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In our study, all the substances selected for work had an effect on the processes of mast cell secretion. At the
same time, flokalin, foridon, a mixture of both of these substances, as well as alkalinization of the environment,
proved to be stimulators of mast cell degranulation. Quercetin and caffeine, on the contrary, have an inhibitory
effect on the secretion of mast cells. The maximum effect of stimulation of the secretion of mast cells was registered
when using a mixture of Flocalin and Foridone, the lowest — when using Flocalin. This trend is characteristic of both
subcutaneous adipose tissue and mesentery, and it is also inherent in in vivo and in vitro conditions. The stabilizing
effect of quercetin and caffeine on mast cell secretion was characteristic of both mesenteric and subcutaneous
adipose tissue mast cells in vivo and in vitro. The smallest degree of changes in the secretion of mast cells under
the influence of the applied substances was recorded in preparations of subcutaneous adipose tissue, compared
to preparations of mesentery. To the greatest extent, changes of mast cells were present in in vitro conditions,
compared to the in vivo.
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MICROSCOPIC CHANGES IN NEPHRON STRUCTURES OF RENAL TISSUE FOLLOWING

BLAST-INDUCED EXPERIMENTAL TRAUMA
Dnipro State Medical University (Dnipro, Ukraine)
kosha.v@ukr.net

Our study shows that pressure waves significantly affect the structural and functional activity of the kidney, espe-
cially in the acute and early stages after exposure. Damage was mainly observed to the nephron and its components,
including the renal corpuscle and the proximal and distal tubular system. However, in later stages, these injuries
became more irreversible and were characterized by a destructive and sclerotic process in some areas of the renal
parenchyma. Under conditions simulating blast waves, we observed that animals developed more pronounced dis-
orders in the acute phase of exposure, such as edema and massive hemorrhage, which could be stabilized to prevent
further complications. This provides a theoretical basis for possible emergency interventions after blast waves, which
were the etiological factor of renal injury in our study. In the early stage after trauma, edema was slightly reduced,
but hemorrhage was more severe and extensive. At later stages after exposure to pressure waves, we observed areas
of dystrophic necrotic changes of tubular epithelium in the renal parenchyma, which made necrotic areas visible,
and the degenerative and destructive processes intensified in the renal parenchyma. Thus, according to the results
of the experimental study, the most significant morphological and histochemical changes in tissue and structural
components appeared in the acute phase (first day) and early phase (seventh day) after pressure wave exposure, but
at later stages (fourteenth day) these phenomena and manifestations became irreversible in some areas.

Key words: kidney, nephron, renal corpuscle, tubules, blast wave, trauma.

Connection of the publication with planned re- al state of organs and tissues of experimental animals
search works.

The research was carried out within the framework
of the scientific topic of the Department of Clinical Anat-
omy, Anatomy and Operative Surgery “Morphofunction- tion number 0117U003181.

and humans in ontogenesis in normal and under the
influence of external and internal factors”, state registra-
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Introduction.

Traumatic kidney injuries, particularly in present-day
conditions, result in a high mortality rate, reaching up to
60% in certain forms of damage. Such patients, with in-
juries localized in this area and associated with impaired
urinary evacuation and neuro-urological complications,
are observed in 90% of cases [1, 2]. Given the blast and
mine-explosion nature of injuries, which is a character-
istic of modern combat, there is a noted increase in the
prevalence of these traumas [3]. The most common inju-
ries in contemporary localized wars and armed conflicts
are multiple wounds caused by fragments of explosive
devices, leading to damage to several anatomical zones.
Despite extensive research into blast waves as a pro-
cess of oscillation propagation through various physical
media and the transmission of
these oscillations affecting in-

tebrate Animals which are used for experimental and
other scientific purposes» (Strasbourg, 1987).

A total of 100 rats participated in the experiment.
Throughout the study, none of the experimental animals
died as a result of the blast wave exposure. The distri-
bution of the control and three experimental groups is
presented in table.

All animals were kept in the usual conditions of a
standard cage, they were systematically observed. An
experimental white rat was put under thiopental anes-
thesia. The impact of the shock wave on the abdomi-
nal wall of the animal was carried out, so it was placed
vertically, the abdominal wall to the membrane with the
fixation of the neck, limbs, tail with the help of a shaped
metal structure with a clamp.

Table — Distribution of material in the control and experimental groups

dividual organs and systems of
the human body, the relevance

of studying the impact of blast

waves remains undeniable.

. After blast wave | After blast wave | After blast wave
Name of experimental Control h h |
i s exposure, the exposure, the | exposure, late
g acute phase early phase phase
Total Number of Subjects 25 25 25 25
Percentage per Group 25% 25% 25% 25%

Specifically, this pertains to the
effects of the blast wave on kid-
ney tissue — a paired organ located in the retroperito-
neal space, the nephron and its structural components,
particularly the nephron tubules, and severe urinary in-
fections, which according to literature data, affect 8.3%-
17.2% of patients [4, 5]. Therefore, studying the dynam-
ics of morphological and histochemical changes in kidney
tissue following a blast wave is a highly relevant issue
for both theoretical and practical medicine, with instru-
mental investigations providing substantial assistance in
this area. Recently, high-resolution computed tomog-
raphy, multimodal neurophysiological monitoring, and
the measurement of effective filtration pressure (EFP)
— which depends on the hydrostatic pressure of glomer-
ular capillary blood (Pc), blood oncotic pressure (Po),
and the hydrostatic pressure of the ultrafiltrate in the
capsule (Pu) —have been widely introduced into medical
practice. Additionally, modern surgical microscopes and
advancements in microsurgical techniques have signifi-
cantly enhanced diagnostic capabilities, expanded op-
tions for intensive therapy, and surgical treatment, and
improved outcomes. Strict adherence to clinical practice
guidelines allows for “treating the right patient properly
at the right place and at the right time” [6, 7].

The aim of the study.

To identify the microscopic changes in kidney tissue
and nephron structures following blast wave exposure
during the acute, early, and late phases.

Object and research methods.

During work the principles of Helsinki were followed
with experimental animals declaration adopted by the
General Assembly of the World Health Organization as-
sociation (1964-2000), the Council of Europe Convention
on Human Rights and of biomedicine (1997), in accor-
dance with the provisions of the WHO, the International
Council medical and scientific societies, the Internation-
al Medical and Scientific Council societies, the Interna-
tional Code of Medical Ethics (1983) and laws of Ukraine,
«General ethical principles of experiments on animals»,
which were approved by the First National Congress on
Bioethics (Kyiv, 2001) according to with the provision
of the «European Convention for the Protection of Ver-

A rubber diaphragm was attached to the open end
opening of the low-pressure chamber. By connecting the
device to a standard electrical network, an electromag-
netic valve was activated, which blocked the connection
between the high and low pressure chambers. The next
step was to activate the compressor, which pumped
the air mixture into the high-pressure chamber for 5-10
seconds. After reaching the appropriate pressure, an
electromagnetic valve was activated, which opened the
connection. And the flow of the air mixture with excess
pressure is released into the low-pressure chamber. At
the same time, after turning on the solenoid valve, the
compressor was turned off.

Upon reaching the outlet end, this air stream with
excess pressure (shock wave) destroyed the diaphragm
and affected the test animal locally. The moment of di-
aphragm rupture was recorded by a dynamic pressure
sensor. Patent (Pat. 146858 Ukraine, IPC G09B23/28) [8].

Histological examination was carried out to estab-
lish microscopic changes in rat kidneys and establishing
the dynamics of changes under the influence of a shock
wave. These studies were performed after fixation with
Bouin’s fluid and after total hematoxylin staining, per-
formed under incident light and transmitted light.

Research results and their discussion.

Our research has shown that a blast wave signifi-
cantly impacts the structure and functional activity of
the kidneys, particularly in the acute and early periods
following exposure. However, in the late period, these
disturbances become more irreversible, character-
ized by destructive and sclerotic phenomena in certain
areas of the renal parenchyma. After the blast wave ex-
posure, damage is primarily observed in the structural
and functional unit of the kidneys — the nephron and its
components, including the renal corpuscle and tubular
apparatus. The kidney is covered by a dense fibrous cap-
sule. Normally, the bulk of the cortex is composed of the
proximal and distal convoluted tubules of the nephrons.
Among these, the rounded, darker renal corpuscles are
clearly distinguished, with well-defined components
— the capsule and the capillary glomerulus. Medullary
rays, which are arranged radially, extend into the corti-
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Figure 1 — A — Rat kidney after blast wave exposure during the acute period (first-day post-exposure) with extensive hemorrhages; B —
enlarged fragment of A. Hematoxylin and eosin staining. Magnification: A: ocular lens 4x; objective lens 10x; B: ocular lens 10x; objective
lens 40x. Designations: 1 — capsule; 2 — cortex; 3 — medulla; 4 — renal corpuscle; 5 — nephron tubules; 6 — collecting ducts.

cal substance. Deeper into the kidney lies the medulla,
mainly composed of collecting ducts and nephron loops.
However, significant changes occur in these structures
during pathological conditions, which we tracked at
the microscopic level. Histologically, in the acute peri-
od, swelling and hemorrhages in the renal parenchyma
were observed (fig. 1).

These hemorrhages have a characteristic feature —
during the acute period, they cover a larger area. They
are isolated but very pronounced and visualized on his-
tological sections of the renal parenchyma (figs. 2, 3).

However, in the early period of the second experi-
mental group, on the seventh day after blast wave ex-
posure, these hemorrhages become more intense, their
number significantly increases, but their distribution be-
comes more pinpoint (fig. 4-A, B; fig. 5).

A distinctive feature during this period is the appear-
ance of renal corpuscles with a more prominently en-
larged glomerular capillary network, occupying a larger
area relative to the Bowman’s capsule. This was identi-
fied as a possible compensatory adaptive mechanism to
increase pressure and respond to the hypoxic condition
formed in this experimental group as a reaction to the
traumatic effect of the blast wave.

In the renal parenchyma of the third experimental
group, during the late period on the fourteenth-day
post-exposure to the blast wave, destructive and degen-
erative changes occur. These manifest in the nephron,
such as in the renal corpuscle, where there is an absence
of the clearly defined two-layered Bowman’s capsule
and a relative fusion of the glomerular capillaries with
the capsule. Additionally, sclerosis of the nephron tu-
bules follows hypoxic-necrotic phenomena around the
dilated vessels (fig. 6 — A, B).

Thus, it was established that after the blast wave
exposure, during the acute and early periods, changes
occurred in individual renal corpuscles — the glomeru-
lus and capsule, as well as in the excretory tubules of
the nephron. Foci of dystrophic-necrotic changes in the
tubular epithelium with visualization of necrotic areas
were observed, resulting from acute hypoxia caused by
fibrinous deposits around the vascular walls and hemor-
rhages. These hemorrhages, while sparse, were promi-
nent and well visualized on histological sections of the
renal parenchyma during the acute phase. A character-
istic feature of these hemorrhages is that, in the acute
phase, they covered a larger area, but by the early pe-
riod, on the seventh day after the blast wave exposure,

Figure 2 — Rat kidney with hemorrhages in the renal parenchyma from the first experimental group during the acute period (first day).
Hemorrhages are indicated by arrows. Hematoxylin and eosin staining. Magnification: ocular lens 10x; objective lens 40x.

ISSN 2077-4214. Bichuk npo6nem 6ionorii i meguuunn — 2024 — Bun. 3 (174) / Bulletin of problems in biology and medicine — 2024 - Issue 3 (174)

2901



MOP®ONOrIA / MORPHOLOGY

Figure 3 — Rat kidney after blast wave exposure during the early period (seventh-day post-exposure).
Hematoxylin and eosin staining. ocular lens 10x; objective lens 40x.

Figure 4 — Rat kidney during the early period after blast wave exposure (seventh-day post-exposure) (A, B). The nephron renal corpuscles are
indicated with arrows. Hematoxylin and eosin staining. Magnification: ocular lens 4x; objective lens 10x.

Figure 5 — Rat kidney from the second experimental group after blast wave exposure during the early period (seventh-day post-exposure).
Hematoxylin and eosin staining. Magnification: ocular lens 4x; objective lens 10x. Designation: 1 — capsule; 2 — cortical substance;
3 — medullary substance; 4 - renal corpuscle; 5 — nephron tubules; 6 — collecting ducts.
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Figure 6 — Rat kidney from the third experimental group in the late period, on the fourteenth day after blast wave exposure (A, B).
Hematoxylin and eosin staining. Magnofocation: ocular lens 10x; objective lens 40x.

these hemorrhages became more intense, with a signif- Conclusions.

icant increase in their number, although their distribu- The conditions of the simulated blast wave, using
tion was more localized. Another notable observation three experimental models and histopathological le-
during the early period is the appearance of renal cor-  sjons specific to the renal parenchyma of rats, highlight
puscles with a markedly enlarged glomerulus occupying  the significant issue of traumatic and post-traumatic
a larger area to Bowman’s capsule. This was interpret- damage to the renal parenchyma, particularly the neph-
ed as a possible compensatory-adaptive mechanism for o structures — renal corpuscles and the proximal and
increased pressure and response to hypoxic conditions,  ista| tubule systems. Our research demonstrated that
which developed in this experimental group as a reac-  yq plast wave severely affects the structure and func-

tion to jche traumatic ef'fef:t.s of the blast wave. In the tional activity of the kidneys, especially during the acute
late period after the blast injury, degenerative, destruc- . >
and early periods after exposure. However, in the late

tive, and sclerotic processes were observed in the renal . . . .
period, these disturbances take on a more irreversible

tissue, with some areas showing irreversible damage. t h terized by destructi d sclerotic oh
Thus, based on the results of the experimental study, the nature, C, arac e'rlze y destructive and sclerotic phe
nomena in certain areas of the renal parenchyma.

most significant morphohistochemical changes in the

renal tissue and nephron structures occurred during the Prospects for further research. _

acute and early periods, with the appearance of necrotic Future studies should aim to substantiate the macro-
areas in the late period, on the fourteenth day after blast and microscopic changes in the renal parenchyma in
wave exposure. These changes had an irreversible na- comparison with the control group, as well as post-trau-
ture, representing the long-term consequences of blast matic changes in nephron structures after blast wave ex-
injury on the renal parenchyma. posure in the acute, early, and late periods.
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MIKPOCKOMIYHI 3MIHU Y CTPYKTYPAX HE®GPOHY TKAHUHU HUPOK
MICNA BUBYXOBOIHAYKOBAHOI EKCMEPUMEHTA/IbHOI TPABMU

[HinpoBCcbKUit AeprKaBHUIT MeanYHMIA yHiBepcuTteT (m. [Hinpo, YKpaiHa)
kosha.v@ukr.net

Hawe 0ocnioxceHHA MOKA3YE, WO X8UAi MUCKY CYMmMmMEBO 8MaAuU8dHMb HA CMPYKMYpPHO-YHKUiOHANbHY
aKmueHicme HUpKu, ocobsauso 8 2ocmpili i paHHili cmadiax nicaa enausy. [MowKoOxueHHA criocmepieanocs
8 OCHOBHOMY 0714 HegpoHy ma (020 KOMMOHEeHMI8, BKAYAIOYU HUPKOSE Minbue ma MpoKCUMAsbHY ma
oucmarsnbHy KaHansbuesy cucmemy. OOHOK HA Mi3HiIX cmadiax yi yWKoOXeHHA Habyau He380poOMmMHO20 Xapakmepy
i xapakmepu3sysanuce 0ecmpyKMUBHO-CKAEPOMUYHUM [POUECOM 8 OKpemux OifAHKAX HUPKOBOI napeHximu.
B ymosax, wjo imimytoms s8ubyxosy Xxgusr, MU Criocmepi2anu, Wo y meapuH po3susanuca binbuw supaxeHi
po3aadu 8 2ocmpili ¢pasi 8nausy, maki AK HAOPAK i MacusHa KposomeYa, AKi MoxHa b6yao0 cmabinizysamu, wob
3anm06izmu no0anbWum YcKnaoHeHHAM. Lle 0ae meopemuyHe 0brpyHMy8aHHA MOXAUBUX eKCMPeHUX 8Mpy4aHb
nicna subyxosux xgusb, AKi 6yauU emiono2iyHUM haKMOPOM ypPaXeHHS HUPOK Y HAWOMY 00CniOxeHHI. Ha paHHil
cmaoil nicna mpasmu HabpsaKk 0ewo 3MeHWUBCH, ane Kpososunaue bys cunbHiwum i binbwum. Ha 6inbw nisHix
mepMiHax nicasa enausy xeusb MUCKY 8 HUPKOB8Ili napeHximi cnocmepieanucs OingHKU OUCMPOPIYHO-HEKPOMUYHUX
3MiH enimenito KaHAnbYi8, y AKUX cmMasanu 8UOUMUMU HEKPOMUYHI GifAAHKU mMa MoCu108aauca 0e2eHepamugHo-
decmpyKkmusHi npouyecu 8 napeHximi HUpKU. TaKum YUHOM, 3d pe3ybmamamu eKcrepumeHmasnbHo20 00CAI0HEHHS,
Halibinbw cymmesi Mopghosno2iyHi ma 2icmoxiMmiyHi 3MiHU MKAHUH i CMPYKMYypPHUX KOMIMOHEeHMI8 8UAB/AAAUCA 8
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2ocmpili ¢pasi (nepwa 0o6a) i paHHil ¢aszi (cooma 0o06a) nicas enausy xeusai MuUcky, ane Ha binbw Mi3Hix cmaodisax
(yomupHaduama 006a), yi Asuw,a ma npossu Habyau HE380POMHO20 XapPAKMePY 8 OKPEMUX OifIAHKAX.

Knarouosi cnosa: HUPKA, HePOH, HUPKOBe Minlblye, KAHAbUYI, 8UBYX08A X8USIS, MPABMA.

38’A30K nyb6niKauii 3 n1aHOBMMMU HayKOBO-A0CNIA-
HUMU poboTamu.

Jocnig)KeHHA BMKOHAHO B pPaMKax HayKoOBOi TeMwu
Kadeapu KniHiYHOI aHaTomii, aHaToMmii Ta onepaTMBHOI
Xipyprii «MopdodyHKLiOHaNbHUIA CTaH OpraHiB i TKAHWUH
eKCnepuMeHTaNbHUX TBAapPUH i NIOAMHWN B OHTOreHesi B
HOPMI Ta Nig, BNJIMBOM 30BHIlWHIX i BHYTPiLWHiX ¢paKTo-
piB», HOMep AeprKaBHoi peecTpauii 0117U003181.

Bcryn.

TpaBMaTUYHi ypaXeHHA HUPOK, 0cobaMBO 3a YyMOB
TenepilwHbOro 4Yacy, [alTb BENMKY CMEpTHICTb, AKa
[ocarae npu peakmx dopmax ywkoaxeHb 60%. Taki
NOCTPaXKAani 3 TAaKOK NIOKaNi3aLLEl0 NOLWKOAKEHD, AKA
CYNPOBOAMKYETLCA MOPYLIEHHAM eBaKyauii cedi Ta Hel-
POYPOIOFiYHUMM YCKNAAHEHHAMM 3ycTpidatoTbea B 90%
Bunaakis [1, 2]. 3 ornaay Ha BUGYX0BUIA Ta MiHHO — BUOY-
XOBUI XapaKTep yparkeHHs, Lo € 0cobanBICTIO CyyacHo-
ro 6010, BiA3HaYalOTb TEHAEHLIO A0 36iNblIEHHA TaKKX
Tpasm [3]. Haibinblw nowmpeHnmmn 3a yMOB CyHaCHUX
NIOKaNbHUX BINH | 36pONHNUX
KOH®ANIKTIB € MHOXWHHI nopa-

TBapUHU, NpuinHaTol leHepanbHoto Acambreeto Bcec-
BiTHbOI OpraHisau,ii oxopoHu 3g0pos’s (1964-2000 pp.),
KoHBeHLUieto Pagn €EBponn npo npaBa nwoguHU Ta bio-
meanumHy (1997 p.), BianosigHo Ao nonoxkeHb BOO3,
MixKHapoaHOi pagn MeauyHUX i HAayKOBMX TOBApUCTB,
Mi*KHapoAHOT MeaMYHOI Ta HAYKOBOI pagu TOBApPUCTB,
MiXHapoaHoro Kogekcy meanyHoi etnkm (1983) Ta 3a-
KOHY YKpaiHW «3aranbHi eTUYHI NPUHUMIN eKCnepumeH-
TiB Ha TBapMHax», cxBasieHoro epwmm HaLioHaIbHUM
KOoHrpecom 3 b6ioetukn (Kuis, 2001), BignosigHo Ao no-
NIOXKeHb «EBPOMENCbKOI KOHBEHLLi NPO 3axucT xpebert-
HUX TBApPWH, AKI BUKOPUCTOBYIOTLCA /1A eKCNepuMeH-
TaNbHUX Ta iHWMX HayKoBux Linei» (Ctpacbypr, 1987).

Bcboro B ekcnepumeHTi 6pano yyactb 100 wypis. 3a
Yyac npoBefeHHA pPobOTM BHacCNigOK BNAMBY BUOYXOBOI
XBWi, Hi OQHA eKcnepuvMmeHTasbHa TBapuHa He BMep-
na. Po3noain pgocnigrKyBaHOro matepiany KOHTPO/bHOI
Ta TPbOX EKCMepPMMEHTANbHUX FPYN NPeacTaBAeHUN y
Tabnuu,i.

Tabnauua — Po3nogin matepiany KOHTPO/IbHOI Ta €KCNEPUMEHTANIbHUX rpyn

HEHHA, CNpUYNHEeHi dparmeH-
Tamu BMBYXOBOrO MPUCTPOIO,

AKi 3yMOB/IOIOTb YLIKOAMKEHHS
KiIbKOX aHaTOMIYHMX 30H. He-

3Ba*Kaloym Ha IHTEHCMBHI A0-

Micna sBnamey Micna sBnavBy Micna sBnauBy
HasBa KoHTponb- .. g . g . 8
YAAPHOI XBWAI, | yAapHOI XBUAi, | yaapHOi xBuAi,
eKCrnepuMeHTanbHUX Fpyn | Ha rpyna v : o . S .
rocTpuii nepios | paHHin nepiog | nisHiM nepios
KinbKicTb 06’€KTIB y rpynax 25 25 25 25
Ycboro 06’ektis 100 (100%) 25% 25% 25% 25%

cniaskeHHA BMOYX0BOI XBUAI AK
npoLecy Po3nOBCHOAMKEHHA KOMBaAHb y Byab — AKOMY
bisnyHoMy cepenoBMLLy Ta npoLecy nepesadi Lux Ko-
ZINBaHb, AKi BNAMBAIOTb HAa OKPEMi OpraHu i cuctemu
OpraHiamy /Il0ANHN, HEMAE CYMHIBY aKTya/IbHOCTi AaHO-
ro AOCNIAXEHHA, CTOCOBHO He TiIbKM HacnigKis BNAMBY
BMOYXOBOI XBUAI Ha TKAHWHY HUMPOK — MapHOro opra-
HY, PO3TallOBaHOMYy B 3a04epeBMHHOMY MPOCTOPI, a i
HedpPOHY Ta MOro CTPYKTYPHUX KOMMOHEHTIB, 0CO611BO,
KaHanbLiB HedpPOHIB, a i TAXKKOI cevoBoi iHDeKLUii, AKa
no AaHuWM niTepaTypu cknagae 8,3%-17,2% nocrpaxia-
nnx [4, 5]. To6To BUBYEHHA AMHAMIKM MOPPONOFiYHUX,
FiCTOXiMIYHMX 3MiH TKAHUHU HUPOK, AKI BUHUKAIOTb | pe-
arytoTb nicns BUOYX0OBOT XBWJIi € aKTya/IbHUM NMUTAHHAM,
AK ANA TEOPEeTUYHOI TaK i ANA NPAKTUYHOI MeaUUMUHN i
Yy LbOMY NMUTAHHI AyXe A0NOMaratoTb iHCTPYMEHTaNbHI
pocnigyeHHA. OCTaHHIM Yacom y MeAuYHY MPaKTUKY
LUIMPOKO BMPOBaAKYIOTb KOMN'toTepHY Tomorpadito 3
BE/IMKOKO PO3Ai/IbHOI 34aTHICTIO, MYyAbTUMOAANbHUMN
Helpo®i3ioNoriYHNn  MOHITOPUMHF  Ta  BUMIPIOBAHHA
edeKkTMBHOro ¢inbTpauitHoro Tucky (E®T), akuii 3ane-
WUTb Bif, TigPOCTaTUYHOTO TUCKY KPOBI KanifApis Kay-
60uKa (PK), OHKOTMYHOrO TUCKY Kposi (Po) i riapocrta-
TUYHOTO TUCKY yAbTpadinbTpaTy Kancyau (Py), cyyacHi
onepauiitHi MIKpOCKONK, YAOCKOHANEHO MiKpoXipyp-
riYHY TEXHiKY, 3aBAAKM YoMy 3abe3neuytoTbcA NOTyXKHa
AiarHocTMYHa 6a3a, 40AaTKOBI MOMK/IMBOCTI iHTEHCUBHOT
Tepanii, XipypriyHoro NikyBaHHA Ta CYTTEBE MOKPALLEHHA
Moro pesynbraTis. CyBope AOTPUMAHHA peKoOMeHAaLLil
KNiHIYHOI NPAKTMKM [03BOMAE «NPABUABHO NiKyBaTH
npaBuibHO 06paHOro naujieHTa B NOTPIGHOMY MicTi B
noTpibHuMit yac» [6, 7].

O6’eKT i meTOAU AOCNiAXKEHHA.

Y poboTi KepyBanuca npuHumMnamm lrenbCiHCbKo ae-
KNapauieto Npo NOBOAMNKEHHA 3 eKCNepUMEHTAIbBHUMMU

Yci TBApUHU — 3HAXOAWUIUCH Y 3BUYAMHUX YMOBax
CTaHZAPTHOI KANITKM, 38 HUMW NPOBOAM/IOCA CUCTEMA-
TUYHe cnocTepexeHHs. MigaocnigHoro 6inoro wypa
BBOAMAW B TIOMEHTaNoBMI Hapkos. MNposoauau Bnavs
YAAPHOI XBWAI Ha YepeBHY CTiHKY TBapUHW, TOMY ii po3-
TalyBaAn BEPTUKAZIbHO, YEPEBHOI CTIHKOK A0 MeMb-
paHu 3 ¢iKcaLieto Wui, KiHLIBOK, XBOCTa 3a A0OMNOMOIO0
¢dirypHoi meTaneBoi KOHCTPYKL,ii 3 3aTUCKOM.

Ha BiakpuMTOMYy KiHLEBOMY OTBOPIi KamMepu HU3bKO-
ro TUCKY 3aKpinuau rymosy aiadparmy. MNiakaAoYeHHAM
NPUCTPOIO A0 CTaHAAPTHOI eNeKTPUYHOI MeperKi aKTu-
BYBa/IM €/1EKTPOMArHITHUIM KnanaH, AKMIN NepeKkpms Cro-
NIYYEHHA MiXX Kamepamu BMCOKOTO Ta HWU3bKOTO TUCKY.
HacTynHum eTanom AofaHO B Ait0 KOMMpecop, AKUM
ynpopoBx 5-10 ceKyHA, HarHiTaB NOBITPAHY CyMill Y Ka-
Mepy BMCOKOTO TUCKYy. licna AocArHeHHA BiANoBigHOroO
TUCKY B Aito 6yN10 3aCTOCOBAHO €1eKTPOMArHiTHUI Kna-
naH, AKWI BiAKPMB CMONyYeHHA. A MOTiK NOBITPAHOI cy-
MiWi 3 HAANMLIKOBMM TUCKOM BUBINIbHIOETBCA B Kamepy
HU3bKOro TUCKY. O HOYACHO MiCNA BKAOYEHHA e/1eKTpo-
MarHiTHOro KnamaHy Bigbynoca BifKNIOUYEHHA Kommnpe-
copa.

JocArHyBLIM BUXIAHOTO KiHUA, Llel MOTIiK NoBiTps 3
HaA/MLIKOBMM TUCKOM (yAapHa XBWAS) 3pyMHyBaB Ai-
adparmy Ta BNAMHYB MicLEBO Ha NiAAOCNIAHY TBAPUHY.
MomeHT po3puBy giadpparmm 6yno 3adikcoBaHO CeHCo-
poOM gMHaMiyHoOro TUCKy. nateHT (MNat. 146858 YKpaiHa,
MK G09B23/28) [8].

OnAa BCTAHOBNEHHA MIKPOCKOMIYHUX 3MiH HUPOK
LypiB Ta BCTAaHOB/AEHHA AMHAMIKM 3MiH Nig, BNAMBOM
YAAPHOI XBWTi NPOBOAMAMN TiCTONOTiIYHE AochiaKeHHs. Ll
[OCNiAKEHHs npoBoauAn nicaa dikcauii pianHoto byeHa
Ta nicnsA 3aranbHoro ¢papbyBaHHA reMaTOKCUNIHOM, NPO-
BeZLeHOro Npu nagaryomy Ta NPoxigHOMY CBITAI.
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Pe3ynbTatu AocnigyKeHHA Ta ix 06roBopeHHs.

Hawi gocnigskeHHsa nokasanu, Wo BubyxoBa XBUAA
BA)KKO BifOOpPAXKAETbCA HA CTPYKTYpi Ta OYHKLiOHaNb-
HOT AifNIbHOCTI HUPKK, 0COBAUBO B FOCTPUI Ta PaHHIn
nepiogu nicna BRAAMBY, ane y Ni3HiM nepiog ui nopy-
LWeHHA NpuabatoTb Hifbll HE3BOPOTHIM XapaKTep, AKU
XapaKTepu3ye OEeCTPYKTUBHI Ta CKAeposylouM ABULLA
Yy OKpeMux AinfsHkax napeHximu HUpOK. Micna snauey
BMOYXOBOI XBWAi, Yy MepLuy Yepry, NOLKOAMKEHHA CMo-
CTepiralTbCA Y CTPYKTYPHO — GYHKLiIOHANbHOT OANHMLL
HUPOK — HePOHI Ta MOro CTPYKTypax — HUPKOBOMY Tiflb-
Le Ta KaHanbLeBOMY anapaTi. HMpKa BKpUTA LLiIbHO
$ibpo3HOI Kancynoto. Y HopmMi OCHOBHa maca KipKoBoOi
PEYOBUHM YTBOPEHA MPOKCMMAJIbHUMM Ta AMUCTasb-
HUMW 3BUMBUCTUMMW KaHaNbUAMU HedpOHiB. MixK HUMM
YiTKO BUAINAOTLCSA OKPYi BiNbll TEMHI HUPKOBI TENbLA
3 YiTKO PO3TAOBaHUMM CKAALOBMMM — KAMCy/o Ta

KaninApHMM KnybouKoMm. Y KipKOBY pevyoBMHY 3aX04ATb
MO3KOBi NMPOMEHI, W0 pPOo3TaloBaHi pagianbHo. Mnbwe
NMOYMHAETbCA MO3KOBA PEYOBMHA, KA CKAALAETHCA B OC-
HOBHOMY i3 36ipHUX TPYOOUYOK Ta neTenb HeppoHis. Ane
B LIMX CTPYKTYpax Npu NaToNoriYHOMY CTaHi BifbyBatoTb-
CA 3HAYHi 3MiHM, AKI MM NPOCTEXMUAM HA MIKPOCKOMIY-
HOMY piBHi. Ha rictonoriyHomMy piBHi y rocTpuii nepios

crnocTepiranocb HabpAK Ta KPOBOBUAMBM Yy NaApeHXiMi
HUpOK (puc. 1).

Lli KPOBOBMAIMBKM MAtOTb XapaKTepHy 0cobauBicTb —
y roctpuii nepiog, 6inbl BOHW BEINKI NO MIOWMHI PO3-
NOBCIOAMKEHHA. BOHWM MOOAMHOKI, ane Ayxe BUpPaXKeHi
Ta AIBHO Bi3yani3yloTbCA HA FiCTONIOMNYHMUX GPOHTANIbHUX
napeHximu HMpoK (pwmc. 2, 3).

Ane y paHHili nepiog y Apyroi ekcnepumMmeHTanbHOI
rpynu Ha cbomy go6y nicnsa BnaMBy BUOYXOBOI XBUAI L
KPOBOBUAMBKU Bifibll iHTEHCMBHI, X KiNbKIiCTb 3HAYHO
3pOCTaE, ane X po3TawyBaHHA 6iNbl KpanenbHe (puc.
4 - A, B; puc. 5).

TakoxK 0cob6/1MBOIO BigMITKOK Y Len nepiog, € NosB-
JIEHHA HUPKOBMX Tifeub 3 6iNblWw BMpaXKeHO po3wwupe-
HUM KaninapHUM KAybouKom, K1 3aiimae 6inbl nno-
LLMHY BiAHOCHO Kancyau LymnaHcbkoro — boymeHa, wo
HaMK 6y/s10 PO3LIHEHO AK MOX/MBUIA KOMMEHCATOPHO
— NPUCTOCYBA/IbHUI MEXaHi3M NiABULLEHHA TUCKY Ta pe-
aryBaHb Ha MNOKCUYHUI CTaH, AKMI GOPMYETLCA Y AaHOT
eKCMepMMEHTaNbHOT rpynu AK peaKLisa Ha TpaBmaTWUu-
HUWI BMNIMB BUOYXOBOT XBUII.

B nmapeHxiMmi TKAHWHI HUPOK y TPETIN eKCnepumeH-
Ta/IbHOI rpyni B Mi3HIN nepiog Ha YOTUPHAAUATY 406y
nicna BnAMBY BMOYXOBOI XBWAI BigOyBalOTbCA AECTPYK-
TMBHI Ta AereHepaTuMBHi 3MiHM, AKi MalOTb HACTYMHi

PucyHok 1 — A — Hupka wypa nicnsa ennmsy BU6yXxoBoi XBuAi y roctpuii nepiog, (nepwa go6a nicna Bnamey) 3 BeAMKUMMU KpoBoBUAMBaMHK; b
—36inblweHnit pparmeHT A. 3a6apBNeHHA: reMaTOKCUANIH — e03UH. 36inblieHHsA: A — oK. x4; 06. x10; b — oK. x10; 06. x40. NMo3HayeHHA:
1 - Kancyna; 2 — KipKkoBa pe4yoBUHa; 3 — MO3KOBA PEYOBUHA; 4 — HUPKOBE TiNbLe; 5 — KaHanbLi HePPOHiB; 6 — 36ipHi TPYBOUKK.

PUCYHOK 2 — HMpKa Lypa 3 KpOBOBMAMBaMM Y NapeHXiMy HUPOK B NepLUOoi eKCnepMMeHTasIbHOI rpyni y roctpuii nepiog, (nepwa pgo6a).
KpoBoBUAMBM BU3HAYEHI CTPiNKamn. 3a6apBieHHA: reMaTOKCUAIH — e03uH. 36inblueHHsA: oK. x10; 06. x40.
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PucyHoK 3 — Hupka wypa nicaa snansy BubyxoBoi XBuAi y paHHiii nepiog, (cboma goba nicna snausy).
3abapBneHHA: reMaToKCUiH — e03uH. 36inblueHHA: oK. x10; 06. x40.

PucyHoK 4 — Hupka wypa y paHHiit nepiog nicna enamsy Bubyxosoi xeui (cboma go6a snausy) (A, B). HUpKoBi Tinbua HeppoHiB BKazaHO
cTpinkamu. 3a6apBeHHA: reMaToKCUANIH — e03UH. 36inblueHHs: oK. x4; 06. x10.

PUCYHOK 5 — HUpKa wwypa Apyroi eKcnepumeHTanbHoi rpynu nicns snaunsy BUbyxoBoi XBui y paHHiii nepiog (cboma go6a nicna snausy).
3a6apBneHHA: reMaToOKCUIiH — e03U1H. 36inblueHHA: OK. X4; 06. x10. Mo3HauyeHHs: 1 — Kancyna; 2 — KipKoBa PeYOBUHA;
3 — MO3KOBa peuyoBuHa; 4 — HUPKOBe TinbLe; 5 — KaHanbLi HedpoHiB; 6 — 36ipHi TPY6OUKM.
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PUCYHOK 6 — HMpKa wypa y TpeTiii eKcnepMMeHTaIbHOI rpyni B Ni3Hili nepiog Ha YoTMpHaguATy fo6y nicns Bnamusy Bubyxosoi xeuni (A, B).
3abapBneHHA: reMaToKCUAIH — e03uH. 36inblueHHs: oK. x10; 06. x40.

nNposaBKU y HedpPOHi, HaNpUKNag, y HUPKOBOMY TinbLe —
BiZICYTHICTb YiTKOI ABOXCTIHHOI Kancyan LUymnaHcbKoro
— BboymeHa i BigHOCHe 3IMTTA KaninapHOro Kaybouka 3
Kancynoto Ta CKAepo3ytoun KaHanbli HeppoHiB nicnsa ri-
NMOKCUYHO — HEKPOTUYHMUX ABWULL, HAaBKOJO PO3LUMPEHMUX
cyauH (pmc. 6 — A, B).

TakMm 4MHOM, NigBOAAYM MiIACYMOK HalMX A0CAi-
[OKeHb 3’ACOBaHO, Lo Nicns BAAUBY yAapHOI XBWUAI y ro-
CTPUI Ta paHHiN Nepioan HamuM cnoctepirasacb 3miHu,
AKi BigbyBanuca y oKpeMumx HUPKOBUX TiNbLAX — Kani-
NAPHOMY KNyb6OUKy Ta Kancyni i y BMBIAHMX KaHaAbLAX
HePpPOHy i3 BOrHULWAMKN AUCTPOdIYHE — HEKPOTUYHMUX
3MiH eniTenito KaHanbLiB 3 Bi3yani3ali€o AiNAHOK He-
KpOo3y fIK CNiACTBO roCTpOi rinokKcii, 3ymosneHoi ¢ibpu-
HO3HMM HaWAPYyBaHHAM HABKOJIO CYAUHHWUX CTiHOK,
a TaKOX KPOBOBMAMBAMM, AKi y rocTpuii nepiog 6ynu
NOOAMHOKI, ane Ay»e BMpParKeHi Ta Bi3yanizoBaHi Ha
riCTONOriYHMX 3pi3ax napeHximu HUpOK. Lli kposBoBUAK-
BM Manun XapaKTepHy ocobamBicTb — y rocTpuii nepiog,
6inblu BOHW BYM BENMKI NO NAOWMHI PO3MNOBCHOAKEH-
Hf, a/ie y paHHill nepiog Ha cbomy 406y nicna BNAUBY
BUOYXOBOI XBUAI Lii KPOBOBWUIMBU BiNbll iHTEHCUBHI, X
KifIbKiCTb 3HAYHO 3POCTAE, ane iX Po3TallyBaHHA BinbLu
KpanenbHe. TakoX 0c06MBOIO BigMITKOI Y paHHil ne-
piog, € NOABAEHHA HUPKOBMX TiNeLb 3 Hinbll BUPaAKEHO
PO3LWMPEHUM KaninApHUM KAyHOUYKOM, AKMIA 3aliMae
6inbW NAOWMHY BiAHOCHO Kancynu LUymnaHcbKkoro —
BoymeHa, Wo Hamm 6yno Po3LLHEHO AK MOMKIUBUIA KOM-
NEeHCaTOPHO — MPUCTOCYBAJIbHUIM MEXaHi3M MiABULLEHHA
TUCKY Ta pearyBaHb Ha FiNOKCUYHWUI CTaH, AKK dopmy-
€TbCA Y AAHOI eKCMePMMEHTA/IbHOI Fpynu AK peakLia Ha
TpaBMaTU4YHMI BNAUB BMOYx0BOI xBuAi. Micna Bnamey y
ni3Hilt nepiog nicna BMGYXoBOi TPAaBMU Y TKAHWUHI HUPOK

cnocTtepiranv NOCUAEHHA AereHepaTUBHUX, LEeCTPYKTUB-
HUWX Ta CK/IEPO3YHOYMX NMPOLLECIB, AKI Y OKpeMMX AiNAHKax
MaloTb HE3BOPOTHIM XapakTep NposBiB. TaKMM YMHOM,
33 pe3ynbTaTaMM NPOBEAEHOr0 eKCrnepuMeHTaNbHO-
ro AoCnigKeHHA HalcKknagHi mopdoricToximiuHi 3miHM
TKAHWHW Ta CTPYKTYPHUX KOMMOHEHTIB HEPPOHY rocTpo
MaJiM NPOSIBU y TOCTPUIA Ta pPaHHiN nepioan, a nossy faj-
NIAHOK HEKPOo3y, MW CrocTepiranu y nisHii nepiog nicns
BM/IMBY YAAPHOT XBUAI Ha YOTUPHAAUATY 06y ekcrnepu-
MEHTY, AKi Masin HE3BOPOTHIl XapaKTep NposBiB Hac/ia-
KiB BMOYXOBOI TpaBMU Ha NapeHximy HUPOK.

BucHOBKM.

TakKMM UYMHOM, YMOBM 3MOLENLOBAHOMO BUOYXY
yAapHOi XBUAi 32 AONOMOrOK TPbOX EKCNepUMEHTAsb-
HUX MoOZenen Ta TiCTOMATONONYHI YLWKOAMKEHHA, AKi
cneumndivHi Ana napeHximm HUPOK LWYpPIB CBIAYUTL NPO
HaZ3BMYalHY CKNaZoBYy Mpobsiemu TpaBMaTUYHMX Ta
NOCTTPaBMATUYHMX ypaxKeHb MapeHXiMW HUPOK, OCo-
6/11MBO CTPYKTYp HedpOHY — HMPKOBE TiNbLA Ta CUCTE-
MM KaHa/bLLiB NPOKCMMANbHOIO Ta AUCTAJIbHOrO BiaAdi-
niB. Hawi gocnig»KeHHs nokasanu, wo BMbyxoBa XBuUAs
BaXKKO BifloBparkaeTbca Ha CTPYKTYpi Ta GyHKLioHaNAbHOT
OiANbHOCTI HUPKK, 0COBANBO B rOCTPUIA Ta PaHHii nepi-
oau nicns BNAMBY, ane y Ni3Hil nepioA Ui NopyLeHHs
npuabatoTb 6inbl HE3BOPOTHIW XapaKTep, AKUI XapakK-
TepU3ye AeCTPYKTUBHI Ta CKNEepOo3ylouM ABULLA Y OKpe-
MUX AiNAHKAX NApeHXiMn HUPOK.

MepcnekTMBM NOAANbLUNX AOCNIAMKEHD.

Y noAanbluoMy HafeXUTb OBFPYHTYBaTM MaKpo — Ta
MIKPOCKONIYHI 3MiHW Yy NapeHXimi HUPOK Yy 3PiBHAHHI 3
KOHTPO/IbHOK FPYMNO0 Ta MOCTTPaBMaTUYHI 3MiHW CTPYK-
TYp HeppoHy nicns BMOYXOBOI XBWJIi Y TOCTPUIA, paHHil
Ta Ni3Hi nepiogn.
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MIKPOCKOMIYHI 3MIHWU Y CTPYKTYPAX HE®POHY TKAHMHU HUPOK NICNA BUBYXOBOIHAYKOBAHOI EKC-
NEPUMEHTAILHOT TPABMU

KowapHuii B. B., KarpamaHsH A. K., A6ayn-Ornu /1.B., Pytraisep B. I, lemueHko O. M.

Pestome. Hawi gocnigxkeHHA nokasanu, wo BMOYXoBa XBWJIA BAXKKO BigobOpaXKaeTbca Ha CTPYKTYpi Ta PyHK-
LioHaNbHOI AiANbHOCTI HUPKKN, 0COBNMBO B rOCTPMI Ta PaHHi nepioau Micna BNAMBY, KOMM, Yy MepLly yepry, no-
LUKOAMKEHHA CnocTepiratoTbCsA y HePPOHi Ta MOro CKNAA0BUX — HUPKOBOMY TifibLLi Ta CUCTEMI MPOKCUMMAbHUX Ta
OMUCTaNIbHUX KaHaNbLiB, afie y Ni3Hii nepiog, ui nopyweHHA NpuabatoTb BiNbll HE3BOPOTHI XapaKTep, SKNIN XapakK-
TEPU3YE AECTPYKTUBHI Ta CKNEPO3YOYM ABULLA Y OKPEMUX AiNAHKAX MapeHXiMU HUPOK. B ymoBax 3moaenboBaHOro
BMOYXY YA4apHO XBUi HAMM 3acCBiAYEHO, LLLO Y TBAPUH B rOCTPUIA Nepios BNAMBY PO3BMBAOTLCA MOPYLUEHHA BiNbLL
BUpPaXKeHi — HabpsAK, BENUKI KPOBOBUANBM, ane AKi MOMK/IMBO CTabinizysatu i 3anobirtn GinblMM YCKNaAHEHHAM,
LLLO HAAE MOXK/IUBICTb TEOPETUYHOTO OOIPYHTYBAHHA MOMK/IMBUX 3aX04iB HEBiAKNALHOI JonoMoru nicaa Bubyxo-
BOI XBWJli, AKA € €TiONONYHUM GAKTOPOM YPAXKeHHSA HUPKKU Y A@aHOMY AOCAIAXKEHHI. Y paHHil nepiog nicas Tpasmu
HabpsAK HE3HAUYHO 3MEHLUYETLCSA, asie KPOBOBUAMBM MatoTb DiNbll iIHTEHCUMBHUIA Ta PO3MOBCIOAKEHUI XapaKTep Y
napeHximi HMpok. Micna ke BNAUBY yAapHOT XBW/I Y Mi3HIA nepiod y oOKpeMux AinsHKax napeHxiMnm HUPOK Hamu
cnocTepiranacb AiNAHKM i3 BOrHUWAMM AUCTPOdIYHE — HEKPOTUYHUX 3MIH eniTenito KaHabLiB 3 Bi3yanisaLli€eto ai-
NAHOK HEKPO3Y Ta MNOCUNEHHSA AereHepaTUBHUX Ta AECTPYKTUBHMUX NPOLECIB Y NapeHXiMi HUPOK. TaKMM YMHOM, 33
pe3ynbTaTamm NPOBEAEHOr0 eKCNePUMEHTANbHOTO AOCAIAXKEHHA HAaUCKAaAHI MOPdOriCTOXIMIYHI 3MIHW TKAHWMHK Ta
CTPYKTYPHMX KOMMOHEHTIB, MM CNOCTEpPiranu y rocTpuii — y nepwy oby Ta paHHil nepiog — Ha cbomy aoby nicna
BN/ANBY YAAPHOT XBWAI, ae y Ni3Hil nepiog — Ha YOTUPHAAUATY f06y BNAMBY L ABULLA Ta NPOABM MAOTb B OKPEMMX
AinAHKax 6inbll HE3BOPOTHIM XapakKTep.

Kntouosi cnoBa: HUPKK, HeGPOH, HUPKOBE Ti/ibLE, KaHanbL,i, BUBYXoBa XBUAA, TPaBMA.

MICROSCOPIC CHANGES IN NEPHRON STRUCTURES OF RENAL TISSUE FOLLOWING BLAST-INDUCED
EXPERIMENTAL TRAUMA

Kosharnyi V. V., Kagramanyan A. K., Abdul-Ogly L. V., Ruthaizer V. G., Demchenko O. M.

Abstract. Our research has demonstrated that a blast wave significantly impacts the structure and functional
activity of the kidney, particularly in the acute and early periods following exposure. Damage is primarily observed in
the nephron and its components, including the renal corpuscle and the proximal and distal tubule systems. However,
in the late period, these impairments become more irreversible, characterized by destructive and sclerotic processes
in certain areas of the renal parenchyma. Under conditions of a simulated blast wave, we observed that in the
acute phase of exposure, animals developed more pronounced disorders, such as edema and large hemorrhages,
which could potentially be stabilized to prevent further complications. This provides a theoretical basis for possible
emergency interventions following a blast wave, which is an etiological factor of kidney injury in our study. In the early
period after the trauma, the edema slightly decreases, but the hemorrhages become more intense and widespread.
By the late period after the blast wave exposure, we observed areas in the renal parenchyma with foci of dystrophic-
necrotic changes in the tubular epithelium, visualizing necrotic regions, as well as an intensification of degenerative
and destructive processes in the renal parenchyma. Therefore, based on the results of the experimental study, the
most significant morphohistochemical changes in the tissue and structural components were observed in the acute
phase (the first day) and the early period (the seventh day) after blast wave exposure, but in the late period (the
fourteenth day), these phenomena and manifestations in certain areas became more irreversible.

Key words: kidney, nephron, renal corpuscle, tubules, blast wave, trauma.
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