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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Abstract.

Crush syndrome (CS) is a pathological shock-like condition
that develops following prolonged compression of the
trunk, extremities, or their segments by heavy objects, and is
characterized by an inflammatory response that extends beyond
the affected soft tissues and penetrates into complex brain
structures. To investigate the dynamics of the morphological
and functional state of rat brain cellular structures following
hind limb compression, we employed a histochemical method
for detecting the activity of Ca?*-dependent acid phosphatase.
Experiments were performed on sexually mature albino rats.
Experimental CS models were created using a custom apparatus
that allowed 3-hour and 6-hour compression of the hind limb
soft tissues. Morphohistochemical analysis revealed that after
3 hours of compression, neurons in the sensorimotor cortex
(SMC) largely retained their typical morphology, dendritic
orientation, and moderate levels of cytoplasmic enzymatic
activity. In a subset of neurons—predominantly in the granular
layer—early signs of central chromatolysis were observed.
After 6 hours of compression, the morphological profile of
neurons in the studied SMC layers deteriorated markedly:
alterations in cell shape and size, neuronal deformation, nuclear
ectopia, and shortened or disrupted neurites indicated impaired
intercellular connectivity. Notably, pyramidal neurons exhibited
greater resilience compared with granular cells. An increase
in nuclear acid phosphatase activity suggests the activation of
early preventive mechanisms of the cellular damage response
during the initial stages of injury. Thus, Ca*-dependent acid
phosphatase histochemistry demonstrated that crush syndrome
is accompanied by progressive morphological impairments in
SMC neurons, which become more pronounced with increasing
compression duration. The observed morphological features
of SMC neuronal injury following limb compression are
characteristic of nonspecific neuronal damage and resemble
acute neuronal swelling—a common, reversible form of cellular
pathology. which is recognized as a reversible alteration.

Key words. Crush syndrome, prolonged compression
syndrome, sensorimotor cortex, Ca?-dependent acid
phosphatase, neuronal morphology.

Introduction.

Over the past decades, crush syndrome (CS) has gained
increasing clinical and research relevance due to the rising
frequency of natural disasters, industrial and motor vehicle
accidents, armed conflicts, and the persistence of numerous
unresolved and debated aspects of its pathogenesis. CS is a
severe pathological condition resulting from closed injury
to large areas of soft tissue under the influence of substantial
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and/or prolonged mechanical force. It is accompanied by a
constellation of specific pathological disturbances, including
shock, cardiac rhythm disorders, acute renal failure, and
compartment syndrome [1-3]. The syndrome typically develops
upon the sudden release of sustained pressure on muscles
and bones, triggering a massive systemic response. Damaged
muscle tissue releases myoglobin, potassium, creatine kinase,
uric acid, phosphorus, and proteolytic enzymes into the
bloodstream, leading to electrolyte imbalance, oxidative stress,
and direct injury to renal tubular cells [4,5]. The severity of the
clinical course is directly correlated with both the duration of
compression and the extent of tissue damage. Based on these
parameters, three degrees of severity are distinguished. Mild
CS develops after relatively short periods of compression
(2-3 hours) and, with appropriate treatment, carries a
favorable prognosis. Moderate CS occurs when compression
lasts up to 6 hours, is associated with endotoxemia and renal
dysfunction, and its prognosis depends on the timeliness
and quality of first aid, as well as subsequent management
with early implementation of extracorporeal detoxification.
Severe CS arises following compression exceeding 6 hours, is
characterized by rapidly escalating endogenous intoxication,
and leads to life-threatening complications. Without prompt,
intensive treatment, the prognosis is poor [6]. Although the
primary initiating factor in CS is mechanical compression of a
body segment, the pathological cascade is predominantly driven
by three interrelated mechanisms: toxemia, hypovolemia, and
pain. Toxemia results from the entry of degradation products
of damaged tissues into the systemic circulation, exerting
profound toxic effects and disrupting homeostasis. Prolonged
ischemia triggers a shift to anaerobic metabolism and initiates
structural degradation of tissues, while subsequent reperfusion
induces the generation of reactive oxygen species, the release
of inflammatory mediators, and an increase in vascular
permeability. These processes promote the redistribution of
fluid into the “third space” (third-spacing), leading to marked
hypovolemia and, in the absence of timely intensive care, may
progress to shock and multiple organ failure [4,7]. In patients
whose resuscitation is delayed, symptoms may include nausea,
vomiting, agitation, and delirium [8].

In the pathogenesis of crush syndrome (CS), pain serves as
a primary triggering factor during compression and crushing
injuries, although it is often absent in cases of positional
compression where consciousness is impaired or lost. Pain is
particularly pronounced in limb compression injuries, where
a dense network of nociceptors in the skin, skeletal muscles,
and periosteum is activated. Through neuro-reflex pathways,
nociceptive input stimulates both cortical and subcortical
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centers of the brain, mobilizing diverse protective systems
of the organism—including conscious perception, sensory
processing, autonomic regulation, behavioral adjustments,
and somatic responses [9,10]. With prolonged compression,
pain intensity may diminish, masking profound underlying
metabolic disturbances. Pain itself disrupts central nervous
system function by impairing the balance between excitatory
and inhibitory processes. In compression trauma, the excitatory
phase is often sustained, a phenomenon attributed to the absence
of significant blood loss and preserved cerebral perfusion. The
erectile phase of shock may persist for approximately 1.5 hours
before transitioning into the torpid phase. Immediately after
decompression, a brief period of excitation is often observed—a
phenomenon referred to as the “second hit” or “additional
strike.” This is followed by renewed inhibition, manifesting as
deeper impairments in the function of vital organs [11].

Prolonged nociceptive stimulation, mediated via the central
nervous system, induces complex humoral alterations in the
body—oxidative-reductive processes are suppressed, gas
exchange and the physicochemical properties of blood are
impaired, adrenal activity is enhanced, and adrenocorticotropic
hormone (ACTH) secretion is stimulated, in turn promoting
catecholamine release. This cascade is accompanied by spasm of
arterioles and precapillary sphincters within the microcirculatory
network. Due to oxygen deficiency, incompletely oxidized
metabolic products accumulate in tissues, leading to metabolic
acidosis and a marked increase in the concentration of vasoactive
mediators [12]. Recent research has focused on advanced
biomaterials—such as hydrogels and nanofibrous matrices—
capable of sustaining regenerative signaling at sites of injury
[13]. Neuronal activity itself also exerts a profound influence
on recovery. Properly timed sensory input can enhance motor
neuron sprouting and accelerate functional restitution. Within
the spinal cord, mechanisms such as presynaptic depolarization
of afferents and presynaptic inhibition modulate signal
transmission and can restore the balance of sensorimotor circuits
after injury [14]. Thus, crush syndrome should not be viewed
solely as a muscular or renal injury, but rather as a complex,
multisystem crisis. Understanding the interplay among ischemic
injury, toxemia, glial transformation, neurotrophic signaling,
and synaptic remodeling forms the foundation for integrated
therapeutic strategies aimed at preserving life and restoring
function.

Over the past decade, numerous animal studies have employed
models simulating crush syndrome (CS), yielding promising
results. The scientific literature contains reports on histological
and ultrastructural alterations in the heart, kidneys, liver, lungs,
skeletal muscles, and loose connective tissue across various
organs in experimental CS [7,15-17]. The time course of
oxidative damage in different brain regions was investigated
in the gerbil model of transient cerebral ischemia, and provide
further evidence that oxidative stress may be involved in
delayed neuronal death in gerbils [18]. However, there is a
notable absence of data addressing changes in the cellular
structures of the brain under experimental CS, particularly in
cases accompanied by systemic shock. Of particular importance
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is the morphofunctional status of the cellular structures of the
sensorimotor cortex, which is responsible for processing sensory
information and controlling motor functions. This cortical
region plays a central role in integrating sensory modalities—
including touch, temperature, pain, and proprioception—with
motor control, thereby enabling environmental adaptation and
the execution of goal-directed behaviors.

In light of these considerations, the aim of the present study was
to investigate the morphofunctional state of the sensorimotor
cortex in the cerebral hemispheres of rats following 3-hour and
6-hour compression of the hind limb soft tissues.

Materials and Methods.
Animals:

Experiments were conducted on sexually mature male
albino rats (mean body weight: 200 + 30 g), obtained from the
Experimental Center of the L.A. Orbeli Institute of Physiology,
National Academy of Sciences of Armenia. Animals were
housed under standard laboratory conditions, with a 12-hour
light/dark cycle, ambient temperature maintained at 22-24°C,
and relative humidity of 40-60%. They were provided ad
libitum access to standard pelleted chow (Nutrimix STD-1020)
and filtered tap water. Drinking water was routinely tested for
potential contaminants to ensure compliance with established
laboratory quality standards.

Experimental Model:

The experimental model of crush syndrome (CS) was
established using a custom-built apparatus designed to apply
localized compression to one pelvic limb. This model was
reproduced on a specially engineered device developed for
investigating various aspects of the pathogenesis and treatment
of CS (Rationalization Proposal No. 158, 10.06.1990, issued
by Yerevan Medical Institute) [19]. The apparatus, designed
by the staff of the YMI Research Center, consists of two test
compartments of equal volume, separated by a thin partition. One
compartment contains a compression mechanism, mirrored by
an identical unit in the second compartment. The system allows
for controlled, uniform application and release of pressure to the
limbs of small laboratory animals (rats, mice), with the applied
force recorded on a dynamometer. The compression element is
a circular plate with a diameter of 2 cm. In this study, a pressure
of 140 kPa was applied to an area of 3.14 cm?.

Two models of crush syndrome (CS) were established to
represent different degrees of severity: compression of a single
limb for 3 hours (CS3 group) to model a mild form of CS, and
compression of a single limb for 6 hours (CS6 group) to model a
moderate form. The affected area encompassed the entire inner
surface of the thigh (3.14 cm?). Control animals were placed
in the apparatus for the same duration but without any applied
load. Following the release of compression, decompression was
performed over a 1-hour period. Animals were then euthanized
under deep anesthesia with sodium pentobarbital (100 mg/kg,
intraperitoneally) to harvest the brain for histochemical analysis.

Study Design:

Fifteen rats were randomly assigned to three experimental
groups, each containing five animals:



Control group (Co): no intervention;

CS3 group: rats subjected to hind limb compression for 3
hours;

CS6 group: rats subjected to hind limb compression for 6 hours.

The number of animals per group (n = 5) was determined in
accordance with the 3R principles (Replacement, Reduction,
Refinement).

Histochemistry study:

In the present study, we employed a histochemical technique
for detecting Ca**-dependent acid phosphatase (AP) activity,
originally described by Meliksetyan [20,21]. This method
integrates elements of traditional Nissl staining and Golgi
silver impregnation, enabling simultaneous visualization of
neuronal cytoarchitecture and enzyme distribution patterns.
Enzymes in living organisms act as biocatalysts, facilitating
metabolic reactions through active centers that convert specific
substrates [22]. The methodological approach is based on
detecting intracellular phosphorus-containing compounds
crucial for energetic processes involved in maintaining and
reproducing vital systems. When acid phosphatase activity
is tested, phosphate ions released by the enzyme react with
various structures in the mixture, regardless of their spatial
arrangement. After incubation in a sodium sulfide solution,
these ions form a visible dark brown precipitate of lead sulfide.
This staining provides a clear and informative image, allowing
for detailed analysis of specific metabolic pathways within the
examined structures.

Experimental procedure:

Following confirmation of death, brains were -carefully
removed and fixed in a 5% neutral formalin solution prepared
in 0.1 M phosphate buffer (PBS, pH 7.4) for 48 h at +4 °C.
Frontal-plane sections of the target brain regions were cut at a
thickness of 50-60 pm using a cryostat microtome (YD-2235,
Jinhua YIDI Medical Appliance Co., Ltd., China).Sections
were transferred to freshly prepared incubation medium for
Ca?*-dependent AP detection, containing 0.4% lead acetate, 1
M acetate buffer (pH 5.6), and 2% sodium glycerophosphate.
Incubation was carried out in a thermostat at 37°C for 1.5 h. After
incubation, sections were rinsed in distilled water, developed in
sodium sulfate solution, rinsed again, and mounted in Canada
balsam (VWR Chemicals, Canada). Morphological assessment
was performed under a light microscope. Topographical
identification of brain structures was guided by established
atlases [23,24]. Microphotographs were acquired using an
OPTON M-35 microscope (West Germany) equipped with an
AmScope MUS8O00 digital camera.

Results.

Analysis of the morphohistochemical data from rat brains
following hind limb compression revealed that the sensorimotor
cortex (SMC) is the most severely affected region. Due to
this selective vulnerability, the study focused on this area of
the cerebral cortex. A detailed assessment of the distribution
of lesions, both across the cortical surface and in depth,
demonstrated that the pyramidal layers (Figure 1 C—F; Figure
2 C-F) and the outer granular layer (Figure 3 C—F) of the SMC
were most frequently affected.
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Morphohistochemical analysis further showed that after 3
hours of hind limb compression (CS3 group), neurons in the inner
pyramidal layer of the cortex were predominantly pyramidal
cells with correctly oriented apical dendrites, exhibiting high
acid phosphatase activity and large granular deposits in the
cytoplasm and apical dendrites. Granulation was so pronounced
that neuronal nuclei were often not visible. These neurons were
slightly enlarged compared to controls, yet retained their overall
shape and dendritic architecture (Figure 1 C, D).

A frequent observation was the contrast between the intensity
of chromatolysis and the preserved structural integrity of
some neurons, likely reflecting intrinsic neuronal resistance.
In certain large pyramidal cells, the nuclei appeared pale and
centrally located, with clearly traceable apical dendrites and
high enzymatic activity in both the cytoplasm and dendritic
processes (Figure 1 C). In these cells, acid phosphatase deposits
were distributed homogeneously. Amid these relatively
preserved neurons, occasional pyramidal cells exhibited
pathological changes. These neurons appeared swollen, with
shortened or unresponsive dendrites, indistinct contours,
although the overall cell shape remained intact. The pattern
of neuronal injury resembled central chromatolysis; however,
chromatolysis was not the predominant feature. Additionally,
some neurons lost their characteristic morphology entirely: cells
became rounded, dendrites were absent, contours were blurred,
and nuclei were displaced toward the periphery (Figure 1 C, D).
Similar alterations were observed in the outer granular layer of
the SMC (Figure 3 C, D).

In the outer pyramidal layer, no significant alterations were
observed; neuronal contours remained well-defined, with
moderately expressed enzymatic activity (Figure 2 C, D).
Intracellular granulation was clearly evident. These neurons
retained their size, shape, and dendritic processes, with only
occasional cells exhibiting shortened processes. The lightly
stained nuclei were centrally located, similar to those in control
(Co) animals. Compared to normal conditions, enzymatic
activity in neurons of the outer pyramidal layer was increased,
indicating elevated metabolic activity and heightened neuronal
function following 3 hours of hind limb compression.

In the outer granular layer of the sensorimotor cortex
(SMC) of CS3 group animals, neurons exhibited pronounced
chromatolysis (Figure 3 D). Lead phosphate deposits in the
cytoplasm were fine-granular. These neurons were markedly
enlarged, hypertrophied, and deformed, with non-responsive
dendritic processes. In the cytoplasm of hypertrophied neurons,
granular deposits in the central region disappeared, and the cells
assumed a rounded shape, with the cell membrane highlighted
by a thin submembranous layer of precipitate. Within these
structures, a large, swollen, lightly stained nucleus was typically
observed centrally, containing a darkly stained nucleolus
(Figure 3 C, D).

Dendritic processes were absent in these granular neurons,
indicating disruption of intercellular contacts within this cortical
layer. The morphological pattern resembled acute neuronal
swelling, a relatively common form of cellular pathology. Amid
these severely affected neurons, some cells retained normal
morphology, preserved dendritic processes, and exhibited high
phosphatase activity (Figure 3 C, D).
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Figure 1. Micrographs of neurons in the inner pyramidal layer of the rat sensorimotor cortex under normal conditions (A, B), after 3-hour (C,
D) and 6-hour (E, F) hind limb compression. Black arrows indicate central chromatolysis,; a denotes all cortical layers. Panels C and D show
neurons characterized by increased cytoplasmic acid phosphatase activity; panels E and F depict hyperactivation of nuclei in neurons of the inner
pyramidal layer. Detection of Ca*'-dependent acid phosphatase activity. Magnification: %63 (a); x400 (A, C, E); x1000 (B, D, F).
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Figure 2. Micrographs of neurons in the outer pyramidal layer of the rat sensorimotor cortex under normal conditions (A, B), after 3-hour (C, D)
and 6-hour (E, F) hind limb compression. Panels C—F show neurons characterized by increased cytoplasmic acid phosphatase activity, with activation
particularly pronounced afier 6 hours of compression. Black arrows indicate central chromatolysis; arrowheads denote submembranous localization of
acid phosphatase with ectopic nuclei. Detection of Ca?*-dependent acid phosphatase activity. Magnification: x400 (4, C, E); 1000 (B, D, F).
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Figure 3. Micrographs of neurons in the outer granular layer of the rat sensorimotor cortex under no

0.

rmal conditions (A, B), after 3-hour (C,

D) and 6-hour (E, F) hind limb compression. Panels E and F show shrunken neurons characterized by increased cytoplasmic acid phosphatase
activity. Black arrows indicate central chromatolysis. Detection of Ca?-dependent acid phosphatase activity. Magnification: <400 (4, C, E);

x1000 (B, D, F).

The morphological profile of the sensorimotor cortex
(SMC) following 6-hour hind limb compression (CS6 group)
demonstrates a deepening of cellular damage across its various
layers. While 3-hour compression primarily induced moderate
alterations in neuronal structural properties and increased
phosphatase activity in neurons of the studied layers, 6-hour
compression led to changes characteristic of primary neuronal
irritation, placing cells on a trajectory toward substantial injury.
At this stage, acid phosphatase activity was markedly elevated
across all cortical layers. Neurons appeared intensely stained
due to high phosphatase activity, likely reflecting mobilization
of intrinsic protective mechanisms and the activation of cellular
adaptive responses.

In the inner pyramidal layer of the SMC (Figure 1 E, F),
intensely stained, hypertrophied neurons were observed, with
disrupted polarity of the apical dendrites: some neurons retained
the correct radial orientation of the apical dendrite, whereas
others were tilted, fully inverted, or oriented perpendicularly
to the inner granular layer (Figure 1 E). Compared to the
control group, phosphatase activity in both the cytoplasm
and nucleus was increased, indicating activation of metabolic
processes aimed at maintaining homeostasis disrupted by the
applied stress. Cells with severe damage were also identified.
These neurons lost their characteristic morphology and became
rounded, with blurred contours, pale cytoplasm, and sparse
granular deposits in the soma. In this state, the cells were
swollen and hypertrophied, with most dendritic processes non-
responsive (Figure 1 E). Nuclei were similarly swollen and
displaced toward the periphery, often localizing to one pole
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of the cell. Occasionally, hypertrophied neurons affected by
chromatolysis were observed, with swollen nuclei centrally
positioned and surrounded by a thin layer of fine granular lead
phosphate precipitate (Figure 1 E).

Following 6-hour hind limb compression, the outer pyramidal
layer of the SMC exhibited pronounced degenerative changes.
Neurons of varying shapes and sizes (oval, elongated) were
deformed, sometimes clustered, and partially or completely
devoid of dendritic processes. Neuronal injury was associated
with disorganization of normal tissue architecture, and
phosphatase activity was markedly elevated (Figure 2 E,
F). In some cells, the cytoplasm was so intensely stained
that nuclei were difficult to distinguish from the surrounding
cytoplasm (Figure 2 E, F), indicating a hyperactive neuronal
state. Neuronal damage in the outer pyramidal layer followed
the pattern of central chromatolysis. Most pyramidal cells
were severely affected, losing their characteristic shape and
hypertrophying; some became rounded, and dendritic processes
were largely unresponsive. Swollen nuclei were displaced
toward the periphery, localizing to one pole of the cell in an
eccentric position. In the cytoplasm of swollen neurons lacking
processes, granular precipitates disappeared, and cells assumed
a spherical appearance, outlined by a thin layer of deposit. In
these neurons, the thick, radially oriented apical dendrite was
no longer identifiable (Figure 2 E). In individual cells, profound
damage was observed, manifested as progressive dissolution
of the Nissl substance, beginning centrally. The swollen,
lightly stained nuclei remained centrally located, with cell
membranes clearly delineated by a surrounding layer of dark



granular precipitate (Figure 2 F). A frequent observation was
the discrepancy between the intensity of chromatolysis and the
preserved structural integrity of some neurons, likely reflecting
intrinsic neuronal resistance. Thus, immediately following
6-hour hind limb compression, the outer pyramidal layer of
the cortex displayed neurons with varying degrees of cellular
damage.

Amid these damaged neurons, some cells retained relatively
normal morphology and exhibited high phosphatase activity,
with apical dendrites maintaining proper vertical orientation.
These neurons were enlarged and hypertrophied but preserved
their characteristic shape; the cell membrane was well-defined,
with intensely stained contours, and dendritic processes remained
responsive over considerable distances from the soma. The
trajectory of dendrites was clearly traceable, showing punctate
granulations. High phosphatase activity was evident in the
cytoplasm of these pyramidal neurons (Figure 2 E), indicated by
intense basophilic staining, reflecting enhanced phosphorylation
and increased metabolic activity. In the outer granular layer,
alongside some neurons with preserved morphology, most
cells were shrunken, homogeneously stained, and had lost
their characteristic form (Figure 3 E). These neurons exhibited
reduced cell body size and hyperchromatosis, indicative of
elevated phosphatase activity, and assumed elongated, rounded,
or curved shapes. In these shrunken granular neurons, nuclei
were centrally located with darkly stained nucleoli. Dendrites
were thinned and shortened. In some instances, granular
cells appeared as large, hyperphosphorylated, structureless
formations (Figure 3 F).

Discussion.

The results of the present study of the rat brain following hind
limb compressiondemonstrated neuronal tissue damage primarily
affecting the neurons and their processes. The morphological
pattern of neurodegenerative changes in the cerebral cortex
was characterized by discontinuous distribution, with some
cortical regions exhibiting more pronounced lesions while
others remained intact. The sensorimotor cortex was the most
severely affected; therefore, due to its selective vulnerability,
morphohistochemical analyses were focused on this region
of the cerebral cortex. Analysis of the spatial distribution of
lesions, both along the cortical surface and through its depth,
revealed that the outer granular layer, as well as the inner and
outer pyramidal layers, were the most frequently affected. The
morphological changes observed in pyramidal layers of the
SMC following hind limb compression represent an adaptive
response to diverse pathological insults, are characteristic of
non-specific neuronal injury, and predominantly resemble acute
neuronal swelling—a common and reversible form of cellular
pathology. As our study did not include an evaluation of animals
during the recovery phase following hind limb compression in
rats, we are unable to determine whether the observed cellular
changes are reversible. This should be acknowledged as a
limitation of the present work. The number of animals in each
group (n = 5) was chosen according to the 3R (Replacement,
Reduction, Refinement) principles, which may not be enough to
provide statistical power for qualitative analysis, and this is also
a limitation of this study.
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After 3-hour of hind limb compression in rats, no substantial
differences were observed in the response of cortical neurons
compared to controls, with the exception of neurons in the
granular layer. Within the pyramidal layers, only occasional
neurons displayed signs of central chromatolysis. In contrast,
the outer granular layer showed a predominance of neurons
undergoing marked chromatolysis. The most pronounced
alterations emerged after six hours of compression. In the
majority of cortical neurons, dendritic processes ceased
to respond; however, some cells—particularly within the
pyramidal layers—retained their processes, albeit with distorted
orientation of the apical dendrite. In the pyramidal layers of the
cortex, hypertrophied neurons with severe structural damage
were identified. The outer granular layer exhibited evidence
of neuronal shrinkage accompanied by abnormal shape and
size. Furthermore, a reduction in dendritic arborization was
noted, suggesting impaired inter-neuronal connectivity—
an early hallmark of cortical pathology. Among neurons
affected by chromatolysis, a subset demonstrated intense acid
phosphatase activity within both cytoplasm and nucleus. These
cells preserved their morphology and processes but displayed
swelling, indicating an early stage of degenerative change

Immediately following 6 hours of hind limb compression,
neurons within both the pyramidal and granular layers of the
sensorimotor cortex (SMC) exhibited markedly elevated Ca?*-
dependent phosphatase activity, likely reflecting an adaptive
response aimed at preserving cellular viability. This increase
indicates active phosphorylation, representing one of the
transcriptional pathways preceding the production of stress-
responsive peptides [25,26].

The morphological and physiological disturbances observed
in neurons of both the inner and outer layers of the SMC,
particularly involving the cytoplasm—nucleus relationship
and associated with alterations in cellular respiration and
enzymatic function, were occasionally manifested immediately
after compression as nuclear distress. This was accompanied
by adaptive displacement of the nucleus toward the neuronal
periphery, suggesting an early protective cellular mechanism
[27].

Conclusion.

The present study demonstrates that prolonged compression
syndrome (PCS), in addition to affecting classical target organs
such as the site of compression, kidneys, liver, and several other
organs, also impacts the sensorimotor cortex (SMC) of the rat
brain. PCS is accompanied by pain and stress-related factors,
which indirectly influence multiple brain regions, altering
their function and activity. Our findings indicate that neuronal
damage occurs across all layers of the SMC at both compression
durations, manifesting primarily as central chromatolysis to
varying degrees. Neurons of the granular layer are particularly
affected, exhibiting pronounced shrinkage. The morphological
characteristics observed resemble acute swelling, which is
recognized as a reversible alteration. Understanding the cerebral
response to PCS is essential for guiding clinical interventions in
affected individuals, particularly to prevent the involvement of
cortical regions in the pathological processes that unfold during
the decompression period.
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MOP®OI'MCTOXUMHYECKU AHAJIN3
KOPKOBBIX CTPYKTYP B SKCIIEPUMEHTAJIbHOMN
MOJEJU CUHAPOMA JJIMTEJBHOI'O CIABJIEHUSA
3AJTHEM KOHEYHOCTH Y KPBIC

Hcosn A.CY**, Nanuensin M.A!, Auronsin U.B', Asuzan
H.I'', Mkprusn A.A', Kapanersu K.B!, Heoorosa K.A!

'Huemumym usuonozuu um. JLA. Opoenu HAH PA, 0028,
Epesan, Apmenus

’Kagpeopa  buoxumuu, Epesanckuti  2ocydapcmeennviil
Mmeouyunckutl ynusepcumem um. M. I'epayu, Epesan, Apmenus

Pesome

Cunapom amurensHoro caaenenus (CC) mpeacrasiset coooit
MATOJOTMYECKOE IIOKOMOJOOHOE COCTOSHHE, HACTYIAIONIee
MOCTIC JUTUTEIBHOTO CHABJICHUS TYJOBHINA, KOHCYHOCTEH WA
HX CETMEHTOB TSDKEIBIMU MPEIMETaMU, U XapaKTePHU3YIOIIeecs
BOCIIAJIUTEIBHON peakiuell, KOTopas BBIXOJUT 3a MPEHCIbI
MSTKUX TKaHEH U IPOHHUKACT B CIIOKHBIC CTPYKTYPHI TOJIOBHOTO
Mo3ra. C 1eNTbI0 U3yUeHHsI TUHAMUAKHA MOP(H O YHKIIMOHATEHOTO
COCTOSIHUSL KIIETOYHBIX CTPYKTYp TOJOBHOI'O MO3ra KpPBIC
MOCTIC CHOABJICHUS 3aJHCH KOHEYHOCTH OBUT TPUMCHEH
TUCTOXUMHUYECKUNA MeTOJ] BbIsBIeHHUs akTuBHOCTH Ca*'—
3aBHCHUMOU KuCI0H (ocdaTassl. VccmenoBanus MpOBOAWIN Ha
MTOJIOBO3PEIBIX Kpbicax AnbOuHO. Ha criernmanbHO# ycTaHOBKE
ObUTH co3/1aHbI SKcniepuMeHTanbHbIe Monenu CJIC B ycrmoBusx
3-x ¥ 6-M 4yacoBOWM KOMIIPECCHM MSTKUX TKaHeW 3aaHel
KOHCYHOCTH KpbIC. Pe3ynapTaTel MOP(OTHCTOXUMHYECKOTO
aHaJM3a MoKa3alik, YTo Mocie 3-X Yaca KOMIIPECCUU HEHpPOHBI
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CMK B OCHOBHOM COXpaHsUIH MOP(OJIOTHYECKYI0 KapTHHY,
XapaKTEpHYI0 OPUEHTALMIO ICHIPUTOB U YMEPEHHBIN yPOBEHb
(hepMEHTaTUBHOI aKTUBHOCTH B IIUTOIUIa3Me. Y YacTH KIJIECTOK
OTMEYaINCh paHHHUE MPU3HAKU LIEHTPAIBHOTO XPOMATONN3a, B
OCHOBHOM B 3€pHHUCTOM ci10€ Kophl. [Tocie 6 vacoB koMmnpeccun
Mopdostornyeckasl KapTHHa HEHpoHOB M3y4aeMbix cioeB CMK
3HAUUTEIBHO yXYyAllajack: HapymeHue (GopMbl W pa3MepoB
KJIETOK, Je(opMHpOBaHHBIE HEWPOHBI, OSKTONHPOBAHHBIC
sipa, NEPEepPBAHHBIE U YKOPOUEHHBIE OTPOCTKHU, YTO YKa3bIBAET
Ha HapylUIeHHE MEXKIETOYHOH cBa3u. [IpumedarensHo,
YTO TNHUpPaMHUIHBIE HEHPOHBI JIEMOHCTPHPOBAIN OOJBIIYIO
YCTOMUMBOCTh 1O CPaBHEHHIO C 3E€PHUCTBIMU KIETKaMH.
BrlsBIeHHOE TOBBIIEHHE SAEPHOM aKTUBHOCTU  KHCIIOU
¢docdarazsl  CBHICTENBCTBYET O  BKIIOUYCHHHM  paHHHUX
NIPEBEHTUBHBIX ~ MEXaHU3MOB  KJIETOYHOIO  OTBETa  Ha
MOBpPEXKJCHUE YyXKE€ B HAYAIBHBIX CTaAUAX TpaBMbL. Takum
00pa3oM, METOJIOM BBISBJIEHUsI akTUBHOCTH Ca2+-3aBUCHMOM
K® mnoka3aHo, 4TO CHHAPOM JUINTENBHOIO CAABIMBAHUS
CONPOBOXKAACTCS HAPYIICHUSIMH MOP(OIOTHUECKOi KapTHHBI
HeripoHoB CMK, KoTOphIe YIIIyONSIOTCS TpPW YBEIWYEHHN
JUTUTEIBHOCTH ~ KOMIIpeccuu. Mopdonoruueckas KapTHHA
noBpexaeHni, Habmomaempix B CMK mocne cpaBnuBanms
KOHEYHOCTH, NpHUCYIIa HeCcTIeNU(PUIeCKUM HEeHPOHaIbHBIM
MOPaXCHUSIM W HANOMHMHAEeT OCTpoe HaOyXaHWe HEpBHBIX
KJIETOK, KOTOPOE€ OTHOCHUTCS K JIOBOJBHO PacIpOCTPaHEHHOMY
BUJY KIETOYHOM MAaTOJOTMM, KOTOPBIH pAaclo3HAETCsl Kak
o0paTuMoe H3MCHEHUE.

KiroueBble coBa: Kpami-CHHAPOM, CHUHAPOM ATUTEIBHOTO
CaBIEHUS, CEHCOMOTOpHas kopa, Ca*’-3aBUcuUMas KUCIOTHAs
¢ocdaraza, MopdoIiorust HeHPOHOB.
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