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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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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]. 

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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Гістоструктурні зміни тканини нирок за умов експериментальної 
ендотоксемії

1Інститут фізіології ім. О.О. Богомольця, НАНУ, Київ, Україна 
2Національний університет охорони здоров’я України П.Л. Шупика, Київ, Україна

Резюме. Вступ. Гостре пошкодження нирок (ГПН) – це клінічний синдром, який характеризується 
стримким порушенням ниркової функції і являє собою серйозну загрозу для здоров’я людини. Однією з найбільш 
поширених причин його виникнення є ендотоксемія або сепсис, індуковані гіперактивацією імунної системи грам 
негативними бактеріями. Патогенез ГПН надзвичайно складний та недостатньо вивчений. Метою представ-
леної роботи було дослідити гістоструктурні зміни тканини нирок на моделі запалення, індукованого ліпополі-
сахаридом (ЛПС) – компонентом мембрани грам-негативних бактерій.

Методи. Системну ендотоксемію моделювали за допомогою внутрішньоочеревинного введення ЛПС (E. 
coli 0111:B4, Sigma, USA) в дозі 3 мг/кг маси миші. Контрольним тваринам вводили фізіологічний розчин. Через 
24 год тварин піддавали ефірному наркозу і вилучали матеріал для досліджень. Для гістологічної оцінки  шма-
точки тканини нирок фіксували 10% нейтральним формаліном, потім обробляли за загальноприйнятою гісто-
логічною методикою і заливали у парафін. Зрізи забарвлювали гематоксилін-еозином і аналізували під світловим 
мікроскопом.

Результати. Введення ЛПС призводило до вираженої нейтрофілії в лейкограмі крові: відсоток паличкоя-
дерних нейтрофілів збільшувався у 3,6 рази, а сегментоядерних – у 2,7 рази (p < 0,05), що свідчить про системну 
запальну відповідь. За цих умов виявлено значні гістоструктурні пошкодження тканини нирок. Спостерігались 
дистрофічні та некротичні зміни в капсулах Боумена. Виявлялось порушення кровообігу з морфологічними змі-
нами всіх шарів судинних стінок та деструкцією епітелію проксимальних та дистальних звивистих канальців. 

Висновки. Аналіз отриманих даних свідчить про те, що за умов системного запального процесу, індукова-
ного ЛПС, відбуваються значні  морфологічні  зміни  тканини нирок, які включають порушення кровообігу з ви-
раженим пошкодженням гістоструктури судинних клубочків та епітелія проксимальних і дистальних звивис-
тих канальців, що веде до зменшення рівня  маси діючих нефронів та в подальшому може призвести до ниркової 
недостатності.

Ключові слова: ліпополісахариди, ендотоксемія, гостре ураження нирок, миші, гістологічні методи.
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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-IV, 21.02.2006).

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):
	z Experimental group: received intraperitoneal 

injections of LPS (3 mg/kg body weight; E. coli 
O111:B4, Sigma, St. Louis, MO, USA).

	z 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 
(Fig. 1).

А  

B 

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 
lumen, 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).

А   

B 

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 HMGB1 inhibitor (ammonium glycyrrhizinate) 
reduced the necrosis of thymus and lymph node cells 
and contributed to the attenuation of LPS-induced in-
flammation [28]. HMGB1 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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