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Abstract

Morphological changes of organ of immune system in chronic influence of Hexavalent
chromium are researched well but they are not showed in acute poisoning. The goal of
our research was the studying of pathomorphological changes of thymus and spleen in the
influence of hexavalent chromium in the acute experiment.

Materials and Methods of Research: Male rats, weighing 200,0+20,0g, were oral dosed
one time: the control group (30) - 1ml of saline, the experimental group (30) - hexavalent
chromium at a dose of 75mg /kg (LD 50) in the form of potassium dichromate .The rats
were taken out of experiment on first, third and seventh days. The histological specimen
was colored by hematoxylin and eosin, azure II-eosin. The received data were processed by
statistical program Biostat Exc.

Results of Research: 40% of experimental rats died on the 1** day and 10% of experimental
rats died on the third day. Thymus weight was reduced in 3 and 7" day-in 2 times, and
spleen weight was increased in 1.3 times in comparison with the control. There was a focal
and extensive necrosis in the cortical thymus, in the medulla - petechial and extensive
hemorrhages; increase in cell number in a state of degradation focal accumulations
haemosiderin; formation of segments with lymph follicular hyperplasia was observed. In
the vessels of thymus haemolysis of erythrocytes, plasma and soaking fibrinoid swelling of
the walls of the arteries was observed. In the spleen focal and extensive hemorrhage; focal
necrosis in the white pulp; in the red pulp numerous focal accumulations of hemolyzed red
blood cells, haemosiderin was observed.

Conclusion: The development of a mixed dystrophy (parenchyma-mesenchymal)-total
haemosiderosis with the development of splenomegaly was observed in the thymus and
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Introduction

Longstanding activity of the enterprises of mining and processing
of chromium in the Western region of Kazakhstan has led to
contamination of air, soil and water reservoirs with compounds of
three-and Hexavalent chromium, as a result of which was formed a
stable chromium biogeochemical province. The particular importance
is the soluble hexavalent chromium compounds-chromate and
dichromate (potassium and sodium bichromate), which are highly
toxic and migration capacity in the biosphere - “soil-plant-animal-
man”.'? The population of considerable territories has exposed
to long-term exposure of hexavalent chromium (CrVI) in low
concentrations, which contributes to the development of secondary
immunodeficiency’s, which have occurred by hyper sensibility to
virulent diseases, various hypersensitivity reactions, autoimmune
diseases and morbid growths.? Cases of acute poisoning by hexavalent
chromium compounds have been registered despite of the implement
measures in the production. Morphological changes of central and
peripheral organs of the immune system at chronic influence have been
well studied, but at an acute poisoning, they are not exposed.** That is
why the aim of our study was to investigate the pathomorphological

changes of thymus and spleen in per oral manipulation of hexavalent
chromium in the acute experiment.

Study materials and methods

Hexavalent chromium was used as a model in form of soluble
compounds of potassium dichromate, which is not only xenobiotic
(pollutes the environment), but also toxicant (which is used in met-
al-based manufacturing , leather, textile, chemical, varnish-and-paint,
ceramic, match, pyrotechnic industries; it is used for preparation of
pigments, tanning materials, seed sterilization).! Potassium dichro-
mate (potassium dichromate, potassium dichromate, GOST 2652-78,
mass content is K,Cr,0, upwards of 99,7%), was acquired by “In-
dustrial enterprise of chromium compounds” OJSC of Aktobe city.
The research was conducted on 60 white outbreed male rats with the
mass of 200,0+20,0g obtained from the animal quarters of the West
Kazakhstan State Medical University (Kazakhstan, Aktobe), since
they do not have the hormonal fremit uses that could affect on the
membrane trophic effect of the xenobiotic. The amount of animals in
the groups was identified according the methodic recommendations.®’
The division on cells and selection of animals for excretion from the
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experiment was carried out in accordance with the principles of ran-
domization (method of prime numbers).” The animals were divided
into two groups: control and experimental. Number of animals in the
control and experimental groups was the same as the statistical meth-
ods lose sensitivity if the number of animals in the groups differenti-
ates.” Before the conduction of study the animals for 14 days were iso-
lated (sequestration), before the beginning and during the experiment
they had been weighed, inspected. The rats had free access to water
and food. To the control group (30units), on one occasion through
the radiolus had per orally administered 1ml of physiological solution,
to the experimental group (30units) - potassium dichromate solution
in a dose of 75mg / kg (LD 50). Excretion of the animals from the
experiment was carried out in the morning on an empty stomach, at
the background of anesthetic sleep, by the method of decapitation on
the 1%, the 3" and the 7™ days. The conduction of experiment was
carried out in accordance with the requirements set out in the order Ne
442 of the Ministry of Public Health of the Republic of Kazakhstan
0f25.07.2007.8

The thymus and the spleen had weighed and fixed in 10% solution
of neutral formalin. By the common methods there were performed
wiring and filling of the material, preparation of paraffin blocks; here-
inafter, had prepared the body sections 5-6 micro IU, which were
stained with hematoxylin and eosin, azure II - eosin.

The description of Histopathological changes of the studied organs
of experimental animals was carried out on a microscope Leica DM
1000. The thymus by the following algorithm - a general description
of the glands (capsule, the value of lobes, equilibration lobes and the
interlobular spaces), the histological structure of the cortex and me-
dulla substances (the increase or decrease of lymphocytes, inversion
of panniculuses, focuses of necrosis and hemorrhaging), the state
of the arteries and veins of the stroma and parenchyma. The liens:
a general description of the red and white pulp, hemorrhaging, fo-
cuses of necrosis, a condition of the arteries and veins. The obtained
data were processed with the help of the statistical program Biostat
Exc (“Biomedical Statistics” 2001, Moscow, Russia) on the computer
Pentium IV (Windows). In the research protocols there were recorded:
M - arithmetical average, m - standard deviation, o -standard error
of the arithmetic average, min and max are the values of variation
alignments, the dispersion. The normality of the distribution of val-
ues in the variation alignments was controlled by the tests of Shap-
iro-Wilcoxon and Liljefors. By the comparison of data of the control
and experimental groups there had been used Student’s coefficient.
The difference was considered as a statistically significant at the value
P<0.05.

Results of research

40% of the experimental animals died on the first day and 10%
of the experimental animals died on the 3" day. Mass of rats of the
experimental group on the 3" day of the study was for 1.3 (P <0.05)
times less than the control (Figure 1). Thymus mass decreased by the
3" and the 7™ days - correspondingly by 2.6 and 1.7 (P <0.05) times
(Figure 2), and the mass of the spleen in the same days had increased
by an average of 1.3 times in comparison with the control (Figure 3).

Pathomorphological changes of thymus of experimen-
tal animals

The thymus of rats of experimental group was presented in slices
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of various sizes with preserved division into cortex and medullary
substance. Cortex and medullary substance contained a large number
of lymphocytes in the state of destruction (with a modified form of
vacuoles in the cytoplasm, karyopyknosis or karyolysis) between of
which there were apoptotic bodies and cell fragments. In sporadic
visual fields of the cortical substance there were defined focuses
of necrosis, and of medulla - the devastation with the formation of
fields which are consisting of epithelial reticular cells of changed
shape, with irregularly shaped nuclei and pathological inclusions
in the cytoplasm of eosinophilic color, petechial hemorrhages
and orientation of lymphocytes around the extended full-blooded
venous vessels. In one case one of the segments of the thymus of
experimental animals was presented in a medium-sized slice with
the absence of division into cortex and medullary substance, focal
accumulations of haemosiderin in the parenchyma and extended
lymphatic sinuses that were containing red blood cells and the cells
that were in a state of destruction. In the arteries of the thymus (of
the interlobular and parenchyma) there was detected intravascular
hemolysis of erythrocytes with irregular thickening, dissection and
focal destruction of the endothelium (Figure 4). In sporadic visual
fields of interlobular spaces there were infiltrated with leucocytes.
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Figure | The dynamics of rats’ masses of control and experimental groups.
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Figure 2 The dynamics of thymus’s mass of control and experimental groups.
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*- In comparison with the control.
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Figure 4 Thymus, the experimental group, | day of the experiment.
Hematoxylin and eosin x 200.

In the interlobular arteries has revealed intravascular hemolysis of
erythrocytes with irregular thickening, dissection of wall and focal destruction

of the endothelium.

The 3rd day of the experiment

The thymus had consisted of the small lobules, in which there was
no clear boundary between the cortex and medullary substance. The
interlobular spaces were widened and contained focal accumulations
of cellular tissue, adipocytes, lymphocytes, mast cells. The cortical
substance of the thymus was vacuated and formed by chordas of ep-
ithelial reticular cells in the state of destruction, between of which
there were sporadic lymphocytes and cells in the state of destruction;
in the medullary substance there was observed focal accumulations
of cells in the state of destruction, lymphocytes and macrophages. In
contrast to the 1* day of research, in the vessels of the parenchyma
there was identified expressed peri vascular hydrops, and in the veins
- hemolysis of erythrocytes.
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The 7th day of the experiment

Changes in the right and the left lobe of the thymus of experimental
animals were not the same. Both lobes were small in size, but in one
of the segments the parenchyma had better preserved. One of the
lobes had consisted of clusters of adipocytes (fat cells) and cellular
tissue, infiltrated with leukocytes, among of which there were
small slices devoid of division into cortex and medullary substance
(Figure 5). Another lobe was composed of lobules of various sizes
with the inversion of panniculuses; with the formation in the cortical
substance of lymphoid follicles; with the absence of division into
cortex and medullary substance. The wall of the interlobular arteries
had expressed eosinophilic staining, was significantly thickened,
and in sporadic areas had a homogeneous structure, the lumen had
sharply narrowed and as well as the 1* and the 3" days was filled with
hemolyzed erythrocytes (Figure 6). In sporadic visual fields there were
observed extravasations in the interlobular space. The parenchyma of
lobules had consisted of lymphocytes of different sizes, of segmented
neutrophils, of singular plasmocytes, macrophages, cells in the state
of destruction. Epithelial reticular cells with distinct morphological
changes (of irregular shape, with pathological inclusions in the
cytoplasm, with large nuclei) had formed focal accumulations, and
in sporadic vision fields there were identified in them epithelial
canaliculus. In the lobules with cortical substance in the form of
lymphoid follicles (Figure 7) there were defined focuses of the pigment
of various sizes (Figure 8), and in rarefied medullary substances-the
lymphatic sinuses (Figure 7) that are containing the cells of the state
of degradation, erythrocytes and hemolyzed erythrocytes.

Figure 5 Thymus, the experimental group, 7 day of the experiment.
Hematoxylin and eosin x 100.

Thymus is represented by accumulations of adipocytes (fat cells) and loose
connective tissue, infiltrated with leukocytes, between of which there is a small
slice devoid of division into cortex and medullary substance.

In one case, in the thymus there was identified a cystic cavity of
irregular shape that was containing the lymphocytes and the cells in the
state of destruction, the wall of which had been irregularly thickened
and had been formed by several layers of epithelial cells. The thymus
of dead rats of experimental group (26.6%) in the 1* day of the study
had consisted of lobes that were formed by one or two slices with
the absence of divisions into cortex and medullary substances. The
parenchyma of lobules was represented by lymphocytes of various
sizes, the cells in the state of destruction, macrophages sporadic
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plasmocytes and segmented neutrophils between of which there
were small focuses of pigment. In the 3.4% of cases in the thymus
of dead animals had preserved the division into cortex and medullary
substances, but there was extensive necrosis of the cortical and
hemorrhages in the medullary substance. On the 3™ day of research
in the thymus of dead rats (10%) were found extensive necrosis of the
parenchyma. In the animals of the experimental group in all days of
the research in the thymus there were identified numerous segments
that were consisting of only the epithelial reticular cells in the state of
destruction, between of which there had been located sporadic cells.
The number of such lobules was increased by the 3" and 7" days of
the experiment.

Figure 6 Thymus, the experimental group, 7 day of the experiment.
Hematoxylin and eosin % 100.

The interlobular expansion of space, filled with adipocytes and loose
connective tissue. Interlobular artery wall has a distinct eosinophilic staining,
considerably thickened homogeneous structure, lumen sharply narrowed and
filled with hemolyzed erythrocytes.

Figure 7 Thymus, the experimental group, 7 day of the experiment.
Hematoxylin and eosin x 200.

Each lobe contains a cortex in the form of lymphoid follicles in medullary
substance - the lymph sinuses.
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Figure 8 Thymus, the experimental group, 7 day of the experiment.
Hematoxylin and eosinx1000.

In medullary substance slices-accumulations of haemosiderin of various
sizes, epithelial reticular cells in a state of dystrophy, the cells in a state of

destruction.

Pathomorphological changes of lien of the experimen-
tal animals

The 1* day of the experiment: Trabecular arteries of the lien were
of irregular shape, filled with hemolyzed erythrocytes. The wall of the
arteries was unevenly thickened, with areas of exfoliated endotheli-
um and delaminate muscle layer, infiltrated by leukocytes. In the red
pulp - numerous focal accumulations of hemolyzed red blood cells,
enhanced venous sinuses were also filled with hemolyzed erythro-
cytes. In the white pulp - follicles and marginal zones, peri arterial
lymphoid connections (PALS) were of small size, singular. There was
marked a peri vascular hydrops of the central artery of the follicles
with an uneven thickening and plasmorrhagia of the wall and de-
struction on a significant extent of the endothelial lining. In sporadic
vision fields there were observed focal hemorrhages in the follicles,
PALS and red pulp. In the red and white pulp, there were a significant
number of lymphocytes (of the modified form with vacuoles in the
cytoplasm, and with karyolysis and karyopyknosis) and reticular cells
(with pathological inclusions to the cytoplasm of eosinophilic color
karyolysis) in the state of destruction.

The 3" day of the experiment: In the red pulp, in contradistinction
to the first days of the study, between the fields of hemolyzed eryth-
rocytes there were numerous focal accumulations of haemosiderin of
various sizes and shapes. In the white pulp (follicles, marginal zone
and PALS) of the lien there were prevailed the macrophages, the
cells in the state of destruction, between of which there were single
lymphocytes. Trabecular arteries and veins - irregularly shaped, were
filled with hemolyzed erythrocytes, their wall were unevenly thick-
ened and sometimes were of a homogeneous structure.

The 7" day of the experiment: In the red pulp there was observed
focal accumulations of lymphocytes of various sizes, which gave it
patchy appearance. Follicles, marginal zone, PALS of white pulp were
expanded and rarefied, were formed by reticulum cells in the state of
dystrophy, between of which there were singular lymphocytes, the
cells in the state of destruction and macrophages. Extensive extrav-
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asations with hemorrhagic impregnation of parenchyma of the lien
were revealed in dead animals in the 1 day of the study (Figure 9),
and on the 7" day - there was in the parenchyma no division to struc-
tural components (red and white pulp) and it consisted of reticular
cells, collections of lymphocytes in the state of destruction, between
of which there were focuses of pigment, the macrophages (Figure 10).

Figure 9 Lien, the experimental group, | day of the experiment. Hematoxylin
and eosinx 100.

Extensive extravasation with hemorrhagic impregnation of parenchyma of the

lien.

Figure 10 Spleen, the
Hematoxylin and eosin x 100.

experimental group, 7 day of the experiment.

In the parenchyma of lien there is no division into structural components (red
and white pulp) and it consists of reticular cells, collections of lymphocytes
in a state of destruction, between of which there are lobules of pigment,
macrophages. The arteries of red and white pulp are sharply narrowed, the

wall of homogeneous structure.

Discussion and conclusion

The water-soluble hexavalent chromium compounds are more
toxic than the insoluble compounds of metal. Reducing the valency
of Cr VI to Cr Il takes place in the stomach of animals under the
influence of acidic media. Basically, Cr VI is absorbed through sulfate
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ion channels in the small intestine, the alkaline environment of which
increases the stability of xenobiotic.? In contrast to the human, in the
rats only 3.1% of the administered dose is absorbed.? The compounds
Cr I are absorbed in the small intestine as a result of passive dif-
fusion and only 0.33% of the administered dose.’ It can be assumed
that the main toxic effects on the animal organism exert anyhow the
compounds of Cr VI. Cr VI soluble compounds are absorbed in the
blood by erythrocytes, leukocytes, platelets, and only a small amount
is associates with plasma proteins.!!> On the first day of exposure,
60-65% Cr VI is absorbed by erythrocytes, to ten days, this connec-
tion increases to 80%.!%!7

In erythrocytes the Cr (V1) strongly communicates with the beta-
chain of hemoglobin'® and blocks in them erythrocytic 6-GPD."
The inhibition of this biocatalyst leads to the reduction of ATP in
erythrocytes, necessary for functioning of the “sodium pump”.
Consequently, the ionic equilibrium is disturbed (erythrocytes lose
potassium), here arises the swelling of cells and hemolysis. The
time of hemolysis depends on the dose and hexavalent chromium
exposure.”? Cr VI causes a polymorphism of the genes encoding
proteins of anion of transport and its determination in erythrocytes can
serve as a biomarker of exposure to this xenobiotic on the human body
and animals.?' In addition, the absorption of Cr VI by erythrocytes
reduces their life expectancy and leads to the development of anemia. '

The generally accepted point of view, that at the basis of toxico
kinetics and toxicodynamics the Cr VI is its absorption of formed
elements of the blood'* " and the development of oxidative stress
in cells of organs and tissues, due to the reduction in Cr V, 1V, III
with occurrence of active oxygen species, which cause damage of
cellular proteins, lipids and DNA.>>? List of publications, where
this viewpoint is a major, can be continued. In our opinion, here
we have a contradiction. As the Cr VI causes the oxidative stress in
cells of organs and tissues if it accumulates in the formed elements
of blood and already in them it is recovering in the Cr IIL!*" We
believe that the main pathogenetic mechanism of influence of this
chemical element is the development of hemolytic anemia and as a
consequence of hypoxia of oxidative stress that prove the results of
our investigation.

It allocates hemolytic anemia with extra vascular and intravascular
hemolysis of erythrocytes.’*® The red blood cells at extra vascular
hemolytic anemia (the compensated stage of hemolytic anemia) are
destroyed in the lien macrophages, Kupffer cells of the liver and
bone marrow macrophages.®' Intravascular hemolysis (decompensate
stage of hemolytic anemia) causes a disturbance of the colloid-
osmotic properties of blood and promotes impregnation vessel walls
by plasma proteins (plasmatic impregnation, fibrinoid swelling);
haemosiderin deposition in organs and tissues (total haemosiderosis).
Massive destruction of red blood cells observed and in the lien, which
causes splenomegaly.>*3! Hemolytic anemia leads to the development
of oxidative stress.*

In our research there were identified as intravascular hemolysis of
erythrocytes - in the thymus and the lien of rats of the experimental
group (in all days of investigation) and increased destruction of
red blood cells in the red pulp of the lien with the development
of megalosplenia. Hemolysis of erythrocytes in the cavity of vessels
had caused plasmatic impregnation of the walls of arteries and veins, as
the result it involves to the damage of the basal and elastic membranes
of'endothelial cells and led to an increase of vascular permeability with
the development of peri vascular swelling and petechial hemorrhages,
and focal destruction of the wall-to extensive extravasations (1% and
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3" days).**3! On the 7™ day of the experiment in the vessel walls of
the thymus, the lien there had been noted fibrinoid swelling - the
destruction of the intercellular substance (areas with a homogeneous
structure) with expressed wall thickening and luminal narrowing,
which is in histological preparations (hematoxylin and eosin, azure-
II-eosin stain) of experimental group was characterized by a bright red
colored walls of the arteries and veins (fibrinoid is stained with eosin
into the red color).* Haemosiderin is formed only intra cellularly.**
In our experiment sideroblasts could be the epithelial reticular cells
of the thymus, as evidenced by the pathological eosinophilic color
inclusions in the cytoplasm of epithelial reticular cells and identified
clusters of haemosiderin in the parenchyma.?!

In such a manner, in the presence of a semelincident per oral
administration of S0LD (75mg / kg) of hexavalent chromium to the
white outbreed tom rats in the thymus and the lien there was observed
the development of a mixed dystrophia (parenchymal-mesenchymal)
- total hemosiderosis with the development of megalosplenia.
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