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Abstract. Acute kidney injury (AKI) is a clinical syndrome characterized by a rapid decline
in kidney function and represents a serious threat to human health. One of the most common
causes of AKI is endotoxemia or sepsis, triggered by the hyperactivation of the immune
system in response to gram-negative bacterial infections. The pathogenesis of AKI is highly
complex and not yet fully understood. The present study aimed to investigate histostructural
changes in kidney tissue using a model of inflammation induced by lipopolysaccharide
(LPS), a key component of the outer membrane of gram-negative bacteria.

Methods. Systemic endotoxemia was induced in mice by intraperitoneal injection of LPS
(E. coli O111:B4, Sigma, USA) at a dose of 3 mg/kg body weight. Control animals received
saline injections. After 24 hours, the animals were anesthetized with ether, and kidney tissue
samples were collected for analysis. For histological evaluation, kidney tissue specimens
were fixed in 10% neutral formalin, processed using standard histological techniques,
embedded in paraffin, sectioned, stained with hematoxylin-eosin, and examined under a
light microscope.

Results. LPS injection resulted in pronounced neutrophilia in the blood leukogram: the
percentage of rod-shaped neutrophils increased 3.6-fold while the percentage of segmented
neutrophils increased 2.7-fold (p < 0.05), which indicates systemic inflammatory response.
Significant histostructural damage to kidney tissue was detected under these conditions.
Dystrophic and necrotic changes were observed in Bowman’s capsules. Circulatory
disturbances were evident, with morphological alterations in all layers of the vascular walls
and destruction of the epithelium in the proximal and distal convoluted tubules.
Conclusions. The findings indicate that systemic inflammation induced by LPS leads to
substantial morphological alterations in kidney tissue. These changes include circulatory
disturbances, structural damage to vascular glomeruli, and epithelial injury in the proximal
and distal convoluted tubules. The observed damage results in a reduction in the number of
functioning nephrons, which may contribute to the progression of kidney failure.

Key words: lipopolysaccharides, endotoxemia, acute kidney injury, mice, histological
techniques.
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I'icTocTpyKTypHi 3MiHM TKAHMHM HUPOK 32 YMOB €KCIIEPMMEHTAIbHOL
e€HI0TOKCeMil

TacTutyT dizionorii im. O.0. boromonbusa, HAHY, Kuis, Ykpaina
2HaujioHanbHUii yHiBepcUTET 0XOpoHU 310poB’s Ykpainu [1.J1. Illynuka, Kuis, Ykpaina

Pestome. Bemyn. Tocmpe nowkoodxucenns nupok (I'TIH) — ue kaiHiuHuii cunopom, AKui Xapakmepuzyemscs
CMPUMKUM NOPYULEHHAM HUPKO0BOI (DyHKUII i 16459€ c000I0 cepilo3Hy 3aepo3y 045 300pos’s atodunu. O0Hiero 3 HallOinbul
NOWUPEeHUX NPUYUH 1020 BUHUKHEHHS € eHOOMOKCceMis ado cencuc, iH0yK08aHi 2inepakmueayieto iMyHHOI cucmemu epam
HeeamuHumu 6axmepiamu. Ilamoeenes I'll H nadzeéuuaiino ckaadHnulli ma Hedocmamuvo sueyeHuil. Memoro npedcmas-
JneHoi pobomu 6y10 docaidumu 2icmocmpyKmypHi 3MiHU MKAHUHU HUPOK HA MoO0eAai 3ananelHs, iHOyKo8aHo20 Ainonoi-
caxapudom (JII1C) — komnonenmom memopanu epam-veeamueHux 6aKmepii.

Memoou. CucmemHy enoomokcemito Mo0eao8aiu 3a 00NOM020l0 6HympiuiHboouepeaunHozo eeedennsa JIIIC (E.
coli 0111:B4, Sigma, USA) 6 003i 3 me/ke macu muwii. KoHmpoavHum meapunam 6600uiu ¢hizionoeiunuil pozuun. Yepes
24 200 meapun niodasanu epipHomy HApKo3y i 8UAYHAAU Mamepian 045 00caionceHb. Jlns eicmonoeiuHoi OyiHKU wma-
mouxku mxarnuru Hupox gixcysanu 10% neiimpanvrum Gopmaninom, nomim o6pooAsAY 3a 302AAbHONPUHHAMON 2ICMO-
N02IYHOI MemoOuKoio i 3aaueanu y napagiun. 3pizu 3a6apenoeant eeMamokCuiin-eo3uHoOM i aHaANi3y8anu nio ceimaoeum
MIKPOCKONOM.

Pezyavmamu. Beedenns JITIC npuzeoduno do eupaxceroi neiimpoghinii é aeiikoepami Kposi: 8i0cOMoK nasu4Kos -
Odeprux Heiimpodinie 30invuiysascsy 3,6 pasu, a ceemenmosdepnux —y 2,7 pazu (p < 0,05), wio céiduums npo cucmemmy
3ananvry 8ionosids. 3a yux ymoe 8Us6AeHO 3HAUHI 2ICIOCMPYKMYPHI NOWKO00XCeHHs mKaHuHu HUupok. Cnocmepieaiucs
ducmpogiuni ma HexkpomuuHi 3minu 6 kancyrax boymena. Busensinoce nopyuieHus Kpoeoobicy 3 MopgoaoeiuHumu 3mi-
Hamu 6Cix wapie cyOuHHUX CMIHOK ma 0ecmpyKuicio enimeniio nPoKCUMANbHUX Ma OUCMANbHUX 36UBUCMUX KAHANbYIG.

Bucnoexu. Ananiz ompumanux oanux ceiouums npo me, w0 3a yM08 CUCEMHO20 3aNdAbH020 Npoyecy, iHdyKosa-
Hoeo JITIC, éidbysarombcs 3Ha4Hi MOPQON02IMHI 3MIHU MKAHUHU HUPOK, AKI GKAIOUAIOMb NOPYUIEHHS KP0B000Di2y 3 8U-
DadsCeHUM NOUKOONCEHHAM 2iCmMOCMPYKmypu cyOUHHUX KAY00uKie ma enimenis npoKCUMANbHUX | OUCMANbHUX 36UBUC-
mux Kanaavyie, ujo eede 00 3MeHUeHHs PiGHA MAcU Oitouux HepoHie ma 6 nodasbuoMy Modice npu3eecmi 00 HUPKOBOi

HedocmamHuocmi.

KmouoBi ciioBa: ainononicaxapudu, endomorxcemis, 20cmpe ypajiceHHs HUPOK, MUuli, 2icmonoeiuii Memoou.

Introduction. The kidneys function to remove
waste products and toxins from the bloodstream (ap-
proximately 20—25% of cardiac output) and maintain
fluid and electrolyte homeostasis. Additionally, the
kidneys play a crucial role in regulating blood pressure
and hormone secretion. Toxic damage and ischemia
of the kidneys lead to structural and functional disrup-
tions [1]. In particular, toxic effects on the kidneys can
result from urinary tract infections (UTIs), which, in
the vast majority of cases, are caused by uropathogenic
Escherichia coli (E. coli) [2-4]. According to bacterio-
logical studies, E. coli is responsible for approximately
70—80% of UTIs [5-9]. The presence of pathogenic mi-
croorganisms can trigger systemic inflammation. Under
these conditions, macrophage infiltration into kidney
tissue occurs, pro-inflammatory mediator expression
is activated, and oxidative stress develops, potentially
leading to acute kidney injury (AKI) [10-12].

Vitaliy Antoniuk:
v_antonyuk22@ukr.net

AKI is a common clinical complication associated
with increased morbidity and mortality [13]. In clinical
practice, AKI is defined as a rapid decline in kidney func-
tion, impairing the ability to maintain water-electrolyte
and acid-base balance. It is characterized by a sudden
decrease in the glomerular filtration rate, resulting in the
retention of creatinine, urea, and other metabolic waste
products, along with impaired excretion. Additionally,
AKI leads to reduced urine output (oliguria) and in-
creased concentrations of potassium and phosphate in
the body, which contribute to serious complications [14].

AKI induced by bacterial endotoxins is a syndrome
of systemic inflammation that not only affects the kid-
neys but can also lead to multiple organ failure [15].
During the early excessive inflammatory response trig-
gered by endotoxins in the bloodstream, T cells, B cells,
and dendritic cells become severely depleted, leading to
immune suppression. As a result, immunosuppression
develops, which is one of the primary causes of high
mortality in affected patients [16].

Significant attention has been given to studying the
mechanisms underlying renal inflammation. However,
investigations into the morphological changes in the
kidneys associated with endotoxins from gram-negative
bacteria remain limited.
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The present study aimed to investigate histostruc-
tural changes in kidney tissue using a lipopolysaccha-
ride (LPS)-induced model of experimental acute kid-
ney injury associated with endotoxemia.

Materials and methods. The study protocol
was reviewed and approved by the Biomedical Ethics
Committee of the Bohomolets Institute of Physiology,
NASU, Kyiv (Protocol No. 1/25, dated 08.01.2025).

The study was conducted using Albino mice
(weighing 18—22 g), housed under standard conditions
in the vivarium of the Bohomolets Institute of Physi-
ology, National Academy of Sciences of Ukraine. All
procedures followed the International Principles of the
European Convention for the Protection of Vertebrate
Animals Used for Experimental and Other Scientific
Purposes (Strasbourg, 1986), the EU Council Direc-
tive 2010/63/EU on the Protection of Animals Used
for Scientific Purposes (22.09.2010), and the Law of
Ukraine “On the Protection of Animals from Cruelty”
(No. 3447-1V, 21.02.20006).

The use of LPS is a well-established model for
studying both systemic and organ-specific immune-
induced processes. However, variations in species and
strains of laboratory animals, as well as differences in
LPS preparations from various Escherichia coli sero-
types, can lead to differing responses to endotoxin ex-
posure [17]. In this study, female mice were maintained
in a temperature-controlled room (22+2°C) under a
12-hour light/dark cycle and provided with a certified
rodent diet, along with ad libitum access to filtered wa-
ter. The mice were randomly assigned into two groups
(9 mice per group):
® Experimental group: received intraperitoneal

injections of LPS (3 mg/kg body weight; E. coli

O111:B4, Sigma, St. Louis, MO, USA).
® Control group: received intraperitoneal injections

of an equivalent volume of saline.

After 24 hours, the animals were anesthetized with
ether, and kidney tissue samples were collected for his-
tological analysis. Blood leukogram changes were also
recorded at this time.

For histological examination, kidney tissue sec-
tions were fixed in 10% neutral formalin, processed us-
ing standard histological techniques, and embedded in
paraffin [18]. Sections were stained with hematoxylin-
eosin [19] and examined under a light microscope.

Statistical Analysis. Statistical analysis was per-
formed using GraphPad Prism version 5.00 for Win-
dows (GraphPad Software, San Diego, CA, USA).
The Kolmogorov-Smirnov test confirmed that all data
followed a normal distribution. Results were expressed
as mean = SEM. Group comparisons were conducted
using Student’s t-test, with P < 0.05 considered statisti-
cally significant.

Results. The blood leukogram revealed that the
percentage of rod-shaped neutrophils increased 3.6-
fold (from 5.3£1.5% in the control group to 19.1+1.9%
in the LPS group, p < 0.05), while the percentage
of segmented neutrophils increased 2.7-fold (from

14.0£2.2% in the control group to 37.6%3.7% in the
LPS group, p < 0.05). This indicated significant neu-
trophilia with a left shift in the leukogram, a hallmark
of a systemic inflammatory response.

Histological examination of kidney tissue from
control mice revealed no morphological abnormali-
ties. Bowman’s capsules retained a regular shape and
contained vascular glomeruli, with capillary loops ar-
ranged in freely positioned spherical structures. The
blood supply was consistent and moderate. The tubu-
lar basement membranes were well-defined. The epi-
thelial cells of the proximal convoluted tubules were
cuboidal or columnar, with spherical nuclei and eosin-
ophilic cytoplasm. The lumens of the proximal tubules
were minimal. In contrast, the distal tubules exhibited
significantly enlarged lumens, which appeared empty

‘é*"-?.’a

Fig. 1. Micrograph of a section of kidney tissue in the control.
Staining with hematoxylin and eosin. Objective lens 40,
Ocular lens 10. (A): The histological structure of the kidney is
preserved. Bowman’s capsules, renal glomeruli, and tubules
are not changed. (B): The distal tubules have a significant
Iumen, which is free of content.

Histological examination of kidney tissue under
conditions of LPS-induced inflammation revealed mor-
phological changes in both the Bowman’s capsules and
the proximal and distal tubules. The Bowman’s capsules
were reduced in size, with vascular glomeruli occupying
nearly the entire volume of the capsule. Some glom-
eruli were compressed against one edge of the capsule.
In the central zone of the glomerular lobule, the num-
ber of nuclei was reduced. Additionally, some Bow-
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man’s capsules contained glomeruli that had become
a homogeneous mass with separate nuclei, showing
signs of dystrophic and necrotic changes. Erythrocytes
were detected in the cavity of some Bowman’s capsules
(Fig. 2A).

— g,.# 5 -
-

Fig. 2. Micrograph of a kidney tissue section under LPS-
induced inflammation conditions. Staining with hematoxylin
and eosin. Objective lens 40x, ocular lens 10x. (A): Bowman’s
capsules are reduced, glomeruli are deformed and compressed

to one edge; some glomeruli have transformed into a
homogeneous mass with dystrophic and necrotic nuclei.

Some proximal tubules have no lumen. (B): Distal tubules

are severely dilated, with signs of epithelial destruction and
desquamation, along with hyperchromatic nuclei.

Significant changes also occurred in the capillary
network of the kidneys. In some areas of the kidneys,
there were areas where the proximal tubules had no
lumen at all or were filled with eosinophilic content.
Near the Bowman’s capsules, as a result of blood stasis
in the afferent vessels, areas with an accumulation of
a small number of erythrocytes were observed. A sig-
nificant number of epithelial cells were marked by in-
tensely stained cytoplasm with signs of granular dystro-
phy. Expansion of the distal tubules was observed, while
the cells of the epithelial layer were flattened with signs
of destruction. Areas with desquamation of epithelium
were noted. In addition, the nuclei of both proximal
and distal tubules often acquired an irregular shape and
became hyperchromic (see Fig. 2B).

Discussion. Although AKI induced by endotox-
emia is a well-studied phenomenon, this study provides
detailed histological insights into kidney tissue dam-

age caused by LPS, specifically highlighting structural
alterations in Bowman’s capsules, vascular walls, and
renal tubules. Using LPS as a model for AKI gives im-
portant insights into how inflammation affects kidney
structure, which can help guide future studies on the
cellular and molecular mechanisms behind endotox-
emia-induced AKI.

Our results are consistent with those of other
studies [20, 21], which show that renal tubular epithe-
lial cell injury and vascular dysfunction are key fac-
tors in the development of AKI [22]. One mechanism
of cell damage is mitochondrial dysfunction, which
leads to the disruption of energy metabolism and ulti-
mately results in cell death [23]. Damaged mitochon-
dria contribute to the accumulation of reactive oxy-
gen species and the development of oxidative stress
[24]. We have previously shown that the injection of
LPS into mice results in a pronounced inflammatory
response. This includes an increase in the functional
and metabolic activity of immune cells, activation of
nonspecific resistance cells, and enhanced ROS gen-
eration, which causes significant DNA damage in the
thymus and lymph node cells. Excessive DNA dam-
age promotes genotoxic stress and immune cell death
through a pro-inflammatory and immunogenic ne-
crotic pathway [25]. In the liver of mice under these
conditions, a significant increase in the content of
TBA-reactive products was detected, with malondial-
dehyde comprising the overwhelming majority. This
compound serves as a marker of oxidative stress and
cellular damage. In addition, a disruption of the an-
tioxidant system was observed [26]. These endotoxin-
induced changes may be important factors in the de-
velopment of AKI.

Our previous report have shown that the use of
an HMGBI1 inhibitor (ammonium glycyrrhizinate)
reduced the necrosis of thymus and lymph node cells
and contributed to the attenuation of LPS-induced in-
flammation [28]. HMGBI inhibition also reduced the
metabolic activity of neutrophils, the accumulation of
reactive oxygen species, and the development of oxida-
tive stress, while improving the state of antioxidant pro-
tection. The data obtained regarding the morphological
manifestations of AKI under conditions of endotox-
emia, along with the results of previous investigations,
are planned to serve as a basis for further experimental
studies aimed at clarifying the molecular and cellular
mechanisms involved in the development of AKI in the
context of endotoxemia.

Our study has several limitations. First, the re-
search was conducted in a murine model, and al-
though mice are a widely used model for studying hu-
man diseases, further studies in larger animal models
or human-derived tissues would help confirm the rel-
evance of these findings. Second, the study primarily
focused on histological analysis and did not explore
the underlying molecular mechanisms, which could
provide a deeper understanding of the pathophysiol-
ogy of AKI. Third, the study was conducted over 24
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hours, and longer follow-up studies would be neces-
sary to assess the full progression and potential long-
term effects of endotoxemia on kidney function. Fu-
ture studies addressing these limitations will be essen-
tial to further elucidate the mechanisms of AKI in the
context of endotoxemia.

Conclusions. The results obtained indicate that
under conditions of a systemic inflammatory process
induced by LPS, significant morphological changes oc-
cur in the kidney tissue. These changes include circula-
tory disorders with pronounced damage to the histos-
tructure of the vascular glomeruli and the epithelium of
the proximal and distal convoluted tubules, leading to a
decrease in the mass of functioning nephrons. One po-
tential cause of kidney tissue damage may be the devel-
opment of oxidative stress, due to the excessive forma-
tion of secondary products from lipid peroxidation and
the overactivation of inflammatory effector cells. The
data obtained could be important for further studies
aimed at elucidating the molecular and cellular mecha-
nisms involved, which would deepen our understanding
of the pathogenesis of AKI.
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