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ABSTRACT

Aim: To assess, under experimental conditions of cellular dehydration of varying severity, the nature of structural changes in the nephron and the dynamics
of reparative processes during the recovery period.

Materials and Methods: The study was conducted on 110 young male Wistar rats, divided into two groups. The first group (30 rats) remained intact, while
the second group (80 rats) was adapted to dehydration. Adaptation was achieved through alternating a low-mineral diet with 1.5% hypertonic sodium chloride
solution (for two days) and a standard vivarium diet (for one day) over 42 days. Cellular dehydration in the second group was induced by administering 1.5%
hypertonic sodium chloride solution along with dried oats and crackers. The degree of dehydration was determined based on the water deficit. In the next stage
of the experiment, animals were returned to a normal diet, and readaptation changes were assessed at 1, 3, 6, and 12 weeks after the cessation of the dehy-
drating factor. The morphological state of the kidney structures was examined using microscopic, electron-microscopic, morphometric, and statistical methods.
Results: As a result of exposure dehydrating factor, the renal parenchyma shows functional tension in the glomeruli and tubular epithelial cells due to the
increased load on the kidney. Changes of podocyte pedicels affect the size of filtration slits that requlate glomerular filter permeability. The first indicators
of disorders in the glomerular-tubular system are the basal membranes in the composition of capillaries and epithelium. Even in mild dehydration, as the
dehydrating factor increases, the basal membrane thickens, loses its three-layer structural organization, becomes homogeneous and osmiophilic. Gradually,
podocytes and endothelial cells of capillaries are damaged, undergoing dystrophy. The process of readaptation after rehydration of the previously dehydrated
organism involves a complex of morphological changes following cellular dehydration, aimed at restoring lost or weakened functions of cells and tissues, their
adaptive-compensatory changes, which ensure adaptation to certain conditions. Structural transformations of cells during readaptation may manifest in the
enhanced stabilization of cell membranes and the resistance of tissues to intensive influences. Previous adaptation under dehydration leads to the mitigation
of the dehydrating factor’s impact, manifested in a lower severity of structural-metabolic disturbances and increased energy exchange.

Condlusions: The structural components of the nephron immediately respond to disturbances in the body’s water-electrolyte balance by changing their
structural organization. These changes are significant in severe cellular dehydration, and their restoration requires a long period of time.
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INTRODUCTION

Various environmental factors such as temperature,
humidity, radiation, and atmospheric pressure affect
mainly sweating and urinary water loss. Under condi-
tions where environmental factors increasingly harm
health, the problem of body dehydration and the
study of adaptive-compensatory processes during
dehydration are particularly relevant [1, 2]. These dis-
orders often lead to severe functional impairments and
determine the severity of the disease course [3, 4]. Mild
dehydration can cause problems with blood pressure,
heart rate, and body temperature. Severe dehydration
can also cause weakness or confusion. In extreme cases,

it can lead to kidney damage, brain damage and even
death. It is not always easy to differentiate normal
cellular and tissue responses to various influences that
remain within physiological norms [5-7]. Dehydration
caused by an imbalance between fluid intake and loss,
often leading to disturbances in the balance of total
body electrolytes.

There are a lot of information about the structural
changes in the heart, thyroid gland, liver, and adrenal
glands under dehydration conditions [5-9]. However,
the reactive physiological and destructive changes
occurring in the kidney during cellular dehydration
remain insufficiently studied.
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AIM

To assess, under experimental conditions of cellular
dehydration of varying severity, the nature of structural
changes in the nephron and the dynamics of reparative
processes during the recovery period.

MATERIALS AND METHODS

The study was conducted on 110 young male Wistar
rats, divided into two groups. The first group (30 rats)
remained intact, while the second group (80 rats) was
adapted to dehydration. Adaptation was achieved
through alternating a low-mineral diet with 1.5% hy-
pertonic sodium chloride solution (for two days) and a
standard vivarium diet (for one day) over 42 days.

Cellular dehydration in the second group was induced
by administering 1.5% hypertonic sodium chloride solu-
tion along with dried oats and crackers. The degree of
dehydration was determined based on the water defi-
cit. In the next stage of the experiment, animals were
returned to a normal diet, and readaptation changes
were assessed at 1, 3, 6,and 12 weeks after the cessation
of the dehydrating factor.

The morphological state of the kidney structures was
examined using microscopic, electron-microscopic,
morphometric, and statistical methods. All animal ex-
periments were conducted in compliance with the Inter-
national Principles of the European Convention for the
Protection of Vertebrate Animals Used for Experimental
and Other Scientific Purposes (Strasbourg, 1985).

Tissue samples were collected under ether anesthesia
from pre-weighed animals of all groups. The samples
were fixed in a 10% neutral formalin solution, dehy-
drated in alcohols of increasing concentration, and
embedded in paraffin blocks. Sections 5-6 um thick
were stained with hematoxylin-eosin, examined under
a light microscope, and documented.

For electron-microscopic analysis, samples were fixed
in a 2.5% glutaraldehyde solution (pH 7.3-7.4) prepared
in Millonig’s phosphate buffer. The fixed material was
transferred to a buffer solution, washed, and post-fixed
ina 1% osmium tetroxide solution on Millonig's buffer.
After dehydration in alcohols and acetone, the samples
were embedded in a mixture of epoxy resins following
standard techniques. Ultrathin sections were stained
with a 1% aqueous solution of uranyl acetate, con-
trasted with lead citrate using Reynolds’ method, and
examined using an EMI-100 PM electron microscope.

Morphometric and quantitative studies were per-
formed using a visual analysis system for histological
specimens. To objectively characterize the adaptive and
destructive changes in renal corpuscles and tubules,
their morphometric parameters were assessed. Within
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the renal cortex, measurements included the areas of re-
nal corpuscles, glomeruli, Bowman'’s capsule, proximal
tubules, distal tubules, their cells, and nuclei, as well as
the height of proximal and distal tubular epithelial cells.

Statistical analysis was conducted using Student’s
t-test on a personal computer. A probability of error be-
low 5% (p < 0.05) was considered statistically significant.

RESULTS

As a result of periodic exposure to an unfavorable
dehydrating factor, minor changes in the structural
components of the nephron were observed in the kid-
ney parenchyma of the rats. These changes manifested
as an increase in the size of the renal corpuscles (the
average area was 4122+1.12 um?), with preservation of
their structural integrity. However, there was moderate
vascular filling, and a reduction in the diameter of the
Bowman's capsule from 786 +2.4 um? to 668+2.5 pm?.

Electron microscopy revealed that during this period,
which was considered the adaptation phase to dehydration,
glomerularvessels and epithelial cells of the tubules were in
a state of functional tension as a result of the increased load
on the kidney. Podocytes in the inner layer of the capsule
had large, massive cytotrabeculae, and the cytopodia close-
ly adhered to the basal membrane. Prolonged adaptation
led to mitochondrial hypertrophy, with a small number of
crystals observed in the lumen of the matrix.

In the study of the renal corpuscles and nephron tu-
bules via electron microscopy during mild, moderate,
and severe dehydration, the changes were categorized
into two groups: hypertrophic-hyperplastic and dystro-
phic-atrophic. In the case of severe dehydration, dystro-
phic changes predominated over compensatory ones.

Hypertrophic changes led to an increase in the size
of the renal corpuscles: in mild dehydration, the area
increased to 4242+1.34 um?, in moderate dehydra-
tion to 4614+1.22 um’, and in severe dehydration to
4943+1.23 pm?.

The studies also found that in severe dehydration, the
apical part of the epithelial cells of the nephron tubules
containing microvilli was subject to destruction. There
were also changes at the basal poles of the cells, where
the “transverse striation” disappeared.

Morphometric studies revealed an increase in the area
of the proximal tubules, a reduction in the height of the
epithelial cells, and an expansion of their lumen. Partial
loss of microvilli from the apical surfaces and a 25.7%
reduction in cell height led to a 13.9% increase in the
lumen of the tubules, while the diameter of the tubule
lumens increased by 4.9% compared to the normal
values. Morphometric analysis of the proximal tubules
showed that the diameter of the tubules in severe dehy-
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dration was 7.0% greater than normal. The height of the
cellsin this part of the nephron decreased to 6.58+0.23
pum, while the diameter of the tubule lumen increased
t020.81+0.63 pm, which was 29.5% larger than normal.

Rehydration of the previously dehydrated organism
during the re-adaptation phase following cellular
dehydration at different time intervals (1, 3, 6, and 12
weeks) showed structural changes due to rehydration.

Light optical, morphometric, and electron microscop-
ic studies after 7 days of re-adaptation following cellular
dehydration showed no significantimprovementin the
nephron structure.

At three weeks of re-adaptation after mild dehydra-
tion, a gradual normalization of the renal corpuscle
structure was observed. They became round-oval in
shape, with well-organized glomerular vessels, endo-
theliocytes, basal membranes, and podocytes. Morpho-
metric analysis revealed a reduction in the area of the
renal corpuscles to normal values, but the glomerular
vessels remained reduced, and the lumens of the cap-
sules were still moderately dilated compared to the
norm, significantly differing from the intact animals.

At this point in the re-adaptation process after mod-
erate dehydration, submicroscopically, hypertrophic
changes in the mitochondria were observed in both
proximal and distal convoluted tubules. The epithelial
cells of the proximal nephron had well-defined mi-
crovilli on their apical poles. Morphometric indicators
corresponded with the findings of electron and light
microscopy.

The period of 6-12 weeks of the animals being on a
normal diet showed a good gradual progress in recov-
ery processes. Microscopic studies at weeks 6-12 of
rehydration showed that regeneration processes were
uneven. Regenerative processes significantly improved
the structural state of the kidneys, but there were still
residual effects of the damaging factor in the cortical
substance. Under light microscopy, different morpho-
functional states of structural components of both the
renal corpuscles and tubules were observed. In some
areas of the kidney cortex, polymorphism of the renal
corpuscles was seen, with atrophied ones being less
frequently visualized, but many hypertrophied ones
were present. Small renal corpuscles with dilated cap-
sule lumens were noted, while a few corpuscles were
smaller and isolated, with tight glomerular structures
and a significant increase in the size of the Bowman'’s
capsule lumen.

Morphometric measurements of the structural
components of the nephron’s renal corpuscles during
different periods of re-adaptation after moderate de-
hydration gradually approached the values of intact
animals starting from the third week of re-adaptation.

The apical poles of the epithelial cells of the proxi-
mal tubules were well-contoured, with the “transverse
striation” of the basal poles of the cells improving, and
mitochondria were arranged in an ordered fashion
between the plasma membrane folds.

Morphometric studies during this period of re-ad-
aptation showed that the area of hypertrophied and
atrophied renal corpuscles approached the values of
intact animals, being 4277+1.33 um” and 3956+7.6 ym”
in severe dehydration, respectively. The areas of the
glomerular vessels in the hypertrophied Malpighian
corpuscles remained enlarged at 3386+6.3 um> com-
pared to normal values.

The height, width, and area of the epithelial cells form-
ing the walls of the distal tubules did not significantly
differ from the values at 6 or 12 weeks of re-adaptation
following moderate dehydration, being 7.81+0.32 pm,
9.68+0.37 um, 68.9+2.3 um?” at 6 weeks, and 7.20+0.44
um, 9.71£0.36 um, 74.72+1.9 um? at 12 weeks. Similar
positive changes were observed in the dynamics of the
diameter and area of the nephron tubules.

Submicroscopic studies of the kidney cortex after
12 weeks of re-adaptation showed that despite the
long experimental period, some pathological changes
remained in the structure of certain nephrons. Specif-
ically, in 27% of glomeruli, large nuclei were observed
in the endothelial cells, with high levels of ribosomal
granules and uneven thickening of the perinuclear
space. In the perinuclear zone of the cytoplasm, hy-
pertrophied mitochondria, many ribosomes, and large
vacuole-like structures were visualized. However, the
basal membrane maintained a clear structural organi-
zation, was tripartite, and showed clear fenestration of
the peripheral endothelial areas. In some areas, small
cytopodia were visualized, tightly adhering to the basal
membrane and closely arranged, contacting each other.

Prolonged rehydration also had a positive effect on
the submicroscopic structure of the tubules. On the
apical surface of the epithelial cells of the proximal
tubules, a well-organized microvillus system was visu-
alized, and at the basal pole, the “basal striation” was
clearly expressed, indicating active functioning of the
reabsorption barrier components.

In most of the epithelial cells in the proximal tubule
wall, well-structured organelles were visualized in the
light cytoplasm.These mainly included mitochondria of
various sizes and shapes with moderately osmiophilic
matrices, individual granular endoplasmic reticulum tu-
bules, cisterns, and vacuoles of the Golgi complex, small
lysosomes, and vesicles. Large nuclei with predominant
euchromatin in the karyoplasm and clear nucleoli were
observed. The nuclear membrane was uniform, and
the perinuclear spaces were small and well-contoured.
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DISCUSSION

Dehydration is a condition, which is caused by imbal-
ance between fluid intake and loss, very often leading
to disturbances in the balance of total number of body
electrolytes. Intensive training, exhausting work, and
infectious diseases are often accompanied by dehy-
dration of the body, which can be caused by both
restricted water intake and excessive water loss [4, 10,
11]. Dehydration, especially severe dehydration, can
lead to the development of a serious complication such
as hypovolemic shock. Dehydration affects individuals
of all ages, but older persons are disproportionately
impacted due to physiological changes in the organism,
reduced thirst sensation, the higher prevalence of the
comorbid conditions.

One of the physiological laws is the law of constancy
of the internal environment of the body, or the law of
homeostasis preservation [1, 12]. The concept of the
constancy of the “internal environment” includes not
only the quantity but also the quality, which provides
cells with nutrients, building materials, and supports
their physicochemical constants of temperature, osmot-
ic pressure, pH, concentration of organic and inorganic
substances and their compounds.

Among the internal organs that maintain homeostasis
and ensure its stability, the kidneys play the most signif-
icant role, as their primary functions include regulating
water balance, acid-base balance, blood ion composition,
blood pressure, excreting nitrogenous waste products
from protein metabolism, as well as performing endo-
crine and other important functions [2, 4, 10].

As a result of periodic exposure to the adverse dehy-
drating factor, the renal parenchyma of rats shows func-
tional tension in the glomeruli and tubular epithelial
cells due to the increased load on the kidney. Changes
in the configuration and size of podocyte pedicels af-
fect the size of filtration slits that regulate glomerular
filter permeability [10, 11]. Consequently, anincrease in
permeability is accompanied by a restructuring of the
ultrastructure of proximal nephron cells.

The first indicators of disorders in the glomerular-tu-
bular system are the basal membranes in the compo-
sition of capillaries and epithelium, as evidenced by
other researchers [11, 13].

Under dehydration, morphological signs of distur-
bances in glomerular filtration appear, as indicated by
changes in the structural components of the glomeru-
lar filter. Even in mild dehydration, as the dehydrating
factor increases, the basal membrane thickens, loses
its three-layer structural organization, becomes ho-
mogeneous and osmiophilic. Gradually, podocytes
and endothelial cells of hemocapillaries are damaged,
undergoing dystrophy.
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Atrophic-dystrophic changes in the renal corpuscles,
which occurin severe dehydration, manifest not only in
the shrinkage of the glomeruli but also in the atrophy of
the renal corpuscles, negatively affecting the trophism
of proximal and distal tubules, causing disturbances in
their structural organization and urinary function [5, 14].

In the case of cellular dehydration, the structure of
the entire nephron is damaged, although changes in
the tubular part are usually more pronounced than in
the glomerular part. This depends on the morpholog-
ical-functional features of the nephron segments, the
nature of their metabolism, their sensitivity to the al-
tered conditions, and the sequence of reserve nephrons
involved in compensatory-adaptive responses.

The process of readaptation after rehydration of the
previously dehydrated organism involves a complex of
morphological changes following cellular dehydration,
aimed at restoring lost or weakened functions of cells
and tissues, their adaptive-compensatory changes,
which ensure adaptation to certain conditions.

Structural transformations of cells during readaptation
may manifest in the enhanced stabilization of cell mem-
branes and the resistance of tissues to intensive influences.
Mitochondrial membranes are the first to undergo chang-
es, followed by the granular endoplasmic reticulum, lead-
ing to the disintegration of protein synthesis and disorders
in the intracellular transport system. These changes are
aimed at restoring homeostasis and are observed when
the body is affected by chemical, physical, and biological
factors, as well as during physiological regeneration and
pathology. Thus, there are patterns of structural changes
that determine the direction, depth, and reversal of com-
pensatory-adaptive reactions [2, 10, 15].

Previous adaptation under dehydration leads to
the mitigation of the dehydrating factor’s impact,
manifested in a lower severity of structural-metabolic
disturbances and increased energy exchange.

Positive changes in the structural organization of the
renal cortex, which occur as early as the 3rd week of
readaptation after cellular dehydration, and the tubules
of the nephron at the 6th week, indicate that the read-
aptation processes in animals adapted to cellular dehy-
dration occur more actively and quickly in all structural
components of the nephron, promoting the relative
normalization of their structure and urinary function.

CONCLUSIONS

The structural components of the nephron immediately
respond to disturbances in the body’s water-electrolyte
balance by changing their structural organization.
These changes are significantin severe cellular dehydra-
tion, and their restoration requires a long period of time.
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However, the influence of the adverse factor triggered  the process of readaptation occurs more rapidly in an
the activation of compensatory-adaptive reactions,and  organism that is adapted to dehydration.

REFERENCES

1.

2.

3.

10.

11.

12.

13.

14.

15.

Bunn DK, Hooper L. Signs and Symptoms of Low-Intake Dehydration Do Not Work in Older Care Home Residents-DRIE Diagnostic Accuracy
Study. J Am Med Dir Assoc. 2019;20(8):963-970. doi: 10.1016/j.jamda.2019.01.122. (poi&

El-Sharkawy AM, Devonald MJ, Humes DJ et al. Hyperosmolar dehydration: A predictor of kidney injury and outcome in hospitalised
older adults. Clin Nutr. 2020;39(8):2593-2599. doi: 10.1016/j.cInu.2019.11.030. ‘boi&

Coppes T, Hazen ACM, Zwart DLM et al. Characteristics and preventability of medication-related admissions for acute kidney injury and
dehydration in elderly patients. Eur J Clin Pharmacol. 2024;80(9):1355-1362. doi: 10.1007/500228-024-03704-7. ‘boi&

. Hamrick |, Norton D, Birstler J et al. Association Between Dehydration and Falls. Mayo Clin Proc Innov Qual Outcomes. 2020;4(3):259-265.

doi: 10.1016/j.mayocpiqo.2020.01.003. Cpol&

. Alsanie S, Lim S, Wootton SA. Detecting low-intake dehydration using bioelectrical impedance analysis in older adults in acute care

settings: a systematic review. BMC Geriatr. 2022;22(1):954. doi: 10.1186/512877-022-03589-0. ol

. Yun G, Baek SH, Kim S. Evaluation and management of hypernatremia in adults: clinical perspectives. Korean J Intern Med. 2023;38(3):290-

302. doi: 10.3904/kjim.2022.346. (pol&

. AbediF, Zarei B, Elyasi S. Albumin: a comprehensive review and practical guideline for clinical use. Eur J Clin Pharmacol. 2024;80(8):1151-

1169. doi: 10.1007/500228-024-03664-y. Dol

. Diaz-Morales N, Sancho-Martinez SM, Baranda-Alonso EM et al. Age and Hypertension Synergize With Dehydration to Cause Renal Frailty

in Rats and Predispose Them to Intrinsic Acute Kidney Injury. Lab Invest. 2025;105(3):102211. doi: 10.1016/j.1abinv.2024.102211. <bol&

. Krekhovska-Lepiavko OM, Lokay BA, Hudyma AA et al. The effects of L-ornitine and L-arginine on the processes of lipid peroxidation in the

functional layers of kidneys on the background of acute toxic hepatitis. Wiad Lek. 2020;73(11):2498-2502. 10.36740/WLek202011129.
Edmonds (J, Foglia E, Booth P et al. Dehydration in older people: A systematic review of the effects of dehydration on health outcomes,
healthcare costs and cognitive performance. Arch Gerontol Geriatr. 2021;95:104380. doi: 10.1016/j.archger.2021.104380. ‘boi&
Lacey J, Corbett J, Forni L et al. Amultidisciplinary consensus on dehydration: definitions, diagnostic methods and clinical implications. Ann
Med. 2019;51(3-4):232-251. doi: 10.1080/07853890.2019.1628352. ‘boi&

Mohanty N, Goel AK, Sahoo MR et al. Determinants of Acute Kidney Injury in Children With Nephrotic Syndrome: A Prospective Observational
Study. Cureus. 2025;17(1):76878. doi: 10.7759/cureus.76878. (bol&

Mishchenko OM, Hryhoryeva OA, Dovbysh IM, Dovbysh MA. Strukturna perebudova parenkhimy nyrky pry yiyi travmatychnomu
poshkodzhenni. Structural reorganization of the renal parenchyma during its traumatic injury. [Structural reorganization of the
renal parenchyma during its traumatic injury.]. Pidsumkova LKHV naukovo-praktychna konferentsiya. Zdobutky klinichnoyi ta
eksperymental'noyi medytsyny. Ternopil'. 2022:24-25. (Ukrainian)

Vassalotti JA et al. World Kidney Day Joint Steering Committee. Are your kidneys Ok? Detect early to protect kidney health. Kidney
International. 2025;107(3):370-377. doi: 10.1016/j.kint.2024.12.006. ‘DoI&

Turkmen E, Karatas A, Altindal M. Factors affecting prognosis of the patients with severe hyponatremia. Nefrologia (Eng. Ed).
2022;42(2):196-202. doi: 10.1016/j.nefroe.2022.05.002. bol&

The work is carried out within the framework of the initiative research work of the I. Horbachevsky Ternopil National
Medical University (Ternopil, Ukraine) “0116 U003390 Systemic and organ disorders due to the action of extraordinary
factors on the body, the mechanisms of their development and pathogenetic correction’.

CONFLICT OF INTEREST
The Authors declare no conflict of interest

CORRESPONDING AUTHOR

Larisa Fedoniuk

l. Horbachevsky Ternopil National Medical University
9 Valova St., 46000 Ternopil, Ukraine

e-mail: Fedonyuk22Larisa@gmail.com

1211


http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
http://www.doi.org/
https://www.sciencedirect.com/journal/kidney-international
https://www.sciencedirect.com/journal/kidney-international
http://www.doi.org/
http://www.doi.org/
mailto:Fedonyuk22Larisa@gmail.com

Larisa Ya. Fedoniuk et al.

ORCID AND CONTRIBUTIONSHIP

Larisa Ya. Fedoniuk: 0000-0003-4910-6888 A 8 (E (F
Oksana M. Matolinets: 0009-0008-6521-8867 ‘A D
Nataliia V. Porokhovska: 0000-0001-5221-8544 ¢
Mariia I. Kulitska: 0000-0002-4251-5411 B F

Andrii V. Dovbush: 0000-0003-2246-6818 ‘¢ E

A —Work conceptand design, ‘8- —Data collection and analysis, ‘¢ —Responsibility for statistical analysis, ‘0 —Writing thearticle, ‘e — Critical review, (F —Final approval of the article

RECEIVED: 10.01.2025
ACCEPTED: 27-06.2025 CREATIVE COMMONS 4.0

1212


https://orcid.org/0000-0002-4251-5411
https://orcid.org/0000-0002-8616-4385

