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AbSTrACT
Introduction: dehydration is an extremely dangerous condition of the body that affects all tissues and organs. The purpose 
of the research was to study submicroscopic changes in the thymus parenchyma of rats under the condition of general 
dehydration of the body. 
Material and Methods: the study was conducted on 40 white male rats of reproductive age. The microanatomy of the structural 
components of the thymus of white rats under physiological conditions was studied on 10 intact animals. The experimental 
animals were dehydrated for 6 days.
results: after six days of the experiment, the absolute weight of the rats was lower than the control by 30.98% (p<0.001), the 
absolute weight of the thymus of the rats decreased by 16.77% (p<0.001). In the thymus parenchyma, numerous cells are in a 
state of apoptosis at various stages and necrosis (karyopyknosis, karyorrhexis, karyolysis). Cortical and medullary thymocytes 
are mainly represented by medium T-lymphocytes. They have a nucleus with a predominance of euchromatin, there is a 
splitting of contours with pronounced intussusceptions of the nuclear envelope. There is an overflow of the intercellular 
interstitium with cell remnants. Violations of contacts between epithelial reticular cells and other cells of the thymus were 
noted.
Conclusions: therefore, under conditions of general dehydration of an average degree, which develops in 6 days, signs of 
accidental transformation with inversion of its layers were found in the parenchyma of the thymus (III).
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Introduction
Dehydration is an extremely dangerous state of the 

body1. This is a process characterized by the loss of 
water by the body, which leads to its deficiency. It is 
impossible to overestimate the role of water for the 
body. Water makes up to 70 percent of the human body 
weight. It provides transport of nutrients and oxygen 
to all organs and tissues of the body, protects vital 
organs. It is the basis of all fluids in the body2. Recently, 
much attention has been paid to the study of the 
impact of various stress conditions, which is important 
for the population that works in harsh environmental 
conditions (for example, cold and hypoxia). It has been 
proven that dehydration syndrome leads to a significant 
deterioration of the body’s condition. Human cannot 
control environmental conditions; however, since a 
state of dehydration can cause further deterioration 
of all processes, adequate fluid intake is an effective 
tactic3.

Acute dehydration can cause both physical 
and cognitive impairment, as well as heat stroke, 
exhaustion, and death. Mild chronic dehydration is 
most often associated with kidney disease, however, if 
it goes on for a long time without treatment, the course 
becomes more complicated. In addition to infants 

and people with certain medical conditions, athletes, 
military personnel, physically active individuals, and 
the elderly are at particular risk for dehydration due to 
their physical activity, environmental exposures, and 
problems maintaining fluid homeostasis4.

The problem of dehydration is expected to gain 
more and more relevance in connection with climate 
changes, in which more and more people will face 
the need to prevent and overcome the consequences 
of heat stress, the emergence of new diseases, the 
prevention and treatment of which will require special 
attention to the issue of adequate hydration of the 
body5.

Dehydration is common among patients with 
ischemic stroke and is associated with early 
neurologic deterioration. Dehydration syndrome leads 
to a decrease in cerebral perfusion and exacerbation 
of ischemic brain damage6. Impaired hydration is 
common among older adults who are medically 
hospitalized for any reason7. Elderly patients admitted 
with a primary diagnosis of dehydration had a 30-day 
mortality rate of 17% and a 1-year mortality rate of 44%, 
compared with 7% and 25%, respectively, in patients 
without dehydration. Patients who were diagnosed 
with dehydration during hospitalization were twice as 
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likely to die in the hospital, regardless of age, sex, and 
comorbidities8.

Studying the state of immune organs under the 
influence of various exogenous factors is an important 
task for morphologists, since these organs provide 
homeostasis and protection of the body9-11. One of the 
primary lymphoid organs is a thymus12,13.

Considering the above, further studies of the effect 
of dehydration on the morphology of the thymus, as 
the central organ of immunogenesis, will contribute 
to a better understanding of the structural basis 
of compensatory and adaptive mechanisms and 
pathological processes in the body under conditions 
of dehydration.

The purpose of the study: to study submicroscopic 
changes in the thymus parenchyma of rats under the 
condition of general dehydration of the body.

Materials and Methods
The study was conducted on 40 white male rats of 

reproductive age weighing 111,81±5.16–162.00±6.00 g.
The microanatomy of the structural components of 

the thymus of white rats under physiological conditions 
was studied on 10 intact animals. Experimental animals 
(20 animals) were exposed to general dehydration 
by maintaining the animals on a completely water-
free diet for 6 days. Controls were 10 white rats that 
received a standard vivarium diet and water regimen 
for six days. The degree of dehydration was determined 
by the difference of the dried carcass. According to the 
indicator of water deficit, three degrees of dehydration 
are distinguished: light (water deficit reaches 2-5%), 
middle (5-10%) and severe (more than 10%).

All experimental animals were kept in the vivarium 
of Sumy State University. The research was conducted 
in accordance with the provisions of the European 
Convention on the Protection of Vertebrate Animals 
Used for Experimental and Other Scientific Purposes 
(Strasbourg, 1986), Council of Europe Directives 
86/609/EEC (1986), Law of Ukraine No. 3447-IV “On 
the Protection of Animals from Cruelty handling”, 
general ethical principles of experiments on animals, 
adopted by the First National Congress of Ukraine on 
Bioethics (2001). Before taking the material, the animals 
were anesthetized with ether anesthesia. Material was 
collected in accordance with generally accepted rules. 
Thymus tissue samples were fixed in glutaraldehyde 
according to Karnovsky, then in 1% osmium tetroxide 
according to Palade. It was then passed through 
alcohols of increasing concentration (50%, 70%, 80%, 
96%, absolute alcohol) and poured into a mixture of 
epoxy resins and polymerized. Ultrathin sections were 
prepared on an UMTP-4 ultramicrotome. Studying and 
photographing objects was carried out with the help 
of a PEM-125 microscope at an accelerating voltage of 
90 kV and magnifications on the microscope screen of 
4050x–10000x.

Statistical processing of quantitative data was 
carried out using the Statistica v.10 program (StatSoft 
Inc., USA). Descriptive analysis of each sample was 
performed with calculation of Mean (М) and Standard 
Deviation (SD). The non-parametric Mann-Whitney 
U-test was used to assess the differences between 
the two samples according to the studied indicators. 
A difference of p<0.05 was considered significant. On 
semi-thin sections of thymus tissue in the cortical 
and medullary substance of lobules of the thymus, the 
absolute number of lymphoid cells in the field of view 
corresponding to an area of   0.009 mm2 (magnification 
x1000) was determined using the program «ImageJ» 
(USA). 

Results
The submicroscopic structure of the thymus of white 

male rats of reproductive age of the intact and control 
groups corresponds to the species norm. From the 
outside, the organ is surrounded by a capsule, which, 
showing partitions in the parenchyma, divides it into 
lobules. Each of lobules include cortical and medullary 
substance. The framework of the organ is formed 
by epithelial reticular cells, which are connected 
to each other by processes. The space between 
them is occupied by thymocytes, macrophages, 
fibroblasts, myofibroblasts, and basophils. The 
nucleus of epithelial reticular cells is large, bright 
because euchromatin prevails. Cytoplasm contains 
ribosomes, bundles of tonofilaments, mitochondria, 
vacuoles, granular endoplasmic reticulum. Cortical 
substance of the lobules of thymus is made of small 
and middle lymphocytes, macrophages. The medullary 
substance is made up of small, middle and large 
lymphocytes, macrophages, and epithelial reticular 
cells. The structure of all cells is typical, unchanged 
(Fig.1, 2). Lymphoblasts are located in the subcapsular 

Figure 1. Hassal’s corpuscle in the medullary substance of the thymus lobules of 
the rat male of intact group. Electron micrograph. Magnification: ×8000. Symbols: 
1 – nucleus of epithelial reticular cell; 2 – cytoplasm of epithelial reticular cell; 
3 – nucleus of thymocyte; 4 –cytoplasm of  thymocyte; 5 – mitochondria.
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substance. There are many postcapillary venules in 
the medullary substance of lobules.

On the 6th day from the beginning of the experiment, 
an average degree of general dehydration developed. 
After 6 days of dehydration the absolute mass of rats 
is lower than the control by 30.98% (p<0.001), the 
absolute mass of the thymus of rats decreased by 
16.77% (p<0.001) (Table 1). The length of the thymus is 
lower than the control indicators by 10.39% (p<0.001), 
the middle indicator of the width of the thymus 
decreases by 5.02% (p=0.002), the thickness decreases 
by 13.84% (p<0.001). The density of lymphocytes in the 
cortical substance of the thymus lobules decreases 
than the control by 36.97 % (p<0.001) and in medullary 
substance by 31.13 % (p<0.001) (Table 1).

Accidental transformation of the thymus with 
inversion of its layers is observed (III). At the same time, 

in the lobules of the thymus, there is not a clear border 
between the cortical and medullary substance, besides, 
the cortical substance looks lighter, and the medulla, 
on the contrary, is somewhat dark, compared to the 
control group, which is due to a change in the density of 
thymocytes in both areas. During the study of ultrathin 
sections of the thymus of rats, active plasma cells of an 
elongated shape were found. Such cells have a nucleus 
with wavy contours, areas of lysis and a well-defined 
perinuclear zone. The ultrastructure of these cells is 
characterized by the presence in the cytoplasm of a 
well-developed and expanded granular endoplasmic 
reticulum (ESR), represented by short discontinuous 
tubules with a low electron density, occupying most of 
the cell cytoplasm (Fig. 3). The cytoplasm also contains 
ribosomes of different diameters, centrioles are 
located in the perinuclear area, surrounded by Golgi Figure 2. Electron-microscopic organization of the medullary substance of the 

thymus lobules of the of the rat male of intact group. Electron micrograph. 
Magnification: ×8000. Symbols: 1 – nucleus of epithelial reticular cell; 2 – 
cytoplasm of epithelial reticular cell; 3 – nucleus of  thymocyte; 4 – cytoplasm of 
thymocyte; 5 – mitochondria.

Parameter, units of measurement
A group of animals

Control Experimental (6 days)

Body weight, g 162.00±6.00 111.81±5.16
p<0.001

Thymus weight, mg 301.50±19.13 250.95±21.08
p<0.001

Thymus length, mm 14.34±0.20 12.85±0.24
p<0.001

Thymus width, mm 9.17±0.13 8.71±0.38
p=0.002

Thymus thickness, mm 3.54±0.21 3.05±0.17
p<0.001

Lymphocytes density in the cortical substance, NLymphocytes/0.009 mm2 247.25±17.87 155.85±15.34
p<0.001

Lymphocytes  density in the medullary substance, NLymphocytes/0.009 mm2 132.72±20.77 91.40±13.99
p<0.001

Table 1. Dynamics of changes of parameters of thymus of male rats in control and experimental groups (M±SD)

Figure 3. Electron microscopic organization of a fragment of a thymus of a rat male 
on the 6th day of general dehydration. Electron photography. Magnification: ×10000. 
Symbols: 1 – nucleus of plasma cell; 2 – euchromatin and heterochromatin (3) in the 
nucleus of plasma cell; 4 – deformed mitochondria; 5 – Golgi complex; 6 – expanded 
tubules of the granular endoplasmic reticulum with ribosomes; 7 – lysosomes of 
different diameters; 8 – nucleus of thymocyte; 9 – a thin rim of cytoplasm.
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cisternae. These areas alternate with areas of focal 
lysis. Mitochondria are deformed, with a compacted 
matrix. In this term of the experiment, plasma cells 
with lighted cytoplasm are more common.

Cortical and medullary thymocytes are mainly 
represented by middle T-lymphocytes. They have 
a nucleus with a predominance of euchromatin. In 
some thymocytes, the nucleus are hypertrophied, 
the boundaries of the plasmolemma are not clear. 
Split contours with pronounced intussusceptions of 
the nuclear envelope are observed (Fig. 4). Nuclear 
pores and perinuclear space are not expanded. The 
number of mitochondria is significant, they are well 
contoured, some of them have destroyed cristae, most 
of them are electron-dense. However, in these cells 
there are areas of disintegration of the cytoplasm. The 
cytoplasm contains electron-dense lysosomes and 
relatively weakly developed ribosomes, polysomes, 
single tanks of the granular endoplasmic reticulum, 
and centrioles. Along with this, hypertrophied and 
giant mitochondria were found. In separate areas of 
the sarcoplasm, mitochondria were located in groups, 
closely adjacent to each other, pushing myofibrils 
against the background of the illuminated matrix, 
while in the control grain, mitochondria were located 
in the form of a chain at a small distance from each 
other. Small thymocytes are rare.

There were «dark» thymocytes, the diameter of their 
nuclei was reduced, the chromatin was represented 
by compact blocks (Fig. 4). The nuclear contour is 
wavy, the perinuclear space has areas of expansion, 
mitochondria in dark thymocytes are functionally 
inactive, usually rounded or elongated, electron-
dense. Areas of destruction of the nuclear envelope 
and release of nuclear material into the cytoplasm are 

Figure 4.  Electron-microscopic organization of the cortical substance of the 
thymus lobules of the rat male on the 6th day of general dehydration. Electron 
photography. Magnification: ×4000. Symbols: 1 – cell karyolysis; 2 – the area 
of cell destructuring; 3 – wrinkled thymocyte, the nucleus contains mostly 
condensed heterochromatin; 4 – invaginated nuclear envelope of the thymocyte 
nucleus; 5 – nucleus of middle thymocyte; 6 – the nucleus of a “dark” thymocyte, 
condensation of heterochromatin in the depths; 7 - arrangement of mitochondria 
in groups.

noted. Individual cells are shriveled and deformed. 
Numerous cells in a state of apoptosis at various stages 
and necrosis (karyopyknosis, karyorrhexis, karyolysis).

When studying the transmission images of sections 
of light and dark epithelial reticular cells of both the 
cortical and medullary substance, a characteristic 
feature on the 6th day of dehydration was that among 
the morphologically completely preserved epithelial 
cells, there were cells with a pronounced wrinkled 
nucleus, with deep and small intussusceptions and 
partial damage to the integrity of the karyolemma and 
cytolemmas alternating with increased osmiophilicity 
of membranes (Fig. 5, 6). Violations of contacts 
between epithelial reticular cells and other cells of 
the thymus were noted (Fig. 5). In the cytoplasm 
of epithelial reticular cells there are destructive 
mitochondria with flattened and shortened cristae. 

Figure 5. Epithelial reticular cell in the medullary substance of the thymus lobules 
of the rat male on the 6th day of general dehydration. Electron photography. 
Magnification: ×8000. Symbols: 1 – nucleus with an uneven, not clear karyolemma; 
2 – vacuolated cytoplasm; 3 – lack of boundaries and contacts between cells.

Figure 6. Electron-microscopic organization of the cortical substance of the 
thymus lobules of the rat male on the 6th day of general dehydration. Electron 
photography. Magnification: ×8000. Symbols: 1 – nucleus of epithelial reticular 
cell; 2 – expanded perinuclear space, 3 – destruction of cytoplasm of epithelial 
reticular cell; 4 – mitochondria; 5 – nucleus of thymocyte; 6 – cytoplasm of 
thymocyte.
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They become less osmiophilic (light), a quantitative 
increase in pinocytotic vesicles is noted (Fig. 5). There 
is an overflow of the intercellular interstitium with cell 
remnants, i.e. areas of cytolysis.

Another type of epithelial reticular cells had a 
completely vacuolated cytoplasm, the source of vacuoles 
being mitochondria and structural components of 
the Golgi complex and other cell organelles (Fig. 5). 
Individual mitochondria are lysed, contain a lighted 
matrix with remnants of cristae. Altered mitochondria 
are swollen. There are large vacuoles containing 
necrotic cytoplasmic material, the cytolemma loses its 
borders. There are destroyed epithelial reticular cells 
with a dark nucleus and electron-dense cytoplasm. The 
nucleus has a discontinuous contour, the perinuclear 
space is slightly expanded, the cytoplasm of epithelial 
reticular cells contains scarce membrane components, 
the absence of organelles and single vacuoles is noted. 
Flattened epithelial reticular cells with dystrophic 
changes in the nucleus and cytoplasm with moderate 
signs of keratinization were observed. The nucleus 
have jagged contours and deep intussusceptions.

On the 6th day of the study, ultrastructural analysis 
shows that in the cytoplasm of macrophages there is 
an increased accumulation of phagosomes, a small 
number of lysosomes, and a well-developed granular 
endoplasmic reticulum (Fig. 7). Mitochondria of 
middle and small sizes, in the vast majority of cells are 
undamaged, the structure of the cristae is preserved, 
the matrix has a uniform moderate electron density. 

Very often, their short cytoplasmic processes, located 
between other cells, came into view. An increase 
in the number of monocytes, which is the source of 
macrophage formation, was noted. They are localized 

more in the cortical substance of the thymus. Some 
of the monocytes have destroyed cytoplasm. In 
some cases, focal necrosis of a part of the cytoplasm 
and shrinkage of the karyolem with accumulation of 
chromatin, which formed teeth along it, were observed.

Dendritic cells, which had long cytoplasmic 
appendages located between other cells, were mature 
and located in the peripheral parts of the medullary 
substance. A large number of granules, pinocytotic 
vesicles and lysosomes attract attention.

During this period of dehydration, the structural 
changes of hemocapillaries were quite diverse, namely, 
both empty hemocapillaries and those with a narrow 
slit-like lumen were observed (Fig. 8). Moderate 
dehydration was accompanied by an increase in 
the permeability of the hemocapillary walls, which 
confirmed the appearance of erythrocytes and plasma 
cells in the perivascular spaces.

Figure 7. Electron-microscopic organization of the medullary substance of the 
thymus lobules of the rat male on the 6th day of general dehydration. Electron 
photography. Magnification: ×5000. Symbols: 1 – nucleus of macrophage with 
signs of pronounced phagocytic activity and pronounced lysosomal reaction; 2 
– phagolysosomes; 3 – mitochondria; 4 – nucleus of epithelial reticular cell with 
deep intussusceptions; 5 – enlightened cytoplasm of epithelial reticular cell; 6 
– nucleus of  thymocyte; 7 – cytoplasm of  thymocyte; 8 – mitochondria with 
swollen cristae; 9 – areas of destructuring.

Figure 8. Electron-microscopic organization of the cortical substance of the 
thymus lobules of the rat male on the 6th day of general dehydration. Electron 
photography. Magnification: ×8000. Symbols: 1 – nucleus of pericyte with 
condensed chromatin; 2 – deformed nucleus of endotheliocyte; 3 – swelling 
cytoplasm of endotheliocyte; 4 – erythrocyte in the narrowed lumen of the 
hemocapillary; 5 – expanded perivascular space; 6 – nucleus of  epithelial 
reticular cell; 7 – deformed nucleus of thymocyte; 8 – enlightened cytoplasm; 9 – 
mitochondria; 10 – the basement membrane of the hemocapillary.

Discussion
The above-described data, in particular a decrease 

in animal body weight of 30.98%, confirm that 6 days 
of a water-free diet causes general dehydration of 
experimental animals of an average degree.

The authors conducted a study on 25 male and 14 
female rats, in which the animals were dehydrated to 
the 1st, 2nd and 3rd degree of dehydration by stopping 
the introduction of water in order to study the 
condition of the larynx, in particular the vocal folds. 
Under the condition of a mild degree of dehydration 
as a result of acute systemic dehydration, no reliable 
changes in the vocal folds were detected. Under 
conditions of middle and severe degree, their reliable 
and significant thinning was revealed. Rehydration 
restored the condition of the vocal folds only after mild 
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to moderate dehydration. No significant differences 
between the indicators of male and female rats were 
found during the experiment14.

In the study, the authors analyzed the effects of 
dehydration, hypoxia and hypothermia on the body of 
rats. It was found that only dehydration significantly 
reduced the body weight of animals compared to 
the control group. Only a combination of multiple 
environmental stressors, such as cold, hypoxia, and 
dehydration, reliably affected the decrease in core 
body temperature3.

Intracellular dehydration was induced in obese and 
nonobese Zucker rats by replacing the drinking water 
with hyperosmotic sodium chloride solutions (1.8% and 
2.7%, consecutively, for 4 days). Daily food intake, food 
volume, and number of meals were measured using 
an automated computerized counter before, during, 
and after dehydration. After 8 days of hyperosmotic 
drinking, the body weight of animals decreased by 15% 
and 10% in lean and obese rats, respectively. Obese rats 
consumed more food and food volume than lean rats 
before, during, and after dehydration. Dehydration in 
obese rats did not affect food intake, but it was reduced 
in lean rats during 2.7% sodium chloride loading and 
remained low during refeeding after dehydration when 
meal size was increased. Thus, dehydration-induced 
anorexia is present in both obese and lean Zucker rats; 
however, obese rats are more resistant to dehydration, 
maintaining meal size and volume intake. These 
results support the role of diet-related dehydration in 
the pathogenesis of hyperphagia and obesity15.

A study conducted on rats with middle cerebral 
artery occlusion is described. Infarct volume and 
relative cerebral blood flow after infarction were 

assessed. The first group of animals was the group of 
dehydration, the second group of normal hydration. 
The state of dehydration was achieved by deprivation 
of water for 48 hours before occlusion of the middle 
cerebral artery. The results obtained by the authors 
indicated that the state of dehydration is associated 
with the progression of the infarct volume and the 
decrease in cerebral blood flow during the acute 
stage of ischemic stroke. This study provided a visual 
clue that a more intensive hydration therapy and 
reperfusion strategy is needed to treat acute ischemic 
stroke patients with dehydration status6.

The changes found in the thymus vessels are 
somewhat similar to those seen under the opioid 
nalbuphine. The authors describe an increase in the 
permeability of the walls of hemocapillaries, the 
release of erythrocytes into the perivascular space. 
This is often associated with damage to the integrity 
of the vessel wall16.

Conclusions
As a result of the research conducted on male rats, 

we found that under conditions of general dehydration 
of middle degree, which develops in 6 days, signs of 
accidental transformation with inversion of its layers 
were found in the thymus parenchyma (III). Numerous 
cells in a state of apoptosis at various stages and necrosis 
(karyopyknosis, karyorrhexis, karyolysis). Cortical 
and medullary thymocytes are mainly represented 
by middle T-lymphocytes. They have a nucleus with 
a predominance of euchromatin, there is a splitting 
of contours with pronounced intussusceptions of the 
nuclear envelope.
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