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MORPHOLOGICAL CHANGES OF THE THYMUS DURING ACUTE
INTOXICATION WITH YELLOW PHOSPHORUS

Abstract. This scientific article discusses the violation of the thymus after acute intoxication with yellow
phosphorus. After 6 days, it was found that the volume of the connective tissue capsule and partitions increased in
the thymus. Accumulations of mast cells are detected, the cross-sectional area decreases. One month after intoxi-
cation in the parenchyma of the lymph nodes, an increase in the plasma cells content in the cortex with a charac-
teristic (in the form of "wheel spokes") arrangement of nuclear chromatin is visually observed. Active plasmatization
of lymphocytes in these conditions is probably associated with enhanced penetration of antigens into the lymph
nodes, and therefore the content of the vascular bed is particularly important. The results confirm the involvement of
the immune system in the development of intoxication.
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Introduction. Relevance The production of yellow phosphorus in the Republic of Kazakhstan is one
of the factors that pollute the environment with xenobiotic substances, the amount of which significantly
exceeds the limit of permissible concentration in the external environment, especially at work and close to
it (1.2) Intensive mining, production of phosphorus and that compounds in the cotton-growing arcas of
Kazakhstan are conducted on the background of ultraviolet insolation and overheating of the body, which
aggravates the pathogenic effect of yellow phosphorus and its of the connections. The prolonged effect on
the body of even the smallest concentrations of toxic substances contributes to the emergence of hidden,
few symptomatic forms of chronic intoxication, which makes it especially necessary to search for new
methods of diagnosis and treatment (3,4,5,6,7,8,9,10)

Until now, cytomorphological changes in the thymus, after acute intoxication with yellow phos-
phorus and its compounds, have not been adequately studied.

However, in the literature studied by us there are no data, the effect of acute phosphorus intoxication
and its compounds on the organs, the thymus morphostructure.

Materials and research methods. Experimental studies were performed on 12 semi-mature outbred
white male rats with an initial body weight of 120-140 g. The animals were kept in a vivarium at a normal
food regime and, before the beginning of the experiment, were quarantined for 12-14 days. Weigh rats
once a week. Yellow phosphorus in cotton oil was injected into rats in the stomach daily with a probe at a
dose of 1.0 mg / kg body weight. After the end of the experiment, the animals were killed by decapitation
under cther anesthesia. For light microscopy, samples were prepared after fixation in a 10-12% solution.
formalin on phosphate buffer Paraffin sections were stained with hematoxylin and eosin.

The counting of various forms of erythrocytes was carried out on electron diffraction patterns at a
magnification of 4,000 times. At least 1,000 erythrocytes were used for each term. Statistical material
processing and graphing were performed on a Pentium 111 computer using the BS-Statistika program, as
well as Excel-OfficeMicrosoft-Window's-98 application programs.

Results. 6 days after intoxication, the cortical substance of the thymus lobes is represented by tightly
adjacent large blocks of heterochromatin, and a thin rim of poorly differentiated cytoplasm with single
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mitochondria. T-lymphocytes tightly adjacent to each other, contacting their plasmolemmas. Sometimes,
plasma cells are found among them, a typical feature of which are numerous narrow, concentrically
located tanks of the granular endoplasmic reticulum.

Normally, plasma cells do not occur in the thymus, and the identified symptom indicates a violation
of the permeability of the hematotomus barrier, which is known to include endothelial cells of the blood
capillary wall, their continuous basement membrane, perivascular space, epithelioreticulocyte basement
membrane and cytoplasm of the cell and the cytoplasm . cells are characterized by elongated nuclei with
scalloped contours, containing predominantly heterochromatin. In their cytoplasm the Golgi complex and
the endoplasmic reticulum are moderately developed.

However, especially in the medulla of the thymus lobules, epithelial cells of the stroma are found
with a very well developed Golgi complex, which is located in the pernuclear zone and is represented by
several dictyosomes, lysosomes and a multitude of vesicles. In such cells there are large, expanded tanks
of a granular endoplasmic reticulum with flaky content in the lumen, vacuoles specific for reticuloepi-
theliocytes are found.

Such uviform vacuoles are characteristic of secretory epithelioreticulocytes, in which hormone-like
factors — thymosin, thymopoietin and thymulin — were detected using monoclonal antibodies . This type
of stromal cells is characterized by the presence of a large nucleus with diffuse chromatin and 1-2 large
nucleoli, represented predominantly by the granular component.

When studying the microvasculature vessels, blood capillaries with altered endothelium were
detected. The surface of endotheliocytes, facing the capillary lumen, contains numerous outgrowths and
invaginations, and thinning areas are found. There are few organelles in the cytoplasm, micropinocytosis
vesicles are visible. The basement membrane in the wall of such capillaries is unstructured, characterized
by low electron density. These ultrastructural features suggest an increase in permeability of the blood-
brain barrier. Often there are closed capillaries with a nucleating part of the endotheliocyte eminating into
the lumen. Pinocytotic vesicles are numerous in the cytoplasm of endothelial cells.

Thus, the ultrastructure of thymus lymphocytes and reticuloepithelial cells at this time of the study is
not characterized by gross pathology and the most noticeable change is the presence of plasma cells in the
organ parenchyma due to a violation of the permeability of the hematothymus barrier.

The causes and nature of changes in immunocompetent organs in conditions of intoxication are
multifaceted. A number of changes are undoubtedly due to the direct alternative effects of intoxication
factors (stress, hypoxia, toxemia, etc.) on parenchymal and stromal elements. In addition, in these expe-
rimental conditions, the stress of functioning should take place and, accordingly, more intensive wear of
immunocompetent cells and components of the stroma of the organs due to the appearance in the body of
a significant amount of substances with antigenic and autoantigenic propertics.

One month after intoxication in the parenchyma of the lymph nodes, an increase in the plasma cells
content in the cortical substance with a characteristic (in the form of "wheel spokes") arrangement of
nuclear chromatin, well developed, tightly fitting tanks of granular endoplasmic reticulum, large mito-
chondria of a rounded or slightly elongated shape is visually observed. with parallel cristac. Active plas-
matization of lymphocytes in these conditions is probably associated with enhanced penetration of
antigens into the lymph nodes, and therefore the content of the vascular bed is particularly important.

The vessels of the microvasculature look as spasmed; the cells forming their wall show signs of
dystrophic changes. The lumen of arterioles appears to be sharply constricted, the endothelial cells pro-
truding into it form a characteristic “jagged” structure. The nuclei of some endotheliocytes show signs of
pycenosis; vacuolation of the cytoplasm of individual smooth muscle cells is found. The elastic membrane
is sharply winding. In the blood capillaries, vacuolar degeneration of endotheliocytes, sometimes pycnosis
of the nuclei, and destruction of the basement membrane is also noted.

The above changes can, in all likelihood, be regarded as evidence of the inclusion of an autoimmune
process intoxication in the pathogenesis.

A month later, the cortical substance of the thymus lobules is represented by clusters of lymphocytes
in loops formed by the reticuloepithelial stroma. Lymphocytes are characterized by a round heterochro-
matic nucleus and a thin rim of cytoplasm; In some thymic lymphocytes, changes in the form of peri-
nuclear cysts expansion and signs of apoptosis are found.
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The ultrastructure of reticuloepithelial cells is distinguished by polymorphism. Among them are the
"light" and "dark" cells, which differ from each other in the electronic density of hyaloplasm; reticu-
loepithelial cells with signs of destruction and the formation of apoptotic bodies and cell breakdown are
found. Along with this many thymus reticuloepitheliocytes are characterized by the presence of a well-
developed granular endoplasmic reticulum in the cytoplasm, a large nucleus with a granulated nucleolus.

There are spasmodic capillaries with moderate signs of dystrophy endotheliocytes and destruction of
the basement membrane. The reticuloepithelial cells located next to such capillaries showing signs of
vacuolization. Reticuloepithelial cells with signs of destruction and apoptosis are detected.

It seems that in the thymus, as in other organs studied under the conditions of this pathology, destruc-
tive changes are most pronounced in the parenchymal and stromal elements of the organ, which are
located in the immediate vicinity and the walls of the blood capillaries. Taking into account the presence
of toxins in plasma intoxication, it can be assumed that these changes are manifestations of a direct
cytotoxic damaging effect.

After 6 days in the thymus there is an increase in the volume of the connective tissue capsule and
partitions, accumulations of mast cells are found, the cross-sectional area of the thymus and the area of the
cortex of its lobules are reduced, i.e. there are changes that essentially reflect the accidental involution of
the thymus under intoxication conditions, which is a mandatory component of the onset and development
of' this pathology.

The results confirm the involvement of the immune system in the development of intoxication. It can
be assumed that there are several options for its involvement in the process or a combination of options,
namely:

— primary alternative changes in the organs of immune protection of a polyetiological nature,
aggravating the course of the main process and participating in the formation of vicious circles;

— stress response due to autoimmune process;

— stress response due to antibacterial immunity in concomitant infectious process.

Thus, in the conditions studied, there is a combination of the primary damaging effects on the
immunocompetent organs and the development of a stress response in them.

Submicroscopic changes found in immunocompetent organs in the intermediate and late periods of
intoxication are multidirectional in nature and cannot be interpreted unambiguously: in all likelihood, a
combination of changes takes place in these circumstances;

— direct damaging effects on parenchymal and stromal elements, factors of developing intoxication
(hypoxia stress, toxemia, €tc.);

— stress of functioning and accelerated wear of immunocompetent cells under conditions of increased
requirements to the organs of immune protection that occur during the development of intoxication.

However, in spite of the presence of both reactive and destructive changes in the organs studied, and
in some cases signs of programmed cell death, the infrastructure of the lymph nodes and the thymus
seems to be sufficiently safe to be able to realize the immune response. These circumstances dictate the
need for a rational correction of the immune status of the body in conditions of intoxication.
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CAPBI ®OCO®OPMEH KEJAEJ YIAHTBIPFAHJIA
TAMYCTBIH MOP®OJIOTI'UAJBIK O3I'EPICTEPI

AnnoTtamust. TuMycTbIH capsl (poc)OpPMEH YIaHFAHAAH COH MHTOKCHKAIMSUIBIK ©3repicTep 0omaasl. 6 TOy K-
TCH COH THMYCTa AOHCKSP TIHACP KAOBIFHI JKOHC TOCHIHIAPIBIH KoIeMi yiakekeai. basam xacymanap cansl keOcHei.
HHTOKCHKAUMADAH KCifiH Oip aiimaH COH TUM(ATHKAIBIK TAMBIPIAPIBIH MAPCHXMMACHHAA TIA3MAIUTTAPIBIH Ke-
Oetiroi Oatikamaasl. JlumdoumTrapasiH OenCeH Al MIa3MATH3AMACH MYMKIH, aHTHTCHIAPABIH THM()ATHKAIBIK TYHIH-
JICpAiH imiHe KipyiHe OalIaHBICTHI OOJBIN TAOBLTABL. AJBIHFAH HOTIDKEJICP HMMYHHUTETTIK KYHCHIH HHTOKCHKALIUS
MPOLCCCIHAC KATHICYiHI JOICIACH L.

Tyiiin ce3aep: capsl Pocdop, KCEeHOOHOTHKATIBIK 3aTTAP, THMYC, HHTOKCHKAIHNS, MUKPOCKOTIHS.
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MOP®OJOI'HYECKUE NISMEHEHWSA TUMYCA
PHA OCTPOU HHTOKCHUKAIIUH KEJTBIM ®OCPOPOM

Annoramus. B 310l HayvHOH CTaThe PACCMATPHUBAOTCA HAPYIICHHA THMYCA MOCIC OCTPOH HHTOKCHKALUH
sxenrsiM (pocopom. Uepes 6 CYyTOK BBIACHCHO, YTO B THMYCC YBCIHYHIICH 00BEM COCTHHUTCIIEHOTKAHHOH KATICYJTBI
H meperopoaok. OOHAPYKHUBAFOTCA CKOIUICHHS TYYHBIX KJICTOK, YMCHBINACTCA ILIOMAAD MOMCPECYHOTO CCUCHHA
Uepes MecAl MOCIC HHTOKCHKAIIMA B MAPCHXUME JTHM(DATHUCCKUX Y3/I0B BH3YATBHO OTMCYACTCS VBCIHUCHAC COICP-
JKAHUA TUIA3MOLHTOB B KOPKOBOM BCIICCTBE C XAPAKTCPHBIM (B BHAC «CIHI[ KOJCCA») PACIIONIOKCHHCM SICPHOTO
XpOMATHHA. AKTHBHAS IIA3MATH3AIMA JTUM(POIUTOB B JAHHBIX VCIOBHAX CBA3AHA, BEPOATHO, C YCHIICHHBIM TPO-
HHKHOBCHHCM AHTHTCHOB B THM(DATHUCCKUE V3B, B CBA3H C YCM OCOOCHHO BaYKHBIM MPEIACTABIACTCSA COACPKAHNC
CoCyauCTOTO pycna. [IonydueHHBIC PE3ybTaThl MOATBCPKIAIOT YIACTHC UMMYHHOH CHCTCMBI B PA3BHTHH HHTOK-
CHKAITHH.

Kmrouernie ¢iioBa: sxentsiid pochop, KCCHOOHOTHUCCKUC BEIICCTBA, THMYC, HHTOKCHKAHSA, MHKPOCKOTIHSL.
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