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According to literature data, in the conditions of the balance of pro- and anti-
inflammatory factors, the development of the infectious-inflammatory process tends to
progress and more severe with subsequent transformation into chronic inflammation with
corresponding morphofunctional effects. Under such critical conditions, an apoptosis is
likely to play a crucial protective role, which can eliminate the excessive accumulation
of aggressive inflammatory effects and effectively eliminate them, which in the future
prevents the probable transformation into a persistent form. The aim of the work was to
study the features of the early dynamic processes of apoptosis in the tissues of the
kidneys under simulation conditions in the experiment of acute pyelonephritis and
concomitant diabetes mellitus type | and Il. The purpose of the study was to study the
features of the early dynamic processes of apoptosis in the tissues of the kidneys under
simulation conditions in the experiment of acute pyelonephritis and concomitant type |
and type Il diabetes. The work was performed on 300 adult Wistar rats, which were
dividedinto 4 groups. Fragments of animal’s kidneys were studied and photographedin
an electron microscope PEM-100-01. The results showed that after modeling in the
animals of pyelonephritis in the nephrons there were no significant ultrastructural changes.
The structure of the podocytes of the outer sheet was almost the same as the structure
of the podocytes of the control material, andin some cells there were signs of activation
of their metabolic activity. Inthe structure of the podocytes of the inner leaf of the capsule,
dystrophic changes of the internal membrane of the mitochondria were established. In
kidney medulla, the structure of the glomerulus was more preservedthan in the cortical.
Pathological changes of the proximal and distal tubular podocytes, as well as interstitial
tissue, are more pronouncedthan the renal glomeruli. Under the modeling of the common
model of pyelonephritis and type 1 diabetes, more pronounced morphological changes
occur: destructive changes in the endothelial cells of the glomerular capillaries, the
homogenization of the structure of the basement membrane occurs and the mesangial
tissueis significantly enlarged. In nephrons andtubules of cortex, changes are manifested
toa much greater extent than in the kidney medulla. When studying in clinical conditions
the pathogenetic features of acute pyelonephritis in conditions of concomitant diabetes
mellitus itis expedient to carry out electron microscopic research with the aim of choosing
the optimal corrective therapeutic effect and preventing the unfavorable course of
infectious and inflammatory process and its transformation into persistent form. EM
(electron-microscopic) studies are highly informative in the study of pathological changes
and early dynamic processes of apoptosis in renal tissues in the design of acute
pyelonephritis and concomitant diabetes mellitus | and Il in the experimental conditions.
Keywords: modeling, pathogenesis, pyelonephritis, diabetes mellitus, electron
microscopy, cortical and cerebral matter, apoptosis.

Introduction

Current scientific evidence suggests the participation of ~ pathogenesis of a significant number of infectious and
apoptosis - programmable cell death (PCD) in the inflammatory processes that have an active course and a
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tendency to chronicity [3, 7, 15, 18]. The foregoing allows
to classify apoptosis as a universal general-pathological
process of early development of numerous diseases and
pre-nosological syndromes of infectious and inflammatory
origin.

It has been established that apoptosis is capable of
implementation both in structurally undamaged tissues and
in the presence of signs of a pathological process in them.
Apoptosis is considered as a natural and logical result of the
implementation of receptor-mediated mechanisms of self-
destruction of the cell. At the same time it is emphasized that
the adaptive role of PCD is absolutely obvious [3, 12, 17, 18].

Literary data testify that in the conditions of a violation of
the balance of pro- and anti-inflammatory factors, the
development of the infectious-inflammatory process is
characterized by a tendency towards progression and a more
severe course of inflammation and its transformation into
chronic inflammation with severe morphofunctional
consequences. It is suggested that under such critical
conditions, an apoptosis that can eliminate the excessive
accumulation of aggressive inflammatory effects, their
effective elimination, which in the future will provide a more
favorable course of the inflammatory process and prevent
its transformation into a persistent form, plays a decisive
protectiverole [2, 10, 11, 13, 14]. The data of many authors
underlines the transience of the process of self-destruction
of cells, for completing which is enough for several minutes
or hours[1, 2,4,10, 16].

Based on the foregoing, the purpose of this work was to
study the features of the early dynamic processes of apoptosis
in the tissues of the kidneys in terms of simulation in the
experiment of acute pyelonephritis and concomitant diabetes
mellitus type | and II.

Materials and methods

The work was performed on 300 adult rats of the Vistar
line, which were divided into 4 groups: group A - control
(30 intact animals); group B (35 animals, which were modeled
acute pyelonephritis); group C (50 animals with simulations
of acute pyelonephritis and type | diabetes); group D (50
animals with simulations of acute pyelonephritis and type I
diabetes mellitus).

For electron microscopy, the kidney fragments were fixed
in 2.5% glutaraldehyde solution in phosphate buffer at a
pH=7.4, followed by fixation with 1% solution of osmic acid
at the same pH of the buffer solution. The samples were
then dewatered in alcohols of ascending concentration. The
material was etched and its conclusion was carried out in a
mixture of epoxy resins Araldite-Epon. Subsequently, ultrathin
sections were contrasted with the Reynolds technique [15].

The research objects were studied and photographed in
an electron microscope PEM-100-01, 148 electronic
microphotographs were obtained and analyzed. The work is
performed as a part of the group of electron microscopy of
the laboratory of pathoanatomical and electron microscopic
research.

Results

At the electron microscopy (EM) study of the kidney cortex
of animals inthe control group (A), it was found that nephrons
of the cortex have an electron-dense tissue of the Bowman
capsule, under which on the basement membrane place
epitheliocytes (podocytes) of the outer sheet of the capsule
(OSC). These cells consist of a thin layer of flattened cells
that also have an electron-dense cytoplasm and a nucleus
(N), which contains mainly chromatin in a condensed state.
Especially it should be noted its boundary location, that is,
there is a margin of chromatin. The organelles of these cells
are small, are defined indistinctly. Alongside the cells of this
layer are located with more electron-light cytoplasm and
karyoplasm. Inthe cytoplasm, there areisolated mitochondria
(M), polysome (P), and granular endoplasmic mesh (GEM)
tanks. Between the outer and inner leaves situated a cavity
of the capsule (Fig. 1).

Podocytes of inner leaf occupies a large area and are
located in the cavity; cytotrabecules contacting each other
from different parts of the inner leaf. In the cytoplasm of the
podocytes there is a lot of polysome, mitochondria, GEM
elements, well-developed Golgi complex. The nucleus is
predominantly circular with a convoluted karyolemma.

The glomerulus has a well-developed capillary mesh.
Part of the capillaries of the body of the endothelial cells
(EC) often overlap their lumen. The cells have large nuclei
with invaginations and folds of karyolemma. Karyoplasm and
cytoplasm electron-light. In the nucleus, there is a margin of
chromatin. In the central zone chromatin is in a diffuse state.
In the cytoplasm of the EC there are diffuse single
mitochondria, Golgi complexes, polysomes and small foam

Fig. 1. Ultrasonography of the rat kidney cortex of the control
group, afragment of the capillaries and the podocyte in the normal
state. EM x8000. Here and thereafter: KP - cortical substance, K
- capillary, EKK - endothelial cell of the capillary, ® - fenestrations,
LIT - cytotrabecula, LI - cytopodes, INLL - podocyte, - polysome,
4 - nucleus, M - mitochondria, MP - renal medulla, EKK -
capillary endothelial cell, MLl - mesangiocyte, E - erythrocyte,
MP - renal medulla, 3J1K - outer layer of the capsule, IT - interstitial
tissue, B - vacuole, IT - interstitial tissue, NK - proximal tubule,
BM - basal membrane, KKC - glomerular capillary mesh.
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cytoplastic vesicles. In the lumen one can see red blood
cells (E). Fenestra, located on the groomed areas of the EC,
are well expressed. Proximal tubules (PT) are lined with
podocytes of cuboid shape, which lie on the basement
membrane. They have a basal strain and apical microvilli,
which form a brush rim. In the cytoplasm of these cells
there is a round nucleus and a large number of mitochondria,
polysomes and single elements of the GEM.

With further EM studying of the kidney medulla of animals
of the control group (A), it was discovered that the podocytes
of the outer sheet adhere tightly to the basement membrane.
Basically, these cells have a flattened form, a spindle-shaped
core and a small cytoplasmic strip. In some podocytes,
cytoplasmic spinal cord and karyoplasm are electron-light.
In the nucleus of these cells, there is a margin of chromatin.
Euchromatin, which occupies almost the entire area of the
karyoplasma, is indistinguishable, fragmented, contained in
small quantities. Polysomes, small round mitochondria are
well defined in the cytoplasm. To the outer sheet, the large
size of the podocytes of the inner sheet are closely adjacent
to each other, the slit of the cavity is very narrow, in places
its larger space is determined. They have a large nucleus
with a convoluted karyolemma. The chromatin of the nuclei
is in a diffuse state. The cytoplasm is saturated with narrow,
small tubules of GEM, polysomes and a small number of
mitochondria. To the basement membrane closely adhere
to polypodia (Fig. 2).

The glomerulus has a winding basal membrane. EC of
capillaries have large sizes, their phenesters are well defined.
The cytoplasm has a regular set of organelles. In a number
of capillaries, the cytoplasm is slightly electron-light,
containing a reduced number of their intracellular organelles.
In the cavity of the capsule, in addition to the podocyte,
there are fragments of individual cytotrabecula. In the lumen
of the capillaries place a fine-grained material. PT and distal
tubules (DT) by ultrastructure do not differ from such in cortex.

Electron microscopically examined kidneys of animals
of group B (simulation of acute pyelonephritis). In the study
of kidney cortex, it was found that the podocytes of the outer
sheet of the renal corpuscles were associated with signs of
activation of protein-synthetic activity in the cytoplasm: an
increased number of polysome increased in size, enlarged
tubules of GEM, in profiles of which there was a fine-grained
substance (Fig. 3). The cytoplasm of the podocytes of the
inner leaf was somewhat compressed; part of the
mitochondria was detected with complete destruction of the
cristae. Inthe capillaries, the number of phenesters has been
reduced, as well as marked breaks in the field. Occasionally
there was a narrowed clearance in capillaries with cell
fragments init. In general, the structure of capillaries is close
to such in control animals (Fig. 3).

The podocytes of the PC have reduced the number of
mitochondria, and the existing mitochondria are closely
adjacent to each other and have complete or partial
destruction of cristae, which is possibly due to increased
energy expenditure on intracellular processes. The nuclei
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Fig. 2. Ultrastructure of the rat kidney medulla of the control
group, aglomerular fragment with anormal ultrastructure. EM
x4000.
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Fig. 3. Ultrastructure of rat kidney cortex after acute pyelonephritis
modeling. A fragment of a glomerular capsule with signs of
edema of the internal-mitochondrial matrix and destruction of
mitochondria. EM x4000.

of these cells have an enlightened karyolemma, well-defined
nuclear pores and a nucleolus located near the karyoplasm,
indicating the activation of metabolic processes between the
nucleus and the cytoplasm. In the cytoplasm, lysosomes
and vacuoles also appear. On the basal surface there are
shallow, rarely located basal folds.

In the electron microscopic study of medulla of group B
animals, it was found that in the renal glomerulus the outer
sheet under the basal membrane, consisting of flat podocytes,
which contain large oval-shaped nuclei, is well defined. The
chromatin of the nuclei is in diffuse state, the narrow rim
under the karyolemma is the condensed chromatin. The
cytoplasm of these cells is slightly enlightened, the organelles
are somewhat sparse in the cytoplasm, compared with that
in the control material. In a number of cells there are two
nuclei.

The cytoplasm is full of organelles. The mitochondria
with the destruction of crystal and the enlightened matrix
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Fig. 4. Ultrastructure of the kidney medulla of the rat, model of
acute pyelonephritis against the background of diabetes mellitus
typel. Large cytotrebeculawith anincreased number of organelles,
initmitochondrias with a sign of edemaand destruction of christ.
EM x3000.

Fig. 5. Ultrasound of the rat kidney cortex after the simulation of
acute pyelonephritis against the background of diabetes mellitus
type I. The proximal tubule is suspected with electronically
transparent cytoplasm and elements of destruction of some
mitochondria's. EM x3000.

are determined, with a lot of polysome. A number of
podocytes has spindle-shaped nuclei. The capillaries of the
glomerulus, unlike the control material, have elevated
electron-density content. EC with a large round nucleus and
swollen mitochondria. Podocyte the inner leaf - large,
especially their cytotrabecula. Separate cytotrabecula are
located in the cleft area, along with the individual fragments
of cellsvisible. Large bodies of podocyte act at a considerable
distance to the space of the gap (Fig. 4). Sometimes
cytotrabecula have the appearance of narrow strands, which
extend over a large distance in the cavity of the capsule, in
contact with other cytotrabecula on the opposite side of the
glomerulus. Cytopedicules are sometimes thinned, in places,
on the contrary, hypertrophic, that is, thickened containing a
fragment of the cytoplasm.

It should be noted that in the renal corpuscles is a well-

defined area of the cavity. It is more expanded than control.

A more preserved medulla glomeruli than the kidney
cortex is found. PT and DT with the phenomena of organelle
destruction, especially mitochondria with the formation of a
large number of vacuoles, and the edema of the cytoplasmic
matrix. Signs of minor hydroponic changes are also observed
in the interstitial tissue.

Thus, the results of our study showed that after simulation
of pyelonephritis in animals in kidney nephrons no significant
ultrastructural changes are detected. The structure of the
podocytes of the outer sheet is practically similar to the control
material. At the same time, in some cells there are signs of
activation of their metabolic activity. In the podocytes of the
inner leaf of the capsule, dystrophic changes in the internal
membrane of the mitochondria section are noted, which
may indicate an increased energy need for cells and is an
indication of the initial mechanism of apoptosis, according
to modern data. When comparing the ultrastructure of the
cortical and cerebrospinal fluid of the kidney, it is found that
inthe medullathe structure of the glomeruliis more preserved
than in the kidney cortex.

Pathological changes in the podocytes of the PT and DT
and in the interstitial tissue are more pronounced than in
the renal glomerauli.

The EM-study of the cortex of group C animals
(simulations of acute pyelonephritis and type | diabetes
mellitus) made it possible to establish that in the renal
glomerulus the podocytes of the outer sheet in places,
according tothe ultrastructure, do not differ from such control
material, there was occasional discontinuity of their
plasmolemma. The structure of the basement membrane
in this area has a layered composition. Podocytes the inner
leaf in its greater part with pronounced signs of edema and
complete absence of organelles, that is, their hydropic
degeneration is observed. These cells in their swollen bodies
completely overlap the cavity of the capsule. A part of the
same podocyte has a structure more preserved, but they
are determined by the expansion of the elements of the
GEM and swelling of the mitochondria (Fig. 5). Cytopedicules
are sometimes elegant and elongated, but sometimes they
are thickened, but they all have a cytoplasm of elevated
electron density. A number of EC capillaries are also
characterized by hydropic degeneration. In their lumen,
there are single or multiple erythrocytes, they are
aggregated or slag. Phenesters are poorly defined in them.
Other capillaries have a normal structure or with the cellular
desolation of organelles and signs of hypostasis of the
cytoplasmic matrix. Some of the capillaries are deformed,
the lumen is narrowed.

In a number of capillaries the body of large EC overlap
their lumen, the structure of these cells without visible
changes. Enlightenment of all capillaries of elevated electron
density.

PT and DT with the phenomena of organelle destruction
and swelling of the cytoplasmic matrix, sometimes there is
no basal strain in them. Signs of hydroponic changes are
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Fig. 6. Ultrasound of the rat kidney cortex after acute pyelonephritis
modeling against the background of type Il diabetes mellitus.
Desolation of capillaries, hypertrophied podocytes in a state of
destruction. EM x3000

[ %35 .

Fig. 7. Ultrastructure of the kidney medulla of the rat after the
simulation of acute pyelonephritis against the background of type
Il diabetes mellitus. Focal narrowing of the capillaries, destructive
changesin the cytoplasm of the endothelial cells of the capillaries
in the podocytes glomerular capillary mesh. Homogenization of
the basement membrane. EM x3000.

observed in the interstitial tissue.

Regarding the state of the medulla of the kidneys of the
animals of the group C (model of AP and DM type I), the EM
dataindicate that the podocytes of the outer sheet are slightly
flattened. Cell nuclei are hyperchromic. Single membrane
structures are in a state of destruction. Capillaries are
sometimes narrowed. Enlargement of most of the capillaries
is densely filled with erythrocytes. Their EC have a slightly
electron-transparent cytoplasm and there is a destruction of
intracellular organelles, that is, there are pronounced deep
hydrophilic changes. Other EC capillaries are more preserved,
only destruction of mitochondria and expansion of GEM tanks
is observed in them. A number of EC according to the
structure does not differ from the EC of the capillaries of the
control group. Most of the podocytes of the inner leaf are

somewhat large in size. They are intimate contact with each
other. However, some of them have signs of hydroponic
changes. Intracellular structures in the state of destruction.
Cytopedicules also have destructive changes, sometimes
absent. The basal membrane of the glomerulus is
homogenized. PT podocytes with enlightened cytoplasm
and elements of destruction of organelles, especially
mitochondria, and the location of a large number of vacuoles
in it. Basal strain looks sparse. In DT in podocyte there is
homogenization of mitochondria crust and the destruction
of other organelles. A nucleus with an enlightened
karyoplasm, in which there are osmiophil debris and flake-
like material instead of chromosomes. In the interstitial tissue
signs of edema of the main substance and cytoplasmic
structures of EC of capillaries.

When comparing the ultrastructure of rat kidney nephrons
after modeling of pyelonephritis and the common model of
pyelonephritis and type | diabetes, it should be noted that
the latter model shows more pronounced changes that are
manifested by significant destructive changes in the EC of
the glomerular capillaries, which lead to the complete
desolation of most of the capillaries and before pronounced
destructive changes in podocyte; in the homogenization of
the structure of the basement membrane; expanded prolapse
of mesangial tissue. The cavity of the capsule is completely
absent. In podocyte, there are also signs of alteration of their
ultrastructure. Podocytes of PT and DT, as well as elements
of interstitial tissue with signs of deep destruction of their
structures.

At the same time, we conducted the EM study of the
cortical substance of the kidneys of the animals of group D
(modeling of AG and DM type Il), in which it was found that
the basement membrane of the capsule is dense, thickened
in some places. The outer sheet podocytes are compacted,
others with a larger area of the nucleus, irregular shape, part
of the cells in a state of collapse, are sometimes absent. The
cavity of the capsule is completely absent. Many of the
podocytes of the inner leaf are enlarged in size, the cytoplasm
of their light, edema. The cytoplasmic organelles of the
podocytes and their processes are in a state of degradation
of varying degrees. Some of these cells are completely
devastated, detritus is determined instead of intracellular
structures (Fig. 6). The glomerular capillaries are deformed,
sometimes sharply narrowed or rescued, having a nodular
shape. Enlargement of the capillaries is densely filled with
erythrocytes. EC in many capillaries is absent or necrotized.
A part of these cells has a round nucleus, its karyolemma
with invaginations and folds, chromatin is practically
destroyed.

In podocytes of PT there is considerable devastation of
intracellular organelles. The cells reveal a nucleus with a
normal structure, near which there is a significant amount of
polysome, a small number of mitochondria, whose cristae
are homogenized or are in a state of dystrophy.

In DC, the organelles of the central and apical part of the
cytoplasm of the podocytes are more damaged. In interstitial
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Fig. 8. Ultrastructure of the kidney medulla of the rat after th
simulation of acute pyelonephritis against the background of type
Il diabetes mellitus. Signs of edema of endothelial cells and sludge
of redblood cellsin capillaries, hydrotheric changes and destruction
of organelles of large cytotrabecular capsules. Reduction of part of
cytopodes. EM x3000.

tissue there are elements of intracellular degeneration of EC
capillaries and other cells with illumination of its basic
substance.

A similar study of the medulla of the kidneys of animals
of group D (model of AG and type Il diabetes) has shown
that polymorphic changes in EC capillaries are determined
in the glomeruli. Part of the capillaries in its structure is close
to normal. It is noted only the expansion of the elements of
the WES and the cristae destruction of the mitochondria.
Other EC with signs of varying degrees of destruction of
cytoplasmic organelles. Enlightenment of capillaries is filled
with homogeneous, with elevated electron-dense content.
In the electron-dense lumen, there are isolated red blood
cells. In the capillaries of a large caliber there is a glut of red
blood cells in the lumen. Podocytes, their cytotrabecula and
the cytopedicules of the inner leaf are mainly in the state of
necrosis or severe degeneration of the cytoplasmic organelles,
although in places there are cells with a virtually preserved
structure (Fig. 7).

In podocytes of PT and DT, as well as in interstitial tissue,
there are unidirectional ultrastructural changes, as in
microstructures of the cortex, however, they are expressed
in places to a lesser extent.

The EM differences between the model of pyelonephritis
and concomitant diabetes type Il from the model of
pyelonephritis are: in this model, the capillaries are
significantly narrowed, some narrowed, some of them formed
nodes. The structure of the basement membranes is
homogenized, thickened in the empty capillaries. EC in such
capillaries in a state of destruction, their gap is densely filled
with erythrocytes. Podocytes the outer sheet in a state of
deep degeneration. Decide the inner leaf and cytotrabecula
in the state of hydropic degeneration. Pedicle shortened,
sometimes absent. In the PT there is a local destruction of
organelles, individual mitochondria with cristae

homogenization. Elements of interstitial tissue in the state of
edema. The structure of the cortex is more damaged than
the medulla (Fig. 8).

The PT has a lot of vacuoles in the apical area. In the DT
there is a reduced number of mitochondria. In interstitial
tissue there are elements of edema of the main substance.
Structure of the medulla is more preserved than cortex.
Podocytes of inner leaf and cytotrabecula in the normal state,
prevail over such in a state of destruction.

Discussion

The analysis of electron microscopic material related to
the above-mentioned groups of experimental study showed
that the leading place in the development of pathological
changes in the tissues of the kidneys under the common
modeling of the AP and diabetes have type | diabetes. It
should be noted that in the nephrons and tubules of the
cortex, the above changes appear to a much greater extent
than in the kidney medulla.

According to number of authors, ischemia is one of the
most important triggers of programmed cell death (PCD)
initiation as a significant pathogenetic factor in the
development of infectious and inflammatory processes in
the kidneys [8, 12, 16, 17].

It was also established that proximal straight tubule is
most prominent in the part of the nephron, which is sensitive
to ischemia [12, 13]. In modern studies, this phenomenon
is associated with the fact that the membrane of cells of the
proximal tubule contains the largest among all segments of
the nephron amount of ATP-dependent transport proteins.
Ischemia causes a rapid depletion of the ATP pool in these
cells, which causes their osmotic swelling, fragmentation of
mitochondria, dissociation of the cytoskeletonwith subsequent
violation of the integrity of the cytoplasmic membrane and
cell necrosis [4, 5, 6].

Contemporary literature data on ultrastructural
manifestations of PCD suggest that the most pronounced
changes in the Henle loop, the distal tubule and the collection
tube are the blockage of the lumen of the tubules by the
bodies of epithelial cells that were swollen with flake-like
aggregates, cell detritus, and also the aggregation of red
blood cells in peritubular blood capillaries [4, 5, 13].

Someauthors [4, 6] have suggested that such obstruction
of the nephrons, along with the damage to the tubular cells,
is an additional barrier to the restoration of normal
hemodynamics in the kidney and affects the course of the
apoptotic process.

EM studies that have high informativeness in the study of
ultrastructural pathological changesin thetissues of the kidneys
appear to be more appropriate in clinical conditions in the
study of the pathogenetic features of acute pyelonephritis in
conditions of concomitant diabetes mellitus with the aim to
further selecting the optimal corrective therapeutic effect and
preventing the adverse flow of the infectious and
inflammatory process and its transformation into a persistent
form.
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Conclusions

1. In conditions of reproduction of experimental models
of acute pyelonephritis and concomitant diabetes mellitus
types | and Il, the leading role in the development of
pathological changes in the tissues of the kidney plays a
role diabetes type 1.

2. The pathological changes in the renal tissue revealed
in the experiment have more significant manifestations,
namely: in the proximal straight tubule focal local destruction
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EJIEKTPOHHO-MIKPOCKONIYHA AIATHOCTUKA MPOLECIB AMNOMNTO3A 3A YMOB MOAEJIIOBAHHA B
EKCNEPUMEHTI TOCTPOIO MNIEJIOHE®PUTY TA CYNYTHBOIO LLYKPOBOIO AIABETY | TA Il TUNIB
Bbopucos C.0. Koctes @®.l. bopucos O.B. Mon4yaHwok H.U.

Sk cBigyate AiTepaTypHi AaHi, B yMOBax rMopyLLUeHHSI 6aiaHCy rpo- Ta npoTu3anaibHuX GakTopiB PO3BUTOK IHOEKUiVIHO-3anaabHOro
npouecy HabyBae TeHAEeHLUIi 40 nporpecyBaHHs i BisibLL BAXKOro nepebiry 3 nofasbLIon TPaHCHOPMALIIEID Y XPOHIYHE 3anasieHHs 3
BiaINOBIAHUMU MOPGHOPYHKLIOHATIbHUMM HACIAKAMMU. 38 TaKuX KDUTUYHUX YMOB BUPILLIATIbHY 3aXUCHY PO/Tb, IMOBIDHO, BiAirpae arnomnTos,
KOTPWU 34aTHWE YCYHYTU HAAMIPDHE CKYNMYEHHS arpPecuBHUX eEKTOPIB 3anaseHHs, ix e(peKTUBHO eNiMiHyBaTH, L0 B MOAA/bLLIOMY
nornepeanTb iIMOBIPDHY TpaHcgopmaLiio y nepcuctyrody ¢gopmy. MeTo poboTu CcTano BUBYEHHSI OCOBIMBOCTEVE PaHHIX ANHaMIYHUX
rPOLIECIB arnonTo3a B TKAHWHAaX HUPOK 38 YMOB MOAEJIIOBAHHS B €KCIIEPUMEHTI rOCTPOro niesaoHedpuTy 1a CyrnyTHbOro LyKpPOBOIro
aiabery | Ta Il Tunis. Pobota BukoHaHa Ha 300 aopocsvx Lwypax niHii Bictap, wo 6y posnogineHi Ha 4 rpynu. dparmMeHTy HUpok
TBapuH BUBYanu i ororpagyBanv B eneKTpoHHOMY Mikpockoni [NEM-100-01. Pe3yabtatu rnokasanu, Lo ricias MOAE/tOBaHHS Y
TBAPUIH Mi€JIOHEPPUTY B HEPPOHAX He BYJ10 3HAYHUX YIIbTPACTPYKTYPHUX 3MiH. CTPYKTYpa MNOAOUMTIB 30BHILLIHLOrO JINCTKA MPakTU4HO
b6ys1a aHasnoridYHo CTPYKTYPI MoAOUMNTIB KOHTPOLHOrO Marepiany, a B AeSKUX K/iTUHaX CrioCTEePIraancb 03Haku akTuBauii ix
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mMeTabosiyHOI akTUBHOCTI. Y CTPYKTYPI noaounTiB BHYTPILLIHbOIO JINCTKA Karicy/iu BCTAHOB/EHI ANCTPO@IYHI 3MIHU BHYTPILLIHbOI
MeMOpaHu 4acTuHU MITOXOHAPIN. Y MO3KOBIV pe4OBUHI HUPKN CTPYKTYpa kiyboqka 6yna 6isbLu 36epexeHoro, HiX Y KipKOBIM.
[laTonoriyHi 3MiHV MoAOUMTIB MPOKCUMATIbHUX Ta ANCTAJIbHUX KaHasbLIB, & TaKOX IHTEPCTULIaNbHOI TKaHUHN BiflbLL BUPaXKEHI, HIX
HUPKOBOro kaybo4ka. 3a yMoB MOAE/IOBaHHS CHIBAPYXHBbOI MOAEI MieIoHe@puTy i aiabety | Tuny BiabyBatoTLCA OiNbLL BUPAXEHI
MOpP@ONoridHi 3MIHU: AECTPYKTUBHO 3HAYHO 3MIHIOIOTLCS eHAO0TeanbHI KiTUHN KanifisapiB kiayboyka, BiabyBaETbCS rOMOreHi3aLlis
CTPYKTYpu 6asaibHOI MemMbpaHu 17a 3Ha4HO PO3POCTAETbCS Me3aHrialbHa TKaHUHa. Y He@POHax i KaHaIbUsIX KiPpKOBOI pe40BUHMN
3MIiHW MPOSIBAISIIOTLCS Y 3HAYHO OIIbLLINE Mipi, HIX Y MO3KOBIVi peHOBUHI HUPKU. [Tor BUBHEHHI B KJIHIYHMX YMOBaXxX naTtoreHeTuyHmx
0Cc06/1MBOCTEN rOCTPOro niesIoHe@PUTY 3a YMOB CYnyTHbOrO LIyKpOBOIro Aiabety AouilbHUM € rTPOBEAEHHSA €/1eKTPOHHO-
MIKPOCKOMIYHUX AOCIAKEHb 3 METOK 06paHHSI ONTUMA/IbHOIO KOPUIYIOHOro JiiKyBalbHOro BIiJIMBY Ta 3arobiraHHs HeCrpusiT/IMBOro
nepebiry iHpeKkUiviHO-3anaabHOro rpoLecy Ta Kioro TpaHcgopmadii'y nepcuctyiody popmy. EM-[0cnigxeHHs € BUCOKO iHpOpMaTuBHUM
Py AOCNIAXEHHI NAaTONOMYHNUX 3MIiH Ta PAHHIX ANHAMIYHUX MPOLECIB arnornTo3a B TKAHUHAaxX HUPKU Py MOAETIOBaHHI roCTporo
rieJsIoHepPUTY Ta CyrnyTHLOro LykpoBoro giaberty | Ta Il Tunis B yMmoBax eKCriepumMeHTy.

Knio4oBi cnoBa: mozestoBaHHS, NatoreHes, niesioHe@dpuT, LyKpoBuii fiabeT, eneKTPoOHHAa MIKpPOCKOIisi, KipkoBa Ta MO3KOBa
pevoBuHa, ariornToas.

ENEKTPOHHO-MWKPOCKOMUYECKAA ANATHOCTUKA MPOLIECCOB AMNOMNTO3A B YC/10BUAX
MOLENMPOBAHUA B SKCNEPUMEHTE OCTPOIro NMUEJIOHE®PUTA U CONYTCTBYIOWEIO CAXAPHOIoO
OWUABETA | U Il TUNOB

Bbopucos C.A., Kocres ®@.U., Bopucos A.B. MonyarHwok H.U.

CornacHo nuTepatypHbIM AaHHbIM, B YCAOBUSIX HAapyLUEeHUs1 banaHca rpo- v npoTUBOBOCIAINTE/IbHbLIX GakToOpOB pa3BuTue
MHGEKLMOHHO-BOCNAaINTEIbHOIO npouecca rnpuobperaet TeHAEHUNIO K pOorpeccupoBaHnio u 60ee TSIXesl0ro Te4eHus ¢
Aa/bHeHLIes TpaHChopmaumnesi B XPOHUYECKOe BOCManeHne ¢ COOCTBETCTBYIOLLMMU MOPPOQPYHKLMNOHAbHBIMU [1OCAEACTBUSIMU.
B Takux KpUTU4eckux yCcroBUSIX PEeLLaloLLyIO 3aLLNTHYIO POJIb, BEPOSITHO, ChirPaeT arornro3, KOTOPbIK CriocobeH ybpaTb 4pe3mMepHyto
CKYMY€HHOCTb arpeccuBHbIX 3¢GPeKTopoB BOCnaneHus, ux spGPeKTUBHO S/IMMUHNPOBATL, YTO NPEAYNPEAUT B Aa/lbHEVLLIEM
BO3MOXHYIO TpaHc@opmaLunio B NepcucTupyroLlyo @opmy. Llesnsio paboTel CTano nly4eHmne 0CoOOeHHOCTeV PaHHUX ANHaMUYEeCKuX
1POLIeCCOB aronTo3a B TKaHSX MOYEK B YC/I0BUSIX MOLAE/IMPOBAHUSI B IKCIIEPUMEHTE OCTPOrO NMUeIOHE®PUTA U COMyTCTBYIOLLErO
caxapHoro gunabera | v Il Tunos. Pabota BbirnonHeHa Ha 300 B3pOC/bIX Kpbicax IMHUM Buctap, KoTopbie Obliv pacrpesesieHsl Ha
4 rpynnbl. @parMeHTbl Mo4eK XUBOTHBIX U3yHain U ¢oTorpagpupoBain B 31€KTPOHHOM Mukpockorne [MOM-100-01. Pesynbtarsl
rnokasasu, 4T0 10c/ae MOAENNPOBAHUS Y XUBOTHbIX MNEIOHEDPUTA B HEGPOHAX HE OblI0 3HAYUTENbHBIX Y/IbTPAaCTPYKTYPHbIX
uameHeHuvi. CTPYKTypa nofoLnTOB BHELLIHEro JMCTa npakTuyecku Oblia aHaioruyHou CTPYKTYpe nogoUNTOB KOHTPO/IbHOIO
marepvana, a B HeKOTOPbIX KETKax Hab/oaaImch rnpusHaky akTuBaLmm mx MeTtabonn4eckori akTuBHOCTU. B cTpykType nogounTos
BHYTPEHHEro /INCTKa KarcyJ/ibl yCTaHOBJIEHbI ANCTPODUNYECKNE UBMEHEHUS] BHYTPEHHEV MeMOpaHbl 4acTu MUTOXOHAPWI. B
MO3roBOM BELLECTBE 104Ku CTPYKTYpa k/yboqka bblia bonee coxpaHHOM, Y4eM B KOPKOBOM. [1aTonoruyeckme uamMeHeHus noLoLnToB
MPOKCUMASIbHBIX Y AUCTA/IbHbIX KaHa/IbLEB, a TakxXe MHTePCTULMNAIbHOUM TKaHu 00/1ee BbliPaXeHbl, Y4eM MO4YEYHbIX K/1yO604KoB. B
yC10BUSIX MOAENPOBaHUSI COAPYXECTBEHHOU mMoaenn nuenoHeppura v auabera | Tuna nponcxoasat 60s1ee BbipaXeHHbIe
MOPGONIOrn4ecKkmne U3MeHeHns: 4eCTPYKTUBHO 3HAYNTE/IbHO U3MEHSIIOTCS SHAOTEINAlIbHbLIE KIETKU KanuiisipoB Kiayboyka,
rponCXoanT roMoreHn3aLmnsi CTPyKTypbl 6a3anbHo MemMbpaHbl M 3HaYUTEsIbHO PaspacTaeTcs Me3aHrnanbHasl TkaHb. B He@poHax
U KaHasIbLiax Kopbl N3MEHEHMST MPOSIB/SIIOTCS B 3HAYUTE/ILHO OOJbLLEN CTENEHU, 4eM B MO3rOBOM BeLLEeCTBE royku. [lpu ndyyeHumn
B KJIMHUYECKUX YC/IOBUSIX 1aTOr€HETUYECKNX OCOOEHHOCTEN OCTPOro nueioHe@puTa B yC/I0BUSIX COMYTCTBYIOLLEro caxapHoro
Anabera LenecoobpasHbiM SIBJISIETCS MMPOBEAEHNE 3/1EKTPOHHO-MUKPOCKOMNYECKUX NCCEA0BaHNI C Le/bio M36paHus
ONTUMAaIbHOrO KOPPEKTUPYIOLLEro 1Ie4eO6HOro BO34EHCTBUS 1 MPEAOTBPALLEHNS] HEOIaronpusiTHOrO Te4YeHUsT NHGEKLMOHHO-
BOCMannTeIbHoro rnpowuecca v ero TpaHcgopmaLmmy B nepCcUCTUPYIOLLYIO GOopmMy. S1eKTPOHHO-MUKPOCKOMNYECKOEe NCCIea0BaHnNe
SABJISIETCS BLICOKO MHGPOPMATUBHBLIM 1PV UCCIEA0BAHNN MaTOA0MMYECKMNX NBSMEHEHUI 1 PaHHUX ANHAMUYECKUX MPOLeccoB arnornrosa
B TKaHSIX MOYKU 11PU MOAEMPOBAHUN OCTPOrO NMUEIOHe@GPUTa 1 COonyTCTBYIOLEero caxapHoro anabeta | v Il Tunos B ycroBusx
SKCrepUMEHTa.

KnioueBble cnoBa: mMogenmpoBaHne, nartoreHes, nuesioHeQPUT, caxapHbivi AnabeT, NeKTPOHHAas MUKPOCKOMNWS, KOPKOBOE U
MO3roBoe BeLeCcTBO, arnomnTos.
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