbiomului, in ciuda asemanarilor, este specifica
individuala si specifica locului. Limba are numeroase papile cu putine
locuri anaerobe si, prin urmare, gazduieste o microflora diversd care
include si anaerobi. Zonele cu diversitate microbiana scazutd sunt
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mucoasele bucale si palatine. De mentionat, ca microbiota cavitatii bucale
are o functie importantd de a proteja impotriva colonizarii bacteriilor
extrinseci care ar putea afecta sandtatea sistemicd [2]. Cele mai multe
studii privind mucrobiota orala, se axeaza pe microorganismele gingivale
si implicarea lor in bolile bucale.

Microbiota esofagiana

Anterior se considera ca esofagul este in mare parte absent de
bacterii si in acest segment se intilnesc temporar germeni bacterieni, ce
patrund cu saliva sau cu alimentele. Cu toate acestea, odata cu aparitia
metodelor independente de culturd, cum ar fi secventierea genici ARNr
16S, s-a descoperit ca esofagul contine un microbiom divers [21]. Astfel,
au fost identificate 95 de unitati taxonomice operationale la nivel de
specie, apartinand la sase filumuri: Firmicutes (70%), Bacteroidetes
(20%), Actinobacteria (4%), Proteobacteria (2%), Fusobacteria (2%) si
TM7 ( 1%). Cele mai raspandite genuri de bacterii au fost Streptococcus,
Prevotella si Veillonella. In timp ce microbiomul esofagian normal avea
multe aspecte comune cu microbiomul oral, diferentele-cheie, cum ar fi
absenta Spirochetelor, au indicat faptul ci esofagul are un microbiom
unic, care nu este doar produsul colonizdrii orofaringiene. Studiile
ulterioare au confirmat prezenta celor sase filumuri de mai sus si
predominanta generala a bacteriilor gram-pozitive cu Streptococcus ca
gen constant foarte abundent [18].

Microbiota gastrica

Ca si in cazul esofagului, cercetarile referitor la microbiota
caracteristicd stomacului, un timp indelungat nu au fost stopate, in
principal, ca urmare a dogmei conform careia, datorita productiei de acid,
,stomacul este un organ steril”, inhospitabil pentru bacterii. In plus,
refluxul acizilor biliari in stomac, grosimea stratului de mucus si
eficacitatea peristaltismului gastric ar fi putut Impiedica colonizarea
bacteriana a stomacului. Mai mult, nitratul continut in saliva si alimente
este transformat de lactobacilli in nitrit care, odata ce patrunde in stomac,
este transformat in oxid nitric, un puternic agent antimicrobian. Toti
acesti factori, impreund cu dificultati tehnice 1n colectarea mostrelor
pentru analiza si lipsa unor teste de diagnostic simple si fiabile au
impiedicat studiul provocator al microbiotei gastrice. In 1982, Robin
Warren si Barry Marshall au descoperit Campylobacter pyloridis, ceea ce
a distrus dogma conform céareia stomacul ar fi steril. Bacteria, redenumita
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in Heliobacter pylori in 1984, colonizeaza mucoasa gastrica printr-0
complexitate de mecanisme bacteriene, care ulterior dauneaza mediului.
Enzima ureaza, produsa de H. pylori, transformda ureea in amoniac,
permitand astfel bacteriei sa evite eliminarea gastrici. Amoniacul
neutralizeaza acidul gastric, permitand astfel bacteriei sa patrunda in
stratul de mucus, sd colonizeze epiteliul si sd favorizeze raspunsul
inflamator complex care dauneaza mucoasei gastrice si duce la gastrita
cronica la majoritatea persoanelor infectate sau la ulcerul peptic si
malignititi gastrice intr-0 minoritate. De asemenea, in stomac, au fost
identificate un numdr mare de tulpini bacteriene rezistente la sucul
gastric, printre care se numara Streptococcus, Neisseria si Lactobacillus.
Prezenta acestor bacterii poate fi din cavitatea orald si refluxul bacteriilor
din duoden. Peste 65% din filotipurile identificate in stomac au fost
comune cu cele din cavitatea orala. In stomac se pot instala bacilii, apoi
cocii gram-pozitivi [19].

In general, stomacul gizduieste doar 10 bacterii per gram de
continut (10%-10* UFC/mL). In diverse studii au fost obtinute date
referitor la grupele de bacterii dominante in stomac. Dominante sunt cinci
filumuri detectate in stomac: Firmicutes, Bacteroidites, Actinobacteria,
Fusobacteria si Proteobacteria. La nivel de genuri, stomacul uman
sanatos este dominat de Prevotella, Streptococcus, Veillonella, Rothia si
Haemophilus [19]. Conform altor date, bacteriile ce predomina in stomac
sunt: Streptococcus, Staphylococcus, Enterococcus si Lactobacillus. [27].
Compozitia microbiotei gastrice este dinamicd si afectatd de factori
precum dieta, medicamentele si bolile. Astfel de specii de bacterii precum
Veillonella, Lactobacillus si Clostridium, care se gasesc in sucul gastric
pot fi doar tranzitorii. Firmicutes, Bacteroidetes si Actinobacteriile
domina probele de fluid gastric. Firmicutes si Proteobacteria sunt cele
mai abundente filumuri in probele de mucoase gastrice. Bik si colab. au
identificat 127 de filotipuri si cinci genuri dominante (Streptococcus,
Prevotella, Rothia, Fusobacterium si Veillonella) [4]. Li si colab. au
descris 133 de filotipuri si cinci genuri dominante (Streptococcus,
Prevotella, Neisseriae, Haemophilus si Porphyromonas). in 2013,
Engstrand si colab. au determinat 200 de filotipuri si cinci genuri
dominante  (Prevotella, Streptococcus, Veillonella, Rothia si
Pasturellaceae) [10]. Delgado si colab., analizand probe de suc gastric si
de biopsie gastricd au determinat ca cele mai abundente genuri au fost
Streptococcus, Propionibacterium si Lactobacillus [5].
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Microbiota intestinala

In segmentele intestinului, bacteriile se gisesc in densititi si
diversitatii mai mari.

Intestinul subyire este un mediu dur pentru viata microbiana
datorita timpului de tranzit scurt, afluxului de enzime digestive si bila si
livrarea intermitenta a substratului alimentar. Respectiv, intestinul subtire
adaposteste o comunitate microbiand complexa, dar cu mai putina
diversitate si abundentd (=10%-10" celule microbiene/gram), decat
microbiota colonului (=10* celule/gram) [14]. Continutul bacterian
variaza si de-a lungul segmentelor intestinului subtire dupa cum urmeaza:
in duodenum — 10%g; in jejun — 10* /g, ileon — 107/g [17,34]. Continutul
diferit al populatiilor microbiene in aceste segmente se datoreaza in mare
parte actiunii factorilor interni, cum ar fi pH-ul scazut, timpul de tranzit
mai rapid, acizii biliari si expunerea la actiunea peptidelor
antimicrobiene. Drept urmare, populatiile bacteriene din aceasta regiune a
tractului intestinal au o biomasa mai mica, sunt mai putin diverse, dar
sunt mai dinamice, avand in vedere nevoia de a raspunde la schimbarea
rapidd a conditiilor luminale. Reprezentantii Firmicutes si
Proteobacteria, care domina intestinul subtire, sunt mai toleranti la acesti
factori. Bacteroidetele, de asemenea, au toleranta la bila, dar abundenta
acestui filum este redusa in intestinul subtire si este crescuta in intestinul
gros [9].

Intestinul gros. Proportia de bacterii gram-pozitive la cele gram-
negative, precum si a bacteriilor anaerobe versus celor anaerobe strict
facultative, creste de la segmentele proximale spre cele distale ale
intestinului subtire si colonului. Aceste modificari sunt considerate
secundare, in parte datorita utilizarii oxigenului de catre comunitatile de
bacterii aerobe si facultativ anaerobe din segmentul proximal. Genurile
bacteriene intdlnite cel mai frecvent in intestinul subtire sunt:
Lactobacillus,  Clostridium,  Staphylococcus,  Streptococcus — si
Bacteroides. in duodenum sunt dominanate Acinetobacter si Prevotella.

Se considera ca bacteriile din intestinul gros reprezinta cca 90%
din microbiota colonica totald la om [25]. in intestinul gros cantitatea
microorganismelor uneori atinge nivelul de 10> UFC/g. In conditii
fiziologice normale (sanogene) continutul bacteriilor in partea cecala si
cea iliaca a tubului digestiv variaza de la 10** UFC /g si 10 " UFC/g, iar
in colon — 102 bacterii/lgram [20]. De reguli, majoritatea
microorganismelor intestinale umane sunt strict anaerobe si le prevaleaza
pe cele aerobe de o mie de ori. In general, bacteriile dominante in acest
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segment al tubului digestiv apartin filumurilor Bacteroidetes, Firmicutes
si Proteobacteria. Alte bacterii intestinale cu un procent minor in
intestinul sanatos (de obicei sub 1%) apartin in cea mai mare parte
filumurilor  Actinobacteria,  Verrumicrobia, Acidobacteria  sau
Fusobacteria [47]. In partile proximale ale tubului digestiv se observa,
preponderent bacteriile aerobe, gram-pozitive, iar in cele distale —
enterobacteriile gram-negative si anaerobe. De exemplu, in rectum
domina reprezentantii Bacteroides si Prevotella. In afard de aceasta, in
intestinul gros sunt prezenti si multi alti reprezentanti ai
microorganismelor anaerobe (de tipul protozoarelor nepatogene s.a.),
precum si mai mult de 10 tipuri de virusuri.

Diferenta specifica si numerica a bacteriilor diferd nu numai pe
orizontald, dar si pe verticald. Bacteriile asociate mucoasei din intestinul
subtire distal si din colon sunt dominate de filumurile Bacteroidetes si
Firmicutes, care difera dupa continutul/raportul cantitativ diferit al lor.
Bacteriile asociate mucoasei, care au fost izolate din probele de biopsie,
sunt cel mai des reprezentate de Lactobacillus (Firmicutes), Veillonella
(Firmicutes) si Helicobacter (Proteobacteria) in intestinul proximal, de
Bacili (Firmicutes), Streptococcaceae (Firmicutes), Actinomycinaeae si
Corynebacteriaceae (ambele Actinobacteria), care sunt abundente in
duoden, jejun sau ileon si de proportii crescute de Lachnospiraceae
(Firmicutes) si Bacteroidetes — in colon [8].

Asadar, fiecare segment al tubului digestiv reprezintd un ecosistem
microbian complex cu nise distincte, care oferda un mediu unic pentru
colonizarea si existenta microbilor. Mai mult, intre microorganisme si
mediul din segmentul distinct al tubului digestiv se formeaza relatii
simbiotice, bazate pe beneficii reciproce. Populatiile bacteriene
comensale nu provoacd daune si mentin controlul asupra speciilor
patogene, nepermitandu-le sa adere la mucoasa. Bacteriile devin patogene
numai in cazul, cand trec de bariera comensald, adica depasesc efectivul
benefic, provocand infectii si boli.

Intestinul gros si colonul este cel mai dens populat ,habitat” al
microorganismelor, care poate face concurenta cu orisice ecosistem de pe
pamant: circa 10'? de microorganisme pe un gram de continut intestinal
[37]. Se mentioneaza, ca flora microbiana normald numai a intestinului
gros este implicata In realizarea mai multor functii: protejeaza organismul
de microbii daundtori; participa la procesul de sintetizare a substantelor
biologic active; inactiveaza si descompune enzimele (tripsina, amilaza,
gelatinaza etc.), care ajung din intestinul subtire si, de asemenea,
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fermenteaza carbohidratii si cauzeazd putrezirea proteinelor [40]. De
exemplu, genul Bacteroides, posedand proprietati de descompunere a
carbohidratiilor, poate contribui la diminuarea riscului dezvoltarii
obezitatii organismului sau la micsorarea considerabild a numéarului
populatiei cu tipul hiperstenic al constitutiei corporale. De facto,
potentialul metabolic general al florei microbiene este localizat in
intestinul gros, ceea ce determind semnificatia ei functionald pentru
organismul gazda.

Conform raportului dintre cei mai abundenti reprezentanti,
microbiomul uman este impartit in 3 tipuri (enterotipuri): Bacteroides,
Prunatella si Ruminococcus. Descoperirea enterotipurilor poate conduce
la revolutionarea medicinii moderne. In asemenea caz, cunoscand
fenotipul omului, putem presupune veridic care maladii pot sd apard in
timpul apropiat.

Particularitatile de colonizare a tubului digestiv de catre

microorganisme si semnificatia acestui proces pentru sénitate

Comunitatea de bacterii ale tubului digestiv a coevoluat odatd cu
specia umand, dezvoltind pe tot acest parcurs mecanisme de coexistentd
beneficdi pentru participantii la simbiozd (comensalism). Aceastd
coevolutie a microorganismelor si organismului gazda dicteaza sau mai
bine zis orienteaza la ce etapd a dezvoltarii postnatale are loc colonizarea
tubului cu anumiti reprezentanti bacterieni.

Colonizarea bacteriand initiald corectd are o importantd majora
ulterioara in dezvoltarea organismului si asigura baza sanatatii. Principalii
factori care influenteaza colonizarea sunt: inocularea initiala, ce depinde
de modul de nastere, impactul alaptarii si a nutritiei, si modularea din
interior spre exterior a microbiomului de catre sistemul imunitar. Din
aceste considerente este evident, cd colonizarea initiala corectd a tubului
digestiv imediat dupd nastere reprezintdi un moment crucial pentru
dezvoltarea tractului gastrointestinal si a sistemului imunitar, si formeaza
pattern-ul microbiomului organismului-adult [41].

Colonizarea initiala si speciile pioniere. La nastere sau la scurt
timp dupa nastere, Incepe colonizarea, iar primii colonizatori se numesc
specii pioniere. Tubul digestiv al sugarului la nastere, reprezinta un
mediu aerob, care devine treptat anaerob pe o perioada de cateva zile
[12]. Primele bacterii colonizatoare sunt bacterii aerobe facultative,
inclusiv Escherichia si Enterococcus, care stabilesc mediul anaerob
prielnic pentru dezvoltarea ulterioara a bacteriilor anaerobe (obligatorii)
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dominante in intestin, precum Firmicutes, inclusiv Clostridia,
Bacteroidetes si in special Bifidobacteria. Cavitatea bucala este invadata
in principal de bacterii aerobe precum Streptococcus, Lactobacillus,
Actinomyces, Neisseria si Veillonella. Bifidobacteriile reprezinta cel mai
mare grup de bacterii din microbiomul sugarului, in special, la sugarii
hraniti cu lapte matern, in care se contine bacterii vii, cultivabile [51].

Multe surse bacteriene pentru sugar derivd din microbiota materna.
Prin urmare, colonizarea benefica a sugarului depinde de genetica mamei,
de expunerea la mediu si de dieta inainte si in timpul sarcinii, precum si
in timpul alaptarii.

Modul de nagstere si colonizarea microbiand. In timpul nasterii
naturale (vaginale), colonizarea intestinului sugarului incepe cu
inocularea orald de catre microbiota vaginala materna, precum si Cu
bacterii intestinale materne [16]. Microbiota gastrointestinala a sugarului
este dominata de Actinobacteria (Bifidobacterium, Atobium), Firmicutes
(Lactobacillus, Megamonas), Bacteroidetes (Prevotella, Bacteroides,
Parabacteroides), Fusobacteria (Sneathia) si Proteobacteria (Shigella,
Escherichia). Majoritatea acestor bacterii produc acizi grasi cu lant scurt
(SCFA), care scad pH-ul luminal si inhiba colonizarea agentilor patogeni.
La copiii nascuti natural, flora bacteriand intestinald este mai diversd
comparativ cu cei nascuti prin cezariana [31]. Odatd cu dezvoltarea si
cresterea, colonizarea cu succes a tubului digestiv depinde de nutritie si
influenta factorilor mediului de crestere a copilului [30].

Aldaptarea si influenga asupra microbiomului. Este bine cunoscut
faptul ca alaptarea copilului cu lapte matern reduce semnificativ
mortalitatea si morbiditatea nou-nascutilor si copiilor si contribuie la
sanatatea mamei [46]. Cu toate acestea, motivele care stau la baza acestei
asocieri sunt mai complexe decat teoriile initiale legate de faptul ca
laptele matern oferd nutrienti si reduce transferul de agenti patogeni. S-a
stabilit, ca laptele matern este sursa principala de bacterii, actionand ca
»probiotic” si ,,prebiotic”. Bacteriile vii nepatogene din laptele matern au
o densitate de 10° UFC/ml, ceea ce se incadreaza in limitele normale si cu
potential benefic pentru sdnatatea nou-nascutului [44, 48]. Mai multe
analize au detectat in lapte matern uman, bacterii vii, cum ar fi Firmicutes
(Staphylococcus,  Streptococcus, Peptostreptococcus, Enterococcus,
Clostridia, Lactobacillus), Actinobacteria (Bifidobacterium,
Corynebacterium), Bacteroidetes (Bacteroides) si Proteobacteria
(Escherichia bremonast milaks).
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Originea bacteriilor din laptele matern poate fi intr-adevar legata
de calea enteromamard, un mecanism prin care bacteriile din intestinul
mamei se translocd in glanda mamara si, ulterior, in laptele matern [24].
In timpul sarcinii, permeabilitatea crescuti a intestinului permite
translocarea bacteriilor intestinale in ,,Jamina propria” si peticele Peyer.
Bacteriile sunt apoi preluate de celulele mononucleare din sangele
periferic si transportate in glanda mamard [15]. Studiile efectuate pe
soareci au aratat ca bacteriile pot fi translocate in ganglionii limfatici
mezenterici si sin in timpul sarcinii si alaptarii. Similar, in studii pe
oameni, s-au identificat specii comune de bacterii in probe de fecale
materne, sange periferic si lapte matern, precum si in fecalele sugarilor,
ceea ce sustine teoria acestei cai enteromamare [32].

Rolul laptelui matern in calitate de prebiotic este foarte important.
Oligozaharidele din laptele uman (HMO) sunt prebiotice si a treia cea
mai frecventa componentd a laptelui matern dupa lactoza si lipide [35].
Digestia HMO produce SCFA (cum ar fi acetat, propionat si butirat), care
poate fi folosit ca sursa de energie si care scade pH-ul luminal, ceea ce
inhiba colonizarea agentilor patogeni [45]. In plus, pe langi lipide si
carbohidrati, laptele matern uman contine proteine (imunoglobuline,
enzime), precum si hormoni, factori de crestere, nucleotide, leucocite,
citokine, lizozime si lactoferina [29].

Copiii alaptati au o microbiota intestinald dominata 1n principal de
Bifidobacterii si Lactobacili [7], Bacteroides (care poate digera HMO)
precum si Staphylococcus Copiii hraniti cu formule de lapte (lapte-praf
comercial) au o diversitate bacteriand mai mare si, pe langd
Bifidobacteriaceae, sunt detectate Clostridia, Enterococcus si
Enterobacteriaceae [36]. De fapt, microbiota intestinald a sugarilor
hraniti cu lapte praf are mai multi agenti patogeni potentiali [43] fiind
dominatd de Firmicutes (Staphylococcus, Streptococcus, Enterococcus,
Lactobacillus, Clostridium), Bacteroidetes (Bacteroides), Proteobacteria
(Enterobacteria) si Actinobacteria (Atopobium) [33].

Odata cu cresterea copilului, dezvoltarea microbiotei urmeaza
schimbari tipice, cu toate ca au fost relevate diferente individuale
semnificative, care depind in mare masura de mediul in care se afla si se
dezvolta copilul. Ce tipuri de microorganisme persista si in ce cantitate,
se bazeaza pe cdile, prin care microorganismele extrag energie si ofera
beneficii comensale TGI. Provocarea gazdei, mai bine zis a sistemului
imunitar al acesteia, este sd accepte aceste bacterii comensale si sd se
apere impotriva agentilor patogeni.
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Dupa trei luni de viata tractul intestinal al sugarului este dominat
de bacteriile  Actinobacteria  (Bifidobacterium),  Bacteroidetes
(Bacteroides) si Proteobacteria (Escherichia) [42]. Pand la sférsitul
primului an de viata, sugarii posedd un profil microbian distinct
individual, convergind catre microbiota caracteristica unui adult. Dupa
12 luni, TGI al copilului este dominat de Actinobacteria
(Bifidobacterium,  Collinsella)  si  Firmicutes  (Lactobacillus,
Megasphaera, Veillonella) [22].

Modificarile microbiotei intestinale in dependentd de vdrstd. S-a
presupus cd mai degraba intreruperea alaptarii, decat introducerea
alimentelor solide, conduce la principalele schimbari de compozitie care
au ca rezultat un microbiom intestinal ,,asemandtor unui adult”. Intr-un
studiu efectuat pe 98 de sugari, s-a stabilit ca intarcarea timpurie (la
varsta de pana la 12 luni), a fost asociatd cu o crestere a microflorei
intestinale cu Bacteroides spp., Bilophila spp., Roseburia spp.,
Clostridium spp. si Anaerostipes spp. Alimentarea doar cu lapte matern,
tot la aceasta varsta, favorizeaza o compozitie bacteriand mai ,,imatura”,
caracterizata prin reprezentantii Bifidobacterium spp., Lactobacillus spp.,
Collinsella spp., Megasphaera spp. si Veillonella spp [3].

Introducerea alimentelor solide la copii creste productia de acizi
grasi cu lant scurt, biosinteza vitaminelor si degradarea compusilor
xenobiotici. Aceste modificari sunt legate de dezvoltarea functiei
digestive si imunitare, influentate de microbi. Tranzitia catre alimente
solide reprezintd ultima etapa a succesiunii microbiomului intestinal,
stabilizind comunitatea microbiand pentru restul copilariei si Vvietii
adulte. Acest proces creste diversitatea microbiomului si imbogateste
speciile Bacteroides, Clostridium, Ruminococcus, Faecalibacterium,
Roseburia si Anaerostipes, reducand in acelasi timp Bifidobacterium si
Enterobacteriaceae [7].

La varsta de 2-3 ani, microflora intestinald a copiilor prezinta o
diversitate mai mare si diferente interindividuale mai mici fiind
influentata de asa factori de mediu precum: factorii materni, modul
nasterii, nutritia neonatala si alti factori ne-structurati temporar, cum ar fi
tratamentele cu antibiotice si se seamana cu microbiota organismului
adultului in ceea ce priveste diversitatea si complexitatea, cu abundenta
mare de specii din filumurile Firmicutes si Bacteroidetes [29].

Astfel, primii 3 ani de viata reprezintd perioada cea mai critica in
aspectul influentei dietetice pentru imbunatatirea cresterii si dezvoltarii
copilului. Aceasta este perioada In care microbiota intestinald, are un rol
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vital extrem de important pentru sanatate si neurodezvoltare, iar toate
modificarile de destabilizare a acesteia in aceastd perioadd poate ulterior
afecta substantial sanatatea si dezvoltarea organismului gazdei. In mare
parte dezvoltarea microbiotei intestinale in aspectul compozitiei si
functiei se realizeaza pana la varsta de 3 ani.

Totusi, unele studii realizate pe perioade mai mari de timp (adica
pe subiecti cu varsta mai mare de 3 ani), au stabilit o durata mai mare
(lungd), pana la maturitate completd a microbiotei, in special, pentru unii
reprezentanti ai acesteia. Sunt date care releva ca o diversitate microbiand
intestinala la nivel de adult ar putea sa nu fie atinsa nici méacar la varsta
de 5 ani. Intr-un studiu realizat pe copii cu vérsta cuprinsa intre 1-4 ani si
adulti s-a constatat ca la copii preponderent au fost identificate
microorganisme ce apartin grupelor de bacterii Actinobacteria, Bacili,
Clostridium cluster IV (Ruminococcaceae) si Bacteroidetes. La adulti
mai abundenti au fost membrii grupului Clostridium XIVa (Butyrivibrio
crossotus si bacteriile inrudite). Aceste date aratd cd unii membri ai
microbiotei intestinale pot fi deja stabiliti la copiii mici, in timp ce altii
continui si evolueze. In acest studiu, copiii mai mari (cu varsta de 3-4
ani) aveau incd o diversitate microbiand mai mica, cu o abundentd
relativd mai mare de Bifidobacterium, decat adultii [26].

Intr-un studiu recent, Hollister et al. (2015) a cercetat microbiomul
intestinal de la copiii mai mari (7-12 ani), la care, spre deosebire de
adulti, mai abundente au fost Bifidobacterium si Faecalibacterium spp.,
iar la adulti dominante au fost Bacteroides (adica, Bacteroides vulgatus si
Bacteroides xylanisolvens). Aceste constatari contrasteazi cu alte studii,
care au stabilit cd microbiota intestinald a copiilor de aceastd varsta
(varsta scolard) s-a dovedit a fi imbogatita in microorganisme ce apartin
taxonilor Bacteroidetes si Actinobacteria (Bifidobacterium) si are o
compozitie functionald similard cu cea a adultilor sindtosi [11]. In
general, aceste studii indica faptul cd microbiota intestinald a copiilor
sanatosi continud sa prezinte diferente functionale si taxonomice in
comparatie cu cea a adultilor, sugerand ca microbiomul intestinal se poate
dezvolta mai lent decat se credea anterior.

Astfel, a fost dovedit ca in anii copilariei creste diversitatea la fel
ca si stabilitatea microbiotei intestinale. Pana la adolescenta, microbiomul
intestinal nu seamana inca cu cel al unui adult, dar denotd o schimbare
catre o scadere generald a numarului de aerobi si anaerobi facultativi,
precum si cresteri concomitente ale speciilor anaerobi.
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La copii si adulti, factorii de mediu si cei fiziologici sunt principalii
declansatori ce induc schimbari ale compozitiei si functionalitatii
microflorei intestinale. In acest aspect, mediul si stilul de viati, membrii
familiei si rudele apropiate (fratii) au fost, de asemenea, descrisi ca
factori ambientali care influenteazad colonizarea intestinala de catre
microorganisme. Locatia geografica are, de asemenea, un impact asupra
microbiotei, deoarece diferentele de microbiotd sunt legate de tiparele
alimentare si stilul de viata dintr-o anumita zona (oras, sat, tara, religie
etc.). Mai mult, s-a stabilit cd modelele comune de dezvoltare a
microbiomului intestinal au fost identificate in primul an de viata la toate
populatiile, iar bifidobacteriile au fost grupul cel mai raspandit, dominand
microbiota sugarului din toate cele trei grupuri in aceastad perioada.

S-a demonstrat, ca statutul fiziologic al organismului gazda de
asemenea influenteaza microbiota intestinala. In special s-a dovedit ca
obezitatea este asociata cu o microflord intestinald alterata si induce
modificari In compozitia acesteia, in particular, influenteaza negativ
efectivul numeric al Bacteroidetes, care unul dintre cele mai abundente
filumuri din intestin [47].

In acest aspect prezintd interes studiul microbiotei intestinale a
populatiei in varstd. Mai multe studii (de exemplu, ELDERMET in
Irlanda si CENIT in Spania) au avut ca scop determinarea specificului
modificarilor microbiotei intestinale odatd cu imbatranirea. S-a stabilit ca
microbiota persoanelor in varstd (peste 65 de ani) prezintd variatii
interindividuale mai mari decat cea a adultilor. De asemenea, s-a
constatat ca microbiota centenarilor este mai putin diversa decat cea a
adultilor si persoanelor mai tinere. La persoanele batrane s-a semnalat 0
crestere a anaerobilor facultativi, cum ar fi Proteobacteria si Bacilli, si 0
scadere a bacteriilor specifice, cum ar fi bacteriile Faecalibacterium
prauznitzii si Clostridium cluster XIVa. De asemenea, s-a determinat ca
microbiota centenarilor aratda un nivel scazut de Bacteroides,
Bifidobacterium si Enterobacteriaceae, in timp ce pentru Clostridium
spp. nivelurile au fost crescute in comparatie cu persoanele mai tinere.
Relevanta acestor modificari observate in timpul imbatranirii nu este inca
pe deplin Inteleasd si sunt necesare pe viitor alte studii (in special studii
de interventie alimentara) pentru a investiga daca modificarea tiparului
alimentar al persoanelor in varstd poate influenta microbiota intestinala
intr-un mod care este benefic pentru sanatatea lor generald [28].

In general, microbiota intestinald a unui individ poate fi privita ca
un continuum, care la un capat este predominat de membrii din filumul
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Bacteroidetes, iar la celalalt capat — de Firmicutes. In plus, atunci cand
microbiota intestinald a unui individ a atins punctul sdu stabil, aceasta
este constantd pentru o perioadd semnificativa de timp. Semnificatia
acestei stabilitati a microflorei intestinale poate fi dedusd din faptul ca
microorganismele pe parcursul cresterii si dezvoltarii organismului gazda
ocupd o nisa (sau organismul oferd aceasta nisa). Aceasta nisa reprezinta
garantul ca functiile importante ale microbiomului sunt intotdeauna
prezente. Mai mult, aceasta stabilitate poate fi benefica si pentru sistemul
imunitar Innascut, Intrucat va percepe aceeasi microbiotd ca parte
indispensabila a organismului sau.

Astfel, putem presupune cd pe parcursul dezvoltarii postnatale a
organismului (cresterii si dezvoltdrii), la anumite etape, predomina
anumiti reprezentanti ai microbiotei intestinale, care au cele mai mari
beneficii pentru organism la acel moment.

Concluzii

1. Comunitatile microbiene din tractul gastrointestinal joaca un rol
major in sanatatea si patologia umana, influentand diverse segmente ale
acestuia prin concentratia si compozitia specifica de bacterii.

2. Incidenta bacteriilor in diferite segmente ale tubului digestiv este
determinatd de conditiile de existentd pentru bacterii (aerobe/anaerobe,
indicii pH etc.), ceea ce dicteazd colonizarea acestora de anumite specii
de bacterii, iar concentratia de oxigen de-a lungul intestinului, precum si
in timpul vietii timpurii reprezinta unul din factori determinanti majori ai
compozitiei bacteriene.

3. Colonizarea corecta a tractului digestiv imediat dupa nastere este
esentiala pentru sandtatea pe termen lung, influentind dezvoltarea
tractului gastrointestinal si a sistemului imunitar si stabilind baza
microbiomului adult. Factori precum modul de nastere, alaptarea, nutritia
si modularea microbiomului de catre sistemul imunitar sunt determinanti
cheie in acest proces.

4. Succesiunea microorganismelor in microbiomul intestinal
reflectd un proces ecologic complex similar cu succesiunile din
ecosistemele terestre, unde fiecare etapd a dezvoltarii influenteaza
formarea si stabilizarea microbiotei, de la stabilirea speciilor-pionier la
tranzitia catre o compozitie microbianad matura si stabila, cu implicatii
semnificative pentru sandtatea si functia imunitara a gazdei.
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IOPEKTUBHOCTD UCITIOJIb3OBAHUA 3EPHA
KYKYPY3bl B KOPMJIEHUU TEJIAT
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benapycu no scusommnogeoocmeyy, 2. Koouno, Pecnybnuxa benapycs,
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Abstract. The results obtained during the production inspection to
establish the dependence of productivity and physiological condition of calves on
feeding grain in whole and crushed form confirmed the previously made
conclusions about the possibility of effective inclusion of grain in the
composition of compound feeds in a ratio of 70:30%.

It was found that the cultivation of animals in the dairy period on
compound feeds with the introduction of whole and crushed corn grains in the
amount of 30% by weight, allows in the post-dairy period to obtain average
daily increases at the level of 888 and 871 g or 5.5 and 3.5% higher than
control, while reducing the cost of growth by 4.8 and 2.7 percent.

Key words. Young cattle, crushed grain, rations, productivity, efficiency

Beenenue

IIpu BeIpamMBaHWM MOJIOAHSAKA OCHOBHAS 3ajJladya 3aKII0YaeTcCs B
TOM, 9TOOBI TIOJYYUTh 37JOPOBBIX TEJSAT C XOPOIIO Pa3BUTHIM CIIOKHBIM
JKENyAKOM. MHTEHCHBHBIH pPOCT W pa3BUTHE MOJIOIHSAKA SIBIAIOTCS
BaXHEHMIIIUM yCIIOBHEM BHICOKOMHTEHCHBHOTO MOJIOYHOT'O CKOTOBOJICTBA.
TexHOIIOTHS BHIpAIIMBAaHUS TEINSAT CBS3aHA C OCOOEHHOCTSIMHU Pa3BHUTHS
JKETy0YHO-KUIIEYHOTO TpakTa. [lepBble mIecTh MecsIeB >KU3HH TEJSAT
OTJINYAIOTCS HanOOJIbIIIEH HMHTEHCUBHOCTHIO UX pocTa. BmecTe ¢ Tem, 3To
MIEPUO/ CTaHOBJIEHUs pyOrooro mwmmeBapenus [1, 7, 11]. Ilostomy
MMEHHO B 3TOM BO3pacTe TpeOOBaHUS K IIOJTHOIEHHOCTH KOPMIICHUS
0cobeHHO BbICOKHe. Temnsita NOJKHBI ObITh OOecreueHbl He0OXO0IUMbIM
KOJINYECTBOM JHEPTUH, MOJHOIEHHOTO Oelka, MUHEpalbHBIX BEIIECTB,
BUTaMHHOB [5, 6, 14].

B cBs3u ¢ »THM, cucTeMa BBIpAlMBaHHUA TENAT JOJDKHA CTPOTO
COOTBETCTBOBAThH OHMOJIOTHYECKIM 0COOEHHOCTSIM M3MEHEHUS
napaMeTpoB MHTEpbepa M SKCTephepa >KUBOTHOTrO. CoOnroaeHue 3THX
TpeOOBaHMI CO3JacT MPEANOCHUIKH Uil (OPMUPOBAHMS HY>KHOTO THIIA
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TETOCIIOXKEHUSI KUBOTHOTO U HAMpaBJICHUS UX MpoaykTuBHOCTH [3, 10,
15].

IlosTroMy BO BCeX cxemax BBIpPAIUBAHUS TENAT B TIEpBBIE 6
MECSIIEB IPEyCMOTPEHO PaHHEEe MPUYYCHUE K MOSIaHUI0 PACTUTEIBHBIX
KOPMOB (3€pPHOBBIX M TPYyOBIX), 9TO YCKOPSET Y HUX MOP(HOIOTHIECKYIO U
(YHKIIMOHATBHYIO 3PEJIOCTh TPEKENYAKOB, a B TOCIEAYIOMIEM |
noTpeOJIicHNe WMU M JIydIliee IepeBapuBaHUEC OOJBIIOTO KOJUYECTBA
00BeMHUCTBIX KOpMOB. ClieoBaTeNbHO, ATOT TMEPHOA B KU3HU TENSAT
aBnseTcss Hambonee 3()(EeKTHBHBIM Ui BMEIIATENHCTBA YEIIOBEKa B
HamnpaBJIiCHHOE WX BhIPAIIMBaHUE, TO €CTh (OPMUPOBAHUE Y HHUX
JKEJIaTebHOTO TUIIA MUIIEBAPEHUSI U OOMEHA BEIECTB, YTO 00S3aTEIHHO
MIPOSIBIISIETCSI B JKEITAEMOM THIIEC WX TEJIOCIOXKEeHU [2, 8, 12].

Onpenensisi TAN KOPMJIGHHS TENAT, HAA0 CTPEMHUTHCS HE K
YBEIUYEHUIO 00beMa pyOlla, a CTUMYJIMPOBATh Pa3BUTHE B HEM MAIlWII,
OT KOTOPBIX 3aBHCUT YPOBEHb BCACHIBAHHUS MPOAYKTOB (hEPMEHTAIUN U
MPOAYKTHBHOCTb XUBOTHEIX [4, 9, 13].

Ilenp paboOTBI —  YCTAHOBJICHWE 3aBHCUMOCTH  Pa3BUTHS
MUIIEBAPUTEILHON CHCTEMBI TEISAT IOCACMOJIOYHOTO IEpHoAa OT
KOJIMYECTBA W BHUJIa CKapMIIMBAEMOTO IETHHOTO M ApOoOIEHOTrO 3epHa B
MOJIOYHBIA MEPUO/I.

MartepuaJibl U METOABI

s moxaTBepKIEHHMA ~— pe3yJbTaTOB — HAYyYHO-XO3SHCTBEHHBIX
OTBITOB MO YCTAHOBJIEHHIO 3aBHCHMOCTH DPa3BUTHUS MUIIEBAPUTEIHHON
CHCTEMBI TEJISIT OT KOJIMYECTBA CKaPMJIMBAEMOI'0 LIETIbHOTO U APOOJICHOTO
3epHa B MOJIOYHBIH MEpHOJ HAa MNPOAYKTUBHOCTb MOJIOJHSKA B
MOCIIEMOJIOYHBIN TEpPHOJ TPOBEJEHA IPOM3BOJICTBEHHAs INPOBEpPKa Ha
MOJIOIHAKE KpPYIHOTO poraroro ckota B Bo3pacte 116-180 nameir ¢
HayaJbHOM >kuBO# Maccou 120,2-125,1 xr.

CornacHO cXxeMe OIbITa, MOJIOJAHAK KOHTPOJBHONM M OIBITHBIX
TPYII C OCHOBHBIM PAallMOHOM TMoiydan 0a3oBblii komOukopm KP-3,
MIPUHATHIA B X03scTBE (Tabmuma 1).

Paznuuusi B KOpMIIEHHHU MOJOIBITHOI'O MOJIOTHSKA 3aKJII0UAINCh B
TOM, YTO B MOJIOYHBIA TE€PHOJ TensiTaM KOHTPOJBHOW TPYIIIBI
ckapmimBain komOukopm KP-1, KP-2, a anamoram OmpITHBIX Tpynm —
komOukopm KP-1, KP-2 ¢ Bxmouenuem 3epHa Kykypyssl (Il rpynma —
uenbHoe, III — npobneHoe) B cootHomenuu 70:30%.
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Taoauma 1. Cxema ucciaenoBaHmii

o » e N
8 X Xupas E a2
2 m X 5
8 E o Macca E 38X
I'pynmna g 5 B g E< Oco0eHHOCTH KOPMIICHHS
S = e Ha Ha4ajo S 2 &
S 20
S ¥ OmbITa, KI. | = 5
I OcHosHoii paimos (OP) —
KOHTPOJITb 120,2 50 65 CHJIOCHO-CEHa)KHasi CMECb,
Has komb6ukopm KP-3
I OcHosHoii paimos (OP) —
OIbITHAS 125,1 50 65 CHUJIOCHO-CEHA)KHAs CMECh,
kom6rkopm KP-3
m OcHoBHoli paruoH (OP) —
122,8 50 65 CHJIOCHO-CEHa)KHast CMEChH,
OIIBITHAS
koMOukopM KP-3

B xonme wuccnenoBaHMH H3y4eHbBI CIEAYIOLIUE TOKa3aTelu:
XUMHAYECKHH COCTaB, MUTATEIBHOCTh M MOEAAEMOCTh KOPMOB, MOp(o-
OMOXMMHUYECKHH COCTaB KpOBH, IIE€PEBAPUMOCTh M HCIIOJIb30BAHUE
MUTATENLHBIX BEHIECTB PAIllHOHOB, TOKAa3aTeH PyOLIOBOTO MMHIIEBAPEHUS,
MHTEHCHBHOCTb POCTa >KHBOTHBIX, 3KOHOMHYECKYIO 3((eKTHBHOCTH
BBIpAILIUBaHUS TEIAT.

Pe3yabTaThl M 00Cy:KIeHTE

B  KopMmieHMHM  JKMBOTHBIX  IPOM3BOJCTBEHHOM  IPOBEPKU
HCIIOJIB30BAIM KOPMA, UMEIOLIMECS B X03slicTBe. B nepuon nposencHus
OTBITa MOJIOJHSK BCEX TPYMNI MOTPEOIsT MPaKTHYECKH OJMHAKOBOE
KOJINYECTBO KOPMOB. HesHauuTenbHBlE pa3nuuus OTMEYCHBI B
norpebiieHnn Tpyboro kKopma. KOHIEHTpHUpOBaHHBIA KOpPM IOEJalld
JKUBOTHbIE O€3 OCTaTKa.

B crpykrype pamnuoHa codnsle kKopMa 3aHuManu 58,5-58,9%,
KoHueHTpupoBanHele — 41,1-41,6%. OrmeuyeHa HecylIeCTBEHHAs
pasHuIa B TOTPEOIEHUH TPABSIHBIX KOPMOB MEX]Ty TPYIIIaMH.

Ha ocHOBaHMM TOJNy4EHHBIX  pPE3YyJbTaTOB  MPOBENEHHBIX
KOHTPOJIBHBIX KOPMJIEHHH JKHBOTHBIX, OIpENeNiCeHa IUTATEIbHOCTh
paunonoB — 4,11-4,14 xopM. ef., a KOHIEHTPALUs B CyXOM BEIECTBE Ha
ypoBHe 1-1,1%. KonueHTpaiusi 0OMEHHOI SHEPTHH B CyXOM BEIIECTBE
Haxoawiochk Ha yposHe 10,7-10,8 MJIx. B pacuere Ha 1 KOopmMOBYIO
€VHMIy BO BCeX TIpynmax mnpuxoxauwinocs 77,0-77,1 T mepeBapumMoro
MPOTEHNHA.
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[Horpebnenue coiporo xupa Ha CB Haxoamunock Ha ypoBHe 3,03%
B KoHTpone, 3,03 u 3,04 % — Bo Il u Il onsrtHRIX. ConepxaHue ChIpO
kietyatku B 1 kr CB panuona TensT KOHTPONBHOW TPYMITBI COCTABUIIO
19,47%, B onbITHBIX — 19,23 u 19,55%. CozmepxaHue caxapa B CyXOM
BEIIeCTBE B KOHTPOJIBHOM TpyIIe cocTaBmiio 5,59%, B ONBITHBIX — 5,58 1
5,62%.

ITo cocraBy KpoBM MOHO OOBEKTHBHO OLICHUTH >XH3HEHHBIC
mpoueccsl W BCE  M3MEHEHHMS, IPOTEKAloIlie B  OpPraHH3MeE,
OXapaKTepu30BaTh YCIOBUS KOpMIECHHUs. Bce mccnemyemble mokasaTeinu
KpPOBU HaXOAWJIKCH B Tpenenax (hPu3noJorudeckoil HopMbl (Tabiuuna 2).

Tadauna 2. Mopgo-0uoXuMHYECKHUI COCTAB KPOBHU TeJSAT

IMoka3zaTenn I prlrlma m
DpuTpounTsl, 10*%/1 5,21+0,33 5,52+0,07 5,3+0,14
I'emornoouH, /1 100,67+3,48 109,33+0,88 104,0+3,05
JleiixormTel, 10%/n 10,9+0,78 9,57+0,45 9,43+0,48
OO6muii 6eoK, I/71 70,6+0,71 76,43+0,49 74,87+0,76
I'moxo03a, MMOJIB/IT 3,7+0,14 4,22+0,16 3,84+0,08
MoueBrHa, MMOJIB/TI 4,17+0,238 3,76+0,267 4,04+0,287
Kanbiuii, MMOJIB/JT 2,35+0,139 2,61+0,257 2,45+0,084
dochop, MMOJIB/IT 1,98+0,082 2,1+0,187 2,05+0,154

Ha ocHOBaHMM pe3yJbTaTOB HCCIECOOBAaHUNA KPOBH JKHUBOTHBIX
KOHTPOJIBHOM M ONBITHBIX IPYII HE OTMEYEHO CYLIECTBEHHOH pa3HUIIBI
MEXJy TMoKazarelnsiMd (B mpenenax (U3MONOTMYECKMX HOPM  C
HE3HAYUTEIbHBIMH KOJIEOaHUSIMH), YTO MO3BOJISIET CyIUTh O 0€3BPEIHOM
JeHCTBUM 3epHA HA OPIaHU3M JKUBOTHBIX.

[lpy ckapMiIMBaHUW LEJFHOTO W JPOOJIEHOTO 3€pHA KYKYpy3bl
TEeJIATaM B MOJIOYHBIN MIEpHO/] BBIPALIMBAHUS COJIEpKaHue o0miero oenka
B CBHIBOPOTKE KpOoBH Yy *UBOTHBIX Il u III OombITHRIX Ipynm OTMEUYEH €ro
poct Ha 8,2 m 6,0%, MO OTHONIEHHIO K KOHTPOJHLHOMY 3HAYCHHUIO,
OoTMeYanach TEHJCHIMS K TIOBBIIICHUIO COJIEPXKAaHUSI TeMOTJIO0MHA,
SPUTPOLUTOB IPU CHWKEHHUH KOHLEHTPALMM MOYEBHHBI IO OTHOLICHHIO
JaHHBIX ITOKa3aTeIed KPOBH MOJIOTHIKA KOHTPOJIBHOM IPYIIIILL.

[Mony4yeHHbIe JaHHBIE CBUJICTENLCTBYIOT O TOM, YTO 3HAYCHUS
HEKOTOPBIX TIOKa3aTellell TOBBICWIIMCh C BKJIIOYEHHEM INENBHOTO U
npobiieHoro 3epHa 30% 10 Macce B COCTaBe KOMOUKOpMa.

Ha ocHOBaHMM JMHAMHKH pPOCTa XHBOTHBIX YCTAHOBJICHO, YTO
CKapMJIBaHWE B MOJIOYHBIH TMEpUOJ] KOMOWKOPMOB C BKIIIOUCHHEM
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LENBHOTO M ApoOJeHoro 3epHa KyKypy3sl B kKonmuectse 30% 1o macce,
MO3BOJIMJIO YBEJIMYUTDH MOKA3aTeNlb )KUBOH MAacChl ONBITHOTO MOJIOIHSIKA
MO OTHOLICHHIO K KOHTPOJBHBIM aHAJOraM B TOCIEMOJOYHBIH MEepHO]
(Tabmnuma 3).

Tabauna 3. JluHaMHKA KUBOI Macchl M CPeIHECYTOYHBIH IPUPOCT
['pymnma

| I 11

JKuBas macca, Kr: B Hadalie 120,2+0,76 125,1+1,42 122,8+1,05

OTIbITa

ITokasarenb

B KOHIIE 174,9+1,39 182,8+1,69 179,4+0,70

OIIbITa

BasoBoii mpupocT, Kr 54,7+1,45 57,7+1,95 56,6+1,14
CpenHCCYTOUHBII  PUPOCT | g1 155 oy 888+30,08 871+17,54
34 OIIbIT, I

% K KOHTPOJIIO 100 105,5 103,5

Hcnonp3oBaHue B  pAaLMOHE TENAT MOJIOYHOTO  IEpHOna
BBIpAIlMBaHMS LEIBHOTO M IPOOJIEHOro 3epHa KyKypy3bl B COCTaBe
KOMOWUKOPMOB TO3BOJIMJIO TIOYYUTh CPEIHECYTOUHBIH MPUPOCT KHUBOU
Maccel TelsIT Ha ypoBHe 842-888 r. HawmbGombielt sHeprueit pocrta
oOnajganyu TensATa, HOTPEOISBIINE B MOJOYHBIA IEPHOA LIETBHOE 3€PHO
KyKypy3bl B konmndectBe 30% ot maccel komOukopma (II rpynma) — 888 r,
YTO BBIIIE Ha 5,5% MO OTHOIICHHIO K KOHTPOJBHOM rpynme. BriodyeHne
B MOJIOYHBIH TIE€PHUOJ BBIpAIIMBAHMUSA JAPOOJCHOTO 3€pHAa KYKYpy3bl B
coctaB komOuKopMma it TensaT Il ompITHOW TpymImbl, cIOcOOCTBOBAIO
YBEIUYCHHUIO CPETHECYTOYHOTO mpupocTta Ha 3,5%.

OkoHOMUYecKass AY(PQPEKTUBHOCTh BBHIPAIIUBAHUS MOJOJHIKA B
MOCJIEMOJIOYHBIM TEPHOA, C UCIOJIb30BAaHUEM LEIBHOTO U APOOJIECHOTro
3epHa KyKypy3bl B KOMOHMKOpMax JUIs TeNST MOJIOYHOTO IepPHOJa,
XapaKTepu3yeT MPaKTHYECKYI0 3HAYMMOCTh MOJyYEHHBIX PE3yJIbTaTOB U
MO3BOJIIET ONPEIETUTD LEeJIeCO00Pa3HOCTh AajdbHENIIEr0 HCIIOIb30BAHUS
LEJILHOI'O ¥ APOOJIEHOTO 3€pHa B PallMOHAX MOJIOIHSKA.

Ha ocHoBe pe3ynbTaToB KOHTPOJIBHBIX KOPMJIEHHH, B3BEIIUBAHUH
NOJOMBITHBIX JKUBOTHBIX (Tabimna 4) NpOW3BOJICTBEHHOW MPOBEPKH,
orpejiesieHa SKOHOMHUYECKast 3P PEeKTUBHOCTD.
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Tabauna 4. JxoHomu4eckas 3PGpeKTHBHOCTH BbIPAIIMBAHNS TeJIAT B
MOCJAEeMOJIOYHBII Mepuojg

ITokazarens I prIr:rIa m
3aTpaThl KOPMOB 3a TMIEPHOJ OIBITA, 267 2 269.1 2685
KOpM. €]1. ' ' '
Croumocth CYTOYHOTO panmnoHa, 1523 1534 1532
py0./rom. ' ' '
IIpupocT uUBOI Macchl 3a IEPUOZ,
ombITa, KT 54,7 57,7 56,6
CTOoMMOCTh KOPMOB 32 MEPHOJ OIbITa,
py6./rom. 98,8 99,5 99,5
3arparbl KOPMOB Ha KT IpUpOCTa, KOPM. 488 466 474
el i ’ 1
CroumocTts 1 KOpMm. ef., pyo. 0,37 0,37 0,37
CronMocTs KOPMOB Ha | KI' MpUpPOCTA, 181 172 176
py6. 1 ) 1
CebecToMMOCTh 1 KT IPUPOCTa, PyoO. 2,91 2,77 2,83

Ha ocHoBanum pe3ynbTaToB IPOU3BOJCTBEHHONW ITPOBEPKH 10
YCTaHOBJICHHUIO BJIVSIHHUS CKAapMIIMBAHUS LETHHOTO W IPOOJICHOTO 3epHa
TeNsATaM MOJIOUHOTO TIepuofa Ha TEPEBAPUMOCTh U HCIIOJIH30BAHUE
MUTATEIHHBIX BEIIECTB PAIMOHOB MOJIOIHAKA B TIOCIEMOJIOYHBIN TIEPHOT,
YCTaHOBJIEHO, YTO CKapMIIMBAaHUE MOJIOAHSKY KPYITHOTO POTaToro CKOTa
B Bo3pacte 10-65 u 66-115 nueit komOukopmoB ¢ BBogoM 30% 1menpHOTro
U ApoOJCHOro 3epHa KyKypy3bl IO Macce, IO3BOJIMJIO TOJIYYHUTh
3()()EeKTUBHOCT WX NPUMECHEHHS, BBIPA3UBIIYIOCS B  CHIDKCHUH
CTOMMOCTH KOpMOB Ha 1 kr mpupocra Ha 5,0 u 2,8%, npu yBeIN4eHUH
npupocta Ha 5,5 u 3,5%, 4TO MpPUBENO K CHIKEHUIO CEOECTOMMOCTH
npupocta Ha 4,8 u 2,7%.

BriBoabI
Y CTaHOBJICHO, YTO BBIPALTUBAHKUE )KUBOTHBIX B MOJIOUHBIH TIEPUO]T
Ha KOMOMKOpPMax C BBOJIOM IIENTBHOTO W JPOOJIEHOTO 3epHa KYKYpY3bl B
konuuectBe 30% mo Macce, MO3BOJSET B IOCIEMOJIOYHBIA MEPHOL
MOJTyYUTh CPeAHECYTOUHBIE TIPUPOCTHI HA ypoBHE 888 u 871 T mu Ha 5,5
u 3,5% BBIIIE KOHTPOJISL, NPY CHIKEHWH CE0ECTOMMOCTH TPUPOCTa Ha
4,8 u 2,7 mpoueHTa.
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MONITORIZAREA LA DISTANTA A FRECVENTEI
RESPIRATIEI UTILIZAND TEHNOLOGIA MASURARII
TRANSIMPEDANTEI TORACICE

Botnaru Nicolai
Institutul de Fiziologie si Sanocreatologie, Universitatea de Stat din
Moldova, Chisindu, Republica Moldova, nicolaibotnaru@gmail.com

Abstract. The key element of the method for determining and monitoring
the breathing frequency in Wireless mode, used in an electronic prototype,
developed by the author, is to detect using the technology of measuring chest
transimpedance. The ADS1292R integrated circuit was used to measure the
impedance, which has a built-in chest movement detection circuit. The method
involves the use of a mathematical algorithm for digital signal processing using
an SoC system based on an ESP32 controller and using of 10T technologies for
wireless data transmission.

Key words. Remote monitoring, respiratory rate, sanogen, thoracic
transimpedance, pneumogram.

Introducere

Sistemele de monitorizare la distantda a semnelor vitale, este un
subiect de interes practic din ce Tn ce mai important n ultimul deceniu,
iar progresul rapid din tehnologia informatiei va avea un impact major
asupra serviciilor de sanatate in viitorul apropiat [1].

De aceea, nu intamplator, atdt medicina, fiziologia si
sanocreatologia, cat si Dbioingineria permanent sunt in cautarea
acestor sisteme de la distanta si in dinamica [2].

Republica Moldova, conform Hotérarii Guvernului nr. 857 din
31.10.2013 cu privire la Strategia Nationald de dezvoltare a societatii
informationale ,,Moldova Digitala 2020”, a aprobat Strategia Nationala
de e-Sanatate 2020, utilizarea tehnologiilor, informatiei si comunicatiilor
pentru sandtate, de exemplu, tratarea pacientilor, cercetarea continud,
supravegherea bolilor si monitorizarea sanatatii [4].

Telemedicina este 0 practica noua pentru Republica Moldova, ea
reprezinta o modalitate inovativa de furnizare a informatiilor medicale,
care se bazeazd pe utilizarea diferitelor mijloace de comunicare la
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distanta, disponibile la momentul actual. Acest instrument este extrem de
util in imbunatatirea relatiei de comunicare medic-pacient [7].

Integrarea tehnologiei in medicina si rolul acesteia in imbunatatirea
cadrul Digital Health Forum 2024, care prezinta o gama largad de inovatii
care vor transforma modul in care este practicata si inteleasa sdnatatea
[8].

Se considera, cd serviciile de telemonitorizare si telemedicina le
apartine viitorul, deoarece este indiscutabil faptul, ca elaborarea si
implementarea echipamentului de telemonitorizare prezinta o problema
actuala de cercetare.

Necesitatea studiului cu privire la elaborarea unui sistem de
monitorizare la distantd a unor parametri fiziologici a sistemelor
cardiovascular si respirator in situatii reale de viata, luand in consideratie
rolul lor in asigurarea activitatii organismului si mentinerii sanatatii
somato-vegetative pe deplin se inscrie in strategia contemporana, a
dezvoltarii medicinii si sanocreatologiei ce alcatuieste domeniu de studiu.

Scopul cercetarilor constd in fundamentarea utilizarii unor indici
reprezentativi a sistemelor vitale ale organismului - cardiovascular si
respirator ce ar servi ca componenti a unui dispozitiv special elaborat
(prototip), modul de telemonitorizare a activitatii functionale ale acestor
organe vitale si preventiv a reflectarii relative a starii sanatatii somato-
viscerale a organismului 1n dinamica [3].

Unul din obiectivele propuse a fost: elaborarea unui modul de
monitorizare a frecventei respiratiei cu ajutorul tehnologiei masurarii
transimpedantei toracice in scopul evaludrii la distanta a activitatii
functionale starii relative a sanatatii somato-vegetative.

Cercetarile s-au efectuat in cadrul Laboratorului Fiziologia
stresului, adaptarii si Sanocreatologie generala al Institutului de
Fiziologie si Sanocreatologie si in cadrul Serviciului Medical al
Ministerului Afacerilor Interne.

Materiale si metode
Miscarile respiratorii au fost detectate cu ajutorul tehnologiei
masurari transimpedantei toracice pe un esantion de 6 voluntari. Pentru
masurarea impedantei s-a folosit circuitul integrat ADS1292R care are
incorporat circuitul de detectie a miscarilor cutiei toracice. Principiul de
functionare se bazeazd pe injectarea unui curent de valoare mica si
frecventa inalta si masurarea voltajului la nivelul tesutului.
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Pentru modulul ADS1292R valorile curentului injectat, frecventa
este de 32 kHz iar valoarea curentului 30 pA. Curentul este injectat prin
electrozii ECG astfel se reduce numarul de componente necesare
monitorizarii respiratorii. Datele sunt transmise prin interfata SPI catre
microcontroler unde sunt analizate. Inregistrarea miscirilor respiratorii
permite obtinerea pneumogramei.

Impedanta este o proprietate electrica a materialului de a se opune
curgerii curentului si depinde de prezenta ionilor, celulelor dar si alte
componente. Pentru modelul electric valoarea impedantei este o variabila
dependenta de frecventd care poate fi calculata folosind ecuatia Cole-
Cole [6]:

Ro—R

Z(f) = Ry + —1+(ij:))a (1)
unde R, reprezinta rezistenta la frecventa zero, R, rezistenta la
frecventa infinita, T constanta de timp si o coeficient care in dependenta
de testuri poate lua valori intre 1 si 0. Pentru a determina bioimpedanta
este necesar un modul care injecteaza un semnal electric de anumita
frecventa si intensitate, iar in baza semnalului receptionat se estimeaza
impedanta. Matematic valoarea voltajului masurat se calculeaza dupa

urmatoarea expresie [6].
V =Z x Isin(wt) = R X I sin(wt) + X X I cos(wt) 2

Semnalul este de obicei injectat cu ajutorul unor electrozi care sunt
aplicati pe suprafata toracelui au avantajul enorm de a fi non-invaziv,
permite cercetarea si dezvoltarea sistemelor de monitorizare sau aplicatii
portabile pentru pacientii ambulatorii. in functie de numarul de electrozi
si configuratia acestora, definim doud metode de masurare: bipolara sau
tetra-polara.

Pentru metoda bipolara sunt folositi doi electrozi care au rol de a
injecta curent si de a masura voltajul. Pentru metoda tetra-polara se
utilizeaza patru electrozi care joacad roluri diferite. Doi electrozi aplica
curentul iar ceilalti doi receptioneaza semnalul [5]. Analiza statistica a
datelor obtinute s-a efectuat cu ajutorul programului Excel 2019.

Rezultate si discutii
Metoda de analizda a frecventei respiratorii utilizatd este
pneumograma, care reprezintd Inregistrarea graficd a miscarilor
respiratorii prin determinarea impedantei electrice. Graficul obtinut
prezintd o panta ascendentd mai rapidd, care reprezintd procesul activ de
inspiratie si o panta descendenta mai lenta prezentand procesul pasiv de
expiratie. Cu ajutorul graficului obtinut permite de a analiza urmatorii
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parametri: frecventa, amplitudinea si ritmicitatea respiratiei, precum si
reactia la diferite situatii fiziologice ca: efort fizic, somn sau patologice:
ca exemplu monitorizarea pacientilor cu boli cronice sau cei care prezinta
sindromul apnee de somn. Pneumograma nu ofera informatii despre
volumetria, capacititile si debitele pulmonare.

Algoritmul de calcul s-a bazat pe o matrice unidimensionala de
valori se completeaza timp de 30 de secunde cu cele 250 de valori dupa
care are loc determinarea maximului, minimului, mediei si calculul
valorii de prag adaptive. Are loc contorizarea numarului de intersectari
ale pneumografiei cu valoarea de prag. Astfel, se obtine valoarea care
reprezinta numarul de respiratii timp de 30 de secunde respectiv pentru
calcularea numarului de respiratii pe minut se inmulteste la doi.

In scopul determinarii corectitudinii algoritmului implementat de
calcul a frecventei respiratiei s-au realizat o serie de comparatii a datelor,
obtinute prin spirograful Spirobank 1l Advanced si prototipul creat datele
au fost colectate pe un esantion de 6 voluntari.

Astfel, cu ajutorul spirometrului a fost preluatd pneumograma
pentru a compara cu datele preluate cu ajutorul prototipului creat figura 1.

Fﬁﬁhﬂ
'}‘

u\“\‘\i\ﬁ\\ I !
i

LR e s e
Figura 1. Comparatie graficul variatiei fluxului de aer cu variatia
transimpedantei toracice. (a) — semnalul ECG, (b) — pneumograma, (c) —
fotopletismograma, (d) — valoarea FCC, (e) — valoarea frecventei respiratiei, (f) —
saturatia cu oxigen a sangelui, (g) — temperatura corporald, (h) — diagrama curbei
debit/volum, (i) — pneumograma in regim normal, (j) — pneumograma in regim
fortat.

S-a stabilit, cd pneumograma captatd cu ajutorul spirografului
(fig.1 — i) coincide cu graficul pneumogramei (fig.1 — b) prelevate de
prototipul elaborat, iar numarul de respiratii pe minut coincide cu
numadrul de varfuri din cele doud grafice.

Pentru validarea preciziei algoritmului de calcul a frecventei
respiratiei s-a efectuat o comparare dintre valorile obtinute cu ajutorul
prototipului si valorile determinate cu ajutorul spirometrului. In tabelul 1
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sunt introduse datele calculate cu ajutorul prototipului si datele
determinate din spirograma captata cu ajutorul spirografului Spirobank.

Tabelul 1. Compararea rezultatelor obtinute cu ajutorul spirometrie si
transimpedantei.

Subiect | Varsta | Greutate | inaltime | Sex FR FR

(ani) (kg) (cm) Spirobank | prototi
p

[ 66 78 174 M 14 15

1 53 90 173 M 15 14

1l 58 100 178 M 15 15

v 69 86 173 M 16 15

V 31 103 182 M 16 16

VI 61 92 175 M 14 15
Media 15,00 15,00

In rezultatul analizei statistice a datelor obtinute s-a stabilit, ci
frecventa respiratiei determinate cu ajutorul prototipului elaborat are o
deviatie standard de 0,9, variatia 0,8 si 0 eroare de 0,3 %. Acuratetea
generala de determinare a frecventei respiratorie constituie 95,47%.

Putem confirma cu certitudine cd determinarea numarului de
respiratii prelevate cu ajutorul prototipului elaborat corespunde cu datele
preluate cu ajutorul spirografului si poate fi propus pentru monitorizarea
frecventei respiratiei la distanta. Din datele experimentale releva o
dependenta aproximativ liniara dintre cele doud echipamente testate, ceea
ce demonstreaza, ca prototipul elaborat poate fi utilizat iIn monitorizarea
frecventei respiratiei in dinamica la distanta.

Concluzii

1. Determinarea numadrului de respiratii prelevate cu ajutorul
prototipului elaborat corespunde cu datele preluate cu ajutorul
spirografului si poate fi propus pentru monitorizarea frecventei respiratiei
la distanta.

2. Frecventa respiratiei determinate cu ajutorul prototipului
elaborat are o deviatie standard de 0,9, variatia 0,8 si 0 eroare de 0,3 %.
Acuratetea generala a algoritmului de determinare a frecventei respiratiei
constituie 95,47%.

3. Metoda studiatd are avantajele este noninvaziva si datoritd unei
ergonomii net superioare poate fi aplicatd pe un spectru larg de pacienti.
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Abstract. With the development of sanocreatology, special attention is
given to methods aimed at influencing the functions of various systems and
organs, including the immune system. Therefore, the aim of this study was to
investigate the effect of diets with different protein ratios on the concentrations
of immunoglobulins A, M, and G in old rats. Experiments were conducted on
aged (24 months) female white laboratory rats. The experiments were conducted
over a period of 30 days.

It was found that in groups of animals fed a diet with protein
concentration exceedingly twice the norm, the serum immunoglobulin A levels
significantly decreased, while immunoglobulins M and G remained unchanged.
This indicates a selective deficiency of immunoglobulin A, which may be
explained by nephrotic syndrome.

Key words. Aging, nutrition, immunity, proteins, immunoglobulins.

Beenenue

IMocnennee roxapl, Ha GoHe pocTa MHOEKIIMMA, OCTPO BCTA BOIPOC
(6] I/IMMYHO,Z[e(i)I/I]_[I/ITHBIX COCTOSAHHUAX, O IOAACPKAHHUE U KOPPEKIUH
WMMYHHOTO CTaTyca, B TOM YHCIIe W TIOCPEICTBOM NHUTaHus. Bropudanbie
I/IMMYHOI[e(l)I/IHI/ITHBIe COCTOsSIHHUA CIIIC 60)166 AKTyaJIbHbI B ITOXWJIIOM U
CTap4ecKOM BO3pacTe, TaKk KaK MPOSIBISIOTCS M BO3PACTHBIE U3MEHEHHUSI
OpTraHoOB U CHCTEM OpraHu3Ma.

NmMmyHHass cucreMa — 3TO CHCTEMa OHOJOTHYECKHUX CTPYKTYP,
OpPraHOB M KIIETOK, OCYIIECTBIISIONIAS 3allUTHYIO (PYHKIMIO OpraHu3Ma.
OnTtumansHOe (PYHKIMOHHPOBAHWE WMMYHHOH CHCTEMBI, BO MHOTOM
3aBUCHT OT aJieKBaTHOro mnuTaHusA. [locpeacTBOM MUTaHHS OPTraHU3M
MOJTy4aeT TPUaay MaKpOIJIEMEHTOB (OENKH, KUPBI, YIIIEBOABI), a TaKKe
MHKPOJJIEMEHTHI (BUTAMUHBI, MUHEPAITHI | 1Ip.) [4].
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JlocToBepHO M3BECTHO, YTO HAPYLICHHSI B MUTaHUE BEJET 3a COOOii,
U3MEHEHUs! QyHKUMH M CHUCTEM OpraHu3Ma, B TOM YHCIIE U MMMYHHOH.
Tak no manasiM BO3, HeMmoJHOLEHHOE MUTAHUS SBISETCS OCHOBHOMN
NPUYMHOW MMMYHHOH HemoctaToyHOcTH [3]. [IuiieBble KOMIIOHEHTH B
palMOHE TUTAaHUS, TAKHE Kak: OEJKH, >KUPbl M YIJIEBOIBI IOMUMO
o0OecrieyeHus1  OpraHu3Ma  JHEpPruei, SBIAIOTCS  IUIACTUYECKUM
MaTepHajoM, yUyBCTBYIOT B (JOPMUPOBAHHE UMMYHHBIX KJIETOK.

Ilo mepe crapeHuUs, pUCK W TSHKECTh MH(PEKIINNA H3MEHSIIOTCS B
COOTBETCTBHH C IMMYHHOKOMIIETEHTHOCTBIO OPraHU3Ma, B 3aBUCUMOCTH
OT TOT0, KaK UMMYHHAasl CHCTEMa Pa3BHBAETCs, CO3PEBACT U OciadeBaeT.
Ha wumMmyHHYIO cuUCTeMy M ee KOMIIETEHTHOCTb BIHSIOT HECKOJBKO
¢bakTopoB, Bkirouas nuraHue. CyIiecTByeT ABYHAlpaBlCHHAs CBS3b
MEXIy NMHUTaHueM, WH(EKIner M UMMYHHTETOM: M3MEHEHHUS B OJHOM
KOMIIOHEHTE BIHSIOT Ha Jpyrue. Hampumep, pasiauyHble WMMYHHBIE
0COOEHHOCTH, IPUCYTCTBYIOILME HA KAXKIOM 3TaIl€ )KU3HU, MOTYT BIHAThH
Ha THII, PaclpOCTPAaHEHHOCTb M TSHKECTh MH(EKUUi, B TO BpeMs Kak
HeaJleKBaTHOE IMHTAaHHE MOXKET IOCTaBUTh TIOA YIPO3y HMMYHHYIO
(YHKIHUIO ¥ yBETTMYUTh PHUCK 3apaxkeHus [S].

CrapeHre HMMYHHOH CHCTEMBbl BKIIOYaeT (DyHKIHOHAJbHBIE
WU3MEHEHUS B OTJENbHBIX TOMYJISIIUSAX KIETOK, B KPOBETBOPHBIX TKaHSIX,
a TaKke M Ha CUCTEeMHOM ypoBHe. OHHM oOmMOCpeAOBaHBI (HaKTOpPaMH,
BBIpa0aThIBAEMBIMH  LIUPKYJIUPYIOIIUMH  KJIETKAMH, HHUILEBBIMH U
CHUCTEMHBIMH KieTkamH [1]. Bo3pacTHble n3MEHEHUSI B KOCTHOM MO3Te U
TUMYCE BBI3BIBAIOT CHIDKEHHE TIPOIYKIIMYA HAMBHBIX MIMMYHHBIX KJIETOK U
(GyHKIMOHAIBHBIE UMMYHOAEQHUUUTHIL. pyruM mokasareneM cTapeHHus U
CHIDKEHHST HMMMYHHOI'O CTaryca, SBJSIETCS HAKOIUIGHHE CTaperolnX
KJIETOK B TKaHiX. HekoTopple BUpYCHble HWH(EKIUH HUCTOINAIOT
a/IalITUBHbIC IMMYHHBIE KJIETKH, YTO YBEIUYMBAET PUCK ayTOMMMYHHBIX
¥ UIMMYHOAE(UIIUTHBIX COCTOSIHUHN, YTO MIPUBOAUT K OOIIEMY CHHXKEHHIO
cnenu(UIHOCTH U APPEKTUBHOCTH UMMYHHOH CHCTEMBI B TIOXHUIOM
Bo3pacte [8].

Kak npsMoii pe3ynbraT cTapeHHs, IMMYHHAs! CUCTEMa HaXOJUTCS
B TIOCTOSHHOM  CyOKJIMHHYECKOM  BOCHAJIMTEIFHOM  COCTOSHHH,
u3BecTHOM Kak «inflammaging». [Ipeamonaraercs, uro «inflammaging
ABJISIETCSL  CIEACTBHEM AaKTHBAaUUM BPOXIEHHOTO HWMMYHHTETa U
CHIDKEHHS aIalTUBHOTO UMMYHHTETa 0€3 9K30TeHHBIX CTUMYJIOB [11].

[lpu crapeHMM WMMYHHOW CHCTEMBI TPOUCXOJUT HECKOJIBKO
KITIOUEBBIX MPOIIECCOB: YMEHbIICHUE 00IIero 00bemMa KOCTHOTO MO3ra 3a
CYET €ro 3aMEHbl J>KUPOBBIMH TKAaHSMH; HapyLIeHWEe NPOLYKLIUHU
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MPEIIIECTBEHHUKOB ~ CTBOJIOBBIMM ~ KJIETKAMH KOCTHOIO MO3ra ¢
MOCIEAYIONIMM YMEHBIICHHEM KOJMYECTBA, KaK MpPeINIeCTBEHHUKOB
TUMOILIUTOB, TaK W IPEALIECTBEHHUKOB B-KJIETOK; WHBOJIOLMSA THMyca
CHIDKaeT BBIOPOC HaWBHBIX JHMM(QOLUTOB B KPOBOTOK; HCTOLICHUE
penentopoB T- u B-KJIETOK; yMEHBIIAETCS KOIMYECTBO MOTHOLEHHBIX
(GYHKINOHAIBHBIX KJIETOK HMMMYHHOM CHCTEMBI C HEOOXOOUMOI
TUTACTHYHOCTBIO  (Hampumep, T-XenmepoB); HapylLIEHHE CO3pPEBaHMUS
KIIETOK, YYaCTBYIOIIMX B TPOXYKIUH BBICOKOAKTUBHBIX AaHTHUTEIL,
HapyLCHUE CTPYKTYPbl BTOPHUYHBIX JTUM(OUIHBIX OPraHOB; HAKOIIJICHUE
WCTOIIEHHBIX JTUM(OIMTOB, HECTIOCOOHBIX Pa3MHOXKAThCS U PEarupoBaTh
Ha pa3fApaKUTENH; HAKOIUIGHHE TEPMHUHAJIBHO IU(QPEepeHINPOBAHHBIX
KIETOK aJalTHBHOTO HWMMYHHTETA W  YBEJIWYCHHE KOJWYECTBA
CTapeIoUINX KIETOK, CEKPETHPYIOIUX HECKOJIBKO MPO BOCHAIUTENBHBIX
UUTOKMHOB;  TOBBIIIEHHE  BOCHAIUTENHHOTO  (oOHA  OpraHmsMa.
Pa3BuBaercst HapyuieHue OajaHca pPEryJSIIMHM MEXIY CYIPECCOpHON
(GyHKIMEH ¥ BOCIATUTENHHON peakiiueil, Ype3MepHasi TOIIEPAHTHOCTh B
HEKOTOpBIX Tepudepruuecknx TKaHsAX. Kpome Toro, 3HaUYMTEIHHO
CHIDKaeTcs QyHKIHSI CKaBEHIKEePOB: (Paromuro3, XeMOTaKCUC K odaram
BOCIIAJIEHUS, CIIOCOOHOCTh K AETPAaHYJSIUMU B OTBET HA MH(EKINOHHbIE
CTUMYJBl M IUIACTUYHOCTh MHENOMJHBIX KJIeTOK. Bce 3Tu mpoueccs
MPUBOAAT K CHIKEHMIO aJalTHUBHOTO M BPOXKACHHOTO MMMYHHTETa B
OTBET Ha HHQEKIMM, K HapyLICHHIO CIIOCOOHOCTH KOHTPOJIHPOBATH
aMIUINTYly IMMYHHOTO OTBETa, YTO 3aMEIJIIeT OYHIICHWE TKaHEW OT
CTapeiolMX U TMOBPEXKAECHHBIX KJIETOK M IMOAJepX aHHe TKaHel
opranuzMa B (YHKIMOHAIBHOM COCTOSHUHM. UTO B LEJIOM CHHXKAeT
3¢ ¢EeKTUBHOCTE HMMYHHBIX pEaKUMHd NPOTUB WHPEKIMOHHBIX U
OHKOJIOTUYECKUX  3a00JieBaHMl, CHW)XaeT WMMYHHbIE  (DYHKIUU
opranusma [8].

benkn sBISIOTCS BaKHBIMH MAaKpOHYTPHEHTaMH JUIsl UMMYHHOH
CHUCTEMBI, TIOCKOJIbKY BKJIIOYAalOT B ce€0sl, aMHUHOKHCIOTHI CTOJIb
HEOOXOJUMEBIE Ul CHHTEe3a UMMYHHBIX OCIIKOB, BKJIFOUYasl IUTOKHHBI U
AHTHTEJa, KOTOPbIE OMOCPEeNyI0T UMMYHHbIE peakiuuu. Merabonuueckas
Jerpajanys HEKOTOPBIX aMUHOKHCIOT  (TpunTodaHa, apruHUHA)
NPUBOJIUT K 0Opa3oBaHHI0 XMMHYECKHUX CYOCTPaTOB, YYaCTBYIOIIMX B
Ounonornueckux mponeccax. Tak Merabonu3M Tpunrodana criocooCcTByeT
cuHTe3y kodaktopa HAJI+, KOTOpBIi ydacTByeT B OKHCIHUTEIHHO-
BOCCTAaHOBUTENBHBIX PEAaKIMsIX M IMEpPeHoce 3NMEeKTPOHOB. Jlerpamanms
aprMHHMHA CBs3aHA C MHIAYKLUMEH HekaHoHudeckoro mnyta NF-kB u
peryisauuell  TpPaHCKPUIIIMM TI€HOB B KOHTEKCTE  HMMMYHHOMU
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TOJICPAHTHOCTH. MeTa0onu3M apruHUHA ¥ METHOHWHA, TAKXKE MPUBOIUT
K CHHTE3y IOJIMaMHUHOB, KOTOPBIE MPEICTABILIIOT COOOM OpraHMYecKre
COCIIMHEHMsI, PETYIHMPYIOIIE NpoTudepanio KIETOK MOCPEICTBOM HX
pomu B mnoaumepxkanuu crabmibHocTn JIHK, MPHK wu kimerounsix
MeMOpaH; MTOJIMaMHIHBI CBA3aHbI C MHAYKIINEH U PETyJIsIIeld BOCAIeHUS
M paclo3HaBaHWEM I[IATOTEHOB, BIHSAS Ha CBA3BIBAHWE pEIEeNTopa C
nurannoM. Jlerpaganusi METHOHWHA TPUBOJUT K CHUHTE3y TIyTaTHOHA,
OpPTaHWYECKOTO AHTHOKCHAAHTHOTO COEIUWHEHHS, YYacTBYIOIIETO B
MPEIOTBPAIICHUT OKHCITUTENEHOTO cTpecca, peryIupoBaHUN
mutoTokcuaHocTH NK- u T-kineTok, akTHBHOCTH Makpogaros, a TaKkxKe
aKkTuBanuu T-KJIeTOK. AMUHOKHUCIIOTHI BBITIOJIHSIOT MHOXKECTBO (DYHKIIUN
B IMMYHHOW CHCTEMe, BKIIIOUasl PETYIALNNI0 aKTHUBAIMH aallTUBHBIX U
BPOXKACHHBIX HMMYHHBIX KkieTok (B- u T-kmetok, NK-knetok,
Makpodaros), npoiudepanuio JUMGPOUUTOB M BBHIPAOOTKY aHTHUTEI,
[UTOKHHOB W IUTOTOKCHYECKHX (akTtopoB [2, 6, 7, 9, 10]. Haubomee
WMMYHHOTEHHBIMH SIBIAIOTCA TenTuapl, cocrosmme w3 8§ — 10
AMHHOKHUCIIOT, YTO SIBJSICTCS ONTHMAIBHBIM JUIS 3aKpEIUICHHUS MEXIY
neneit monekynsl Major Histocompatibility Complex II kmacca.
Pacmennienne MpOTEMHOB [0 NENTHIOB, AKTUBU3UPYET HMMYHHYIO
cucteMy. 3HaYUTENbHOE BO3JICHCTBHEC Ha MMMYHHBIH CTaTyC OKa3bIBaeT
CHIW)KCHHE Oelika B pAallMOHE HUXKE OIPEICICHHON KPUTUYCCKOU
TPaHUIIBI, PA3ITMIHON IS KK0TO BAA MIIEKOTHTAONIHX [16].

benkoBo-sHepreTndyeckas ~ HEAOCTATOYHOCTh  TMPHUBOJUT K
CHW)KEHHIO  o0miero  konmyectBa  jumdoruToB.  HaOmomaercs
nmpenMyIiecTBeHHoe yMeHblienne uncina CD3+ T-numdornuToB mpm
cTabunpHOM cojepkaHnu B-mumdonuToB. YcraHoBineHo, uTo cpeaun T-
JuMGONIUTOB OEJIKOBOMY ToOJIOJaHUI0 Oonee moasepkeHbl CD4+
mumpormrer [12]. Tak ke WHrHOMpYeTCS CHHTE3 IIMTOKHMHOB T-
XeNepaMu, CHUHTE3 aHTUTENl W aHTHI'€H3aBUCHMBIX HECHEeIH(PUIECKUX
umMMmyHornoOyanHoB (Ig), 4TO 0O0yCIOBIMBAET CYNpECCHIO0 OOIIEero u
JOKaJbHOTO HWMMYHHOTO OTBETa Ha OakTepuallbHble AHTUTCHBI.
l'onoganne B TeyeHwe 7 nHEH, MPUBOAUT K CHIDKEHHIO a0COIIOTHOTO
YHUClla JICHKOIUTOB U IIMM(OIMTOB; CHIDKEHHUIO T-XENmepoB, a TaKxke
WHJIeKCa OTHOIIEHHs T-XenmepoB K IMTOTOKCHYeCKHM T-nmumdonuTam,
OTHOCHUTEIIbHOE coJiep)KaHue KOTOPBIX TTOBBIIIAETCS. B
peadMIIMTALMOHHBIA TEpUOJ] TOCIE TOJOAAHUS HMMYHOJOTHYECKHE
MoKa3aTrend W Hecrleuuuueckas pPe3UCTEHTHOCTh K  UH(EKIuu
BOCCTAaHABIIMBAIOTCS KpaifHe MejieHHo [ 16].
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HawnGonbiiee BiAWsIHME HAa UWMMYHHBIH CTaTyC, OKa3bIBaeT
CHIDKCHHE TIPOTCHHA B pAalMOHE THTaHHS HIKE OTNpEICIeHHON
KPUTUYECKOM TpaHUIIBI, KOTOpas pas3jM4Ha JUIsi Kaxaoro Buja. B
JKCIICPUMEHTaX Ha KUBOTHBIX, OBLJIO JIOKA3aHO, YTO MPH YPOBHE O€iKa B
pammmone  Hmxe 4%  cHwkaercs cumHTe3 IL-2,  ocmalmsroTes
KOOTIEPATUBHBIC B3aWMOJICHCTBUS MEXIy IUMQOIMTaMu, 3aMeIsieTcs
nponudepars KJIETOK, yYMEHBIIACTCS YHCIO aHTHTEI0-00pa3yromux
KJICTOK W ITATOTOKCHYCCKHUX JIMMGOoHTOB [14].

BmecTte ¢ TeM TmOKa3aHO, YTO 3HAYUTENHHOE YyBEIHMUYCHHE
cojepkaHusl Oelka B palHOHE TAaKXKe CONPOBOXKIACTCS HApPyIICHHAMH
UMMYHHOUM PEaKTUBHOCTH, IPOSBISIFOIIMMUCS YXYALIICHHEM ITOKa3aTeen
€CTECTBEHHOT0 MMMYHHTETA, YTHETEHUEM PEaKIUi 3aMe/IJICHHOTO THIIA.
B YaCTHOCTH, B OKCIHCPUMCHTAX YCTAHOBJICHO, YTO MaKCUMaJbHasd
aKTUBHOCTh KOMIUIEMEHTa M (DaronuTapHasi aKTUBHOCTh HaOJrOmaeTcs
opu copepkaHuM Oenka B pamuoHe wu3 pacuéra 13 — 23% mo
KaJOpUHHOCTH. Bomblliee WM MeHbIee ColepKaHue OelKka B paluoHe
MIPUBOJIUT K CHIDKECHHUIO TAHHBIX MTOKazarenei [12].

O‘-ICBI/IILHO, YTO COCTOsHHUEC HMMyHHOﬁ CHUCTEMBI BO MHOI'OM
3aBHCHUT OT KauecTBa, KOJIHMYECTBA W  CONCPXKAHUS Makpo W
MHKPO3JICMCHTOB B pallMOHC IMTUTAHHUA.

Ilenpro HACTOAIIETO WCCIEAOBAaHUSA OBbLUIO W3YyUYCHUE BIUSHHS
pAIMOHOB MUTAHUS C PA3IMYHBIM COJACpKaHHWe OeNKa Ha TyMOPAaTbHBIN
UMMYHHBIH cTaryc (koHmeHtpamuio IgA, IgM, IgG) B mnepuon
JeMUHyaluu QYyHKIUME U 001IeOnOIOTHYeCKON JIerpaiallid OpraHu3Ma,
TO €CTh B TIEPUOJ CTAPCHHUSI.

MatepuaJjbl 1 METOABI

DKCIIepUMEHT NMPOBOAMIM Ha OeNbIX JIaOOpaTOPHBIX CaAMKaX KpBIC
B Bo3pacte 24-25 wmecsueB u maccod Ttena 250-300 r. JKuBoTHBIX
CoJepKajl B BHBAPHUH B CTaHJAPTHBIX YCJIOBHUSX, CO CBOOOJTHBIM
JIOCTYTIOM K THINIE W BOJIE; TMOJIyYajdd PAalMOH MHUTAHUS C Pa3IHYHBIM
coJepKaHueM IMPOTeHHOB. beumn chopMupoBansl 5 rpymr, *XKUBOTHBIX.
IlepBasi rpynma — KOHTPOJbHAs, >KUBOTHBIE IOJy4Yald CTAaHIAPTHBINA
parion nutanus: 15-20% Oenka, 60-65% yriuesogos u 10% xupos [13].
Crnenyrone  SKCIEpUMEHTalbHBIE  TPYINNBl  MOdy4ainu  OoJblee
kosimuecTBO OenkoB. Tak, BTOpas rpymnna nonyyana: 25-30% Genka, 50-
55% yrneBomoB u 10% xupoB. ParyioH TpeThelt TpyIIbsl COCTOSIT U3: 35-
40% Genka, 40-45% yrneBojoB u 10% xupoB; yeTBepTOM rpynmsl — 45-
50% Geinka, 30-35% yraesomoB u 10% >xupoB u nsATOM rpynmsl — 55-60%
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oenka, 20-25% yrneBogos, 10% >xupoB. XKuBOTHBIE cCOAep)Kanuch Ha
COOTBETCTBYIOIIUX palioHax B TeueHune 30 qHEei.

KonmuuecTBenHoe ompeneneHrne WMMyHoOrnoOyianHoB A, M u G
(IgA, IgM, IgG) kmaccoB MpoBOIWIN HMMYHO(QEPMEHTHBIM METOAOM Ha
omoxmMuueckoM aHammzarope Stat Fax 1904 Plus (Awareness
Technology INC, CIIIA). 3a6op KpoBH Ui HMMYHO(DEPMEHTHOTO
aHaJIM3a MIPOBOAMIN METOJIOM JEKAUTALUY, B YTPEHHHUE YaChl.

CraTUCTHMUYECKUM aHalW3 MOJIYYEHHBIX JaHHBIX. IMPOBOIWIN
omnpezieieHUEM JOCTOBEPHOCTH METOJOM HENpsAMbIX pa3Hoctelt 1o E.B.
MomuueBuutore-Opunrene [15].

Pe3yabTathl n 00cy:ka1eHUs1
B pesynpTate NpoBEeAEHHOrO HCCIEAOBAaHUS YCTAHOBJIEHO, YTO
KOHIICHTpAI MMMYHOTJIOOYJITMHOB B CHIBOPOTKE KPOBU YKHBOTHBIX,
HaxoIMIIMXCA HA  paldoOHaX MUTaHUSI C  IPEUMYILECTBEHHBIM
npeoOnaganueM OeKa, UMEET CYLIECTBEHHOE Pa3iIMuhe B CPaBHEHHUE C
KOHTPOJIHOM Ipynioi (Tadir.).

Tabéauna. KonnesTpanus MMMYHOI100yJIJMHOB B CHIBOPOTKH KPOBH CTapbIX
KPpbIC IIPH PALMOHAX MUTAHMSA ¢ Pa3HBIM CoJepaKaHueM Oeka (B MI/MJ1)

I'pynmna IgA IgM IgG
[ 1,4+0,4 0,3+0,1 2.5+0.5
1 0,5+0,2 0,640,2 3,4+1,1
Il 0,3+0,1** 0,8+0,3 5,5£1,0%*
v 0,4+0,2%** 0,8+0,2 3,8+¢1,4
V 0,240, 1** 0,4+0,1 4.1+1,7
Ipumeuyanne: * — HemocToBepHas, ** — mepexomHas

YAOBJIETBOPHUTEbHAS, *** — mepexomHas xoporas, **** — qoctoBepHas.

Tak, cogepxanue IgA B CHIBOPOTKE KPOBU KPBIC COAEPKAIUXCS
Ha CTaHJAPTHOM palnuoHe NMuTaHus ObuIo Ha ypoBHE 1,4+0,4 mr/mi, y
KpbIc BTOpod rpymisl ¢ 25-30% conepkanuem Oenka B palydoHE —
0,5+0,2 mr/mi, TOra Kak B CIE€AYIOUIMX TPYIIa HOAONBITHBIX )KUBOTHBIX
HaOJII0anoch  JIOCTOBEPHO  CYLIECTBEHHOE  CHW)KEHHE  JIaHHOTO
MMMYHOTJIOOYJIMHAa, TaK B TPETheH JKCIIEPUMEHTAIBHOW Tpymme ¢
conepkanuem Oeska — 35-40% moxka3zatens IgA cocraBui 0,3+0,1 mr/mir,
a B YETBEPTOW C NPOLEHTHBIM COOTHOUIeHHeM Oenka — 45-50%, u B
naroi — 55-60%, coorBerctBeHHO — 0,4+0,2 Mr/mim u 0,2+0,1 Mr/mi.
CopepxaHne HMMMYHOTNIOOynMHa M B 3THX [SATH Tpymmax, OBUIO
cootBercTBeHHO paBHo 0,3+0,1; 0,6+0,2; 0,8+0,3; 0,8+0,2 u 0,4+0,1
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Mr/Mi.  YpoBeHb HUMMYyHOrIOOyiaMHa G B CBIBOPOTKE KPOBHU
mab0paTOPHBIX KUBOTHBIX, COJAEPKAIIMUXCS Ha CTaHJAPTHOM palllOHE
nuTanus, ObuT paBeH 2,5+0,5 mr/mu, y I rpynmer — 3,4+1,1 mr/ma, I —
5,5+1,0 mr/mm, IV — 3,8+1,4 Mr/Mau B V — 4,1+1,7 mr/mi

Takum  0o0pa3oMm, YCTaHOBIEHBI HEKOTOpPhIE OCOOEHHOCTH
COCTOSTHHUSI TYMOPAQJIbHOM WMMYHHOW CHCTEMBI B 3aBHUCHMOCTH OT
MPEUMYIIECTBEHHOTO  TmoTpeOieHuss Oenka B pamuoHe.  Tak,
3HAYUTENFHOE CHW)KEHWE KOHIIGHTPAlMd B  CBIBOPOTKE KPOBH
WMMYHOTTIOOYITMHOB Kilacca A, TOJA BIMSHUEM DPAlMOHOB IHTAaHUS C
BBICOKMM COJICpKaHHUEM Oe€lika, B OSKCICPUMCHTAJBHBIX TPyIMIax ¢
CpPaBHECHUE C KOHTPOJILHOUM TPYNIIONH: BO BTOPOW TPYIIE YMEHBIIUIOCH
Oonee yem 2,8 pas, B TpeTheii Tpymre 4,7, B 4€TBEPTON U MATOH, B 3,5 U
7,0 COOTBETCTBEHHO; CBUJICTEILCTBYET 00 BTOPUYHOM
I/IMMYHOI[C(I)I/IHI/ITHOM COCTOsIHMH, B CJICACTBUM CHMIXCHUA YCBOCHUA
Oenka B OpraHm3Me, TO €CTh, HApyIIeHHe OeTKOBOro 0OMeHa B CIIEACTBUN
JUTNTEIHHON,  TOBBIIIEHHOW  OENmKOBOW  Harpyske.  UpesmepHoe
noTpebieHue Oelka B palMoHE MUTAaHWS HE BEAET K IOBBIIIEHUIO €T0
3armacoB B opraHusMe. Tak Kak, H30bITOYHOE moOTpeOIcHHE Oenka,
HEONMAronpusATHO BIHSET Ha OOMEH BEIMIECTB, a TaKkKe Ha (QYHKIHUU
OpraHoB, TAKMX KaK ICYCHb W IIOYKH W HC IMPUBOJUT K MOBBIMICHUIO €T'0
3aMacoB B OpraHu3Me.

JlocToBepHBIX M3MEHEHWH B KOHIICHTPAIIMA NMMYHOTJIOOYJIHHOB
kimaccoB M u G, He yCTaHOBIEHO, HO HMEETCS TEHACHIUS K HuX
YBEIUYEHUIO, YTO CBWJETEIBCTBYET O BOCHAIUTEIHLHOM TIpoIiecce,
KOTOpOo€  OOYCIIOBIIEHO  HAKOIUICHHWEM  a30THUCTBIX  TPOIYKTOB,
¢dopMmupyrommmMcs B mpomecce  MeTaboim3Ma  MPOTEUHOB  MPHU
M30BITOYHOM TIOCTYIUICHWH Oenka. A Takke Ha psly HHU3KHMHU
nokazarensiMu IgA, MOXHO cynuThb O ToM, uto IgM Oepér Ha cebs
¢yskmun IgA, BeICTynas B MepBOM Py WMMYHOJIOTHYECKOW 3allUThI
opraHM3Ma OT Yy>KEpOAHbIX BemlecTB. A yBenuueHue IgG B crIBOpOTKe
KpOBHU, MOXKET OOIMOJHUTCIBHO CBUIACTCILCTBOBATH 06 TMOpaXCHUHN
TIEYEeHHU U TOYeK Ha ()OHE BEICOKOOEITKOBOW JHETHI.

BrIiBOaBI
IIpumenenue B TeueHuu 30 qHEH, pallMOHOB MUTAHUSI C BHICOKUM
conepkanue Oenka, KoTopoe Oojiee 4yeM B 2 pasa MPEBHIINIAT HOPMY
MOTpeOIeHUS MIPOTEUHOB, 0XapaKTepU30BaIOCh UMMYHHOM
HEJ0CTATOYHOCThIO, B YaCTHOCTH, ACHHUIMTOM HMMYHOIJIOOYJIHHA A.
Koropoe o0OpaszoBanoch Ha ()OHE MOBBINICHHONW OEIKOBOM Harpyske.

151



Takum oOpa3zoMm ObUIO JIOKa3aHO, YTO JUIMTEIBHOE NOTpeOJICHUE
0OJBIIOr0 KOIMYECTBA MPOTEHHOB B MHUIIEC HE BEAET K TMO3UTHUBHBIM
UMMYHOMOIyJupytonmM  3¢p¢dekraM, a BeIeT K  YIHETCHUIO
TYMOPAJIbHOTO  UMMYHHUTeTa. JlIs  ompenesieHuss  ONTHUMAaJbHOTO
KonmdecTBa Oenka, KoTopoe OymeT crmocoOcTBOBaTh 3¢ (EeKTHBHOMY
(GYHKIIMOHUPOBAHHIO AMMYHHON CUCTEMBI, HEOOXOTUMBI
JTOTIOJTHUTETBHBIC HCCIICIOBAHMS.
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Abstract. Bronchopulmonary dysplasia begins in the neonatal period and
is responsible for recurrent respiratory morbidity, chronic bronchopulmonary
diseases of the child.

The purpose of the research - evaluation of biochemical markers of
oxidative stress in children with bronchopulmonary dysplasia (BPD). A cohort
study was conducted that included 41 children with a history of preterm birth
and postnatal oxygen therapy in respiratory distress who achieved BPD. The
comparative study with preterm infants who did not perform BPD (40 infants)
identified a 4.86-fold (p<0.001) increase in total pro-oxidant activity and a
significant 62% (p<0.001) increase in malondialdehyde content in children.
With BPD, but also a 12% (p<0.001) reduction in nitric oxide.

Children with bronchopulmonary dysplasia show disorders of the redox
status by triggering oxidative/nitrosative stress, which are included in the
pathogenic mechanisms of chronic bronchopulmonary processes in children
born prematurely.

Key words. oxidative stress, bronchopulmonary dysplasia, children.

Introducere

Dupa frecventd si importantd clinica, displazia bronhopulmonara
(DBP) ocupa primul loc printre patologiile cronice pulmonare in perioada
neonatald, dar si cu procent major de agravare in timp. Nivelul 1nalt de
invalidizare a acestor pacienti, prezenta multiplelor patologii comorbide,
diverse grade de dificultate in diagnosticul si tactica de conduitd a
acestor pacienti, redau problemei studierii DBP o importantd nu numai
din punct de vedere medical, dar si social [1, 1]. La fel si stresul oxidativ
(SO) si diferite aspecte ale SO continud sa ramana un subiect de interes
pentru comunitatea stiintifica pana in prezent [2, 3].

Patologia organelor respiratorii ocupa un loc de frunte in structura
morbiditatii la copii si adolescenti, devenind astfel un pericol, ce necesita
noi tactici si conduite in profilaxie, diagnostic si tratament. Odata cu
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perfectionarea tehnicilor de ingrijire, metodelor de suport respirator
intensiv al nou-nascutilor prematuri cu masa mica si extrem de mica la
nastere, devine un imperativ al timpului de a solutiona multiplele situatii
ce duc la dezvoltarea patologiei cronice pulmonare la acest contingent de
copii [5].

Displazia bronhopulmonara este o boald care afecteaza pulmonii,
cu debut in perioada neonatald, care poate fi responsabila de morbiditate
respiratorie recurentd 1in perioada copilariei, de maladii cronice
bronhopulmonare ale copilului si adultului [6, 22]. Dezvoltarea
pulmonilor este un proces complex cu mai multe etape mofofunctionale
distincte si de lunga durata, cu debut in perioada intrauterind si continua
in primii ani de viatd. La copii prematuri, In special cei cu grad important
de prematuritate (pana la 30 saptamani de gestatie), la momentul nasterii,
pulmonii sunt la faza embriologicad de dezvoltare si se caracterizeaza prin
mai multe particularitditi — subdezvoltare morfologica, carenta de
surfactant, apdrare antioxidantd insuficientd etc., ce creeazd premise
pentru lezarea organului si afectarea altor organe si tesuturi. Printre
factorii principali care determind dezvoltarea DBP este concentratia
crescuta de oxigen in aerul inhalat si efectul ventilatiei artificiale asupra
tesutului pulmonar imatur al nou-nascutilor prematuri. Ca urmare,
excesul formelor active de oxigen in combinatie cu o deficienta a
sistemului de aparare antioxidant faciliteazd un dezechilibru in sistemul
,oxidant-antioxidant” cu instalarea excesiva a stresului oxidativ in
organismul copiilor din nasterile premature. Se cunoaste ca plamanii unui
copil prematur cu insuficienta respiratorie sunt expusi la influente
negative, cum ar fi stresul oxidativ si ventilatia mecanica [20, 21] .

Stresul oxidativ (SO) se manifestd prin diverse tulburari de
homeostazie la nivel celular si tisular: dezechilibru intre citokinele pro- si
antiinflamatorii  (inflamatie aseptica cronica sistemicd subclinica),
ischemie (disfunctie endoteliald), hipoxie (membranopatic datorata
activarii peroxidarii lipidice a membranelor celulare), tulburari ale
receptiei si perceptiei celulare (areflexia si hiporeflexia celulei),
disfunctie vegetativ-mediatoare a celulei (tulburari in metabolismul
aminelor biogene), tulburari energetice si metabolice (disfunctie
mitocondriald), tulburdri ale activitatii telomerazei cromozomilor celulari.
Cel mai cunoscut produs secundar al peroxidarii lipidelor — dialdehida
malonica (DAM), care este un biomarker al stresului oxidativ, leziunilor
membranei celulare, dar si al leziunilor oxidative ale tesuturilor si
celulelor [7, 15, 16]. DAM este o cetoaldehida care se formeaza ca
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urmare a procesului de peroxidare a acizilor grasi polinesaturati si este
frecvent folositd pentru evaluarea leziunilor cauzate de specii reactive de
oxigen (SRO), fiind si un indicator bine cunoscut al dereglarii integritatii
si permeabilitatii membranelor biologice [17, 18, 19].

Oxidul nitric (NO) si speciile reactive de azot sunt implicate in
dezvoltarea stresului nitrosativ. Multe procese fiziologice si patologice in
organism sunt influentate de oxidul nitric, inclusiv ale sistemului
cardiovascular (reglarea tonusului si structurii vasculare, efectul
antitrombotic), organelor sistemului respirator (efect bronhodilatator),
sistemului nervos (participarea la reglarea tonusului musculaturii netede
vasculare, bronhiilor si digestive), sistemului imun (reglarea inflamatiei si
protectiei imune). In concentratii mici, oxidul nitric regleaza tonusul si
structura vaselor, inhiba agregarea si adeziunea trombocitelor,
functioneazd ca antiinflamator si impiedica proliferarea si migrarea
celulelor musculare netede, se implica in reglarea proceselor de
regenerare a endoteliului vascular, precum si a chemotaxiei leucocitare si
a aderarii plachetare. Fenomenele de degradare a celulelor, apoptoza si
imbatranirea fiziologica sunt favorizate de concentratiile mari de oxid
nitric [7, 12, 14].

Scopul cercetarii a fost de a evaluat markerii biochimici ai
stresului oxidativ la copiii nascuti prematuri care au realizat displazie
bronhopulmonara.

Materiale si metode

A fost realizat un studiu de cohorta care a inclus 81 de pacienti
internati in IMSP Institutul Mamei si Copilului cu antecedente pozitive
pentru nasteri premature si oxigenoterapie postnatala in suferinta
respiratorie. Pacientii au fost cercetati dupa un protocol unic, care a inclus
examinarea complexa clinica si explorativd a copiilor nascuti prematur.
Grupurile de comparare au fost evaluate prospectiv, prin examenul clinic,
paraclinic si instrumental. Copiii au fost divizati in lotul de baza (copiii
nascuti prematur care au realizat DBP) — 41 copii (50,6%: 95%CI 39,3-
61,9) si lotul martor (copii nascuti prematur care nu au dezvoltat DBP) —
40 copii (49,4%: 95%CI 38,1-60,7). Varsta medie a copiilor cu DBP (41
copii) a fost egald cu 1,2+0,5 ani, iar a copiilor farda DBP (40 copii)
nesemnificativ. mai mare — 1,284+0,93 ani, F stat=0,048, p>0,05.
Cercetarea a fost efectuatd conform metodologiei descrise in ,,Notiuni de
baza de epidemiologie si metode de cercetare” [13].
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Determinarea dialdehidei malonice (DAM), care este un produs
final al peroxidarii lipidelor, s-a efectuat conform procedeului descris de
catre ['anmaktronosa JL.II. si coaut., in modificatia Gudumac V. si coaut.
[8]. Metoda datd se bazeazd pe determinarea spectrofotometrica a
complexului trimetinic colorat, format in urma interactiunii acidului
tiobarbituric cu DAM.

Dozarea metabolitilor oxidului nitric (NO) a fost realizata conform
procedeului descris de Merensckass B.A. si ['ymanmoBa H.I. in
modificarea Gudumac V. si coaut. [9]. Principiul acestei metode consta in
deproteinizarea materialului biologic, reducerea nitratilor in nitriti,
prelucrarea cu reactivul Griss a supernatantului si masurarea densitatii
optice a produsului reactiei. Calculul concentratiei nitritului s-a efectuat
cu ajutorul curbei de calibrare, construita in baza dilutiilor succesive ale
solutiei standard de nitrit de sodiu si a fost exprimat in pmol/L.

Baza de date a materialului de studiu a fost procesatd statistic
operand tehnici electronice de evaluare computerizatd a gradului de
relationare intre parametrii de sanatate a celor doud loturi de studiu,
utilizdnd programele Microsoft Excel, Epi Info — 3,5 si SPSS (IBM SPSS
Statistics for Windows, version 22.0).

Rezultate si discutii

Copiii cu DBP inclusi in cercetare au prezintat o respiratie dificila,
stridor, tahipnee, wheezing, tuse, batai ale aripioarelor nazale, tiraj
intercostal sau costal, participarea muschilor accesorii in actul respirator,
tegumente palide, oboseald la supt, incetinire a dezvoltarii fizice etc., iar
frecventa respiratorie fiind un parametru de evaluare clinicd de prima
intentie la copilul cu probleme bronhopulmonare. Analiza frecventei
respiratorii la copiii cu DBP 1n cadrul examenului clinic a constatat valori
de 45,54+1,6 respiratii/minut comparativ cu frecventa respiratorie a
copiilor prematuri fara DBP — 31,9+1,7 respiratii/minut, care este
semnificativ mai redusa (T stat=7,6, p<0,0001).

Rezultatele cercetarii statutului redox la copiii din studiu a pus in
evidentd o majorare excesiva a proceselor oxidative la copiii cu DBP
comparativ cu copiii din lotul martor (tabelul 1). Studiul comparativ a
identificat o crestere de 4,86 ori (p<0,001) a activitatii prooxidante totale
la copiii cu displazie bronhopulmonard comparativ cu cei fard afectare
pulmonara. Acest fenomen marcheaza o intensificare a producerii si
acumularii prooxidantilor de diferita naturd, care poate amplifica
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procesele de oxidare de speciile reactive de oxigen si speciile reactive de
azot (SRO/SRN) pana la nivel de stres oxidativ/nitrozativ.

Tabelul 1. Valorile markerilor stresului oxidativ la copiii cu displazie

bronhopulmonari
Copii fara DBP Copii cu DBP Vgrldlcltatea
Marker diferentelor
(=40 (n=41) dintre loturi
APT . .
(LWM/L) 28,42+143 | 100% | 138,15+38,9 | 486% p<0,001
NO . .
(UM/L) 64,93£3,8 | 100% 57,13+4,8 88% p<0,001
](?l?/[l\//[L) 20,42+8,2 | 100% 33,03£8,9 162% p<0,001

Nota: Variabilele sunt prezentate drept Mean = SD; APT — activitatea
prooxidanta totald; NO — oxidul nitric; DAM — dialdehida malonica.

Nivelul oxidului nitric a fost la copii prematuri din lotul cu DBP
concludent statistic diminuat (cu 12%, p<0,001) comparativ cu copiii din
lotul martor. Scaderea continutului de NO indubitabil a avut impact
negativ asupra echilibrului prooxidant/antioxidant dat fiind consumul lui
in procesele de generare a speciilor reactive de azot (peroxinitrit,
peroxinitrit protonat), care pot promova stresul nitrozativ si, in acelasi
timp, sustrag NO din procesele fiziologice de reglare a tonusului vascular
cu efecte vasodilatatoare. Modificarile nivelurilor de NO la copiii cu DBP
trebuie investigate in continuare pentru a stabili cu certitudine daca
diminuarea constatatd de noi este rezultatul consumului compusului in
caile de generare a altor specii reactive ale azotului si a exacerbarii
stresului nitrozativ cu nitrozilarea macromoleculelor, in special a
proteinelor, sau este determinatd de afectarea sintezei lui de céatre nitric
oxid sintaza, inclusiv de eNOS si iNOS.

Cercetarea noastrd a constat si deteriorarea lipidelor cu acumularea
produsului final al peroxidarii lipidelor — DAM (+62%, p<0,001). DAM
este o cetoaldehidd, marker al leziunilor cauzate de SRO la nivelul
membranelor biologice, cu efect de deteriorare a integritatii structurale si
a permeabilititii lor, deoarece se formeaza in rezultatul oxidarii
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peroxidice a acizilor grasi polienici membranari [19]. Fiind produsa in
cantitdti patologice, DAM va deteriora macromoleculele datoritd
proprietatilor aldehidelor de a interactiona rapid cu si de a se lega la
proteinele intracelulare (factorul 2 de elongare al translatiei, factorul H de
activare a complementului, protein kinaza C, etc.) si membranare.
Instalarea statutului prooxidant la copiii cu displazie bronhopulmonara, a
initiat oxidarea atipicd a lipidelor pe cale peroxidativa, ce s-a manifestat
prin cresterea semnificativd cu 62% a continutului de DAM, produsul
final al peroxidarii acizilor grasi nesaturati, preponderent din membranele
celulare.

Evaluarea sistemului redox la copiii cu displazie bronhopulmonara
din studiul nostru a constatat o amplificare a reactiilor de producere a
SRO/SRN, instalarea unui statut prooxidant si declansarea stresului
SRO/SRN, care in final determind deteriorarea biomoleculelor si
structurilor macromoleculare celulare, membrane.

Concluzii
Copiii cu displazie bronhopulmonara prezintd tulburdri ale
statutului redox prin declansarea stresului oxidativ/nitrozativ, majorarea
activitatii prooxidante, a dialdehidei malonice, care se includ in
mecanismele patogenice ale proceselor cu caracter cronic realizate 1n
sistemul bronhopulmonar al copiilor nascuti prematur.
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Abstract. This paper talks about the estimation of the functional indexes
(HR, VO2 max.) of the professional swimmers during physical effort on the cycle
ergometer. It has been determined the heart rate of the untrained youth, as well
as swimmers, during resting state. The average heart rate value over 50 seconds
of exertion increased in both groups, but it increased significantly more in
untrained young individuals compared to swimmer athletes. The maximum
oxygen capacity after 50 seconds of exertion shows higher values in swimmer
athletes. At the 5th minute of exertion on the cycle ergometer, the trend of
increasing heart rate is more evident in untrained young individuals. The
maximum oxygen capacity after 5 minutes of exertion increases in both groups,
but athletes show higher values. After 9 minutes of physical exertion, the heart
rate reaches its highest values in young individuals from both groups, but in
untrained individuals, it presents significantly higher values compared to
swimmer athletes. The maximum oxygen capacity at the 9th minute of exertion
shows significant values in swimmer athletes. This result characterizes the
remarkable adaptive capacity of the cardiorespiratory system. At the 15th minute
of exertion, lung vital capacity decrease in both groups of young individuals.

Key words. Physical effort, swimmers, the cardio-respiratory system,
heart rate, maximum oxygen consumption.

Introducere

Activitatea fizica si sportul joaca un rol semnificativ in dezvoltarea
calitatilor fizice si psihice, mentinerea sanatatii organismului, rol in
educarea persoanelor, dar si cresterea nivelului de performanta in sport.
Antrenamentele fizice regulate exercita efecte pozitive asupra
functionalitatii tuturor sistemelor de organe, indeosebi asupra sistemelor
cardiovascular si respirator [7, 8, 9].

Odata cu amplificarea efortului fizic se majoreaza si sarcina asupra
acestor sisteme de organe. Miocardul necesita un consum crescut de
oxigen, dar si nutrienti ca sursa de energie pentru a face fata efortului
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fizic propus. Rata volumetrica a alimentarii cu sdnge a organelor creste ca
rezultat al sporirii contractilitatii cordului si majorarii frecventei
respiratorii. Efortul fizic regulat determina cresterea volumului fibrelor
musculare ale miocardului, astfel sporeste forta de contractie si volumul
de sange, care este aruncat din ventricule. In consecinti necesitatea
crescuta a tesuturilor in oxigen este satisfacuta [6, 7, 8].

Capacitatea functionala a sistemului cardio-respirator determind
rezistenta organismului si abilitatea de mobilizare a rezervelor
functionale. In timpul activitatii fizice creste frecventa cardiaca, tensiunea
arteriala, volumul sistolic si minut volumul inimii, sporeste numarul
alveolelor functionale in plamani, astfel transportarea oxigenului catre
celule, tesuturi se intensifica [1, 2, 3].

Parametrii fiziologici esentiali care stabilesc capacitatea sistemului
cardio-respirator de a satisface nevoia crescutd de oxigen a organismului
in timpul activitatii fizice sunt frecventa cardiaca (FC/HR) si consumul
maxim de oxigen (VO. max.) Indicii reflectd raspunsul organismului la
efortul fizic realizat. Ritmul cardiac sau frecventa cardiaca (FC/HR)
reprezinta numarul de cicluri cardiace pe unitate de timp (minut) [1, 4,
10].

Conform literaturii de specialitate, frecventa cardiaca la persoanele
neantrenate in stare de repaus constituie 70-80 de batdi /minut, iar la
sportivi parametrul prezinta valori in jur de 60 b/min. La sportivii care se
antreneaza in probele de rezistentd frecventa cardiaca prezinta valori sub
60 b/min., ceea ce caracterizeaza starea de bradicardie sportiva. Ritmul
cardiac sub limitele normei (sub 60 b/min.) sau starea de bradicardie in
cazul sportivilor este benefica, deoarece in timpul efortului fizic creste
volumul sistolic, ventriculele elibereaza eficient sangele din cord, astfel
miocardul functioneaza mult mai econom [6, 7, 10].

Oxigenul reprezintd elementul vital sau indispensabil, datorita
caruia nutrientii patrunsi in organism se transforma in asa-numitul
,combustibil”, adicd in energie pentru realizarea tuturor proceselor in
organism. Consumul maxim de oxigen (VO max.) este cantitatea
maxima de oxigen pe care organismul o poate consuma intr-un minut.
Factorii, care influenteaza VO, max. sunt: ventilatia pulmonara, debitul
cardiac, gradul de difuziune a oxigenului prin peretii alveolari, gradul de
utilizare a oxigenului sanguin, dar si randamentul muscular. Parametrul
se masoard in mililitri pe kilogram de greutate corporala pe minut
(ml/kg/min.) si depinde sex, varsta, greutate corporala [1, 2, 3, 7].
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Din literatura de specialitate se cunoaste ca persoanele neantrenate
au valori ale VO, max. intre 25-35 ml/kg/min., iar la sportivi parametrul
prezintd valori mult mai inalte de la 40-50 ml/kg/min. si mai mult, in
functie de proba sportiva practicata [1, 3].

Tabelul 1. Testul cardio-respirator, VO2 max. (ml/kg/min.)
Foarte riu Mediu Bine Foarte bine Excelent

<25,0 25,0-33,0 34,0-42,0 | 43,0-52,0 >52,0

Notd: pentru virsta < 29 ani [1, 2, 3].

Consumul maxim de oxigen (VO max.) reprezinta indicele, care
reflectd rezistenta si nivelul de performanta a organismului in timpul
eforturilor aerobe in probele sportive ciclice [3, 5]. Proba sportiva ciclica
— 1notul, reprezinta una dintre cele mai eficiente si sdnatoase probe de
sport. in efort sunt implicati toti muschii scheletici si sistemele de organe,
care asigura parcurgerea eficientd a anumitor distante de inot [4, 5].

Din informatia expusa anterior putem stabili scopul cercetarii —
determinare frecventei cardiace si a consumului maxim de oxigen (VO2
max.) la sportivii inotatori de performanta in timpul efortului fizic realizat
pe veloergometru. In vederea realizirii scopului propus au fost marcate
urmatoarele obiective:

1. aprecierea frecventei cardiace (FC) la tinerii neantrenati (grupul
| — martor) si la sportivii inotatori (grupul II) in stare de repaus si in
timpul efortului fizic efectuat pe veloergometru;

2. aprecierea volumului maxim de oxigen (VO, max.) la tinerii
neantrenati (grupul | — martor) si la sportivii inotatori (grupul II) in stare
de repaus si in timpul efortului fizic efectuat pe veloergometru.

Materiale si metode

La cercetare au participat 6 sportivi inotatori, candidati in maestri
in sport, cu varsta cuprinsa intre 16-18 ani. A fost studiatd informatia
despre anamneza fiecarui tanar testat. Viteza de deplasare a tinerilor pe
veloergometru a fost de 10-12 km/ord, sarcina de 150-180 watt.
Parametrul fiziologic — frecventa cardiaca (FC) a fost determinata in stare
de repaus si in timpul efortului fizic realizat pe veloergometru COSMED
Bike.

Consumul maxim de oxigen (VO>) a fost estimat in stare de repaus
si in timpul efortului fizic pe veloergometru la diferite etape ale efortului
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fizic, timp de 15 minute in total. In rezultatul testirii, datele obtinute au
fost prelucrate statistic.

Rezultate si discutii
Estimarea frecventei cardiace in stare de repaus la tinerii
neantrenati prezinta valori in limita normei, in medie 70,71 £+ 2,21 b/min.
La sportivii Inotatori frecventa cardiaca prezintd valori mai joase, in
medie 57,57 + 2,63 b/min., adica s-a determinat bradicardie sportiva

(fig.1).
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Figura 1. Frecventa cardiaci la tinerii neantrenati si sportivii inotitori in
timpul efortului fizic (b/min.).

Consumul maxim de oxigen in stare de repaus la tinerii din lotul
martor atestd valoarea medie de 2,51 + 0,21 ml/kg/min., iar la sportivii
inotatori valoarea de 3,12 + 0,17 ml/kg/min. Dupa 50 secunde de efort
fizic pe veloergometru valorile frecventei cardiace cresc in ambele
grupuri de tineri testati (fig.2).

Consumul maxim de oxigen dupa 50 secunde de efort prezinta
valori mai inalte la inotatori (19,14 + 1,06 ml/kg/min.) fatd de tinerii
neantrenati (13,42 + 1,71 ml/kg/min.).

in minutul al 5-lea de efort fizic se mentine tendinta de majorare a
ritmului cardiac in ambele grupuri de tineri, dar la cei neantrenati
cresterea ritmului este mai evidenta (126,85 + 1,46 b/min.) fata de (97,57
+ 1,51 b/min.) Tnotatori.

Valorile consumului maxim de oxigen de asemenea cresc, dar la
sportivii inotatori se manifestd o crestere vaditd a parametrului testat
(29,14 + 1,34 ml/kg/min.), ceea ce caracterizeazd efectuarea efortului
fizic in regim aerob. In minutul al 9-lea de efort pe veloergometru se
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apreciaza cele mai inalte valori ale consumului maxim de oxigen in
ambele grupuri de tineri. VO, max. la sportivii inotatori prezinta valoarea
medie maxima de 50,28 = 1,91 ml/kg/min. (pragul de sus), fapt care
demonstreaza capacitati functionale si adaptive remarcabile ale sistemului
cardio-respirator, dar si a organismului integru.

VO2 max. VO2max.50 VO2max.5 VO2max.9 VO2max15
repaus sec. min. min. min.
[ ==@=Tineri neantrenati ==®=Sportivi inotitori |

Figura 2. Consumul maxim de oxigen la tinerii neantrenati si sportivii
inotatori in timpul efortului fizic efectuat pe veloergometru.

Referitor la frecventa cardiaca la tinerii din ambele loturi testate se
mentine tendinta de crestere a acestui indice, dar la cei neantrenati se
evidentiazd o crestere brusca si semnificativa (166,28 b/min.) fata de
sportivii inotatori (132 b/min.). La finele testarii, la al 15-a minut de efort
fizic valorile consumului maxim de oxigen in ambele loturi de tineri
testati diminueaza neesential, ceea ce caracterizeaza aparitia acidozei,
adica trecerea treptata la tipul anaerob de efort fizic cu acumulare de acid
lactic. Tipul de efort fizic anaerob impune corespunzitor cresterea
frecventei cardiace la tinerii neantrenati, dar si la sportivii inotatori, astfel
FC la finele testarii prezinta valorile cele mai inalte atat la tinerii
neantrenati, cat si la sportivii inotatori.

Concluzii

1. Aprecierea frecventei cardiace la tinerii neantrenati in stare de
repaus prezinta valori in limitele normei, iar la sportivii notatori prezinta
valori sub limita normei, astfel se manifestd starea de bradicardie
sportiva. Consumul maxim de oxigen in stare de repaus atestd valori de
2,51 + 0,21 ml/kg/min. la tinerii din lotul martor, iar parametrul la
sportivii inotatori prezinta valoare medie de 3,12 = 0,17 ml/kg/min. La 50
secunde de efort fizic efectuat pe veloergometru se atestid cresterea
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frecventei cardiace in ambele loturi de tineri, dar mai evidentd la cei
neantrenati. Consumul maxim de oxigen la 50 secunde de efort fizic arata
valori mai inalte la inotatori.

2.In minutul al 5-lea de efort fizic tendinta de crestere a
parametrilor functionali se mentine in ambele grupuri. La sportivi se
manifestd o crestere neesentiala a frecventei cardiace 97,57 + 1,51 b/min.
fata de 126,85 + 1,46 b/min. la tinerii din lotul martor, dar o majorare
semnificativd a consumului maxim de oxigen 29,14 + 1,34 ml/kg/min.
fata de 19,14 + 1,06 ml/kg/min. la tinerii neantrenati. Astfel, putem
conchide, cad efortul fizic este efectuat In regim aerob cu implicarea
avansata a sistemului cardio-respirator, a organelor hematopoietice, dar si
a musculaturii scheletice.

3. La al 9-lea minut de efort fizic se manifesta cea mai mare
crestere a VO, max. la tinerii din ambele grupuri, doar ca la sportivii
inotatori prezintd valoarea medie de 50,28 + 1,91 ml/kg/min. fatd de
tinerii neantrenati (33,00 + 2,44 ml/kg/min.). Rezultatele se incadreaza in
zona foarte buna de realizare a efortului fizic (tabelul 1.), astfel putem
concluziona ca sportivii inotatori detin o rezerva functionald inalta si 0
capacitate de adaptare semnificativa a sistemului cardio-respirator, dar si
a intregului organism. Frecventa cardiacd la tinerii din lotul martor
prezintd valori mult mai inalte (166,28 + 3,19 b/min.) fata de sportivii
inotatori (132,00 + 1,91 b/min.), fapt explicat prin majorarea cantitatii de
oxigen furnizata catre tesuturi pe baza cresterii frecventei cardiace la
tinerii neantrenati.

4. La finele testarii (minutul al 15-lea de efort fizic) se apreciaza
descresterea neesentiala a consumului maxim de oxigen in ambele loturi
de tineri testati. Acest fapt demonstreaza aparitia acidozei, adica trecerea
treptata la tipul anaerob de efort fizic cu acumulare de acid lactic. Tipul
de efort fizic anaerob impune corespunzator cresterea frecventei cardiace
din cauza diminudrii continutului de oxigen furnizat catre tesuturi, atat la
tinerii neantrenati 176,14 + 1,57 b/min., cat si la sportivii inotatori 142,42
+ 2,63 b/min.
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EVALUAREA NIVELULUI DE ACID LACTIC SI A
GLUCOZEI iN ORGANISMUL SPORTIVILOR
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Abstract. The biochemical tests that have been done, are important and
aim to estimate the effectiveness of the effort level in swimming. Also, they tend
to determine the ability of the body to respond through specific mechanisms of
mobilization and adaptation to the proposed physical effort. This paper talks
about the importance estimating the level of lactic acid and glucose in the body
of swimming athletes at rest, but also during swimming effort at different
distances.

Assessment of the biochemical parameter — lactic acid at rest shows the
norm, only in one athlete was the increased value of this index appreciated. The
blood glucose level shows average values within the normal range. After
completing the 100-meter, 1000-meter swim, glucose levels decreased non-
essentially and blood lactic acid levels increased in all tested athletes.
Assessment of biochemical parameters at the distance of 1500 meters shows
changes in the sense of non-essential increase of glucose and non-essential
decrease of lactic acid, which highlights high capacities of endurance and
adaptation to effort.

Key words. Lactic acid, glucose, swimmers, swimming training, physical
effort.

Introducere

Actualmente, activitatea fizica si sportul joacd un rol semnificativ
in dezvoltarea calitdtilor fizice si intelectuale ale indivizilor, rol in
educarea acestora ca personalititi, promovarea modului sandtos de viata
si cresterea nivelului de performanta in sport. Antrenamentul in orice
probd de sport trebuie sd aibd ca obiectiv pregatirea multilaterald a
organismului, pe baza careia se formeaza si se imbunatatesc acele calitti,
care sunt de importanta primordiala intr-o anumita proba de sport [5, 4,
17].

Inotul, ca proba de sport care se realizeazi in 2 medii este unul
dintre cele mai eficiente si sanatoase sporturi, o forma ideala de exercitiu
muscular, care include in efort toatd musculatura scheletica, dar si

169


mailto:deleu.i@mail.ru

sistemele de organe, care asigura parcurgerea eficienta a distantei propuse
[6, 8, 10, 11]. De rand cu caracteristicele morfologice, fiziologice si
psihologice, un rol semnificativ in formarea tipului de inotator le revine
capacitatilor energetice ale organismului, care determind dezvoltarea
calitatilor fizice de baza, in special rezistenta [8, 10, 11].

Rezistenta se bazeaza pe proprietatile organismului de a preveni si
distanta instalarea oboselii. Aceasta calitate fizica se formeaza ca urmare
a modificarilor fiziologice si biochimice la nivelul musculaturii
scheletice, a tesuturilor si organelor care sunt implicate in asigurarea
activitatii musculare.

Din datele expuse in literatura de specialitate, In organismul uman
substanta chimica inaltenergetica — adenozintrifosfatul (ATP) este sursa
universali de energie. In timpul contractiei musculare ATP — ul se
descompune péna la adenozindifosfat (ADP) si in acest moment are loc
eliberarea energiei, care se utilizeaza de catre organism, indeosebi de
catre muschii functionali. Rezervele de ATP epuizate trebuie reinnoite
imediat, altfel muschii pierd capacitatea de a se contracta. [5, 12, 14, 18].

Resinteza ATP-ului se realizeaza prin procese anaerobe si aerobe,
astfel organismul recupereaza potentialul energetic folosind 3 sisteme:

v’ sistemul anaerob alactacid sau sistemul fosfat - reprezintd un
sistem de obtinere a energiei fara necesitate de oxigen si intra in
actiune atunci cand se evidentiaza o crestere spontana a cererii de
energie. Acest sistem se bazeazd pe sursa energetica —
creatinfosfat (CP) si reprezinta cel mai rapid mod de producere a
energiei. Sistemul fosfat este eficient doar pentru perioade scurte
de efort, sursa energetica se finiseaza foarte repede timp de 10 -
15 secunde, mai intai se folosesc depozitele ATP din muschii
scheletici (2 - 5 secunde), apoi se consuma creatinfosfatul (CP)
pentru resinteza ATP timp de 8 - 10 secunde. Imediat dupa
epuizarea surselor energetice (ATP, CP) organismul dobandeste
energie pe calea anaeroba glicolitica sau aeroba pentru a prelungi
formarea ATP-ului [ 1, 18].

v' sistemul anaerob lactacid sau glicoliza anaeroba este cunoscut si
sub denumirea de sistem lactic. In rezultatul trecerii la sistemul
lactacid din carbohidrati se produce ATP, iar substanta
intermediara care se formeaza este acidul lactic. Reactia
mecanismului glicolitic este urmétoarea:

Glucoza + ADP - acid lactic + ATP
Sursa: I1. Ancen 2012, p. 12 [2, 3, 18].
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Sistemul lactacid produce destul ATP pentru a sustine efortul fizic
timp de 1 - 5 minute. Glucoza este descompusa pana la ATP si hidrogen,
care sta la baza aparitiei acidului lactic. Reactiile biochimice in procesele
de glicoliza anaeroba deruleaza cu formarea acidului piruvic, care ulterior
se transforma 1n acid lactic. Transformarea acidului piruvic 1n acid lactic
are loc cu degajare de energie. Din cauza lipsei de oxigen, acidul lactic
care se obtine nu se neutralizeazd complet, dar se acumuleaza in muschi
si in rezultatul acidozei crescute se resimt dureri la nivelul musculaturii
scheletice. Cresterea concentratiei de acid lactic in singe induce oboseala
si deci la pierderea din intensitate a efortului fizic. Sportivul, care este in
stare sa spatieze sau sa distanteze momentul acidozei este mai pregatit
fizic si mai rezistent [7, 8, 11, 12, 13, 14, 18].

Se cunoaste faptul, cd glicoliza anaeroba este specifica si
preponderentd efortului muscular brusc sau intens;

v’ sistemul aerob poate utiliza carbohidratii si grasimile pentru a
produce energie. Glicoliza aerobd decurge cu degradarea
completda a glucozei si ca rezultat se formeaza apa, bioxidul de
carbon si se elibereaza o cantitate mare de energie. Sistemul
aerob se realizeaza strict in prezenta oxigenului, este foarte
eficient in eforturi muscular de intensitate joasa sau medie si de 0
durata de timp mai lunga.

Deci, descompunerea carbohidratilor (glicoliza) are loc in doua
etape succesive:
Prima etapa:
v Glucoza + ADP — acid lactic + ATP (se desfasoara in lipsa
oxigenului)
Etapa a doua:
Acid lactic + oxigen + ADP — dioxid de carbon + ATP + apa
(se desfasoara cu participarea oxigenului).
Sursa: I1. Ancen, 2012

Sistemele de aprovizionare a organismului cu energie functioneaza
simultan, dar la intensitdti diferite. Cauzele care determind nivelul de
utilizare al acestora sunt "combustibilii" pe care 1i are organismul la
dispozitie si conditia fizica a sportivului [18].

Pe baza informatiei expuse mai sus scopul cercetarii este de a
estima nivelul acidului lactic si a glucozei in organismul sportivilor
inotatori de inaltd calificare atdt in stare de repaus, cat si in timpul
efectudrii efortului de inot la distantd de 100 m, 1000 m, 1500 m. Pentru
realizarea scopului au fost stabilite urmatoarele sarcini:
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e determinarea nivelului de acid lactic si a glucozei in organismul
sportivilor inotatori in stare de repaus;

e aprecierea parametrilor biochimici in organismul sportivilor
dupa traversarea distantei de inot de 100 metri;

e aprecierea acidului lactic si a glucozei in sdnge dupd 1000 metri
de inot;

e estimarea acidului lactic si a glucozei in sdnge dupa 1500 metri
de inot.

Materiale si metode

La cercetare au participat 7 sportivi inotatori, candidati in maestri
in sport, cu varsta cuprinsi intre 15 — 18 ani. In procesul de acumulare a
datelor a fost studiatd informatia despre anamneza fiecarui sportiv.
Efortul de inot a fost realizat in regim anaerob - aerob. Pentru
determinarea indicilor biochimici au fost colectate probele de sange, atat
in repaus, cat si in timpul efortului de Tnot. Nivelul acidului lactic in
sange la sportivi a fost determinat cu ajutorul aparatului Lactate
SCOUT". Rezultatele obtinute sunt indicate pe ecranul Lactate SCOUT"-
ului In mmol/l. Nivelul glucozei in sdnge a fost determinat cu ajutorul
glucometrului MAJOR 1II, in mmol/l. Prelucrarea statistica s-a realizat
conform criteriului t-Student.

Rezultate si discutii

Pentru cercetare au fost selectati parametri, care pot reflecta
evident starea functionald a sportivilor inotétori. Acidul lactic reprezinta
un produs secundar, care se formeaza in timpul efortului fizic din cauza
lipsei de oxigen. Norma de acid lactic 1n sange, in stare de repaus este de
1,0 — 1,5 mmol/I (pana la 2,0 mmol/l).

Aprecierea nivelului de acid lactic la sportivii inotatori in stare de
repaus, in medie arata 2,12 + 0,46 mmol/l. La un sportiv nivelul acidului
lactic in repaus este putin peste norma (3,7 mmol/l), ceea ce
demonstreaza ca organismul nu s-a recuperat total dupa efort, astfel nu
este pregatit pentru a incepe un alt efort fizic (tab.1).

In urma parcurgerii distantei de 100 metri nivelul acidului lactic a
crescut evident, in mediu pana la 9,04 + 0,73 mmol/l. Dupa traversarea
distantei de inot de 1000 metri tendinta de crestere a parametrului
biochimic se pastreazd si prezinta valoarea medie de 13,42 + 0,47
mmol/l, ceea ce indica faptul, ca efortul fizic s-a realizat la intensitate
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inaltd, in regim anaerob lactacid, cu acumulare semnificativa de acid

lactic 1n sange.

Tabelul 1. Nivelul acidului lactic si a glucozei in organismul sportivilor

(mmol/l)
Nr. Nivelul acidului lactic si a glucozei in organismul sportivilor in
ord. stare de repaus si in timpul efortului de inot la diferite distante
1. acidul lactic acidul lactic, acidul lactic, acidul lactic,
in repaus 100 m de inot 1000 m de inot 1500 m
2,12+ 0,46 9,04 + 0,73 13,42 + 0,47 7,54 = 0,51
2. glucoza in glucoza, 100m glucoza, 1000 m glucoza,
repaus de inot de inot 1500 m de
inot
5,24 +£0,17 4,9 +£0,16 4,5+0,15 4,98 + 0,09

In urma parcurgerii distantei de inot de 1500 metri nivelul acidului
lactic descreste esential la toti sportivii inotatori, in medie pana la 7,54 +
rezervelor functionale ale organismului. Aprovizionarea organismului cu
oxigen cauzeaza trecerea la un alt sistem de furnizare a energiei, cel
aerob. Acidul lactic acumulat se utilizeaza mai departe ca sursa de sinteza
a energiei. Deci, diminuarea acidozei induce majorarea pH-ului sangvin,
astfel, creste anduranta si posibilitatea de adaptare la efortul de inot.

Glucoza — reprezintd parametru biochimic important care sustine
activitatea celulara si este combustibilul principal al musculaturii in
timpul efortului fizic. Limitele normei a acestui indice biochimic in stare
de repaus variaza intre 3,5-5,5 mmol/l, norma se mentine datorita
mecanismelor de reglare a glucozei in sange.

Aprecierea nivelului de glucoza la sportivii inotitori in stare de
repaus, in medie aratd norma, si anume 5,24 £ 0,17 mmol/lL. in urma
parcurgerii distantei de 100 m s-a evidentiat sciderea nivelului de
glucoza pana la 4,9 + 0,16 mmol/l, deci glucoza a fost utilizata ca sursa
de energie pentru efectuarea efortului de inot. Traversarea distantei de
1000 m continud cu scaderea nivelului de glucoza, in medie pana la 4,5 +
0,15 mmol/l (fig.2).
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Figura 1. Nivelul acidului lactic si a glucozei in organismul sportivilor
inotitori in repaus si in timpul parcurgerii traseului de inot.
Nota: AL — acid lactic; GI. — glucoza.

Testarea finald a glucozei (dupa parcurgerea distantei de 1500 m)
indica o crestere semnificativa a acestui parametru (in mediu 4,98 + 0,09
mmol/l). In opinia noastra, rezultatul poate fi explicat prin faptul, ci din
cauza scaderii nivelului de glucoza in sange (100 m , 1000 m), se secreta
glucagonul — hormon pancreatic, care stimuleaza ficatul si muschii
scheletici sa transforme rezervele sale de glicogen 1n glucoza
(glicogenoliza), care este eliberatd imediat in sange. Astfel, nivelul
glucozei la sportivi in ultima etapd a testarii (1500 m) prezintd valori
ridicate fata de testarile anterioare.

Concluzii

1. Nivelul de acid lactic la sportivii inotatori in stare de repaus
prezintd valoare medie putin peste limitele normei (2,12 £ 0,46 mmol/l).
In urma parcurgerii distantei de inot de 100 m, 1000 m valorile indicelui
biochimic creste semnificativ la toti sportivii inotatori, motivul fiind
realizarea efortului fizic la intensitate inalta, in regim anaerob lactacid (in
lipsd de oxigen), cu acumulare relevantd (13,42 + 0,47 mmol/l) de acid
lactic 1n sange.

2. Estimarea finala a acidului lactic (1500 m) indica descresterea
esentiala a indicelui la toti sportivii Tnotatori, iIn medie pana la 7,54 = 0,51
mmol/l. Rezultatul obtinut semnifica capacitati inalte de mobilizare a
rezervelor functionale ale organismului. Acidul lactic acumulat anterior
se utilizeazd mai departe ca sursd de sintezd a energiei. Diminuarea
acidozei induce majorarea pH-ului sangvin, astfel, creste rezistenta si
posibilitatea de adaptare la efortul fizic realizat.
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3. Nivelul de glucoza in stare de repaus prezintd norma (5,24 +
0,17 mmol/l). Traversarea distantei de inot de 100 m, 1000 m se
realizeaza cu utilizarea glucozei ca sursd de energie, astfel glucoza in
sange scade 4,9 = 0,16 / 4,5 = 0,15 mmol/l. Testarea finala (1500 m) a
glucozei indica cresterea acestui indice la toti sportivii inotatori, fapt care
poate fi caracterizat prin secretia avansatd a hormonului pancreatic —
glucagon. Hormonul, stimuleazd ficatul si muschii scheletici sa
transforme rezervele sale de glicogen in glucoza cu eliberare imediata in
sange.

4. Testarile biochimice realizate sunt importante si au scopul de a
estima eficacitatea realizarii efortului de inot, precum si posibilitatea
organismului de a raspunde prin mecanisme specifice de mobilizare si
adaptare la efortul fizic propus. Durata si intensitatea efortului fizic
determina calea de resinteza a ATP -ului.
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Abstract. [n prezent, existd 0 crestere pe scard largd a interesului pentru
microflora intestinala si impactul acesteia asupra sandatatii si bolilor umane.
Acest articol prezinta sinteza narativa privind interrelatia dintre microbiomul
intestinal si sandtatea reproductiva. Sunt studiate atdr patologiile sistemului de
reproducere feminin asociate cu dishioza intestinala, cdt si relatia dintre
microbiota intestinala si functia de reproducere a barbatilor. Cercetarile
viitoare ar trebui sa se orienteze pe identificarea mecanismelor moleculare care
stau la baza relagiei cauzale dintre microbiota intestinala si sdandtatea
reproducerii.

Cuvinte-cheie. sandatatea reproductivd, microbiota intestinald, disbioza
intestinald, mecanisme moleculare.

The human intestinal microflora is an integral part of the human
body and performs numerous vital functions. The total number of
microorganisms inhabiting various parts of the macroorganism is
approximately two orders of magnitude greater than the number of its
own cells, amounting to about 10'#-10'°. The highest concentration of
microorganisms is found in the gastrointestinal tract (GIT), including the
oropharynx (75-78%), while the rest inhabit the urogenital tract (up to 2-
3% in men and up to 9-12% in women) and the skin. In healthy
individuals, the intestine contains more than 500 species of
microorganisms. The total mass of the intestinal microflora ranges from 1
to 3 kilograms [32].

Currently, there is a widespread increase in interest in the intestinal
microflora and its impact on human health and disease. Data has emerged
indicating a connection between the gut microbiota and diseases not only
of the gastrointestinal tract [31; 37], but also of the cardiovascular system
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[39], obesity [26], diabetes mellitus [33], malignant neoplasms [38],
allergic [34] and immune pathologies [36; 9].

The "epidemic"” of reproductive pathologies and the increase in the
prevalence of intestinal dysbiosis have triggered the study of the
relationship between these phenomena. This article is dedicated to the
systematization of information regarding this issue.

A literature review has shown that changes in the number of
certain types of microorganisms in a specific biotope or the detection of
species not characteristic of a given habitat serve as signals for adaptive
or irreversible changes in the corresponding link of the microecological
system. It is known that these changes can be interrelated and occur
simultaneously in several biotopes. In this regard, the study of intestinal
and vaginal microbiota as indicators of women's reproductive health
deserves special attention today. Several recent studies have identified a
correlation between microbial communities present during pregnancy and
pregnancy complications. Both vaginal and intestinal microbiota
contribute to the transmission of bifidobacteria from mother to child, and
establishing the fact that vaginal and intestinal bacteria represent the
same population is an important step for future research on maternal and
newborn health [35].

It is known that the intestinal microbiome influences hormone
levels in the host organism, including estrogen levels in women [10]. The
intestinal microbiota primarily regulates estrogen levels by secreting -
glucuronidase (gmGUS), an enzyme that converts conjugated estrogen
into deconjugated estrogen in the gastrointestinal tract, facilitating its
binding to estrogen receptors. Another mechanism by which the intestinal
microbiome can influence sex steroid hormone levels in women is the
production of short-chain fatty acids (SCFASs). SCFAs are the main by-
products of bacterial anaerobic fermentation of dietary fibers in the
intestine. Acetate, propionate, and butyrate are SCFAs that play a role in
this process. Research indicates that women with polycystic ovary
syndrome (PCOS) exhibit distinct intestinal microbiota profiles compared
to age-matched healthy controls. The abundance of microorganisms from
the genera Ruminococcaceae UCG-002 and Clostridiales XI11 AD3011
correlated with markers associated with PCOS, such as cystic ovarian
morphology and higher testosterone levels. Moreover, patients with
PCOS and prediabetes had significantly lower alpha diversity (Shannon
index) and higher content of the genera Dorea and Bacteroides
(Ruminococcus torques group and Lachnospiraceae UCG-004) compared

178



to patients with PCOS with normal glucose tolerance [18]. It has been
reported that the number of bacteria producing gamma-aminobutyric
acid, including Parabacteroides distasonis and Bacteroides fragilis, was
increased in patients with PCOS, while Escherichia coli showed a
positive correlation with serum luteinizing hormone (LH) levels and the
LH/follicle-stimulating hormone (FSH) ratio [16]. Finally, Qi et al.
(2021) found that the level of Bacteroides vulgatus was elevated in the
intestinal microbiota of people with PCOS [20].

Recent data suggest that endometriosis is associated with dysbiosis
of intestinal microorganisms, although findings from different studies
vary widely. For example, one study found that patients with stage three
or four (moderate to severe) endometriosis had more microorganisms
from the genera Shigella and Escherichia in their colon microbiota than
healthy participants [3]. Conversely, another study found no differences
between the intestinal microbiomes of patients with endometriosis and a
healthy control group during the proliferative and secretory phases of the
menstrual cycle [19]. However, this study did not specify the stages of
endometriosis. A larger study conducted on human stool samples showed
that both alpha diversity (microbial diversity within a single sample) and
beta diversity (a measure of similarity or dissimilarity between two
communities), as well as the Firmicutes to Bacteroidetes ratio, were
higher in the stool samples of control groups (n=198) than in those of
patients with endometriosis [25]. The study by Svensson et al. (2021) also
reported significant differences in 12 bacteria belonging to the classes
Bacilli, Bacteroidia, Clostridia, Coriobacteriia, and
Gammaproteobacteria between stool samples from patients with
endometriosis (n=66) and those from a similar healthy control group
(n=198). Two bacteria from the class Bacteroidia (Bacteroides and
Parabacteroides) and two from the class Clostridia (Oscillospira and
Coprococcus) were found in higher quantities in patients with
endometriosis, whereas two species of bacteria from the class Bacteroidia
(Paraprevotella and one unidentified) and the class Clostridia
(Lachnospira and one unidentified) were found in lower quantities in the
stool samples of patients with endometriosis. This study appears to
contradict another study in which patients with stage three or four
endometriosis had lower alpha diversity of gut microbiota and a higher
Firmicutes to Bacteroidetes ratio than healthy control groups [21].

Microbiological studies of the intestinal microflora in healthy
women and those with chronic endometritis have shown that the number
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of representatives of the normal microflora — lactobacilli and
bifidobacteria — is significantly reduced in patients with chronic
endometritis: by 81.1% and 64.2%, respectively. Alongside the reduction
in bifidobacteria (the average value corresponding to 10* CFU/mL with
reference values of 10910 CFU/mL), there was a decrease in
Fusobacterium and Peptostreptococcus, and an increase in the growth of
Clostridium and Candida albicans. Fungal flora of more than 10°
CFU/mL was present in 13.7% of observations (p<0.001). Only 39.6% of
patients with chronic endometritis had sufficient E. coli of the typical
type in their intestines (reference values — 107-108 CFU/g), compared to
51.5% of practically healthy women [30]. The differences in the results of
these studies indicate the need for larger-scale studies evaluating potential
factors that may influence the development (e.g., stage of endometriosis,
age, race/ethnicity, other health conditions, medications, and diet).

Wang Z. et al. (2019) found that the microbial composition of the
intestine differed significantly between stool samples from patients with
cervical cancer and those from a healthy control group. Specifically,
cancer patients had more Bacteroides and fewer Firmicutes than the
healthy controls [27]. Another study showed that Prevotella,
Porphyromonas, and Dialister were significantly more prevalent, while
Bacteroides, Alistipes, and Lachnospiraceae were less prevalent in the
intestinal microbiomes of patients with cervical cancer compared to those
of a similar healthy control group [24]. Similarly, Kang GU reported that
Prevotella was more abundant in stool samples from patients with early-
stage cervical cancer than in those from healthy controls [13]. The
intestinal microbiota composition of patients with ovarian cancer was
also studied, revealing that patients with primary platinum-resistant
disease had lower phylogenetic diversity than those who were platinum-
sensitive [12].

Although the exact mechanism remains unclear, it is certain that
the intestinal microbiota is closely associated with tryptophan and
serotonin (5-HT) metabolism. 5-HT is present in the midpiece of human
spermatozoa [11]. 5-HT can activate transmembrane adenylyl cyclase
(tmAC) and open membrane Ca?* channels (CatSper), leading to Ca%
influx and activation of protein kinase A (PKA), which is involved in
regulating tyrosine phosphorylation and Ser/Thr protein phosphorylation
in sperm. This, in turn, leads to improved sperm quality [4; 14]. Studies
are needed to determine whether 5-HT secreted by the intestinal
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microbiota can penetrate the testes through the bloodstream and play a
direct role in spermatogenesis [23].

Studies have shown that intestinal microbiota can alter the content
and proportion of polyunsaturated fatty acids (PUFASs) [2], one of the
important biological effects of which is to enhance sperm activity [5]. For
example, Bacillus proteus and Lactobacillus plantarum reduce PUFA
levels in the intestine by converting linoleic acid (LA) to stearic acid.
Additionally, intestinal bacteria can regulate the accumulation of lipid
droplets [6], affecting the absorption of PUFAs, which influence sperm
membrane stability, sperm motility, acrosome reaction, and sex hormone
synthesis, as well as enhance the anti-inflammatory and antioxidant
capabilities of testicular cells [7]. Intestinal microbiota and its metabolites
can promote glycolysis to maintain sperm energy supply and improve
sperm motility. For instance, leucine supplementation can enhance the
average sperm bending speed [17]. 5-HT can lower circulating melatonin
levels [15], which plays an important role in male reproduction, including
promoting lactate production by Sertoli cells by activating certain
glycolysis-related enzymes and increasing sperm energy supply.
Additionally, Bacteroides, Streptococcaceae, and Akkermansia are
believed to improve energy supply to spermatid cells by enhancing
glycolysis [29]. When intestinal barrier permeability changes,
microorganism-associated molecular structures such as lipoproteins and
peptidoglycans can enter the bloodstream, reach the testes through the
testicular artery, and bind to receptors on the cell membrane of testicular
cells, ultimately causing cellular oxidative stress, local inflammation, and
disruption of testicular structure.

There is cross-talk between the intestinal microbiota and the
endocrine system. The abundance of Adlercreutzia, Ruminococcus,
Dorea, Clostridium, and Parabacteroides is significantly correlated with
testosterone levels [28]. The numbers of Acinetobacter, Dorea,
Ruminococcus, Megamonas, and Lactobacillus are also notably
associated with testosterone levels [22; 1]. A study has shown that
Lactobacillus and Bifidobacterium improve sexual behavior by enhancing
the activity of the dopaminergic system [8].

The presented data convincingly demonstrate that disruptions in
the intestinal microbiome are associated with several diseases of the
female reproductive tract, commonly including endometriosis, PCOS,
gynecological cancers, and infertility. It is also undeniable that the
intestinal microbiota, by influencing levels of tryptophan, serotonin,
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melatonin, LPS, and PUFAs, can affect male reproductive function.
However, there is a significant gap in knowledge regarding the
mechanisms through which specific bacterial species or groups of species
can influence reproductive system function. Collectively, the
aforementioned studies have shown that reproductive health is linked to
changes in the intestinal microbiome, but causal relationships have not
been established. While much remains to be discovered, the existing data
suggest that the influence of the intestinal microbiome is a lever for
impacting human reproductive health.
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Abstract. Two major variables in the series of breathing pattern (BP)
parameters, rate and tidal volume, most influence heart rate variability (HRV),
they can serve as predictors of the change in the sympathovagal balance in the
low-frequency breathing pattern. We used the standardized values, obtained as a
result of the descriptive analysis, of the BP parameters and the LF/HF ratio as
one of the indices of the frequency domain of HRV, recorded in two respiratory
pattern models - the resting breathing pattern and the low-frequency respiratory
pattern pattern and the equal duration of inspiration and expiration, namely 5 s.
We used the Backward method to establish predictors extracted from the BP
parameters recorded in the two breathing patterns in order to quantify the role
of each of the BP parameters in predicting the sympathovagal balance expressed
by the LF/HF ratio of the HRV when the BP changes. The obtained results allow
us to state that in the series of BP parameters recorded during resting and paced
breathing, several factors can be extracted as factors that modulate the
sympathovagal balance, and as predictors only the breathing frequency and
respiratory minute volume remain, as they can improve autonomic balance at
the expense of increased parasympathetic dominance.

Key words. Breathing pattern, heart rate variability, sympathovagal
balance.

Introducere

Cordul are ca scop mentinerea debitului cardiac in conformitate cu
cerintele si schimbarile homeostatice momentane prin ajustarea frecventei
contractiei. Aceasta abilitate este numita variabilitatea ritmului cardiac
(VRC) ce se caracterizeaza printr-0 fluctuatie a intervalului RR in ms pe
ECG. Valori inalte a VRC sunt caracteristice unei persoane sandtoase din
punct de vedere fizic, social, mintal si spiritual. O mentinere la valori
inalte a VRC este semnificativa pentru pacienti cardiaci deoarece se
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prezinta ca un indice a prognosticului favorabil si al calitatii tratamentului
[1,6,7].

Echilibrul dintre sistemul simpatic si parasimpatic moduleaza
frecventa cardiaca, si aceastd relatie neurocardiaca reflectd interactiunea
intre inima si creier si poate fi masurata prin VRC [4]. VRC este folosita
de catre clinicieni si cercetatori pentru a masura controlul autonom al
inimii si este un concept in curs de dezvoltare ce reflectd tratamentul
medical, iar datele privind factorii care influenteaza VRC sunt foarte
controverse [2, 3]. In literatura de specialitate exista multe studii privind
influenta factorilor individuali asupra VRC ca factorii fiziologici,
patologici, neuropsihologici, si factorii de mediu. Studiile care au ca scop
stabilirea factorilor care pot imbunatati VRC pot facilita prestatorii de
asistenta medicala sa elaboreze strategii pentru a sprijini grupul de risc cu
VRC scazuta [9, 11]. Cresterea VRC este legatda de activarea sistemului
parasimpatic, iar stabilirea factorilor care imbunatitesc VRC este
obiectivul principal 1n identificarea predictorilor pozitivi ai VRC.

Din datele controversate, existente in literatura de specialitate, care
investigheaza efectul respiratiei profunde asupra diferitor variabile
autonome, rezulta ca o respiratie profunda si rapida induce un efect diferit
asupra ritmului cardiac comparativ cu o respiratie profunda si lenta [5, 8].
De asemenea, activitatea autonoma este influentatd de pauze respiratorii
intre expiratie si inspiratie si pauze postinspiratorii [10]. Este acceptat
totalmente, ca din toti parametrii pattern-ului respirator, doua variabile
majore, frecventa si volumul curent, influenteaza cel mai mult VRC.
Scopul acestui studiu este de a evidentia parametrii PR care pot servi ca
predictori ai modificarii echilibrului simpatovagal in pattern-ul de
respiratie cu frecventa joasa.

Materiale si metode

Actualul studiu a avut ca scop crearea modelelor predictive,
folosind datele obtinute in urma analizei descriptive din cadrul studiului
efectuat pentru realizarea tezei de doctor in cadrul Catedrei de fiziologie a
omului si biofizica ce vizeaza valorile parametrilor pattern-ului respirator
si VRC 1n diferite modele de pattern respirator.

In cadrul studiului dat vom prezenta datele inregistrate doar in 2
modele de pattern respirator, modelul respiratiei de repaus si modelul de
pattern respirator cu frecventa joasa (6 respiratii pe minut) si durata egala
a inspiratiei si expiratiei, si anume 5 s.
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Valorile standardizate ai parametrilor pattern-ului respirator,
inclusi in studiu, ca volumul curent (Vt), timpul de inspiratie (Ti), timpul
de expiratie (Te), timpul total al ciclului respirator (Tt), raportul dintre
durata inspiratiei si durata intregului ciclu respirator (Ti/Tt), raportul
volumului curent la durata inspiratiei (Vt/Ti), minut-volumul respirator
(MVR), au fost. stabilite cu ajutorul analizei descriptive. Acesti
parametri, considerati in continuare ca factori ce pot cuantifica echilibru
simpatovagal, ne vor permite crearea modelelor predictive si selectarea
celor parametri care au valoare predictiva pentru modificarea raportului
LF/HF.

Valorile standardizate ale raportului LF/HF ca unul din indicii
domeniului de frecventa al VRC, larg utilizat pentru aprecierea
echilibrului simpatic-vagal intre cele doud ramuri ale SNV, la fel a fost
inregistrat in aceleasi doud modele de respiratie.

Reiesind din interactiunile complexe posibile intre factorii masurati,
in continuare a fost efectuatd analiza multivariatdi. Am folosit metoda
Backward pentru a stabili predictori extrasi din parametrii PR inregistrati
in cele 2 modele de respiratie in scopul cuantificarii rolului fiecdruia din
parametrii pattern-ului respirator in prezicerea echilibrului simpatovagal
exprimat prin raportului LF/HF al VRC la schimbarea pattern-ului de
respiratie.

Rezultate si discutii
Necesitatea analizei multivariate poate fi argumentatd prin
interactiunile complexe posibile 1intre parametrii PR si echilibrul
simpatovagal. Rezultatele analizei statistice descriptive, referitor la
valoarea medie, mediana si deviatia standard a parametrului PR in
respiratia de repaus, sunt prezentate in tabelul 1.

Tabelul 1. Valorile parametrilor pattern-ului respirator in respiratia de

repaus

Parametrii Minimum —

pattern-ului Media =+ DS . Mediana (P25-P75)
; Maximum

respirator

Vi, | 0,47+0,10 0,27-0,66 0,48 (0,40-0,53)

Ti, s 1,64+0,36 1,15-2,41 1,51 (1,43-2,01)

Te, s 2,42+0,87 1,14-4,64 2,24 (1,71-3,05

Tt, s 4,06+1,17 2,32-7,05 4,0 (3,22-4,61)

MVR, I/min 7,09+1,59 4,49-10,16 7,01 (5,66-8,17)

FR, r/min 15,9244 21 8,5-24,53 15,15 (13,0-18,6)
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In continuare, in baza rezultatelor prezentate in tabelul 1 s-a
elaborat modelul matematic, Modelul RR, care a avut ca scop predictia
raportului LF/HF ca instrument de evaluare a mecanismelor de reglare
autonoma a sistemului cardiovascular in respiratia de repaos. Modelul RR
a inclus in calitate de predictori valorile standardizate ale volumului
curent, timpului total al ciclului respirator, frecventa respiratorie si minut
volumul respirator (tabelul 2).

Tabelul 2. Datele statistice ale analizei multivariate pentru Modelul RR.
IBM SPSS 26 output

Std. Error of the
Model R R Square Adjusted R Square Estimate

1 0,880 0,775 0,684 0,561

Predictors: (Constant), Zscore (Tt), Zscore (Vt), Zscore (FR), Zscore (MVR)

Dependent Variable: Zscore (LF/HF)

Datele analizei multivariate utilizand valorile masurate in stare de
repaus au fost in stare sa explice 68,4% din modificarile raportului
LF/HF. Coeficientul de determinare (Adjusted R Square) a fost 0,684,
suma patratelor a constituit 10,845 din 14 posibile, ceea ce inseamna ca
modelul propus explicd peste doua treimi din dispersia variabilei LF/HF
pentru respiratia in stare de repaus. Ipoteza nuld (nici un parametru din
cei inclusi in model nu poate prezice valoarea LF/HF pentru respiratia in
stare de repaus mai bine decat un oarecare model arbitrar) a fost respinsa
(F =8,593, p=0,003) (tabelul 3).

Tabelul 3. Testul ANOVA pentru modelul RR. IBM SPSS 26 output

Sum of
Model Squares df Mean Square F Sig.
Regression 10,845 4 2,711 8,593 0,003
Residual 3,155 10 0,316
Total 14,0 14
Dependent Variable: Zscore: LF/HF
Predictors: (Constant), Zscore (Tt), Zscore (Vt), Zscore (FR), Zscore (MVR)

Initial pentru a elabora modelul si pentru a testa puterea predictiva
a parametrilor masurati, S-au inclus in model toate variabilele. Ulterior, s-
a utilizat metoda Backward, prin care parametrii nesemnificativi au fost
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exclusi etapa cu etapa pana la momentul cand au ramas doar combinatia
optima de variabile pentru a forma ecuatia de regresie si a prezice
rezultatul studiat. Modelul rezultat este prezentat in tabelul 4. Acesta a
inclus drept variabile constanta (B= 3,310, p=1,000) si valorile
standardizate ale MVR (B= 1,731, p= 0,040), FR (B= 1,379, p= 0,049),
Vt (B= -1,622, p= 0,062), si Tt (B= 3,580, p<0,001). Modelul final nu a
inclus constanta si valoarea standardizatd a Vt din cauza faptului ca
acestea au fost nesemnificative 1n acest caz si din cauza faptului ca
intervalul de incredere a inclus valoarea 0. Astfel, s-a determinat ca
valoarea LF/HF in modelul de respiratic de repaus poate fi prezisa
utilizand expresia

LF/HF in modelul de respiratie in repaus = Zscore (MVR) * 1,731
+ Zscore (FR) * 1,379 + Zscore (Tt) * 3,580.

Tabelul 4. Coeficientii predictorilor pentru modelul RR. IBM SPSS 26

output
Standard
ized
Unstandardized | Coeffici 95.0% Confidence
Coefficients ents Interval for B
Std. Lower Upper
Model B Error Beta t Sig. Bound | Bound
(Constant) | 3,310e- | 0,145 0,000 | 1,000 -0,323 0,323
15
Zscore 1,731 | 0,733 | 1,731 | 2,363 | 0,040 0,099 3,363
(MVR)
Zscore 1,379 | 0,614 | 1,379 | 2,246 | 0,049 0,011 2,747
(FR)
Zscore -1,622 | 0,771 | -1,622 | -2,105 | 0,062 -3,340 0,095
(Vt)
Zscore (Tt) | 3,580 | 0,703 | 3,580 | 5,090 | 0,000 2,012 5,147

Dependent Variable: Zscore (LF/HF)

Nota: B — coeficientul nestandardizat al regresiei; Std. Error — eroarea
standard pentru coeficientul B; Beta — coeficientul standardizat; t — testul t; Sig.
— semnificagia; 95,0% Confidence Interval for B — intervalul de incredere 95%
pentru B; Lower Bound — limita inferioara; Upper Bound- limita superioard.

Conditiile necesare pentru reziduurile regresiei liniare au fost

intrunite de modelul elaborat. Analiza acestora a demonstrat o distributie
aproape normala si lipsa asociatiilor intre valorile standardizate predictive
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si reziduurile standardizate (fig.1). Toate acestea impreund permit sa

consideram modelul ca fiind unul potrivit.

Frequency

Dependent Variable: Zscore: LF/HF

o

Histogram

Regression Standardized Residual

F
agi
§

andardized Residual

Regression st:

Scatferplot
Dependant Varisble: Zscore: LFIHF

Regression Standardized Predicted Value

Figura 1. Distributia reziduurilor (stdnga); scatterplot al valorilor
predictive standardizate si reziduurilor standardizate (dreapta) pentru

modelul LF/HF 1n stare de repaus. IBM SPSS 26 output.

Notid: unul din criteriile ca modelul sa fie functional este distributia
normald a reziduurilor si lipsa oricérei coliniaritati

Rezultatele analizei statistice, referitor la valoarea medie, mediana
si deviatia standard a parametrului PR in modelul respiratiei cu frecventa
6 resp/min si pastrarea duratei inspiratiei si expiratiei 5s la 5 s (Modelul
R5/5), sunt prezentate in tabelul 5.

Tabelul 5. Parametrii pattern-ului respirator in modelul de respiratie
dirijati cu frecventa 6/min, durata inspiratiei/expiratiei 5sla 5 s.

Minimu | Maxim | MediatDS | Medi P25 P75
m um ana
Vit 0,62 1,12 0,89+0,12 0,91 0,81 0,94
Ti 4,87 5,18 5,02+0,10 5,01 4,93 5,12
Te 4,83 5,13 4,96+0,09 4,93 4,86 5,03
Tt 9,87 10,21 10,04+0,10 | 10,05 9,97 10,10
Ti/Tt 0,48 0,51 0,50+0,01 0,50 0,49 0,51
Vi/Ti 0,12 0,22 0,18+0,03 0,18 0,16 0,19
MVR 3,71 6,65 5,30+0,72 5,47 4,92 5,61
FR 5,88 6,08 5,97+0,06 5,97 5,94 6,02

Nota: DS - deviasia standard; P25 - percentila 25%; P75 -
percentila75%.
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Pentru crearea modelului predictiv in evaluarea indicelui vegetativ
LF/HF (Modelul R5/5) au fost folosite scorurile standardizate a
parametrilor respiratori inregistrati in respiratia de repaos si in cadrul
respiratiei cu durata inspiratiei 5 s si durata expiratiei 5.

Tabelul 6. Datele statistice ale analizei multivariate pentru Modelul R5/5.
IBM SPSS 26 output

R Adjusted R Std. Error of the
Model R Square Square Estimate
0,9 0,931 0,805 0,441
65°

Predictors: (Constant), Sexul, Zscore (FRB), Zscore (MVR), Zscore
(LF/HFB), Zscore (CCB), Zscore (TeB), Zscore (FR), Zscore (Te), Zscore
(ViB)

Dependent Variable: Zscore (LF/HF)

Pentru acest model statistic, coeficientul de determinare (Adjusted
R Square) a fost 0,08, astfel putem preciza ca 80% din varianta raportului
LF/HF (echilibrul dintre activitatea simpaticd si parasimpatica, adica
raportul LF/HF la persoanele cu raport respirator de 5/5) este determinat
de factorii de predictie expusi in tabelul 6. Suma patratelor a constituit
13,027 din 14,0 posibile. Ipoteza nula (nici un parametru din cei inclusi in
model nu poate prezice echilibrul dintre activitatea simpatica si
parasimpatica apreciat pe baza raportului LF/HF la persoanele cu
respiratie dirijatd) nu a fost respinsa (F = 7,4 p <0,05), testul Fisher fiind
semnificativ statistic (tabelul 7).

Tabelul 7. Testul ANOVA pentru modelul 5/5. IBM SPSS 26 output

Sum of
Model Squares df Mean Square F Sig.
Regression 13,027 9 1,447 7,441 0,020
Residual 0,973 5 0,195
Total 14,000 14

Dependent Variable: Zscore (LF/HF)

Predictors: (Constant), Sexul, Zscore (FRB), Zscore (MVR), Zscore (LF/HFB),
Zscore (CCB), Zscore (TeB), Zscore (FR), Zscore (Te), Zscore (ViB)

Metoda Backward s-a utilizat la elaborarea si acestui model. Initial,
au fost incluse in model toate variabilele existente, apoi au fost excluse
cele nesemnificative. Modelul rezultat este prezentat in tabelul 8. Astfel,
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s-a determinat ca valoarea LF/HF 1in raportul respirator de 5/5 poate fi
prezisa utilizand expresia:

LF/HF in modelul respiratie R5/5 = — Zscore(ViB) * 3.710 -
Zscore(TeB) * 6.900 - Zscore(FRB) * 8.875 + Zscore(LF/HFB) * 2.937
+ Zscore(Te) * 2.700 - Zscore(MRV) * 1.747 - Zscore(FR) * 2.872 -
Zscore(Sexul) * 7.014.

Tabelul 8. Coeficientii predictorilor pentru Modelul R5/5. IBM SPSS 26

output
T n
Sg
Unstandardized Eg 95,0% Confidence
Model Coefficients "% % t Sig. Interval for B
& O
Std. Lower Upper
B Error Beta Bound B(l))upnd
(Constant) -9,819 1,485 -6,612 0,001 -13,637 -6,002
Zscore -3,710 0,639 - -5,809 0,002 -5,352 -2,068
(VtB) 3,710
Zscore -6,900 1,392 - -4,956 0,004 -10,479 -3,321
(TeB) 6,900
Zscore -8,875 1,623 - -5,470 0,003 -13,047 -4,704
(FRB) 8,875
Zscore 2,937 0,590 2,937 4,976 0,004 1,420 4,455
(LF/HFB)
Zscore 2,700 0,505 2,700 5,343 0,003 1,401 3,998
(Te)
Zscore 1,747 0,314 1,747 5,561 0,003 ,940 2,555
(MVR)
Zscore -2,872 0,575 - -5,000 0,004 -4,349 -1,396
(FR) 2,872
Sexul 7,014 1,058 3,557 6,631 0,001 4,295 9,733

a. Dependent Variable: Zscore (LF/HF)

Nota: B — coeficientul nestandardizat al regresiei, Std. Error — eroarea
standard pentru coeficientul B, Beta — coeficientul standardizat, t — testul t, Sig.
— semnificazia, 95,0% Confidence Interval for B — intervalul de incredere 95%
pentru B, Lower Bound — limita inferioard, Upper Bound- limita superioard

Reziduurile modelului obtinut in cadrul regresiei liniare au intrunit

conditiile necesare. S-a observat 0 usoara distributie asimetrica la dreapta
si o imprastiere aleatorie fara careva legitati de repartizare (fig. 2).

192



Histogram Seatterplot
Dependent Variable: Zscore: LFIHF Dependent Variable: Zscore: LF/HF

Frequency
on Standardized Residual

Regressit

Fig. 2. Distributia reziduurilor (stinga); scatterplot al reziduurilor
standardizate (dreapta) pentru modelul LF/HF in respiratie 5/5. IBM SPSS 26
output.

Notd: unul din criteriile ca modelul sa fie functional este distributia
normala a reziduurilor si lipsa oricarei coliniaritati.

Caracteristicile enumerate fac posibild considerarea modelului
elaborat ca fiind unul optim in predictia LF/HF la persoanele cu raportul
respirator de 5/5 pornind de la datele luate in calcul. Aceste date,
prezentate in actualul studiu, ne permit sa afirmam cd din sirul
parametrilor de PR inregistrati in respiratia de repaus si cea dirijata, pot fi
extrasi ca factori ce moduleaza echilibrul simpatovagal mai multi factori,
iar in calitate de predictori raman doar frecventa respiratiei si minut-
volumul respirator.

Concluzii

1. Rezultatele prezentate in acest studiu ne permit sa afirmam ca in
prezicerea variatiei raportului simpatovagal LF/HF cel mai evident
parametru al PR cu valoare predictiva din sirul parametrilor respiratori
inregistrati in cele 2 tipare ale respiratiei este minut-volumul respirator
(I/min), inregistrat in respiratia de repaos.

2. Modularea cu ajutorul a respiratiei dirijate a doi parametri ai
pattern-ului respirator, MVR si durata totala a unui ciclu respirator de
care depinde frecventa respiratiei, inregistrati in timpul respiratiei
obisnuite la persoanele sanatoase, pot imbunatati echilibru autonom pe
contul cresterii dominantei parasimpatice.
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POJIb CBOBOJHBIX AMUHOKHUCJIOT B
HOAJAEP)KAHUN CAHOT'EHHOI'O TOMEOCTA3A
CEPAEYHO-COCYIUCTOU CUCTEMbI

I'apaeBa C.H., IIocToaaTtu I'.B., Hokuns B.K.
Hucmumym gpuzuonozuu u canoxpeamonozuu MI'Y, Kuwunsy,
Pecnybnuxa Monoosa, garaeva.47@mail.ru

Abstract. The article reviews the scientific literature on the impact of free
amino acids on the healthogenicity of the cardiovascular system and against the
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Cepnaeuno-cocyauctas cuctema (CCC) c ee HelporyMopaabHBIM
anmapaToM pearupyeT Ha Maseiliue M3MEHEHHs MOTPEOHOCTH Pas3HBIX
OpPraHOB M CHUCTEM B KPOBOCHAOXXEHHMH W OOECIICUMBAET COTIIACOBAHHUE
KpOBOTOKA B HHX C TeMOJMHAMMYECKMMH TIapamMeTpamMH Ha
OpraHM3MEHHOM YpOBHE. Bce 3T0 1aer OCHOBaHHE paccMaTpHUBaTh
CHCTEMY KpOBOOOpallleHHs B KadeCTBE YHHBEPCAJIBHOTO HHIMKATOpa
a1 TallMOHHO-TIPUCTIOCOOUTETLHON JIeITeNIbHOCTH L[EJIOCTHOTO
opranu3ma. OlLeHKa JAEATEIBHOCTH CEepACYHO-COCYAUCTONH CHUCTEMBI
ABJSIETCS.  TIOKA3aTeNbHOW W YacTO  HCHOJIBb3YeMOH, TakK  Kak
reMOJMHAMUYEeCKAE W3MEHEHHSs B PAa3UYHBIX OpraHax OOBIYHO
BO3HHMKAIOT paHblle MeTa0OMMYECKMX W HW3MEHEHHUS DHEPreTHYECKHX
MPOLIECCOB B MUOKAP/IE MPEAIECTBYIOT CHIDKEHHIO €r0 COKPaTUTENLHON
CHOCOOHOCTH, a 3HAYUT M Pa3BUTHIO HapyLIEHUH KpoBooOpameHus [7,
23].

HccnenoBaHus MU MOCTEIHUX JIET MOKA3aHO, YTO HEPCIEKTHBHBIM
nyTeM NpOoQHIAKTHKY U KOppeKIuK (QyHKIHOHAIbHOH akTuBHOCTH CCC
SBISIETCSL  MCTIOJIB30BAaHME BEUIECTB, OOJAJAIONNX METa0OIHYECKHM
THUTIOM JEWCTBUS, KOTOpPHIE B OOJBIIMHCTBE CBOEM XapaKTEPHU3YIOTCA
MaJOd TOKCHYHOCTBIO M B TO K€ BpeMsA IMIUPOKUM CIEKTPOM
(bapMaKoJIOrHYeCKOT0 W TEpaneBTHYECKOTO JCUCTBHS, B TOM YHCIIE
CBOOOTHBIE AMHHOKHCIIOTHI |5, 8].
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AMUHOKHUCIIOTBI ~ ABJISIIOTCS  COCTaBHOM 4acThlo  (EpPMEHTOB,
TOPMOHOB, BUTaMHHOB M JPYTUX OHMOJOTMYECKH AKTHUBHBIX BEIIECTB.
Hepmocratok wnu W30BITOK WX MPUBOIUT K HApYIICHHIO Ba)KHEHIIMX
¢yHkumii opranmsma. K Hacrosimemy BpeMeHH HAaKOIUIEH OTPOMHBIH
(hakTHIecKuii MaTepual 00 yJacTHu OMOIIOTHYECKH aKTUBHBIX MENTHIOB
U OTJEIBHBIX aMHHOKHCIIOT B PAa3IMYHBIX (H3HOJIOTHYECKHX MPOIIEccax
B HOPME U TaTOJIOTHH, B TOM YMCIIC UX ACHCTBHU Ha CEPIICUYHYIO MBIIIILY.
Tak, HEHpPOTCH3WH, BKIIOYAIOIIMK B CBOH cocTaB 13 aMHHOKHCIIOT,
YBEIWYMBACT  YAaCTOTy  CEPICYHBIX  COKpAICHWH,  IOBBIIIACTCS
COKpaTHTeNbHasl CIIOCOOHOCTh MHOKapAa W M3MEHseTCS XapakTep
MapacuMIATHYECKOM perynsiuuu puTMa cepaua [5].

Ha cerogusmmHuii neHb HMMEIOTCS JOKA3aTENbCTBA 3HAYMMOCTH
CBO60}1HI)IX AMHWHOKHCIIOT HE TOJIBKO B KaUCCTBE€ CTPOUTCIIbHBIX 6J'IOKOB
JUI cuHTe3a Oenka, HO M PEeryJisaTOpOB JKCIPECCHH TeHOB HA YpPOBHE
TpaHcisimun MRNA no mTor-3aBucuMoMy MeXaHH3MY, CUTHAJIBHBIX
MOJIEKYT ¥ MOIU(PHUKATOPOB OHONOTMUECKHX pEaKLIUid, a TaKKe
NPEIECTBEHHUKOB HIMPOKOTO CIIEKTpa OHOPEryJIATOPOB, HUIPAIOIIMX
KIIIOYEBYIO POJIb B UHTCIrpalliii OCHOBHBIX MeTaGOHI/I‘ICCKI/IX IIOTOKOB IIpU
cepaeuHo-cocyauctoi matonoruu [20].

CBoOOIHBIE AMHHOKHCIOTHl HWTPAIOT pEIIAoIIyld pojib B
MeTaboian3Me OENKOB W OuodHepreTuke MHUOKapia. M3BecTHo, dTO
cepale ,,MeTabOIMYEeCKN BCESIHO , TIOCKOJIBKY B MOPSAKE YMEHBIICHUS
NPEANOYTEHHS CITIOCOOHO aKTHBHO OKHCIISATH KHUPHBIE KHCIIOTHI, TIIIOKO3Y,
KE€TOHOBBLIC T€JIa, IHMpPYyBaT, JaKTaT, AMHWHOKHCJIIOTBI M JaXXE€ CBOU
cTpykTypHble Oenku [8]. DHeprust 3Tux cyOCTpaTtoB 0OECIeUHBACT He
TOJBKO MEXaHWYECKOe COKpalleHHe, HO H paboTy pa3IHyHbIX
TPaHCMEMOpPaHHBIX HACOCOB W TPAHCIOPTEPOB, HEOOXOIUMBIX JUIS
NoJ/Iep)KaHus MOHHOTO TOMEOCTa3a, JJIEKTPHUYECKOH aKTUBHOCTH |
merabonmu3ma [16]. Mwuokapa HCHONb3yeT OOJBIIOE  KOJIUYECTBO
CBOOOJHBIX aMHUHOKHCIIOT B KAaueCTBE JHEPreTHYECKHX CyOCTpaToB W
perynsaTopoB 0enkoBoro ooMeHa. Tak, pu cepIeYHON HEAOCTATOYHOCTH
u3-3a JNeQUIUTAa YHEPIHH 3aBUCHMOCTHh METa0OJIMYECKHX IPOLECCOB B
MHOKap/ie OT €ro aMMHOKUCIOTHOrO (hoHIa Bo3pactaeT. CyniecTBEHHBIM
JUIT MeTaboJIM3Ma aMUHOKHUCIIOT SIBJISIETCS U TO, YTO HAKOIUICHHUE DTHUX
COCIMHEHNH B MHOKap[e MPaKTUYECKU MCKIIOUUTENHbHO 3aBHCHUT OT HMX
apTepUuaNbHBIX ~ KOHLEHTpauud:  Jake  HeOONbIIOe  IOBBILICHHE
COICpKAHUSI AMUHOKUCIOT B AapTEPUAIBHONM KPOBU IPUBOAUT K
3HAYMMOMY YBEJIMYCHHIO ,,IIOTJIOMICHUS” UX MUOKap oM [8].
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C mo3umud  BO3MOXKHOTO — BKJIIOYCHHS ~ aMHHOKHCIOT B
OMO3HEPreTHKY MHOKapAa B yCIOBUAX UIIEMHUH NOTEHIIMAIBHO Hauboee
AKTUBHBIMH U3 HCCIEAYEMBIX SBISIOTCS aclapardd, THUCTHOUH U
TJIyTaMUH, TO €CTh T€, KOTOpbIe HEe TPEOYIOT Il CBOETO MpPEBpaIICHUs B
cyocrparer mukna Kpebca AT® u okxucnenusix ¢opm ¢epmeHnTo [§].
YcTaHOBIEHO, YTO TJyTamMaT M acmapraT B KadecTBe MeETaboJINTOB
MaJlaT/acrapTaTHOro IIYHTa aKTHBUPYIOT CKOPOCTh MUTOXOHAPHAIBLHOTO
okucienus rimkoiautrndeckoro NADH. ['mytamar Takke KOHTpPOIHPYET
CKOpPOCTh CHHTE3a MOYEBHMHBI HE TOJBKO KaK IPEALIECTBEHHUK aMMHaKa
M acmapraTa, HO W B KauecTBe cyOcTtpara ans cuHTe3a N-
alleTHITITyTaMara — akTHBaTopa kapdamoundocdar-cunrassi [20].

IIokazaHo, 4YTO AMUHOKHUCIIOTHI C Pa3BETBIEHHON YIVIEBOJOPOAHOM
nenbio (APYII) — BajuH, W30JCHIINH, JICHIIUH SBJISIOTCS aKTHBATOPaMU
peakuuii aHabonm3Ma B Ceple, a apTepHalbHBIA TyJ CBOOOJHBIX
apomaTtnuecknx amMuHOKHCIOT (AAK) — TuposuH, (eHnnamaHwH npu
CepACYHONM HEOOCTATOYHOCTH TaK K€ aKTUBUPYET IOIJIOLICHUE
aMUHOKHCIIOT MUOKapAoM. [Iporekroproe neiictBue APVYI] B Muokapae
MIPOSBIISIETCS B MOAJEPXKAHUM €r0 COKPAaTUMOCTH, YPOBHEH MaKpo3pros
(ATP, kpeaturuH(bOChaTa), HOPMATUIAIUHN A0PTATHHOTO M KOPOHAPHOTO
KPOBOTOKa, CEPJICYHOT0 W MHHYTHOrO BhIOpoca cepaua. APYI]
AaKTUBHPYIOT HapaOOTKy KaTabOIUTOB aJeHMHOBOI CHUCTEMBI B Mpolecce
MOCTUIIEMHYECKOH penepy3nuu U yTUIN3ALUI0 BBOAUMbBIX aMUHOKHUCIIOT
0 BBICOKOdHeprerndecknx cyoctpatoB I[TK, drto cmocobcTByeT
BOCCTaHOBJICHUIO (DYHKIIMOHATIBLHBIX BO3MOXKHOCTEH TJIaJIKOMBIIIEYHBIX
ctpykryp [22].

CoBpeMeHHBIE HCCIIEIOBaHUS MOKa3bIBAIOT, YTO MIIEMUSI TKaHEH
COTIPOBOX/IAETCSl HAPYIIEHUSMHU OOMEHa aMHWHOKHUCIOT, NMPHU KOTOPOM
o0pa3yroTcs MX OMOJIOTWYECKH aKTHUBHBIE NMPOU3BOJHBIE, B TOM YHCIIE
OMoreHHble aMUHBI, KOMIIOHEHTBHl CHCTEMbl aHTHOKCHIAHTHOW 3aIlUTHI,
ko(akTopel hepMeHTOoB [2, 19]. YMeHbIIeHHe TOCTYIHOCTH TpunTodaHa
U TOPMOXKEHHE CHHTE3a CEpPOTOHMHA TPHUBOJUT K CHIDKEHHUIO
BapruabeNIbHOCTH CEPACYHOr0 PUTMA, YTO SIBISIETCS HEOIArompHsITHBIM
MPOTHOCTHYECKUM MPHU3HAKOM IIPH CEPIEUHO-COCYTUCTHIX 3a00I€BaHHUIX
[4].

AHTHapUTMHUYECKOE JEMCTBHE aMUHOKHCIOT MOXXHO OOBSCHHUTH
HECKOJBKMMH  MEXaHM3MaMM, OJHUM U3  KOTOPBIX  SIBJISIETCS
B3aUMOJICHCTBUE TECTHPYEMBIX CyOCTpaToB co  crenudpuiecKuMu
peLeNTOPHBIMUA ~ CTPYKTypaMu. Tak, K  HACTOSIIEMY BpEMEHH
UACHTH(QHULIUPOBAHEl PELENTOPhl TaMMa-aMUHOMACISTHOH — KHCJIOTHI,
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TaypuHa, TJIyTamaTa, acmaprara. [IponmuH mnposBiIsieT HanOONbLIYIO
AHTHAPUTMHIYECKYI0 aKTUBHOCTh Ha CKPUHUHTOBBIX MOZENSX apUTMHIA.
HonanenTuaneiii TKaHeBOW TOPMOH, BKIIOYAIOIIUKA B CBOM COCTaB
OpOJIMH ¥ Jpyrdeé aMHHOKHCIOTHI, TPOSABISAET LIMPOKUH CIEKTP
OMOJIOTHYECKOl AaKTUBHOCTH Ha CEPASYHO-COCYTUCTYIO CHCTEMY H
ONHMM W3 paHHUX OJTAaloOB [EHCTBHUS €ro SBISIETCS CBA3BIBAHUE C
JUMUAAHBIM ~MaTPUKCOM IUIa3MaTHUECKOH MeMOpaHbl 3(QeKTopHOH
KJICTKH [5].

Cepocopeprxalyie aMHHOKHCIOTHI Hrpal0T o0co0yi poib B
nojepxkaHuu caHoreHHoro romeocraza CCC. MmeroTcs naHHBIE, YTO
cepocoiepKaliie aMHUHOKUCIOTHI, SBJSISICH JIOHATOpPaMU THOJOBBIX
TPYII, YMEHBIIAIOT WJIA YCTPAHSAIOT THUCTOTOKCHYECKYIO THIIOKCHIO
MHUOKap/a, BO3HUKAIOUIYIO noJt BIUSHUEM aJipeHaNIlHa,
BOCCTaHABIIMBAIOT COKPATUTEIIHHYIO CITIOCOOHOCTh U HOPMAIU3YIOT PHTM
cepaa [5].

XoTs TaypuH HE Yy4YacTBYeT B CHHTe3e OenKka, OH 3aHMMaeT
3HAYUTENBHBIA 00bEM B COCTaBE Iysia CBOOOTHBIX AMUHOKHUCIIOT TIIa3Mbl
U Jpyrux TKaHed. B cepreyHOM MbIIIIE YEOBEKAa TAaypHH 3aHUMAET
6onee 50 % ot obuiero myna cBOOOIHBIX aMHHOKHCIOT, a B IJIa3Me —
ompezaenseTcss B KoHuHeHTpamusx 48,9 wmm/min.  Kiunuueckas
3¢ (eKTUBHOCTh TaypuHa ObLIa IOKa3aHa y MAIMEHTOB C TSDKEIOU
XPOHUYECKON  CepAeYyHOW  HENOCTATOYHOCTHhIO,  HMHTOKCHKAIHEH
CEpJICYHBIMH TIIMKO3WUIAMH, PA3TUYHBIMA HApYIICHUSMH CEPIESYHOTO
putma [Ena JLM., u np.,2015, H.B. Temnosa u np., 2017]. Nwmerorcs
eMHUYHBIE Pa0OTHI O BIMSHUM TaypylHA HA JUACTOJMYECKYI0 (DYHKITUIO
MHOKap/ia JIEBOTO JKEIyJ04YKa U yPOBEHb OMOMApKEpPOB, OTPAKAIOIIIX
3 PeKTUBHOCTH JieueHus! U TporHo3 3abonesanus (H.B. Temnosa u ap.,
2017)

IloaTomy TaypuH TpeAcTaBIsieT OCOOBI  WHTEpec s
WCCIIEIOBAHNS MEXaHM3MOB pPETYNIALNU JACSITeTbHOCTH CepAeUHO-
coCyaucToit cuctemsr [18, 2].

ITokazaHo, 4TO TaypuH B KOHIIEHTpanuu 50 MKMOIB/JI yIydliaeT
HACOCHYI0 (YHKIMIO CepAlla MyTeM HOPMAaIH3alud IHACTOINYECKON
KOMIIOHEHTHI, YBEJTMYEHNSI KOPOHAPHOTO KPOBOTOKA M MPEAYIPEkKICHUS
pasBUTHSA penepdy3noHHON ¢$bubpumAIIH JKEITyT0UKOB.
O} PeKTUBHOCTh WCHONMB30BAHHUS TaypHHA JUISl JICUYCHHS XPOHUYECKOU
cepaeynoit HemoctarouHocTd (XCH) He BBI3bIBaeT COMHEHHH, 4YTO
00yCIIOBIEHO CIIOCOOHOCTBIO TIperapaTra yMEHBIIATh HIIEMUI0 U
TUTIOKCHIO TKaHEH, pacCTPOMCTBa MUKPOIUPKYJISIIUU, CHUKATH YPOBECHb
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apTEepUaANLHOTO JIABJICHUSI TIOJOKUTEIBHBIM WHOTPOIHBIM JIeHCTBHEM
[17]. BBenenue TayprHa oKa3bIBaeT MOJOKUTENbHBIN 3 dext mpu XCH
MyTeM: YCWICHHS BBbIBEICHHS HATpUs; MOAYISIIUH  CEKPEeLUU
HaTpUiypeTHyeckoro  ¢akTopa W Ba3ONpPeCCHHAa;  MOIYJISALUHU
KaJbLIMEBBIX TOTOKOB M IOBBIIICHNUS MHOTPOIIHON U [-afpeHepruuecKon
aKTUBHOCTH Yepe3 BO3IEHCTBHE Ha YpoBeHb TAM®; yCHIICHHUS BIHSHUS
anruoteH3uHa Il Ha TpaHcnopT KanbLus, cHHTE3 Oenka [3].

bbia BBISIBIEHA CIIOCOOHOCTH TaypuHAa YCTPaHATh HApYLICHUS B
3NIEKTpOKapArOrpaMMax Ha ypoBHe cermenta S-T u 3y6ma T [10].
bnaronapst Bo3aeicTBUIO Ha MPOAOKUTENFHOCTh MOTEHIINANA JEHCTBUS
MOCPECTBOM MOJIYJSIIMA BHYTPUKJIETOYHOTO COJIEP)KaHMS —Kanus,
TaypHH HPOSIBISET HHOTPOIHOE ACUCTBHE HA MUOKAp/I.

Kpome TOro, mMeroTcsi NaHHBIE, YTO YBEJIMYCHHE AKTUBHOCTH
IUTOKMHOB TIPH CEPICYHON HEJOCTATOUYHOCTH TOBBILIAET MOTPEOHOCTH B
muctende W taypune [11, 6]. TlokaszaHo, YTO TaypuH BBI3bIBACT
IVICHOTPONHBIM 3G deKT, MOOYIUPYsSd NPOLYKIMIO LUTOKUHOB U
sitkozaHonnoB [1]. B moctuHbapkTHOM Tnepuome m00aBKH TaypHHA
MIOMOTAIOT CTa0MIM3UPOBATH ANEKTPHUYECKYIO BO30YAUMOCTH MeMOpaH,
Momymupysi  KoHueHtpaimoo  Ca** ¥ OIHOBPEMEHHO  CHHIKas
arperaoHHy0 crocoOHOCTh TPOMOOLUTOB [17].

Pe3ynbTaThl MccneqoBaHU MOCIEIHUX JIET MOJITBEPKIAIOT POJIb
TaypuHa B [PENOTBPALCHWH amoNTo3a Ha YPOBHE JSHAOTENHA
MHKPOCOCYZIOB, BBI3BAHHOT'O BBICOKMM YPOBHEM caxapa B KPOBH, a TAKKE
B CTUMYJIALIMU CEKPEIMH WHCYJIMHA W TOBBIIICHHH YYBCTBHTEIbHOCTU
HHCYJIMHOBBIX perientopoB [14].

CymecTByloT  yOeOuTenbHble  JaHHBIE,  IOATBEPKAAIOLINE
AHTHATEPOTCHHOE BIMSHUE TAypHHA HA OPraHW3M, KOTOPOE TPOSIBIISETCS,
MOMHUMO KOHBIOTAllMM C JKETYHBIMH KHCJIOTaMH, B CIIOCOOHOCTH
cTuMynupoBath cuHTe3 NO, HMHIHOMPYIOLIEr0 CHHTE3 XOJECTEpoa,
pEeTyNalry COOTHOIIeHHA JumuaoB KpoBu (moBbimenue JINIBII u
cumkenne JIITHIT), a Taxke B yIydIIEHHH COCTOSHHUS JHAOTETUS
COCyIIOB IIOCPEICTBOM BIMSHHMS Ha MeTadoJM3M U  aKTHBHOCTb
makpodaros [13]. BBeaeHue KpoawkKaM C OKCIEPUMEHTAIbHBIM
aTepoCKIepO30M TaypHHAa TNPUBOJAUT K YMEHBIICHUIO JIMMIOWI032
KPYIHBIX apTepuil M, Kak CJIEICTBHE, YIYULICHHIO KpPOBOTOKAa U
okcureHauyu Tkanei [15]. TaypuH ydacTByeT B peryisiiuu akTHBHOCTH
anonunonporenHa A-1, xotoperii smBisercs mnepeHocunkoM JIIIBII u
HeoOXomuM Tmpu ux cOopke. KapauonporekropHas pojib TaypwHA
OCYILIECTBIISIETCSL TaKKe Oylarojaps €ro aHTHOKCHIAHTHBIM 3ddekram:
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CHIDKEHUE CHHTEe3a MapKkepoB okcuaaTuBHoro crpecca — GPP78 u CHOP,
CBSI3bIBAHUE TUITOXJIOPHOM KUCIIOTHL, nogaBiaeHue NaF-nHaynupoBaHHON
HUTOTOKCUYHOCTH. TaypuH peaynupyeT CEKpeLrio amnojIUNoNpoTerHa
B100 u sxupoB B HepG2 knerkax [24].

WHTepecHO, YTO HUCCIIEAOBaHUS IO ONPENCICHUIO KOHLIEHTpPAlUu
TaypuHA M psza NpeodiaajaroliuX B MUOKapAe aMHHOKHUCIOT (IJlyTamar,
acmapTar, TIyTaMWUH M acrlapardH) Ipyd KOPOHApHOW HEIO0CTaTOYHOCTH
MIOKA3aJIi Pa3liiMs B UX COJEPXKAHUHU B JIEBOM U IPABOM KEIyJOUKax.
CpaBHeHHE YPOBHEH yKa3aHHBIX aMHUHOKHUCIIOT IIPH a0PTaJIbHOM CTEHO3€
W HIIEMAYEeCKOi Oole3HM cepaua B OHMONTAaTax MHUOKapAa IOKazaio
Ooyee BBICOKHME KOHIIGHTpAllMU TaypuHa B JICBOM JKEIyAOYKe B 000HMX
curyauusix [8]. HakoHen, KIMHHYECKHE WCCICIOBAHHS — BBISBUIH
CYILIECTBEHHOE BIMSHHE METHOHMHA Ha pa3pacTaHHe KJIETOK TJaJKon
MYCKYJIaTYpbl C MOCIEAYIONICH SHAOTSIUANIBHON TUCPYHKIMEH COCYI0B
U Pa3BUTHEM apTEpUAIbHON TMIIEPTOHUU C BHICOKUM PUCKOM TPOMOO30B
[8].

Anamu3 ~ OWMOJOTMYECKOH  pONM  TJIyTaTHOHa  TO3BOJISET
paccMaTpuBaTh €ro Kak OJHO W3 HecTeHU(PHUECKHX CPEICTB PETyISIuN
U TOAJCPKAaHUSI CAHOI'CHHOTO YPOBHSI 3A0POBBs. [JyTaTHoH, SBIISSACH
aKTHBHBIM TepeHocunkoM wuoHa HY wu Onarogaps Hanuuuio Y-
TIYyTAMIJIBHOH CBS3M M PEaKTHBHOW CYNb(OTHIPUIBHOW TPYIIIBL,
Y4acTByeT B MHOTOUYHMCICHHBIX pPEaKUUsIX MeTaboiau3Ma, oOecreduBas
TEM CaMblM, HOPMaJbHOE TEYEHHE pAga (HU3HOJIOTHUYECKUX U
OMOXMMHMYECKUX  TpOIEecCoB.  [IOCKOJNIBKY  TJIyTaTHOH  00Jiajaer
AQHTHOKCHJIAHTHBIMH CBOMCTBaMH, €ro AEWCTBHE Ha (YHKLUHOHAJILHBIE
CHUCTEMBl OpraHu3Ma MOXET OBITh OLEHEHO KakK pEeryiupylomee
aJlanTOTeHHOe, YTO JAaeT OCHOBAHME MOjaraTh, YTO TJIYTaTHOH MOXKET
CIIy’KUTh MapKepOM aJaNlTallMOHHOTO pe3epBa AaHTHOKCHIAHTHOU
cucremsr [11].

B nukie metabonn3mMa METHOHHHA TyTEM €0 JEeMETUIMPOBAHUSA B
MHOTOCTaJIMIHOM Tpoliecce obOpasyeTcss roMonucTenH. B pesynbprare
OKHCJICHHST TOMOLMCTEMHAa B IIIa3Me€ KpoBH oOpasyercs Oonblioe
KOJINYECTBO PAJUKAJIOB, COAECPKAIIMX aKTUBHBIA Kuciopon. [Ipu stom
MIPOMCXOANT TOBPEXKIEHHE KIETOK IHAOTENHS, CHIKEHHUE AJIACTUYHOCTH
BHYTPHUCOCYAUCTON BBICTHIIKH u MHTEHCUBHOE OKHCIIEHUE
JIUTONPOTENIOB HU3KOM IUIOTHOCTH. ['OMOIIMCTEMH TaKXKe YIrHETaeT
CHMHTE3 OKCHIa a30Ta, pACHIUPSIONIETO KPOBEHOCHBIE COCYIBl, U
CyIb(QaTHPOBAHHBIX TJIMKO3aMUHOTJIMKaHOB. HakoHen, TroMoIHCTenH
YCWJIMBA€T  CHHTE3  HUHTEpJIEHKHHA-6,  KOTOPBII  CTUMYJIUPYET
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nponudepalio TIaIKOMBIIICYHBIX KJIETOK B COCYAHMCTOW cTeHKe. B
pesynbrate (opMupyeTcsi TpPOMOOBAaCKYJISApHAs TMATOJOTHs, BeAymias K
TPOMOY WJIM K Pa3phIBY COCYJIa, CO BCEMH BO3MOXKHBIMHU MOCIICJCTBHSIMH
(B TOM uHMClIe MHCYJIBT, HHGAPKT MHOKAp/Aa, SMOOIHS B JICTKOS U JaXKe
JIETABHBIA UCXO). YBEIWICHHE CONEPIKaHUS TOMOIMCTENHA CHIBOPOTKH
Ha Kakzaple 5 MKM/J cBbIie 10 MKM/JT IPUBOIUT K BO3PACTaHHUIO PHCKA
KOpOHapHOU martonoruu y Myx4uH Ha 60% u Ha 80% — y >KEHIUH, a
Tak)Ke K BO3pPAcTaHUIO pPHCKa mepedpoBacKyisipHON maTomoruu Ha 50%,
KaKk y MYyXYdH, Tak ®W Yy >KeHmmH. lloaToMy, ecmm comepikaHue
UPKYJIUPYIONIETO B KPOBU TOMOIIMCTEHHA MpPEBbINIAcT ypoBeHb 8-10
MKM/JI, TO 3TOT TOKa3aTellb CUUTAIOT ,,HE3aBUCUMBIM (DaKTOpPOM pHCKa
TPOMOOBACKYJISIpHON OOJI€3HU W arepockiepo3a” W ux mapkepom [11].

3HAYNMOCTh YPOBHA ToOMOIIMCTCHUHA Kak JUAarHOCTUYCCKHU
WHGOPMATUBHOIO  TapaMerpa  NpPU  XPOHMYESCKOW  CepacyHOn
HEIO0CTaTOYHOCTH (XCH) MTOATBEPIKIACTCS TeM, 9TO

TUIEPrOMOLIMCTEHHEMHSI HAOII0IAeTCs TONBKO NPH HAJMYMU MPU3HAKOB
XCH, B TO BpeMs Kak TIOKazaTeld OOMEHa CepoCOAepIKAIIUX
AMHWHOKHCJIIOT, MMCIOHIUMC OTHOMICHUC K TPAHCIIOPTY aAMHUHOKHUCIOT B
KIeTKy, mmenstorces npu MbBC maxe 6e3 3HaunmMbix mpossieHnit XCH
[4].

Takum 0Opa3oM, BeAylas pojib CEpOCOACPIKAINX aMUHOKHCIIOT B
noaaep>xxanuu caHoreHHoro romeocrtaza CCC HecomHeHHa. C mo3uuuu
CaHOKPEaTOJOrMYEeCKOT0 MPHHLMIA EIUHOTO IOAXO0Ja K OLEHKE
MOP(OPYHKIIMOHAILHOTO ~ COCTOSIHUSI ~ OpPraHu3Ma, [PaBOMEPHO U
000CHOBAHO UCIHOJIB30BAHUE CEPOCOICPKAIINX aMUHOKKCIIOT [11].

ApPruHvH, TOMOApPTUHUH U TPUNTO(AH TAKKE MIUPOKO HU3YUaJIHNCh B
KOHTEKCTE  CepJIeYHO-COCYIMCTBIX  3a0oieBaHuii. B  pesynbrare
YCTAHOBJICHO UX )Z[CﬁCTBI/IC, HOZIO6HO BIIMAHUIO HWMMYHOI'CHE3a, B
KayecTBE KIIIOYEBBIX PEryJATOPOB COCYIUCTOTO TOMEOCTa3a, a Ha
pasBuTHE arepockiieposa [8].

Tuposun oxaspiBaet BiumsiHAEe Ha CCC, peryiaupyst apTepuaibHOe
JaBJIeHHe, CHIWXKas pPHUCK THIEPTOHMH, YIIydllas TOHYC COCYOB,
CHOCOOCTBYSl JIydyllIeMy NHUTaHUIO KJIETOK. YMEHBLIAeT YacTOTy U
WHTEHCUBHOCTh BEr€TOCOCYJIUCTBIX CIIa3MOB, YKpPEIUISeT CepACHHYIO
MpIIy. B MexaHusMe apuUTMOr€HHOrOo  JAEWCTBUSA  THPO3MHA,
SBIIAIOLIETOCS MPEIIECTBEHHUKOM KaTEXOJIAMHUHOB, CYIIECTBEHHYIO
POJIb UTPAET, BUIUMO, €r0 CITIOCOOHOCTH B OOJBIINX 103X aKTHBHPOBATH
CHMITaTHYECKYIO HHHEepBaImio [21, 5].
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[Ipennomnaraercsi, 4TO0 YpPOBEHb XOJECTEpUHA PETYIHPYETCS HE
TOJIKO MHCYJIMHOM U TJIFOKarOHOM, HO M KOJINYECTBAMU AMETHUCCKUX
(9K30TCHHBIX) W JHIOTCHHBIX AMHUHOKHUCIOT. Tak, apruHUH U TIULOUH
WHIYLUPYIOT YMEHBIICHHUE, a JTU3UH U aMUHOKHCIIOTHI C pa3BETBICHHON
IENbI0 — YBENIMYCHHE YPOBHs XOJeCTepruHa B ChIBOpoTKe kpoBu [8]. Ha
COCTOSIHUE COCYAUCTOM CTEHKH BIUSIOT U APYIHMe aMUHOKHUCIOTHL. JIn3uH
bopMHpYeT CBSI3M MEXKAy TpaHCaMHUHa3aMd W MHUpUAOKcalbpochaToM,
TaK KaKk HECET B CBOEGM COCTaBE [[B€ aMHUHOTPYIIBI: OJHA BIMSET Ha
HNEeNTUAHYIO CBSI3b C OEIKaMM TPaHCaMMHA3, Apyras COXpaHseT Pe3epBbl
U LEeJOCTHOCT MupuaokcanbdocdaTa. JIM3uH ydacTByeT B 00pa3oBaHUU
KOJUIareHa, YKPEIUIGHUH COCYIOHCTOW CTEHKHM, B (QOPMUPOBAHUU
KapHUTHHA, CIIOCOOCTBYET  yTWIM3AalUH JKUPHBIX  KHCIOT  AJIS
SHEPreTHUECKOro TMOTEHIMAlla KJIETOK U COXpaHEeHUS HMMMYHHOU
peakTuBHOCTH opranusma. [loTpeOHOCTH oOpraHu3mMa B apruHHUHE
MPEBBIIIAIOT CIIOCOOHOCTH K €T0 3HJOT€HHOMY CHHTE3Y, B CBSI3H C 3TUM
aprUHAH  PaccMaTpHUBaeTCs Kak  II0Jy3aMEHUMas aMHHOKHUCIIOTA.
ApPTUHHMH CITy>KUT TPEIIIECTBEHHUKOM OKCHIAa a30Ta, BIMAIOUIETO Ha
arperanyl0 Y aAre3uBHYI0 CIHOCOOHOCTH TPOMOOITUTOB, CHIYDKAs
CIIOCOOHOCTh K  TPOMOOOOPa30BaHWIO W yMEHBIIAsl COCYAHCTYIO
PEaKTHBHOCTh  aTEPOCKICPOTHYECKH  W3MEHEHHBIX  apTepuil u
crocoOCcTByeT (OPMHUPOBAHMIO KOJIareHa B CTEHKax cocyaoB [9].
CoueTaHHOe  BBEAEGHHME AaprMHWHA W TaypuHa  CIIOCOOCTBYET
JOCTOBEPHOMY CHW)KEHHUIO IIOKa3aTeJied arperalloHHOW aKTHUBHOCTHU
TpoMOOIIUTOB y manueHToB, crpamaommx WBC, compoBoxmaercs
JOCTOBEPHBIM HM3MEHEHHMEM IIOKa3aTesiell JIMIMIHOTO CHEeKTpa KPOBH —
CHIDKEHHEM o011ero xojecrepuna, xonecrepuna-JIITHIL, tpurmumnepuaos
U yBenmueHueM kommuectBa xosectepuna-JITIBIT [18]. IMokasaHo, 4to
OTJeNbHBIE AMHHOKHCIOTHl (JIEWIMH, JHM3MH) CTHUMYJIUPYIOT CHHTE3
0enka ¥ MHTHOMPYIOT JIM30COMAJIBHYIO Jerpalaluio Oeka, MOCKOJIbKY
onn crumynupyroT mTOR u mpoTenHKWHA3y, SBISIONIYIOCS OIHUM M3
KOMITOHEHTOB CUTHAJILHON TPaHCAYKIMH MHCYIHHA. B cilydae HHU3KOTO
SHEpPreTHYecKoro  obecneueHuss  KIeTok  crumyisiuuss  mTOR
aMUHOKHCIIOTAMU WHTHOUpyeTcs myTéM akTuBanmu cAMP-3aBucumoit
MPOTEHHKUHA3HI. AMHHOKHCIIOTHO-3aBHCHMAs CUTHAITU3AIHSI
CHOCOOCTBYET NPONYKIMUA HMHCYJIMHA [-KJIETKAMH M CTHUMYJIUPYET
aHaboJIMYeCcKoe JIeUCTBUE aMHHOKHCIOT [12].

Psn aBTOpOB cUHMTAIOT, YTO B OCHOBHOM JIMArHOCTHYECKYIO
3HAYMMOCTh MMEIOT TPYIIOBBIE CIBUTH B YPOBHAX (YHKIHMOHAIBLHO U
METa0O0JIMYECKH CBS3aHHBIX AMHUHOKHMCIOT W HMX TNPOU3BOIHBIX, a HE
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crielupUIecKHe WM3MEHEHUS B  (U3HOJOTMYECKUX IKHIKOCTIX KX
WHIMBUIYATbHBIX KOHIICHTpaIwii [4].

BriBoabI

1.B mnoanxepxanuu caHoreHHoro (QyukuuonupoBanuss CCC
KITFOYEBBIMHU SIBJISIFOTCSI CEpOCOEpIKaliie aMHHOKUCIOTH (METHOHUH U
€ro MPOU3BOJIHbBIC, TAYPHH), & TAKKE apOMATHUECKUE U aMUHOKHUCIIOTHI C
Pa3BETBIEHHOM LEMBIO.

2. I1oBBINMIECHHYO KOHIICHTPAIIMIO TOMOIIUCTEUHA B KPOBH MOXHO
CUMTATh MapKEPOM TOKIMHHYCCKUX cTamuii pazButus narojoruit CCC, B
YaCTHOCTH, XPOHHUYECKOH CepAeUHON HEJOCTATOUHOCTH.

Jlutepartypa

1. bacanaii O.H., Paokogey A.FO., Bywma M.J. Taypun: perynstop
MeTaboMI3Ma U JICKapCTBEeHHOE cpencTBo // MemumnumHackre HOBOCTH. 2017. No5.
C. 3-7.

2. benrok H.C., 3yxoeuyxas E.B., Cunexcuykuii B.A. Aputmun y
MAIlMEHTOB C XPOHWYECKOH CEepACYHON HEZOCTATOYHOCTBHIO: KIMHUYECKHE W
omoxumuueckue ocodernnoctu. /I'poxno: I'pI’'MYVY, 2014. 215 c.

3. T'opoeee U.I., Ilokposckas E.M., Jlyuunkuna E.E. BausHue TaypuHa
Ha YacTOTy HapyIIeHHH CepAeyHOro pHIMa, aucnepcuio uHTepBaida QT y
MAalMeHTOB C CEpAeYHOM HEJOCTaTOYHOCTHIO BCJIEJACTBUE MOCTHH(APKTHOTO
KapIHOCKJIepo3a:  pe3ylbTaThl  CPaBHUTENBHOIO,  PaHAOMHM3HPOBAHHOIO
uccnenoBanus. KapanosackyisipHas tepanusi v npodunaktuka. 2012;11(1):65—
70.

4. Jlopowenxko E.M., Creaxcuyxuu A., Jlenesuu B.B. Crpykrypa myna
CBOOOJTHBIX aMHUHOKHCIOT M WX TPOHM3BOAHBIX IUIa3MBI KPOBH Y MAIMEHTOB C
WIIEMUYECKOW OOJIE3HBPIO CepAlla M IMPOSBICHUAMH XPOHHUYCCKOW CepIedHOM
HemoctaTogHOCTh. //XK. ['pomHEHCKOTO TrOCymapCTBEHHOTO MEIUIIMHCKOTO
yauBepcureTa. 2017. Tom 15. Ne 5. 106-108.

5. Enaesa E.E., Axumosa E.A., Komaposa H.A. Bo3MoxHOCTH
WCTIONIB30BAaHUSI AaMHUHOKHMCIOT C LEJbI0  KOPPeKUIUH  (PYHKIIMOHAIBHOTO
COCTOSIHHSI CEPJICUYHO-COCYAUCTON CHCTEMBI. //YdueHble 3amuckd KpbeIMCKOro
tdbenepanpHOorOo yHHBepcuTeTta uMmenu B. U. Bepuaackoro buomorus. Xumws.
Towm 4 (70). 2018. Ne 2. C. 57-64.

6. Ena JIM., Apmemenxo B.O., Yasio I1.11. MeTab0oIMUYSCKHE MTOIXO/IbI B
JICYCHNH XPOHUYECKOW cepaeyHoi HemocTaroyHOCTH. CepreBa HEIOCTAaTHICTB.
2015. 1:46-53.

7. Uenamvesa JLE., Enaesa E.E., Kupeesa FO.B., Kauposa A.C.
Hccnenosanue WH/IUBUAIYAIEHOTO «BETETaTUBHOTO opTpeTa» u
(hYHKIIMOHATBHOTO COCTOSIHHSI CEpPACYHON MBIl FOHBIX OHATIOHKCTOB.

203


http://journal-grsmu.by/index.php/ojs/issue/view/71
http://journal-grsmu.by/index.php/ojs/issue/view/71

//KynbTypa (u3ndeckas u 3J0pOBbe: HayYHO-METOMMUYECKHi XypHai. 2016. Ne
5(60). C. 19-24.

8. Kapasaii T.®., Hegpeoos JI.H. CBOOOIHBIE aMUHOKHCIIOTHI B KAUECTBE
perymIsTopoB MeTaboni3Ma HpH CepACYHO-COCYIUCTOH marojoruu (0630p). //
CoBpeMeHHbIE TPOOJIEeMBbl OMOXMMHUHM M MOJEKyJsipHOH Oumomoruu. 2022. T. 1,
Boim. 1. C. 104-109.

9. Cunvkees M.C., Cxeéopyos FO.U., Bozoanosa T.M., Cxeopyos K.IO.
AMMWHOKHCIIOTBI KpOBH B NATOTC€HE3€ W KIWHUKE HIIEMAYECKOH 0o0Je3Hn
cepama//  MexXIyHapOOHBIM JKypHAJI TPHKIAAHBIX W (QyHZaMEHTaJIbHBIX
ncciemoBanuid. — 2014, — Ne 11-3. — C. 480-484.

10. Tennosa H.B., A6oypacumos C.A., Bonos H.A. u op. Taypun B
KOMIIJIEKCHOM TCparnnuu OOIBHBIX XpOHH‘IeCKOfI cep,ueqﬂoﬁ HEAOCTAaTOYHOCTHBIO.
[[Tepanust 2017 Ne8 28-34.

11. Yokuns B.K., I'apaeéa C.H., Hesoss A.B. u op. Cepoconepxariue
AMUHOKHUCIIOTBI B JAUArHOCTHKEC, 1eJicHaNpaBJICHHOM MOAACPKaHUN u
¢dopmuposanuu 3m0posest. //Buletinul ASM. Stiintele vietii. Nr. 3 (315) 2011.
15-35.

12. Huang, Y. Branched-chain amino acid metabolism in heart disease: an
epiphenomenon or a real culprit. //Cardiovascular Research. 2011. Vol. 90. P.
220-223.

13. Choi M.J., Kim J.H., Chang K.J. The effect of dietary taurine
supplementation on plasma and liver lipid concentrations and free amino acid
concentrations in rats fed a highcholesterol diet. //Advances in Experimental
Medicine and Biology. 2006. 583. p. 235-42.

14. El Idrissi A., Boukarrou L., Splavnyk K. et al. Functional implication
of taurine in aging. //Adv Exp Med Biol. 2009. 643. p.199-206.

15. Ito T., Azuma J. Taurine is a possible anti-atherosclerotic agent.
//Nippon YakurigakuZasshi. 2004.123 (5). p.311-317.

16. Karavay P.A., Nefyodov L.I., Karavay N.L. Amino acids in
Metabolomics: Perspective for the Use of Regulatory effects of Fee Amino
Acids in the Creation on their Basis of Infusion Solutions. //International Journal
of Hematology & Therapy. 2016. Ne2. P. 1-7.

17. Kim C., Cha Y.N. Taurine chloramine produced from taurine under
inflammation provides anti-inflammatory and cytoprotective effects. Amino
Acids. 2014,;46(1):89-100.

18. Lourenco R., Camilo M.E. Taurine: a conditionally essential amino
acid in humans? An overview in health and disease. //Nutr. hosp., 2002. Vol. 17.
Ne6. P. 262-270

19. Nitz K., Lacy M., Atzler D. Amino Acids and Their Metabolism in
Atherosclerosis. //Arterioscler. Thromb. Vasc. Biol. 2019. Vol. 39, Ne3. P. 319-
3305.

204



20. Odia O.Z., Esezobor P.P. Therapeutic Uses of Amino Acids. //Amino
Acid — New Insights and Roles in Plant and Animal — IntechOpen. 2017. P. 3—
14.

21. Pencharz PB, Hsu JW, Ball RO. Aromatic amino acid requirements in
healthy human subjects. //The Journal of Nutrition. 2007.137 (6 Suppl 1):
1576S-1578S.

22. Satomi S. Branched-Chain Amino Acids-Induced Cardiac Protection
Against Ischemia/Reperfusion Injury. //Life Sciences. 2020. Vol. 15, Ne 237.
P.117-138.

23. Yakimova E. A., Elaeva E. E., Grizlova L. V. Seasonal features of the
clotting reactions to physical load ///Advances in Environmental Biology. 2014.
Ne 8 (10). P. 313-317.

24. Yanagita T., Han S.Y., Hu Y. et al. Taurine reduces the secretion of
apolipoprotein B100 and lipids in HepG2 cells. //Lipids in Health and Disease.
2008. 7. p.38.

205


https://academic.oup.com/jn/article/137/6/1576S/4664888
https://academic.oup.com/jn/article/137/6/1576S/4664888

CZU: 612.398.192:612.017.1
DOI: https://doi.org/10.52692/cfz12024.22
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Abstract. The immune system, in connection with its functional tasks, is
key in protecting the body from pathogenic external and internal factors. The
formation of sanogenic homeostasis of the immune system depends on the intake
of immunoactive amino acids into the body and the content in the blood, among
which dicarboxylic amino acids are of greatest importance. An analysis of the
literature allows us to conclude that the maintenance of sanogenic immunity is
regulated by the level of intake of proteinogenic, primarily essential, amino acids
into the body. The most significant for maintaining sanogenic homeostasis of the
immune system are aromatic, branched-chain and sulfur-containing amino
acids.

Key words. Homeostasis, immune system, amino acids.

Introducere

Sistemul imunitar, in legatura cu sarcinile sale functionale, este
esential in protejarea organismului de factorii patogeni externi si interni si
participa la toate procesele de reglare din organism. Varietatea functiilor
imunitare si sensibilitatea la diversi factori duc la aceea ca dereglérile
sistemului imunitar se pot intdlni in cazul diferitor boli, determinand
adesea, In mare masurd, insasi patogeneza bolii. Disfunctia sistemului
imunitar este asociatd cu dezvoltarea patologiilor infectioase, oncologice
si autoimune, a diferitor tipuri de alergii si a altor forme cronice ale
bolilor. In plus, chiar daca dereglirile sistemului imunitar nu determina
patogeneza bolii, ele pot afecta sensibilitatea la medicamente, caracterul
decurgerii si rezultatul procesului patologic de bazd, nemaivorbind de
dezvoltarea complicatiilor. Cele mai timpurii semne ale dereglarii
homeostaziei imunitare ar trebui cautate la nivel celular, unde incepe
formarea raspunsurilor la influentele externe, ceea ce, la randul sau, ne
permite sa ne formam o idee despre strategia metabolica a raspunsului
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imunitar ales de catre organism [15]. Este important de subliniat faptul,
ca sistemul imunitar functioneaza in strinsa legétura cu sistemele nervos,
endocrin, digestiv si alte sisteme si organe.

Avand in vedere continutul informativ sporit al indicatorilor
metabolici pentru caracterizarea starii functionale a sistemului imunitar,
studiul parametrilor metabolici va Tmbunatati diagnosticul dereglarilor
imunitare, va selecta corect metoda terapiei imunocorectoare, va evalua
efectul diferitor imunomodulatoare si va elabora masuri de
imunoreabilitare, tinand cont de dereglarile metabolice identificate [15].
Prin urmare, este importanta identificarea rolului aminoacizilor liberi in
formarea homeostaziei sanogene a sistemului imunitar, ceea ce a
determinat scopul acestui articol.

Unul dintre principalii factori care determind activitatea
functionald a componentelor sistemului imunitar este alimentatia [13]. Se
stic cd o alimentatie sanatoasa si echilibratd include numerosi nutrienti
care au 0 importanta cruciala in mentinerea eficientei sistemului imunitar
[3] si asigura energie pentru functionarea sistemului imunitar; blocuri de
constructie pentru sinteza acizilor nucleici, proteinelor si celulelor noi,
mentinerea integritatii barierelor de protectie; substraturi specifice pentru
sinteza metabolitilor necesari functionarii sistemului imunitar (de
exemplu, arginina pentru sinteza oxidului nitric sau acizii grasi
polinesaturati (AGPN) pentru sinteza eicosanoidelor); nutrienti necesari
pentru sinteza factorilor de reglare (de exemplu, vitamina A, zinc);
nutrienti cu proprietati antibacteriene sau antivirale specifice (de
exemplu, vitamina D, zinc); nutrienti care protejeaza impotriva stresului
oxidativ si inflamator (de exemplu, vitaminele C, E, zinc, seleniu, AGPN
si alti antioxidanti); nutrienti care sustin starea normald a microbiomului
(pre- si probiotice).

Deficitul de proteine in ratie afecteaza functia imunitara si creste
sensibilitatea organismului la agentii infectiosi. In acelasi timp, scade
concentratia majoritatii aminoacizilor in plasma sanguina. Administrarea
exogena de glutamina, arginina, glicina, taurind, triptofan si cisteina este
utilizatd pentru modularea functiilor celulare, inclusiv a sistemului
imunitar. Rolul AA liberi in functionarea sistemului imunitar constd in: 1)
activarea limfocitelor T, a limfocitelor B, a celulelor killer naturale si a
macrofagelor, 2) pastrarea potentialului redox celular, exprimarea genelor
si proliferarea limfocitelor, 3) producerea de anticorpi, citokine. Apar din
ce in ce mai multe dovezi ca addugarea de aminoacizi individuali in ratie
in caz de malnutritie sau boli infectioase, imbunatateste sistemul
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imunitar. Arginina, glutamina si cisteina sunt cei mai studiati compusi in
acest sens [20].

In ultimii ani, cercetitorii au identificat un grup functional de
aminoacizi imunoactivi, care include treonina, valina, triptofanul, acizii
aspartic si glutamic, serina, alanina, cistina si acidul y-aminobutiric
(GABA). Pe langa faptul ca formeazd proteinele imunoactive ale
organismului, aminoacizii imunoactivi au capacitatea de a accelera
productia de limfocite T si de a spori producerea de anticorpi specifici.
Acesti aminoacizi au activitate imunologica intr-un interval larg de doze
si, prin urmare, sunt la fel de promitatori ca si peptidele in calitate de
imunomodulatori. In acest sens, acidul aspartic este deosebit de
caracteristic, distingandu-se prin activitatea sa cea mai pronuntata.
fac parte din proteine, cat si cei care nu fac parte din proteine (GABA),
indica prezenta pe limfocitele T a receptorilor pentru aceste legaturi [11].
Activitatea imunologicad sporitd a aminoacizilor individuali permit de a
presupune cd aminoacizii, ca structuri mai vechi din punct de vedere
filogenetic, indeplinesc functia de imunoreglare independentd in
organism, adicd impreund cu peptidele, ele sunt o legatura independenta
in sistemul homeostaziei [11]. Un grup de cercetitori (benokpsuiop A.A.
u 1p.,), incd in anii 1986-1988, au studiat efectul imunomodulator direct
al aminoacizilor care fac parte din proteine — acid aspartic, asparagina,
acid glutamic, glutamina, serind, alanind, valind, treonind, cistind,
arginina, triptofan — asupra diferentierii precursorilor T din maduva
osoasa in limfocite T si au demonstrat capacitatea acestora de a stimula
raspunsul imunitar dependent de timus in organism. Acesti aminoacizi
accelereaza maturarea precursorilor T din maduva osoasa. S-a demonstrat
ca acizii aspartic si glutamic, ce se aflda in concentratii mari (20-65%) in
peptidele timusului, si triptofanul stimuleaza raspunsul imunitar
dependent de timus la eritrocite intr-o gama larga de doze si, prin urmare,
impreund cu peptidele, sunt promititoare (de perspectiva) ca
imunomodulatori. Imunostimularea pronuntata a raspunsului dependent
de timus de catre aminoacizi in absenta unui efect asupra raspunsului
imunitar independent de timus aratd ca efectul aminoacizilor este asociat
cu functia celulelor T, dar nu si a celulelor B [11].

Conform teoriei lui Newsholme E., glutamina este un substrat
cheie pentru celulele sistemului imunitar. Glutamina constituie in multe
privinte aminoacidul limitativ pentru limfocite, deoarece stimuleaza nu
numai cresterea acestora, ci si expresia antigenelor de suprafata, formarea
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citokinelor si sinteza proteinelor fazei acute. In cazul unui deficit de
glutamina 1n plasma sanguina, proliferarea limfocitelor scade, activitatea
monocitelor si macrofagelor se modificad, se modifica sinteza proteinelor
fazei acute si apoptoza celulard este stimulatd. S-a demonstrat ca
glutamina stabilizeazd ARN-ul [5]. Lipsa glutaminei in mediu duce la
oprirea mitozei in faza G(0). Multe dintre aceste efecte se datoreaza unei
scaderi a potentialului celular, care depinde si de raportul dintre glutation
oxidat/redus — administrarea glutaminei la animale creste concentratiile
tisulare de glutation redus [6]. Este interesant faptul, ca starea imunitatii
neutrofilelor este practic independentd de continutul relativ de
aminoacizi, cu exceptia glutaminei [10].

Fondul acidului glutamic este unul din cel mai semnificativ din
limfocitele, izolate din diferite tesuturi [20]. Acest lucru se datoreaza
probabil nu numai sintezei glutaminei din acesta, ci si rolului sau cheie in
procesele de transaminare si dezaminare a aminoacizilor. Pe langa rolul
sdu important in calitate de metabolit, acidul glutamic este un
neurotransmitator si un imunomodulator important. S-a demonstrat
prezenta receptorilor pentru acidul glutamic pe suprafata celulelor T si
expresia transportatorilor de glutamat pe celulele prezentatoare de antigen
(celule dendritice, macrofage) [1].

Transmiterea  semnalelor  prin  intermediul  receptorilor
hidrocarburilor aromatice (tirozina, fenilalanind, triptofan) este
consideratd o componenta cheie a raspunsului imunitar la nivelul barierei
intestinale si, prin urmare, este criticd pentru homeostazia intestinala,
moduland regenerarea epiteliului, integritatea barierei intestinale si
extinderea multor tipuri de celule imune, precum limfocitele
intraepiteliale, T-helper-17, celulele limfoide, macrofagele, celulele
dendritice si neutrofilele [4].

Astfel, metabolitii triptofanului sunt implicati in controlul
echilibrului inflamatiei si tolerantei in limfocite. Proliferarea celulelor T
este inhibatd in conditiile deficitului de triptofan si acumularea de
metaboliti toxici ai triptofanului [8]. Administrarea orald exogena a
triptofanului prin intermediul influentei asupra celulelor intestinale
(celule enterocromofine, endocrine, celule ale sistemului imunitar etc.),
precum si catabolizarea acestuia de microbiota, poate afecta homeostazia
nu numai in tractul gastrointestinal, ci si in intregul organism [18]. Cea
mai mare parte a triptofanului care intrd n organism este absorbitd in
intestinul subtire [19]. Totodata, ratia are un rol hotarator, deoarece
aportul simultan de aminoacizi neutri si aromatici (in special valina,
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leucina, izoleucina) limiteazad absorbtia si disponibilitatea acestui
aminoacid pentru organism. O parte semnificativd a triptofanului este
metabolizata in tractul gastrointestinal de catre microbiota intestinala [9].

In pofida popularitatii largi a argininei ca imunomodulator, cu toate
acestea, mecanismele specifice de participare a acestui aminoacid la
raspunsul imunitar nu au fost clarificate. Se cunoaste, cd in celulele
mieloide arginina este metabolizata in primul rand de NO-sintaza
inductibilda (NOSi) sau arginaza 1, enzime a caror activitate este stimulata
de citokinele T helper de tip 1 sau, respectiv, de tip 2. Limfocitele T
necesita arginina pentru proliferare, exprimarea complexelor receptorilor
si formarea mecanismelor de ,,memorie”. Arginina este un aminoacid
relativ esential in conditii catabolice. Sepsisul, traumatismele severe si
tumorile maligne sporesc necesitatea de arginind si epuizeaza rezervele
acesteia din organism. Aportul cesteia se completeaza prin alimentatie.
Administrarea suplimentara de arginina imbunatateste echilibrul de azot
si functia limfocitelor, stimuleaza transportul argininei in ficat.

Continutul de leucind, izoleucind si valind din limfocite,
comparativ cu alti aminoacizi proteinogeni, este destul de mare. Celulele
sistemului imunitar nu numai ca folosesc acesti aminoacizi cu lant
ramificat pentru sinteza proteinelor, dar sunt si capabile sa-i oxideze. Ei
sunt necesari limfocitelor pentru sinteza proteinelor, ARN-ului si ADN-
ului, adica pentru a permite stimularea acestora. Aportul alimentar limitat
de aminoacizi cu catena ramificata (AACR) afecteaza functia sistemului
imunitar si creste susceptibilitatea la agenti patogeni. S-a demonstrat ca
administrarea de AACR a imbunatatit starea imunitara [2]

Metionina este un aminoacid care initiazd sinteza peptidelor si
proteinelor si este, de asemenea, implicata activ in procesele de metilare a
acizilor nucleici. In plus, metabolitii sdi joacd un rol activ in reglarea
reactiilor metabolice cheie [17]. Regland nivelul de calciu intracelular si
formarea radicalilor liberi in limfocite, derivatii metioninei care contin
sulf moduleaza gradul de apoptoza. Derivatii metioninei — cisteina si
homocisteina — sunt implicati activ in realizarea acestor mecanisme.
Producerea sporita de homocisteina in celule are un efect negativ asupra
functiei imunitare. Astfel, deficitul acidului folic si vitaminei B12 este
insotit de scaderea imunitatii, apoptoza precursorilor hematopoietici ai
celulelor maduvei osoase si aparitia leucocitelor cu ADN hipometilat in
circulatia periferica. Homocisteina activeaza celulele T intr-un mod
dependent de concentratie, declansand procesele de apoptoza. Exista o
legatura dovedita intre acumularea de homocisteind, stresul oxidativ si
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activarea sistemului imunitar. Pe de altd parte, proliferarea celulelor
imunocompetente este nsotitd de necesitatea crescutd a vitaminelor
grupului B, ceea ce duce la acumularea de homocisteina [7]. O
proprietate importantd a taurinei este efectul sdu imunocorector. Taurina
se gaseste in leucocite si participd in orice rdspuns inflamator din
organism. Prin urmare, administrarea de taurind induce o crestere a
numarului de limfocite T, T-helper, elimina disfunctia imunitatii umorale
si creste rezistenta nespecifici a organismului [14]. In cele din urma,
sinteza ciclica si descompunerea glutationului joacd un rol semnificativ in
formarea aminoacizilor glutamic si aspartic. Din perspectiva principiului
sanocreatologic al unei abordari unificate pentru evaluarea starii
morfofunctionale a organismului, este justificat si intemeiat sa
recunoastem aminoacizii care contin sulf drept mijloace nespecifice de
reglare si mentinere a unui nivel sanogen al homeostaziei somato-
vegetative in general si al imunitatii in special. [17].

A fost stabilitd influenta lizinei asupra formarii raspunsului
imunitar umoral, precum si a efectului stimulator al acesteia asupra
activitatii fagocitare a neutrofilelor si sporirea fagocitozei [12].

Un studiu detaliat al influentei continutului de aminoacizi liberi din
serul sanguin asupra starii sistemului imunitar a fost realizat de
Vologjanin D.A. si colaboratorii sai (2005) [10]. Printre aminoacizii care
au avut o influenta predominanta asupra starii imunitatii, acesti autori au
remarcat metionina, arginina si valina, ceea ce probabil reflecta
participarea lor 1n  metabolismul intermediar al  celulelor
imunocompetente. Transformandu-se in succinil-CoA, metionina si
valina sunt incluse in ciclul citratului, care joacd un rol central 1n
metabolismul intermediar. Componentele reductoare formate in acest
proces sunt oxidate in lantul respirator, cu formarea de ATP. Acest lucru
ne permite sa asociem influenta acestor aminoacizi cu includerea lor in
procesele enzimatice care reinnoiesc rezerva de produsi intermediari ai
ciclului acidului citric. Continutul aminoacizilor glicogeni coreleaza
semnificativ cu starea principalelor elemente ale imunitatii. Cea mai
pronuntata legatura a fost observatd cu imunitatea celulara, ceea ce poate
indica o dependenta energetica mai mare a acestui element al imunitatii.
Influenta predominanta a aminoacizilor glicogeni asupra starii diferitelor
parti ale sistemului imunitar poate indica, de asemenea, despre utilizarea
preponderentd a acestor aminoacizi liberi pentru producerea de energie.
Aminoacizii glicogeni au avut o influentd mai putin semnificativa asupra
imunitatii neutrofilelor si a raspunsului umoral. Cel mai mare numar de
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corelatii intre starea diferitelor componente ale imunitatii a fost identificat
cu aminoacizii care contin sulf, in special cisteina si metionina. Nu numai
imunitatea celulara si umorala, ci si activarea limfocitelor au fost asociate
cu continutul lor relativ. Autorii au ajuns la concluzia ca aceasta grupa
functionala de aminoacizi exercita o influenta unidirectionald asupra
starii raspunsului imunitar, in special in legaturd cu faptul ca ambii
aminoacizi au proprietati antioxidante pronuntate, si sunt implicati in
sinteza acizilor nucleici, colagenului si a altor proteine.

Analiza literaturii de specialitate ne permite sa concluzionam ca
analiza compozitiei calitative a aminoacizilor care au cea mai mare
influenta asupra elementelor imunitatii si parametrilor sai individuali, a
ardtat cd printre acestia se gasesc practic toti aminoacizii care sunt
considerati in prezent a fi imunonutrienti [10].

Astfel, influenta aminoacizilor liberi asupra imunitatii are loc, pe
de o parte, prin intermediul aminoacizilor liberi care circula in sange, iar
pe de alta parte, prin activitatea pancreasului, ficatului si metabolomului
intestinal, care consuma activ aminoacizii si participa in mentinerea
homeostaziei lor in organism [16]. Formarea fondului sanogen al
sistemului imunitar depinde de aportul de aminoacizi imunoactivi in
organism si de continutul lor in sange, printre care cea mai mare
importanta o au aminoacizii dicarboxilici. Analiza literaturii ne permite
sd concluziondm, cd mentinerea imunititii sanogene este reglatd de
nivelul aportului de aminoacizi proteinogeni, in primul rand esentiali, in
organism. Cei mai semnificativi pentru mentinerea homeostaziei
sanogene a sistemului imunitar sunt aminoacizii aromatici, cu lant
ramificat si care contin sulf.
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ITPOCTPAHCTBEHHOE OBYYEHUME U ITAMATD
BEJIBIX KPBIC B BOJHOM JJABUPUHTE MOPPUCA
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Abstract. The aim of the work is to investigate the effect of long-term
consumption of biomass of local strains of streptomycetes - Streptomyces
massasporeus CNMN-Ac-06 and Streptomyces fradiae CNMN-Ac-11 on the
spatial learning and memory in rats in the Morris water maze. It was found that
biomass of strains Streptomyces massasporeus CNMN-Ac-06 and, to a greater
extent, Streptomyces fradiae CNMN-Ac-11 leads to a noticeable decrease in
such indicators, recorded during the training of animals in the Morris water
maze, as the duration of the latent period of the animals the platform, the length
of the path to the platform and the duration of the animal's stay in the non-target
sectors of the maze, while the duration of the animals' stay in the target sector of
the maze increased significantly. Thus, the biomass of studied local strains of
streptomycetes contributes to the intensification of spatial orientation learning,
improvement of working memory and the process of consolidation of spatial
memory in rats, and these strains are promising for further research in order to
isolate and identify substances with neuroprotective and nootropic properties.

Key words. Spatial learning and memory, working and long-term
memory, Morris water maze, streptomycetes, biomass.

BBenenue
UccnenoBanne o0Oy4YeHHs W TaMSATH Ha Pa3HBIX yPOBHSIX
OpraHu3ailii, HECMOTPS Ha CBOIO JUIMTENIbHYI) HCTOPHUIO, OCTaeTCs
OIHMM U3 LEHTPAJIBHBIX pa3JeyiOB Kak Heﬁpoq)mnonorﬂn, Tak |
¢dbyHIaMeHTanpHOW Hayku BooOrie. OOydeHHe W TaMsTh TECHO CBS3aHBI
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MEeXJTy coO0M, nMest PyHIaMeHTaIbHOE 3HAUCHHUE IS KMBOTO OpraHu3mMa [8,
11].

Brricaenus OPUYUH NPEKIECBPEMEHHOTO HapyILCHHS
KOTHUTHBHBIX MPOLECCOB, B TOM YHCJIE, IAMATH, U TIOMCK CIIOCOOOB €ro
MPOMUIAKTHKH TPHOOPENH B HACTOAIIEE BPEMS 0COOYIO aKTYaIbHOCTD.
UenoBedyecTBO CTajgo0 ropa3no OOJblIe CTaJKUBATHCS C IMATONOTHSIMH,
KOTOpBIE  COMPOBOXKAAIOTCA  HEHpOAETeHEpPaTUBHBIMU  IPOLECCAMHU
TakuMH, Kak Oome3Hm AjbpureiiMepa, IlapkuHcona u ap. [7, 16, 21],
OHM OBICTPO MPOTPECCHPYIOT, OCOOEHHO B Pa3BHUTHIX CTpaHax [22], u
OJTHUMU u3 Haunbonee BaKHBIX MPUIHH YBEITUUCHUS
pacripoCTpaHEHHOCTH KOTHUTHBHBIX HEHPOIICMXWYECKUX HapyLICHUH,
SIBJISICTCSI XPOHHYECKHI TICMXOTCHHBIH CTpPecC, CTPECCOTEeHHBINM o0pa3
JKU3HH, PE3KHE M3MEHEHHS YCIOBHUI KHU3HECSTEIbHOCTH COBPEMEHHOTO
yenoBeka [1, 2].

OpHuM H3 crnocoO0B pelIeHusT MPOoOJIeMbl NPEKIEBPEMEHHOIO
yracaHusi MaMsTH SIBISETCS] MOUCK BELIECTB C HEMPONPOTEKTOPHBIMHU U
AHTHOKCHJIAHTHBIMH CBOHCTBaMH, BIHMSIOIMUA Ha
pas3nvHbIe HEHPOHATBHEIE oOpa3zoBaHHs TOJIOBHOTO MO3ra,
y4acTBYIOIIMX B  Tpomeccax  oOydeHms W mamsata |7,
12]. CaHOKpeaTonOru4ecKiue MOAXOAbl K MOBBIIMICHHIO CAHOTCHHOCTH
opraHu3zMa W TpeAOTBPAICHUIO paHHEH nerpaganud (YHKIUH, B TOM
YHcie, NMCUXWYECKUX, BKIIOYAIOT U IIOJIyY€HHE CAaHOTCHHBIX BELIECTB
MIPUPOJTHOTO TIPOUCXOKIeHS [ 1].

B nmocnennue romel  ObUIO  OOHApY)KEHO, YTO BTOPUYHBIE
METa0OIUTEl Ppsfa IUTAMMOB CTPENTOMMLETOB CIHOCOOHBI OKAa3bIBAaTh
HEHPOIIPOTEKTOpHOE JIefiCTBUE NMpPU NPHUMEHEHHU Pa3InYHbIX MOJAEIeH
HelpojereHepanyuy,  IOKa3aHO WX  3HAYCHHE  KaK  MOIIHBIX
HEHPOIPOTEKTOPHBIX  BEIECTB B YCIOBHSX WHAYKIUHA JIUTHTHON
nepokcuganmu [10, 18]. bomee TOoro, HeEKOTOphle W3 METAOOIMTOB
CTPENTOMHIIETOB, o0namator CHOCOOHOCTBIO CTHMYJIUPOBATH
HEHpPHUTOTeHe3, OKa3bIBasl BIUSHUE HA YIBTPACTPYKTYPHYIO OpraHU3aIUIo
pa3IMYHBIX HEWpPOHAJIHHBIX 00pa3zoBaHMil rojoBHOTO Mosra [14, 20], u
g dhepeHIMPOBKY HEHpaTbHBIX CTBOJOBBIX KIETOK [6]. Hecmorpst Ha
YBEJIMYHUBAIONICECS YHCIO COOOIIEHUH O BO3JCHCTBUM MPOIYKTOB
KU3HEIEATEIBHOCTH CTPENTOMHIIETOB Ha HEHPOHAJbHBIE MPOLECCHI, UX
BJIMSHUE Ha [TOBEJCHHE )KMBOTHBIX €Ille OYEeHb MaJlo hcclieioBaHo. Panee
B MHcTHTyTE (Dr3noNornu U caHOKpeaToloruu ObII0 OOHAPY>KEHO, YTO
JUINTENIbHOE  TOTpeOjeHue  OenbiMM  KpbicaMH  O0OOMX  TIOJIOB
KYJITYpaJIbHOR JKUJIKOCTH u, 0coOeHHo, Oonomaccsl
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mrammoB Streptomyces  massasporeus CNMN-Ac-06  u Streptomyces
fradiae CNMN-Ac-11, BeimeneHHslx u3 o4 PecrmyOmuku Mosmosa,
oOnerdaer BBIPAOOTKY OOOPOHUTENBHBIX YCIOBHBIX pPe(IeKCOB U
CIOCOOCTBYET YBEITUYCHHIO CKOPOCTH HeNieHanpaBIeHHbBIX
IBUTATEIBHBIX  PEaKIuii, a TakXKe BBI3BIBAET CYIIECTBEHHYIO
CTHMYIIAIIIO (hOPMHUPOBAHMS YCIIOBHO-PE(PIIEKTOPHOM mamsat [4, 5, 17].
[lpy wu3yueHHM BO3ACHCTBUS METAOONMTOB IITaMMOB Streptomyces
avermectilis u Streptomyces lincolniensis na moBeneHYeCKHe peaKkIUU
KPBIC BBISIBJICH, B YaCTHOCTH, UX aHKCHOMUTHICCKU 3¢ dekT [19].

Llenpto paOOTHI SIBASICTCS HW3yYEHHE BIUSHHUSA JUIUTEIHHOTO
notpebyieHust Omomacchel mrTamMMoB Streptomyces massasporeus CNMN-
Ac-06 u Streptomyces fradiae CNMN-AcC-11, BBIOEIEHHBIX W3 IIOYB
HEHTpalbHOH dacTu PecnyOnmkn MoinoBbl, Ha NPOCTPaHCTBEHHOE
oOydeHHe ¥ mamsath Oenbix Kpbic JuHuu Wistar B BogHOM JaOUpUHTE
Moppuca.

MatepuaJjsbl 1 MeTOABI

HccnenoBanusi BBITIONHEHBI Ha O€JBIX KpbIcax-caMIax JUHHUU
Wistar B Bo3pacTe 5-TH MecsleB, COACPIKABIIMXCS B YCIOBUSIX BUBAPHUS
npyu cBOOOJHOM JOCTyme K Bojae W mwmmie. HaumHas ¢ Bo3pacta 2-X
MECSIEB, )KUBOTHBIE 2-YX OMNBITHBIX Ipym B TeueHue 90 nHel B KkadecTBe
NUIIEBOH [OO0aBKM K PpALUOHY MUTaHMS TMOJy4yaldd BBICYIICHHYIO
OmoMaccy IITaMMOB CTPENTOMHIIETOB — Streptomyces massasporeus
CNMN-Ac-06 (BM1) unu Streptomyces fradiae CNMN-Ac-11 (BM2) B
nmo3e 250 mr/kr macchel Tena B CyTKU. JKMBOTHBIE KOHTPOJIBHOM TPYIIITHI
COJICp)KaINCh HAa CTaHJApPTHOM paluoHe NuTaHus. Mcmomezyemsle B
paboTe IITaMMbI CTPENTOMHIIETOB BBIJCJICHBI M3 IOYB IIEHTPATBHOM
yacth PecnyOnuku MonjoBa W HaxXOIATCS HAa XpaHCHUHM B
HammonanpHONM ~ KOJUIEKIMM ~ HENATOTEHHBIX  MHUKPOOPTaHM3MOB
WHCcTUTYTA  MHKPOOMOJNOTMM ¥ OWMOTEXHOJOTMM  TexXHH4YecKoro
yHuBepcuteTa MonaoBel. KynbTHBHpOBaHHE MITAMMOB CTPENTOMHUIIETOB
MPOBEJICHO Ha CTAaHAAPTHON KOMITJIEKCHOW NUTaTeNbHOM cpene SP-1.

OCOOEHHOCTH MPOCTPAHCTBEHHOTO OOYYECHUS M HaMATH y KPBIC
MICCJIEIOBAJIM C TTOMOIIBI0 COBPEMEHHON M XOPOIIO 3apEKOMEH IOBaBIIEH
ce0s1 B 1a00paTOpHUsIX Pa3IMYHBIX CTPAaH METOIUKH «BoIHBIN 1aOUPUHT
Mopucca» (BJIM). DToT MeTo; TO3BOJSET HUCCIEAOBATH MPOIECCHI
MPOCTPAHCTBEHHOTO O0y4YeHHS W MaMsTH (pabodeil U JOITOBPEMEHHOM ),
ryie paboyasi MaMsTh pacCMaTPUBAETCS KaK OIEPAaTUBHAS COCTABIISIONIAS
KpaTkoBpeMeHHOU namsaTH [3]. Metoauka BJIM, ocHoBaHa Ha TOM, 4TO
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JKUBOTHOE  0OydyaeTcs HaxOAWTh KpaTyalllyl0 JAWCTaHLHUIO 10
cripsTaHHOW mox Bogou mmiatdopmel [13, 15]. C momMompio JaHHOTO
TECTa HCCIEAOBAIN [UIMTEIBHOCTh JIATGHTHOTO IMepuoja, B TEUCHHE
KOTOPOTO Kphbica Haxoawia riardopmy u 3abupanace Ha Hee (JIII, c), u
JUIMHY TPOWICHHOIO IyTH, KOTOPBIH »XMBOTHOE IMPOXOIWJIO OT MeECTa
nomemneHust B Boay jno tuardopmer (IIII, cm). Jlabupuat Moppuca
npeAcTaBiser  coboii  OaccellH,  3amOJHEHHBI  HEMPO3paydyHOH,
OKpAIIEHHON IOPOILKOBBIM O0E3’KUPEHHBIM MOJIOKOM, BOJOIIPOBOJHOMN
BOJIOM, IOBEPXHOCTh KOTOPOT'O YCJIOBHO pa3zeiieHa Ha 4eThlpe cekropa (I
— nenesoit; 11, Ill, IV — He menerwie). B meneBoM cexrope HaxoIUTCS
iatdopma, ckpbitas Ha 0,5 cM mox BoAoH. JIBWKEHHS KHUBOTHOTO
BHYTpHU OacceiiHa perucTpupoBalIi ¢ IIOMOLIBIO HH(POBOH BUACOKAMEPHI
[3]. OmbIT cocrosin u3 da3sl 00yueHus U Ga3bl TecTUpoBaHus. JKUBOTHOE
B TeueHue 4 anel mpoxoamno ¢azy obyuenus. ExenHeBHoe oOyueHne
BKIto4asno 3 monbiTku ¢ uHTEepBasoM 30 c. JIII u I ana kaxmoro aHs
BBIUMCISIIA  KaK cpeAHee 3HadeHHe. OQPGEKTUBHOCT, OOYyYEeHUS U
aKTHBAIMIO paboyeli MaMsATH OLICHUBAIM 10 YMeEHbIIeHUIO 3HaueHui JIIT
n IIII. IIpoBepky axTUBaLlMU JOJTOBPEMEHHOW IPOCTPAHCTBEHHOMN
NaMsITH MPOBOAWIM Ha S5-H JIeHb HKCIEPHUMEHTa — yOWpalu CKPBITYIO
miaropmy, *KUBOTHOE ¢ MHTepBajioM 30 ¢ 3 paza momMemniaid B LEHTP
Oacceifna, nanee B TeueHHE | MUHYTHI MTPOBOJMIN HAaONIOICHHS 32 €ro
IBIKEHMSIMU. Onpenessuid BpeMsl HaXOXKICHUS B KaKIOM U3 CEKTOPOB
(B % ot obmero BpeMeHH HaxoXAeHHS B Oacceitne). CraTHCTHYECKH
3HAYMMOE TPEBHIIICHNE BPEMEHN HAaXOXKICHHS B IIETICBOM CEKTOpE HaJ
CIly4allHBIM ~ CBHIETEJIbCTBOBAJIO O TOM, 4YTO Kpbica IIOMHHT
pacnonoxenne miargopmel. Ha 9-ii nenp u 30-i eHb DKCIEpUMEHTa
OLICHUBAJIM COXPAHHOCTh CJIEIOB MNPOCTPAHCTBEHHOW MaMITH U
JUINTENTBHOCTh WX  yaepxanus. CTaTUCTHYECKMH aHaiW3 JIaHHBIX
BBITIOJTHEH TTpH oMol rporpammsel Microsoft Excel 2016.

Pe3yabTaThl M MX 00Cy:KIeHHE

AHanu3 NoJly4eHHON AMHAMHKH IOKa3aTesiell MPOCTPaHCTBEHHOTO
oOydeHnss u paboueit mamaru B BJIM — JII wu [l moxa3wiBaer
CYUIECTBEHHbIE WX  HM3MEHEHHWS  TIO[  BJIHSHUEM  OHWOMACCHI
crpentomuuietoB (puc. 1 m 2). OOHapyXeHO, UYTO JUIUTEIBHOE
notpebiieHre OHoOMacchl CHOCOOCTBYET CYLIECTBEHHOMY OOJierdyeHue
nporiecca MPOCTPAHCTBEHHOI'O OOYYEHUsI, MPH 3TOM OOHAPYKEHO, UYTO
mramMMbl - Streptomyces massasporeus CNMN-Ac-06 u  Streptomyces
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fradiae CNMN-Ac-11 B pa3HOii cTeneHH CIOCOOCTBYET OOJIETYCHHIO
oOydenus B BJIM.

60
55
50
45 *

JTaTeHTHBIH TIEepHOI, C

1-# mess 2-# meHB 3-H OeHB 4-1 nmeHs
JIHH 00ydeHHa
s-4--- goHTpON, —W—BMI1 --&£--BM2

Pucynoxk 1. luramuxka JIIT B mpomecce oOyduerus kpoic B BJIM mon BiusHuEM
OrOMacchl CTPENTOMHIIETOB. * — TOCTOBEPHBIC OTIINYUS OT KOHTPOJIS, **-
JOCTOBEpHBIE paznuuus Mexay BM1 u BM2, p<0,01-0,05.

B orimuaue or BM2, BMI1 yxe Ha 1-it 1eHb 00y4eHHUST BHI3BIBAET
nocroBepHoe camxkenue JIII (Ha 20,2+6,2%), Ha 2-i nenp ooydenus JIIT
y Kpbic, moTpebsiBiux BM2 na 29,9+4,6% Hinke koHTposs, a BMI - Ha
45.2+5,9%, Ha 3-W JOEHb, COOTBETCTBEHHO, — Ha 16,0£6,3% u Ha
38,244,9%, Ha 4-ii JOeHb, COOTBETCTBEHHO, — Ha 27,2+54% wu Ha
46,7+4,6% (puc. 1). CxomHas kapTuHa HaOMrOAaeTCs M IMPHU
UCCIICIOBAHUU [JPYTroro IoKas3aTens MPOCTPAHCTBEHHOrO OOy4YeHHS B
BPJI - 11 (puc. 2).

HpO]‘:IﬂE}lH]:l]{ IIyTh, CM
n
[=]
[=}

1-ii meHs 2-# geHs 3-H OeHB 4-i neHsB

IHH 00yHeHHA
c-#--- gopTpons —@—BM1 —A—BM2

Pucynox 2. lunamuxka I1I1 B mpouecce o0yuenus kpoic B BJIM nox BiusiHuemM
61oMacchl CTPENITOMHIETOB. * — TOCTOBEPHbIE OTINYHUS OT KOHTPOJIS, ** —
JIOCTOBEpHBIe pasnuyuus Mexy BM1 u BM2, p<0,01-0,05.
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CormacHo METOuKe,  JUIS WICCIIETOBAHUS aKTHBAIIUU
JIOJITOBPEMEHHOM TPOCTPAHCTBCHHON MaMSATH HAaXOIWIHM KIaCCHYCCKUI
KPUTEPUH 3alIOMUHAHMS — BPEMs HaXOXJICHUS KPBIC B I[EJICBOM CEKTOPE
mociie OKOHYaHHug o0ydeHus (Ha 5-i JeHb), Koraa miathopMy youpann
n3 OacceitHa. OOHapyXeHO, YTO >KUBOTHBIE, TOTPEONSBIINE OHMOMaccy
CTPENITOMHIICTOB, OONBIIYID YacTh BPEMECHHM NPOBOJWIA B IICJICBOM
CEeKTOpe IO CpaBHEHHIO C KOHTPOJEM, YTO CBHJIETEIbCTBYET O
CTUMYJSIIMM Yy  HHX Tpolecca aKTHUBAIMH  JOJTOBPEMEHHOH
MPOCTPAHCTBEHHON MaMsTH, TPOIecca KOHCOMUAANMU dHTpammbl. [Ipu
3TOM, XHUBOTHBIC, ToTpeOsiBiine BM1 1 BM2, Haxoauiuch B 1EJICBOM
CEeKTOpe TIPUMEPHO OAMHAKOBYI0 dacTh BpemeHu (37,243,5% wu
40,1+4,2%, cooTBETCTBEHHO) (puc. 3).

£ W
[=I =)

(75}
[=}

— [
o o

BpeMs HAXOKISHHA B
cekTopax, %

o

KOHTPOIb BMI1 BM2
5-1f meHb (TecTHPOBAHHE)
B (meaeroit) BII OIII EIV
Pucynox 3. OTHOCHTENbHAS TPOAOIDKUTEIHHOCTD PEOBIBAHMS KPBIC B CEKTOpaX
BJIM Ha 5-i1 JeHb TECTUPOBAHHUS [O]] BIUSHUEM OHMOMACChl CTPENTOMHIIETOB. *
— JIOCTOBEpHbIE OTIANYMsI OT KoHTpousi, p<0,01-0,05.

Jns oueHkH COXpaHHOCTH cliefla TaMsITH W, COOTBETCTBEHHO,
MPOCTPAHCTBEHHON JIOJITOBPEMEHHON TMaMATH, COIJIaCHO METONMKE,
TECTUpPOBaHUE NOBTOpWIM Ha 9-U, a 3arem 30-il meHp mocie Havana
oOydenus. [lonydeHnHble pe3ynbTaThl MOKa3aJId, 4To Ha 9-i JAEHDb OMbITa,
T.e. CIIyCTS 5 JIHEH mocie OKOHYaHWS OOYYECHHUS! KPBICHI, MOJyYaBIIU C
kopmoM BM1 u BM2, oTHOcHTENbHO OOIBIIE BPEMEHH HAXOIITCS B
LIEJIEBOM CEKTOpPE IO CPaBHEHHMIO C KOHTPOJIEM M JIaXK€ HECKOJBKO
OompIie MO cpaBHEHHUIO ¢ 5-M jgHeM ombita (45,3+£3,3% u 40,1+2,8%,
COOTBETCTBEHHO), YTO CBUAETEIBLCTBYET O COXPAHHOCTU CIEAOB MaMsTH
u 3(QdekTuBHOCTH METa0OJUTOB CTPENTOMHUIIETOB B OTHOLICHHU
coOpaHHOCTH ciiena namstu (puc. 4).
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Pucynox 4. OTHOCHTENBHAS TPOAOIDKUTEIHHOCTD IPEOBIBAHIS KPBIC B CEKTOpaX
BJIM Ha 9-if neHp TeCTHPOBAHUSA O] BIUSHIEM OHMOMACCHl CTPENTOMHIICTOB. *
— JIOCTOBEpHBIC OTINYHA 0T KOHTpos, p<0,01-0,05.

Pesynbratel TecTupoBanud Ha 30-i J€HB ONBITA, IOKA3BIBAKOT, YTO
JaKe CHYCTsS UTMTENIbHOE BpeMs, KpPBICH, MOTpeOisBIIMe OuomMaccy
CTPCIITOMULICTOB, B OTJIMYUC OT KOHTPOJIA, COXPAHAIOT CJICAbLI MMaMATH O
MECTe HaXOXXACHUs MIaT(opMbl U 4Yalle HAXOAATCS B LIEJIEBOM CEKTOpPE
BJIM (puc. 5), mpu sTom, 3 dpextuBHOCTE BM1 GombIIe 10 CpaBHEHHIO C
BM2.

Takum oOpa3om, OroMacca mTamMMoB Streptomyces massasporeus
CNMN-Ac-06 (B Gombiueii crenenn) u Streptomyces fradiae CNMN-Ac-
11 criocoOCTBYET CTUMYJISIIIMN MPOLecca MPOCTPAHCTBEHHOTO 00yUYeHHS,
aKTUBHM3AIWU paboyeil M JOJTOBPEMEHHON MPOCTPAHCTBEHHOW MaMSTH
YIIYYIIEHHIO COXPAaHHOCTH CJIEI0B MaMSITH.

50

40

30 ¥

20

HH
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BpeMs B cekTope, %

KOHTPOIb BMI1 BM2
30-i1 meus (TecTHpOBAHHE)
W] (uexcsoti) BII OII EIV
Pucynok 5. OTHOCHTENBHAS TPOAOIDKUTEIHHOCTD PEOBIBAaHMSI KPBIC-CAMIIOB B
CeKTOpax BOJHOTO JabupuHTa Moppuca Ha 30-i 1eHh TECTUPOBAHUS 10T
BIIMSTHAEM OMOMAcCCHI CTPENITOMUIIETOB. * — JOCTOBEPHBIE OTIMYHUS OT KOHTPOJIS,

p<0,01-0,05.
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CnemyeT  OTMETHTh,  4YTO  HCCIEIOBaHHWE  Ipolecca
MPOCTPAHCTBEHHOTO OOyUEHHS U MAMSTH J1a00paTOPHBIX JKUBOTHBIX B
BOJHOM JIabMpHHTE Moppuca moj BIUSHHEM OHOMACCH IITAMMOB
Streptomyces massasporeus CNMN-Ac-06 u Streptomyces fradiae
CNMN-Ac-11 Obutd mpoBeaeHbl BrepBbie. IloaydeHHBIC JaHHBIC
MOTYT  KOCBEHHO  JICMOHCTPUPOBaTh  BJIIMSHUE  BTOPHUYHBIX
MeTaboNMUTOB OMOMACCHI WCCIIEAYyEMBIX INITAMMOB Ha T€ WM WHBIS
MEXaHM3MBl O0y4YeHHs, padouell ¥ JONTOBPEMEHHOW MaMATH ¥
nabopaToOpHBIX  KUBOTHBIX, YTO, TMO-BHIMMOMY, OIpeneseTcs
HEOJMHAKOBBIM COCTaBOM OMOMACCHI IITAMMOB.

D¢ dheKTHBHOCTh OHMOMACCHl  HCCIEAYyeMBIX INITaMMOB B
OTHOIICHUH MPOLECCOB 00yUCHHS U MaMSITH, OYeBUIHO, 00YCIOBIICHA,
HEHUPONPOTEKTOPHBIM ~ JEHCTBUEM  BXOJAIIMX B €€  COCTaB
AHTHOKCHJIAHTOB (XOPOIIIO U3BECTHO, YTO ITUIABAHUE B BOJE B MOJEIH
BJIM, sBnseTcs AOCTaTOYHO CHIIBHBIMH CTPECCOBBIM (DAKTOPOM IS
KpBIC Ha HayadbHOM mepuoge oOydenus [13, 15]), a Takke
MeTabONNTOB, CIOCOOHBIX CTUMYJIUPOBAaTh M  MOJJAEPKUBATH
HeHpOHAIIbHBIE TPOIIECCHI, JISKAIie B OCHOBE OOYUYCHHS U TIAMSTH, O
4eM CBHJCTEIILCTBYIOT U PE3yJIbTaThl, MOJy4YCHHbIC HAMU paHee [4, 5,
9,17].

BriBoabI

1. buomacca mrammoB Streptomyces massasporeus CNMN-Ac-06
u Streptomyces fradiae CNMN-Ac-11, BBIIEIEHHBIX M3 IIOYB
HeHTpanbHOH  wactm  PecnyOmmkm ~ MomnoBa, CrocoOCTBYET
CYLIECTBEHHOMY OOJIEIYEHHIO MpoIlecca MPOCTPAHCTBEHHOTO O0YYEeHHs
OenbIX KphIC-CAMIIOB B BOJHOM JIaOMpuHTE Mopucca, aKTHBAIUU
pabodeil u ONTOBPEMEHHOW MPOCTPAHCTBEHHON NMaMATH, YBEIUYCHUIO
JUTNTENTLHOCTH XpaHEHUsI ciie/ia MaMsITH.

2. CpaBHUTEIbHBIM aHAIU3 [I0Ka3aTeje IMPOCTPAHCTBEHHOTO
o0ydeHHss W MaMATH B BOJHOM JaOupuHTe Mopucca 1oj BIMSIHHEM
obmomaccel mramMmoB Streptomyces massasporeus CNMN-Ac-06 u
Streptomyces fradiae CNMN-Ac-11, KyJIbTHBUpYEMbIX Ha KOMIUIEKCHO
cpeae SP-I, mokasbiBaer, uro Ouomacca mTamma Streptomyces
massasporeus CNMN-Ac-06 obnanmaer O6mbiIel 3QQPEKTUBHOCTHIO B
OTHOIIIEHWH MPOIIECCOB 00yUEHUS U AMSTH 110 CPAaBHEHHUIO ¢ GMoMaccon
mrramma Streptomyces fradiae CNMN-Ac-11.
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3. CYH_ICCTBCHHOC HU3MCHCHHUC JUHaAMHUKHU IponcccoB
IIPOCTPaHCTBEHHOI'O 06y‘ICHI/I$I U IMaMsTHU 1104 BIIMAHHUEM TIIUTCIBHOTO
1'[0Tpe6J'IeHI/I$l OeJIbIMA KpbICaMH1 OHMOMACCHI HCCICAYCMBIX LITAMMOB
CTPCIITOMULCTOB CBUACTCILCTBYET O IMCPCIICKTUBHOCTU ILaJ'II:HefIHIPIX
HCCIICIOBAaHUNA TI0 HUIACHTH(UKAIIMH OHWOJIOTMYECCKH aKTHUBHBIX BEIICCTB
mraMMoB  Streptomyces massasporeus CNMN-Ac-06 (B mepByio
ouepenp) u Streptomyces fradiae CNMN-Ac-11 ¢ HelfiporpoTeKTOPHBIMU
1 HOOTPOITHBIMU CBOMCTBaMH.
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MOP®OP®YHKIIMOHAJIBHAA XAPAKTEPUCTUKA
TPOMBOLUTOB Y HAIIMEHTOB C O’ KUPEHUEM
NHOULHUPOBAHHBIX COVID-19

Teabmuy Tatbanal, Jynamko ¥Oaunannal, Bepesosckas Eaenal,
Bypna Tatbsana?, Oym Mapuana®
YTabopamopuus I'acmposumeponoeuu I'VM® «Nicolae Testemitanuy
2Pecnybnuxanckasn Kuunuueckas Bonvnuya IMSP « Timofei Mosneagay
Kuwunes, Pecnybnuxa Monoosa, gimttl4@gmail.com

Abstract. The COVID-19 infection causes systemic intravascular
coagulopathy, with acute respiratory distress syndrome development and multi-
organ failure. Platelets are blood cells that mediate hemostasis and their
dysfunction can be manifested by thrombocytopenia, or hyperactivation. SARS-
CoV-2 causes platelets’ hyperactivation with an inflammatory cytokine releasing
with a blood coagulation disorder, followed by acute severe distress syndrome
and thrombocytopenia in 55% of patients. There were examined 44 patients
divided according BMI: gr. 1 BMI =30-34.9 kg/m? gr. 2, BMI = 35-39.9 gr. 3
BMI >40, group 4 served a control group, consisted from COVID-19 infected
patients with a normal weight.

The number of platelets was reduced in 3 gr.-183+30 10%/un.l, compared
to 4 gr. — 238.7+40 10%/un.l p<0.001.

Platelet index PCT was higher in 3 gr. — 0.36+0.03, p<0.01 compared to
4gr.—0.27£0.01(f1).

C-reactive protein level was higher as well in 3 gr.— 48.6+£2.6 mg/,
compared to 4 gr. — 45.3+8 mg/l, p<0.001.

On the background of thrombocytopenia in all evaluated groups,
depending on BMI, there was an increase in platelet indexes, PCT and C-
reactive protein level.

Key words. Platelets, C-reactive protein, Covid-19, platelet indexes.

Brenenne
C wMomeHTa BemblkM B Jjekadpe 2019 roma HOBOH
KOpoHaBUpYyCHOH  Oomesnun 2019  (COVID-19)  odunumansHO
3apeructpupoBaHo 635145 3apax€HHbIX 4enoBek U 12218 neranbHBIX
UCXO0B BO BceM Mupe [14].
NzBectHo, uto COVID-19, BbI3BaHHBIH KOpoHaBUpycoM (SARS-
CoV-2), BbI3bIBaET pecnUpaTOpHOE M CUCTEMHOE 3a00JIeBaHUE, KOTOPOE

225



MOYET MpPOrpeccHUpoBaTh N0 TsDKenod (opmel mHeBMoHHMH Yy 10-15%
nanueHToB [14].

Pa3Butie BHYTpUCOCYIMCTONW KOAryJlONMaTHH H3-332 TUCPETYISILHH
B CHCTEME IeMOCTa3a, MOXKET MPHUBECTH K THKEIOW cTaAnuu 3a00JeBaHUS
COVID-19 ¢ pa3ButreM OCTPOro PeCIUpPaTOPHOrO AMCTPECC-CHHAPOM C
OJIMOPTaHHOM HeIocTaTouHOCTRIO [10].

TpomOouuTeI, HEOOMbIINE OE3bAACPHBIC KIETKH KPOBH, SIBISIOTCS
BaXHBIM 3BEHOM MEIUATOpPOB TremMocrtasa. JluchyHkums TpomOOIHMTOB
MOXKET  TPOSABIATBCS KAk  TPOMOOLMTONIEHWEH, Tak © WX
TUMEpaKTUBAMEeH. AKTHBHPOBAaHHBIE TPOMOOLMUTHI BBICBOOOXKAAIOT
pa3iu4yHble  MMMYHOMOYJNUPYIOIIME  LUTOKWHBI M  XEMOKHHBI,
YYacTBYIOIIHME: B KOATYJISIIHAN, B PETYISAIUN HMMYHHOTO OTBETa, HTPAIOT
HEHTPAJILHYIO POJIb B IMMYHOTPOMOO3€ - (PU3UOJIOTHIECKOM Tpoliecce,
Opd KOTOPOM HUMMYHHBIE KJIETKH HWHIYLUPYIOT MHKPOTPOMOOTEHES,
YTOOBI TPEAOTBPATUTH PACIIPOCTPAHEHUE MATOTCHOB W OOJIETYUTh WX
BEIBE/ICHHWE W3 OpraHu3Ma. BakHBIM (akTOpOM SBISETCS CIOCOOHOCTH
TPOMOOLIUTOB ~ HANpsIMyI0  B3aMMOJICHCTBOBaTb C  BUPYCHBIMH
peuentopamu SARS-CoV-2 [13].

Bupyc SARS-CoV-2, B oTiimume oT Ipyrux BHPYCHBIX WH()EKINH,
HapymaeT (YHKINOHAIBHOE COCTOSIHIE SHIOTENNS U UMMYHHBIX KIJIETOK,
WHIYOUPYET  JIOKAIBHYIO  W/WIM ~ CHUCTEMHYIO  THUIECPaKTHBAILIUIO
TPOMOOIIMTOB, C BBICBOOOXKIEHHEM BOCHAIHTEIBHBIX LHUTOKHUHOB, IS
reHepanuy MUTOKHHOBOTO U TPOMOOTHYECKOT0 mTopMa [2].

BBIOpOC LMTOKMHOB W TKaHEBBIX (PakTOpoB BhI3biBaeT y 20%
nareaToB ¢ COVID-19 aHoMalbHYI0 THUNEPKOATYISIIAIO KPOBH, C
pazsutuem g0 70% — cumnoromoB Tskenoro JABC cunapoma u
KpUTH4YecKkoro coctosiaus [16]. [lpu TspKemoM ocTpoM pecrnupaTOpHOM
cungpome (TOPC) BoipakeHHass TPOMOOIMTOICHHS ObLIAa BBISBICHA Y
55% manueHToB, runokcemus — B 96,2% ciydaes.[11].

CoBpeMeHHbIE T€MaTOJIOTHYECKAE AaHaIM3aTOPhl  MO3BOJISIOT
OTpeNieNIATh HE TOJNBKO (OPMEHHBIE D3JEMEHTHl KpOBH, HO U
TPOMOOLIMUTApHBIE ¥ JPUTPOLMTAPHBIE WHIAEKCH. TpoMOommTapHEIe
uanekcel  (TU)  orpaxkaror  GyHKIMOHAIBHYIO  aKTHBHOCTh U
MOP(POMETPUYUECKYIO XapaKTEPUCTHKY TPOMOOIIMTOB, WHTEHCHBHOCTH
TPOMOOLIMTOII033a M UX MHTErPAJIbHYIO arperaliiOHHY0 aKTUBHOCTb.

Ilenv nawtezo uccnedosanus: N3y9uTh YPOBEHb TPOMOOIIMTOB H
nmokaszatemn TU (PDW — oTHocuTenbHas IIMPUHA paclpeneieHus
TpoMbonuToB 1o o6bemy, PCT — TpoMOOKpHT (7015 TPOMOOIIMTOB B
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o01iemM o0beMe IEeTFHON KPOBH)) Y JIMII C OKUPESHUEM B 3aBUCHMOCTH OT
HHeKca Macchl Tena npu 3abonaesannn COVID-19.

MarepuaJibl H METOABI

beumn ocmoTpensr 44 narmenTa: myxant 27 (61,62%), xeHmuyH 17
(38,8%). Cpemamit Bospact 55,16+4,5 mer. [lamumentsr Obun
pacrpeneneHsl Ha 4 TpyNOIbsl B 3aBUCUMOCTH OT WHJEKCAa MAaccChl Tena:
rpymna 1 (n=9) namueHtsl ¢ wHAeKcoM Macchl tena (MMT) =30-34,9
kr/M?, tpynma 2 (n=8) UMT = 35-39.9 xr/m?, rpymma 3 (n=10) narueHTsI
¢ UMT >40 kr/m*> u manueHThl (n=17) cocTaBwiu 4 KOHTPOJIBHYIO
rpyniy, uHguuupoBanHeix COVID-19 0onbHBIX, C HOPMaJIbHBIM BECOM.

CremneHb 0)KHPEHHS BBISABISIIN HAa OCHOBE pacueTa WHAEKCa MacChl
tena (MMT): cooTHOIIEHHE MEXTy BECOM TeJia B KUJIOTpaMMax U poCTOM
B KBaJPaTHBIX MeTpax (Kr/m?).

[IpoBenens! maboparopHbie uccienoBanus: C-peakTUBHBIA OEIOK
B CBIBOPOTKE KPOBU OMPE/EIIEH UMMYHOTYPOOAMMETPHYECKUM METOIOM,
o0muii aHajaM3 KpOBH C TIOACYETOM TPOMOOIIMTOB W TPOMOOIUTAPHBIX
unnekcos (TH), dayountomerpuueckum meromom (¢m): PCT (0,108-
0,282%) — TPOMOOIMTOKPUT, TIOKAa3bIBAET COOOTHOIICHHE OObeMa
TUPKYJIUPYIOIIUX TPOMOOLUTOB K 00IEMy 0ObEMY KPOBH U 3aBUCHT OT
yrciaa TPOMOONMTOB W WX pasmepoB; PDW (9-16%) — mmpuna
pacipeneneHuss TPOMOOIUTOB 10 00BEMY, OTpa)KaeT CTEICHb
TeTepOTeHHOCTH TPOMOOIIUTOB.

Huarno3z COVID-19 ycTraHOBJIEH HA OCHOBE KIIMHMYECKHUX JAHHBIX
n  pesynprata [II[P-oOpaTHOW  TpaHCKpUNIIMH, KOMITBIOTEPHON
TOMOrpaduu JIETKUX, B COOTBETCTBUH C YTBEP)KIACHHBIM POTOKOJIOM [3].
Hame wuccnenoBanune mnpeacraBiseT coOOW PETPOCIIEKTUBHYIO CEPHIO
ciy4daeB u3 44 mocieoBaTeNbHO TOCHUTAIM3NPOBAHHBIX MAI[MEHTOB C
nonreepxkaeHHpiIM  COVID-19 B PecnyOnmkaHCKON — KIIMHAYECKOU
oompaunie  IMSP  «Timofei Mosneaga», Kummne, PecnyOnnka
MonnmoBa. AHanM3  MEOUIMHCKUX KapT  MAIMEeHTOB  IPOBEIEH
HCCIIEI0BATENILCKOM IPYIIO# Taboparopuu racTposuTeposioruu [9].

Paboma nposoounace ¢ Jlabopamopuu [acmposumeponocuu
T'YM® «Huxonae Tecmemuyanyy (080401-21), exoodsweil 6 cocmas
Llenmpa aboomunanvnou namonocuu u mpaucnianmayuu 080401, ¢
pamkax — npoexma  «Hympuyuonanvuvlie,  memabonuueckue — u
ACUXOCOYUATbHBIE  83AUMOOCUCMBUS NPU  HCUPOBOU 0OONe3HU NedeHU
accoyuupoBamHoll. ¢ MemabonudyecKuUMyu  HApYWeHusMu,  poib
OUOIMUYECKUX NPUHYUNOB 8 MEHEOICMEHME NAYUEHTNOB ).
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Pe3yabTaThl Hccjie10BaHUM

OTMmedaeTcsi TMOBBIIIEHHE YPOBHS OCTpodazoBoro C-peakTHBHOTO
Oenka, ¢ MakcuMaiabHbIM 3HaueHueM B III rp. — 48,6+2,6 mr/n, p<0,001,
Bo Il rp. — 46,6£3,3 mr/i, p<0,001, B I rp. — 44,4+9,4 mr/n, p<0,001, no
CPaBHEHHIO C KOHTPOIBHOU rpymmoi — 45,3£8 mr/mi, p<0,001.

BrisiBneHa TeHIEHINS K CHIKEHHIO KOMUYECTBA TPOMOOIIMTOB BO
BCEX HCCIIeyeMBIX TpyMnax ¢ Hanbonee BbIpaKeHHBIM 3HaueHneM B I
rp. — 183+£30 10%/em.m. p<0,001, Bo Tp.II — 199+16 10%/ex.;1 p<0,001,B 1
rp. — 282432 10%/en.m p<0,05 B cpaBHeHHMH ¢ KOHTpoieM IV Tp. —
238,740 10%/en.n p<0,001.

B xome wuccienoBaHus ObUIO BBISBICHO MOBBIIICHUE YPOBHS
OTHOCUTENFHOW IHWPHHBI paclpeieNeHus] TPOMOOIIMTOB, MaKCHMaIbHO
BbICOKHMIA 10 00bemy B rp. III — 16,38+0,8 p<0,001, Bo rp. II — 13,34+0,5
p=<0,05, B I rp.— 13,2+0,6 p<0,001, o cpaBHEHUIO C KOHTpoJIeM -12+0,2
(dm). TU PCT, xapakTepu3yromuil JOII0 TPOMOOIIMUTOB B 00IIEM 00beMe
LEIbHOM KpPOBHU, TaKXe€ BBISIBUJI CaMble BBICOKHME 3HaueHusa B rp.IIl —
0,36+0,03, p<0,01, B rp. II — 0,24+0,02, p<0,01, 8 I I rp. — 0,224+0,02,
p<0,05, mo cpaBHeHHUIO ¢ KOHTpOIBHOM [V rpymnmoii — 0,27+0,01 (¢).

B xome mpoBeAeHHBIX HaMU HWCCIENOBaHW OBUIO BEISBICHA
TEHJEHIMA K YyBelWdeHuro ypoBHs TW (mmpuHBl pacrpeneneHus
TpoMOOLIUTOB 1O 00beMy-PDW u tpomOouurokpura-PCT) Ha ¢oHe
CHIDKEHUSI TPOMOOIIMTOB BO BCEX 3-X HCCIEMYyeMBIX TpyIax, 4To, IO
BCEH BHIMMOCTH, YKa3blBaeT Ha PEAaKTHBHOE YCHIEHHE aKTUBHOCTHU
MPOIIECCOB TPOMOOIMUTOI0332 B KOCTHOM MO3T€ W COBIAJAET TaKKe C
JIMTEpaTypPHbIMU TaHHBIMHE [7].

CHmxeHre O0IIero KOJMYecTBa TPOMOOIUTOB W YBEIHMYCHHUE
nokazateniei T PDW u PCT B uccnmenyeMmbix Tpynmax, MO Bcel
BUJIMMOCTH, SIBIISIETCS PE3YJIbTAaTOM KOMIICHCATOPHOW, pPEaKTUBHOMN
aKTHBAaIlUU TPOIIECCOB KPOBETBOPEHHSI M TPOMOOIIUTOIO033a C HATUIHEM
MOJIOZIBIX (hOPM TPOMOOITUTOB B NEepU(PEepUIecKOM KPOBEHOCHOM pycCIie,
HaXOSIIUXCS Ha PasHbIX CTaausX co3peBanus u (GopmupoBanus [13].
Gliglii ¢ coaBropamu B cBOeM ucciieoBanny y nanuerToB ¢ COVID-19,
BeIsiBUN yBenmuenue TU — MPV - cpennero o0bema TpomMOOIHMTOB U
nokazarens PDW u PCT, kak MapkepoB MOBBIIICHHON (PYHKIIMOHAILHON
AKTUBHOCTH TPOMOOIIMTOB M AKTHUBALMK IPOLECCOB TPOMOOLMTONOI3a
[5].

Cuwnraercs, uto SARS-CoV-2 mponukaer dvepe3 pelenTopbl B
TEMOIIO3TUYECKHE CTBOJIOBbIE KIETKH M HMHTHOMpyeT oOpazoBaHHE
MEPBUYHBIX TPOMOOIUTOB. [1] LI[MTOKMHOBBI MITOPM C TIOMOIIBIO
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BOCHANUTENBHBIX  IUTOKMHOB-IL-6, IL-1p m TNF-a paspymaer
TreMOIOATUYECKHE KJIETKU-TIPEAIECTBEHHUKH B KOCTHOM MO3I€ CO
CHIDKCHHEM TEPBUYHON BHIpaOOTKM TPOMOOIMTOB, YTO MOMKET
NPUBOAUTH K TPOMOOLIMTONICHHH B nieprdepudeckoit kposu [1].

[loBpexxaeHne JIErOYHOM TKaHW W JHAOTENHS AKTUBUPYET
TPOMOOITUTEI W WX arperamuio, ¢ oOpa3oBaHHEM MHKPOTPOMOOB H
CEKBECTPAIIUU TPOMOOIIMTOB JISTKUMH [2].

JlokazaHo, 4YTO TOBpPEXIEHWE DSHIOTENUS M KOaryJonaThu
IPOMCXOAAT M3-3a JeiicTBus P-cenexThHa, HaXOIMIIErocs BHYTPU O-
rpaHyji B KOMIOHeHTax TpoMOouuToB. [lpu Bo3aeticteun COVID-19, P-
CEJIEKTUH BBIXOJUT M3 TpaHyl, TeM CaMbIM CIIOCOOCTBYS aire3uu
TPOMOOLIUTOB U 0OPA30BAHUIO CUI'HAJIOB, KOTOPBIE AKTUBUPYIOT MECTHBIH
UMMYHHBII oTBeT [6]. IlaTonoruueckue TMOBBINICHHBIE YpOBHH P-
CeIeKTMHAa AaKTUBUPYIOT  JIGUKOIUTHI, HHIAYLHUPYIOT 3KCIPECCHUIO
TKaHeBbIX ¢akTopoB TF M cTUMynmupyroT HEHTpOhMIBI K 00pa30BaHUIO
HelTpopmnbHeIX  JoBymiek-NETs, d9To  KOCBEHHO  CrHOCOOCTBYyeT
THIIEPKOAryJIsiud TPOMOOIUTOB [6].

C-peaktuBHblii  Oenmok B ceiBopotke kpoBu (CPB) -
HecnernuaecKuit Oemox ocTpoi ¢azsl, WHAYIUPYEMBIN
uHtepieiikuaoM -6 (IL-6) B medeHH, 4YyBCTBHTENBHBIH OHOMapKep
BOCHaJieHUs: W ToBpexaeHuss TkaHW. IloBeimenne ypoBHa CPb
BcTpedaetrcs y 75-93% mnanuentoB ¢ COVID-19, npu Tsoxensix hopmax
3aboneanus B 100% cay4aeB c¢ neranbHbIM ucxonoM. OrmpenencHue
ypoBass CPB ObUT MCHONB30BaH Kak JMArHOCTUYECKUH KPUTEPHH st
MIPOrHO3MPOBAHUS KIIMHUYECKOro TeueHus u creneHu Tsokectu COVID-
19 [8].

Ha ocHoBe psima paGot Obwio mpemnosioxeno, uro UMT TecHo
cBa3an ¢ TsokecThio COVID-19. Tak mo mepe ysenuuenus UMT, y
NAalMeHTOB C OXxHpeHueMm, nHpunmpoBaHHbix COVID-19, Bozpacranu
PUCKHM TOCTIUTANIM3AIMKA B OTAENIEHHEe WHTEHCUBHOHN Tepamuu. JKuposas
TKaHb CEKPETHUPYET Pa3UUHbIe (PAKTOPHI BOCTIATICHUS, TAKHE KaK JICTITHH,
AIUIIOHEKTUH, PE3UCTHH U BUC(ATHH, 3alycKas BOCHAIUTEIILHBIE
peakuuu. B Hacrosimee BpeMs H3BECTHO, YTO OXHPEHHE, — 3TO
XpOHHYECKOEe MeTabonnyeckoe 3abojieBaHUE, KOTOPOE CBS3aHO C
XPOHUYECKHM  HEMH(EKIMOHHBIM  BOCHAJCHHWEM, OKHCIMTEIbHBIM
CTPECCOM M C TOPMOHAJBHBIMH HapyILIEHHSMH B opranumsme. Jluma c
OKMPEHHEM, KaK MPaBWIIO, UMEIOT 0oJiee BBHICOKHMI YPOBEHD JICTITUHA U
Oonee HM3KMH YPOBEHb AJUIOHEKTHHA IO CPAaBHEHUIO C JHIIAMU C
HopMmanbHbeIM UMT [15]. Makpodary, kak KOMIIOHEHT KUPOBOH TKaHH,
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CEKPETHUPYIOT LUTOKUHBI W XEMOKMHBI — (akTOp HEKpOo3a OIyXOJd
(TNF)-anbta, narepneiikun (IL)-6, unrepneiikun (IL)-8, uHTEpneiknH
(IL)-17 ®m MOHOUMTApHBI XEMOTAKCHYECKHl Oenok-1, KOTopbIie
AKTUBHPYIOT IMMYHHYIO CUCTEMY U BBI3BAIOT IMTOKWHOBBIE Oypu [12].

SARS-CoV-2 - wucrnonp3yeT aHTHOTEH3WH —TPEBpAIIaloNui
dbepment 2 (ACE2) B xauecTBe perentopa wWHBa3ud. Jlomew,
CBsI3BIBaOLIMI penenTop Oenka-muna SARS-CoV-2, B3aumoseiicTByer ¢
ACE2 nns TpOHWKHOBEHHS B KJICTKH. B cBoro ouepenas, ACE2
JKCIpPECCUPYETCS B JKUPOBOM TKAaHH, M Yy IALMEHTOB C OXHPEHHEM,
uHpunupoBanHbix COVID-19, BepoATHOCTh pa3sBUTHS — TSDKENBIX
KJIMHAYECKUX MCXOJOB BBIIIE, YeM Yy MAalMEHTOB ¢ HOpManbHbiM MMT
[4].

B 31001 cBsA3M HpeACTaBIsSET HHTEPEC U3YUCHUE TPOMOOIIUTAPHOTO
WHJEKCa I[UPUHBI pacnpeneneHuss TpombouutoB (PDW), kotopsiit
OTpa’kaeT M3MEHEHHs pPa3MEpOB TPOMOOLMTOB B KpoBH. B cocrosHnun
cTpecca WM OONE3HW, pa3Mep TPOMOOIMTOB MOXET IOIYCTHMO
BapbpupoBaTh oT 10 10 20%. [loBwimenue ypous PDW ykaspiBaeT Ha
00JIBIIIYI0 BapraOeIbHOCTh pa3Mepa TPOMOOILIMTOB, KOTOPOE MOXKET OBITh
BBI3BAHO BOCIIAJICHUEM, AHEMHUEH MIIM ayTOMMMYHHBIMH 3a00JIEBaHHUSIMU,
Y KaK cJIeJICTBHE, TUCOYHKIHS KOATYyJISIINH.

C gpyroit  cropoHsl  TpomOouuTapHelii  mHAEKkC ~ PCT-
TPOMOOLIUTOKPUT TaKKe€ HE OCTAETCS HE BOBJICYEHHBIM B KacKasl
TpoMOOLUTapHBIX U3MEHEHHH. [loKa3aHa CBSA3b MEXIy 3HAU€HHEM 3TOr0
uHAeKkca U KiauHu4YeckuM TedeHnemM COVID-19 u mpu  apyrux
3a007€eBaHUAX TaKUX Kak TyOepKyje3 Jerkux, Oosesns Kpowna,
uieMuueckas 0oJe3Hb cepaua, TpoM003 IIyOOKHX BEH, SHIOTOKCEMHS,
racTpuT ¥ uHMapKT MUOKapjaa. Ha ceropHsmHWil 1eHb M3BECTHO, YTO
HU3Kkui ypoBeHb PCT MoxeT OBITH MPEAUKTOPOM IUIOXOTO MPOTHO3a Y
nanuentoB ¢ COVID-19 [5].

MounutopuHr  ypoBHA TpombouutoB U TU Bo  Bpems
TOCMUTAIM3ALNY TAIIUEHTOB HEOOXO0UM ISl IPOTHO3a TeParieBTUYECKON
9BOJIOLMU OCOOCHHO y OONBHBIX € XPOHHMYECKHMMH 3a00JIeBaHHAMHU
MIEYEHH C IOBBIIIEHHOH MaccoW Tejla M KOMOPOMIHBIMH TNAaTOJOTHAMHU
nHpunupoBanHeix COVID-19. TIpoctoe m3mepenune TpomoOouros, TU
PDW u PCT, nomydyeHHoe NpH PYTHHHOM IIOJIHOM aHAaJIHM3€ KpOBH,
MO3BOJIIET JIETKO OLEHUTh O3TH TMOKa3aTeJd MpU MOCTYIUIEHUH B
CTallMOHAP W MOXET OBITh TPOCTBIM M HEJOPOTHM IMPEIUKTOPOM
knunanYeckoro teueHus COVID-109.
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BrIBOABI

1. Bo Bcex wuccieayeMblx TIpynmax, Yy TMAalHEHTOB BBIIBICHO
CHIDKEHHE KOJIMYeCTBa TPOMOOLUTOB, HO MPEUMYIIECTBEHHO B 3 Tpyrie
6omnpHbIX ¢ UMT >40 kr/m2.

2. OTMeyanach TEHICHIMS K TIIOBBINICHUIO 3HAYCHHS YPOBHS
octpodazoBoro C-peakTHBHOTO Oeika Tak)Ke BO BCEX TpPYINAx C
MaKCHUMaJbHBIM 3HaYeHHEeM B 3 rpynme OoJbHbIX ¢ Hanbombmum UMT
>40 xr/m?.

3. ITokasarenn uccieayeMbIx TPOMOOILUTAPHBIX HHACKCOB PDW 1
PCT yBennumuBanvcek o Mepe BO3pacTaHUs MHJEKCa MacChl Tea.

4. Tpombouutapuele uHAekcel PDW wu PCT wMorytr ObiTh
UCIIOJIb30BaHbl B KAaueCTBE IMPOCTHIX M HEIOPOTUX IPEIUKTOPOB
knuandeckoro tedenuss COVID-19 'y OompHBIX € XPOHHYECKHMH
3a00JIeBaHUSMH TICUCHH C MOBBIIIEHHOH Maccoil Tena 1 KOMOPOUIHBIMU
natonorusmu nHpuupoBanaerx COVID-19.
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PU3NOJOI'MYECKOE 3HAYEHUE U METO/JbI
JUATHOCTHUKHU ’)KHPOBOU TKAHU Y TIAHUEHTOB C
XPOHUYECKUMMU I'EITATOITATUAMMU

TonoBaTiok JIrogmuaa, Jlynamko FOnuanna, bepesoBckas Enena
Jlabopamopus ecacmposumeponoeuu I'YM® um. H. Tecmemuyany,
Kuwunes, Pecnybiuxa Monoosa, e-mail: golovatiuc@mail.ru

Abstract. Excess body weight is a serious health problem. Adipose tissue
is involved in metabolic disorders formation. White and brown adipose tissue
are organs that have anatomical, functional and genetic diversity.

The aim: to study the functions and physiological significance and
diagnostic methods of adipose tissue in patients with chronic hepatopathies.

There were examined 591 patients with chronic hepatopathies: 177 with
BMI <25 (Group 1), 228 with BMI 25-30 (Group II) and 186 patients with BMI
>30 kg/m2 (Group I11).

In group I, BMI was 23.20 + 0.19 kg/m? and waist circumference was
89.62 £ 0.73 cm, in group I, these indicators were: 27.62 + 0.12 and 99.32 + 0
.61 respectively, and in group III: 34.21 £ 0.32 and 112.32 £ 0.82, respectively.

The highest percentage of body fat and visceral fat indexes were observed
in patients with BMI >30 kg/m2.

Diagnosis of metabolic disorders in patients with chronic hepatopathies
should include BMI and waist circumference evaluation, and, if necessary,
supplemented by determining the percentage of fat and visceral fat data using
bioimpedance analysis.

Key words. Excess body weight, chronic hepatopathy, white adipose
tissue, brown adipose tissue.

Beenenune

N30bITOUHBI BeC Tena SIBJIAETCA TJIOOAIBHOW  MpoOiIeMoi
3paBOOXPAHEHHS U3-3a MAJIOTIOIBIKHOTO 00pa3a )KU3HH U HE3I0POBOTO
NHUTaHMS, 3aTparuBasi 2 MUUIMApAa 4eJoBeK BO BceM mupe. OxupeHue
SBJIIETCSI OCHOBHBIM (PAKTOPOM pPHCKa METaOONIMYECKUX 3a00JIEBaHMM.
Bwmecte ¢ TeM MeTabonn4yecKuii pUCK OKMPEHHUS] BO MHOTOM 3aBHUCHT OT
pacripeneneHus Beca Teja, IpUYeM He MOJKOKHBIN JKUp, a BUCLEpaIbHas
KHUpoOBasgd TKaHb, TCECHO CBA3aHa C CONYTCTBYHOIIUMHU OXUPCHUIO

3a00/IeBaHUSIMHU, BKJIIOYAsi HEAJIKOTOJIBHYIO JKHPOBYIO OOJIC3Hb IE€YEHH
[14].
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JKupoBass TKaHb — Pa3HOBHUAHOCTH COEIMHHUTEIBHBIX TKaHEM,
oHa oOyiajaeT cHenualbHBIMM  CBOHCTBaMH. B  mocienHue
JECSITUIIETUSI MHTEepeC K Hel CYIIEeCTBEHHO Bo3poc. PaznuuaroT aBa
BHUJIa JKMPOBOH TKaHU: Oenyio W Oypyro, QYHKIMH KOTOPBIX YETKO
muddeperunpoBansl. benas xupoBasi TKaHb — camasli pacIpOCTpaHCHHAs
dbopMa JKHPOBOM TKaHW, BCTpPEUAIOIMIASACS TMPAKTHICCKH B KaKIOU
obOmactu Tema. OCHOBHBIE OTJIOKEHHUS OOl KUPOBOH TKaHU
KJIacCU(UIMPYIOTCSI B COOTBETCTBUM C  HX  AHATOMUYECKUM
PacIooKeHNeM Kak MOJKOXKHbIE WK BHUCLepanbHble. Pacnpenenenue u
JoKaJu3auusl SKAPOBOW TKaHM ompeneisitioT ee ¢(ynkuuioo. Camyrio
0ONBIIYIO TOJIIO KUPOBOM TKaHu y jironei, 80 % unu Oomnee, cocTaBuseT
MTOAKOKHBIN KHUP, KOTOPBIA HAXOJUTCS MO/ KOKEW U KOHLICHTPUPYETCS B
OpIONIHBIX W STOAMYHO-OCIPECHHBIX OTIOXKCHUSX. B TO Bpems Kak
BUCIICPAJIBHBIN KHUP HAXOAWUTCS B OPIOIIHON TOJIOCTH, COOTBETCTBYS
CaJIbHUKOBBIM U OpBDKECUHBIM OTJIOKEHMSAM. PacrpeneneHue xupa B
OpraHu3Me OYCHb IJIACTUYHO U MOXKET OBbITh M3MEHEHO TOpPMOHAMHU.
Ilepepacnpenenenue >XKMPOBOM TKAaHU JIOCTHraeTcs ITyTEM H3MEHEHUS
CKOPOCTH YCBOEHHS MUTATENBHBIX BELIECTB U JIMUIOJIN3A JI0 TeX MOp, MOKa
He Oy/IeT JOCTUTHYTO HOBOE YCTOHUMBOE pactpenenenue [2, 3, 5].

benas >xupoBas TKaHb SIBISIETCSI OCHOBHOW TKAaHBIO, XPaHAIIEH
SHEPrHI0 B OpPraHnu3Me, u ed TakKe MPUIHCHIBAIOT (DYHKIUIO U30JSIUH U
o0ecreyeHns] MEXaHMYECKON 3allUThl HEKOTOPBIX JKU3HEHHO BaKHBIX
opraHoB. 3penble KIETKH OeNloW JKUPOBOW TKaHH, IEMOHCTPHPYIOT
npoQIITs SKCIPECCHH, HEOOXOIUMBIN Il CHHTE3a TPUAIMITIHIIEPHUIOB,
YCBOEHHMS [JIIOKO3bI M JIMIIOT€HE3a, a Takke Jumosn3a. Takoi ¢peHoTun
rapaHTupyeT, YTO NPH M30BITOUHOM MOCTYIUIEHHH SHEPIHMH B OPraHHU3M
W/WIIA CHW)KEHHOM DAacxofie dHEpPruM M30BITOK SHeprud 3(QdexkTUBHO
OTKJIaJpIBaeTCS B OEJIOM JKMPOBOI TKaHU B BUJE TpHUarmirianuepunos. C
Jpyroil CTOPOHBI, NMPH HEJOCTATOYHOM IIOCTYIUICHMM S3HEPrUd W/WiIn
TIOBBIIICHHOM pacxoJie JHepruu Oenas KUpPOBas TKaHb MOOMIU3YeT
JUMUAHBIE OTJIOKEHHS JUIS BBICBOOOXKICHHS SKUPHBIX KHCIOT U
TJIMLEPUHA, KOTOpbIE TPAaHCIOPTHPYIOTCS KPOBBIO B TKaHHU, IN€ OHHU
OKHCISIIOTCA Ul mostydeHus sSHepruu. Konuenuus Oenoil >xupoBoi
TKaHW paJHMKabHO M3MeHmIachk 3a nociennue 20-30 jeT, B HacTosllee
BpEMs OHa paccMaTpHUBAETCS B TOM YHCIIE M KaK 3HIOKPHHHBIM Opra,
KOTOPBI  CEKPETUPYET MHOXECTBO (aKTOpPOB C ayTOKPHUHHBIMH,
NapakpruHHBIMU W DHJOKPUHHBIMH (yHKIMsMU. Kpome Ttoro, Oenas
JKUpOBasi TKaHb HE MOXKET PacCMaTpUBATHCS KaK OJHOPOJHAs TKaHb,
MOCKOJIBKY OHa IEMOHCTPUPYET Pa3IUuHbIe METa0OJIMYECKHE CBOMCTBA B
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3aBUCHMOCTH OT JoKanu3auuu [4, 13].

Bypas >xupoBasi TKaHb, XOTSl ¥ COCTABJISIFOT HEOOJIBIIYIO OO OT
oOmieli JKMpPOBOWM TKaHW, TIPUCYTCTBYET Yy B3pOCTBIX JIOAEH B
3HAYUTEIFHOM, XOTSl U M3MEHUYMBOM KOJHMYECTBE, OHA pacrojiaractcs B
napaBepTeOpaIbHbIX COSANHEHUSAX, MIEHHBIX U ITOAMBIIIEYHBIX 00IaCTIX,
BIOJb TPAaXeW M KPOBEHOCHBIX COCYIOB, & TAKKE B OKOJIOIOYEUYHBIX U
Ha/AMOYEUHUKOBBIX oOmacTsix bBypas kupoBas TKaHb BBINOJHSET
GU3NOIOTHYECKYI0  POjib  METabonM3Ma  JKUPHBIX  KHCJIOT  JJIs
IPOM3BOACTBA TeIUIa, OyAydd IMOJHOCTBIO AaKTHBHOW, OHa MOXET
YBEJIMYUTh PAcxoll HSHepruu B opranuzM dyenoBeka Ha 40%—80%.
OyHKIMOHATBHBIE pa3nuius U OanaHc MexIy Oenol u Oypoll KUpOBOH
TKaHBIO CHOCOOCTBYIOT TOJACPKAHUIO JHEPreTHYecKoro OamaHca B
opranusme. [lognepxkanue OanaHca MEXJAy HUMH OYEHb BaXKHO IS
HOJICPIKaHMs SHEPreTHIeCKoro romeocrasa [2, 13].

KupoBass TkaHb COCTOMT B OCHOBHOM H3 MHPOBBIX KIJIETOK,
OpPraHU30BaHHBIX B JOJIBKH, M TPEICTABISIET COOOW OYCHb CIOXKHYIO
TKaHb, COCTOSIIIYIO M3 3pENBIX aJUMOIHUTOB, cocTaBistomux oomnee 90%
o0beMa TKaHU, ¥ (PaKUUK CTPOMAIBHO-COCYIUCTHIX KIIETOK, KOTOpas
BKIIFOYAET TPEAJMIONUTEI,  (QUOPOOIACTBI, COCYAHMCTHIE  KJIETKH.
TJIQIKOMBIIICYHBIE KJIETKH, SHAOTCIHANbHBIC KICTKH, pPE3UJCHTHBIC
MOHOLUTBI/MaKpodard ¥ JUMPOUUTH. B oTinume oT OONbIIMHCTBA
TKaHell W OpraHoB B3POCIOrO YEJIOBEKa, KOTOpble OOBIYHO HMEIOT
CTaOWJIBHBIA pa3Mep, XHUP MOXKET pacTd M PerpeccupoBaTtbh Ha
NPOTSHKEHUU B3POCIION JKU3HH. B CBs3M ¢ 3THM, B TO BpeMs KaK COCYbI
OOJIBIIMHCTBA B3POCIIBIX TKAHEH HAXOIATCS B COCTOSHUM ITOKOSI, COCYAbI
JKUPOBOM TKaHM AaKTMBHBI BO BpEMs DACIIMPEHUS XHPOBOH TKaHH.
YBennueHue pazMepa aJUNOLUTOB, KOJMYECTBA U THIMA JUM(OIUTOB, a
Takke WHQUIBTPUPOBaHHBIX MakpodaroB, HaxoIsfmUXcs B Oenoi
JKUPOBOM TKaHM TECHO CBA3aHO C 3a00JIEBaHUAMH METaOOIUYECKOrO
cungpomMa [1, 3, 11, 13].

B nocnennue aecsatuneTrs ObUTH KOHKPETH3MPOBAaHBI HCTOYHHUKH
pasBUTHs 00OMX THIOB >KMPOBOM TKaHei. Panee cumranmock, 4ro OHHM
o0pasyroTcs U3 Me3eHXxuMbl. OTHAKO, COTIIACHO MOCJIEAHUM JaHHBIM, W3
ME3CHXMMBI 00pa3yeTcsi TOJbKO Oenas KUpOBas TKaHb, a Oypas -
pasBuBaeTcsi M3 Me3olepMbl. Kpome TOro, cramo M3BECTHO, YTO TOJ
JefcTBUEM TOPMOHa HMPHCHHA, KOTOPBHIH BBIpaOaTHIBACTCSl CKEJIETHOU
MBIIIEYHON TKaHbIO, Oypasl )KUPOBasi TKaHb MOXET OOpa3OBBIBATHCS W3
Oeyoit  skupoBoi TkaHu. UYUTo HaAOMIOAAETCS NpU  JJIMTEIIBHBIX
WHTCHCUBHBIX (PU3NYECKHUX U XOJIOIOBBIX Harpy3kax [15].
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HUccnenoBanus nmociaeqHUX JIeT YKa3bIBaJl Ha OOJbLIOE 3HAUCHHE
y4JacTUsl TEHETHUECKUX M SIUTCHETHYECKUX M3MEHEHHH, TUCPeryIIsuu
AJMMIOKMHOB, WM3MEHEHWH WMMYHHTETa, aucOanaHca Oenoil u Oypoi
JKUPOBOH TKaHM W MHUKPOOHOr0 AMCOAaKTepHo3a KHIICYHHKA B
OIIOCPEOBAHUY TTATOTEHHOW CBSI3M MEXKIYy BHUCIEPATBHBIMH JKHPOBBIMHU
TKaHSIMH ¥ COITyTCTBYIOIITMUMH 3a0oeBanusamu [ 13, 14].

ITo muennto H. Frang c coaBropamu (2018) m30bITOUHas Macca
Tema  TECHO CBA3aHa C  HAKOIUIGHHEM M TOCIEAYIOIINMHU
MeTabOMMYeCKUMH  M3MEHEHUSIMH, BBI3BAHHBIMH OOOMMH  THITAMH
KUPOBOH TKaHU (Oenoif u Oypoil) B pa3IMUHBIX 00JACTSAX YEIOBEUECKOTO
Tena (BUCIEpaibHast )KUPOBasi TKaHb U MOJKOXKHAs )KUPOBasi TKaHb). B
COCTOSIHUHM OOJIC3HHM BHCIEpalbHasl JKUPOBas TKAaHb M Oenas XHUpoBas
TKaHb C OombIeli BEPOATHOCTHIO  BBI3BIBAIOT  META0OIMYCCKHE
3a00JIeBaHUs, CBSI3aHHBIC CO CMEPTHOCTBIO [5].

Ilenv  nawezo  uccnedosanus  cocrosma B U3YUCHHH
(U3HOIOTMIECKOT0 3HAYCHHSI U METOIOB THArHOCTHKH )KUPOBOI TKAHH Yy
MAIMEHTOB C XPOHUYECKUMH TeTIaTONATHIMHU.

MartepuaJibl U METOABI

B mwnamem wuccnenoBanuu Obul oOcnemoBaH 591 manueHT ¢
XpPOHMYECKUMHU TeNaronaTusMH, COOTHOLIEHHE JIMI[ MYXCKOTO U
xkeHckoro mona (M/2XK) cocraBumo: 318/273, cpemHmii BO3pacT
obOcnemoBaHHBIX cocTaBwI: 54,99 roma. bemmm  chopmupoBaHBI
cienyomue Tpymnmnsl: [ rpynmna — 177 nmanueHToB ¢ MHIEKCOM Macchl Tena
(UMT) <25 kr/m%, 11 rpynma — 228 NanveHToB ¢ NPEA-OKUPEHUEM, Y
koropeix MUMT cocraBun 25-30, III rpynma — 186 nanueHTOB C
PasIMYHBIMU CTeneHaMH oxkuperus 1 UMT >30 kr/m?. Jlns BbISBICHUS
psna GU3MOIOrHYECKUX MapameTpoB (TPOLICHTHOE COAEepKaHUE JKUpa U
ypoBeHb BucuepainbHoro xupa, UMT u np.) ucnosnb3oBaicsi ammapar
Tanita — 610, AONOJHUTEIBHO Y TAIIMEHTOB MPOU3BOIUIOCH U3MEPECHUE
o0BbeMa TaIHu.

ITony4yeHHble aHHBIE OBLTH NpeAcTaBieHb! B popmare M + m, rae
M — cpexnnee apudmeTnyeckoe, m — craHAapTHas omuoOka cpeanero. s
ONpeseNieHus] YpPOBHSA CTaTHCTHYECKOM 3HauMMocTH paznuuuii (P)
ucnosb3oBaiicsi Kputepuil CTbIOAEHTa, JUIS JBYX HECBSI3HBIX BBIOOPOK.
JanHple ObUIM NMPOAHATU3UPOBAHBI C MOMOIIBIO HAACTPONKH «AHAIN3
na”HbIX» Excel — 365.

Pabota npoBomunacek B Jlaboparopuu ["'acrposnrepororun ' YM®D
«Huxonae Tecremumany» (080401-21), Bxomsameit B coctaB lleHTpa
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abmoMuHaNmbHOM maronmormn W TpaHcmiantamuu 080401, B pamkax
npoekTta «HyTrpunmonansable, MeTaboMM4ecKue M IICHUXOCOLUAJIbHBIC
B3aUMOJICHCTBUS MPH KUPOBOW OOJNE3HM TEYCHU aCCOLMUPOBAHHOU C
METa0OJIMYECKUMU HAPYIICHUSMH, POJIb OMOITUYECKUX NPUHIUIOB B
MEHEDKMEHTE IallueHTOBY.

PesynbTaThel M qUCKYCCHS

Tak kak, B Hacrosmiee BpemMs MMT ocraercs Hambosee
UCIIOJIb3YEMbIM M3MEPEHUEM OKUPEHUS U OXXHPCHHMS, IIEPBOHAYAIBHO Y
NallMeHTOB C XPOHWYECKUMH TelaTonaTHsIMH HaMd ObII  BBISBICH
cpennuil nokazarens UMT, xotopslit cocraBun: I rpynne 23,20 + 0,19,
Bo Il rpymme: 27,62 £ 0,12 u B Il rpymme: 34,21 + 0,32 kr/m?.
Cratuctuueckass JOCTOBEPHOCTh pa3ziMuUMil MeEXAy TpynmaMyd IIo
JAaHHOMY ITOKa3aTelo coctaBuia 6onee 99,9 %.

Opnaxo, mo maeHNIO AS Jackson ¢ coaBropamu (2002) va UMT B
3HAYUTEJILHOW CTENEHH BIMSIOT pa3jinuyHble BHEIIHHE (AKTOPHL,
BKJIFOYAsi BO3PACT, I10J ¥ ITHUYECKOE NPOUCXOXKIeHHE, Kpome Toro UMT
HE CIIOCOOEH OTpaXkaTh paclpeieiicHre 0elIoi KUPOBO TKaHU [7].

[Ipuanmas Bo BHMMaHue MHeHHMEe R. Ross ¢ coaBropamm (2020),
YTO OKPYXXHOCTh TalM{ TIO3BOJIAET  JIOTIOJIHUTENBHO  YTOYHHTH
HeOIaronpusTHBIN PUCK LIS 3[I0pOBbs, Xapakrepuzyemblii UMT [12], B
HallleM HCCIIEI0BAaHUU OBII NMPUMEHEH ATOT MPOCTOM PYTHHHBIA METOX
OLeHKU a0OMHUHANBHOrO okupeHus. Camoe OonblIoe cpenHee 3HaYeHNE
obwvema Tamuu (112,32 + 0,82 cm: 115,72 cm y auil My»CKoro moja u
108,95 cM y eHuMH) Habmroaa10ch y nanueatos ¢ UMT >30 kr/m?, y
MAalUEHTOB ¢ npea-oxupenueM ¢ UMT 25-30 KI/M?, JAHHBIH MTOKA3aTelb
coctaBua 99,32 + 0,61 cm (102,85 cm y MyxuuH u 94,63 cm y nun
JKEHCKOro mona), a y mnanuenToB ¢ UMT <25 xr/m* - 89,62 + 0,73 cm
(92,26 cM y myxunH u 86,35 y keHIIKH). BeposSTHOCTh OmMOKK TipH
CpPaBHEHMHU CPETHUX 3Ha4eHU B nccienyeMbix rpynmax p<0,001 Bo Bcex
Tpex ciaydasx. Cormacao ME Lean (1995) nna nun y HopmansasiM UMT
HaAOIOJaeTC OKPYKHOCTh Tamuu < 94 cm mnst myxunH u < 80 cM ans
sKeHIKUH. OKpyXHOCTh Tanmuu > 102 cM 11 My»X49uH U > 88 cM s
JKEHIIUH crenupuIHa I CyOBbEKTOB C MHAEKCOM Macchl Tena > 30 kr/m?
[8, 10]. Takum oOpa3om, B Trpymnmax MNalMEHTOB C XPOHHYECKUMHU
rernaTonaTusAMU ¢ OXHUPEHHEM M NpeA-OKUPEHHEM IoKa3zaTean o0bema
TaJIMU OBUTK BhIlle pe)epEeHCHBIX 3HAYEHHH, MPUYeM 3HaYeHUs 00beMa
tanmuu Bo |l rpynme, y nun oboero noma coorBerctBoBann UMT > 30
KI/M? HEOOXOMMO TAKKe YTOYHHUTh, YTO B TPyIIe ¢ HOpMaibHbiM UMT
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9TOT MOKa3aTelb ObUT B MpefeiaX HOPMBI TOJIBKO Y JIMII MY>KCKOTO MOJa.
Takum o0pa3oM, H3MEPEHHE OKPYKHOCTH TAIMH JOJDKHO OBITh
BKIIIOYEHO IpH  OOCIIEI0OBaHMM  MAalMEHTOB C  XPOHUYECKUMHU
remnaTonaTHsMHU JUIS BBISIBICHHUS (EHOTHIA OKUPEHUsS C 00Jee BBICOKHM
PHCKOM.

IlIo muenmto R. Ross ¢ coaBropamu (2020), wucCmoian30BaHUC
PYTHHHOTO TOKAa3aTeNsi OKPYXXHOCTH TaluM HEOOXOOUMO BKJIIOYUTH B
KIMHAYECKYI0 mpakTuKy. OHAaKo TOJHAs Cujia CBA3M MEXKAY
OKPY>KHOCTBIO TaJIUH, 3a00JIEBAEMOCTBI0O M CMEPTHOCTBIO PEAIN3YETCs
tonbko mociae nonpaBku Ha MMT. Kpome Ttoro, mamepenne UMT nu
OKPY’KHOCTH TaJlU{, 10 MHEHHUIO aBTOPOB, MPEJOCTABISIET YHUKAJIbHBIC
BO3MOXKHOCTU sl OTCJIEXKHBAHUSA  IIOJIE3HOCTH  JIGUCHHA U
3¢ (EeKTUBHOCTH BMEIIATEIbCTB, HAMIPABICHHBIX HAa O0PBOY C OKUpEeHHEM
U CBSI3aHHBIMM C HUM METa0OoJnYeCcKUMHU 3a0oneBaHusmMu [12].

B cBs#3u ¢ maHHBIM MHEHHEM, C HOMOLIbIO OHMOHMMIIEJAHCHOTO
aHajgu3a HamMu ObUI  JOMOJNHUTENBHO  ONpEAEieH  IO0Ka3aTelb
MPOLEHTHOTO  cojepkaHust Jkupa. Camblii BBICOKMH  IOKa3aTelb
MPOLIEHTHOTO cojieprkanus sxupa (39,16 £ 0,72 %) HaOnroaJICs B TPYIIIe
NAllMEeHTOB C XPOHMYECKHMMHU TeMaTonaTHsMU ¢ Hanboiee BBICOKUM
UMT, y mauumentoB Il rpynmsl maHHBI MokazaTenb coctaBui 31,48 +
0,69 %, a y mammmentoB | rpynmer — 24,55 = 0,75 %. BepostHocTh
OMOKK NPU CPaBHEHUM CPEIHUX 3HAYEHUI B HCCIEIYyEMBIX IPYIIax
p<0,001 Bo Bcex Tpex ciiydasix.

Ilo MHEHHIO psia aBTOPOB JKUPOBAas TKAHb — 4YPE3BbIYAWHO
MJIACTUYHBIN opras, KOTOPBIA o0namaeT  HENpeB3OHICHHOMN
CHOCOOHOCTBIO PACHIMPSTHCS M COKPAIIATHCS 110 CPABHEHHIO C APYTHMMHU
opranamu. MccnenoBarteny yKka3pIBaloT, YTO Y 3I0POBBIX JIFOEH KHUpOBas
TKaHb coctaBigeT oT 10 mo 30 % macchl Tena, JAaHHBIM IIOKa3aTesb
MOXET BapbUpOBaTh B 3aBUCUMOCTH OT II10J1a, TEJOCIOXKEHUS U
JHEPreTUYECcKoro craryca [6, 13].

Pan aBTOpOB yKa3bIBalOT Ha pELIAIONIYI0 POJb BHUCIEPATbHOM
JKUPOBOH TKaHM B COIYTCTBYIOIIMX 3a00JieBaHHUSAX OOMEHa BEIECTB,
CBSI3aHHBIX ¢ M30BITOYHOMN Maccoit Tena. L. Katsika ¢ coaBropamu (2021)
u X. Zhang c coaBropamu (2023) BbICKazaqu MPEANOJIOKEHHE, UYTO
ompeJieieHHe W H3MEpeHHe M30BITOYHOM Macchl Tella HEeoOXOIHMO
OCHOBBIBaTh Ha OINPEAEICHUH YPOBHS BHUCLEPAIBHOM XKUPOBOW TKaHM.
ABTOpBI TPEUIOKIIN B KadecTBe Hanboyiee TOYHOM HEMHBA3UBHOU
METOJIUKH WCIONB30BaTh WHIEKC BHCLIEPATBHOIO JKHpPa, KOTOPBIU
pPacCcUNTBIBAETCS U3 OTHOIIEHHS Beca BHCLEPAIBHOM HKUPOBOW TKaHU K
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o0meMy Becy Teja, JAaHHBI WHAEKC TIO3BOJISICT OLEHUTH HajMuue
MeTabomryecKkux 3adomneBanuii [9, 14].

B namem uccienoBanum, HanOosee BBICOKHE CPEAHUE 3HAYCHMS
coliepkanusi BucepainbHoro xupa (15,19 £ 0,39 %) naOmoganucek y
NAIIMEHTOB B XPOHMYECKMMH TemaromatusMu ¢ UMT >30 kr/m%, y
MAlMEHTOB ¢ Ipea-okupenreM ¢ UMT 25-30 kr/m?, naHHBIHA HOKA3aTeNb
coctrasua 10,63 = 0,25 %, a cambie HU3KKe nokazarenu (7,46 + 0,27 %)
Habmonanmich y mnamuenToB ¢ UMT <25 kr/m®.  Crartuctudeckas
JIOCTOBEPHOCTh ~ PAa3IMYUi  MEXAy TpYIIaMHd IO  COIEpPKAHHIO
BUCIIEPAFHOTO KUpa cocTtaBuia 6onee 99,9 %.

B HOpMe mpoLeHTHOE coaep)kaHHe BHCLEPAIBHOTO JKHpa
coctapisieT oT 0 10 12 % [6]. IlomydenHble HaMU JaHHBIE COTIIACYIOTCS C
mHeHneM X. Zhang c coaBtopamu (2023), 0o TOM, YTO TMOBBIIIEHHOE
HaKOIUJICHUE BHCLEPATBHON KUPOBOI TKaHH, KaK MPaBUIIO, yKa3bIBAET Ha
BUCIIEpalbHOE WM a0JOMHWHAIBHOE OXXHUPEHWE W SBISETCS Hawmbolee
pacrpocTpaHeHHOM OCOOCHHOCTBIO METa0OJMYECKUX paccTpoicTs [14].
ME Frigolet & R Gutiérrez-Aguilar (2020) yka3pIBalOT, 4YTO
BUCIIEpaJibHAsl KHUPOBasi TKaHb OKPYKaeT OpraHbl, OCOOEHHO ITOYKH,
KHIIEYHUK, COCYIUCTYI0O CUCTeMYy W cepame [6]. A Takxke, M0 MHEHHUIO
aBTOPOB, y JUL BEICOKMMU 3HaueHUssMH UIMT u uHnekca BUCLEpaIbHOTO
KUpa HaOMoJaeTcss HauOoyiee BBICOKMH PUCK TSDKENBIX OCIOKHEHHH,
CBS3aHHBIX C OXHPEHHEM, I[I03TOMY HEOOXOANMO CBOEBPEMEHHO
BBEIBIISATH JAaHHBIX TAITUeHTOB [ 14].

3akiloueHue
N30piTouHas Macca Tena SIBISIETCS CEPhE3HOW NpOOIEeMON s
310pOBbsI uenoBeka. JKupoBas TKaHb - OYE€Hb IUIACTUYHBIA U

HEOJHOPOJHBIM  OpraH, XapakTEpU3YKOIUWCA aHAaTOMHYECKUM U
¢GbyHKIMOHANBHBIM  pa3HooOpasueM. JKHpOBblE KIETKM HIParoT
BAXHYI pOJb B (OPMUPOBAHUM META0OJUYECKUX HAPYUICHUH B
opranusme. JInarHocTUKa META0OIUYECKUX HAPYIIEHUH Y Tal[UeHTOB
C XpPOHMYECKMMH TeNaTonaTHsIMH JOJDKHA OBITh KOMIIJIEKCHOH,
BKJIIOYAIOIIE  Takue  HEWHBA3WBHBIE  METOIABl  OLEHKHM  Kak
onpenenenue UMT u OKpy:XHOCTH TaJlMM, a TaKXe PsJ M1apaMeTpoB
OMOMMIIEIaHCHOTO aHaiHu3a, TAaKWX KaK OINpelesieHHe IOoKa3aTens
IIPOLIEHTHOI'O COJEPKaHM )KAPaA U UHIEKCA BUCLIEPAIILHOTO JKHPA.
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Abstract. The aim of this work is to analyze current sources of scientific
literature on the prevalence, key development and growth trends of Info-Digital
Addiction (IDA), and its psychophysiological aspects. Modern development
trends, primary psychophysiological consequences, prevalence, and main
research problems of IDA have been identified. An attempt has been made to
introduce a new integrated concept (a generalizing term) of "Info-Digital
Addiction." A significant lack of objective statistical data on IDA in the Republic
of Moldova has been revealed, highlighting the need to study and monitor the
trends and factors of its development among the country's population. Only a
comprehensive approach and interdisciplinary cooperation will allow for a
complete understanding of the problem's scale and the development of effective
prevention and treatment strategies for IDA.

Key words. Info-digital addiction, prevalence, development trends,
psychophysiological aspects, stress.

Introduction

The development of modern society, driven by rapid technological
innovations across various spheres of life, is accompanied not only by
social changes but also by physiological and psychological changes,
especially among children and adolescents. Research by M. Spitzer, K.
Yang, N. Kardaras, V. Dunckley, and others confirms this trend [21].
Academician Teodor Furdui, founder and a pioneer in Sanocreatology,
and his colleagues note in their works that profound changes in the
environment and living conditions of modern humans, driven by
scientific and technological progress, lead to premature biological
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degradation, directly impacting societal health and posing a critical
challenge to the progressive evolution of Homo sapiens [10, 27, 28, 29].
Undoubtedly, the transition to a digital society is a significant factor
leading to premature degradation of mental and somatic health, as well as
causing psycho-emotional and informational overload. This process
entails substantial changes in the habitual lifestyle of every individual,
carrying not only evident benefits but also hidden threats to their health
[1,2,4,28].

The issue of Info-Digital Addiction (IDA) represents a condition
where individuals experience psychological dependence on the use of
digital technologies and information resources. This condition can have
adverse effects on physical and mental health, social life, and
professional activities. IDA is characterized by loss of control over the
time and goals of digital technology use, disruption of social and personal
functioning, and the potential development of somatic and mental
disorders. This addiction is also associated with a range of negative
consequences, including decreased academic performance, deterioration
in quality of life, disruptions in sleep, nutrition, and immunity, as well as
the development of depression, anxiety, aggression, and social isolation
[11, 20, 21, 24]. This addiction affects various age groups and correlates
complexly with gender, ethnic differences, and social status, underscoring
the need to study and understand the psychophysiological and social
aspects of this phenomenon [4, 16, 20, 22, 30].

The aim of this work is to analyze current sources of scientific
literature on the prevalence, key development and growth trends of IDA,
its psychophysiological aspects, as well as an attempt to introduce a new
integrated concept of ,,Info-Digital Addiction”.

Materials and methods

To achieve the research objective, a comprehensive analysis of
scientific publications, statistical data, meta-analyses, and secondary
analyses was conducted. Databases such as PubMed, Scopus, Google
Scholar, and electronic libraries were utilized without date restrictions for
publications in English and Russian languages. Keywords included
parameters characterizing Info-Digital Addiction among children and
adults; adolescent behavior; attention deficit hyperactivity disorder;
behavioral addiction; digital addiction; changes in brain structure and
function; cognitive development; cyber addiction; digital detox; digital
media usage; digital well-being; digestive diseases; disruption of activity
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and rest regime; eating behavior; -eyestrain; gaming disorder;
hypodynamia; media consumption; motivation reduction;
neurodevelopmental impact; physiological stress factors; prolonged
sitting; psychological impact; sleep disturbances; smartphone addiction;
social media addiction; stress; technostress; technology dependence;
online engagement; mental health. Additionally, reference lists of
selected publications were reviewed for further analysis.

Results and discussion

In the context of rapid development of information and
communication technologies (ICT), Digital Addiction has become one of
the most pressing issues of our time [8, 11, 12, 15, 19]. Digital Addiction
is a phenomenon that humanity has encountered relatively recently. The
scientific community defines Digital Addiction differently, lacking a
unified and clear consensus on criteria for defining and diagnosing this
problem, given that the issue evolves faster than knowledge in this field
can accumulate. Some researchers associate this concept solely with
internet addiction, considering it as compulsive internet use leading to
deterioration in various spheres of a person's life [20]. Others focus on a
broader spectrum of technological dependence, which includes excessive
use of any digital devices and technologies, resulting in significant
negative consequences for mental, physical health, and overall well-being
[4, 26]. Some emphasize the connection of Digital Addiction with time
spent in the digital environment, including the use of social networks,
online games, and other internet resources [1, 3, 15, 21]. Thus, there is
currently no unified, exhaustive concept, term, or definition for this new
type of dependence associated with information and/or digital
technologies. Therefore, we propose using a new integrated term — "Info-
Digital Addiction" (IDA). By IDA, we propose to understand a condition
characterized by compulsive and uncontrollable use of information and
digital technologies, leading to significant negative consequences for
mental (anxiety, depression, sleep disturbances, etc.) and/or physical
health (vision impairment, musculoskeletal pain, etc.), as well as and/or
social life (social isolation, deterioration of interpersonal relationships,
etc.).

Based on the analysis of available literature, IDA encompasses a
wide range of behavioral disorders and physiological disturbances
associated with excessive use of digital devices, online services, and
information resources. This addiction has serious social and medical
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consequences. IDA is accompanied by the action of a number of stress
factors on the body - both physiological (hypodynamia, prolonged sitting,
disruption of activity and rest regime, eating behavior, eyestrain, etc.) and
psychological (social isolation, loneliness, information overload, etc.).
Intensive use of digital devices is often associated with physiological
aspects such as eyestrain, back and neck pain, and a number of other
pathologies. Psychological consequences include loss of social skills and
development of psychological problems such as depression and anxiety.
The impact of IDA also affects cognitive functions and adaptation to
changes, which can hinder learning and social adaptation [1, 13, 19, 20,
23, 25].

According to the World Health Organization (WHO), starting from
January 1, 2022, excessive involvement in computer games, which has
evolved into gaming addiction, has officially been classified as a
behavioral addictive disorder in the ICD-11 disease classification [17,
18]. It should be noted that this is not the only harmful pattern of "digital"
behavior deserving WHO's attention. We propose not only to unite
various disorders such as internet addiction, social media addiction,
continuous scrolling, cybersexual addiction, and many others under the
general concept of IDA, but also in the future to discuss the inclusion of
the entire spectrum of addictions falling under this definition in ICD-12.

Since the concept of technology addiction began to form only in
the late 20th century with the development of the internet and mobile
devices, comprehensive and exhaustive global statistical data with a
representative sample on this issue is unfortunately still critically low.
This lack is particularly noticeable at the level of local studies, especially
in Moldova. Therefore, the analysis has to be based on scattered data,
which reduces the objectivity of statistics.

The main problem is that data often relate to different periods of
research, and the studied cohorts are heterogeneous in terms of age,
gender, cultural, and other important parameters. Regarding Moldova, it
should be noted that in open access, we could find only general,
approximate, and very averaged indicators that do not reflect the real
situation in the Republic. The absence of such data is a serious cause for
concern, as without comprehensive statistical information, it is difficult to
provide a reliable assessment of the scale of the problem and to develop
effective measures for the prevention and treatment of addiction to
modern technologies.
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Meta-analysis of data shows that IDA is widely prevalent. On
average, about 24% of social media users worldwide suffer from IDA,
with this figure reaching 31% in some countries [7]. According to the
latest Global Digital 2024 report, the audience of social networks
continues to grow. As of early 2024, there are already more than 5.04
billion active social media accounts worldwide. Over the past year, their
number has increased by 266 million, which represents a growth of 5.6%.
This growth is accompanied by an increase in the time spent by users on
social networks, which correlates with the increase in hypodynamia and
other negative factors contributing to the deterioration of the
psychophysiological condition of the person. According to GWI data, the
average social media user spends 2 hours and 23 minutes on them daily.
Internet usage is also continuing to grow. As of early 2024, the total
number of internet users worldwide is 5.35 billion, which is 66% of the
world's population. Over the past year, the number of users has increased
by 97 million, indicating ongoing growth in the global internet audience
[30].

Studies show that various forms of IDA have a significant negative
impact on the psychophysiological condition of ICT users. Excessive use
of digital devices by children and adolescents is associated with sleep
disturbances, increased anxiety, depression, and decreased cognitive
abilities [5, 6, 20, 22, 24]. Adults suffering from IDA also experience
similar problems, including increased stress levels, fatigue, and decreased
productivity [1, 2, 9, 13, 14, 15]. It has also been established that the
glowing screens of digital devices stimulate the brain, causing addiction
comparable to narcotics [5]. The social consequences of IDA include
reduced quality of interpersonal relationships, increased social isolation,
and deterioration of academic performance in children and adolescents.
Excessive use of ICT leads to decreased empathy and the ability to
understand the emotions of others, which in turn affects social
interactions [14, 15]. Both in adults and children, IDA can contribute to
the development of antisocial behavior and unfounded aggression,
negatively impacting both professional and personal life [1, 7].

It is noted that a significant and sharp increase in the use of
information and digital technologies occurred during the COVID-19
pandemic, leading to an increase in cases of IDA globally. In conditions
of lockdowns and restrictions on physical interaction, many children and
adults started spending more time online, exacerbating addiction
symptoms. Surveys have shown that increased screen time is associated
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with worsening mental health, including increased anxiety and depressive
states [6].

Key factors contributing to the growth of IDA are the availability
and attractiveness of digital technologies, social norms and expectations,
as well as individual user characteristics. The availability of free access to
the internet and digital devices, the influence of the environment and
social pressure play a significant role in the development of this type of
addiction. However, individual factors such as personality traits and the
mental state of the individual also need to be taken into account.

Conclusions

1. Info-Digital Addiction (IDA) represents a new integrated
concept that encompasses various forms of addictions related to
compulsive and uncontrollable use of information and digital
technologies. Current fragmented definitions do not fully encompass the
complexity and diversity of this phenomenon.

2. The prevalence of IDA among children and adults is one of the
most pressing issues of modern society. With the increasing number of
users of digital and information products, the number of new ICT-related
addictions inevitably grows. Meta-analysis has shown that IDA is
widespread. On average, about 24% of social media users worldwide
suffer from IDA, with this figure reaching 31% in some countries. This
process has serious consequences for mental, physical, and social health,
regardless of age, social status, or gender.

3. IDA is accompanied by the impact on the body of a number of
stressogenic factors, including physiological (hypodynamia, prolonged
sitting, disruption of activity and rest, eye strain) and psychological (such
as social isolation, information overload). The former can contribute to
the development of various diseases such as musculoskeletal disorders,
metabolic syndrome, obesity, diabetes, cardiovascular and digestive
diseases. The latter, in turn, can lead to reduced motivation, attention
deficit hyperactivity disorder, sleep disturbances, immune system
impairment, and changes in brain structure and function. These factors
also have a negative impact on quality of life, academic performance,
social adaptation, and professional orientation.

4. The COVID-19 pandemic significantly intensified the use of
digital technologies, leading to a sharp increase in cases of IDA in recent
years. Lockdown conditions and restrictions on physical interaction have
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contributed to increased time spent online, exacerbating addiction
symptoms.

5. The acute shortage of current, relevant, and objective statistical
data on IDA in Moldova underscores the need to study and monitor
trends and factors in the development of this phenomenon. Only a
comprehensive approach and interdisciplinary cooperation will provide a
complete understanding of the scale of the problem and develop effective
strategies for the prevention and treatment of IDA in Moldova.
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PARTICULARITATILE HIDROLIZEI MEMBRANARE Sl
A ABSORBTIEI GLUCIDELOR iN INTESTINUL SUBTIRE
LA SOBOLANII ALBI iN FUNCTIE DE
STRESOREACTIVITATEA CONSTITUTIONALA

Grosul-Raileanu Olesea, Septitchi Vladimir, Leorda Ana
Institutul de Fiziologie si Sanocreatologie, Universitatea de Stat din
Moldova, Chisindu, Republica Moldova, railianu.radu@yandex.com

Abstract. The aim of this work is to clarify the features of membrane
hydrolysis of maltose and the absorption of glucose formed during hydrolysis, as
well as free glucose and fructose in the small intestine of rats with different
levels of constitutional stress reactivity. Significant differences in the intensity of
free glucose and fructose absorption, membrane hydrolysis of maltose and
absorption of glucose formed during hydrolysis were found in rats with different
levels of constitutional stress reactivity. The highest rate of free glucose
absorption is observed in animals with an average level of stress reactivity, and
fructose - in animals with a low level of reactivity; the lowest rate of free
monosaccharide absorption is observed in animals with high stress reactivity.
Animals with an average level of constitutional reactivity have a higher intensity
of membrane hydrolysis of maltose and glucose formed during hydrolysis
compared to animals with high stress reactivity. The obtained data indicate the
existence of a connection between the genetically determined stress reactivity of
the body and the digestive-transport function of the small intestine.

Key words. Small intestine, membrane hydrolysis of maltose, glucose
absorption, fructose absorption, constitutional stress reactivity.

Introducere

Pentru dezvoltarea sistemului de nutritie sanogena [19, 20], care
prevede, in particular, individualizarea ratiei alimentare si rezolvarea
problemelor unei abordari individuale, privind prevenirea si corectia
tulburarilor digestive, este important de a identifica particularitatile
constitutionale ale functionarii sistemului digestiv. Este cunoscut faptul,
ca fiecare tip de constitutie are propriul sau tip de stresoreactivitate al
organismului determinat ereditar [3, 15]. Pe acest fapt este bazata
metodologia de impartire a animalelor experimentale in tipuri de
constitutie, corespunzatoare unui anumit nivel de stresoreactivitate, care a
fost utilizati in aceasti lucrare. In ultimele decenii, s-au inregistrat
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progrese semnificative 1n studierea legaturii dintre nivelul de
stresoreactivitate si reflectarea acestuia in procesele, care au loc in
sistemul nervos. Un rezultat important al acestor studii a fost stabilirea
faptului, ca nivelul de reactivitate al organismului determinat ereditar este
un factor, care determina riscul de dezvoltare si particularitatile evolutiei
tulburarilor anxioase-depresive induse de stres [12, 15]. Cu toate acestea,
problema influentei nivelului de stresoreactivitate asupra functionarii
sistemelor si organelor viscerale, in special a intestinului subtire, care
joaca un rol important in metabolismul general al nutrientilor si protectia
impotriva antigenelor, rdimane putin studiata.

O serie de studii au aratat relatia dintre apartenenta unei persoane
la unul sau altul tip de bazd al constitutiei fenotipice (ectomorf,
mezomorf sau endomorf) si expresia genelor, care codificd enzimele
metabolice, indicatorii biochimici ai metabolismului, comportamentul
alimentar, dimensiunea organelor sistemului digestiv, indicatorii
structurali ai intestinului, nivelul sintezei unor hormoni intestinali,
predispozitia la anumite boli ale organelor digestive [1, 2, 5, 7-9]. in
acelasi timp, particularitatile constitutionale ale proceselor digestive si de
transport in intestinul subtire au fost studiate extrem de insuficient, iar in
prezent nu exista practic nicio intelegere a caracteristicilor digestiei si
absorbtiei nutrientilor in functie de tipul de constitutie. Cateva studii
indica unele trasaturi structurale si functionale ale intestinului la animale
model si la oameni cu diferite niveluri de stresoreactivitate
constitutionala, corespunzatoare unui anumit tip de constitutie [1, 7, 14,
16]. Cercetarile anterioare realizate in Institutul de Fiziologie si
Sanocreatologie au demonstrat dependenta activititii - enzimelor
amilolitice si proteolitice ale intestinului subtire de tipul de
stresoreactivitate constitutionala [4, 11, 17, 21]. Particularitatile hidrolizei
membranare si absorbtiei glucidelor in intestinul subtire la reprezentantii
diferitelor tipuri de constitutie au fost foarte putin studiate. Exista dovezi,
ca viteza de absorbtie a glucozei libere la sobolani cu niveluri ridicate si
scazute de reactivitate, determinata genetic, diferd semnificativ [14].

Scopul acestei lucrari este de a elucida particularitatile hidrolizei
membranare a maltozei si absorbtiei glucozei, formata in timpul
hidrolizei, precum si ale absorbtiei glucozei si fructozei libere in
intestinul  subtire al sobolanilor albi cu diferite niveluri de
stresoreactivitate constitutionala.
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Materiale si metode

Studiile au fost efectuate pe sobolani masculi Wistar cu o greutate
de 180-220 g, intretinuti in conditii de vivariu cu o dietd standard cu
acces liber la hrana si apa. Sobolanii au fost impartiti in trei grupuri in
functie de nivelul de stresoreactivitate constitutionala:

1. stresoreactivitate ridicata (SRR);

2. nivel mediu de stresoreactivitate (SRM);

3. stresoreactivitate scazuta (SRS).

Stresoreactivitatea constitutionala a fost evaluata, folosind un set
de teste comportamentale si analiza diferentelor histopatologice in
tesuturile stomacului, timusului si glandelor suprarenale la o parte de
animale din fiecare grup dupi stresul de imobilizare. In calitate de teste
comportamentale au fost utilizate cele mai adecvate modele, care ofera o
evaluare obiectiva —testele ,,inot fortat” si ,,insula de apa”.

Pentru a studia procesele de hidrolizi membranara si absorbtie,
sobolanii au fost operati preliminar sub anestezie Nembutal folosind
metoda Thiri-Well modificata de A.M. Ugolev si al. [18]. Dupa
deschiderea cavitdatii abdominale, un segment al partii proximale a
intestinului subtire de aproximativ 20 cm lungime a fost izolat la o
distanta de 15 cm distal de duoden. Fistulele tubulare metalice (titan sau
duraluminiu) au fost introduse in ambele capete ale ansei izolate, folosind
o metoda speciala de fixare. Perfuzia a fost efectuatd folosind o pompa
peristaltica cu multe canale ,,Zalimp” (Polonia), oferind o viteza de
perfuzie stabila, apropiatd de cea fiziologica (aproximativ 0,5 ml/min).
Solutia, care intra in segmentul intestinului subtire a fost preincilzita la
38°C. Pentru perfuzia sectiunii izolate a intestinului subtire s-au folosit
solutii de maltoza cu concentratii initiale ale substratului de 12,5; 25; 37,5
mM, de glucoza liberd sau fructoza cu concentratii de 25; 50 si 75 mM.
Substraturile au fost preparate in baza solutiei Ringer (pH 7,4), astfel
incat osmoticitatea solutiei de perfuzie sé fie de aproximativ 300 mOsm
[13]. Pentru a studia cinetica hidrolizei membranare si absorbtiei, s-a
efectuat perfuzia experimentald a segmentului izolat al intestinului subtire
cu solutii cu diferite concentratii ale substratului la un moment al zilei
strict definit. Concentratia glucozei in solutiile de perfuzie a fost
determinata cu ajutorul truselor ,,Bio-Test” (Republica Cehd), fructozei —
folosind metoda colorimetrica arsenic-molibden, iar pentru determinarea
concentratiei totale de maltoza si glucoza s-a folosit metoda cu
reactivul antron.
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Datele obtinute au fost prelucrate statistic prin ANOVA folosind
testul t-Student.

Rezultate si discutii
Analiza datelor obtinute in urma studiului cineticii absorbtiei
monozaharidelor la cele trei concentratii initiale ale acestora in cavitatea
sectiuni izolate a intestinului subtire denota, ca intensitatea absorbtiei
glucozei si fructozei libere depinde de tipul de stresoreactivitate
constitutional al organismului (Tab.1.).

Tabelul 1. Viteza absorbtiei glucozei si fructozei (umol/min) la diferitele lor
concentratii initiale in solutia de perfuzie (25, 50 si 75 mM) la sobolani cu
diferite niveluri de stresoreactivitate constitutionala

Loturi Viteza absorbtiei
de
lucoza fructoza
sobolan 9
i 25 50 75 25 50 75
SRR 8,92+0,65 14,23+0,82 15,95+0,78 1,83+0,11 3,37+0,25 4,52+0,45
SRM 12,18+0,79* 18,82+1,07* 22,28+1,31* 2,01+0,19 4,18+0,32 5,98+0,28*
*
SRS 10,41+0,83** 16,27+0,93 19,10+1,18* 2,92+0,15%, 6,03+0,23* 8,76+0,68* **

Nota: * — diferente semnificative SRM si SRS, comparativ cu SRR,
** _ diferente semnificative intre SRM si SRS (P<0,01-0,05).

Dupa cum se poate observa din datele studiului prezentate in tabel,
cea mai mare vitezd de absorbtie a glucozei se observa la animalele cu
stresoreactivitate medie, iar cea mai scdzutdi — la animalele cu
stresoreactivitate ridicatd. La gsobolanii cu SRS, nivelul de absorbtie al
glucozei este mai mare decat la sobolanii cu SRR si mai mic decét la
sobolanii cu SRM, cu toate acestea, in acest caz, diferentele nu sunt
intotdeauna semnificative. In cazul monozaharidei glucozi, concentratia
initiald a substratului in solutia de perfuzie nu are o mare influenta asupra
gradului de diferenta a absorbtiei in functie de nivelul de reactivitate al
organismului animalului. Viteza de absorbtie la sobolanii cu SRM este cu
36,5-39,6% mai mare, decat la animalele cu SRR si cu 14,3-18,7% decét
la animalele cu SRS.

Spre deosebire de glucozd, cea mai mare viteza de absorbtie a
fructozei se observa la sobolanii cu SRS, la care este cu 59,6-93,8% mai
mare, decat la animalele cu SRR si cu 9,8-32,3% mai mare, decat la
animalele cu SRM 1in functie de concentratia initiala de fructoza din
solutia de perfuzie. Se observa diferente semnificative in viteza de
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absorbtie a fructozei si intre grupurile de animale cu SRM si SRS. La
sobolanii cu SRS, viteza de absorbtie a fructozei este mai mare, decat la
animalele cu SRM cu 44,2-46,8%. Trebuie remarcat faptul cd, spre
deosebire de glucoza, gradul de diferentd a absorbtiei la animalele cu
nivel diferit de reactivitate depinde de concentratia substratului in
cavitatea sectiunii izolate a intestinului subtire. Astfel, daca la o
concentratie initiala de fructoza de 25 mM, viteza de absorbtie a acesteia
difera practic putin la animalele cu SRR si SRM, in timp ce la o
concentratie de fructoza de 50 mM este mai mare la animalele cu SRM cu
aproape un sfert, iar la concentratia fructozei de 75 mM — aproape cu 0
treime. O imagine similard este observatd atunci cand se compard
animalele cu SRR si SRS. Diferentele in viteza de absorbtie a glucozei la
animalele din aceste grupuri sporesc pe masura ce creste concentratia de
fructoza din solutia de perfuzie.

Astfel, probabil, particularitatile sistemului de transport si a
mecanismului de absorbtie a monozaharidei prin membrana apicald a
celulei intestinale afecteaza intensitatea transportului sau intestinal la
reprezentantii cu diverse tipuri de constitutie. Dupa cum se stie, glucoza
este absorbita prin membrana apicala a enterocitelor folosind transportul
activ secundar dependent de Na*, mediat de proteina de transport SGLT1,
precum si prin difuzie facilitatd cu participarea transportorului GLUT2
[6], iar fructoza este transportatd prin membrana marginii ,,in perie”
folosind mecanismul transportorului de difuzie facilitata GLUTS;
transportorul GLUT2 de asemenea joacd un rol determinat in transportul
fructozei prin membrana apicald a celulei intestinale [10]. Un anumit rol
in absorbtia monozaharidelor din cavitatea intestinala in mediul intern al
organismului il joaca si transportul paracelular [6].

La studierea cineticii hidrolizei membranare a maltozei si a
absorbtiei glucozei formate in timpul hidrolizei membranare la trei
concentratii initiale de maltoza in cavitatea sectiunii izolate a intestinului
subtire, s-a constatat ca intensitatea atdt a proceselor digestive, cat si a
celor de transport este mai mare la sobolani cu SRM, comparativ cu
animalele cu SRR (Fig.1.).

Viteza mai mare de hidrolizd membranara a maltozei la animalele
cu un nivel mediu de stresoreactivitate corespunde datelor pe care le-am
obtinut anterior cu privire la activitatea maltazei in mucoasa intestinului
subtire la sobolani cu niveluri diferite de stresoreactivitate constitutionala
[4, 11] si este, de asemenea, in concordanta cu datele altor autori [16]. Se
poate presupune, cd cresterea activitdtii maltazei in compartimentele
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intestinului subtire al sobolanilor cu SRR se poate datora faptului, ca
aceasta permite sd nu fie limitatd absorbtia mai sporitd a glucozei in
partea corespunzatoare a intestinului, ceea ce probabil joacd un rol
important In mentinerea homeostaziei glucozei in organism.

viteza hidrolizei si absorbtiei, pmol‘min

concentratia maltozei, mM

Figura 1. Hidroliza membranara a maltozei si absorbtia glucozei rezultate
la animale cu diferite niveluri de stresoreactivitate constitutionala. Linii continue
— SRM, linii punctate — SRR. 1 — viteza de hidroliza a maltozei, 2 — viteza de
transport a glucozei. * - diferente semnificative intre SRR si SRM (P<0,05).

Concluzii

1. Au fost depistat diferente semnificative 1in intensitatea
absorbtiei glucozei si fructozei libere, in hidroliza membranara a maltozei
si absorbtia glucozei, formatd in timpul hidrolizei in intestinul subtire la
sobolani cu niveluri diferite de stresoreactivitate constitutionala, ceea ce
demonstreaza prezenta unei legaturi intre reactivitatea a organismului,
determinatd genetic si functia de digestie si transport a intestinului
subtire.

2. Cea mai mare viteza de absorbtie a glucozei libere se observi la
animalele cu un nivel mediu de stresoreactivitate constitutionald, iar a
fructozei - la animalele cu un nivel scazut de reactivitate; cea mai scazuta
viteza de absorbtie a monozaharidelor libere se observé la animalele cu
stresoreactivitate ridicata.
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3. Laanimalele cu un nivel mediu de reactivitate constitutionala se
observa o intensitate mai mare a hidrolizei membranare a maltozei si
glucozei, comparativ cu animalele cu stresoeactivitate ridicata.

4. Concentratia maltozei si fructozei in cavitatea unei sectiuni
izolate a intestinului subtire afecteaza nivelul diferentelor de intensitate a
hidrolizei membranare a maltozei si, respectiv, absorbtia fructozei libere
la animalele cu niveluri diferite de stresoreactivitate, in timp ce
concentratia de glucoza si maltozd in intestinul subtire practic nu
influenteazd amploarea diferentelor in viteza de absorbtie a glucozei
libere si, respectiv, celei formate in timpul hidrolizei membranare dintre
animalele cu niveluri diferite de stresoreactivitate a organismului.

5. Datele obtinute confirma ideile despre particularitatile esentiale
ale proceselor digestive si de transport in intestinul subtire la
reprezentantii cu diferite tipuri de constitutie, care trebuie luate in
considerare la elaborarea alimentatiei sanogene, individualizarea
abordarilor de prevenire si corectare a tulburarilor activitatii organelor
digestive.
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INPUMEHEHME BUOCTUMYJATOPOB B KOPMOBBIX
JOBABKAX JJIAA KPYIIHOI'O POI'ATOI'O CKOTA
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Abstract. The current level of development of the pharmaceutical industry
opens up new opportunities to increase the level of realization of the genetic
potential of farm animals, through the creation of highly effective veterinary
drugs and functional feed additives for veterinary medicine. To date,
manufacturers are actively introducing the technology of producing hydrolysate
from soybeans, which can be used both in the form of a solution and in the form
of a dry feed additive, it gives a high economic effect, as it helps to increase the
digestibility of feed. The use of food additives increases additional weight gain in
animals, also contributes to a decrease in morbidity and increases the resistance
of young animals. For normal development, chickens need easily digestible feed
and biologically active additives that have a positive effect on the digestive tract,
stimulate metabolic processes and the development of internal organs, providing
the growing body with biologically available essential substances [8, 11, 14 ,23].
The introduction of biostimulants is one of the leading factors in ensuring high
productivity of dairy livestock. This is explained by the fact that during lactation
the animal’s body is in a state of increased functional activity, complex
processes of fermentation of feed through a huge number of bacteria, fungi,
protozoa, as well as the absorption of nutrients and the synthesis of new ones,
take place in the forestomach. All this provides the animal with the necessary
energy and nutrients, affects the physiological processes occurring in the body,
which in turn helps to enhance metabolic processes, productive and reproductive
phenomena.

Key words. Livestock, biostimulants, antioxidants, phytobiotics,
lymphocytes.

BBenenue
I/IHTCHCI/Iq)I/IKaHI/IH CKOTOBOJICTBA U HpI/IMeHeHI/Ie HpOMBIHIJIeHHBIX
TEXHOJIOTMM 3HAYUTENHHO MOBBIIIAIOT HATPY3KY Ha OPraHU3M KOPOBBI U
CIOCOOCTBYIOT HAIPSDKEHUIO €€ (YyHKIIMOHAIBHOCTU. M3MeHsrommecs
TEXHOJIOTUUECKUE YCJIOBUSA COJIEpKAHUS HE BCErJa COOTBETCTBYIOT
(hUBHOJIOTUYECKUM TIOTPEOHOCTSIM JKMBOTHBIX M, B DTOW CHTYallWH,
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BO3HHMKAIOT OOJIE3HH, B OCHOBE KOTOPBIX JIKHUT HapylleHHEe oOMeHa
BemecTB. Cpeau KOMIUIEKCa BHELIHMX YCJIOBHH, KOTOpPbIE BIMSIOT Ha
(GU3NKO-XMMUYECKUE TapaMeTpbl MOJOKa M WX OHOJIOTHYECKYIO
LIEHHOCTh, KOPMJICHHIO MOJIOYHOTO CKOTa CIEAyeT YIENsATh ocoboe
BHUMaHue. Kpome TOro, kopM HE TOJBKO HAIPAMYIO BJIMAET Ha
IPOAYKTUBHOCTh M KadeCTBCHHBIE IIOKA3aTENd MOJIOKA, HO TaKXkKe
KOCBEHHO BIHMSE€T Ha HMMMYHHYIO cUCTeMy. B mociemHue roabl B
JKUBOTHOBOJCTBE  0OjbIIOE  BHUMAaHHE  YAESUIOCH  pa3paboTke
pasHOOOpa3HBIX J00aBOK, KOTOpPBIE MOIYT YBEIMYUTH MOJIOUHYIO
MPOAYKTHBHOCTD, JKUPHOCTh MOJIOKA, MOBBICHTH YCBOSEMOCTh KOPMOB U
CTHUMYJIUPOBaTh OOMEHHBIE TNpouecchl. Ha mpakTHKe HCMOIB3YIOTCS
KOpPMOBbI€ J00aBKM C pa3lIWYHbBIMA OHOJOIMYECKHMMU CBOHCTBaMH,
TaKUMH KaK OHMOCTUMYJISITOPBL, MOAMMDUKATOPHI, AHTUOKCHIAHTHI,
(bepMeHThI, (QUTOOMOTHUKM TPH KOPMJICHHH KOTOPBIX Y YKBauyHBIX
JKUBOTHBIX CO3JaeTcs ONTHMajbHas pyOLoOBas cpelda Uil MHUKPOOHON
KU3HEIESSITEIbHOCTH U IEPEBAPUBAHUS IHUIIEBBIX CyOCTPaTOB palMOHA.
Y4uTthiBas M3JI0KCHHOE, aKTyaJbHOW MPOOJEMOH SBJISICTCS CO3/JIaHUE U
BHEJIPCHUE B MPOU3BOJCTBO OMOCTUMYIISITOPOB, NpeAHA3HAUYCHHBIX IS
BBEACHUS B COCTaB KOMOMKOPMOB M palMOHOB, OJaronpusTHO
BJIMAIONINX HA OOMEH BEIECTB, MPOJYKTUBHOCTH JKHBOTHBIX, KAUECTBO U
0e30MacHOCTb POYKTOB KUBOTHOTO MIPOUCXOMKIACHUSL.

Hcnonb3oBaHue pa3iudHbIX (PEPMEHTHBIX MIPENAPATOB, B KAYECTBE
JOIOJTHUTENBHBIX ~ KOPMOBBIX ~ J00ABOK B  CHCTEME  KOPMJICHHSA
CEJIbCKOXO3SIMCTBEHHBIX ~ JKUBOTHBIX,  CIOCOOCTBYET  IMOBBIIICHHIO
NPOAYKTUBHOCTH M YJIY4IICHUIO KayecTBa IOJy4aeMOW NpPOIYKLUH.
Bericokoro YPOBHSA MIPOAYKTUBHOCTH, npu MaKCUMaJIbHOM
(G (PEKTUBHOCTH  HCIOJIB30BAaHUSI  MUTATENLHOW, MHUHEpPAIBHOH W
JHEPreTHYECKONW COCTABISIIOIIMX PALMOHOB  CEIIbCKOXO3SIHCTBEHHBIX
JKUBOTHBIX,  BO3MOXKHAa  IpPU  YCJIOBUM  HMX  PALMOHAIBHOIO
cOaJTaHCUPOBAHHOTO KOPMJICHHS. DTO BO3MOXKHO TPH HCIIOJIB30BAHUU
HayYHO OOOCHOBaHHBIX HOPM KOPMJICHUS, TIPU NMPUMEHEHUH B CUCTEME
NUTAaHUSI JKUBOTHBIX OMOJIOTHYECKH AaKTUBHBIX BEIIECTB U JAPYTHX
HETpaJuLHOHHbBIX KOPMOBBIX J00aBOK, 00ecTeynBaroIINX
OHMOJIOTUYECKYIO MTOTHOIEHHOCTh PAIlHOHOB.

MartepuaJbl 1 MeTOABI
['maBHBIM  KpuTEepreM OIEHKH J(PQPEKTHBHOCTH MPUMEHEHUS
6I/IOCTI/IMy.]'I$ITOpOB KOPMOBBIX HO6aBOK B KOPMJICHUM BBIpAIINBa€MOI'0
MOJIOIHSKA, SIBIISIETCS M3ydeHHE [IOKaszaTeleldl JWHAMHUKU — pOCTa,
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COCTOSTHHE  3[0pOBbA  JKMBOTHBIX. [l  ompenencHUs  BIMAHUA
OMOCTUMYJISITOPOB KOPMOBBIX 100aBOK HA POCT U PA3BUTHUE IOAOMBITHBIX
PEMOHTHBIX TEJIOK MPOBOAWIN €KEMECSYHOE B3BEIIMBaHUE. BKitoueHue
B OCHOBHOH palMOH MECTHBIX HETPaJAMLIUOHHBIX KOPMOBBIX I00aBOK
HOBJIMSUIO HAa IWHAMUKY KMBOM MaccChl. Y CTAHOBJICHO, YTO BKJIIOUEHHE B
CYTOYHBIN paunoH OMOCTUMYJIATOPOB KOPMOBBIX 100aBOK
MIOJIOKUTENIPHO TIOBJIUSJIO HAa BECOBOM POCT MOJONBITHOIO MOJIOAHSKA.
Ecnu B Havane omelTa Macca MOAOMBITHBIX TEIAT HAXOJUIach B Ipeaenax
65-78 K 1 TOCTOBEPHO HE OTIMYAJIACK 110 TPYIIIIaM, TO Yepe3 TPH MecsIa
y)Ke HaONIoJaeTcsi TOCTOBEPHOE IMPEBOCXOJCTBO TEIOYEK W3 MEpPBOU
(P>0,95) u Bropoii P>0,99) onbITHEIX rpymi Mo U3y4yaeMOMY ITOKa3aTeIto
HaJ CBEPCTHUIAMU W3 KOHTPOJIBHOW TIpyHmbl. OTa TEHICHLUS
COXpaHseTcs B MOCIEeAYIOIINe MECSIBl U CTENEeHb JOCTOBEPHOCTHU ellle
Oomnpme yBenuuuBaercs. PemontHeie Tenku | u Il ombITHBIX rpynm B
KOHIIE OIIbITA MIPEBOCXOAMIIN KOHTPOJIBHYIO IPYIIy XHUBOTHBIX Ha 4,10%
(P>0,999), u 6,03% (P>0,999), cooTBeTcTBeHHO. l3MEHEHHE TEMIIOB
YBEMYEHUs] JKMBOH MacChl 1O TpyNmaM OOBSCHICTCS BIUSHHEM
NPUMEHSIEMBIX OHOCTHMYJISITOPOB KOPMOBBIX 100aBOK. BkiroueHue B
KOpMOBOM  paunoH |  oOOBITHOM  Ipynmbl  PEMOHTHBIX — TEJIOK
onoctumynsaTopa, B pacuere 0,7 T Ha Kr >KUBOH MacChl JKHBOTHOTO,
CIOCOOCTBOBANIO  YBEJIIMYECHUIO  CPEAHECYTOYHOTO  MPHPOCTa  T10
CPaBHEHHUIO C KOHTPOJIbHOM I'pyNIOi: B Bo3pacTe ¢ 3-X A0 6 MecsleB —
Ha 3444 1, ¢ 6 10 9 mecaueB — Ha 18,89 r m ¢ 9 mo 12 mecsmes
BKIIIOUUTENIbHO — Ha 42,22 1, pa3sHulia HeaoctoBepHa. Dddekr ot
BKITFOUEHUS] OMOCTHMYJIATOpPA B CYTOYHOH A03€ 1 T Ha 1 KT )KMBON Macchl
CHOCOOCTBOBaJl  YBEJIMYECHUIO  CPEAHECYTOYHOTO  INpHpOCTa B
aHaJOTUYHBIC BO3pacTHhIe WHTepBanmbl Ha 53,33, 40,00 m 53,33 T,
COOTBETCTBEHHO, B CPAaBHEHHWU C TeJIKaMH KOHTPOJIBHOM TpyMIbI
(P>0,95). HeoO0xogmMo OTMETHTh, YTO BKJIIUYEHHE B pAIMOH
OMOCTUMYJISITOpa KOPMOBBIX JI00ABOK CHOCOOCTBOBAJIO  YITyUYIICHHIO
MOPQOJIOrHIECKUX U OMOXMMHYECKHX MMOKa3aTeled KPOBHU MOIOTBITHBIX
PEMOHTHBIX TEJIOK.

Ilpn u3ydyeHun MOPQOIOTUYECKOr0 M OMOXMMHUYECKOTO COCTaBa
KPOBH  TOJAONBITHBIX ~ PEMOHTHBIX  TEJIOK  YCTAaHOBJIEHO,  4YTO
CYLIECTBEHHBIX Pa3IN4YUid MEXIY HCCIENyeEMBIMU TIpyNIIaMHd B Hadalie
OIbITa HE OTMEYANOCh. B KOHIlE OIbITA, IPU M3YYEHUU KapTHHBI KPOBU
MOJIOTIBITHBIX TEJIOK YCTaHOBJIEHA pa3HUIla, 00YCIIOBIEHHAs BKIIOYCHUEM
B PAIlMOHBI XUBOTHBIX OMOCTUMYJISTOPOB KOPMOBBIX A00aBok. Tak, B
kpoBH | 1 Il ONBITHBIX TPYMNI TEJIOK KOIMYECTBO IPUTPOLUTOB HMMENO
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BBIILIE CPEAHEr0 MOKa3aTensl KOHTpoNbHOH rpynmsl Ha 1,92% u 2,56%.
IIpm w3ydeHWMM KONWYECTBA JIEMKOLWTOB, HaOMIOMaIach oOpaTHAS
KapThHa, TIe peMOHTHble Tenkd | u Il ONBITHBIX Tpymm YCTYMWIA
JKUBOTHBIM 13 KOHTpoJbHOW rpymnmsl Ha 0,38% u 1,33%. Ilpu usyuenun
CONEepKaHUsl KaJbIMsI JKABOTHBIE OIBITHBIX TPYMIT IPEBOCXOININ
KOHTPOJIbHYIO rpymmy Tenok Ha 1,54% wu 3,70%, coorBercTtBeHHO. [lo
cogepkanuio (Qocdopa B KpOBH, KUBOTHBIE OOEMX OMBITHBIX TPYII
TaK)Ke MPEBOCXOIMIH KOHTPOIbHYIO Ha 1,64%.

B memom pe3ynbpTaThl HMCCIEAOBaHWM, MPOBENEHHBIE aBTOPAMU
MOKa3ali, 4TO TEHICHIWH H3MEHEHHs BBEACHUS OHMOCTHUMYJATOpa U
YPOBEHb MOJIOYHOW MPOAYKTUBHOCTH MPOTHBOIOJIOXKHBI, a TIEPEIIOMHBIN
MOMEHT B CHIKEHHH J(PPEeKTUBHOCTH OHOCTHMYIATOpA H  €ro
nocieayioniee YBEIMYCHHUE CBS3aHO, BEPOSITHO, CO CTa0HIM3alMen
SHEpPreTHUEcKoro OanaHca B OpraHM3MeE JOWHBIX KOpoB. [Ipu melicTBun
OMOCTUMYJISITOPA,  COOTBETCTBYIOIIUM  (PM3UOJIOTHYECKOH  HOpME,
collep’kaHue aKTUBHBIX BEIIECTB B MOJIOKe HamMeHkbInee. [Ipu cMernmennn
JeHCTBUS OMOCTUMYJATOpa B MEHBIIYIO CTOPOHY, KOHIIEHTpaIys
JAKTO3bl B MOJIOKE BO3pacTaeT, OAHAKO, aBTOpaMH HE HaOJI0Janoch
MPEBBIIIICHAST ~ BepXHEW  TpaHUIBl  HOpMEL.  llpm  oTKIOHEeHHH
KOHIIGHTpAllii OHOCTUMYJISITOpA B MEHBIIYIO CTOPOHY, BO3HHKAET
CpelHss OTpHUIlaTeNbHas JOCTOBEpHas CBs3b C YpPOBHEM alleTOHa, a
MEXIy COAEpKaHHEM OHOCTHMYISITOpa OBUIH YCTAHOBJIEHBI CpEIHHE
TIOJIOKUTENEHBIE JTOCTOBEPHBIE CBS3M HE3aBUCUMO OT KOHIICHTPAIUU
ouoctumynsitopa. Kpome 3TOro, yCTaHOBIEHO, YTO B COOTBETCTBHU C
BEIOpaHHBIMU ~ KPUTEPUSMH aHAIM3a B HCCIEIyeMOH  IMOIMyJISIIHA
JKUBOTHBIX Yy 17,05%  xopoB  neiictBue  OMOCTHMYJSITOpPA
COOTBETCTBOBAJIO ONTHUMAIBHBIM 3HAYEHUSIM, a y 82,95% OTKIOHSIOCH B
MeHbIIyl0 cTopoHy # coctaBwio 1,10 u wmenee. [leiicTBue
OMOCTUMYJISTOpPA UMENO TEHISHIINIO K CHIDKEHHIO 110 Mepe yBEeINYCHUS
MOJIOYHOHM MPOJYKTHBHOCTH >KUBOTHBIX W YBEIUYWIOCH, KaK TOJILKO
MOJIOYHAsT TPOJYKTHBHOCTh JKUBOTHBIX HAuMHAllA CHUKATHCS B
IWHAMUKE JOWHBIX JHEH. B rpynme >KUBOTHBIX C JeHCTBUEM
omoctumynstopa 1,10 W MeHee colepKaHWE JIAKTO3BI B MOJIOKE
noctosepHo (Ha 80,0%, p<0,01) mpeBbIIaio copepKaHUE y KUBOTHBIX C
HOPMAaJIbHBIMH 3HAUYCHHSAMHU OMOCTHMYJSTOpA. Y KOPOB C HOPMaJIbHBIM
3HaYEHUEM JIaKTO3bl B MOJIOKE, COJEpKaHWE ObUIO BBILIE MOPOTrOBOIO
3HaueHnss Ha 28,57%, a y OJKUBOTHBIX C HHU3KUMH 3HAYCHUSIMU
OMOCTUMYJISITOpPA YCTAHOBJIEHHOE JOCTOBEPHOE MPEBBIIMICHNE COCTABUIIO
141,43% (p=<0,05).
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IIpu oTKJIIOHEHHH YPOBHS OUOCTHMYJSATOPAa B MEHBIIYIO CTOPOHY
BBISIBIICHA CPEIHSSI OTpUIATENbHAS JOCTOBEpHAsl CBsI3b JIAHHOTO
MoKa3aTeJis C YPOBHEM aretoHa (T -0,572, p<0,01). Mexny
COJICP)KAHUEM  JIAKTO3bl ~ YCTAHOBWJIM  CPCJHUE  TOJIOKUTEIHHBIC
JIOCTOBEpHBIE CBsI3W Tpu  Omoctumyistope wmenee 1,10 w mpm
omoctumymnstope ot 1,11-1,50, mpudem B mepBoM ciydae CBs3b, Oosee
BBIpaXCHHASI.

AHanm3 akTUBHOCTH PyOIOBOW MHUKpOQIIOpHl moKaszai, uro pH 3a
BpeMsl TIPOBEJICHUSI OMBITA 3HAYUTEIHLHO HE M3MCHHWIICS, HO B OINBITHON
TpyIIe CHU3UJIICS 0 CPABHEHUIO ¢ KOHTpoJieM Ha 3,66%, 4,45% u 3,97%
U COOTBETCTBOBAJ TpeOOBaHMIM (PHU3UOIOTHYECKUX HOPM. Taxxke obimee
MUKPOOHOE YMCIIO B OMBITHOM rpynme cHu3mwIock Ha 11,27 %, 15,58% u
12,23%, COOTBETCTBEHHO.

Pe3yabTarsl u 00cy:xI1eHue

B cooTBeTcTBHM C NPUHIATOM CXEMOH 300TEXHHUYECKOTO aHaIu3a
KOPMOB CyXO€ BEIIECTBO KOpMa SBIIIETCS HOCHUTEJEM MUTaTeIbHON
LIEHHOCTH KOPMOB. UeM BBIIIE B KOPME COZEpKaHHE CyXOTo BEIIEeCTBa,
TEM BBILIE €ro NHUTATeIbHOCTH. V3BECTHO, YTO MOTpeOJeHHE CYXOro
BEIIECTBA OOBEMHCTHIX KOPMOB 3aBUCUT OT KOHIICHTpaIlMl OOMEHHON
SHEPIUM B HUX U YPOBHS NPOAYKTUBHOCTU. BUOCTUMYJISTOPEI KUBOTHbIE
nonyyand 30 gHedt mo 10 My BHYTpUMBIIIEYHO. ['eMaTonoruueckue
MIOKAa3aTeNy KPOBH MOJOTBITHBIX KOPOB MPeACTaBJIeHbI B Tabnuue 1.

Ta6auua 1. 'emaTojioruyecKue noKa3areju KpOBU MOAONBITHBIX KOPOB

I'pynna
En.
IToka3aTean OnpITHAS
H3M. | KonTpoan
| | T 1T
Hauwao omerra 1-e cytkn (n=12).
1 2 3 4 5 6
. 10% | 9,27+0,54 9,91+0,61 10,94+0,85 9,77+0,60
JleWKoUTHI H
JIumdormTer % 28,39+2,20 27,05+2,58 25,87+2,77 28,41+2,19
bazoduib % 10,57+0,67 9,17+0,57 11,18+1,75 9,41+0,82
I'panymonuTs % 51,15£2,72 49,5742,36 51,77£3,24 50,12+2,94
1012
DPHUTPOIUTHI s 9,45+0,58 8,70+0,30 9,65+0,62 9,16+0,60
I'emornobun r/m 13,79+1,60 10,25+0,23 10,16+0,21 13,39+1,67
TpomoIuThI 10% | 478,83+73.2 | 317,58+45,0 | 359,92+54.2 | 376,92+80,1
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EEN 8 1 | 6 | 5
OxoHuaHue FKcrepuMenTa, 60-e cyTku (n =12)
N 109 | 9,84+0,58 9,02+0,43 9,93+0,57 9,78+0,56
JleKOIMTHI .
JInmdormTer % 29,51£2,02 27,84+1,96 29,80+2,07 29,62+2,14
bazodunos % | 8,89+0,65 9,08+0,33 8,56+0,50 8,63+0,51
I'panynouutsl % | 50,13+£2,34 44,56+1,74 44.87+1,76 44,15+1,68*
10%2 | 8,66+0,28 8,08+0,25 8,16+0,22 8,12+0,22
OPUTPOLUTHL I
I'emornobun r/mn | 10,41+0,24 11,14+0,45 10,03+0,23 9,95+0,23
109 | 293,25+41,7 | 340,46+46 295,42+38,7 | 286,17+36,3
TpomOGoLuThI . 2 6 0

IMpumeuyanne: * — p<0,05 B cpaBHEHUH C KOHTPOJIEM

3a Bech MEpPHUO/] ONbITa KOHIEHTPALUS JIEHKOLUTOB B KOHTPOJIBHOM
Y OTBITHBIX TPYIINaxX HAXOJIWJIACh B MpejesiaX (pU3HOIOTHIECKUX HOPM U
nMmena cpennee 3sHadenne 9,5x10%1 — B KoHTposbHOM rpynme u 9,9x10%1
— B onbITHBRIX rpynnax. CopepikaHue TMM(OLMUTOB B Ha4aje U B KOHIIE
OMBbITa B KOHTPOJIGHOW M ONBITHBIX TPYMIIaXx HAXOJWJIOCh B Mpeenax
(U3NOIOTUIECKUX HOPM U JOCTOBEPHBIX M3MEHEHWH HE HaOII0AaIoCh.
KonTponpHas rpymma — cpeqHee coaepikaHue 3a Bech repuof — 33,9%.
OmnbiTHBIC TpynmbL: [— 27,4%; 11 -27,8%; 111 — 29,01%.

CootHoleHue 0a30(puioOB B HayaJie ONbITA M B KOHIC HMEJIO
TEHJICHIIMIO K CHIDKEHHIO, @ MMEHHO B KOHTPOJIbHOW TpYIIE CHU3UIOCH
Ha 15,9%. B ombITHBIX Tpymmmax 3ToT nmokasarens coctaBui — 0,99%, 23,4
n 8,3% coorBercTBeHHO. Bce mMokazaTenu Hpu 3TOM HaxXOJWINHCh B
npefenax (U3NOJIOTMYECKUX HOPM W JOCTOBEPHBIX HM3MEHEHHWH He
HaOmonanock.  CozepkaHue  TPaHYJIOLMTOB 32  BECh  NEpUOJ
JKCIIEpUMEHTAa B CpPaBHEHHM C KOHTPOJEM B OMNBITHBIX TpyMIax
causminocs Ha 11,2%, 10,5 u 11,9% COOTBETCTBEHHO, INPU ASTOM
HaxoIwloch B Tpexaenax (U3MOJOrMYecKMx HOpM. B Hauane ombita
MIOKa3aTeNb COACP)KAHHWS KOJUYECTBAa DJPUTPOLUTOB HAXOAWICH B
npefenax MaKCHUMalbHBIX 3HAYCHUH (QU3HONOTHYECKUX HOpM (5-
10X1012/J'I), B KOHIIE OIbITa MOHU3WJICS 10 CPEAHUX 3HAYEHUH, & UMEHHO
B KOHTpoJbHOHU Tpymmne — 8,66 (1012 /m), B ombiTHOM rpymme — 8,12
(10*%/n). Tlokaszarenb TremoOrao0MHa ONBITHBIX TPYNI B  Hadale
JKCIIEpUMEHTa ObUI HIDKE 3HAYSHHWH KOHTPOJIBHOM Tpymmbl: B [— Ha
25,7%; Bo 1l — Ha 26,3%; B Il — Ha 2,9%. [lokazaTenu KOHTPOJIBHOMI
rpymrsl ¥ 111 onbiTHON ObITM BhINIE (U3HOIOTHYECKUX HOPM B Hadale
ombiTa. B KOHIE omblITa BCe TMOKazarenw ObUIM B TIpeaenax
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(U3NOIOTUIECKUX HOPM M UMENH CPEOHMN IMOKa3areNb: KOHTPOJbHAsS
rpynmma — 10,41t/m u omertHele Tpymmel — 10,37 r/m. Ilokasaremmn
reMaToKpUTa 3a BeChb IMEpUOoJl ONbITa HAXOAWINCH B Mpenenax
¢usnonornyeckux HopM (35-45%) M IOCTOBEPHBIX H3MEHEHUH HE
Habmoganock. CpenHee 3HAUYEHWE COCTABHII: KOHTPOJIBbHAS TPyIIa —
39,48%; | — 35,5%; Il — 40,38%; Il — 38,72%.

KonmudecTBO TpoMOOIMTOB B Hayalleé SKCIEPUMEHTa B OMBITHBIX
Tpynmax HaxOJWIOCh B Tpeaenax ¢usnogorudeckux HopM (250-
450x10'%/;1), a nokasaTeny B KOHTpOJIE ObLIM BBINIE. B KOHIE ONBITA BCE
MOKa3aTend HaxOJWIUCh B Tpeaenax (PU3HOIOTHUECKUX HOPM U
JIOCTOBEPHBIX M3MEHEHHI He HaOII01aoch.

JlaHHBIE O MOJIOYHOW MPOXYKTUBHOCTH XUBOTHHIX 3a 100 mueit
JJaKTalluu ObLIH IMOJIYy4YC€HBI Ha OCHOBAHHHU €KECYTOYHOI'O y4€Ta BO BPEMA
KOKIOro U3 JocHWH. M3yuaemblii niepuon ObUT pa3jielicH Ha S
JIOTIOJTHUTENbHBIX NEPUOAOB 10 20 THEH B KaXKIOM.

BriBoabI

CorilacHO TOCTaBJICHHOM 3ajade, AaJdbHEHIINE HCCICIOBaHUSs
OB HampaBieHbl Ha W3YYCHHWE BIMSHUS OHOCTUMYJISATOPOB Ha
MPOAYKTHBHOCTh U OOMEH BEILIECTB y BHICOKOYJOHHBIX KOpOB. 3BecTHO,
qToO KOpMJICHI/IC H, KaK CJ€ACTBHEC, BBCIACHHC 6I/IOCTI/IMYJ15[TOpOB,
ABISETCS OJHMM W3 BeAymmX (AaKTOpOB oOOecTeYeHnss BBICOKOI
MPOAYKTHUBHOCTH MOJIOYHOTO TOTOJIOBBS. DTO OOBSICHAETCS TeM, YTO B
nepnon JIAKTallun OpFaHI/I3M JKUBOTHOI'O HAXOAUTCA B COCTOSIHHUU
ycuiteHus: (pyHKIIMOHATBHON ESATENIbHOCTH, B TIPEDKETYIKE IPOUCXOISAT
CJIOXHBIE TIPOIECCHl (DePMEHTAIMd KOPMOB IOCPEACTBOM OTPOMHOTO
KOJIMYECTBA OakTepwii, I'pUOKOB, MPOCTCHUIINX, a TAKKE BCAChIBAHUC
IIUTATCIIbBHBIX BCEHICCTB MW CHHTE3 HOBBIX. BCC 9TO 06CCHC‘II/IBaeT
JKUBOTHOE HEOOXOJMMOW DJHEprued ¢ TUTATeIbHBIMU BEIIECTBAMH,
BIMSCT HAa (PU3UOJOTHYECKUE MPOIIECChI, MPOTEKAIOIINEe B OPTraHU3ME,
YTO B CBOIO OYEpPE/lb, CIIOCOOCTBYET YCHJICHHUIO OOMEHHBIX IMPOIIECCOB,
MPOIYKTUBHBIX WM PENPOAYKTUBHBIX SIBICHUN. BaXXHBIM MOMEHTOM B
YKa3aHHBIX MPOIECCax SBISETCS BO3MOXXHOCTH YIIPABIEHUS PYOIIOBBIM
MUIIEBAPEHUEM TIOCPEACTBOM KOPPEKIIUU PaIlMOHA IyTeM IPUMEHEHHS
Pa3INYHBIX OMOCTUMYIISTOPOB.

Takum o00pa3zoMm, Bce TMoOKa3aTeld MOP(OIOrHYECKOro COCTaBa
KpOBI/I MOJIOAHSIKA Ha BpeMH HpOBe)IeHI/IH Hay‘IHO-XOSSIfICTBeHHOFO OIIbITa
HC BBIXOOWJIN 3a npenenm yCTaHOBJIeHHbIX (1)I/IBI/IOJIOFI/I‘IGCKI/IX HOpM. 3TO
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CBUACTCIILCTBYCT O 6€3Bp€,Z[HOCTI/I 6I/IOCTI/IMYII$ITOp0B KOPMOBBIX ;[o6a}301<
Ha OpraHusMm TEJIOK U UX MOJIOYHYIO MMPOAYKTUBHOCTE.
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BJIUAHUE KPATKOCPOYHOI'O, HEPUOAUYECKOI'O
JTENUCTBUS SKCTPEMAJIbHBIX ®AKTOPOB
PA3JIUYHOM MMPUPOJIbI HA UCCJEJOBATEJIBCKOE
INOBEJAEHUE U CTPECCOPEAKTHUBHOCTbD KPBIC B
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Abstract. The effects of the combination of muscular load and
emotional stress on the characteristics of exploratory behavior and stress
resistance of rats in the “open field” were investigated. The rats were
divided into two groups: the animals of the first group were stressed by
forced swimming “forced swim test” for 7 days for 60 min; the rats of the
second group were subjected to short-term deprivation of freedom of
movement in cages-pennels corresponding to the body size of animals for 7
days for 60 min. The nature of the stressor was found to influence
exploratory behavior and stress resistance of rats in the “open field”. Forced
swimming induces a significant decrease in indices characterizing
exploratory behavior and reduces the stress tolerance of animals when tested
again in the open field. Muscular load aimed at release from the aversive
situation does not affect locomotor activity and stress resistance during
repeated testing in the ,,open field”.

Key words. Open field, forced swim test, stress resistance, exploratory
behavior, rats.

Beenenune

HccnenoBarenbckoe MOBENEHUE TPEICTABISIET COOOWM CIOXKHBIN
KOMIUIEKC PEaKIni, IeNIbI0 KOTOPBIX SIBIISIETCS MOTydeHHe HHPOPMAIIHH,
B 3HAYUTEJIHHOW CTENEHM Kacalollelcs OLEHKH OJaronmpuaTHOCTH
YCIIOBUW CYIIECTBOBaHUS. BaXKHbIM KOMIIOHEHTOM B3aWMOJIEUCTBUSA
JKUBOTHOTO OpraHu3Ma CO CpeJoW OOWTaHWs SBISETCS JIOKOMOTOPHAS
akTUBHOCTh [1]. OueBHOHO, YTO, HCCIEAOBATEIBLCKOE IOBEACHUE
00yCIIOBIEHO NIEATEIbHOCTBIO CKENIETHONW MYCKYJIAaTyphl, a MIPEOA0ICHNE
CJIOXHBIX CUTyaluil TpeOyeT 3HAYUTEIHHOTO YBEITUYCHUS JBUTATEILHOM
aKTHBHOCTH [2]
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W3BecTHO, 4YTO W30BITOYHAs (PU3MUECKas HArpy3Ka BBI3BIBACT
CTpeCcC — peaklHi. B 3KCHepHMEHTaIbHON NPAaKTHUKE CYIIECTBYET Psf
METOJIOB, IO3BOJIAIONIUX JOCTATOYHO TOYHO JO3MPOBATH MBIIICYHYIO
JICATEIILHOCTh  JKMBOTHBIX [3], OJHAKO B pEalbHBIX YCJIOBUAX
SMOIIMOHAIFHOE HAIPSKEHNE, BHI3BIBAEMOE YCIOBUSMH CYIIECTBOBAHUSA,
OKa3BIBACT 3HAYMTEIBHBIN d(PGeKT Ha (PU3HONIOTHICCKUE MapaMeTphl U

MOBEICHYCCKYIO JIESATEILHOCTh JKUBOTHBIX. OddexTuBHOCTH
a/IaNITAIIMOHHBIX MEXaHU3MOB BO MHOTOM OIIPEJIEISETCS] YCTOHUHUBOCTHIO
opranm3Ma Tpu JAeWcTBUU crpecc — (akropoB. CymecTByer psin

9KCIIEPUMEHTOB, B KOTOPBIX OLICHUBAIIM BIUSHHUE (PU3UUECKONW HArpy3Kd
Ha UCCIIeZI0BaTeNIbCKOe NoBeAeHUE [4], 0nHAKO, OcTaércsd HEJOCTaTOYHO
W3YYEHHOW OCOOCHHOCTH TIOBEACHUYECKOW CTpaTeTWu OpraHu3Ma u
CTPECCOPE3UCTCHTHOCTU rnocie KpPaTKOCPOUYHOU MHTEHCUBHOMU
¢bu3nuecKoil Harpy3Ku B HEOIATOMPUATHBIX YCIOBUSIX CPEJIBL.

HccnenoBanns, NOCBALNIEHHBIE aHANM3y pPE3YyJIbTATOB BIWSHUS
KPaTKOCPOYHOW,  TEPUOJMYECKON  (M3WUecKodl  Harpy3kd  Ha
¢u3nonornyeckue M TIOBEACHYECKUE XapaKTEPUCTHKU J1aOOpaTOPHBIX
JKUBOTHBIX, MPEACTaBIAIOT HWHTEPEC, TMOCKOJIbKY MOTyT  OBITh
UCIIOJIb30BaHbl Ul pa3pabOTKM METOAOB AaTTeHyaldH BPEAHBIX
HOCJ’IC[ICTBI/Iﬁ I[GI‘/'ICTBI/ISI COYCTAaHHOT' O (1)H31/I‘-ICCKOFO n 5MOILMOHAJIBHOT'O
crpecca [5].

B cBs3u ¢ 3THUM Lenbl0 MccaeqoBaHUS ObLIIO M3YUCHHE BIMSHUS
COYETAaHUS KPATKOCPOUHOM, MEPUOJUYECKON MBIILIEYHOW HATPY3KU MpHU
SMOIIMOHAJILHOM HAamNpsHKeHWH Ha XapaKTEPUCTUKU HCCIIE0BATEIhCKOTO
MOBEJICHUS U CTPECCOYCTONIMBOCTD )KUBOTHBIX.

MatepuaJjsl 1 MeTOABI

OKcrnepuMeHTHI poBeieHbl Ha 40 OelbIX KpbhIcax caMIiax Maccoif
130£15 r, comepKaBLIMXCS B CTAaHAAPTHBIX YCIOBHUSX BHUBApHs C
COONIIOJICHWEM  TMPHUHIUIOB  OHMOATHKM B COOTBETCTBHH  C
MEXIYHApOJHBIMU NpHUHLOUANAMH EBponeickoil KOHBEHIMM O 3aliuTe
MO3BOHOYHBIX JKMBOTHBIX, HCIOJIB3YEMBIX JUISI JKCIEPUMEHTOB WIH
Ipyrux HayyHbIX neneut [6, 7]. TectupoBaHue NOBENEHUS >KUBOTHBIX
MPOBOJIWIIH B ,,0TKPHITOM” TIOJI€ KBaJIpaTHON GopMbI pazmepoM 1 X 1 M B
TedeHHe 5 MuH. COINacHO KIIaCCHYECKHM IPEACTABICHHUAM Y KpBIC, B
»»OTKPBITOM I10JI€” MPOSBISAIOTCS OPUEHTHPOBOYHO-UCCIIEI0BATENBCKAS U
3aMTHO-O0OPOHNTENNbHAA TOBeneHdYeckue peakiuu [5, 8]. IlarrepHsr
IIOBEJICHUS,  XapaKTepU3YIOLIME  MCCIIENOBaTEeIbCKOE  IIOBEJICHHUE,
SMOLIMOHAIBHOCTh KUBOTHBIX U CMEIEHHOE MTOBEIEHUE PETUCTPUPOBAIIN
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BU3YyaIbHO. TECTHpOBaHHWE >KUBOTHBIX B OTKPHITOM IIOJIE TPOBOIWIA
JBAX/IBI: 10 U TOCTIE MPUHYIUTEIHHOTO TUIABAHUS WA KPATKOCPOYHOTO
JIMIICHUST CBOOOJBI TICPEABIDKCHUS; OIEHUBAIM O0Iee KOJUYECTBO
MOBEICHYCCKUX IMATTCPHOB B TEUYCHUE 5 MUHYT, a JJIs BBIIBICHUS HX
TUHAMHKH TIOJCYUTHIBAIH KOJIHMYECTBO HCCIEAYEMBIX IapaMeTpOB B
TeYeHHEe KaKJ0W MUHYTHI HabmofaeHns. Kpbichl ObLIM pa3/ieieHbl Ha /IBe
TPYIIBL  KUBOTHBIX MEPBOM  TPYIIIBI CTPECCUPOBAIH  IyTEM
MPUHYAUTENBHOTO TuTaBaHus ,.forced swim test” [9, 10] B Teuenme 7
nmHelt o 60 MuH TIpu TeMriepaType Boabl +25°C; KpBICH BTOPOU TPYTIIIBI
ObLTH MTOJIBEPTHY ThI KpPaTKOCPOYHOMY JIUIIICHUIO CBO0OOIBI
nepeaBmwkenus [11] B kieTkax- meHansaX, COOTBETCTBYIOIIUX pa3Mepam
Tella >KUBOTHBIX B TeueHwe 7 mHel mo 60 muH. JIsg oleHKH WMHIEKca
CTPECCOYCTOMYMBOCTH OblIa KCIIOJIb30BaHA (hOopMyJia, OICHHBAKOIAS
OCOOCHHOCTH JIBUTATEIBHON aKTHBHOCTH B OTKPBITOM T0J1€ [ 12].

Pe3yabTarsl u 00cy:xI1eHue

B Hacrosmiee BpeMs TECTHpPOBaHUE B ,,0TKPLITOM I0JIe” HIHPOKO
MPUMEHSIETCS B Pa3IMYHBIX JKCIEPUMEHTAIBHBIX HCCIICIOBAHUAX; OHO
MO3BOJISIET BBISSBUTH HHIWBUAYAIBHBIE Pa3IU4Us MEXAY >XUBOTHBIMH,
OIICHUTH (DU3MOJIOTMYECKYIO0 PEaKIIMIO JKUBOTHOTO Ha HOBYIO OOCTaHOBKY
[1, 3, 5]. Dra peakumsi BKJIIOYAeT B CeOsl AJIEMEHTHI JBHIATEIBHOTO,
OPHEHTHPOBOYHO-UCCIIEAOBATENIHCKOTO M SMOIMOHAIFHOTO TTOBEICHUS
(Tabm.1).

TecT ,,0TKpBITOE TIOJIE” UCTIONB3YIOT JIJISl OTICHKU PEAKIIUU KPhIC Ha
HOBH3HY OKPYXKAIOIIEH Cpenbl, KOTOpas SIBIACTCS CTpecc-(haKTOPOM.
Ctpecc — 3TO KOMIDIEKC OOMIMX YHHBEPCAIBHBIX HeCTeH(YUIECKUX
peakiuii Ha areHTax, yrpoXKarolue >KU3HH | 0JIaroroJIyduio 1eJI0CTHOTO

OopraHusMa, peann3yeMbIii npu 00s13aTeIbHOM YYaCTHH
HelposHIoKpuHHOU cucteMsl [13]. [loBegeHueckre peakuuu KUBOTHOTO
XapaKTEePU3YIOT pe3yabTaT B3aNMOIECHUCTBUA T€HETUYECKHU

JICTEPMUHUPOBAHHBIX OCOOCHHOCTEH BBICIIEH HEPBHON JCSATEILHOCTH,
MPEIBIIYIIEr0 ONbITA M PEaKkUUd LEHTPAILHONM HEPBHOM CHCTEMBI,
oOycioBineHHOW HOBHU3HOW oOctaHOBKHM [14]. Ilpunsto cumrarh, 4TO
JIBUTATEIbHBIE PEAKIINH )KUBOTHOTO B «OTKPBHITOM TIOJI€» XapaKTEPH3YIOT
€ro JJOKOMOTOPHYIO M HCCIIEI0BATENBCKYI0 aKTUBHOCTb, 4 4YaCTOTA aKTOB
Jedekanru OTpaXaeT B OCHOBHOM OMOLMOHAJIBHYIO PEaKTHBHOCTH
KUBOTHOTO.
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Taoauna 1. IloBegeHYecKne XapaKTEePUCTHKH KPBIC 10 H MOcIe
cTpecCHpPOBAHUS

Ilatrepn noBenenus | 1 rpymma, | Ilocie 2 rpynmna, ITocne
¢don BBIHY)KAEHHO | (GoH KpaTKOCPOYHOT
TO TUIaBaHUs 0 JIUIICHUS
CBOOOIBI
TIepeABIKECHUS
[Tepeceuénnnie 62,2125 11,242, 8% 12,24+3,0 14,59+3,8*
KBaJIpaThl
Beprukansubie 26,0+0,3 7,3+ 1,6* 24,2+0,3 36,95+ 1,3*
CTOMKH
I'pymuHr 2,3+ 0,7 0,4+ 0,1%* 12,1+ 0,6 21,65+ 0,4*
Hedexarms 1,55+0,7 2,6+ 0,9* 3,0+0,8 0,45+ 0,1*
(6orochl)
[pomomxurensHocT | 6,3£3,8 75,0+£13,2* 6,5+1,2 1,6+0,4*
b 3aMHpPaHUs, C
Jlatentnenii Hawama | 4,0+0,07 46+13 7,4+0,04 | 13,5+1,2%*
JIBIDKCHHS, C
Jlarentusiii nepuon | 168443 236+75* 195+46 231+42
BBIXOJa B IICHTP
TOJIsI, C

IIpumeuyanue: * — pazmuuus 1ocroBepHsl, p< 0,05

AHanmu3 TOJYYEeHHBIX [JaHHBIX BBIABWI  JuddepeHnuannio
JKMBOTHBIX IIEPBOM I'PYIIIBI 110 YPOBHIO TOPU3OHTAILHON JBUTaTEIBHON
akTUBHOCTH. Y 33% oOHapyeH BBICOKUH ypOBeHb, y 23% cpenHuid, a y
44% HU3KHH ypOBEHb TOPH30HTAIBHOM [BHraTeIbHONW AaKTHBHOCTH.
Kpome Toro, mpu mnepBOM TECTHPOBAHMM OKa3ajoCh, YTO YpPOBEHb
TOPU30HTAIBHON JBUraTebHOW aKTHBHOCTH KOPPENHPYET C BBICOKUM
YPOBHEM BEPTHUKAIBHOW JBUTATCIBHON AaKTHUBHOCTH. (OTMEYEHHBIE
0COOCHHOCTH  HCCJIEJOBATEIbCKOTO  TIOBEJCHUS  yKa3blBalOT  Ha
pa3INYHBIA XapakTep HEPBHBIX MPOIIECCOB MPH MOMAJaHUH )KUBOTHBIX B
HOBBIE YCJIOBHS CYIIECTBOBAHUS.

AHanu3 JUHAMHMKYM TPOSIBICHHS IAaTTEPHOB IOBEAECHYECKUX
peakiuii BBISIBIJI Pa3iIMYHBIA XapakTep BIMSHHUA NPUHYIUTEIBHOTO
IUIaBaHUsI M KPAaTKOCPOUHOTO JIMIICHHS CBOOOIBI IEPEABIKCHHUSA Ha
HCCIIEIOBATENBCKOE MTOBEJICHUE H CTPECCOYCTONIMBOCTD JKUBOTHBIX.

Tect ,,IpUHYOUTETHHOTO IUIABaHWUS ~ TPEACTABISIET  CcOOOM
KOMOWHUPOBAHHBIA METOJI, COUCTAIONTNI B ceOe IMOITMOHABLHEBIN CTpece
Ha CHUTYalMlIO, YIPOXAMOLIYI0 J>KU3HM M OJaromnoiayduio IeJIOCTHOTO
opraHusMa M a’poOHO-aHa’pOoOHYyI0 (u3uyecKylo Harpysky. llnaBanue,
WCIIOJB30BaHHOE B HAMIMX OKCIEPUMEHTaX JUIi CTPECCHPOBAHUS
BBI3bIBAJIA TeHEepaIN30BaHHOE CHIDKEHUE IOKa3aTene,
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XapaKTEePU3YIOIINX HCCIEIOBATEIBCKOE MOBEICHUE, Y BCEX YKHUBOTHBIX
nepBoil rpynmnel. KomuuecTBo mnepecedéHHBIX KBAApPaTOB 3a 5 MHUHYT
MocJie MPUHYIUTEIBHOTO TUIaBaHUsl OBUIO B 5 pa3 MCHBIIE, YeM IOCIe
MEPBOTO TECTUPOBAHUS B ,,0TKPBHITOM IT0JIe”. EXEMUHYTHBIA TONCYET
MepecedEHHbIX KBaJIpaToB npu TepPBOM TECTHPOBAHUH
MPOAEMOHCTPUPOBAT OOBIYHYIO AWHAMUKY W3MEHEHHS [BHTATEIbHON
AKTUBHOCTH: TIOBBIIICHUWE JIOKOMOIIMM B TIEPBBIC JIBE€ MHHYTHI,
CBHUIETENHCTBYIONIAS O HATMYUH CTpaxa B HE3HAKOMO oOcTaHOBKe [5], a
3aTeM PETHCTPHUPOBAIN CHIDKEHHYIO TI0 CPaBHEHHIO C TIEPBOHAYAIBHOM,
HO CTaOWIbHYIO JIBUTaTCIbHYK) aKTUBHOCTb, XapaKTCPU3YIOIIYIO
npeo0ialaHue UCCIIE0BATEIbCKOTO MoBeneHus [14]. JlonomHUTeIbHBIM
JIOKA3aTeIbCTBOM  YMEHBIIEHUS  CTpaxa  fABISAETCS  MOCTETIEHHOE
YBCIMYCHUC TMPOAOJIDKUTCIBHOCTH 3aMUpaHud B KOHIIC IIEpBOIo
TCCTUPOBAHUA, B TO BPEMA KaK IMOCIC MPUHYAWUTCIIBHOI'O IIJIaBaHUA
MPOJOKUATENBHOCTh OTCYTCTBUS JBUTATEIHHON aKTUBHOCTH COCTABIISIIIO
oonee 20% BpeMeHH, MPOBEAEHHOTO B YCJIOBHAX HOBH3HBI, TO €CTh
O6Hapy)KCHO CHUKCHHUHU MOTHUBaIIUH HUCCIICAOBaHUA HE3HAKOMOI'O
IMPpOCTpaHCTBA. ,Z[OHOHHI/ITGJ'H)HI)IM JOKa3aTCJIbCTBOM YMCHBUICHHUA
WCCIIEIOBATEIBCKOTO TOBEACHUS TIIOCIIE TPHHYAUTEIHHOTO TIJIaBaHUS
SABIACTCA YMCHBIICHUE B 5 pa3 KOJIMYCCTBA BCPTHUKAJIBHBIX CTOCK.
HpI/IHYI[I/ITCJIbHOC IJIaBaHUEC YMCHBIINJIO BCPTUKAJIBHYIO ABUTATCIIBHYIO
akTUBHOCTH Ha 84% (P<0,05). OGHapyXeHO, 4TO y >KUBOTHBIX C HU3KOH
WX CpEeIHEH TOPU30HTAJIBLHOM JBUTATEIbHONH AaKTHBHOCTBIO IIOCIE
CTPECCUPOBAHUS KOJIUYECTBO CTOSK HE M3MEHSETCS WM HE3HAUUTEIHHO
CHIDKAeTCs, TOTJa, KaKk Yy JKUBOTHBIX C BBICOKOH BEPTHUKaIbHOU
JIBUTATE€IbHONH aKTHBHOCTHIO HAOIFOMAIH IIOJIHOE WCYE3HOBEHUE STOTO
KOMIIOHEHTa TIOBEJCHUS, XapaKTEPHU3YIOMIETO  HCCIIeI0BaTEIhCKOE
MOBEICHHE.

B mnpomecce BbmonHEHWS (HU3HONOTHYECKUX HCCIEOBAHUN
ocoboe 3HaUeHHE MPUOOPETAET KOJIMYECTBEHHAS! OIIEHKa HCCIIEAYeMOTo
SIBJICHMSI, TIO3BOJISIIONIAsT O0Jiee TOYHO WM aJeKBAaTHO OXapaKTEPH30BaTh
ero u OOHapyXWTh HalW4W€ WIN OTCYTCTBUE BIUSHHE (HAKTOPOB
BHyTpEHHeH ¥ BHemHed cpenbl. Kak W3BECTHO  HAIEKHBIMH
WHINKATOPaMHU cTpecc peaKIum SIBJISTEOTCST MOKa3aTelu,
XapaKTepU3yIIIUe COCTOSIHUE TOPMOHOB THIIOTAJIaMO-THIIO(GU3aPHO-
HaanoueyHukoBoil cuctemsl [13, 15]. OpHako, B SKCHEpUMEHTaX,
HCCICAYIOINX TOBCACHHUC JKMBOTHBIX, II0 TIIOHATHBIM JIIpUYHUHAM,
MPUMEHEHUE METOJIOB JHIOKPHHOJOTHYECKOTO HCCIICNOBAHUS BEChMa
3aTPyTHEHO WJIM HEBO3MOXKHO. B CBS3M ¢ 3TUM Hamu ObLT UCTIOIH30BaH
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HEUHBAa3WBHBIM  METOJ] OIEHKH CTPECCOYCTOWYMBOCTH, IPHHIIMII
KOTOPOTO OCHOBaH HAa PErHCTPALM HCKIIOUUTEIBHO 3TOJOIMYECKHX
MapaMeTpoB: KOJIMUYECTBA MepeCeUEHHBIX KBAaPaTOB, JATEHTHOTO IEPUOT
Hayajga JBWKEHHS M JIATEHTHOrO IepHoja 3aX0oAa B LIEHTPaJbHBIC
KBaApaThl ,,0TKPEITOro Moyt (Tab. 2). AHanmM3 BEIWYMHBI TOKa3aTes,
XapaKTepU30BaBLIETO HHJEKC CTPECCOYCTOMUUBOCTH
MPOAEMOHCTPUPOBAT  BIMSHUE YCIOBHM, B KOTOPBIX >KMBOTHBIE
BBITIOJIHSUIN KPAaTKOBPEMEHHYIO (PU3NYECKYIO HArPYy3Ky, Ha UX IIOBEACHUE
B YCJIOBUSIX HOBU3HBI OKpYXaromei cpeapl. OOHapyKEHO 3HAUYNUTEIbHOE
OTJIMYME BIMSHHUA MPUHYIUTEIBHOIO IUIAaBaHUA U KPaTKOCPOYHOTO
numenus  cBoOOAbl  mepeABWXKeHMA. |IpuHyauWTenpHOE —IUIaBaHHE
OKa3bIBACT 3HAYUTEIIEHOE CHIKCHHE CTPECCOYCTOHYNBOCTH,
00yCJIOBJIEHHOE  YMEHBILICHHEM  HCCJIEIOBATENLCKOTO  MOBEICHUS.
WHTerpanbHblii UHAEKC CTPECCOYCTOMYMBOCTH Y KPBIC IIEPBOW I'PYIIIBI
cHmxeH B 14,3 paza. KpbIChl, BBIHYXICHHbIC IUIaBaTh B 3aMKHYTOM
IpOCTpaHCTBE 0O€3 BO3MOXKHOCTH BBIXOJA M3 CTPECCOBOW CHUTYyallMu,
OTKAa3bIBAJIUCh OT AKTHUBHBIX ILGI\/'ICTBI/II\/'I, IIPpUHUMAJIA 1103y «3aBHUCAHUAY,
A0CTAaTOYHYIO TOJIBKO JIA YACPXKaHHWA I'OJIOBBI Ha MOBECPXHOCTU BOABLI —
cragusi uMMoOwnm3anuu. IlponomKkuTenbHBII OTKa3 OT AKTHUBHOTO
IIJ1aBaHUA (I/IMMO6I/IHI/I3aHI/Iﬂ, IIOBECACHHUC OT‘Ia}IHI/Iﬂ) SABIISICTCA
MOKa3aTesIeM JIeNIPECCUBHOTO COCTOSIHHS, Pa3BUBAIOIIETOCS B CUTyallUU
HEBO3MOKHOCTH M30ekaTh omacHocTH [16, 17].

Tabauua 2. Bausinue NIpMHYIMTEIbHOI0 NJIABAHUS U KPATKOCPOYHOI 0
OTrpaHNYeHHsi CBOOOIbI NepeIBHKEHUSI HA CTPECCOYCTOHYNBOCTh

ITokazarens 1 rpynna, ITocne 2 Iocne
¢on MIPUHYIUTENBHOT | TpyMHa, | KPaTKOCPOYHOTO
0 IJIaBaHUsA ¢doH JIUILICHUS
cBOGOIBI
NepeABUKEHUS

WnrerpansHbIit 0,53+0, 02 0,037 +0,001* 2,5+03 | 2,65+0,4
HHJIEKC
CTPECCOYCTOMUYUB
OCTH

IMpumeuanue: * — pa3nuuus 10cToBepHsl, p<0,05

KpbICcbl CcO cpeiHMM M HMU3KMM YPOBHEM TOPU30HTAIIBHOM U
BEPTUKAJIBHOM AKTUBHOCTU XapaKTEpU3YIOTCS OJHMM M TEM JKe
HMHJIEKCOM CTPECCOYCTOWYUBOCTH, a IIPUMEHEHHBIN METO[
MOJICJIMPOBAHUS HMHTEHCHBHOW (DM3WYECKOW HArpy3Kd BBI3BIBAET
HauOoJbIlIee CHIKEHHE HWHIEKCAa CTPECCOYCTOMYMBOCTH Yy  KPBIC,
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XapaKTePU30BABIINXCSI ~ BBICOKUM  YPOBHEM  HCCIIECOBATEIBCKOM
akTuBHOCTH. llomydyeHHBIE MaHHBIE VYKA3bIBAIOT HA JUMHHYAIHIO
HEPBHBIX MPOIIECCOB, 00ECIICUMNBAIONINX aICKBATHOE UCCIICIOBATEIHCKOS
nosezenue [13, 18].

KpaTtkocpounoe coaepxanme KpbpIC B IIEHAIAaX  SBISETCS
CHIIBHBIM CcTpecc-(paKkTOpOM, KOTOPBIM 3amycKaeT peduiekc cCBOOOIBI U
CTUMYJIMPYET WHTCHCUBHYI) TIOCTOSHHYIO MBIIICYHYIHO aKTUBHOCTb,
HampaBJeHHYIO Ha m30aBleHE OT aBepCUBHON cuTyanuu. OOparmiaer Ha
ce0sl BHUMaHHE, YTO TaKOM THIT TMOBEACHHWS HE OKa3bIBaJ BIMSHUS Ha
TOPU30HTAIBHYIO JIBUTATEIBHYI0 aKTUBHOCTH KHBOTHBIX, XapaKTCPHYIO
JUTSL UCCIICIOBATEIIbCKOTO TOBEACHUS M OO0CCIICUMBAT IOJJICPIKAHUEC
BEJIMYMHBI HMHIEKCa CTPECCOYCTOMYMBOCTH Ha YpPOBHE (DOHOBBIX
3HAYEHUH.

BriBoabI

1. Ilpupona crpeccopa OKa3bIBaeT BIMSHUE HA UCCIIEA0BATENbCKOE
MOBEJIEHUE U CTPECCOYCTOMUUBOCTH KPBIC B ,,0TKPHITOM TI0JI€”.

2. llpunyaurenbHoe  TUIaBaHWE — BBI3BIBACT  CYIIECTBEHHOE
CHIDKCHME  IIOKa3aTeJiel, XapakTepU3YyMLIMX  HCCIECAOBATEIbCKOE
TOBEJICHUE.

3. [IpunyauTenbHOE TJIaBaHUE CHUKAET CTPECCOPE3UCTEHTHOCTH
JKUBOTHBIX IIPU IIOBTOPHOM TECTUPOBAHUHU B OTKPBHITOM IIOJIE.

4. Ilepuoanueckasi,  KpaTKOCPOYHAsh ~ MBIIICYHAs  HArpyska,
HanpaBJIeHHass Ha OCBOOOXJIEHHE OT aBEPCHBHOW CUTyallMd, HE BIIHSIET
Ha JIOKOMOTOPHYIO aKTHBHOCTb U CTPECCOYCTOMYMBOCTH NPH NOBTOPHOM
TECTUPOBAHHUH B ,,0TKPHITOM M0Je”.
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Abstract. It is supposed that there is a connection between diabetes
mellitus (DM) and autoimmune hypothyroidism (AIH). The aim of this study was
to compare some biochemical blood parameters in experimental DM and AlH.
The experiments were carried out on outbred white rats. DM was induced by
feeding animals with a high-fat diet and a single injection of streptozotocin (35
mg/kg). AIH was induced by three subcutaneous injections of thyroglobulin
(100u/rat) and Freund's adjuvant. For the first injection complete adjuvant, for
the second and third treatments, incomplete adjuvant was used on the sixth and
seventh days after the first injection. Results show that level of insulin does not
change but the level of thyroxine decreases slightly in diabetic rats. In rats with
AIH the insulin level was sharply increase, but thyroxine level sharply
decreased. Almost all blood parameters in rats with DM and AIH (some organic
metabolites, activity of enzymes) were changed unidirectional. Analogical blood
parameters shift in both diseases shows the metabolic ways of both autoimmune
diseases intersect. This phenomenon should be taken in attention to understand
the etiology of DM and AlH.

Key words. Rats, diabetes mellitus, autoimmune hypothyroidism,
thyroxine, insulin, serum biochemical parameters.

Introduction

Autoimmune diseases are specific diseases that include various
painful syndromes associated with disorders of the immune system and
metabolism. In autoimmune diseases a protective reaction of the body to
a trigger of unknown nature develops. In result the formation of
autoantibodies and T-cell reactions to the own tissues occurs. Reactivity
of B- and T-cells to normal components of the body deviates from the
norm. The most obvious immunological manifestation is the production
of autoantibodies [13].
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Almost 4% of the world's population suffers from more than 140
different types of AIDs, which include tissue-specific diseases (lupus,
autoimmune hepatitis, rheumatoid arthritis, psoriasis, Crohn's disease,
multiple sclerosis, autoimmune thyrotoxicosis, insulin-independent and
insulin-dependent diabetes, etc. The causes of autoimmune diseases are
unknown. These diseases are difficult to diagnose [2, 13]. Autoimmune
thyroid disease and type 2 diabetes are the most widespread chronic
autoimmune pathologies worldwide. Autoimmune thyroid disease and
DM and often cluster in individuals and families, seen in the formation of
autoimmune polyendocrinopathy [15].

Autoimmune hypothyroidism is the most common organ-specific
pathology of the thyroid gland, which leads to the destruction of the
thyroid glands tissue and the deficiency of the thyroid hormones [10, 11].
DM is an autoimmune disease, the main diagnostic sign of which is
chronic hyperglycemia — elevated blood glucose levels. DM results in
group of metabolic diseases involving carbohydrate, lipid, and protein
metabolism [8]. Recently it was found that autoimmunity is an important
element in the relationship between AlIH and DM [10, 11].

In addition, connection between these two diseases is expressed in
the thyroid gland and the pancreas beta-cell disfunction effect on glucose
homeostasis [3]. The data from the examination of insulin-dependent
diabetic patients for the presence of AID showed that 26.6% of them
were diagnosed with AIH [12]. A higher frequency of thyroid destruction
is discovered in patients with DM compared to the general population [5].

These facts indicate the need for research aimed at a more in-depth
biochemical analysis of the pathogenesis of DM and associated changes
in AIH and vice versa for to identify common shifts in the blood and
select adequate treatment for DM and AlH.

The aim of the research is to identify common and specific
parameter of type 2 DM and AlH in experimental rats.

Materials and methods

The outbred white male rats weighing 200+£20 g were used in
experiments. The rats were housed under standard vivarium conditions
with an unlimited access to water and standard food and natural light-
dark regime. All animal procedures were performed according to the
Guideline of the Ethical Committee on the use and care of laboratory
animals at the Faculty of Biology of the National University of
Uzbekistan.
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Experimental type 2 diabetes was induced by feeding a high-fat
diet for 28 days and a single injection of streptozotocin (35 mg/kg in 0.1
M citrate, pH 4.5) [16]. In further observations, only animals with high
glucose levels were used.

For inducing AIH rats were injected with three subcutaneously
injections of bovine thyroglobulin (100pug per rats) and Freund’s
adjuvant, For the first injection complete adjuvant was used for the
second and third injections on the sixth and seventh days after the first
one, respectively) incomplete Friend adjuvant were used. The control rats
were subcutaneously injected with an equal volume of 0.9% saline at the
same time. For determination of AIH the level of anti-TPO was analyzed
on 21st days after first immunization in the blood serum samples. For that
after cutting gum with a sharp blade the releasing blood was collected
into heparin-treated microtubes. Then the blood cells were sedimented in
a centrifuge (DLAB D2012, China) at a speed of 3000 rpm for 10
minutes. The serum was carefully aspirated with an automatic pipette.
Serum anti-TPO titer were determined using ELISA assay kits (Dublin,
Ireland) for rat anti-TPO on the enzyme immunoassay analyzer RT-
2100C Microplate Reader Rayto (China). Only rats with the anti-TPO
titer more than 0,5 were used in the experimental groups

Rats were divided into control group and two control group with
experimental DM and AlH respectively, with 6 animals each. Blood was
collected in heparinized centrifuge tubes after decapitation on the 60th
day after the first immunization of rats. Blood was sedimented in a
DLAB D2012 centrifuge (China) at a speed of 3000 rpm for 10 minutes.
The serum was carefully aspirated and used for biochemical analyses.

The level of thyroxine and insulin in the serum was determined
using a special reagent set ELISA Kits (Dublin, Ireland) on the
immunoassay analyzer RT-2100C Microplate Reader Rayto (China). For
analysis of some serum organic metabolites, enzyme activity and
inorganic cations a biochemical analyzer RT 1904C (China) and a set of
reagents Human Diagnostic firm (Germany) were applied.

Calculation of the mean and standard error was carried out by
pairwise comparison using Student's t-test. The arithmetic mean (M), the
standard error of the mean (m), and the significant coefficient (P) were
defined. If the P value was less than 0.05, the difference between the
control and experimental rat groups was considered statistically
significant.
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Results and discussing
As shown in table 1 the insulin level was not changed, but
thyroxine level was decreased by 9,8% in the blood serum in rats with
DM compared to control. However, in rats with AlH the level of insulin
was increased by 82,3%, The level of thyroxine was almost 2 times lower
compared to the control group.

Table 1. Thyroxine and insulin level in the serum of rats with type 2 DM

and AlH (n=6)

° AIH
£ Animal groups
) Control DM AlH
o< (M:SE) [ % | (M:SE) [ % | p* (M=SE) | % P
Insulin 0.50 0.91

40,03 100 | 0.47+0.03 | 94,0 | >0,5 +0.04 182,3 | <0,001
Thyroxine | 1.34 0.68

40.08 100 | 1.21+0.08 | 90.2 | <0,05 40.05 50,7 <0,001

Note: P - statistically significant difference between control and
experimental groups

As shown in Table 2 the level of organic metabolites in the rat
blood serum with DM and AIH was also changed. The level of glucose,
albumin, cholesterol and uric acid was sharply increased in both diseases.
But increasing of total protein level was statistically significant only in
rats with AlH.

Table 2. Serum metabolites level in the serum of rats with type 2 DM and

AlH (n=6)

Animal groups
Paraments Control DM AlH

(M=SE) % (M=SE) % P* (M+SE) % P
Glucose 6,8.0+0.1
(mmol/ly 4,5+0.2 100 12,2+1,1 271,1 | <0.001 <0.001 151,1 | >0,2
TotaI. 101,4+2.8 100 103,246.9 1017 | >05 124.1£3.2 1193 | <0.001
protein (g/1) -
gl/lla)upmm i10.2i0.3 100 44,340,0 1102 <0,01 55.1+0.8 137.2 <0.001
Cholesterol 2.0+0.3 100 4240.5 2100 <0.001 2.8+0.2 140,0 <0.01
(mmol/l) -
Uric acid 151.1£23. 100 300,4+11, 198,8 <0.001 577.2+£51.4 3819 <0.001
(pmol/l 2

Note: P - statistically significant difference between control and
experimental groups.

As table 3 shows the activity of alanine aminotransferase and
aspartate aminotransferase and a-amylase, in the rat with DM and AIH
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was notedly increased in both autoimmune decreases. compared with
control values.

Table 3. Enzyme’s activity in the serum of rats with varying severity of ATH

(M£m; n=6)
Animal groups
Enzyme Control DM AlH
(M+SE) % (M+SE) % P* (MSE) % P
ALT 61.2+4.1 100,0 [101,248.2 165,9 [<0,001 [222.0+14.4 363,9 |<0,001
IACT 50.4+4.2- 100,0 [68,240,5 135,3 [<0,001 [84.7+3.1 168,0 [<0,001
melase 321.7422.1-  [100,0 (677,9+81.2  [210,7 <0001 5623.1+324.1 174,8 <0,001

Note: P — statistically significant difference between control and
experimental groups; ALT — alanine aminotransferase; AST - aspartate
aminotransferase.

The main goal of this study was to identify common changes in
blood parameters in experimental DM and AIH. Obtained data show that
practically of all blood parameters: hormones (thyroxine, insulin),
organic metabolites (glucose, total protein, albumin, cholesterol, uric
acid) and enzyme activity (alanine aminotransferase, aspartate
aminotransferase, a-amylase) change analogically in both diseases.

Its fact, in some studies the association of AIH with a wide range
of organ-specific and non-organ-specific autoimmune diseases has been
proven [7]. The current experiment findings also confirm that AIH causes
a wide range of metabolic changes associated with type 2 DM and vice
versa.

Thus, the results show that in rats with diabetes, the insulin level
does not change, but the thyroxine level slightly decreases. In rats with
AlH, the insulin level changes inversely proportional to the thyroxine
level, which is manifested in a parallel increase in hypothyroidism and
hyperinsulinemia. The manifestation of insulin at the same level as in
control animals and in diabetic rats with marked hyperglycemia indicates
the development of type 2 diabetes [16]. We suggest that the increase in
the insulin level in rats with AIH against the background of relatively low
glucose levels also indicates type 2 diabetes. Some researchers suggest
that insulin resistance triggers the production of antibodies to the thyroid
gland and the development of AIH, and if so, this may even lead to the
progression of hypothyroidism [1]. Therefore, the progression of insulin
resistance may also cause an increase in hypothyroidism. This
assumption is consistent with the opinion of the authors who believe that
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AIH contributes to the development of insulin resistance and related
disorders [11].

However, it is known that functional insufficiency of the thyroid
gland leads to hypoglycemia [3]. Increased glucose levels in rats with
AlH suggest the development of insulin-independent diabetes mellitus.
The opposite effects of hypothyroidism and diabetes on glucose
concentration, in this case, may be responsible for the relatively small
increase in glucose concentration in rats with AlH.

Almost all changes in blood parameters that were recorded in rats
with experimental AIH were noted by other researchers in diabetes
mellitus. Protein metabolism disorders in our studies were manifested in
an increase in the concentration of protein, albumin and uric acid
associated with the severity of AlH, observed by other researchers both in
AlH and in diabetes mellitus [9].

Diabetes and thyroid insufficiency are both caused by hormonal
changes. Although more and more studies have shown a link between
diabetes and thyroid diseases, there is no definitive data on what causes
them to occur together. The association between these conditions is
largely explained by a common genetic background. HLA antigens DQ2
(DQA1+0501-DQB1%0201) and DQ8 (DQA1x0301-DQB1x0302) are
common predisposing factors for both diseases [4].

Clinical observations also confirm the relationship between
autoimmune diseases of the thyroid and pancreas. Autoimmune thyroid
diseases occur in 17-30% of patients with diabetes mellitus [6]. The
results of examination of patients with non-insulin-dependent diabetes
mellitus for autoimmune thyroid diseases showed that the prevalence of
AlH among them was 26.6%. Of these, 42.0% were euthyroid, and 58.0%
had hypothyroidism [12]. We suggest that metabolic disturbances in one
of these diseases can serve as a trigger for the other through changes in
immune homeostasis. Understanding the mechanism of this interaction
will be crucial for the development of new mechanism-based therapies
for AIH and diabetes

Conclusion
DM and AIH cause similar shifts in the parameters of organic
metabolites and enzyme activities in the blood serum, which indicates the
mutual causality of these diseases. This fact will contribute to
understanding the development of autoimmune diseases of the pancreas
and thyroid gland and the creation of new approaches to their therapy.
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FACTORII ALIMENTARI SANO- S1 DISSANOGENI,
COMUNI PENTRU MICROBIOCENOZA INTESTINALA S|
SISTEMUL REPRODUCATOR MASCULIN

Leorda Ana, Furdui Vlada, Tolstenco Dorina
Institutul de Fiziologie si Sanocreatologie, Universitatea de Stat din
Moldova, Chisinau, RM, leorda-anaé4@mail.ru

Abstract. Diet composition is the most important extrinsic factor
influencing individual differences in intestinal microbiota, and nutritional
factors play a key role in determining reproductive health and can positively or
negatively influence human fertility. Thus, extrinsic factors with a sanogenic
character are of particular importance, which on the one hand have a positive
impact on MI, and this in turn on the reproductive system, and on the other hand
directly influence this system. The healthy and unhealthy aspects of the food
ration with a common impact on the intestinal microbiocenosis and the
reproductive system have been identified, since understanding the factors that
contribute to affecting MI and decreasing male fertility is crucial for minimizing
their impact. The role of intermittent fasting in maintaining the health of these
two systems was also elucidated, as well as the effects of alcohol depending on
the dose used.

Key words. Diet, intestinal microbiota, the male reproductive system,
extrinsic factors

In ultimul deceniu, s-a observat o schimbare drastica a stilului de
viata al societatii: in afara de influenta factorilor psihogeni, ce provoaca
stres excesiv, are loc reducerea activitatii fizice cotidiene, cresterea
consumului de alimente hipercalorice si cu indice glicemic ridicat, cu
continut majorat de grasimi trans si consum de fibre alimentare redus,
care afecteazd negativ sandtatea [9]. Compozitia dietei este cel mai
important factor extrinsec, care influenteaza diferentele individuale in
microbiota [14, 28], iar factorii nutritionali joacd un rol-cheie in
determinarea sanatatii reproducerii si pot influenta pozitiv sau negativ
fertilitatea la om [5, 9]. Unele studii sugereaza interconexiunea dintre
nutritie si sanatatea reproducerii prin intermediul abordarilor omice
(inclusiv metabolomica si nutrigenomica) [12]. Tot mai multe dovezi
sugereazd, ca microbiocenoza intestinala (MI) are efecte diferite asupra
multor organe distale, inclusiv asupra sistemului reproducator masculin la
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mamifere. MI si testiculul formeaza axa intestin-testicul, care implica
producerea de molecule-cheie prin metabolismul microbian. Produsele
secretate de MI in intestin afecteaza partile distale ale corpului prin
sistemul circulator. Aceste substante includ aminoacizi, proteine,
vitamine, minerale, acizi grasi etc. MI ajuta la mentinerea structurii
integrale a testiculelor si regleazd imunitatea testiculara pentru a proteja
mediul spermatogen. Factorii, care dduneaza MI influenteaza negativ, de
asemenea, functia reproductiva masculind, cu toate acestea, mecanismul
aferent ramane putin cunoscut [6]. De asemenea, nu sunt intelese pe
deplin mecanismele biochimice, asociate cu dieta, implicate in modularea
calitatii spermei [5]. Scopul lucrarii a constat in elucidarea aspectelor
comune ale dietei pentru ambele sisteme, deoarece intelegerea factorilor,
care contribuie la afectarea MI si ca urmare la scaderea fertilitatii
masculine este necesara pentru diminuarea impactului acestora.

MI joacd un rol major in sistemul endocrin reproductiv prin
interactiunea cu estrogenii, androgenii, insulina si alti hormoni.
Dezechilibrul compozitiei M1 poate duce la mai multe boli si afectiuni ale
sistemului endocrin [17]. Metabolismul estrogenului si androgenului a
fost raportat a fi legat de microbiomul intestinal si deoarece este implicat
in procesul de excretie si circulatie a hormonilor sexuali, a fost sugerat
conceptul de ,,microgenderome”, care indica impactul hormonului sexual
asupra MI [8]. Vasele de sdnge din testicul transporta substantele
nutritive, inclusiv cele sintetizate sau metabolizate de MI, de la sistemul
digestiv la interstitiul testicular prin tubii seminiferi contorti prin celulele
Sertoli si conexiunile lor intercelulare. Nutrientii precum vitaminele si
mineralele sintetizate sau metabolizate de MI sunt esentiale pentru
testicule. Iar microbiota modificatd poate schimba structura si functia
nutritionala initiala a testiculului [6]. O importanta deosebita, astfel, o
capatd factorii extrinseci cu caracter sanogen, care pe de o parte au
impact pozitiv asupra MI, iar aceasta la randul sdu asupra sistemului
reproducator, iar pe de alta parte influenteaza direct asupra acestui sistem.
In continuare, au fost elucidate componentele dietei, care au un impact
sanogen comun pentru bacteriocenoza intestinala si  sistemul
reproducator. Dovezi recente sugereaza, ca fibrele alimentare pot furniza
energie prin fermentatia microbiana intestinala si pot ameliora functia
reproductiva, flora intestinala si imunitatea [18]. Un alt aspect il
constituie complexitatea compozitiei monozaharidelor in diferiti glicani
din dietd, care induce raspunsul microbiotei dominante si, astfel
moduleaza echilibrul de fermentatie dintre carbohidrati si proteine [29].
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Efectul prebiotic este unul dintre cele mai bine studiate aspecte ale
bioactivitatii carbohidratilor din dietd. Speciile bacteriene benefice din
genurile Lactobacillus si Bifidobacterium, fermenteaza aceste prebiotice
si produc acizi grasi cu lant scurt (SCFA) [30]. Principalele moduri prin
care MI afecteaza dezvoltarea si functia sistemului reproducator includ:
furnizarea de nutrienti precum SCFA, vitamine si minerale pentru a
transforma functia si starea de expresie a genelor a sistemului
reproducator, reglarea micromediului imunitar testicular, controland
procesele fiziologice prin transductia semnalului si afectdnd nivelurile
hormonale [10, 27]. Astfel, hranirea selectivi a acestor specii poate
imbunatati sanatatea gastrointestinala a gazdei si functia sistemului
reproducitor. Este demonstrat, cd consumul de acizi grasi polinesaturati
(AGPN) omega-3, care reprezinta duce la o crestere a bacteriilor
producatoare de butirat, o crestere a speciilor de Bifidobacterium si
Lactobacillus, urmata de productia concomitentd de SCFA [26], pe de
altd parte, in literatura de specialitate este discutata influenta acestor
molecule asupra sanatatii reproductive masculine umane si posibilele lor
implicari, inclusiv in dereglarea echilibrului oxidativ-antioxidant. O
importantd deosebitd prezintdi moleculele continute in membrana
spermatozoizilor sau in plasma seminala, cum ar fi AGPN, inclusiv acizii
grasi omega-3 (acizii docosahexaenoic (DHA), eicosapentaenoic (EPA)
si omega-6 (acidul arahidonic) si derivatii acestora (prostaglandine,
leucotrieni, endocannabinoizi, izoprostani), care sunt vulnerabili la
efectele stresului oxidativ (SO). Spermatozoizii sunt deosebit de sensibili
la modificarile micromediului lor — plasma seminala, compusa printre
altele, dintr-un spectru larg de acizi grasi, inclusiv PUFA omega-3 si
omega-6. Numarul mare de legdturi duble de carbon din acesti acizi 1i
face susceptibili la deteriorare de catre speciile reactive de oxigen (ROS).
Mai multe studii au demonstrat diferente in continutul de AGPN din
membrana spermatozoidald, plasma seminald si materialul seminal intre
barbatii fertili si infertili, indicand faptul, ca SO poate fi cauza acestor
modificari. Continutul total de AGPN si AGPN omega-3, in special a
DHA din plasma seminald si din ejaculatul este redus in membranele
spermatozoizilor pacientilor cu diferite tulburari de fertilitate, ceea ce se
coreleaza negativ cu motilitatea, concentratia si morfologia normald a
acestora [20]. Conform unor autori, dieta veganilor si vegetarienilor are
impact sanogen, deoarece se caracterizeaza printr-0 diversitate mai mare
a MI in comparatie cu cea a omnivorilor, iar nivelul unor unitati
taxonomice protectoare sunt crescute. Dietele pe baza de plante au efecte

289



benefice asupra compozitiei MI pe termen scurt pana la moderat,
comparativ cu dietele conventionale la participantii sanatosi, precum si la
pacientii cu unele maladii [23]. Privind impactul dietei vegetariene asupra
calitatii spermei, a nivelului hormonilor sexuali si a fertilitatii, 0 meta-
analiza indica faptul, ca nu au existat diferente semnificative in parametrii
de calitate a spermei intre vegetarieni si omnivori; cu toate acestea,
femeile vegetariene au prezentat niveluri mai mici de estrona in plasma,
iar vegetarienii de sex masculin au prezentat niveluri mai mari de Sex
Hormone Binding Globuline (SHBG), in comparatie cu omnivorii [16].
Numeroase studii au cercetat asocierea dietei mediteranene (DM) cu
sanatatea umand, dezvaluind proprictatile sale benefice datorita
polifenolilor, care fiind componente bioactive ale alimentelor acestei ratii
interactioneaza cu MI, modificand biodisponibilitatea fibrei — principala
sursd de energie pentru fermentatia in colon [14]. DM este considerata o
dieta profertilitate, deoarece include cantitdti mari de produse integrale,
fructe si legume, ulei de masline si nuci, care au un mare potential de a
creste fertilitatea. Existd numeroase beneficii ale DM bazate, in special,
pe efectele sale antioxidante, antiinflamatorii si de reducere a lipidelor
[21]. Dieta pe baza de plante cu indice glicemic scazut are un efect
pozitiv, in special, cand se bazeaza pe modele alimentare mediteraneene:
abundenta in antioxidanti, proteine vegetale, fibre, acizi grasi AGPN,
omega-3, vitamine si minerale. S-a demonstrat, cd aceasta dieta
protejeaza impotriva bolilor cronice asociate cu SO, care este
argumentatd si prin succesul aparitiei sarcinii [9]. Antioxidantii naturali
aplicati ca aditivi alimentari pot ameliora sanatatea, crescand rezistenta
organismului la stresul mediului. Algele marine — rosii, maro si verzi
contin o multitudine de substante biologic active, inclusiv compusi
fenolici, polizaharide, pigmenti, vitamine, micro- si macroelemente,
proteine cunoscute pentru activitatea lor antioxidanta, care pot ajuta la
mentinerea unui statut redox adecvat si prezintd multiple efecte privind
imbunatatirea productivitatii. Suplimentarea cu alge marine in dieta
animalelor poate stimula activitatea antioxidanta, imunitatea si mediul
intestinal [13]. Pe de alta parte, celuloza din algele marine Macrocystis
Pyrifera, regleaza tulburarile MI, induse de dieta bogata in grasimi si
glucide high fat-sugar diet (HFSD), deoarece poseda potential de
modulare a MI si influenteaza obezitatea indusa de HFSD si sindromul
metabolic, fapt demonstrat la soareci [22]. Postul intermitent poate
influenta compozitia si functia microbiomului intestinal. Diferite studii
argumenteaza utilizarea postului intermitent pentru impactul sau asupra
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compozitiei/functiei Ml si, in consecintd, asupra proceselor
fiziopatologice generale ale gazdei. Practica postului intermitent la
sobolanii Wistar masculi de 12 luni a dus la cresterea diversitatii alfa si la
stabilizarea raportului Firmicutes si Bacteroidetes, ceea ce indica
impactul lui sanogen [24]. Daca pentru MI postul intermitent are un
caracter sanogen, in ceea ce priveste hormonii sexuali masculini, postul
intermitent a redus nivelul de testosteron la barbatii tineri activi fizic, dar
nu a afectat concentratiile de SHBG. Interesant este, ca masa si forta
musculara nu au fost afectate negativ de aceste reduceri ale
testosteronului, dar la interpretarea acestor date este important de luat n
considerare numarul mic de studii efectuate la aceasta tema [2]. Astfel, in
pofida faptului, ca efectele dietetice sunt observate intr-o serie de trasaturi
morfologice testiculare si spermatozoide, influenta relativa a continutului
si calitatii proteinelor, grasimilor, carbohidratilor si interactiunilor
acestora difera in functie de mai multi factori. Un studiu a aratat, ca dieta
CU continut scazut de proteine a provocat reduceri semnificative ale
greutdtii corporale, testiculelor, epididimului si veziculelor seminale,
testosteronului seric si concentratiei de FSH la sobolani, ceea ce denota,
ca consumul suboptim de proteine reduce functia gonadala si endocrina
si, in consecint, poate provoca infertilitatea masculina [1]. In acelasi
timp, dezechilibrul in aportul de proteine/aminoacizi duce la perturbarea
compozitiei florei intestinale, fapt, care poate duce la boli
gastrointestinale [25]. Privind efectul lipidelor asupra acestor doua
sisteme, a fost depistat, ca grasimea alimentara are o influentd pozitiva
asupra motilitatii spermatozoizilor si asupra capacitatii antioxidante, dar
difera la dieta bogatd in grasimi, in care continutul de calorii nu este
controlat [3]. Pe cand dieta sdraca in fibre si bogata in grasimi (in
principal acizi grasi saturati) este asociata cu o diversitate mai scazuta a
MI. Date interesante au fost obtinute de unii autori, privind dieta
cetogena, care are efect dissanogen 1n raport cu MI, provocand reducerea
persistenta a abundentei Bifidobacterium [19]. La general, dieta cetogena
actioneaza ca un ,.comutator” metabolic, care determind dezvoltarea
cetozei, deoarece grasimea este folositd ca sursd primard de energie, in
locul carbohidratilor. Unele studii au demonstrat, ca corpii cetonici sunt
utilizati ca sursa de energie pentru miscarea spermatozoizilor, iar dieta
cetogena restabileste motilitatea spermatozoizilor, procentul de
Spermatozoizi cu o morfologie normala si maturarea celulelor
spermatogene la soarecii hraniti cu 0 dieta bogata in grasimi si colesterol
(HFC), chiar daca nu a existat o crestere substantiala a nivelurilor de
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testosteron [11]. Au fost investigate efectele dietei cetogene in
sensibilitatea la toxine a testiculelor, indusd de glutamatul monosodic
(MSG), care este o componentd majora a multor proteine, cum ar fi
laptele, carnea, pestele si unele legume. Acesta poate provoca
modificarea statusului redox, reducerea glicogenului testicular, scdderea
nivelului de oxid de azot si modificarea profilului lipidic. S-a constatat,
ca dieta cetogend a imbunatatit parametrii biochimici ai sobolanului,
precum si indicii functionali testiculari incluzand: fosfataza alcalina,
fosfataza acida, colesterol, proteine, glicogen si profilul lipidic testicular

[7].

Consumul pe scara larga de bauturi alcoolice in randul populatiei
globale este un factor alimentar cu potentiale efecte asupra ecosistemului
intestinal si a sistemului reproducator. Mai exact, un consum abuziv si de
durata al alcoolului poate duce la disbioza, asociatd cu modificarea
cresterii bacteriene: scaderca Bacteroidete si cresterea Proteobacteria
Enterococacceae si Streptococacceae, acestea fiind asociate cu procesele
inflamatorii [4]. Cu toate acestea, consumul moderat de bauturi
fermentate, care contin microorganisme benefice, compusi bioactivi si
cantitati mici de alcool poate avea alte efecte, potential sanatoase, asupra
MI si productiei de metaboliti. In rezultatul unei meta-analize s-a
constatat, cd consumul de alcool a redus volumul de sperma in timpul
fiecdrei ejaculari. insd nu au existat asocieri semnificative cu densitatea,
mobilitatea si numarul normal si anormal de spermatozoizi din aceasta
analiza. In plus, consumul de alcool a scizut enzimele antioxidante din
spermd, dar nu a avut niciun efect asupra fragmentarii ADN-ului
spermatozoid. in cele din urmi, rezultatele au aritat o scidere a
nivelurilor generale de testosteron, hormonul foliculostimulant si
luteinizant. Grupul cu consum moderat de alcool (mai putin de 7
unitati/saptdmand) nu a suferit nicio modificare a indicelui materialului
seminal. Intre timp, in grupul cu consum mai mult de 7 unitati/siptimana
s-a depistat afectarea indicelui seminal si a hormonilor sexuali, in special,
prin cresterea estradiolului. Astfel, consumul exagerat de alcool a afectat
volumul spermei si hormonii de reproducere antioxidanti, afectand astfel
negativ functia reproductiva masculina. lar consumul intens si cronic de
alcool (>20-25 de unitati/saptamana) afecteaza negativ spermatogeneza si
parametrii spermei, inclusiv motilitatea, morfologia si concentratia
spermatozoizilor [15]. Astfel, consumul moderat si sporadic de alcool nu
manifestd un efect nedorit asupra calitatii spermei; totusi, consumul
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regulat si excesiv are ca rezultat inrautatirea atat a morfologiei, cat si a
volumului spermei.

Astfel, au fost identificate aspectele sano- si dissanogene ale dietei,
comune pentru microbiocenoza intestinala si sistemul reproducator
masculin. Suplimentarea dietei cu acizi grasi nesaturati are un impact
sanogen asupra MI, deoarece crestere abundenta  speciilor
de Bifidobacterium si Lactobacillus, urmata de productia concomitenta de
SCFA, precum si imbunititeste calitatea spermei. In special AGPN
omega-3, determina o crestere a metabolismului energetic mitocondrial si
o reducere a daunelor oxidative. DM, datoritd polifenolilor, faciliteaza
fermentatia in colon, iar efectele sale antioxidante, antiinflamatorii si de
reducere a lipidelor protejeaza impotriva infertilitatii masculine. Efectele
dissanogene asupra Ml si a functiei reproductive masculine sunt asociate
dietelor bogate in acizi grasi saturati si sarace iIn AGPN, ceea ce afecteaza
negativ diversitatea microbiand in intestin si calitatea spermei. Dieta
occidentala este consideratd un factor de risc pentru echilibrul MI si, in
special, pentru fertilitatea masculina. Sunt un grup de compusi ai dietei de
exemplu polifenoli naturali, care afecteazd diferential (pozitiv sau
negativ) functia mitocondriala, in functie de concentratia lor.
Carbohidratii si proteinele sunt, de asemenea, modulatori nutritionali ai
SO si a nivelului de testosteron, care sunt strict legate de functia
mitocondriald a spermatozoizilor, un element-cheie pentru calitatea
spermei. Impactul dietelor vegetariene este benefic pentru MI, dar
controversat in pastrarea calitatii spermei. Compusii dietei cu caracter
sanogen privind MI, manifestd concomitent un impact pozitiv asupra
sistemului reproducator, iar cei cu caracter dissanogen contribuie la
afectarea MI si la scaderea fertilitatii masculine. Cunoasterea lor este
cruciald pentru furnizarea ulterioard de noi strategii preventive, care ar
contribui la mentinerea si fortificarea sanatatii ambelor sisteme si la
minimizarea impactului factorilor dissanogeni.
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Abstract. Taking into account the importance of animal health and the
quality of the products obtained from it, in recent years the emphasis has been
placed on growth stimulants of natural origin. In the research, we aimed to carry
out a study highlighting the action of the ZooBioR product from Spirulina
platensis on health, and the marker parameters of lipid metabolism in laying
quails. The research was carried out on 4 batches of birds (50 quails/batch). In
three batches the feed was supplemented with ZooBioR in doses of 10.0; 15.0;
20.0 mg active substance/kg feed. Research has shown that the tested product is
well tolerated by quails. The tested product improves the metabolic processes in
the bird's body, especially the lipid metabolism: it definetely decreases the
amount of cholesterol and triglycerides in blood, at the first stage of research,
and the total lipids and g-lipoproteins values. In addition, at the end of the study,
the pB-lipoprotein values, in the blood of the birds treated with ZooBioR,
increased by 2.5-52.1% compared to the control, a positive effect of the tested
remedy on the metabolic health of the birds in general, and especially on the
lipid metabolism.

Key words. ZooBioR product, quail, lipid metabolism, cholesterol,
triglycerides.

Introducere

Z00BioR este un produs biologic activ, de origine naturala, obtinut
prin tehnologii moderne din Spirulina platensis in conditiile Institutului
de Microbiologie si Biotehnologie din cadrul UTM. Actiunea
hematologica, biochimica, bioproductiva propriu-zisa a acestui produs se
realizeaza, probabil, prin intermediul multiplilor componente ale acestuia.
Specificam c¢d ZooBioR este un produs natural, ce contine
polizaharide/polizaharide sulfatate, fosfolipide, aminoacizi, inclusiv
imunoactivi in stare libera, precum si 1in structura peptidelor si
proteinelor, precum si microelemente: zinc si seleniu. Prin urmare, cele
mentionate justificd cercetérile intreprinse de noi, in directia investigarii
actiunii remediului biologic activ ZooBioR asupra metabolismului lipidic
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la prepelitele ouatoare. Despre actualitatea acestui aspect relateaza si
efectele produsului nominalizat asupra metabolismului lipidic la gdinile
oudtoare [5], cat si a altor remedii administrate la prepelite si puii de
carne [4, 3]. Este unanim acceptat faptul ca pentru combaterea stresului
tehnologic la unitatile zootehnice si a consecintelor, care se instaleaza la
animale dupa actiunea acestuia, se lucreaza pretutindeni pentru elaborarea
noilor remedii medicamentoase [9, 3].

Din gama mica de preparate ecologice cu efecte protectoare,
curative si bioproductive poate fi catalogat si produsul autohton
Zo0BioR, care si a reprezentat obiectul de studiu al acestei cercetari.

Material si metode de cercetare

Cercetarile polivalente ale preparatului bioactiv ZooBioR au fost
efectuate pe un numar de 200 de prepelite oudtoare tinere, de rasa ,,Texas
universal”. Studiul a fost realizat in conditii de producere, la ferma
avicola din cadrul SRL — , MIHAILORINA-COM?”, din satul Corlateni, r-
nul Rascani, Republica Moldova. Distributia pasarilor si a produsului
testat pe loturi experimentale (LE), precum si a regimului de administrare
a acestui produs prepelitelor este prezentata in tabelul 1.

Cercetarile stiintifice au fost efectuate pe prepelite-oudtoare tinere,
aflate la varsta de 55 de zile de viata, timp de 123 de zile. La trei loturi de
prepelite hrana a fost suplimentata cu ZooBioR, in cantitati diferite (10,0;
15,0 si 20,0 mg substanta activa kg/furaj), al 4-lea lot a fost martor (LM),
care s-a aflat la un regim alimentar obisnuit.

Tabelul 1. Schema utilizarii remediului ZooBioR la prepelite ouitoare
Doza de Regimul
. Numarul Calea de administrare, de
Specificare - e S
de pasari | administrare mg sub. administra
activi/kg furaj re
Martor 50 - - -
Experimental 1 50 per 0s 10,0 zilnic
Experimental 2 50 per 0s 15,0 zilnic
Experimental 3 50 per 0s 20,0 zilnic

Prepelitele antrenate in experiment au fost analoge dupa: stare
fiziologica; origine; vArstd; masi corporald; productivitate. In acelasi
timp, pasarile au avut aceleasi conditii de alimentatie, exploatare,
microclimat, practicate identice manopere tehnologice si asistenta
veterinara, fiind cazate in acelasi adapost. Adaparea prepelitelor a fost
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centralizatd, automatizata, iar furajarea s-a intreprins manual de operator
in jgheaburile de hranire. Prepelitele oudtoare au avut acces liber si
permanent la furajele concentrate. O prepelitd, rasa Texas universal
consuma zilnic cca 50 g/furaj concentrat. Prepelitele folosite in cercetare
au fost clinic sanatoase. Pasarile au fost permanent monitorizate,
examinate pentru evaluarea starii de sidnatate, periodic s-a determinat
temperatura corporala si frecventa respiratiei per minut.

Pentru examinari de laborator de la prepelite au fost prelevate
probe de sange, in eprubete standard, in trei etape, consecutiv: la debutul
cercetarii, pAna la administrarea ZooBioR, de la 5 prepelite - aleatoriu; pe
parcursul experimentului, insa de la cate 5 pasari din fiecare lot — la cca 1
luna de la inceputul cercetarii (n=20) si a treia data la finele studiului, ce
a coincis cu a 123-ea zi de experiment. In total au fost prelevate 45 probe
de sange.

Dozarea lipidelor totale, trigliceridelor, colesterolului si B-
lipoproteidelor in  serul sanguin s-au efectuat la readerul
spectrofotometric cu placi PowerWave HT, BioTek, SUA.

Rezultate si discutii

Din punct de vedere clinic, pe durata studiului de 4 luni de zile nu
au fost specificate reactii adverse, abateri in sinatatea prepelitelor. In
acelasi timp, examenele clinice au relevat: proprietati antistresorii si
adaptative la prepelitele ouatoare, ipoteza sprijinitd de valori mai joase
ale temperaturii corporale si frecventei respiratiei la prepelitele din
loturile experimentale, rezultate publicate de noi anterior [6]. Proprietatile
benefice, in acest context, ale preparatului studiat — ZooBioR au fost
stabilite si de alti autori, care au administrat gainilor ouatoare acest
medicament cu hrana [2, 9]. In acest context, este important de studiat
impactul acestui produs asupra metabolismului lipidic la prepelitele aflate
in plin proces fiziologic de ouat. Actualitatea acestei lucrari se justifica si
prin intermediul cercetarilor intreprinse de alti savanti, care au investigat
efectele produsului nominalizat asupra metabolismului lipidic la gdinile
oudtoare [5], precum si a altor remedii biologic active, asupra
metabolismului lipidic la prepelite [3].

Valorile medii ale marcherilor metabolismului lipidic la
prepelitele intacte si modificarile acestora la pasarile, hrana carora a fost
suplimentatd cu ZooBioR sunt prezentate in tabelul 2.

Lipemia la prepelitele din loturile implicate in cercetare nu a
prezentat o evolutie univoca catre prima etapa experimentala, valoare
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care la lotul martor s-a majorat nesemnificativ cu 1,0%, fata de
valorile de fon si o tendintd de crestere marcanta la prepelitele din
lotul suplimentat cu produsul testat in doza maximd de 20 mg
substanta activa/kg furaj (LE 3), ceea ce reprezintd o crestere de 6,4%
fata de datele de fon (p<0,05).

Tabelul 2. Valorile medii ale indicilor biochimici ai metabolismului lipidic la
prepelitele a ciror hrani a fost suplimentati cu ZooBioR

s ificati Debutul Loturile de animale
emnificaie studiului Martor LE L LE 2 LE 3
Lipide totale, 708,97+12,90
mg/dI
1 recoltare 715,85+4,56 | 703,57+13,47 | 692,93+23,15 | 754,67+9,69**
2 recoltare 730,1049,17 | 718,80+23,07 | 730,94+24.29 | 751,37£19,95
Colesterol, 5,49+0,28
mmol/Il
1 recoltare 5,12+0,22 4,99+0,08 4,78+0,24 4,994+0,21
2 recoltare 5,48+0,40 4,74+0,21 4,54+0,12 5,12+0,16
Trigliceride, 4,27+0,26
mmol/Il
1 recoltare 4,02+0,29 3,71+£0,19 3,22+40,42 3,00+0,45
2 recoltare 3,65+0,37 2,94+0,28 2,97+0,32 3,39+0,31
B-lipoproteide, u/c | 56,00+5,91 | 53,82+4,72
1 recoltare 30,65+2,78* | 39,72+2,22* | 47,20+5,33 38,78+6,08
2 recoltare * 31,42+4,49 | 46,62+7,64 40,30+7,23

Nota: * — p<0,05; ** — p<0,01

In cazul suplimentarii hranei cu doze mica si medie de ZooBioR
(LE 1 si 2) valorile lipidelor totale in sdnge au evidentiat o slaba tendinta
de scddere, fatd de fon, scaderea fiind de 0,8-2,3%. La prima etapa
experimentald lipemia la prepelitele, hrana carora a fost suplimentata cu
produsul testat in marime de 10,0 si 15,0 mg substanta activa/kg furaj,
prezinta o tendinta de scadere, de 1,7-3,2%, comparativ cu valorile lotului
martor, fenomen care poate fi considerat benefic, indicind, de asemenea,
intensificarea proceselor metabolice, in special, a celor lipidice in
perioade de mari solicitéri fiziologico-metabolice ale pasarilor in prima
perioadd de ouat, care la justa valoare poate fi catalogatd ca stresanta,
evident pentru pasarile la care se instaleaza procesul fiziologic de ouat. in
acelasi timp, la prepelitele, hrana carora a fost suplimentata cu ZooBioR
in doza maximala, de 20,0 mg substanta activd/kg furaj are loc o tendinta
de crestere marcanta, astfel daca la martor cantitatea de lipide a fost de
715,85 mg/dl sange, la prepelitele tinere a caror hrana a fost suplimentata
cu produsul testat de noi, creste la 754,67 mg/dl sange, ceea ce reprezinta
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0 crestere de 5,4%, (p<0,01), rezultate ce pot avea o semnificatie
deosebitd in stabilirea dozei optimale de folosire a remediului testat.
Tendinte similare de diminuare a lipidelor totale in sange au fost relatate
de catre noi anterior in urma suplimentarii hranei géinilor ouatoare tinere
cu produsul ZooBioR [5], precum si in rezultatul injectarii produsului
BioR prepelitelor oudtoare adulte plasate la reconditionare [8].

La ultima etapa experimentala lipemia are o tendinta de crestere la
lotul martor cu 2,0% si la prepelitele a caror hrana a fost suplimentata cu
produsul testat atat in doza minima (LE 1, + 2,1%), cat si la lotul
experimental, care a beneficiat de doza medie de ZooBioR (LE 2, +
5,5%), respectiv fatd de wvalorile precedente. Parametrul biochimic
analizat la pasdrile din LE 3, la finele studiului a stagnat, practic, la
nivelul semnalat la prima cercetare (-0,4%). Tendinta de crestere a
lipidelor in sange catre finele studiului poate fi, probabil, explicatd prin
rolul major al lipidelor in procesul de ovogeneza la pasarile aflate 1n plin
proces de ouat.

Colesterolemia la prepelite, la debutul studiului a inregistrat
valoarea de 5,49+0,28 mmol/l, indice care este situat la cea mai Inaltd
cota, pe durata acestui experiment. Cu Tnaintarea in experiment, acest
parametru biochimic prezintd o tendinta de scadere neesentiala la pasarile
din lotul martor. Aceastd diminuare la martor a fost de 6,7%, la loturile
de prepelite a caror hrand a fost suplimentatd cu remediul ZooBioR,
tendinta de scddere fiind marcanta, ceea ce prezintd o scadere de 9,1-
12,9% in raport cu valorile de fon. Concomitent cu cele relatate, remediul
testat a indus la prima etapd experimentald o tendinta clard de diminuare
a colesterolului 1n serul sangvin la prepelitele oudtoare tinere, hrana
carora a fost suplimentata cu produsul bioactiv testat, scaderea fiind de
2,5-6,6%, fata de valorile martorului. Datele din tabelul 2 scot in evidenta
faptul ca la a doua etapa experimentala, la prepelitele din lotul martor,
continutul colesterolului prezinta o tendintd de crestere, valoarea medie
fiind de 5,48 mmol/l, iar cresterea este de 7,0%. Cresteri mai reduse au
fost constatate si la lotul de prepelite a caror ratie a fost suplimentata cu
produsul testat, in cantitate maximala - 20,0 mg substanta activa/kg furaj.
Scaderea cu 5,0% a colesterolului seric a fost semnalata la prepelitele,
hrana caror a fost suplimentata cu produsul ZooBioR, in doze: mica si
medie, justificand si repetand tendinta semnalatd la prima etapa
experimentala.

Analiza comparativd a colesterolului in serul sanguin la prepelite,
la finele studiului, scoate in evidentd tendinta de scddere a acestui
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parametru marcher al metabolismului lipidic la prepelitele ouatoare din
loturile experimentale cu produsul testat. Daca la lotul martor cantitatea
de colesterol a fost de 5,48 mmol/l, la prepelitele, hrana caror a fost
suplimentatd cu ZooBioR, scade la 5,12-4,74 mmol/l, ceea ce reprezinta o
scadere de 6,6-17,2% (tab. 2). Cele relatate, probabil, pot fi explicate prin
metabolismul intens derulat in organismul prepelitelor, implicarea
colesterolului in mai multe procese fiziologico-metabolice, inclusiv in
procesul complex de ovogenezd la pasare. Tendinte Similare cu ale
noastre, de diminuare a continutului colesterolului in sange cu aportul
altor compusi biologic activi, au fost relatate si de alti autori, care au
administrat la iepurii tineri astfel de substante. In acest context, Amany
A. et al. (2017) intr-un studiu realizat pe iepuri, cu suplimentarea hranei
cu deseuri uscate de taro (Colocasia esculanta) in combinatie cu drojdie
uscata (Saccharomyces cerevisiae, 0,5%), in diferite proportii si
combinatii au constatat o diminuare a colesterolului in sange de 1,5-6,5%,
in comparatie cu valorile lotului martor [1].

Prin urmare, rezultatele obtinute de noi, conduc la concluzia ca
produsul ZooBioR cu care a fost suplimentatd hrana, manifesta efect
pozitiv de diminuare a colesterolului in sange la prepelitele oudtoare.

Trigliceridele la prepelitele ouatoare tinere la debutul studiului,
pana la initierea procedurii de administrare a produsului ZooBioR, a avut
valoarea de 4,27+0,26 mmol/l, parametru care la prima etapa de studiu s-
a diminuat univoc la toate loturile de pasari, doar ca in mod diferit. Daca
la martor cantitatea de trigliceride a fost de 4,02 mmol/l sange, la
prepelitele experimentale scade la nivelul de 3,71-3,00 mmol/l,
manifestare ce reprezinta o scadere de 7,7-25,4%. Din rezultatele obtinute
(tabelul 2), se observa ca trigliceridele in sdnge cu varsta si cu inaintarea
in procesul tehnologic continud progresiv sia scada, practic, la toate
loturile de pasari implicate in experiment. Prin urmare, parametrul
investigat la lotul martor catre finele studiului s-a diminuat cu 9,2%,
comparativ cu valorile precedente, tendinta care la loturile experimentale
1 si 2 a constituit 7,8-20,8%, vizavi de valorile precedente. in acelasi
timp, valoarea trigliceridelor la ultima etapa experimentald, la LE 3 acest
parametru biochimic dimpotriva a crescut cu 13,0%, fatd de valorile
precedente. La ultima etapa experimentala, valorile trigliceridelor in
sange la prepelitele din toate trei LE au o tendinta de diminuare, inclusiv
fata de valorile martorului, fapt ce reprezinta o scadere importanta, chiar
daca statistic este nesemnificativa — de 7,1-19,5%. Tendinte de diminuate
a trigliceridelor in sange cu 2,5-7,3% fata de lotul martor, au constatat
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unii autori, care au administrat la gdinile oudtoare pulbere si extract de
ceai verde si galbenele, precum si acetat de a-tocoferol [7].

p-lipoproteidele la prepelitele oudtoare tinere la debutul studiului, a
avut valoarea medie de 56,00 u/c, parametru care la prima etapa de studiu
s-a diminuat univoc la toate loturile de pasari, doar ca in mod diferit.
Examenele de laborator au relevat cd dacd la martor cantitatea de [3-
lipoproteide a fost de 53,82 u/c (- 3,9% fata de fon), la prepelitele tinere a
caror hrana a fost suplimentatd cu produsul testat scade la toate 3 LE la
47,20-38,78 u/c, ceea ce reprezinta o scadere de 15,7-30,8% (p<0,05, LE
1 fatd de fon). In acelasi timp, la prima etapd experimentala datele din
tabelul 2 au pus in evidenta si faptul ca ZooBioR, produs cu care a fost
suplimentatd hrana pasarilor din toate trei LE a manifestat o actiune in
unison cu tendinta fiziologica de diminuare a continutului de pB-
lipoproteide in sange. Astfel, la aceasta etapa continutul parametrului
investigat in sange la loturile experimentale s-a diminuat fatd de lotul
martor, scaderea fiind de 12,3-27,9% (p<0,05, pentru LE 1). In literatura
de specialitate existd unele articole, in care s-a demonstrat tendinta de
diminuare a B-lipoproteidelor in sange la prepelitele oudtoare plasate la
reconditionare si tratate intramuscular cu remediul bioactiv BioR [8], cat
si la gainile ouatoare tinere, hrana carora a fost suplimentatd cu produsul
ZooBioR [5]. La finele studiului valorile medii ale parametrului
biochimic investigat in lotul martor s-au identificat a fi mai joase
30,65+£2,78 u/c (43,1%, p<0,01) vizavi de lotul martor, cercetarea
precedentda (tabelul 2), manifestare justificatd prin aceeasi tendinta
prezentd si la prepelitele din LE 1, hrana carora a fost suplimentata cu
ZooBioR in cantitate minimald de 10 mg substanta activa/kg furaj, la care
indicele investigat s-a diminuat intr-0 proportiec mai mica de 20,9%, fata
de valorile precedente. Aceste valori medii la LE 2 s-au modificat putin,
mentinand totusi aceastd tendinta de diminuare, insa doar de 1,2%, pe
cand la prepelitele tratate cu doza maxima de produs testat, dimpotriva
valoarea medie de B-lipoproteide a avut o tendintd de amplificare,
cresterea fiind de 3,9%, urmarindu-se si 0 dependenta a acestui proces de
marimea dozei de produs studiat.

Analizand datele din tabelul 2 s-a stabilit, ca valorile parametrului
investigat la loturile experimentale au o tendinta de crestere de 2,5-
52,1%, comparativ cu lotul martor, rezultate ce releva efectul benefic al
remediului testat asupra sdnatatii metabolice la pasari, in general si, n
special, asupra metabolismului lipidic in organismul acestora.
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Concluzii

1. Produsul biologic activ cu care s-a suplimentat hrana prepelitelor
— ZooBioR, a fost bine tolerat de pasari, pe o durata de cca 4 luni de zile.
In acelasi timp produsul dat nu a manifestat impact negativ asupra
sanatatii metabolice si, in special, asupra metabolismului lipidic la
prepelite.

2. La loturile suplimentate cu ZooBioR, in doze mici si medii (10,0
si 15,0 mg substanta activa kg/furaj) a diminuat continutul lipidelor totale
in sange, ceea ce denotd o utilizare mai bund a lipidelor, pe cand doza
maxima — 20 mg substanta activa/kg furaj, dimpotriva a indus o crestere a
acestora In sange.

3. In urma examenului biochimic al serului sanguin s-a stabilit, ci
produsul testat a indus o diminuare a colesterolului si trigliceridelor,
fenomen benefic, care denotd o intensificare a metabolismului, in special,

4. B-lipoproteidele in sange la prepelite cu ZooBioR au fost la
prima etapd experimentald intr-0 prezentd mult mai mica fatad de lotul
martor, reprezentand o scadere de 12,3-27,9% (p<0,05, pentru LE 1), fapt
ce denotd o transportare prin circuitul sangvin si utilizare mai buna a
lipidelor, in stdri de mari solicitari metabolice cum ar fi in acest caz —
prima luna de ouat.

5. La finele studiului, cu o duratd de cca 4 luni de zile, valorile j3-
lipoproteidelor la pasarile carora li s-a administrat ZooBioR, a crescut cu
2,5-52,1% fata de lotul martor, rezultate ce releva efectul benefic al
remediului testat asupra sanatatii metabolice la pasari, in general si asupra
metabolismului lipidic, in special.
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Abstract. Thyroid hormones are one of the important factors for brain
development and normal functioning. In thyroid dysfunction, regardless of age,
defects in the body’s cognitive functions have been found. This study examines
the relationship between impaired cognitive function associated with the
presence of thyroid dysfunction and its changes in glucose homeostasis. For this
purpose, laboratory rats with a weight of 180-220 g were diagnosed with
hypothyroidism, their ability to find their way in a special maze was studied, and
the function of the brain was evaluated. It was found that the average time to
find the way in the maze of healthy rats taken for the experiment was 3.2+0.56
minutes, while the rats in the hypothyroid group could find the way in 5.3+£0.63
minutes (P=0 .05). In hypothyroidism, general metabolism slows down. At the
same time, energy supply to the brain, i.e. glucose consumption decreases and its
amount in the blood increases. As a result, retardation of mental and physical
development, loss of memory and attention, disorientation in time and space, and
other mental defects can be observed.

Key words. Hypothyroidism, cognitive functions, glucose.

Introduction

Currently, hypothyroidism is considered as one of the urgent
problems of modern medical sciences, especially endocrinology. Thyroid
gland diseases rank second among endocrine pathologies.

The thyroid gland is one of the most important glands in the body’s
endocrine system that synthesizes hormones that control the main
metabolism [13]. Thyrotropin-releasing hormone (TRH) secreted from
the anterior lobe of the pituitary gland regulates the activity of the thyroid
gland, and in turn, the secretion of thyrotropin-releasing hormone from
the hypothalamus is controlled [7]. The thyroid gland secretes the thyroid
hormones triiodothyronine (T3) and thyroxine (T4). These hormones
control several important physiological processes of the body. For
example, thyroid hormones are very important in the body for processes
such as energy exchange, formation and development of the central
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nervous system, tissue differentiation, cell division [15], and
thermoregulation to be normal [12]. T3 and T4 determine the
morphological and functional development of the brain and the body as a
whole during fetal development and neonatal period. At a later age,
thyroid hormones increase the activity of metabolic processes, and in
physiological concentrations they have a clear anabolic effect, stimulate
lipogenesis and oxidation of fatty acids, gluconeogenesis and
glycogenolysis, and increase the absorption of glucose by fat and muscle
tissue. Thyroid hormones have a positive inotropic and chronotropic
effect on the heart, increase the minute volume of blood circulation,
expand skin arterioles, increase synthesis of bone tissue and ensure
growth [17]. Because thyroid hormone affects growth, development, and
many cellular functions, thyroid hormone deficiency has far-reaching
effects on the body. Thyroid hormone deficiency can cause various
symptoms such as cold intolerance, fatigue, constipation, bradycardia,
low mood, and weight gain [2].

Hypothyroidism is a clinical syndrome resulting from a long-term,
permanent lack of thyroid hormones in the body or a decrease in their
biological effect at the tissue level. Hypothyroidism can have many
causes. There are primary, secondary and tertiary hypothyroidism. In the
primary form, the process that leads to the development of
hypothyroidism is localized directly in the thyroid gland. If the decrease
in the function of the thyroid gland occurs due to the lack or absence of
the effect of thyrotropin hormone or thyrotropin-releasing hormone, then
secondary or tertiary hypothyroidism occurs in the body. In addition,
peripheral hypothyroidism, which is associated with resistance or low
sensitivity of cell and tissue receptors to thyroid hormones, is also
distinguished. With a lack of thyroid hormones, which occurs in various
forms of hypothyroidism, serious changes develop in all organs and
systems without exception. The main reason for their damage is a sharp
decrease in the production of a number of cell enzymes, which leads to a
decrease in metabolic processes and a significant decrease in the demand
for oxygen, a slowdown in oxidation-reduction reactions and, as a result,
a decrease in metabolic indicators. A universal symptom that manifests
itself in severe hypothyroidism is mucinous swelling (myxedema), which
is most often expressed in connective tissue structures. Disturbance of
glycosaminoglycan metabolism - protein degradation products with
increased hydrophilicity (derivatives of protein, glucuronic and
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chondroitin acids) lead to accumulation in mucous membranes, skin and
subcutaneous tissues, muscles [16].

Prenatal and postnatal thyroid hormones are important for the
development and maturation of the mammalian brain. Serious anatomical
and physiological abnormalities in brain functions are observed in
hypothyroidism and hyperthyroidism of the thyroid gland [5,8].
Dysfunction of the mother’s thyroid gland, in turn, can be due to various
reasons, iodine deficiency is important. For many years, iodine deficiency
was considered a problem limited to certain geographical areas of the
planet. Scientists have found out that among the patients of this region,
alarming consequences of cognitive functions are observed, and they
have a low IQ level. Attention deficit and hyperactivity disorders have
been observed in children born to mothers with hypothyroidism. For a
long time, the main factor responsible for changes in the neurological
development of the fetus was defined as maternal hypothyroidism (in the
early stages of pregnancy, low free thyroxine (fT4) and an increase in the
concentration of thyroid-stimulating hormone (TSH) in plasma. Thus, in
a pregnant woman neurodevelopmental defect in the fetus were thought
to be unlikely when the thyroid gland was found to have normal function.
However, epidemiologic and experimental studies over the past two
decades have shown that fetal neurodevelopment is not only hypothyroid
when the mother is hypothyroid, but also ,,hypothroxinemic” in the early
stages of pregnancy [5].

Materials and methods

Male rats with an average weight of 180-220 g were used for the
experiment. In the first part of the experiment, the rats were divided into
groups. Group 1 intact (n=6), group 2 hypothyroid group (n=6). All rats
were fed a standard diet. Mercazolil drug was dissolved in 1 ml of water
at a dose of 1.2 mg/100 g to induce a hypothyroidism model and was
injected orally into the stomach through a special probe for 21 days. This
drug has an antithyroid effect and blocks the peroxidase enzyme that
ensures iodination of thyronine amino acid as triiodo- and
tetraiodothyronine. As a result, there is a decrease in the synthesis of
thyroid hormones [17]. After 21 days, in order to check the cognitive
functions of healthy and hypothyroid rats, a special maze with a size of
45x90x10 cm was conducted. Contur plus glucometer was used to
determine the amount of glucose in the blood.
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Results and discussions
Preliminary morphophysiological studies during the experiment
showed that hypothyroidism developed in white rats of the experimental
groups as a result of the use of the thyrostatic mercazolil drug for 21
days. Physiological examination of experimental animals revealed
clinical manifestations of hypothyroidism - graying of fur, loss of
appetite, increased mass and decreased motor activity (Table 1).

Table 1. Clinical manifestations of hypothyroidism

Groups Healthy Hypothyroidism

Signs

Drowsiness - +
Swelling - +
Yellowing of the skin - +
Cold intolerance - +
Mass gain - +
Decreased appetite - +

The analysis of the movement activity of the rats showed that the
rats in all the experimental groups moved more slowly than the control
group during the observation period of their behavior in the maze (Table
2).

Table 2. The weight, movement activity and glucose level in the rats with
hypothyroidism

Ne Groups n Healthy Hypothyroidism P value
Indicators

1 | Weight (g) 6 | 205,2+8,6 215,2+5,2 0,2

2 | Time to find your way | 6 | 3,2+0,56 5,3+0,63 0,05
through the maze (minut)

3 Glucose (mmol/l) 6 5,1+0,41 6,3+0,6 0,1

A decrease in thyroid function has been found to have a
detrimental effect on cognitive functions, regardless of age. The reason
for this is that in hypothyroidism, the energy supply of the brain, that is,
the consumption of glucose, decreases. As a result, there is a decrease in
neurotransmission, processes necessary for memory and other higher
brain functions. Low glucose absorption in the brain is usually
accompanied by a decrease in mental and motor activity [1]. Thyroid
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hormones regulate glucose homeostasis by interacting with the entire
central nervous system and its surrounding target organs. Glucose
metabolism has been extensively studied in individuals with thyroid
dysfunction. Thyroid hormones affect many aspects of glucose
metabolism in terms of insulin sensitivity, activity and metabolism, and
glucose uptake and absorption. Conversely, in hypothyroid patients,
insulin fails to stimulate glucose uptake by muscle and adipose tissue
[3,11]. Several epidemiological studies have shown that untreated thyroid
dysfunction may increase the risk of type 2 diabetes. Similarly, among
adolescents with thyroid dysfunction, the risk for type 2 diabetes
increases before the age of 30, or vice versa. A significantly increased
risk of thyroid cancer has been observed in patients with diabetes [4].

Significant neurocognitive deficits in hypothyroidism, decreased
memory, attention and perception, executive functions, retardation of
intellectual development, disorientation in time and space, and other
mental defects may occur as a result of decreased glucose absorption and
increased blood glucose [6,10]. During the experiment, the concentration
of glucose in the blood of rats in healthy and hypothyroid groups was
determined using a Contur plus glucometer. According to it, it was found
that the amount of glucose in the blood of hypothyroid rats was 1.2 times
higher than that of healthy rats (P=0.1). As a result of testing the ability
of experimental animals to find their way in a maze, it was found that the
cognitive functions of hypothyroid rats were impaired. This condition
may be the result of reduced absorption of glucose into the brain tissues
as a result of decreased metabolism in hypothyroidism. Glucose is an
important metabolic fuel for the brain. A sudden decrease in brain
glucose leads to impairment of cognitive and reflex functions, loss of
consciousness, seizures, permanent and irreversible brain damage, and
may even lead to death if not corrected quickly [9].

The cognitive effects of glucose supplementation may vary among
people. Some information about this contradicts each other. Some studies
show that normal consumption of glucose normalizes the cognitive
functions of the brain. According to some literature, the human body has
the ability to produce enough glucose, and brain functions do not depend
on the amount of glucose received from the external environment [14].

As a result of slowing down of metabolism in hypothyroidism, it
leads to the accumulation of derivatives of macromolecules in the
mucous membranes, skin and subcutaneous tissues, and the formation of
swelling. As a result, an increase in mass is observed. During the
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experiment, the mass of healthy and hypothyroid rats was compared, and
it was found that the mass of hypothyroid rats increased by 1.04 times the
mass of healthy rats. (P=0,2).

Conclusion

This study was carried out in order to determine the changes in the
cognitive functions of the brain in thyroid dysfunction and its dependence
on glucose. According to the obtained results, it was found that the time
of finding the way in the maze of rats in hypothyroidism is slowed down
and the concentration of glucose in the blood is increased. We can
consider this condition as a disorder of brain function as a result of low
absorption of glucose, which is the main nutrient of the brain. Currently,
in the continuation of the research, it is planned to use various
biologically active compounds isolated from plants in order to correct
these parameters. Taking into account the antioxidant, anti-inflammatory,
antithrombotic, antidiabetic effects of biologically active compounds,
positive results are expected from future experiments.
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Abstract. Heat stress is a major challenge and is one of the main
environmental stressors with substantial economic losses in the rabbit industry.
Rabbits are more sensitive to heat stress, compared to other agricultural
animals, because they have few sweat glands, and their body is covered with
thick fur. Heat stress negatively influences the health of rabbits, their
reproductive properties, growth and productivity, characteristics of rabbit
products, antioxidant properties, immune response, histomorphology and
intestinal microbiota. Currently, one of the real strategies for mitigating the
unfavorable influences of heat stress can be the use of nutraceuticals with
targeted properties in improving the development of the intestinal microbiota,
enhancing antioxidant properties, stimulating the immune system, increasing the
productivity and resistance of the rabbit's body to diseases, in the physiological
maintenance of the chemical composition and biophysical characteristics of
rabbit products. This article summarizes the recent information on the negative
impact of increased temperatures on rabbits and the advantages of heat stress
mitigation strategies.

Key words. Rabbit, heat stress, physiological dysfunctions, stress
alleviation.

Introducere

Temperaturile ridicate ale mediului au un impact negativ asupra
sanatatii si productivitatii animalelor si produc stresul termic ca unul
dintre cei mai importanti factori de stres de mediu cu fluctuatii de scaderi
ale cresteri. In primul rand, incilzirea globala reprezinti o amenintare
majord pentru sustenabilitatea si rentabilitatea industriei zootehnice [27],
ceea ce duce la stresul termic, care influenteaza alimentatia, cresterea,
reproducerea, imunitatea, productivitatea si disfunctiile fiziologice [14,
28]. Stresul termic reprezintd o stare a organismului, in care iepurii nu
sunt capabili sa mentina un echilibru intre productia si emisia de caldura.
lepurii sunt mai sensibili la stresul termic decat majoritatea speciilor de
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animale de fermad, deoarece au mai putine glande sudoripare, iar corpul
lor este acoperit cu o bland groasa [26, 27], care scade procesele de
degajare fiziologica a caldurii si influenteaza intensitatea metabolica [28].
Prin urmare, stresul termic duce la pierderi economice, prin cresterea
temperaturii corpului, dereglarea starii fiziologice normale, disfunctii de
crestere, reproducere, antioxidante, imune si a starii de sanatate [7, 13,
28], inclusiv produce efecte negative asupra histomorfologiei mucoasei
intestinale si microbiotei la iepuri [10]. Atenuarea efectelor adverse ale
stresului termic asupra iepurilor este posibild cu ajutorul sistemelor de
racire, ventilatie si strategii de management si implementare a
tehnologiilor performante in infrastructura cladirii, care, totodata, poate fi
o provocare in conditii extreme si prin incorporarea unor aditivi naturali
(proteine, vitamine, minerale, acizi organici, carotenoide, flavonoide,
polifenoli, antioxidanti etc.), in conditii de mediu specifice si alimentatia
iepurilor [10, 12, 29]. Astfel, manipularea alimentara prin nutraceutice,
care depasesc beneficiile lor nutritionale si includ vitamine, minerale,
antioxidanti, acizi organici, probiotice, prebiotice, enzime, plante
medicinale etc. [9] pentru ameliorarea influentelor nefavorabile ale
factorilor termici este o abordare suplimentara, care ofera beneficii pentru
sanatate [14, 4].

Datoritda impactului potential al aditivilor asupra mentinerii starii
fiziologice normale, consolidarii sistemului imunitar si prevenirii
imbolnavirilor are loc cresterea proprietatilor de reproducere si sporesc
caracteristicile produselor obtinute de carne si blana. Avantajul lor consta
in faptul, cd carnea de iepure se caracterizeaza prin continut scazut de
grasimi si colesterol, este bogatd in proteine, acizi grasi, acizi organici
polinesaturati, minerale, enzime si vitamine si usor se digereaza de catre
om [8].

Mai mult, existd un interes deosebit pentru carnea de iepure fara
antibiotice, obtinuta prin alternativele naturale ale antibioticilor, care ar
putea fi utilizate la obtinerea productiei de iepuri in cunicultura
industriald. In prezent, unele suplimente alimentare sunt deja
implementate pentru mentinerea starii fiziologice normale, pentru a spori
raspunsul imunologic si pentru ameliorarea productivititii iepurilor in
circumstantele conditiilor termoneutre si ale stresului termic [4, 8]. In
acest context se mentioneaza, cad unele nutraceutice ar putea Inlocui
agentii de crestere ai antibioticelor in exploatarea iepurilor, deoarece
contribuie la evolutia unui mediu intestinal sanatos [1, 11], iar altii sunt
utilizati in alimentatia iepurilor in calitate de antioxidanti, stimulatori
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fiziologici, aromatizanti, coloranti si digestivi, precum si pentru profilaxia
si tratamentul diverselor stiri patologice [30]. Antioxidantii naturali, la
randul lor, sunt esentiali in protectia animalului contra daunelor cauzate
de radicalii liberi cu influenta asupra sistemului digestiv, foarte complicat
si distinctiv, al iepurilor intarcati, fiind extrem de vulnerabili la infectiile
enterice datoritd preventiei utilizarii antibioticelor ca stimulatori de
crestere [34]. Sau, de exemplu, poliaminele dietetice contribuie la
vindeca ranilor in procesul de crestere, maturare si regenerare a mucoasei
intestinale [10, 22].

In cunicultura industriald rasele ameliorate de iepuri au rate
metabolice si performante de productie mai ridicate, facandu-i sensibili la
temperatura ridicatd a mediului si la modificarile compozitiei ratiei
alimentare. Cu acesti factori de stres iepurii se lupta prin intindere pentru
a pierde caldura prin radiatie si convectie si isi ridica temperatura urechii,
intind pavilioanele urechii departe de corp pentru a mari suprafata de
degajare [9, 10].

Stresul termic rezulta din interactiunea diferitilor factori,
temperatura ridicatd, umiditatea, caldura radianta si viteza aerului.
Temperatura normala a corpului la iepure variaza de la 38,5 la 39,5 °C,
iar diferenta individuala variaza de la 0,5 la 1,2 °C. Intervalul optim de
temperaturd al iepurilor este de 15-25 °C, iar umiditatea optima este de
55-65%, stresul termic apare cand temperatura ambianta este mai mare de
30 °C, iar cand temperatura este mai mare de 35 °C, iepurii nu pot regla
temperatura corpului, ceea ce duce la deficientd termica [20, 22]. Dupa
cum este cunoscut, stresul termic are multiple efecte nefavorabile asupra
sanatatii iepurilor si a performantei productiei, s-a sugerat ca stresul
termic cauzeazd o reducere cu 20-25% a cresterii zilnice in greutate,
scaderea cu 8-15% a raportului de conversie a furajului si o crestere cu 9-
12% a ratei mortalitatii; iar performanta reproductiva scade cu 6-10%,
precum si influenteaza negativ calitatea carnii si caracteristicile carcasei
[32]. Asa dar, stresul termic provoacd o mare provocare pentru industria
cuniculd, iar interventia termica si nutritionala s-a dovedit a fi o abordare
eficientd de atenuare [32]. Prin urmare, obiectivul acestui articol este de a
oferi informatii actuale referitor la efectul stresului termic asupra
fiziologiei organismului de iepure si asupra potentialelor strategii de
atenuare ale acestuia.
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Stresul termic si procesele fiziologice de crestere

Temperatura ambientald ridicata joaca un rol major in declansarea
stresului termic [7, 19], care are multiple efecte nefavorabile asupra
reproductiei, sporului diurn al greutatii corporale, raportului de conversie
a furajului si asupra calitatii produselor posabatoriale [30, 32].

In conditiile stresului termic, iepurii prin mecanismele fiziologice
incearcd sd disperseze cdldura suplimentara, generatd In interiorul
corpului, prin reducerea aportului de furaje si aceasti scddere prin
alimentatie se realizeaza in jur de 30% [26, 33]. De asemenea, in conditii
de stres termic, procesele fiziologice ale iepurilor in crestere
directioneaza preponderent energia spre dispersarea caldurii, dar nu spre
cresterea si construirea masei musculare si a tesuturilor [33]. Stresul
termic suprima centrul poftei-saturatiei al hipotalamusului si creste
secretia de leptina cu prevenirea supraalimentarii [5, 7, 30].

In acelasi timp, cresterea temperaturii reduce digestia si absorbtia
nutrientilor si concomitent cu reducerea aportului de furaje, se reduce si
aportul de nutrienti esentiali cu influente asupra ratei de crestere si
greutitii corporale a iepurilor, a caracteristicilor produselor posabatoriale,
a starii antioxidative si raspunsului imun al iepurilor [26, 31]. Mai mult,
expunerea la stresul termic suprima aportul de furaje, raportul de
conversie a hranei si viabilitatea, reduce continutului seric al factor de
crestere si sporeste concentratia sericd de corticosteron si mortalitatea
iepurilor. Este cunoscut si faptul, ca stresul termic afecteaza si activitatea
tiroidiana sub forma de reducere a concentratiilor serice de triiodotironina
si tiroxind, ceea ce provoaca reducerea sintezei proteinelor si cresterea
distrugerii proteinelor cu suprimarea ratei de crestere a iepurilor [22].
Astfel, stresul termic produce o mare provocare pentru cunicultura
industriala, iar potentialele strategii de atenuare prin interventia
nutritionala pot servi ca o abordare eficienta.

Proprietitile reproductive la stresului termic
Reproducerea animalelor este o proprietate importantd In cresterea
si exploatarea iepurilor si influenteazd beneficiile economice ale
cuniculturii. Performanta de reproducere ridicata a iepurilor reprezinta un
interval scurt intre generatiile de descendenti, care furnizeaza proteina
superioara de origine animald cu cheltuieli mici de capital in timp redus
[24].
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Stresul termic afecteazd negativ performanta reproductiva a
iepurilor atit a femelelor, cat si a masculilor la diverse nivele ale
sistemului  reproductiv, inclusiv cu reflexie asupra caracteristicilor
descendentilor [6]. Expunerea indelungatd la stresul termic provoaca
stresul oxidativ cu disfunctii in sistemul endocrin al femelelor si
masculilor si in functiile fiziologice ovariene si testiculare, precum si
creste mortalitatea urmasilor si deregleaza procesele de crestere a puilor
de iepure in perioada postnatald. Temperaturile ridicate suprima
foliculogeneza, maturarea si ovulatia ovariana si scad semnificativ
volumul si calitatea materialului seminal.

Prin mecanisme fiziologice 1n graviditate, pentru dispersarea
caldurii, fluxul de singe tinde concentrat catre piele, iar sangele din
circuitul uterin si al cordonului ombilical este mult redus in timpul
stresului termic, ceea ce provoaca aprovizionarea insuficientd cu sange a
fatului si a sacului embrionar. Prin urmare, embrionul devine mai mic, se
reduce cresterea fatului si sporeste rata mortalitdtii intrauterine si
postnatale sub actiunea stresului termic [25]. Mai mult, temperaturile
excesive provocd salivatie, simptome neurologice si chiar avortul la
femelele, inclusiv si disfunctii semnificative ale lactatiei, cu consecinte
asupra cresterii in greutate a puilor in perioada postnatala [25].

Iepurii masculi sunt mai suprasensibili la stresul termic decat alti
masculi ai animalelor de ferma, care deregleaza activitatea metabolica a
sistemului reproducator [3, 6]. Expunerea masculilor la stresul termic
reduce viabilitatea spermatozoizilor, fertilitatea si libidoul [3, 6].
Infertilitatea temporara a masculilor dureaza pana la 70 de zile in timpul
stresului termic in perioada calda a anului, ceea ce reprezinta unul dintre
motivele dificultatilor de reproducere a masculilor in perioada de toamna
[18].

Stresul termic, concomitent, provoaca stresul oxidativ = si
acumularea radicalilor liberi in testicule, ceea ce duce la deteriorarea
sistemului antioxidant [18]. Sub actiunea stresului termic scade calitatea
materialului seminal, ceea ce duce la o serie de reactii fiziologice si
biochimice in testicul, care modifica micromediul intern al testiculului,
genereaza specii reactive de oxigen, anomalii mitocondriale si ale
reticulului endoplasmatic neted, modificari ale citoscheletului si
axonemului cu reducerea activitatii celulelor [6, 35]. Integritatea ADN-
ului este deterioratd, ceea ce induce modificari ale conformatiei
cromatinei celulare, metilarii ADN-ului si histomorfologice in tubii
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seminiferi si epiteliul seminifer, influentand astfel, sistemul de
spermatogeneza si performanta reproductiva [35].

Caracteristicile carcasei la stresul termic

Stresul ~ termic  influenteaza  caracteristicile = produselor
postabatoriale, care sunt criterii foarte importante pentru consumator. La
excesul de caldura 1n interiorul organismului, iepurii manifesta modificari
comportamentale si fiziologice specifice pentru degajarea céldurii, care se
reflectd asupra caracteristicilor calitative ale produselor obtinute din
iepuri [21].

Temperatura ridicatd reduce greutatea sacrificdrii, greutatea
carcasei si greutatea relativa a viscerului toracic, ficatului si rinichilor,
diminuand fragezimea, suculenta si intensitatea culorii carnii, precum si
randamentul carcasei, inclusiv picioarele anterioare si posterioare,
ficatului, rinichilor, grasimii peritoneale si interscapulare. Stresarea
cronicd de cildurd scade dramatic si indicele hepatic al organismului
iepurelui.

Totodata, temperaturile inalte reduc sever aportul de hrana la
iepuri, datoritd efectului termic asupra centrului responsabil de
alimentatie al talamusului inferior si cresterii caldurii, inclusiv si prin
influenta sistemului nervos simpatic, referitor la reducerea functiei
gastrointestinale si, respectiv, la scadea aportului de alimente in timpul
stresului termic [5]. Reducerea consumului de hrana are ca rezultat un
aport mai scazut de nutrienti, urmat de scaderea greutatii si ratei de
crestere a iepurilor. De asemenea, stresul termic deregleazd mentinerea
echilibrului termic la iepuri, declansand modificarea ajustarii fiziologice
si a profilului biochimic cu consecinte asupra performantei productivitatii
si caracteristicilor calitative ale carcasei [16]. In plus, la iepurii stresati de
caldura se produce scaderea proprietatilor endocrine si antioxidante, cu
influente asupra functiei imune, a functiilor de depozitare a grasimilor si
proteinelor, a ratei de crestere si reproducere, a cresterii mortalitatii si
scaderii potentialului productiv al iepurilor [16]. Prin urmare, pentru
minimizarea impactului negativ al stresului termic asupra productivitatii
in cuniculturd sunt necesare masuri de atenuare.

Influenta factorului termic asupra microbiotei intestinale
Microbiota intestinala mentine functiile vitale ale activitatii

fiziologice si sanatitii intestinale si asigura digestia nutrientilor, raspunsul
imun si productivitatea iepurilor [9]. Sub influenta factorilor stresanti de
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caldura apar tulburdri digestive, preponderent, frecventa caror depinde de
dezechilibrul si instabilitatea microbiotei intestinale si incapacitatea
raspunsului imun nespecific si specific de a combate in mod eficient
agentii patogeni [7, 9, 22]. La iepurii stresati de caldura este posibila
modificarea si reducerea echilibrului florei intestinale din benefica in
patologicd, cu dezvoltarea proceselor inflamatoare si a bolilor cunicule
[2, 20]. Mai mult, stresul termic provoacd leziuni structurale ale
epiteliului mucoasei si deterioreaza functia de bariera intestinald, sporind
permeabilitatea intestinald pentru substantele toxice si agentii patogeni cu
efecte de sensibilitate la stresul oxidativ si inflamatie.

Activitatea antioxidanta in functie de stresul termic

In conditii termoneutre, echilibrul dintre generarea si eliminarea
radicalilor liberi este mentinut de cétre sistemul antioxidant prin captarea
speciilor reactive de oxigen, care sunt neutralizate de sistemul enzimatic
de apdrare antioxidanta al iepurilor predispusi la stresul oxidativ [16].
Adica, in conditii de stres oxidativ, echilibrul redox este perturbat si, in
consecinta, generarea de specii reactive de oxigen este crescutd si
declanseaza stresul oxidativ la iepuri [11, 16]. Expunerea la stresul
oxidativ in lipsa factorului nuclear, care reprezinta un factor cheie in
raspunsul la stresul oxidativ celular si este un regulator central al
antioxidantilor celulari, se reduce activitatea enzimelor antioxidante si
creste concentratia markerilor oxidativi serici [14]. Mai mult, s-a
constatat, ca concentratia plasmaticd a enzimelor antioxidante (GSH-Px,
SOD si CAT) a fost redusd semnificativ, in timp ce nivelul plasmatic de
dialdehidd malonica a fost crescut la iepurii stresati de caldura [16, 18,
31]. Aceste enzime antioxidante pot elimina substante cu activitate
oxidativa puternica, precum ionul de oxigen si peroxidul de hidrogen,
concomitent cu efectul sinergic in organism de a mentine functia
fiziologica si de prevenire a deteriorarilor celulare [7, 17].

In acelasi timp, in conditiile stresului termic se reduce concentratia
plasmatica a capacitatii totale antioxidante si scade concentratia de SOD,
GSH si CAT si creste concentratia de MDA in plasma sangvina si
tesuturile musculare ale iepurilor [16, 18].

Mai mult, stresul termic dauneaza metabolismului prin reducerea
valorii piridoxalului, facand iepurii susceptibili la stresul inflamator si
oxidativ [1, 22], inclusiv si in mucoasa intestinala. Stresul termic are
efect nefavorabil si asupra starii antioxidante hepatice si renale [23].
Stresul oxidativ la iepuri este asociat cu reducerea performantelor
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productive, tulburari de sanatate si disfunctii fiziologice [2]. Prin urmare,
reducerea stresului oxidativ este un mijloc important pentru atenuarea
stresului termic la iepuri.

Strategii de atenuare a stresului termic

Strategia de alimentatie a iepurilor trebuie combinatd cu starea
fiziologicad a organismului pentru a ajusta timpul si cantitatea de hranire
cu diverse furaje, inclusiv cele verzi si suculente, care pot atenua stresul
termic. Actualmente sunt folosite mai multe strategii pentru a atenua
efectele daunatoare ale cresterii temperaturilor, inclusiv prin intermediul
compusilor nutritionali.

De asemenea, stresul termic poate fi atenuat prin aprovizionare
corespunzatoare cu apa potabild la temperatura scazuta si adaugarea unei
cantitati adecvate de sare, care poate compensa consumul de electroliti in
vivosi poate reduce stresul termic [12, 24]. In aceste conditii se
echilibreaza corespunzator ritmul respirator, greutatea corporald, aportul
de hrana si rata de conversie a hranei [3, 18].

Dintre compusii  nutritionali, aditivii pentru alimentatia
nutraceuticd, inclusiv vitaminele, mineralele, antioxidantii, probioticele,
prebioticele, sibioticele, enzimele, acizii organici, acizii grasi, plantele
medicinale etc., beneficiaza de o preocupare majora in industria cunicula,
deoarece abordarile disponibile pentru a atenua impactul nefavorabil al
stresului termic prin mentinerea starii fiziologice si Situatiei biologice, in
ansamblu, stimularea raspunsului imun si prevenirea bolilor au ca urmare
un rol deosebit in mentinerea bunastarii si cCresterea productivitatii
iepurilor.

Concluzii

Stresul termic reprezintd o provocare severa pentru industria
cuniculd si una dintre principalele probleme, care afecteaza
productivitatea iepurilor. Stresul termic la iepuri are un impact negativ
asupra performantei de crestere, a calitdtii carnii, a performantei de
reproducere, a proprietatilor antioxidante, a raspunsului imun, a
histomorfologiei si microbiotei intestinale. In prezent, una dintre
strategiile viabile de atenuare a influentelor nefavorabile ale stresului
termic poate fi utilizarea nutraceuticelor cu proprietati directionate in
ameliorarea dezvoltarii intestinale, stabilirea echilibrului microbian
intestinal sanatos si imbunatatirea microstructurii intestinale si stimularea
sistemul imun, cresterea productivitatii si rezistentei organismului la boli,
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mentinerea fiziologica a compozitiei chimice si caracteristicilor biofizice
ale produselor cunicule.

In contextul celor expuse, cercetatorii trebuie sda studieze in
continuare modificarile fiziologice in organismul iepurilor, cauzate de
stres termic si sd determine o abordare holistica pentru a atenua efectul
daunitor al stresului termic asupra ramurii cunicule, in ansamblu. In
viitor ar fi binevenite studii privind elaborarea si combinarea mai multor
abordari ale strategiilor de atenuare ale stresului termic, inclusiv pentru
ameliorarea influentei stresului termic, evaluarea eficientei si beneficiului
economic 1n industria cunicula.
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Abstract. The aim of the work is to study the effect of feeding organic
chromium on the physiological state, metabolism and productivity of young
cattle. Studies have found that the use of organic chromium in feed as part of
compound feed has a positive effect on the physiological state of young cattle,
leads to an increase in the content of volatile fatty acids in the scar fluid by 1.8-
6.0%, a decrease in acidity by 0.9- 4.1% and ammonia by 3.9-8.0%, an increase
in the number of red blood cells in the blood by 2.8-6.7%, hemoglobin by 3.3-
6.4, urea by 1.4-4.3, calcium by 2.6-4.8 and phosphorus by 6.9-8.8%. glucose —
by 5.4%, which provides an increase in the average daily increase in live weight
of animals by 2.7-5.4%, while reducing the cost of obtaining feed by 2.2-3.9%.
The use of organic chromium is an effective way to increase the productivity of
young cattle.

Key words. steers, chromium, haematological parameters, rumen
digestion

BBenenue

OnHOW W3 BaXHBIX 3a/a4 KOPMIICHHS CEIbCKOXO3SHCTBEHHBIX
JKUBOTHBIX  SIBJsieTcs ~ oOecreueHue  ONTHMAIbHBIX  YCIIOBU,
CIOCOOCTBYIOIIMX ~MAKCUMAJIbHOMY — IPOSBICHHIO MX  BO3PACTHBIX
CIOCOOHOCTEH K MHTEHCUBHOMY pOCTY [3, 7].

Bonpmioe  BiawsiHME HA  pOCT,  pasBHTHE, 3JI0pOBbE U
IMPOAYKTHBHOCTH CEJIBbCKOX 03 CTBEHHBIX JKNBOTHBIX OKa3bIBaAcT
MOJIHOLIGHHOE KopmileHue. [J1laBHas 3aqada B BEJACHUM MHTECHCHBHOI'O
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JKUBOTHOBOJICTBA — ONTHUMAIILHOE HCITOJIL30BAaHUC TTHUTATEIBHBIX BEUICCTB
KOpMOB [2, 8].

UroObl MpaBWJIBHO U HauOoOJiee TOYHO COANIAHCHUPOBATh PAIIMOHBI
CEJIbCKOXO03SIICTBEHHBIX KUBOTHBIX HEO0XOAMMO HaJIMYUe
pa3HOOOpa3HBIX WHTPEAMEHTOB, B TOM 4HCIE MW I€HHBIX W
JIOPOT'OCTOSIIINX UMITOPTHEIX [5].

Ha moiHOIEHHOCTh MUTaHUS CENbCKOXO03SIMCTBEHHBIX JKUBOTHBIX,
Hapsly C YIOBJIETBOPEHHEM MX MOTPEOHOCTH B OCHOBHBIX IMHTATEIBHBIX
BEIIECTBAX, CYIIECTBEHHOE BIIMSHUE OKa3bIBaeT OOECIEYeHHOCTh HX
MUHEpaIbHBIMU BeIIeCTBaMU U BuTamuHamu [9, 12]. B cBa3u c
pacIlMpeHreM U JeTalM3alued TPEACTABICHUN O MOTPEOHOCTAX
JKUBOTHBIX W O (HU3UOJOTHYECKON pONNM OMOTeHHBIX MHHEPATHHBIX
3JIEMEHTOB 3TH BOMPOCHl MPHOOpPEIM OrPOMHOE 3HAuCHUE MPU
opranuzanuu ux nutanus [10, 11].

C pocToM IpPOAYKTHBHOCTH B OpraHU3ME YKHBOTHBIX TPOUCXOIUT
nHTeHCcH(HUKaUsg 0OMEHHBIX TIPOIIECCOB, HA KOTOPhIE OONBINOE BIHSIHUC
OKa3bIBAIOT MHKPOJJIEMEHTBI, TaK KakK SBJISIOTCS aKTUBHBIMH HX
yuyacTHUKaMu. B pesynbrare 0osee 3(PQPEKTUBHOIO HUCIOIb30BAHMUS
MUTATETFHBIX ~ BEIIECTB  pallMOHAa  TPOM3BOJICTBO  MPOAYKIIHU
>KHBOTHOBOJICTBA Ha TEX K€ KOPMax 3HAYUTENBHO yBenuuuBaercs [1, 6].

Haubonee 4acTo MCMONIBb3yeMbIM CPEACTBOM IS IPOGUIAKTUKH U
JIEYCHUSI THIIOMHKPOAIIEMEHTO30B SIBIISIFOTCS MHKPODJIEMEHTHI B BUJE
HEOPraHWYECKNX COJIeH, KOTOphIe, OJHAKO, OKAa3ajiCh HEJOCTATOYHO
3¢dekTuBHBIME. ODTO CBS3aHO C MaJodl MX  OHMOJOTMYECKOMU
JIOCTYITHOCTBIO ¥ HU3KHM YCBOCHHUEM.

B mocnennwe rTompl  Bce Oousibllle  BHUMAHUS — YJENAETCS
WCIOJIb30BAaHUIO OPraHUYECKHX  COCJAMHCHUH  MHKDPO3JIEMEHTOB B
paloHax KpYIMHOTO poratoro ckota. OpraHu4eckue COCIUHEHUSI
MHUKPO3JIEMEHTOB 00pa3yIoT JIETKOYCBOSIEMbIE ()OPMBI HEOOXOAMMBIE ISt
3JIOPOBBS U IIPOJYKTUBHOCTH KUBOTHBIX [4].

Ienb paboThl — U3YYUTh BIHMSHUE CKAPMIIMBAHUS OPraHUYECKOTO
XpomMa Ha (DU3HOJOTHYECKOE COCTOSHHE, OOMEH BeIeCTB W
MPOAYKTHBHOCTH MOJIOJIHAKA KPYITHOTO POTAaTOTO CKOTA.

MartepuaJbl 1 MeTOABI
UccnenoBanus mposeaeHsl B (usnonornueckoM kopmyce PVYII
«HayuHo-npaktnueckuii  1eHtp HanuoHanbHONM — akajJeMuu  HaykK
Bbenapycu 1o >XKMBOTHOBOACTBY» Ha 4-X TpyImnax MOJOTHSIKA KPYITHOTO
poraToro ckota B Bo3pacte 9 mecsies, B Teuenue 30 qHeit (Tabmuma 1).
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Taoauma 1. Cxema ucciaenoBaHmii

Komuuectso [[IpogomxurensH
I'pynma KHBOTHBIX, OCTb OIIBITA, VYcnoBusi KOpMIICHHS
roJI0B JHEH
I koHTpONBHAS 3 30 OP (rpasssie kopma +
KOMOHMKOpPM)
OP + buonpomuc Xpom
II onbITHAS 3 30 nukosuHat (150 mr Ha 1 xr
KOMOUKOpMa)
OP + buonpomuc Xpom
IIT onbITHAS 3 30 NMUKoIMHAT (225 Mr Ha 1 kT
KOMOHKOpMa)
OP + Buonpomuc Xpom
IV omnbiTHas 3 30 rmukoauHaT (300 mMr Ha 1 kT
KOMOHKOpMa)

Paznuuust B KOpMJIGHMM 3aKJIIOYallCh B TOM, YTO B PAaLUOH
obrukos 11, Il u [V ombrraeix rpynm Bmroganu 150, 225 u 300 mr Ha 1 kT
koMOukopma bruonpomuc Xpom MuKoIMHATA.

B mpomecce wuccinenoBaHuit HM3y4eHBI: TOTPEeOJICHUE KOPMOB,
MOKa3aTeny pyOLOBOro MHUIIEBAPEHHUS, TeMaTOJIOIMUECKHE TI0Ka3aTeNd U
MPOAYKTUBHOCTH KUBOTHBIX.

B ¢usnonornyeckux OmpiTax KONUYECTBEHHBIE M KaueCTBCHHBIC
napamMeTpbl MPOLECCOB PyOLOBOro MeTaboNr3Ma ONpPEAEsId METOIOM
in vivo. THTEHCHBHOCTH MPOIECCOB PyOIIOBOrO MHUIIEBAPEHUS Y OBIYKOB
u3yueHa myTeM 0TOOpa mpod JKUAKOW YacTH COAEPKUMOro pyOla depes
¢uctyny cmycras 2-2,5 dyaca T1OCIE€ YTPEHHEIO KOPMJICHHS H
OT(UIBTPOBAHHOT'O Yepe3 YETHIPE CII0S1 MAPIIH.

KpoBb myia ananmsa, B3ATYyI0 B yTpEeHHHE dYachl uepes 3-3,5 gaca
nocjie KOpMJICHUs, CTaOWiIM3upoBaiu TpuioHoM-b (2,0-2,5 ex./min) u
uccienoBany B Jabopatopun Onoxumuyeckux anannzoB PYIL «HIIL]
HAH benapycu mo >XMBOTHOBOACTBY». bHOxummueckue moka3aTenn
KPOBHU OIPEEIsUId C MOMOIIbI0 OMOXMMUYECKOT0 aHamu3aTopa «Accent
200», rematonoruyeckue noxasarenu — Ha ananuzarope «URIT-3000Vet
Plus».

Cratuctiueckass ~ o0paboTka  pe3yiabTaTOB  HCCIICAOBAHHI
MIPOBEJIEHA C YYETOM KPHUTEPHSI TOCTOBEPHOCTH MO0 CTHIOJIEHTY.

IIpn oneHke 3HaA4YEHHMN KPUTEPHsS JTOCTOBEPHOCTH HCXOAWIN B
3aBHCHMOCTH OT 00bEMa aHANM3UPYEMOTO MaTepHaa.
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Pe3yabTaThl M 00CyKIeHHE

JKWBOTHBIE OMBITHBIX TPYII TONYYalIH PAIMOH, COCTOSIIUN W3
CHJIOca KYKypYy3HOTO, CE€Ha’ka Pa3HOTPaBHOTO M KOMOHMKOpMa, MpUYEM
CHJIOC W CEeHaX OBbUTM TMpeNocTaBlIeHbl B BUIEC KOPMOCMECH B
cootHomennn 1:1. Kopmocmech IXKHBOTHBIE TIOTy4Yald BBOIIO, a
KOMOHMKOPM 33/1aBaJICsi HOPMHPOBAHO.

B crpykType pamnmoHa Ha JOJI0 KOHUEHTPHUPOBAaHHBIX KOPMOB,
npuxoamwioch 40% 1O  mUTarenbHOCTH, TpaBiHBIX —  60%.
KonnenTpupoBanHsle  KOpMa  JKHBOTHBIE  CBENAM  ITOJHOCTBIO.
[ToTpebiieHre cMecH CUIloca U CeHaka B 00EHX IpyMIax HaXOAWIOCh Ha
OITHOM YpOBHe. B cpeHeM B CyTKH MOJOMBITHBIA MOJIOAHSK MOTy4an 8
KI/TOJIOBY CyXOro BemlecTBa parrioHa. Comep:kaHue 0OOMEHHOI >HepTrun
B CYXOM BEILECTBE PAllMOHA OMBITHBIX Tpymm coctaBwio 9,7 MJDx/kr,
celporo mporemHa — 10%, xieruatku — 16,3%. Kak mnoxkazanu
WCCIIEIOBaHUs, PyOIIOBOE IMHINEBAPEHUS y JKUBOTHBIX OMBITHBIX TPYIII
OTJINYAJIOCh He3HAYNTEIRHO (Tadmuma 2).

Tabauna 2. [Iapamerpbl py0110BOr0o NUIleBaApeHUs

['pynna
Tlokazatenb I T m v,
pH 6,4+0,11 6,24+0,180 | 6,35+0,140 | 6,27+0,16
JDKK, MMouts/100 M 11,1£0,66 11,3+0,450 | 11,37+0,320 |11,77+0,52
Ammuak, Mr/100 ma 21,53+1,28 20,6+1,01 | 19,8+0,3790 | 20,7+0,06
Aot 06mmit, Mr/100 M 133,7+6,36 134,7+1,45 132+5,03  |137,33+5,46

B py0lie >KHBOTHBIX OIBITHBIX IPYII OTMEYEHO CHI)KCHUE YPOBHS
pH na 0,8-2,5%, ammuaka — Ha 3,9-8,0% u yBenuuenune JDKK nHa 1,8-
6,0%. OnHako, HECMOTpPsS HAa HEKOTOpPbIE U3MEHEHUS B IPOTEKAHHUU
MPOIIECCOB  MMUIIEBapeHUsi B pyOlle JKMBOTHBIX, BCE IOKa3aTesn
HAXOAWJIUCh B Tpenenax (¢usnonorndeckux HopM.  CoriacHo
MOJTyYeHHBIM JIAaHHBIM, TTOKa3aTell KPOBH HE BBIXOIWIHA 33 IPEACIIbI
(U3MOJIOTUYECKMX HOPM, YTO YKa3blBa€T HAa HOPMAJIbHOE TEUCHUE
0OMEHHBIX MPOIIECCOB Y )KUBOTHBIX BCeX rpyI (Tadiuia 3).

B KpoBM KHMBOTHBIX OIIBITHBIX TPYII OTMEUYEHO YBEIWYCHHE
KOJIMYECTBA JPUTPOIMTOB Ha 2,8-6,7%, remornobomna — Ha 3,3-6,4,
MO4eBUHBEI — Ha 1,4-4,3, kanprus — Ha 2,6-4,8 u dhocdopa 6,9-8,8% u
CHIDKEHHE TIIIOKO3bl Ha 3,6-7,2%. Kpome Toro, y >KMBOTHBIX TpeTbed U
YETBEPTOW OTBITHBIX TPYII YBEIWYHIICS YPOBEHb 00Iero oenka Ha 4,1-
5,2%. OgHaKo OTMEUYEHHBIC Pa3audHsl ObUTA HEJOCTOBEPHBIMH.
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Taoauna 3. 'emaToJiorHUecKHe MOKa3aTeJan

I'pynna
ITokazarens | m I v

Dputpouutsl, 10%%/1 6,11+0,17 6,28+0,16 6,52+0,15 | 6,43+0,23

I'emornoOuH, /1 110£3,79 113,6742,96 |116,3342,96 | 117+5,51

OOmwmii O6enok, /1 73,73+2,32 72,97+1,60 77,6£1,650 |76,77+2,42

I'moko3a, MMoJib/n 2,77£0,09 2,67+0,170 2,63+0,120 | 2,57+0,18

MoueBuHa, MMoJIb/I 3,63+0,19 3,68+0,08 3,787+0,11 |3,713+40,17

Kanpumii o6mmid, MMons/n | 2,73+0,035 | 2,82+0,0830 2,840,073 [2,86+0,055

®dochop HeopraHWYecKui,

MMoJib/a 1,6+0,04 1,710,060 1,72+0,055 |1,74+0,061

I/I3y‘-ICHI/Ie JAUHAMUKHU pPOCTa JKMBOTHBIX TIIOKa3ajo, 4YTO C

YBEIIMYCHUEM KOJIM4yeCcTBa BBOAUMOTO B COCTaB KOM6I/IKOpMa

OpPraHUYECcKOro XpoMa MOBHIIIANACE SHEPTHs pocTa ObIYKOB (Tabnuua 4).

Tabauua 4. lunaMmuka »uBoi Maccbl M 3P PeKTHBHOCTH UCIOJIb30BAHMUS
KOPMOB NOJIONBITHBIM MOJIOTHIKOM

['pynna
IToxa3arens | T i Y,

JKusas macca, Kr:
B HayaJe OIbITa 281,7+6,1 279,3+4,4 28345,8 28246,2
B KOHIIE OITBITA 306,3+6,1 304,7+4,9 308,7+5,8 308+5,8
BasioBo#t mpupocT, Kr 24,7+0,7 25,3+0,9 25,7+0,9 26+0,6
CpeaHecyTOYHBIN MPUPOCT, T 8224223 844+29.4 8564294 | 867+19,3
% K KOHTPOJIIO 100 102,7 104,1 105,4
3arpatsl KOpMOB Ha | kU 8.6 8,41 8,32 8,26
PHUPOCTA, KOPM. €.
% K KOHTPOJTIO 97,8 96,7 96,1

Tak, CpeIHECyTOUYHBIM IIPUPOCT JKUBOM MAacChl B OIBITHBIX
rpynmax mnoBbicwics Ha 2,7-54% wu cocraBunm 844-867 1. bonee

BBICOKHE CpeJHEeCYyTOUYHble NpupocThl oTMeueHbl B III u IV ombITHBIX
rpynnax. YBeEJIWYeHHE NPOSYKTUBHOCTH TIOAONBITHBIX YKMBOTHBIX
CIOCOOCTBOBAJIO TOBBIMECHUIO 3()(HEKTUBHOCTH HCIIONB30BaHUS KOpMA.
Tak, 3aTpaTsl KOPMOB B OIBITHBIX TpyIIax CHU3WIHCE Ha 2,2-3,9 % u
coctaBuin 8,26-8,41 KOopM. €11., B TO BpeMsl Kak B KOHTPOJBHOU IpyTiIe
9TOT MOKa3aTeNNb ObLT paBeH 8,6 KOpM. €.
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BrIBOABI

HccnenoBanusMu yCTAaHOBIICHO, YTO HCIIOJIH30BAHUE B KOPMIICHUH
KOMOWKOpPMAa ¢ BKJIIOYEHHEM OPraHUYeCKOTO XpOMa  OKa3bIBaeT
MOJIOXKHUTELHOE BIAMSHUAC HAa (DU3MOIOTHUECKOE COCTOSHHE MOJIOTHSIKA
KPYITHOTO POTaTroro CKOTa, MPHBOJUT K TOBBIIICHUIO COJCPKAHUS
JeTyYuX IKHPHBIX KHUCIOT B pyOroBoi xuaxoctd Ha 1,8-6,0%,
camwkenuto kuciaorHoctd Ha 0,9- 4,1% u ammuaka — Ha 3,9-8,0%,
VBEIUYCHUIO KOJIMYECTBA DPUTPOIUTOB B KpoBu Ha 2,8-6,7%,
reMmorobunna — Ha 3,3-6,4, MmoueBuHEI — Ha 1,4-4,3, xaneiust — Ha 2,6-4,8
u (pocdopa 6,9-8,8%, uro obecnieurBaeT MOBHIIICHUE CPEIHECYTOYHOIO
MIPUPOCTA JKUBOM MacChl )KHBOTHBIX Ha 2,7-5,4%, Mpu CHUKEHUHU 3aTpat
KOpMa Ha ero nojxy4eHue Ha 2,2-3,9%.

Ha OCHOBAaHUU HOHy‘-ICHHI)IX pe3yanaTOB MOXHO OTMECTHUTB, 4YTO
UCTIONIb30BaHUE  OPTaHUYECKOro xpoma  siBisieTcs  3(dekTuBHBIM
Croco0OM MOBBIIIEHUS MPOAYKTUBHOCTH MOJIOJTHSIKA KPYITHOTO POTaToOro
CKOTAa.
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PYBIOBOE MUIIEBAPEHUE, MEPEBAPUMOCTH 1
HWCIMOJb30BAHUE MMUTATEJILHBIX BELIECTB ITPA
CKAPMJIMBAHWH BBIYKAM KMbBIXA
JBHA-JTOJTYHIA

Paguuxos Bacuiuiil, Cancanésa Tarbsnal, Ilait Bukrop?,
Bornanosuy Upunal, Fony6 Usan?, Macaunckas Maprapura?
'PVIT «Hayuno-npaxmuueckuii yenmp Hayuonansnoti akademuu Hayk
benapycu no sicueomnogoocmsyy, e. dKoouno, Pecnybiuxa Benapycs, e-
mail: labkrs@mail.ru
2pyiIl «Hucmumym nvuay, ae. Ycemoe, Bumebckas obnacmo, Opuwanckuii
pation, Pecnybnuxa Benapycs, institut-len@yandex.by

Abstract. The purpose of the research is to study the effect of feeding flax
seed cake on scar digestion, digestibility and nutrient use to young cattle. The
influence of different levels of introduction of flax seed cake into compound feeds
for young cattle of the post-dairy period on the digestibility and use of nutrients
in diets has been studied. The optimal introduction of flax seed cake with the
complete replacement of sunflower meal into mixed feeds for calves was
established - 20 and 25% by weight, expressed in the activation of the intensity
of physiological and biochemical processes in the rumen, increasing the
digestibility of the dry matter of the rations by 1.7 and 1.1 percentage points,
crude protein — by 0.5 percentage points, fiber — by 4.3 and 6.9 percentage
points, fat — by 6.1 and 15.6 percentage points; improved nitrogen use — by 1.7
and 2.7 percentage points. Studies have confirmed the high nutritional value of
flaxseed cake due to the high content of oil, its fatty acid composition, protein,
fiber and vitamins.

Key words. Calves, rations, flax oil cake, rumen digestion, digestibility.

Beenenune
[Ipou3BOACTBO TOBAOWHBI SIBISIETCS OJHUM K3 OCHOBHBIX
HampaBieHU B pa3BuTuu PecryOnuku. 3HaueHuWe 3TOW OTpaciu
CKJIQJIbIBACTCI W3  3HAYUTENBHOTO  BIMSHUS HA  OKOHOMHKY
CEJIbCKOXO3SIMICTBEHHOIO0  NPOU3BOJCTBA, a TakXke Ha  YpPOBEHb
oOecrieyeHUs]  HAaceJeHUs] HATypaJibHBIMH  NPOAYKTAaMH  MHTaHUSA
KUBOTHOTO mpoucxokaenus [10, 12].
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B arponpombIlIEeHHOM  KOMIUIEKCE MpoOJieMa  TOBBILICHUS
MIPOTEUHOBOM u SHEPreTUYECKOn MUTATEIHHOCTU palroHOB
CEIIbCKOXO03HCTBEHHBIX JKMBOTHBIX SIBJISIETCS aKTyallbHOM [5, 6, 8]. ITonck
OMOJIOTMYECKH TOJTHOLICHHBIX U HEJAOPOTHX MECTHBIX KOPMOBBIX CPEICTB,
YBENMUMBAIOMIAX TPOMYKTUBHOE JEHCTBHE KOpMa, YIyYIIArOIIAX
0OMEHHBIE TTPOIIECCHI B OPTaHU3ME CEIIbCKOXO3IMCTBEHHBIX KUBOTHBIX U
MOBBIIIAIONIUX €€ MPOJYKTUBHOCTb, COXPAaHHOCTH SIBJSIETCS Ba)KHOMU
3ajavuel, CTOSAIIEH TIepe] )KMBOTHOBOIUECKOH oTpacisio [3, 13].

B mocnemHne rombl B JKMBOTHOBOJACTBE OOIIBIIIOE BHHMAaHWE
yaensieTcsl pa3padOTKe pa3IMyYHBIX OENKOBBIX KOPMOBBIX J100ABOK,
KOTOpBIE MOTYT YBEIMYUTHh 3aMEHY HMIIOPTHBIX MPOTEHMHOBBIX KOPMOB,
3aKyMaeMbIX 32 BATIOTHBIE CPEJICTBA, B YACTHOCTH TOJICOTHEYHBIA MIPOT
[7]. Pemenne naHHON mpoONeMBI — YBENWYEHUE IPOU3BOJICTBA
COOCTBEHHBIX BBICOKONPOTEHHOBBIX KOPMOB, HCIOJB30BaHHE KOTOPBIX
CIOCOOCTBYET TIOBBIIICHUIO YCBOSIEMOCTH KOPMOB W YIYYIICHHUIO
0OMEHHBIX TIPOIIECCOB B OpraHW3Me JKUBOTHBIX. HamOomnee meHHBIMH C
9TOW TOYKH 3pEHUs] SBIAIOTCS PACTUTEIBbHBIE JOOAaBKH M3-32 HX
HaTypaJIbHOCTH. B OCHOBHOM B KadecTBE OCHOBBI JJISi IMPUTOTOBJICHUS
KOMOMKOPMOB TIPUMEHSIOT TaKhe KOpMa KaK COEBBIH, MOJCOTHEYHBIN
mpotr. B CBSI3M ¢ HMX BBICOKOW CTOMMOCTBIO, HEOOXOJIUMO HCKAaTh
albTepHATUBHbIE MCTOYHUKM MPOTEHHA CPEIu JOCTYMHOTO MECTHOIO
HETPaJUIIMOHHOTO CBIPHA [2, 9].

B Pecniybnuke bemapych BaKHBIM pe3epBOM [UISL MOTyYEHUS
pacTUTENHHOTO OeJIKa CTald MacIWYHbIe KYJIbTYpBI: paric, JE€H, PhDKUK 1
np. OHM ymayHo coueTaroT B ceOe OOJNBIIYI0 TOTEHIHAIHHYIO
MPOAYKTUBHOCTh CEMSIH C BBICOKHM COJIEpKaHHEM Maciia ¥ MPOTEeHWHa C
ONITUMATILHON COANaHCHPOBAHHOCTBIO 10 AMHHOKHCIIOTHOMY COCTaBy, a
MPOAYKTHI TepepaboTKu WX CeMsH (KMBIXH M IIPOTHI), IMOJydyaeMble
rocie W3BIICYCHUS Maca, SIBIISTFOTCS MPEKPaCHBIMHU
BBICOKO?HEPI€TUYECKIMH U TPOTEMHOBBIMH KOMIIOHEHTAMHU DPAallMOHOB
JUTS CENTbCKOXO3IHCTBEHHBIX KUBOTHBIX [4, 11].

B HacTosmiee Bpems TpakTHYECKWW WHTEpeC I KOPMIICHHUS
CEJIbCKOXO3SIMICTBEHHBIX ~ JKUBOTHBIX  TPEJACTABISET  HCIIOIH30BAHUE
JBHSHOTO JKMBIXa, SIBIISTFOILIETOCST HUCTOYHUKOM SHEPTUH,
BBICOKOKaYECTBEHHOTO O€JIKa W TOJIMHEHACHIIEHHBIX JKUPHBIX KHUCIIOT.
Hcnone30BaHne HOBBIX KOPMOB, OCHOBAHHBIX HAa HaTYPaJIbHOM MECTHOM
ChIpbe, JUIs  OalaHCHpPOBaHWSI NHUTAHUS  CENIbCKOXO3SIHCTBEHHBIX
YKUBOTHBIX 110 3HEPTUHU U OCJNKy, akTyajabHo [1, 14].
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Lens uccrnemoBaHuii — U3YYUTH BIUSHUEC CKAPMIIUBAHHUS >KMBIXa
TBHA-MONTYHIIA Ha pyOIoBoe mHIEBapeHHe, MEepPeBapUMOCTh W
HCIIOJIb30BAHUE MUTATEIBHBIX BEUIECTB MOJOJHSIKOM KPYITHOTO POTaTOTO
CKOTa.

Marepuajbl 1 METOAbI

Host JIOCTHKEHUS MOCTaBJICHHON LEenH MIpOBEJICH
¢u3noNornyecknii ompIT Ha 4-X Trpynmax OBIYKOB UYEPHO-TECTPOU
MOPOJIBI TIO 3 TOJOBHI B KAKIOW. Pasnuunsa B KOpMIICHHN 3aKTIOYAIHCh B
TOM, YTO XXHUBOTHBIM KOHTPOJIBHOH TPYIIIIbI CKAPMIIHMBAIA KOMOUKOPM C
BKIItoueHneM 15% mnonconHeunoro mporta, a I, IIl u IV onsITHBIX Tpynmn
— 15, 20 u 25% >xMpIXa JbHA-HONTYHIA. B (HU3MOIOTHYECKIX OIBITax
u3ydyanu TMOTpeOJIeHne KOPMOB, MPOILECCH PYOIIOBOrO MHIICBAPCHUS,
reMaToJIOTHYecKie IMoKa3aTeld, IepeBapuMOCTh M HCIOJIb30BaHUE
MUTATEIbHBIX BEIIECTB.

Pe3yabTaThl M 00Cy:KIeHTE
N3ydeHue npoueccoB pyOLOBOro MUIIEBAPEHUs IOKa3ajao, 4TO
CKapMJIMBaHUE ObIUYKaM Pa3IUYHBIX A03UPOBOK (15-25%) >kmbIxa JIbHA-
JOJITYHIIA B3aMEH IOJCOJHEYHOIo IMIPOTa B (DU3HOJIOTMYECKOM OIIBITE
IMPUBEJIO K MH3MCHCHUIO KOHICHTPAIUMHU KOHCUHBIX IIPOAYKTOB IIpU
CMENICHNH peaklnu cpeapl (Tadbmurma 1).

Tabauua 1. [loka3ateau pyoLOBOro NuIeBAPEeHHUs )KUBOTHBIX

I'pynna

Iloxasarens I i m v,
Kucnornas 6,93+0,02 6,41+0,03** 5,98+0,17 5,80+0,03
AaKTUBHOCTb, pH
JDKK, mmoie/100 12,00+0,06 11,87+0,07 12,17+0,20 11,97+0,03
M
AmMHak, Mr% 19,30+0,10 19,17+0,20 19,10+0,31 19,00+0,06
Asor o0mIHiH, 165,3+19,6 163,7+6,1 162,7+18,3 160,3+18,8
mr/100 M

[pumeuyanune: ** — P<0,02

Ilo pesynpTaTam HMCCIEIOBAaHWUN YCTAaHOBJIEHO, YTO B OMBITHBIX
rpynnax pH Obuta Onuska K HeWTpanbHOW M coctaBmwia 6,93-5,80,
HaxoAscb B IpeAenax HOpMalbHOro 3HaueHus. HaOmromanock
HE3HAUNTEIbHOE CHW)KEHHE KOJMYeCTBA aMMHaka B pyOmoBoit
JKUAKOCTH OBIYKOB ONBITHRIX rpynn Ha 0,7-1,6%. Ilo comepkanuio
JIKK 3HaunTenbHBIX OTIMYHMNA HE yCTaHOBJIEHO. M3yueHune nokasareneit
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OenkoBoro oOMeHa B pyOlle IOKa3alo, YTO Y JXHUBOTHBIX OTBITHBIX
TPy coJAepkaHue oOmero as3ora okazanoch Hmwke Ha 1,0-3,0%.
[lonnxeHnne  KOHUEHTpAlMM  aMMHaka B  JaHHOM  ciydae,
CBUCTENLCTBYET 00  HE3HAYUTEIBHOM  YCHJICHHH  IPOLECCOB
MHKPOOHOT'0 CHHTE3A.

HccnenoBanusiMH yCTaHOBIIEHO, YTO BCE M3ydaeMbIe IMOKA3aTENN
KpPOBU HaxXOIWINCh B Ipeaeiax (U3HOIOTHYECKUX HOPM, YKas3bIBas Ha
0e3BpeTHOCTh JAHHBIX KOPMOB ISl OpraHu3Ma TeJIsT.

YcraHOBNEHB HE3HAYUTEIbHBIE U3MEHEHHsSI psAa MoKa3aTelneil mo
OTHOLICHHWIO K KOHTPOJBHBIM 3HAYEHUSM, KOTOpble HE HOCHIIH
3aKOHOMEPHOTO XapakTepa, U HaXOAWIWChH B IpejesiaX CTaTUCTHYECKON
OIINOKH.

HOJ’Iy‘-ICHHLIe JaHHbIC IIOKa3bIBaroT, qTo 10 KOJMYECTBY
HOTpe6IIeHHI)IX IUTATCIIbHBIX BCUICCTB 6BI‘IKI/I KOHTpOJII)HOI\/'I M OIIBITHBIX
Tpynn  WMeNW  HEe3HAUWTENbHBIE  pPa3uiMsi, 33 HCKIIOYECHHEM
MOTpeONeHNs JKUpa, YTO CBS3aHO C OONBIIUM COJIEpP)KAaHHEM €ro B
UCCIIeyeMOM KOPME U pa3HBIM BBEIEHHEM €r0 B KOMOHMKOPM.

Ilo pesynpraraM HCCICAOBAHMM HAWIy4YIIEH IEPEBAPUMOCTHIO
MUTATEIbHBIX BELIECTB PAMOHOB OTIUYAIUCH KUBOTHBIE III ombITHOI
TpYIIBI, MoNydyaBmiue KomMOukopm c¢ 20% KMbIXa JibHA-JOJTYHIA
(Tabmnuma 2).

Tabyuua 2. IlepeBapuMOCTh NUTATEJIBHBIX BELIECTB PALMOHOB, %

['pynna
Iloxazarens I T m v,

Cyxoe BeliecTBo 69,6+3,2 70,9+0,6 70,7+0,5 69,0+4,0
Oprasiieckoe 70,043,1 | 71,840,8 | 71,6£0,6 | 70,1+4,2
BEIIIECTBO

CpIpo#i IpoTeuH 59,7+2,3 58,0£1,0 60,2+1,8 60,7+3,9
ChIpoii sxup 48,4422 52,9+1,6 64,0+4,3* 61,9+6,1
CoIpas KieTJyaTka 68,8+6,7 73,0+0,5 75,7£1,0 67,0+£5,0
bEOB 74,3+1,9 75,9+0,9 73,5+1.,4 74,6+3,6

[pumeuyanne: * — P<0,05.

Bbruky  maHHOW Tpynmbl  MPEBOCXOAWIM  KOHTPOJIBHBIX IO
MEPEBAPUMOCTH CYXOro M opraHmdeckoro Bemiects Ha 1,1 u 1,6 m.om.,
ceiporo nporevHa — Ha 0,5 m.a., )xupa — Ha 15,6 1.11., KJIeT9aTKy - Ha 6,9
TL.I., TIPAYEM Pa3UIMA 0 JKUPY OKa3ajJHuCh JOCTOBEPHBIMU. MOJOTHSIK
I m IV omeITHBIX Tpynn Takke JIydyllle MEpeBapUBall IMUTATEIbHBIC
BEILIECTBA.
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AHanu3 TONYyYEHHBIX JAaHHBIX IO OamaHCy W HCIOJH30BAHUIO
a30Ta TOKa3aJ, YTO JKUBOTHBIE BCEX TPYIMI TONYyYaId NPaKTUYCCKU
OJIMHAKOBOE €0 KOJUYECTBO, 332 UCKJIIFOUCHUEM BTOPOW TPYIIIBI, OJHAKO
M0 OTJIOKCHHIO B TEJIE U UCIOIH30BAHHUIO HAOIIOMATNCH OMPE/ICIIEHHBIC
pasnnaus (Tabnuma 3).

Taoauua 3. bajganc 1 ucnoan30BaHne a30Ta

I'pynma
IlokazaTens I T m TV,
145,7+4,7 133,9+3,7 145,0+1, | 142,1£8,

IToTpe6iIeHo ¢ KOPMOM, T 2 8
Brigeneno ¢ xajiom, r 58,9+5,1 56,3+2,8 57,7£2,6 | 56,4492
YcBoeHo, T 86,8+2,0 77,6+0,9* | 87,3+£3,0 | 85,6+2,0
Brimeneno ¢ Mmodoid, r 51,4437 48.3+2,5 48,3+3,2 | 49,6+2,4
OTJO0KEHO, T 35,4+2,9 29,3+1,6 39,0+1,0 | 36,0+4,3
OTJO0XKEHO OT 24,2+1,2 22,0+1,8 26,9+£0,9 | 25,5+3,2
puHATOrO, %
OTJI0KEHO OT 40,9+3,6 37,842.5 44,8+1,9 | 41,9+4,0
YCBOEHHOTO, %

IIpumeuanne: * — P<0,05.

CkapminuBaHue ObIYKaM >KMbIXa JIbHA-JOITYHIA B KOJHYECTBE
20% ot Macchl KOMOMKOpPMa, CIIOCOOCTBOBAJIO OOJBIIEMY OTIOKEHHIO
azora B opraHusMe Ha 3,9%, 4eM y KOHTPOJBHBIX AHAJIOIOB, & €ro
UCIIOJIb30BaHME OT TPHUHATOTO OKasajock Ha 2,7 ma. Oonee
3(HEeKTUBHBIM.

Hcnonb3oBanue B KopMileHHH ObIYKOB 11 ONBITHO# rpymIiel ®KMbBIXa
JbHA-JIONTYHIAa B  go3upoBke 15% oT Maccel  KOMOMKOpMa
CIocoOCTBOBANIO CHIDKEHUIO Oananca azoTa ¢ 35,4 T (koHTpoib) 10 29,3 T
i Ha 17,2%, 910 CBSA3aHO ¢ MEHBIITUM TTOCTYIUICHHEM €T0 C KOPMOM.

BriBoabI

N3ydeHo BIusHUE CKapMJIMBAHHUA MOJIOIHSAKY KPYITHOIO POTaToro
CKOTa TMOCIIEMOJIOYHOTO TMEpUoJa BBIPAIIUBAHUS KOMOHWKOPDMOB C
BBEJCHUEM  DPA3JIMYHBIX YPOBHEH  JKMbIXa JIbHA-ONTYHIA  Ha
MEPEeBAPUMOCTh W HCIOJB30BAHWE IHUTATENBHBIX BEIIECTB PAIOHOB.
YcTaHOBJIEH ONTHUMAJbHBIA BBOJI KMbIXa JIbHA-JOJTYHIIA TPU TOJHOU
3aMeHe MOJCOJIHEYHOr0 IIpoTa B KoMOuKopMa st Tensat — 20 u 25% no
Macce, BbIpasuBIIEeCs] B AKTUBH3ALWM WHTEHCHUBHOCTH (pHU3MOIIOrO-
OMOXMMHYECKHUX TIPOIECCOB B pyOlle, TOBBIIIEHUH IE€PEeBAPUMOCTHU
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MUTATEeNbHBIX BeUIeCTB paunmoHoB Ha 1,1 m 15,6 m.m.; ymydmeHun
HCIIOJIL30BaHMs a30Ta — Ha 1,7 u 2,7 1.11.

Takum o00pa3oM, NpOBeACHHBIE HCCICAOBAHUS IOATBEPKAAIOT
BBICOKYIO IMHMIIEBYI0 LEHHOCTh JIBHSAHOTO MMBIXa, OOYCIOBICHHYIO
BBICOKMM COIEpXAHUEM IPOTEHHA, Macja, €ro >KUPHOKHCIOTHIM
COCTaBOM.
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Abstract. Nature provided the inspiration and the ingredients for
therapeutic medicine. More than 50% of all current medicinal drugs are made
from herbal plants, roots, and fruits. According to the World Health
Organization, 75% of the world's population uses plant-based medicine. These
products contain only purified ingredients that may reduce the final product's
antioxidant, antibacterial, and antimicrobial properties. Therefore, we aim to
develop a method of extraction that may stabilize the antioxidant properties of
the product.

Polyphenols are organic compounds found in fruits and vegetables such
as onions, grapes, berries, cherries, broccoli, and citrus. Polyphenols exhibit
significant antibacterial and antimicrobial activity, antihypertensive and
vasodilator effects, and antihypercholesterolemic and antiatherosclerotic
activities. Conventional extraction methods, such as ultrasound-assisted
extraction, solvent extraction, supercritical fluid extraction, or microwave-
assisted extraction, use solvents with different polarities (ethanol, methanol,
water, and chloroform) or elevated temperatures. Here, we developed a method
of extraction and stabilization that involves an alcoholic solution and plant-
based stabilizers.

Key words. Polyphenols, ultrasound-assisted extraction, chronic kidney
disease, antioxidant activity, natural stabilizers, bioactive compounds, micelles,
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agricultural waste valorization, plant-based medicine, drug delivery systems, red
onions, grape skins, bioavailability, nanoparticles.

Introduction

The human body is a complex network of systems working
synergistically to maintain balance and health, with the excretory system
playing a crucial role in this process. Central to this system are the
kidneys, vital organs that filter waste products and excess substances
from the bloodstream, maintaining the body's chemical stability. Each
kidney contains approximately 1-1.3 million per adult filtering units
called nephrons [1, 2]. Each nephron houses a glomerulus, a tiny blood
vessel knot encased in a cup-shaped structure known as Bowman's
capsule. Blood enters the glomerulus through the afferent arteriole and
exits through the efferent arteriole. The high blood pressure in the
glomerulus forces water, salt, glucose, amino acids, and various waste
products from the blood into Bowman's capsule, forming the glomerular
filtrate. This filtration process is selective, primarily based on size,
allowing only small molecules to pass through while larger molecules
and blood cells are retained in the bloodstream. Following filtration, the
glomerular filtrate travels through the renal tubule, which is composed of
the proximal convoluted tubule, loop of Henle, distal convoluted tubule,
and the collecting duct. As the filtrate moves, critical nutrients and a
significant portion of the water are reabsorbed into the bloodstream. The
proximal tubule reabsorbs around 65% of the filtered sodium, water, and
nutrients critical for maintaining the pH balance. The loop of Henle,
particularly its ascending limb, aids in the reabsorption of ions in a
manner that helps create a concentration gradient in the kKidney's medulla.
While reabsorption is focused on pulling valuable substances back into
the blood, secretion deals with the selective addition of ions, creatinine,
drugs, and toxins from the blood into the tubular fluid. This process
primarily occurs in the distal and collecting tubules, where substances
such as potassium, hydrogen ions, and certain organic acids and bases are
secreted. This mechanism not only disposes of waste substances but also
assists in fine-tuning blood pH. Urine is the final modified solution
remaining in the renal tubules after reabsorption and secretion. This fluid
contains waste products like urea and creatinine, excess ions, toxins, and
water that the body needs to eliminate. Urine flows from the collecting
ducts into the renal pelvis, down the ureters, and into the bladder, where
it is stored until elimination through the urethra.
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Kidney function is regulated by a combination of hormonal and
neural mechanisms [3-5]. For example, the antidiuretic hormone (ADH)
plays a critical role in water balance by promoting water reabsorption in
the distal tubules and collecting ducts of the nephrons. ADH effectively
reduces urine output to conserve water during dehydration or increased
plasma osmolality. Similarly, the renin-angiotensin-aldosterone system
(RAAS) is essential in regulating both blood pressure and fluid balance,
operating through mechanisms that adjust blood flow into and out of the
glomerulus and modify sodium reabsorption. Additionally, atrial
natriuretic peptide (ANP) serves as a counter-regulatory mechanism to
the RAAS, promoting the excretion of sodium and water in response to
excessive blood volume, thus maintaining equilibrium.

Despite these complicated regulatory mechanisms, the kidneys are
vulnerable to a variety of diseases [6-10]. (a) Chronic kidney disease
(CKD) represents a significant health concern, characterized by the
progressive loss of kidney function over time. This deterioration can
result in end-stage renal disease (ESRD), a critical condition that often
necessitates dialysis or kidney transplantation for the patient's survival.
The primary causes of CKD include diabetes, hypertension, and
glomerulonephritis. (b) Polycystic kidney disease (PKD) is another
incurable genetic disorder characterized by the growth of numerous cysts
in the kidneys, managed primarily through symptomatic treatments.
According to the World Health Organization, CKD is expected to become
the fifth most common chronic condition globally by 2040. The principal
risk factors contributing to CKD include diabetes, hypertension, obesity,
smoking, and genetic predispositions. Among these, hypertension and
diabetes are particularly significant, together accounting for
approximately two-thirds of all CKD cases worldwide [11]. The
progression of CKD varies widely and is often asymptomatic in its initial
phases, making early detection difficult. As CKD progresses, the risks of
developing end-stage renal disease (ESRD) and encountering serious
cardiovascular issues increase. Therefore, implementing early
intervention and preventive strategies is essential for effectively
managing the long-term effects of the disease [12]. Pathophysiologically,
CKD involves damage to the glomerular, tubular, or vascular components
of the kidneys, stemming from genetic conditions like Alport syndrome,
or acquired factors such as injuries or toxin exposure. Immune complexes
can deposit in various parts of the glomerulus, leading to intense
inflammatory responses that cause vascular and filtration barrier damage,
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exacerbating kidney impairment. These immune responses, along with
complement activation and hon-immunological factors like hemodynamic
stress and metabolic disturbances, increase the complexity and severity of
CKD [13].

Current treatment strategies focus on slowing the progression of
the disease through blood pressure control, blood sugar management, and
cholesterol levels, along with a diet low in protein and salt. Recent
advancements in biotechnology have opened new avenues for treating
kidney diseases. One promising area is regenerative medicine, which
involves the use of stem cells to regenerate damaged kidney tissues [14-
16]. Clinical trials are currently exploring the potential of stem cells to
halt the progression of CKD and repair kidney tissues, although this
research is still in its early stages. Another emerging treatment is the
development of artificial or bioartificial kidneys, which aim to mimic the
kidney's filtration functions [17-19]. These bioartificial kidneys, grown
from the patient's cells, could potentially eliminate the problems of organ
rejection and donor shortages. However, these devices, still under
development, hold the promise of supplementing or even replacing
traditional dialysis. Additionally, advancements in immunotherapy and
personalized medicine are being tailored to address autoimmune kidney
diseases and genetic disorders, potentially leading to more effective and
targeted treatments [20].

While traditional treatment strategies for kidney diseases are
indispensable, they carry significant drawbacks that can impact patients’
quality of life. For example, dialysis, a time-consuming procedure
(several hours per session multiple times a week), can lead to
complications such as infections, vascular access problems, and long-
term issues like anemia and bone disease. Another example is kidney
transplantation; while it offers a permanent solution compared to dialysis,
the challenges here are the risk of organ rejection and the lifelong
dependency on immunosuppressive medications to prevent rejection.
These medications can have severe side effects, including an increased
risk of infections and cancer.

Plant-based treatments offer a promising complementary strategy
to managing kidney diseases, leveraging the therapeutic properties of
plants, which have been utilized in medicinal practices for thousands of
years [21]. The benefits of such treatments stem primarily from their
natural origin, typically resulting in fewer side effects than synthetic
medications. Reach in bioactive molecules; plants provide antioxidant,
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anti-inflammatory, and diuretic benefits, which are particularly valuable
in treating kidney-related ailments. Among these bioactive compounds,
polyphenols and their derivatives have captured significant attention in
the scientific community due to their protective roles in human health
[22, 23]. These compounds, including flavonoids, are recognized for their
potent antioxidant activities, which defend against oxidative stress
induced by reactive oxygen species (ROS). This protection is crucial in
preventing a range of pathological conditions and diseases associated
with oxidative stress. Both preclinical and clinical studies have shown
that a diet rich in polyphenols can help shield against the development of
chronic diseases such as neurodegenerative disorders, cardiovascular
diseases, kidney pathologies, cancer, diabetes, inflammatory conditions,
and infectious diseases. The increased dietary intake of polyphenol-rich
foods, such as quercetin, epigallocatechin-3-gallate, resveratrol, and
apigenin and cyanidin, has been linked to reduced chronic oxidative
cellular damage, DNA damage, tissue inflammation, and incidences of
viral and bacterial infections, as well as neurodegenerative diseases.

Research by F. Vargas et al. has highlighted that quercetin
significantly regulates renal epithelial Na+ channels (ENaC) and the Na +
-K + -2CI — 1 [24] cotransporter (NKCC1) in salt-sensitive hypertensive
Dahl rats, leading to reduced systolic blood pressure and enhanced
sodium homeostasis [25]. Quercetin also reduces Na, K-ATPase activity,
contributing to its diuretic, natriuretic, and potassium-sparing effects,
which are further supported by increased prostanoid production and
antioxidant properties. Similarly, polymethoxylated flavones from Rubus
rosaefolius also offer diuretic benefits, enhancing their potential to
manage hypertension [26]. Furthermore, polyphenols such as rutin and
apigenin are vital in addressing renal fibrosis, a significant complication
in nephropathies, by modulating fibrogenic pathways like the TGF-B1
pathway. Rutin effectively reduces fibrosis by curbing macrophage
infiltration and inflammation, while apigenin mitigates hypertension-
induced renal injury by downregulating fibrogenic signaling [27-30].

In 2017, Malik et al. demonstrated that apigenin effectively
attenuated renal dysfunction, oxidative stress, and fibrosis in STZ-
induced diabetic rats and also prevented MAPK activation, which
mediates inflammation and apoptosis [31]. Histopathological analysis of
renal tissues from treated rats showed significant reductions in
inflammation, collagen deposition, and glomerulosclerosis. Concurrently,
Meng et al. (2017) discovered that apigenin-induced DNA damage, G2/M
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cell cycle arrest, p53 accumulation, and apoptosis in renal cell carcinoma
cells, inhibiting their proliferation both in vitro and in vivo, underscoring
apigenin's potential as a low-toxicity agent against renal cell carcinoma
[32]. These cellular effects collectively contributed to the inhibition of
ACHN RCC cell proliferation both in vitro and in vivo, highlighting
apigenin's potential as a low-toxicity therapeutic agent against renal cell
carcinoma. Additionally, Han, et al. (2016) found that galanin, another
flavonoid derived from Alpinia officinarum roots, suppressed the
invasion of renal carcinoma cells by inducing apoptosis and generating
reactive oxygen species (ROS) [33]. When combined with TRAIL,
galangin significantly enhanced apoptosis in renal carcinoma cells but not
in normal kidney and mesangial cells, suggesting its potential as
adjunctive therapy in resistant cancer treatments. These comprehensive
findings highlight the multifaceted therapeutic potential of flavonoids in
both protecting renal function and treating renal carcinoma,
demonstrating their dual role in mitigating renal diseases and combating
renal carcinoma [34].

Polyphenols are found naturally in a diverse array of foods,
including fruits, vegetables, grains, legumes, tea, and wine [35, 36]. They
are classified into several groups based on the number of phenolic rings
they contain and the structural elements that link these rings. These
groups include phenolic acids, flavonoids, stilbenes, and lignans [37].
Flavonoids, for example, are further divided into subgroups such as
flavan-3-ols, isoflavones, flavones, flavonones, flavonols, flavanones,
and anthocyanidins. Non-flavonoid polyphenols include tannins, lignans,
and stilbenes. The structural diversity of polyphenols, including their
ability to bind to other organic molecules such as sugars, acids, and other
phenolic compounds, contributes to their varied biological activities and
health benefits. Notably, over 8,000 polyphenols have been identified in
plant sources, with several hundred presents in common dietary items
[34, 38]. These compounds are especially recognized for their strong
antioxidant capacity, attributed to hydroxyl groups within their structures,
enabling them to neutralize reactive oxygen species (ROS) effectively.
This ability is essential in combating pathological conditions triggered by
oxidative stress (OS), underlining the significant therapeutic potential of
dietary polyphenols in preventing and alleviating oxidative damage
associated with various chronic diseases. In addition, polyphenols have
been shown to modulate the metabolism of carcinogens, exhibit anti-
inflammatory properties, and enhance cellular antioxidant defenses,
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among other effects [39, 40]. These actions make polyphenols integral
components of a diet that may reduce the risk of chronic diseases,
emphasizing the importance of consuming a wide variety of plant-based
foods to gain the broadest range of health benefits from these compounds.

In the management of chronic kidney disease (CKD), polyphenols
have shown promising potential as therapeutic agents [21, 41, 42]. These
naturally occurring compounds, abundant in fruits, vegetables, and other
plant-based foods, offer a range of bioactive properties that could be
beneficial in treating CKD. Polyphenols possess potent antioxidant
properties, which play a crucial role in mitigating oxidative stress, a
common and detrimental factor in CKD progression. By neutralizing
reactive oxygen species (ROS), polyphenols help protect renal cells from
oxidative damage and subsequent dysfunction. Moreover, polyphenols
exhibit significant anti-inflammatory effects. Chronic inflammation is a
key driver in the progression of CKD, contributing to Kidney tissue
damage over time [43]. Polyphenols can modulate inflammatory
pathways, reducing the production of pro-inflammatory cytokines and
mediators, thus potentially slowing the deterioration of kidney function in
CKD patients. Additionally, polyphenols have been shown to inhibit
pathways that lead to fibrosis, a common complication of CKD where
normal kidney tissue is gradually replaced with scar tissue. By interfering
with fibrogenic signals, such as the TGF-B1 pathway, polyphenols can
help prevent or slow the fibrotic processes that impair kidney function.
Importantly, the multifunctional nature of polyphenols extends to their
ability to improve lipid profiles and reduce hypertension, both of which
are risk factors that can exacerbate CKD. Managing these systemic
conditions is crucial for slowing the progression of kidney disease and
improving overall outcomes for patients.

Given these potential benefits, research into polyphenols as a
component of drug treatment for CKD is expanding. Clinical trials and
studies are needed to fully understand the therapeutic effects, appropriate
dosages, and long-term safety of polyphenols in the context of kidney
disease. If proven effective, polyphenols could become a valuable
component of integrated treatment strategies for CKD, offering a natural,
potentially less toxic alternative to conventional pharmacological
treatments. As of now, there are no specific drugs based solely on
polyphenols that are approved and marketed specifically for the treatment
of chronic kidney disease (CKD). While polyphenols have shown
potential in preclinical studies due to their anti-inflammatory, antioxidant,
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and anti-fibrotic properties, the development of polyphenol-based
pharmaceuticals for CKD is still in the research and experimental stages.
Most of the evidence supporting the benefits of polyphenols for kidney
health comes from dietary studies or animal models. For example, diets
rich in polyphenols (such as those containing substantial amounts of
fruits, vegetables, and teas) have been associated with better overall
kidney health and slower progression of CKD in observational and
clinical studies.

Researchers continue to explore the encapsulation and delivery of
polyphenols in more bioavailable forms, such as nanoparticles or
liposomes, which might one day overcome current limitations and lead to
their development into formal drugs. Nanoparticles are one of the most
promising delivery systems for polyphenols. They can protect
polyphenols from degradation, enhance their absorption through the
gastrointestinal tract, and allow for controlled release. Types of
nanoparticles used include (a) lipid nanoparticles (made from solid lipids
and can incorporate polyphenols in a stable matrix, protecting them from
degradation and promoting better absorption) [44, 45], (b) nanoemulsions
(oil-in-water emulsions with droplet sizes in the nanometer range) [46,
47], and (c) metallic nanoparticles (bind polyphenols on their surface and
delivered them to specific sites within the body) [48, 49], (d) liposomes
(vesicles in which an aqueous volume is entirely enclosed by a
membranous lipid bilayer [50, 51], (e) micelles (colloidal particles with a
hydrophobic core and a hydrophilic shell; this system is particularly
useful for the oral delivery of hydrophobic compounds) [52, 53], (f)
polymeric materials or dendrimers (highly branched, star-shaped
macromolecules that can encapsulate polyphenols within their structure)
[54, 55] etc. While these advanced delivery systems provide significant
improvements in the stability and bioavailability of polyphenals,
challenges remain in terms of their regulatory approvals and ensuring that
the modifications do not affect the biological activities of the
polyphenols.

In this study, we utilized ultrasound technology to extract
polyphenols from grape skins and the skin of red onions. This technique
leverages ultrasonic waves to effectively break down plant tissues,
facilitating the release of polyphenolic compounds into solution. The
extracted polyphenols are in the micelle formations that help preserve
their stability and optical properties. Remarkably, these micelle-
encapsulated polyphenols maintained their optical integrity over a period
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of three years, preserving the functional qualities of these bioactive
compounds for extended durations. This approach not only optimizes the
yield and quality of the polyphenols extracted but also enhances their
potential application in various industrial and health-related fields.

Results and Discussions

Waste materials from agricultural processes, such as grape skins
from winemaking and onion skins from food processing, are rich sources
of polyphenols, potent antioxidants known for their health benefits.
Traditionally considered waste bioproducts, these materials can be valued
for their high polyphenolic content, which can be harnessed using
advanced extraction methods. One such method is ultrasound-assisted
extraction, a technique that enhances the release of polyphenols by
applying high-frequency sound waves [56-58]. This method is not only
efficient but also environmentally friendly compared to conventional
extraction techniques. In an industrial setting, solvent extraction is
leading due to its scalability and relative simplicity. However,
conventional techniques can alter food quality, so it's important to choose
a method that is greener and more efficient [59]. By harnessing waste
materials, we have designed and developed a method for extracting and
stabilizing polyphenol molecules in micelle form. This approach not only
contributes to waste minimization but also facilitates the development of
functional products.

Material Ultrasound Extraction Micelle Vacuum dry

Grape skin waste from Formation Storage

the winemaking process

Ultrasonic Transducers

Figure 1. Schematic representation of the polyphenol’s extraction process
showing the multi-step process.
Initially, the grape skin (waste from the wine-making process) or red onion skin was
finely chopped and mixed. The mixture was sonicated in the ultrasound machine for a
determined time, then combined with the natural polar molecules and continued to
sonicate for another 10 to 20 minutes. The micelles formed were dried with a vacuum and
stored in the fridge until further use.
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The schematic representation of the polyphenol’s extraction
process (Fig. 1) illustrates a detailed, multi-step procedure designed to
efficiently extract valuable polyphenolic compounds from grapes skin.
Initially, organic waste materials such as grape skins, leftover from the
winemaking process, or red onion skins are finely chopped to increase the
surface area for extraction. These chopped materials dispersed in
alcoholic solutions are then subjected to sonication in an ultrasound
machine for 10 to 20 minutes to begin the breakdown of plant cell
structures and facilitate the release of polyphenols. During this phase,
micelles, which are critical for encapsulating the extracted polyphenols,
form within the solution. Once formed, these micelles are dried using a
vacuum to remove any residual moisture and are subsequently stored in a
refrigerator to preserve the integrity of the polyphenols until they are
needed for further analysis or use. This method showcases an effective
technique for utilizing agricultural waste to recover valuable antioxidants,
which can be applied in various health and food industry applications.
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Figure 2. (Left) Extinction spectrum of polyphenols extracted
solution from 2 g of skin grapes using ultrasound. (Right) SEM image
showing the morphology of the polyphenol micelles.

The extinction spectrum (Fig. 2) of polyphenols extracted from 2
grams of grape skins using ultrasound technology reveals distinct peaks
indicative of the presence and concentration of polyphenolic compounds.
This spectrum is crucial for understanding the efficiency and
completeness of the extraction process, as it provides insights into the
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concentration of polyphenols that have been successfully extracted and
their relative abundances. Additionally, the Scanning Electron
Microscopy (SEM) image of the polyphenol micelles formed during the
process offers a detailed visualization of their morphology. These
micelles are typically in the nano to micron scale, enhancing their
protection from oxidative degradation and improving their solubility in
various media, highlighting the effectiveness of using ultrasound in the
extraction process from grape skins. The extraction conditions of
polyphenols from 2 g grapes skin are presented in Table 1.

Table 1. Ultrasound Extraction of Polyphenols from Ampelografic

Skin Grapes

Extraction conditions 40 % vol. 60 % vol.
DPPH (2,2-diphenyl-1-picrylhydrazyl), inhibitor (%) 87.03 93.01
Cyanidin-3-glucoside (g/dm3) 62.858 66.4087
I.F.C. 80,943 85,445
I.P.T. 140,16 192
S.E.T. gallic acid (mg/dm3) 12429,73 13645,21
Malvidin 3-glucoside (mg/dm?3) 8490,58 9652,95
The color intensity of the extract 4,3 5,6
The hue or tint of the color 0,850 0,769

In this study, grape skins, finely chopped to enhance surface area
and extract release, were mixed with an alcoholic solution to facilitate the
extraction of polyphenols. The resulting mixture was then subjected to
centrifugation at 2000 rpm for 15 minutes to separate the extract from the
solid particles. The absorbance of the extracted solution was measured at
three wavelengths: 420 nm (yellow), 520 nm (red), and 620 nm (violet)
using 1 mm cuvettes, with each wavelength reflecting a specific segment
of the light spectrum. The chromatic parameters of the extracts were
determined using a T-80 spectrophotometer based on the following
formulas:

C0|0I’ intenSI'[y IC == A4,20 + A520 + A620 (1)
Hue color: H, = j““ )
520
Color purity: yellow (Y), red (R) and violet (V):
Y =225 100% (3)
R = %204 100% (4)
v =224 100% (5)

c
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where: A4 — absorbance at 420 nm; Asz — absorbance at 520 nm; Aesxo —
absorbance at 620 nm.

In addition to color analysis, the extracts' antioxidant capacity was
assessed through the DPPH (2,2-diphenyl-1-picrylhydrazyl) assay. This
involved mixing 0.1 mL of the extract with 3.9 mL of a 60 uM DPPH
solution and measuring the absorbance at 517 nm after 30 minutes [60].
The 50% methanol solution was used as a control. The inhibition ratio
(IR) was calculated to quantify the extracts' antioxidant effectiveness.

IR = Acontrol_Asample %100 % (6)

Acontrol

where: Acontrol — @bsorbance of the control (pure DPPH sample); Asample —
absorbance of the sample.
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Figure 3. Calibration Curve of Polyphenols using Gallic Acid. Quality
of regression (R* =0.9925).

Furthermore, the total phenolic content was quantified using the
Folin-Ciocalteu method. In a typical analysis, 1 cm? of the extract was
diluted with 50 cm? of distilled water, 5 cm? Folin-Ciocalteu reagent, and
20 cm?® of 20 % Na,COs solution. The mixture was shaken thoroughly,
and after 30 minutes, the absorbance was measured at 750 nm. The
results were calculated from a calibration curve (Fig. 3) using gallic acid
(0-500 mg/L) and expressed in equivalents of gallic acid per gram of
dried weight (DW) of grape marc.

The anthocyanin content was determined by adding 3 cm? of clear
extract to a 25 cm® pycnometer, 12.5 cm® of rectified ethyl alcohol
acidified to pH 1.2, and 3 drops of concentrated hydrochloric acid. The
mixture was shaken vigorously and centrifuged for 15 min at 1500 rpm,
and the absorbance was measured at 520 nm. The anthocyanin content
was calculated using the following expression:

Cant = 1056.7 - A (7
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where: A — absorbance of sample and 1056.7 is the transfer coefficient,
established for malvidin-3-glucoside isolated from grape skins.
—3
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Figure 4. Long-Term Stability of Polyphenolic Compounds.
Pictures showing the time-dependent color stability and UV-Vis absorbance data of
polyphenolic compounds extracted from grapes skin. The initial color stability on day 1
is represented in red, and the color stability after three years is shown in blue.

The post-vacuum drying process has proven effective in preserving
the integrity and efficacy of the bioactive compounds extracted from
grape skins and red onion samples. This preservation method ensures that
the beneficial properties of the polyphenols are maintained over extended
periods. The time-dependent color stability and UV-Vis spectroscopy
data further support the long-term bio-stability of these compounds. The
UV-Vis spectra (Fig. 4) depict how the polyphenolic compounds have
maintained their structural integrity and color over a prolonged period,
highlighting their long-term stability and potential for use in various
applications. This long-term stability is crucial for their potential
application in pharmaceuticals and nutraceuticals, where consistent and
reliable bioactivity is essential. The data conclusively demonstrate that
the vacuum drying process is an efficient method for stabilizing bioactive
compounds, thus facilitating their storage and usage in various health-
related applications.

The integration of polyphenols into advanced delivery systems
presents a transformative potential in medical applications, particularly
for the prevention and treatment of chronic conditions such as CKD and
PKD. By converting what would otherwise be discarded as agricultural or
industrial waste, such as grape skins from winemaking or onion skins
from food processing, into valuable polyphenolic compounds, we are able
to capture their potent antioxidant properties in a stable, bioavailable
format. Through innovative drug delivery technologies, the
bioavailability and therapeutic efficacy of polyphenols can be
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significantly enhanced, allowing for more precise and effective
management of CKD and PKD. These developments not only promise to
improve patient outcomes by slowing disease progression but also
contribute to a broader strategy that incorporates these potent compounds
into daily diets.

Conclusions

In conclusion, our study successfully extracted a range of
polyphenols from grape skins and red onion samples, utilizing advanced
extraction techniques to optimize yield and purity. We generated specific
calibration curves for each identified polyphenol, leveraging UV-Vis
spectroscopy data to ensure precise quantification. Additionally,
evaluations of the post-vacuum drying process confirmed that the
integrity and efficacy of these bioactive compounds were maintained,
indicating the process's effectiveness. Comprehensive assessments will be
conducted to determine the antioxidant, anti-inflammatory, antibacterial,
and antimicrobial properties of the extracted polyphenols to provide a
detailed profile of their functional capabilities. Further, we will explore
other naturally extracted polar molecules that facilitated the formation of
micelles, enhancing the bioavailability and stability of these compounds.
This research not only underscores the potential of using agricultural
waste as a resource for valuable bioactive compounds but also highlights
the feasibility of integrating these extracts into various applications,
promising significant advancements in health-related sectors.

Materials and Methods

Materials. Fresh black grapes (Pinot Noir, Cabernet Sauvignon,
and Merlot) were obtained from approximately 30-35 square kilometers
away from Chisinau. Ethanol was purchased from Sigma-Aldrich. Water
was deionized and filtered by a Milli-Q water system (18.2 MQ-cm at 25
°C, Millipore).

Methods. Absorption measurements were performed on a Cary
5000 UV/Vis/NIR Varian spectrophotometer. SEM measurements were
performed using an FEI Quanta 400 field emission SEM at a 20 kV
scanning electron microscope acceleration voltage. The extraction of
polyphenols was conducted using an ultrasonic bath instrument (Fisher
Scientific IsoTemp 205 Water Bath) from The Lab World Group.
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Abstract. The aim of this study was to investigate the relationship
between low blood pyruvate levels, Chronic Fatigue Syndrome (CFS) and body
mass index. We conducted a small study involving 31 patients diagnosed with
CFS and overweight or obese, distribution between male and female are 28
women and 3 men. Blood samples were collected from all participants at Alfalab
Chisinau, Pyruvate in plasma (pyruvic acid) using the NaF blood the analysis
was performed at MDI Limbach Berlin GmbH MVZ Labor Limbach Berlin,
Germany, normal reference range of 24-95 umol/l. Other data were collected
during nutritional consultations, at NUTHEIA EDUCATION SRL — Nutrition
and Dietetics Center, Chisinau, such as the levels of BMI were recorded using
Bioimpedance Scale. Other relevant measures, such as signs and symptoms of
eating and digestive disorders reported by the patient, were also recorded
during the nutritional assesment. The study found that patients with CFS had
lower levels of blood pyruvate furthermore, there was a correlation between
blood pyruvate levels and Body mass index. These findings suggest that low
blood pyruvate levels are associated with CFS and may contribute to the
pathophysiology of the syndrome. This study highlights the potential of blood
pyruvate levels as a biomarker for diagnosing CFS and guiding nutritional
treatment strategies in overweight and obese people.

Key words. Pyruvate, Body mass index, chronic fatigue syndrome (CFS),
poor nutrition, health.

Introduction

Pyruvate plays a central role in cellular metabolism and is a key
intersection point for various metabolic pathways such as:

a) Conversion to Acetyl-CoA: In the presence of oxygen (aerobic
conditions), pyruvate is transported into the mitochondria, where it is
converted into acetyl-CoA by the enzyme pyruvate dehydrogenase
complex [8].
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b) Energy Production: During glycolysis, a small amount of energy
is produced in the form of ATP (adenosine triphosphate) and NADH
(nicotinamide adenine dinucleotide) [8].

¢) Glycolysis is the process by which glucose is broken down into
pyruvate in the cytoplasm of cells. This pathway involves a series of
enzymatic reactions that convert one molecule of glucose (a six-carbon
molecule) into two molecules of pyruvate (each a three-carbon molecule)

[1].

d) Lactate Fermentation: Under anaerobic conditions (lack of
oxygen), pyruvate is converted into lactate by the enzyme lactate
dehydrogenase. This process regenerates NAD+ from NADH, allowing
glycolysis to continue producing ATP in the absence of oxygen [7].

e) Lipogenesis: Pyruvate can be converted into acetyl-CoA, which
is a key building block for the synthesis of fatty acids. This process
occurs when there is an excess of carbohydrates, and the body needs to
store energy as fat [7].

f) Allosteric Regulation: Pyruvate and its derivatives (such as
acetyl-CoA and NADH) act as allosteric regulators of various enzymes in
glycolysis, the citric acid cycle, and gluconeogenesis. This helps
coordinate and balance the flow of metabolites through these pathways
according to the cell’s energy needs [11].

Pyruvate is a three-carbon ketoacid that occurs naturally in cells.
Prolonged supplementation of pyruvate, especially in combination with
interval training, may induce adaptive changes in skeletal muscle
metabolism and/or affect cognitive function through neuroprotective
effects [10].

Deficiency of vitamin Bl which is a coenzyme a the PDH
complex, causes a decrease in its activity and consecutive pyruvate
accumulation. Excess pyruvate is converted to lactate. In the high
concentrations, lactate induces severe neurological damage. Optimal
nutrition, or healthy eating, refers to a type of diet that meets the
individual needs of each person to support and maintain the body in
optimal conditions. Diet therapy, or medical nutritional therapy, is a
component of the clinical management of diseases and involves
temporary or permanent, qualitative and/or quantitative, interventions in
diet [6].

Pyruvate is a crucial metabolic intermediate that links several key
metabolic pathways, including glycolysis, the citric acid cycle,
gluconeogenesis, and amino acid metabolism. Its central role allows it to

359



contribute to energy production, biosynthesis, and the regulation of
metabolic processes, making it essential for cellular function and energy
homeostasis.

Body Mass Index (BMI) is a simple calculation used to assess
whether a person has a healthy body weight for a given height. BMI
Categories: Underweight: BMI < 18.5. Normal weight: BMI 18.5-24.9.
Overweight: BMI 25-29.9. Obesity: BMI > 30

BMI is a widely used indicator of body fatness, but it does not
directly measure body fat. It is a useful screening tool, but it should be
used in conjunction with other assessments to evaluate an individual's
health status. According to the World Health Organization (WHO), a
normal weight status is associated with a BMI between 18.5 and 24.9
kg/m? [12].

The relationship between health habits, overweight, and chronic
fatigue syndrome (CFS) is multifaceted and intricate. One study focused
on the lifestyle of patients with CFS and found that despite having
healthier habits than the general population, these did not significantly
affect fatigue severity or functional impairments [4].

Another study examined how unhealthy behaviors relate to chronic
health outcomes, revealing complex interactions where some behaviors
correlate with expected health outcomes while others do not [3]. The
impact of obesity on individuals with CFS was also investigated, showing
that overweight and obese individuals with CFS experience poorer
functioning than their non-obese counterparts [2].

Additionally, a study on metabolic syndrome highlighted that
overweight is a significant risk factor, suggesting that maintaining a
healthy weight through regular exercise and stress management can help
mitigate related health issues [5].

Finally, the link between physical activity, inflammation, and
fatigue in middle-aged and older adults indicated that reducing
inflammation through weight loss and exercise can decrease fatigue and
improve physical activity levels [9].

Material and methods
In this case study, we assessed 31 individuals. Participants were
selected from the group of patients evaluated at NUTHEIA
EDUCATION SRL in Chisinau, based on inclusion criteria such as a
diagnosis of chronic fatigue syndrome, a BMI higher than 24.9 kg/m?,
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and the presence of eating and digestive disorders, including bloating and
constipation symptoms.

Table.1 Representation of age, sex, and value of pyruvate in the blood for
the 31 participants in the study

Nrcrt AGE VALUE PYRUVATE |SEX Fem/Masc
pmol/l
1. 44 7,16 F
2. 27 6,44 F
3. 34 5,32 F
4. 45 8,59 F
5. 34 6,01 F
6. 50 7,05 F
7. 33 6,26 F
8. 41 8,86 F
9. 46 17,16 F
10. 55 9,16 F
11. 41 9,72 F
12. 34 5,30 F
13. 25 3,58 F
14. 32 11,85 F
15. 40 3,61 F
16. 43 9,65 F
17. 49 9,79 F
18. 34 9,86 F
19. 43 13 M
20. 36 5,63 F
21. 33 4,26 F
22. 38 5,98 F
23. 29 10,03 F
24, 28 4,14 M
25. 27 7,22 F
26. 33 6,15 F
27. 35 15,17 F
28. 38 14,34 M
29. 32 12,37 F
30. 42 4,89 F
31. 40 7,63 F
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Results and discussion
This distribution shows that the majority of participants fall within
the 30-44 age range. All 31 participants in this study with chronic fatigue
syndrome in the dataset have pyruvate values outside the normal range of
24-95 micromol/L.There are no individuals within the normal range.

Average Pyruvate Levels by Age
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Fig.1 Distribution by age and value of pyruvate levels

All 31 individuals with a BMI higher than 24.5 kg/m? and suffering
from eating and digestive disorders exhibited lower levels of pyruvate in
their blood samples. This suggests that overweight and obese individuals
may experience alterations in this metabolic pathway, possibly due to
deficiencies in vitamins such as Bl (thiamine), B2 (riboflavin), B3
(niacin), and B5 (pantothenic acid). These deficiencies can impact the
Krebs cycle and pyruvate metabolism, as inadequate nutrient intake
reduces the availability of substrates necessary for pyruvate synthesis.
Conditions like lactic acidosis or other mitochondrial dysfunctions can
also influence pyruvate levels in the blood. Future research should focus
on the gut microbiota, which produces various metabolites involved in
host metabolism. Dysbiosis can change the production of these
metabolites, potentially affecting the host's metabolic pathways,
including those involving pyruvate levels.
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Correlation between Age and Pyruvate Values
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Fig.2 Correlation between age and pyruvate values, scatter plot diagram
where the X-axis represents age and the Y-axis represents pyruvate values

The correlation coefficient between age and pyruvate values is
approximately 0.18. This indicates a weak positive correlation,
suggesting that as age increases, there is a slight tendency for pyruvate
values to increase, but the relationship is not strong.

Conclusions
These findings suggest that low blood pyruvate levels are
associated with CFS and may contribute to the pathophysiology of
the syndrome. This study highlights the potential of blood pyruvate
levels as a biomarker for diagnosing CFS and guiding nutritional
treatment strategies in overweight and obese people.
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BOIPOCHI B3AMMOJIEICTBHS TYTOBOI'O
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3apunos bakpuann, Bartnxonos Anuxon Onuiaxon yriau, Taxxkues

Azum 3uényiuiaeBud, Ycanonsa Caoaar TypaeBna, Anamuyk Jlennc

Hayuonanouwtii ynusepcumem Yzbexucmana umenu Mupso Ynyebexa,
Tawxkenm Yz6exucman, alixan.valixanov1996@gmail.com

Abstract. In the article, the applicant conducted experiments changing the
variation in the amount of proteins in the silkworm by testing chemicals and
biostimulants during the period of feeding and molting during the transition of
the life cycle from one age to the next, and as a result, the change in the amount
of protein that affects the viability of the silkworm was analyzed. A study was
carried out on caterpillars of 2 breeds (Japanese 120, Ipakchi 2 of the Ipakchi 2
x Japanese 120 system, Japanese 120 x Ipakchi 2). Feeding worms in the
experiments conducted as part of the research work was carried out in the spring
season of 2021-2024. Unfavorable conditions, limited by the norm for
determining the amount of protein and other vital components, were created
artificially. An experimental study to establish the persistence and degree of
change in economic traits was carried out according to the following
quantitative characteristics: caterpillar viability, percentage of sick caterpillars,
and cocoon weight. Such breeds or lines have been identified that easily tolerate
the above stress conditions of silkworm breeds more adapted to various stress
factors. From the listed results of the experiments, the following conclusions can
be drawn: In the study and analysis of protein synthesis in caterpillars, during
the transition from one period to another, proteins significantly exceed proteins
from the second and third periods from 57% to 77%. Protein synthesis increased
significantly by 53% and proteins decreased by 21% in stress-infected people
with VNP diseases compared to healthy quartz caterpillars.

Key words. Silkworm, age, forage, mulberry, selection, cycle, cocoon.

Beenenue
B HacTosiiiee Bpemsi BO3pacTaeT aKTyallbHOCTh TpeOOBaHWUU
TEHETUKOB U  CEJEKIHMOHEPOB B  CBA3M C  CO3JaHHEM U
OBICTPOpPa3BUBAIOIICTOCS JJIsi BHEJIPEHUS HOBBIX IMOPOJ KHUBOTHBIX U
CCJICKIIMOHHBIX YHUCTBIX JIMHUHN pacTC€Huu, aaalTUPOBAHHBIX K
crienu(pUIeckiuM MPUPOTHO-KIMMATHIECKYIO IKOJIOTHI0 Y30eKHUCTaHa U
Oomnee TPUCTIOCOOJIEHHBIX ISl TepepabOTKU MPOIYKIIMHA I ChIPhEBBIX
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PECYPCOB ¢ MPUMEHEHUSIMU HOBEHUIITMNX TEXHOJIOTUN U 000Dy IOBAHHMS JIJIS
JOCTIDKEHHS 1ieniel. JIMHUM HOBBIX TTOPOJ] M JIMHUKM COPTOB PACTCHUU H, B
TOM  YHuCJie, TYTOBOTO  IICNKONpsJAa,  HEOOXOAMMO  HUMETh
L[CJICHANIPABIICHHYI0 B3aMMHO OPHCHTUPOBOYHYH) HEOOXOJMMOCTh Ha
MOJYYCHUH CPeI KOHKYPEHTOCTIOCOOHOW TPOYKITUH.

B Crparerun JlewicTBuit mo pa3sutuio PecryOnmku Y30ekucTaH B
2017-2024 romel oco0Oe BHUMAHHE YJACICHO HAa Pa3BUTHUU CEIIbCKOTO
X03SHCTBA, 0COOCHHO JKUBOTHOBOJICTBA, B TOM YHCJIE M IICIKOBOJICTBA
[1]. B obxactu mienkoBOICTBA W KUBOTHOBOJICTBA BaXKHO ITPOBOIUTH
HAy4YHBIC HMCCJCIOBaHMs 1O YKPEIUICHHWIO KOPMOBOH 0a3bl TYTOBOTO
HISIKONPSIA, TO €CTh CO3JaHHI0 U BHEIPECHUIO B MPOU3BOACTBO HOBBIX
COPTOB IICIKOBUIIBI C BBICOKMMH MPOJYKTUBHBIMHU, MUTATEIBHBIMH W
HACBIIIAIOIIMMHU XapaKTEepUCTUKaMu. Pelienue 3tux 3amay, 0€3ycCIIOBHO,
TpeOyeT pa3BUTHS U PACIIMPESHUS UCCIICIOBAHUHN 110 TEOPUU M MIPAKTHUKE
TEHETUKU U CEJICKIIMY TYTOBOTO IICIKOIPS/IA.

YcMoTpeHusl BBIICYKa3aHHBIX JNEHCTBUU M 3a/1a4 CIIOCOOCTBYET,
0C3yCJIOBHO, Pa3BUTHUI0 [0 TEOPETUYCCKMM M  MPAKTHUYCCKUM
WCCJICIOBAHUSAM CEJCKIIMA TYTOBOro Ienkompsina. Hecmorps Ha
JIOCTUTHYTBIC YCIIEXH B OOJIACTH TYTOBOT'O MICIKOMPSIA, BOMPOCHI
B3aUMOJICHCTBUSL CO CpElO BCE e€Ile OCTaloTCS CNad0 HM3Y4YEeHHBIM
pazzaenoM ¢uznonorun. Eciu ydecTs, 4To cenekipoHepaM Y30eKnucTaHa
MPEJCTOUT CO3/IaTh MOPOIbl TYTOBOTO MISITKOMPSIIA, TPUCITOCOOICHHBIE K
crenu(pUIecKuM TPUPOTHO-KITUMATHYSCKUM YCIOBUSM 30H M PETHOHOB
pecryOJIMKH, MPOBOAUTL PabOTHI IO ajanTalyu 3apyOe)KHBIX MOPOJ B
Y30ekncraHe, YacTO  IMOBTOPSIONIMECS B  BECEHHHWE  CE30HBI
HeOJaronpusaTHBIE HW3MEHCHHsI TIOTOJHBIX YCIOBUM M pas3ivyus B
KIIMMaTHYECKUX YCJOBHMSX PErMOHOB Y30C€KHCTaHa, HECMOTPS Ha
N3MCHCHUHN JKOJOTHYCCKHUX W IMOTOAHBIX YCJIOBHMHU B HACTOALIEC BpEMs
CO3JIAIOTCS ¥ BHEJPSIOTCS JJISl PA3BE/ICHHUST HCKYCCTBEHHO IICITKOBUYHBIX
IUIaHTallUu  JJId TIOJIYYCHUA BBICOKOKAQYECTBCHHBIX IIOPOJ TYTOBOI'O
MICJIKOIpAaa MW JHWHUM YUCTBIX COPTOB MICJIIKOBHUIILI JJII BBIKOPMKHU
TYCEHUI[ MIeNKONpsaaa. JTO OOCTOSTENLCTBO JUKTYET HEOOXOAMMOCTH
WCCIICIOBAHUS aIaNTAIMOHHBIX CIMOCOOHOCTEH TOPOJA IISTKONpsia K
Pa3IMYHBIM CTpecc-(paKTopam.

B nurepatypHBIX CTaThsIX BCTPEUAIOTCS pa3iinyHas HHPOpMAIHs O
B3aMMOJICHCTBUU TIOPOJI TYTOBOTO IIETKONpsAa C BHEIIHEH CpeJou.
IIpuponHble ycnoBHsT B IE€pUOJ BECEHHHX BBIKOPMOK TI'YCEHUII
MeJIKOoIpsaaa 1Mo roaamM HECTAOMIIBHBI U UX U3MCHCHUS, B CyIIIeCTBeHHOfI
CTETICHH, BIHSIIOT HE TOJIHKO HA YPOBEHb NMPOAYKTUBHBIX MPU3HAKOB, HO
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u Ha Hd(dekr ordopa uHCTBIX mopod. OAHAKO HCCIEAOBaHMUS,
HaNpaBJICHHBIX HAa U3YYCHUE aJalTAIIMOHHBIX CIIOCOOHOCTEN Pa3InIHbIX
NOMYJSIUNA K HEOMaronpHusATHBIM YCIOBHUSIM BHEIIHEW CpeAbl, BCE TakKd
ocTaeTcsl HeIOCTaTOYHO M3y4aeMo. K HacTosimeMy BpeMeHH H3y4aeTcsl B
obmactu (U3MONIOTHM TYTOBOTO MIENKOMpsina X KO3(PPUIHEeHTHI
KOPPETSIHNA MEXIY OTICIBbHBIMI PENPOYKTHBHBIMU U TIPOTYKTUBHBIMU
NpU3HAKAaMH B OJAarONPHSTHBIX YCJIOBUSX KOPMJICHHS U COJEpIKaHUS
rycenun [3, 4, 5, 6, 7, 8].

B uccnenoBanuu X. AJMMOBBI CUHTAIOT, YTO KH3HECTIOCOOHOCTH
YepBe B 3HAYMTEIBHOM CTENEHW 3aBUCHT OT TEMIEeparypel B
MOMEIIEHUSIX 7Sl KOPMJICHHUS YepBel M MPUBOAAT CIEAYIOLINE PUMEPHL:
TyToBbIE mENKONPsALI NpH KOMHATHOM Temmeparype (20-21 °C) umenn
J)Ku3HecnocoOHocth Ha 80-83%, mpu HOpMaiabHOW Temreparype (25-26
9C) na 89-92% [2].

K BeIBOgy 0o TOoMm, uro Oonee mpaBWiIbHBIM U 3()(PEKTHBHBIM
METOZOM JUTS CO3AaHUsl ONaroyCTOWYHMBBIX K YCIOBHSAM Y30EKHCTaHA
ImopoJd TyTOBOI'O HICJIKONPpAAA ABJISACTCA MCTO aHAJIUTUYCCKAA CCIICKIIUA-
0TOOp BBICOKOKAYECTBEHHBIX TIOPOJ H COPTOB M3 MECTHBIX JIMHHH, Oosee
MPUCTIOCOONICHHBIX JIJISl KOHKPETHBIX YCIOBUI Pa3BeICHUS.

B  HeOnarompusTHBIX  YCJIOBHSIX KOPMJIGHHS HE  BIIOJIHE
YAOBJICTBOPAT BBIABJICHHUC BO3MOXHOCTH H3MCHYHMBOCTH. B Ttakux
CUTyaIusx 0TOOp He TaeT OKuaaeMoro 3Qdexra.

Martepuana ¥ MeTOABI UCCTeI0BAHNS

OKCTIEpUMEHTHI 110 U3yYEHHUIO aIalTAl[HOHHBIX (PU3UOJIOTHIECKUX
CIOCOOHOCTEH CEeNEKIMOHHBIX TOMYJSAIUA 10 BEAyIINM TMPU3HAKAM
JKU3HECTTIOCOOHOCTH M TPOJYKTUBHOCTH B HW3MEHSIONIMXCS YCIOBHUIX
BHEIIHEH Cpenibl TIPOBOIUITH B nabopaTtopuu Hayuno-
MCCIIeIOBATEIhCKOT0 MHCTUTYTA MIENKOBOACTBA «boprba ¢ Gone3HsmMu u
BpPEIUTENSIMA TYTOBOTO IIEJIKOIpsIIa U TYTOBOTO JiepeBa». s yxoza 3a
HIETKONPAIaMH  UCTIOJIb30BaIU TyToBHHKH, MIpUHAJUIeKABIINE
YHUTAPHOMY TPEATNPHUATHIO IPH UHCTUTYTE «XO3SUCTBO DKCIEPUMEHTA
[TenkoBoacTBo». UHCTUTYT pacnonoxeH B LllaiixaHTaxypckoMm paiioHe
ropoja TamkenTa. [lorosma 31echk yHUKanIbHasl, TJI€ IOCTATOYHO CBETAa U
TEIJIa, KOHTUHEHTAJIbHBIA KIUMAT M TIEPEeMEHUMBBIA CYXOW BO3IYX.
IIpopomxurensHOCTh conHeuHOro cBera coctaisieT 2700-3000 yacoB B
TOJl, IPY 3TOM CBETOBOH JI€HB JIeTOM cokpamaercs Ha 360-400 gacoB B
Mecan, a 3umor Ha 90-130 wacoB. OnHomHEBHasT H3MEHYHMBOCTH
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temneparypsl Boicoka (10-15 °C 3umoii u 15-20 °C nerom) m mocturaer
30°C B rog.

N3ydeHuss BHyTpeHHEro cocraBa oOIIero Oenka, YIJICBOIOB U
npyrux  bB.A.B. (Ouonormyeckux aKTUBHBIX BEIIECTB) y TYCCHHI
MIEKOTIPSIOB OBUTO TPOBEIeHO B JabopaTopuu Kadempsl OU3HOIOTHH
Kusotapix m UYenmoBexka HanmonamsHOro YHHBepcutera PecmyOmmkm
VY36exucrana umenu M. Yiryroeka.

[Taparummyeckue (QakToppl, TakhWe KakK, KOJIWYECTBO KOpMa st
TYTOBOTO MIENKONPSIa, TEMIEpaTypa BO3yXa W YPOBEHBb BIIAXHOCTH B
nepuoJ KOPMIICHHS TYTOBOTO ILNENKONpsAa, ObUTM CO3JaHbl B
naboparopuun «Pa3zBenenue, SKonorus U MPOPUIAKTHKA XUMHUYECKOTO
OTpaBJICHHA TYTOBOTO Imenkompsima» HWmakum 2 x Smonckumit 120,
Snonckmit 120 x Wnakum 2, a Taxxke B jaboparopuu «l'eHeTHKa |
CEJIEKIUsI TYTOBOTO HIETKOIPSAIA MCIONB30BAINCH opoabl Kuraiickui,
SAnonckui 120. MarepuanoM sl UCCIECOOBAHUS CIIY>KWIA 310POBasi U
3apakeHHas TpeHa (si1a), TYCeHUIIBl U 0a00YKH pa3HBIX MOPOJ TYTOBOTO
HICTIKOTIPSia, OYMIICHHBIE KYJNbTYphl cmop Bo3Oymutens Nosema
bombycis N. u mnoausaApsl  BO3OYAMTENS SACPHOTO  IMOJUIIPOB,
MOJTyYeHHBIE U3 3apAYKEHHBIX T'YCEHUII.

B OKCIICpUMCHTAX II0 MCIBITAHHUIO XWUMHWYCCKHUX IIPCIIapaToB M
OMOCTUMYJIITOPOB  ObLTa KCIIOJIB30BaHA 370poBas TIpeHa 2-X MOpoj
(SImouckmit 120, Mmakun 2 Cucrembl Mmakum 2 x Smonckuin 120,
Smonckuit 120 x Mnakum 2, co3maHHble B JlabopaTtopun «PasBencHwme,
JKOJIOTUA H HpO(i)I/IJ'IaKTI/IKa XUMUYCCKOI0  OTpaBJICHHUA TYTOBOI'O
menkonpsaay Silicon Dog ais uccneaoBaHus XapaKTePUCTHK aalTallin
TyTOBOTO WIENKOMpsAa K YCJIOBUSM, B KOTOPBIX ITapaTHITHYECKUE
(bakTopbl, TakWe Kak, KOJIMYECTBO KOpMa, TeMIleparypa BO3AyXa H
YPOBEHb BIAXHOCTH B IEPUOJN KOPMIJICHUSA TYTOBOI'O IIEIKOIPSIA,
BapbUPYIOTCS OT HOPMAJBHBIX 10 OTpaHuuYeHHBIX. KopMmiieHue uepBeli B
OTBITaX, MPOBEJACHHBIX B paMKaxX Hay4YyHO-HCCIIEI0BATEIbCKONH PadOTHl,
MPOBOAMUIOCE B BeceHHUH ce30H 2021-2022 rr. B CHEIUATBHBIX
CEJIeKIIMOHHO-3KoNornYecknx uepBsiTHuKkax HUU menkoBoxcTtBa m Ha
OTBITHBIX  3€MJISIX W BBIIOJHEHO TI0O CXEeM€ OJKCIEpUMEHTA,
MPEJCTABJICHHOW  HAa  pUCYyHKaX.  HeOyarompusTHble  YCJIOBHSA,
OrpaHHUYEHHbIE HOPMOM, CO3JaBalIUCh MCKYCCTBEHHO. MccienoBaHus 1o
YCTaHOBJICHHIO CTOMKOCTH M CTENEHH M3MEHEHHMS XO3SMCTBEHHBIX
IIPU3HAKOB TMPOBOAWIIM IO CICAYIOIMM KOJUYCCTBECHHBIM IIpHU3HAKAM!:
Macca KOKOHOB, JKM3HECIIOCOOHOCTH TyCEHHI, IPOIEHT OOJBHBIX
TYCCHHLI.
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PesyabTaThl 1 00CyxkI1eHUSA

Kak u3BecTHO, OTKJIOHEHHE OT ONTHMAIBHBIX THAPOTEPMUYCCKUX
PEKMMOB B MpoIecce BBHIKOPMKH HPUBOJUT K PE3KOMY TMOHMKECHHUIO
KU3HECTIOCOOHOCTH  TryceHHWU.  J[As  OUEHKM  aJanTallMOHHBIX
CIOCOOHOCTEH CEJICKITMOHHOTO MaTepHaia HeO0O0XOIUMO ONPEICIHTh
JKA3HECTIOCOOHOCTh Ha AYMOPHOHAIBHOW U MTOCTIMOPHOHAILHON CTaIHUsIX
pasButusi. HyXHO OTMETHTh, 4YTO B TEYCHHE TpEX IIOKOJCHUI B
MOMYJISAIMAX TOPOJ W JIMHUKA TPOBOJMIN OTOOp B TpEX BapHaHTax
UCKYCCTBEHHO CO3JIAHHBIX HEOJIATONPUSITHBIX YCIOBHSIX BEIKOPMKH:

1 — orpannuenHas BeikopMmKa (50% nucra);

2 — HeCOOJTI0ICHHE TEMIIEPATYPHOTO PEXKIMA;

3 — CKy4eHHOCTb (OrpaHHYCHUE BHIKOPMOYHOM TUIOIIA/N ).

Ecan mbI OmnpeaAcInM TaKUC MOPOAbI MU JIMHHUU, KOTOPBIC JICTKO
MEPCHOCAT BBILICIICPCUYNUCIICHHBIC CTPECCOBBLIC YCJIOBUA, TO MBI MOXEM
BBITH Ha WCXOIHBIM CENEKIIMOHHBIM MaTepHall 10 BEIBEJCHHIO Ooee
aIaNTHPOBAHHBIX K PA3JIMYHBIM CTPECCOBBIM (aKTOpam MOPO] TYTOBOTO
HICTIKOTIPSIA.

B nuarpamme 1 mpuBOasTCS MOKa3aTeny ypoBHU 00Iero Oenka Ha
KaXJIOM JKU3HEHHOM TIEPUOJIC TYCEHUIIBI MISTKONpsiaa. MIToro mpuimim k
BBIBOY )KI/I3HCCHOCO6HOCTI/I, OXHUBILIEMOCTH MU CTCIICHb 6OHBHBIX

cheHI/IH B pa3J’II/I‘IHbIX BapI/IaHTaX, KOTOpLIe 6I>IJII/I HOJ'Iy‘-ICHBI B TCUCHHUC
2021-2024 romos.
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Ananu3 GeaxoB y nopoab! Amockuii 120

Junarpamma 1. [Ioka3aTean ypoBHH 0011ero 0ejika Ha KaxKaoM
’KM3HEHHOM Iepuo/ie TyCeHNIbI HIeJIKONpsaaa
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JlanHple JaMarpaMMbl TTOKa3bIBAIOT, YTO TMOBBINICHWS Ha 3-4
MepUoAax TYCEHHWI] 3HAYUTENbHO W3MEHSAIOTCA (PU3UOJIOTHIECKHE
MoKa3aTend ypoBHsA oOmiero Oenka, KOTOPOH CIOCOOCTBYET st
JAbHEWIIero pa3BUTHA M AJIS OIUIETEHHsI XOpPOILIETro Macchl KOKOHa. B
nuarpaMme | mokasaTeny IIEJKOBOM MPOAYKTHUBHOCTU MOPOJ U JIMHUU B
M3MEHSIONNXCS CTPECCOBBIX ycnmoBusx rycernwni (2021-2022 rogax).

B cnenyromem stane y nopoast Anonckuit 120 x Unakum 2 npu
aHaJIM3€ YPOBEHb OENKOB COCTABISLIO: B MepBoM Bospacte 13,3 gr/l, Bo
BTOpoM Bo3pacte 21,07 gr/l, B Tperbem Bo3pacte 11,94 gr/l, B uerBepTom
Bo3pacte 19,3 gr/l, B msarom Bo3pacte 22,3, gr/l.

B nmuarpamme 2. YV 3Toif mopoAsl TOXE MPOUCXOTUT KOJIeOaHMUs
ypoBHS Oenlka B pasIMYHBIX TNepuoaax, HWMEHHO B 3-4 mepuoze
NPOMCXOAWT H3MEHEHHs YpOBHS Oenka, motoMy B 3-4 mepuone
NPOMCXOAWT HApyIIEHWH Tpolecca MeTaboln3Ma, NpPUYMHA 3TOTO
SBIISIETCS TIPEPACIIONOKEHHOCTh K 3abonmeBanuio BAIl n mpomcxomut
JIUCKPETHOCTh BITAJICHUIO B CILTUKY.

[—1(1 nepuon 13,30+1,17)
(2 meprop 21,0742,15)
(3 mepuon 11,94+4,59)

L2 (4 nepuon 19,33+1,33)
E=] (5 nepuion 22,3242,46)
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26 4 *
24
22 =_—=
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T
0
Ananusbl 6esikoB nopoan! SAnonckuii 120 x Unaxun 2 3apaxennoro BAIL

JAuarpamma 2. Ilokazarean ypoBHHU 0011ero 0eika ryceHuIbl
meJkonpsaaa sapszkenHoro BSAIL Ha kaxaoM KU3HEHHOM Nepuoae

B nuarpamme 2 npuBeAeHbl MOKA3aTEIU UCKYCCTBEHHO BBI3BAHHBIX
0one3nbpio BAIL. Ananu3 JaHHBIX ITOKa3ajl, YTO U3MEHEHHS MeTa0oIn3Ma
Ha 2 W 3 mepuojax NPUBOAUT K PE3KUM KOJCOAHWSIM COIEp KaHMS
T'YCEHHI] B OMBITHBIX BapUaHTaX MOHU3UIACH HA 56,6%, 10 CPAaBHEHUIO C
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KOHTPOJIbHBIM BapHUaHTOM 2-Tro nepuoja, rac ryCeHulbl COACPKAINUCH B
ONITUMAJIBHBIX YCIOBUAX THAPOTCPMHUUICCKOTO pEXUMA U ITUTAHUS.

BriBoabl

W3 BblLIenepedncieHHbIX PE3YIbTaTOB HKCIEPUMEHTOB MOKHO
c/emaTh CIeNyIOIUe 3aKIF0UCHHSL:

1. B uccnenoBanny 1 aHaJIM3UPOBAHMH CHHTE3a O€JKa y TyCEHHMI
IpU NEPEeXOoAe M3 OJHOTO IEepuoja K IPyroMy INEpUOIy 3HAUYUTEIHHO
MpeBbIIIAaeT OENKH CO BTOPOTO U TPEThEro nepuoaa ot 57% no 77%.

2. CunTes OenkoB Ha 53% yBennumMBaJCs B 3HAYUTEIHHOM YPOBHE,
a OenkoB 21% cHu3MIICA y 3apa’k€HHBIX CTPECCOBBIMH YCIOBHSAMH C
oomesnpio BAIL o cpaBHEHHUIO CO 370POBBIMH I'yCEHHUIIAMH KBapII.
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