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FEATURES OF MORPHOFUNCTIONAL CONDITION
OF THE THYROID GLAND AND REGIONAL LYMPH NODE
IN NORMAL AND IN HYPOTHYROIDISM

Abstract. The article presents data on the ratio of the functional structures of the lymph nodes in thyroid failure.
Taking mercazolilum within 30 days led to a disorder of the morphofunctional condition of the thyroid gland and
cervical lymph node. According to histological and morphometric analysis of the thyroid gland, a high sensitivity to
monthly exposure of mercazolilum is shown, which is expressed in a synchronous morphological rearrangement of
the tissue microdistrict of the thyroid gland and lymph node. Changes were identified especially in the peripheral
zones of the thyroid lobes, which led to a decrease in the size of follicles, and in thyrocytes to a change in cellular
elements, which caused a decrease in the production of thyroid hormones and developmental disability of reactive
and compensatory changes in the thyroid gland. The structurally functional component related to both the thyroid
gland and the lymph node is the extracellular space with vascular and non-vascular paths of microcirculation, a
change in which leads to disruption of the vesicular-colloid transport in the thyroid cytoplasm and to a change in the
functional state of the thyroid gland.

There are changes in the regional lymph node, which are characterized by a change in the ratio of cortical and
medullary substance, in which the proportion of structures of the cortical substance decreases; there was an increase
in the number of macrophages in the lymphoid nodule, the medullar sinus, a decrease in the number of mature
plasmocytes, in the paracortex and Billroth’s stand. These changes indicate an immunosuppressive effect on the
lymph node. On sections of the lymph node, capsule infiltration with lymphoid elements was often observed. The
value of paracortex was statistically significantly reduced. The decrease in the area of the paracortical zone is
relative, since it occurs due to the formation of sinuses. Blood vessels are blood-filled in the lymph node. There was
an increase in the volume of the lymph node, which leads to a uniform development of the structures of the cortical
and medullar substance of the lymph node.

Keywords: hypothyroidism, blood, rats, lymph node, thyroid gland.

Introduction. The prevalence of hypothyroidism is one of the first among all endocrine diseases, and
its prevalence increases with age. The pathology of the thyroid gland is reflected in the provision of
endocrine, immunological, energetic homeostasis of the body [1, 2]. It has been established that
hypothyroidism develops disturbances in the mechanisms of oxidative homeostasis, and spontaneous
luminosity in the liver decreases. Studies have shown that with hypothyroidism, the enzymatic activities of
malate dehydrogenase, glutamate dehydrogenase, glucose-6-phosphate dehydrogenase, arginase and
activation of succinate dehydrogenase are reduced [3, 4].

The lymphatic system is one of the main links in the chain of humoral blood-tissue-lymph-blood
transport [5, 6, 7], and taking into account the important role of the lymphatic system in maintaining
homeostasis in the body with thyroid insufficiency is relevant. It is known that lymph nodes play an
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important role in the formation of humoral and cellular immunity [8, 9]. Among the most important and
universal functions of the lymph nodes, regardless of their localization and organ affiliation, their
hematopoietic and immunopoietic, protective and filtering roles in the body are especially distinguished
[10, 11].

The role of the lymphatic system and its lymphoid organs is one of the little studied problems in
biology, in the protective reactions of the body under the influence of negative environmental factors on
the human body. Of interest is the study of the condition of the lymphatic system in hypothyroidism.

Lymph nodes play an important role in the life of humans and animals [12]. Lymph nodes are the
main homeostatic organs of the internal environment of the body [13, 14]. Due to the fact that their
structural and functional response to environmental influences has the features of general stereotype, the
morphological and functional status of lymph nodes can be a marker of environmental pressure on the
lymphatic system [15]. In the modern concept of the lymphatic region, to determine the condition of the
organ drained by it, great prognostic significance is given to the structural and functional condition of the
lymph node [16, 17].

Lymph nodes are organs of lymphopoiesis and peripheral organs of immunogenesis. The inflow
lymphatic vessels, which carry lymph both directly from the organs and from other lymph nodes run into
them. The efferent lymphatic vessels go out of the lymph nodes, heading to other nodes or to the trunks
and ducts.

The thyroid gland is the only endocrine organ in which bi-directional movement of products intended
for secretion into the blood occurs. The thyroid gland is a tissue microdistrict that combines a group of
follicles with an autonomous system of blood and lymph circulation. The aim of this research was to study
the morphological and functional features of the thyroid gland and regional lymph nodes in animals at
hypothyroidism.

Material and methods of research. The experiments were performed on 35 white laboratory rats
males weighing 250 + 3 g. Experimental hypothyroidism in experimental rats was modeled according to
the method of Orlov, 2002 [18, 19]. To develop the condition of experimental hypothyroidism,
mercazolilum dissolved in water at a dose of 20 mg per 100 g of animal body weight was administered to
rats of the experimental group daily for 30 days. Animals were divided into two groups. Rats of the 1st
group (15 rats) were control. In rats of the 2nd group (20 rats), a condition of hypothyroidism was induced
for 30 days. The duration of the experiment is 31 days. All groups of animals were in the same conditions
of feeding and keeping. All experiments with animals were carried out in strict accordance with the rules
developed and approved by the local ethical commission of KazNMU named after S.D. Asfendiyarov, as
well as in accordance with the rules and requirements stipulated by the 1986 directive of the European
Parliament and set out in the "Guide for the Care and Use of Laboratory Animals."

For histological examination, lymph nodes were taken from rats. They were then fixed in a 10%
solution of neutral formalin, then the samples were washed with tap water and dehydrated in alcohol with
increasing concentration and pouring material into paraffin, followed by preparation of histological
sections 4—5 um thick, obtained using a ThermoScientificHM 325 microtome. Histological sections of
lymph nodes were stained with hematoxylin and eosin, azure and eosin [20]. Drugs were viewed under a
Leica 1000 light microscope with a camera.

Morphometric analysis was carried out using a morphometric grid [21], which was superimposed on a
section of the lymph node. The intersections of the network occurring across the entire section of the
lymph node, as a whole and separately, for each of its structures — the capsule, cortical plateau, lymphoid
nodules, paracortex, meat strands and sinuses, with recalculation in percent were calculated [22, 23].
During cytological analysis of the structure of lymph nodes and plaques, the number of cells in a standard
area of 1600 um2 with their differentiation into blasts, medium and small lymphocytes, plasmocytes,
macrophages, and others were calculated. For some structural and functional zones, reference values for
cells were used.

The data obtained were subjected to statistical processing with determination of arithmetic mean (M),
arithmetic mean error (+ m) and significance of differences at P<(0.05 using the statistical analysis
program StatPlus Pro 2009, AnalystSoft Inc

The results and their discussion. The work provides material on the study of the state of the thyroid
gland and lymph nodes in control animals and groups after experimental hypothyroidism. Rats with
hypothyroidism were distinguished by the presence of characteristic symptoms - low mobility, lack of
12
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appetite, drowsiness, hair slip from the face surfaces of the body. The average mass of the thyroid gland of
the rats of the control group is 0.014+0.001 g. The mass of the left lobe is 0.008+0.002 g, the right is
0.006+0.004 g. The length of the left lobe is from 0.5+0.014 to 0.7+0.011 mm, the right lobe it is between
0.32+0.007 and 0.34+0.009 mm. The obtained digital data indicate the prevalence of the parameters of the
left lobe over the right lobe of the thyroid gland in rats.

The control group of animals has a thyroid gland of elastic consistency, red in color with a reddish-
brown and sometimes pink hue. The thyroid gland is of normal structure with the preservation of its basic
structural elements. In this group, the thyroid gland contains rounded and oval follicles, in the cavity of
which a colloid is located. When stained with hematoxylin-eosin, the thyroid tissue was represented by the
same type of follicles, the wall of the follicles was formed by a flattened cubic epithelium located on the
basement membrane. The blood supply to the thyroid gland is clearly visible. In the connective tissue
between the follicles, blood vessels filled with the formed elements of the blood were determined
(figure 1).

Hemocapillaries, intrafollicular colloid, thyroid structure are clearly seen. Hematoxylin and eosin stain.
Increase approx. 10x0.25; About. 10x20

Figure 1 — The histological structure of the thyroid gland of rats is normal

In the histological structure of the thyroid gland, the control groups are dominated by medium and
large follicles, which is characterized by a normoplastic version of the structure with different sizes of
follicles, which different sizes of follicles reflect the functional activity of the thyroid gland. The gland
parenchyma is represented by rounded, oval or angular follicles. Follicles look like closed vesicles lined
with a single-layer epithelium formed by cubic thyrocytes. The nuclei of thyroid cells have a round or oval
shape.

An autopsy in all animals with hypothyroidism showed an increase in the mass of the thyroid glands
by 63-34% (p <0.01), i.e. the proportion of the thyroid gland in hypothyroid rats is 1.5-2 times larger than
the proportion of glands in rats from the control group. In experimental hypothyroidism, the thyroid
follicles were stretched and their sizes were increased, epithelial cells had a flat and elongated shape, the
walls of the follicles acquire fuzzy outlines, enlarged, swollen, slightly stained. In lobes of the thyroid
gland, single follicles with a small amount of colloid are found. Blood vessels, especially venous ones, are
dilated, characterized by plethora and stagnation of blood.

The results of the study showed that in animals with experimental hypothyroidism, destructive
processes are detected. With hypothyroidism in the thyroid gland, there were significant changes in its
structure and an increase in wall thickness, violation of the shape of the nuclei, desquamation of epithelial
cells, which is reflected in a decrease in the diameter of the follicles, the total volume, volumes of the
colloid and follicular epithelium. At the same time, swelling and rounding of the thyroid gland itself were
observed. The follicles are small in size, some of them lack colloid and are filled with a clear fluid
(figure 2).
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Hyperplasia of the parenchyma, a change in the newly formed and deformed follicles, an increase in the thickness
of the follicle wall, partial desquamation of the epithelium, abnormal shape of the nuclei,
vacuolization of the cytoplasm, expansion of the interfollicular space. Stained hematoxylin and eosin.
Increase Approx. 10x0,25; About. 10x20

Figure 2 — The histological structure of the thyroid gland of rats with experimental hypothyroidism

In animals, the cervical lymph nodes are normally covered with a thin, dense capsule. The
subcapsular (marginal) sinus is well defined, densely filled with cells. Normally, the structure of the
cervical lymph nodes is represented by a uniform development from the main structural and functional
zones, there is a clear cortex-brain border in the cervical nodes, an intermediate morphotype of the lymph
node is observed, in which there is a slight predominance of cortical substance over the brain substance of
the lymph node, and the cortical/medullary ratio of the cervical node is 1.36+0.07 (figure 3, table 1).

Paracortex is normal. Hematoxylin-eosin stain. Increase approx. 10x0.25; About. 10x20

Figure 3 — Paracortex, located between the cortical and medullary substance
of the cervical lymph node in the control group of animals

Table 1 - The structure of the cervical lymph node and indices under normal and with hypothyroidism

Lymph node structures and indices Control group Hypothyroidism
Capsule 1,26+0,05 0,96+0,03
subcapsular sinus 0,71+0,09 0,254+0,04*
Cortical plateau 2,33+0,14 1,36+0,12
Lymphoid nodules without a germinal center(F2) 1,56+0,06 0,96+0,13*
Lymphoid nodules with a germinal center (D2) (F1) 2,43+0,13 1,45+0,39*
paracortex 5,55+0,25 3,74+0,42*°
Billroth's strand 7,19+0,36 6,72+0,29
Medullar sinus 2,01+0,15 4,33+0,27**°
The total cross-sectional area of the lymph node 22.91+1,57 19.91+1,26°
Index K/M 1,36+0,07 0,72+0,01*°
Indes F1/F2 1,54+0,08 1,50+0,06°

Note: significantly compared with control at P <0.05 *; P <0.01 **

— |4 ——
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In the literature, such a morphotype indicates sufficient detoxification-transport and immune function
of the lymph node regional for the thyroid gland [24, 25]. Their ratio often changes depending on the state
of the internal environment of the body, on the influence of environmental factors, which reflects a change
in the functional state of the lymph nodes. The cortical zone contains lymphoid nodules with or without a
germinal center, as well as paracortex. The cortical substance contains lymphoid nodules without a
germinal center (primary follicles) and lymphoid nodules with a germinal center (secondary follicles). The
ratio of lymphoid nodules with a germinative center to lymphoid nodules without a germinative center is
on average 1.56+0.06 and indicates the predominance of lymphoid nodules with a germinative center. The
deep cortex (paracortex) has an ovoid shape and occupies an area equal to 5.55+0.25%, on the border of
the cortical and medullary substance (figure 3, fable 1). The initial area of the lymph node averages
22.91£1.57%. Initially, intranodular structures are developed and occupy a certain area in the general
structure of the lymph node. The subcapsular sinus is quite wide and occupies an area equal to
0.714£0.09%. In the medullar substance, the largest part is occupied by the Billroth's strand 7.1940.36%;
the cerebral sinus accounts for a small part of the area, equal to 2.01+0.15% (table 1).

The medullar substance of the node contains Billroth's strandand cerebral sinus, the ratio of the areas
of which can also change in an alarming environment or the influence of adverse environmental factors.
The indicated functional zones of the cervical lymph node are responsible for the immune and drainage-
detoxification function in the body.

After the use of mercazolyl, we observed a decrease in the total area of the lymph node by 13.1%
compared with the control group of animals. In experiments, it was shown that at hypothyroidism, the
cortical/medullary ratiodecreases to 0.72 £0.01, which indicates the predominance of the brain substance
in the structure of the lymph node. In the brain substance of the lymph nodes after the use of mercazolil,
there is a statistically significant increase in the area of the cerebral sinus by 2.15 times. An increase in the
area of the cerebral sinus is associated with a decrease in the lymphoid parenchyma of the node caused by
the intake of mercazolil.

The results indicate a high sensitivity not only of the bloodstream (which is consistent with the
literature), but also of the lymphatic channel to a hypothyroid state. The parallelism between the
progressive damage of some endocrinocytes, impaired lymphatic drainage and activation of the
proliferative processes of the preserved epithelium and stroma is regarded as a compensation mechanism
in the thyroid gland. The histological and equivalents of impaired hormonal synthesis of the thyroid gland,
leading to its hypofunction, have been obtained. There is a certain relationship between changes in the
thyroid gland and lymph node, suggesting the priority of the latter in the implementation of drainage and
detoxification function in the lymphatic region.

Changes in the structure of the lymph node are observed, a shift of the lymphoid nodules inward, with
their placement at the border of the superficial and deep cortex, is noted. At the same time, the area of
lymphoid nodules with a germinal center and without it when taking mercazolil decreases 1.6-1.67 times.
Characteristic intracortical sinuses with a dense arrangement of lymphocytes are found, lymphoid nodules
are oriented into the lumen of the sinus. In the cortical substance, the area of the subcapsular sinus, in
which lymphoid cells are densely located, is statistically significantly reduced by 2.8 times (figure 4).

On sections of the lymph node, capsule infiltration with lymphoid elements is often observed. The
value of paracortex is statistically significantly reduced by 1.4-1.48 times when taking mercazolil. The
decrease in the area of the paracortical zone is relative, since it occurs due to the formation of sinuses.
Blood vessels are blood-filled, this indicates an increased vascularization of the lymph node in the
presence of mercazolil. Within a month of the use of mercazolil, an increase in the area of the lymph node
occurs, which leads to a uniform development of the structures of the cortical and brain substances of the
lymph node.

The results obtained are consistent with the results of other authors who studied the structural state of
the thyroid gland and indicate a weakening of its functional activity in hypothyroidism [26].

Thus, the use of mercazolil leads to a violation of the morphofunctional state of the thyroid gland and
cervical lymph node. Changes were identified especially in the peripheral zones of the thyroid lobes,
which led to a decrease in the size of follicles, and in thyrocytes to a change in cellular elements, which
caused a decrease in the production of thyroid hormones and impaired development of reactive and
compensatory changes in the thyroid gland. The structurally functional component related to both the
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thyroid gland and the lymph node is the extracellular space with vascular and non-vascular paths of
microcirculation, a change in which leads to disruption of the vesicular-colloid transport in the thyroid
cytoplasm and to a change in the functional state of the thyroid gland.

MKM

O KOHTpPOJIBb

@ runotupeos

Designations: along the ordinate axis - the area of the main zones of the site in microns.
On the abscissa axis of the node: 1 — cortical plateau, 2 — paracortex, 3 — cerebral sinus, 4— K/ M index.
Figure 4 — Change in the ratio of the structural and functional zones of the cervical lymph node in rats
of the control group and at experimental hypothyroidism

There are changes in the regional lymph node, which are characterized by a change in the ratio of
cortical and medullary substance, in which the proportion of structures of the cortical substance decreases,
an increase in the number of macrophages in the lymphoid nodule, the medullar sinus, a decrease in the
number of mature plasmocytes, in the paracortex and Billroth's strand were observed. Changes in the
cortex-brain ratio with the predominance of the brain substance in the lymph node and a decrease in the
proportion of structures of the cortical substance against the background of ectopic lymphoid nodules.
These changes indicate manifestations of an immunosuppressive effect on the lymph node. On sections of
the lymph node, capsule infiltration with lymphoid elements was often observed. The value of paracortex
was statistically significantly reduced. The decrease in the area of the paracortical zone is relative, since it
occurs due to the formation of sinuses. Blood vessels are blood-filled in the lymph node. There was an
increase in the volume of the lymph node, which leads to a uniform development of the structures of the
cortical and medulla of the lymph node.
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KAJIBIITHI 2KOHE N'MIIOTUPEO3 KE3IHAEI'T KAJIKAHIIA BE3I MEH AVMAKTBIK
JIUM®A TYUIHJAEPIHIH MOP®O®YHKIIMOHAJIIbI EPEKIIEJIIKTEPI

AnHoTanusi. Makanajaa THPEOHIThI KETKUTIKCI3AIK Ke3inaeri qumda TyHiHaepiHi (yHKIUOHAIIBIK KYPbUIbI-
MBIHBIH apaKaThIHACKI Typalbl JAepeKkTep Kenripiiren. Mepkaszomwiai 30 KyH imiHae KaObUiay KaJlKaHIma Oe3iHiH
JKOHE MOUBIH JuMba TYHiHIHIH MOPQOPYHKIMOHAIB! >KaFaaiblH Oy3aibl. [HCTONOTUSIIBIK, MOP(HOMETPHSIBIK
Tanmay MOJIMeTTepi OOWBIHINA KaJKAHIIA Oe3iHIH MEpPKa3ONMIIIH alJIbIK OCEepiHEe JKOFaphl CE3IMTaJIbUIBIFBI
KepceTiireH, Oy KajkaHIa 0e3i MeH JuMa TyHiHi yimanapblHbIH aFbH ayJaHbIHAA CHHXPOHIBI MOP()OIOTHSITBIK
KaiTa Kypbuly OapbIChIHaH KepiHeml. ©3repicTep acipece KajkaHIIa Oe3iHiH MIETKI aiiMakTapblHia maiiia Oonansl,
Oy oMKy MeJIepiHiH a3aloblHa, ajl THPEOLUTTEpP/E JKacyIIaNbIK JIEMEHTTEpIIH e3repyine okeneni, Oy o3
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Ke3eriHAe TUPEOUATHI TOPMOHIAP OHIMIH a3aifThill, KalKaHIIa Oe3/eri peakTUBTI KOHE KOMIIEHCATOPJIBIK
e3repicTeplliH amyblHa 3akbiM Kenripeai. Kankanma Oe3zeri jxone ymumda TyHiHiHAeri Oip Me3iiae aTKapaTbiH
KYPBUIBIM/IBIK (YHKIIHOHAIBIK KOMIIOHCHTTEP, KAJIKaHIIA OC3iHIH THPCOIUT IIUTOIIa3MAChIHIA BE3UKYJISPIIbI-
KOJUIOMITHI TachIMaJJIaHybIHbIH OY3bLIybIHa, MHUKPOLMPKYJISIMSHBIH TaMbBIPJIbl KOHE TaMBIPIbI €MEC >KOJIaphl
KJIETKa/1aH THIC KEHICTIKTE QYHKIIMOHAIIBIK >KaFailbIHBIH ©3repyiHe OaiaHbICThl aHBIKTaJIa, bl

A¥MaKTBIK JIuMba TYUIHIHIE, CBIPTKBI XOHE MHJIBI 3aThl apaKaThIHACHIHBIH ©3repici HETi3iHIE CHITaTTalabl,
OHJIa CBIPTKBI 3aTBIHBIH KYPBUIBIMBI YIICCIHIH a3aiiFaHIIBIFbl, MU CHHYCBIHIAFbI MaKpo(artap CaHbIHbIH apTKaHIbIFbI,
JKETUITeH TUTa3MOIMTTEP CaHBl MEH MapaKoOpTeKC IEeH XYMCaK TiHHIH a3aifaHObIFbI Oaiikamanel. By esrepictep
nuMba TyHiHIHIE UMMYHOCYIPECHUBTI dcepiH maiiia OoiybiHa OaidnanbicThl. JIumda TyitiHI KeciHainepiHge xui
TUMQOUITHl IEMEHTTepMEH KarCyslaHblH HH(MIbTparusacs Oaiikannsl. IlapakopTekc Memmepi CTaTHCTHUKAJIBIK
Typae TemeHneni. [lapakopTukaipael aiiMak ayMarblHBIH a3ar0 JKaFJaibl CaJBICTHIPMANbBl CHIIaTKa ue, cebebi
CHUHYCTapZbIH KaJbITacybl eceOiHeH OpblH anajipl. Jlumda TyiiHiHAEe KaH TaMmbIpiaapbl Kanra Touibl. Jlumda
TYWIHIHIH KejeMi yyiraiiFaH, Oyl jkargaid ysuMda TYHIHIHIH CBIPTKBl JKOHE MMJIBI 3aT KYPBUIBIMBIH OipKelKi
JIAMBITa/IbL.

Tyiiin ce3mep: runoTHpeos, KaH, ereyKyipsIk, TuMda TyiHiHi, KankaHma 6esi.
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OCOBEHHOCTH MOP®O®YHKIIMOHAJILHOI'O COCTOSTHUSA IIIMTOBUTHOM KEJE3bI 1
PEIT’MOHAPHOI'O IUM®ATHYECKOI'O Y3JIA B HOPME U TP THITIOTUPEO3E

AHHOTanusl. B craThe mpuBeneHBI JaHHBIE O COOTHOIIEHWH (DYHKIMOHAIBHBIX CTPYKTYp JIMM(paTHYECKUX
y3J0B TIPH THUPEOHTHON HEAOCTaTogHOCTH. [lpmem mepkaszommia B TedeHue 30 MHEH TPUBOMMI K HapyIICHUIO
MOP(OPYHKIIMOHATEHOTO COCTOSIHUSI IIMUTOBHIHOM >Kesie3bl W IIeiHOro mmMdpaTrndeckoro ysna. [lo maHHBIM
THCTOJIOTUYECKOT0, MOP(OMETPHUECKOr0 aHalu3a IIMTOBUAHON JKENE3bl MOKa3aHa BBICOKAS UyBCTBHTEIBHOCTH K
MECSYHOMY BO3JICHCTBUIO MEpKa30jujia, YTO BBIPAKAETCS B CHHXPOHHOH MOP(QOIOTHYECKOil mepecTpoiike
TKaHEBOTO MHUKpOpailoHa LIMTOBUAHOW XeJe3bl M JuMdaTuyeckoro ysna. V3MeHEeHUs BBISBIEHBI OCOOCHHO B
nepudepuyeckux 30HaX JOJIel IUTOBUIHOM XKeJe3bl, YTO NPUBOAMIO K YMEHBIICHUIO pa3MepoB (oJuIMKyJIOB, a B
TUPpEONUTAX — K UBSMCHCHHUIO KJIICTOYHBIX 3JIEMCHTOB, YTO BbI3bIBAJIO CHMKCHUE NPOAYKIHNU TUPECONTHBIX TOPMOHOB U
HapyllleHHE pPAa3BUTHUS PEAKTUBHBIX U KOMIIEHCATOPHBIX M3MEHEHMH B INUTOBHAHOM xene3e. CTpyKTypHO
(hyHKIMOHAJILHBIM KOMIIOHEHTOM, OTHOCSIIIMMCS OJJHOBPEMEHHO K IIIUTOBHIHOM *keje3e U K TMM(PaTHIecKoMy y3iy,
SIBJIICTCS] BHEKJIETOUHOE MPOCTPAHCTBO C COCYIUCTHIMHU U HECOCYIUCTHIMH IMYTAMH MUKPOLUPKYJIALUN, U3MECHEHUE
KOTOPOTO MPUBOJAMT K HApPYyNICHUIO BE3UKYJSIPHO-KOJUIOWIHOMY TPAHCIOPTY B LHUTOIUIA3ME THPEOIHUTa U K
N3MEHEHHIO (DYHKIIMOHATBHOTO COCTOSIHUS IIIUTOBUTHOMN JKEIE3HI.

Habmronarorcst M13MEHEHUST B PETMOHAPHOM JTUM(AaTHIECKOM Yy3J1€, KOTOPhIE XapaKTepU3YIOTCS N3MEHEHHEM B
COOTHOUIEHHH KOPKOBOT'O U MO3TOBOT'O BEILIECTBA, IIPH KOTOPOM YMEHBIIAETCS A0JIsl CTPYKTYP KOPKOBOTO BEIIIECTBA,
HaOJI0aNloCh yBENMYEHHE 4HclIa MakpodaroB B JUM(OUAHOM Y3eJKE, MO3TOBOM CHHYCE, YMEHbIICHHE 4YHCIIa
3peNnbIX IIa3MOLIUTOB, B IIAPAKOPTEKCE M MSAKOTHBIX TSDKaxX. OTH HU3MEHEHHS TOBOPAT O MPOSBICHUIX
MMMYHOCYTIPECUBHOTO JieiicTBHs Ha JiuMmpaTnyeckuil y3en. Ha cpesax iaumdarnyeckoro ysia yacto Habnmoanach
l/IH(l)I/lIlepaIlI/lH KariCyJibl .]'II/IM(bOI/l[leIMI/I aJIeMeHTaMu. BenuuuHa napakoprekca CTaTUCTUYECKU 3HAYUMO
CHIDKaNach. YMEHbBIIEHHE IUIOMAAN MapaKOpTUKAIbHOW 30HBI HMMEET OTHOCHTEIBbHBIM XapakTep, TaK Kak
MIPOMCXOJUT 3a c4eT (HhOPMHUPOBaHUS CHHYCOB. KpOBEHOCHBIE COCY/BI KPOBOHAIOJHEHHl B JTHUM(ATHIECKOM Y3IIE.
[Mpoucxommio yBennueHne odbema JTMM(ATHIECKOro y3ia, YTO MPUBOJUT K PABHOMEPHOMY Pa3BUTHIO CTPYKTYp
KOPKOBOTO U MO3TOBOTO BEIECTBA JUM(aTHIECKOro y3ia.

Ki110ueBble ¢J10Ba: TUIIOTHPEO3, KPOBB, KPBICHL, JINM(ATHUECKNH y3€ll, IUTOBUAHAS XKeJe3a.
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