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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Background: The objective of this study is to conduct a 

comparative morphological analysis of the kidneys in the 
context of various infection pathways in models of acute 
obstructive pyelonephritis.

Methods: The study investigated the structural condition of 
rabbit kidneys (n=40) in relation to the pathogenesis of acute 
pyelonephritis. The animals were randomly assigned to four 
groups: two experimental and two control groups. Experimental 
Groups I and II underwent urethral ligation to induce obstructive 
pyelonephritis. In Group I, a bacterial strain was introduced into 
the gastrointestinal tract to examine intestinal translocation, 
while in Group II, it was introduced into the urinary bladder to 
study ascending infection. Control Groups III and IV received 
a similar introduction of the infectious agent without urethral 
obstruction. On the third day, morphological examination 
was conducted using optical microscopy and a computerized 
microscope capable of digital microphotography.

Results: In Group I, inflammatory changes were detected in 
60% of cases, while in Group II, they were found in 70% of 
cases. No morphological changes were observed in the control 
groups.

Conclusion: The nature of morphological changes in the 
kidneys in the model of acute obstructive pyelonephritis did 
not show statistically significant differences when comparing 
between the experimental groups. This indicates the involvement 
of enterorenal bacterial translocation in the development of 
inflammatory processes in the kidneys in the presence of 
obstruction.

Key words. Urinary tract obstruction, acute pyelonephritis, 
intestinal translocation, E. coli.
Introduction.

Urinary tract infections are considered to be one of the most 
prevalent bacterial infections, affecting 150 million people 
worldwide each year [1]. Among acute infectious-inflammatory 
kidney diseases, acute pyelonephritis (AP) dominates, being 
detected in all age groups and comprising approximately 14% 
of kidney diseases [2]. According to the authors' research, 
obstructive pyelonephritis is a complication of urological 
diseases in 89.3% of patients. Women in the 20-50 age group 
have a significantly higher prevalence of urinary tract infections 
compared to men, with a 50-fold increase [3]. There are 
researchers who support the hypothesis that bacteria are more 
frequently introduced into the kidneys through reflux from 

the lower urinary tract. Based on this hypothesis, the rectum, 
perineum, and urethra are considered potential reservoirs of 
uropathogenic bacteria. In men, the prostate gland can serve as a 
source of such bacteria, while in women, it can be the vagina. This 
assumption is associated with the development of pyelonephritis 
and is considered in the context of potential mechanisms of 
infection transmission in the urinary system [4,5]. In modern 
literature, there has been a rise in the number of publications 
where authors express the viewpoint on the substantial role of 
bacterial translocation from the intestine in the pathogenesis of 
various pathological conditions of the urinary system [6,7]. In 
the study conducted by Magruder et al., it was observed that 
increased colonization of the gut by Enterobacteriaceae bacteria 
is correlated with an elevated risk of developing bacteriuria 
and subsequent urinary tract infections in patients undergoing 
kidney transplantation. These findings suggest a potential 
association between the composition of the gut microbiota and 
adverse complications following kidney transplantation [8]. The 
study conducted by Forde et al. (2019) examined the dynamics 
of the Escherichia coli ST131 population in an elderly woman 
with recurrent urinary tract infections over a five-year period. 
The findings provide compelling evidence for the existence 
of an intestinal reservoir for recurrent urinary tract infections 
[9]. However, the phenomenon of bacterial translocation 
in the development of acute obstructive pyelonephritis is 
currently insufficiently studied. Researchers are interested in 
conducting experimental studies aimed at investigating the role 
and identifying the pathogenic mechanisms associated with 
the development of this condition [10]. Currently, there are 
several different models of acute pyelonephritis that are used 
in research studies. In the study by L. Harrison et al. (1973), 
an experimental model of acute ascending pyelonephritis was 
conducted in dogs. The study also investigated the association 
between urinary tract infection and kidney changes through 
transvesical inoculation of E. coli [11]. P. Larsson et al. (1980) 
created a model of acute ascending pyelonephritis in rats by 
introducing bacteria through the urethra into their bladder. The 
study showed that strains of E. coli and Proteus mirabilis 03H1 
were the most capable of inducing pyelonephritis in rats [12]. 
In a study conducted by S. Tancheva et al. (2011), models of 
acute hematogenous pyelonephritis in rats were developed by 
inoculating a mixed bacterial suspension consisting of S. aureus 
and E. coli. By ligating the ureter, infection was successfully 
achieved without obstruction, leading to the development of 
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pyelonephritis. As a result of the combined infection with the 
aforementioned bacteria, pathological changes in renal tubules 
were successfully induced in rats [13]. In the study by S. Zeidan 
et al. (2012), the contribution of partial unilateral ureteral 
obstruction and bacterial virulence was examined in a model 
of ascending urinary tract infection in mice. The results showed 
that bacterial virulence plays a significant role in the persistence 
of E. coli in the kidneys, while partial ureteral obstruction does 
not lead to infection induction. However, the combination 
of obstruction and virulent infection affects kidney growth, 
enhances inflammation, and results in fibrotic changes [14]. 

Existing methods for modeling acute obstructive pyelonephritis 
(AOP) are limited in their application due to the introduction 
of the infectious agent either into the bloodstream or directly 
into the urinary tract. To study the role of intestinal microbiota 
translocation in the development of this disease, complete 
asepsis and minimization of exogenous contamination are 
required. Therefore, our own models of acute obstructive 
pyelonephritis have been developed, taking into account these 
factors and aligning with the research objectives.
Materials and Methods.

The study design obtained approval from the Bioethics 
Committee of the Karaganda Medical University (No. 7 dated 
22.02.2022, assigned number No. 28). All animals were kept 
under identical conditions, including a temperature of 20-23°C, 
humidity of 70-75%, lighting with a 12-hour light-dark cycle, 
and a standard diet. Prior to the experiment, animals underwent 
quarantine and acclimatization in the vivarium of the Karaganda 
Medical University for at least 14 days, following sanitary rules. 
The portions of the diet for laboratory animals were uniform. 
To conduct the experiment, two models of acute obstructive 
pyelonephritis were created by obstructing the urethra to 
study intestinal translocation and ascending E. coli infection. 
The study was conducted on 40 sexually mature non-pedigree 
male rabbits, aged 3 to 4 months, with a weight of 3.0±0.5 kg. 
The animals were divided into 4 groups, each consisting of 10 
animals.

I Group (n=10) - experimental group where a model of acute 
obstructive pyelonephritis was induced to study intestinal 
translocation of E.coli by obstructing the urethra. The model 
was created by inserting a gastric tube through the mouth into 
the stomach, followed by the administration of a capsule with 
the infectious agent into the gastric lumen. Urethral obstruction 
was achieved by suturing the external urethral orifice.

II Group (n=10) - experimental group where a model of acute 
obstructive pyelonephritis was induced to study ascending 
E. coli infection by obstructing the urethra. The model was 
created by catheterizing the bladder and introducing a bacterial 
suspension into it. Urethral obstruction was achieved by suturing 
the external urethral orifice.

III Group - control group where bacterial strain administration 
was conducted similarly to Group I but without urethral 
obstruction.

IV Group - control group where bacterial strain administration 
was conducted similarly to Group II but without urethral 
obstruction.

In the experiment, a reference marker strain of E. coli No. 

49579 obtained from a patient with urological infection was 
used. This strain was resistant to cefepime, ciprofloxacin, and 
tetracycline. For the experiment, a 0.5 McFarland suspension 
was prepared from a 24-hour culture of E. coli strain No. 49579 
grown on meat-peptone agar at 37°C [15].

In Groups I and Sham III, the strain was administered into 
the gastrointestinal tract using enteric-soluble capsules (gelatin 
capsules, size 2). Each capsule contained meat-peptone agar 
containing a 0.5 McFarland bacterial suspension of E. coli strain 
No. 49579.

Additionally, each animal received the analgesic ketotop in the 
thigh muscle area at a dose of 100 mg/mL twice a day, calculated 
based on body weight (1 mg/kg). All animals were euthanized 
on the third day under general anesthesia, and material for 
morphological studies was collected.
Microbiological study of the microflora of kidney tissue and 
urine:

Urine and kidney tissue above the obstruction were used for 
microbiological testing. Biological samples were collected on 
the third day after the experiment [16].

Kidney tissue and urine for microbiological examination 
were collected directly during surgery in sterile 2 ml tubes 
with trypticase soy broth. Microbial cultures were collected on 
blood agar containing 5% sheep blood, and pure cultures were 
isolated using standard methods. Microorganisms in the sample 
were quantified by counting the number of colonies grown 
on the plate. Microbial strains obtained during the study were 
considered clinically significant if they contained >105 CFU/ml.
Identification of microorganisms:

Species identification of the isolated microorganisms was 
performed by matrix-assisted laser desorption/ionization-time of 
flight mass spectrometry (MALDI-TOF MS) using a Microflex 
LT system and MALDI Biotyper Compass 4.1.80 software 
(Bruker Daltonics, Germany). Recommended Score values ≥ 
2.2 were used as a criterion for reliable species identification 
[17]. The isolated and identified microorganisms were frozen at 
-70°C in trypticase soy broth with the addition of 30% glycerol 
before subspecies typing.
Subspecies typing of microorganisms using MALDI-TOF 
MS:

Strains that had been deep frozen were reconstituted on 
nutrient agar (37°C, 18 hours). Samples were then spotted 
on an air-dried MBT Biotarget 96 target plate with 1 ml of a 
saturated cyano-4-hydroxycinnamic acid (HCCA) matrix 
solution in 50% acetonitrile and 2.5% trifluoroacetic acid. Mass 
spectra were acquired on a Microflex LT mass spectrometer 
(Bruker Daltonics) using default parameters (linear positive 
detection, laser frequency 60 Hz, ion source voltages 2.0 and 
1.8 kV, objective voltage 6 kV) over the m/z range of 2000–
20000. Six spectra were acquired for the strain according to the 
master spectra protocol (MSP). External calibration of the mass 
spectra was performed using the Bruker Bacterial Test with 
ethanol/formic acid extraction according to the manufacturer's 
recommendations (Bruker Daltonix, Bremen, Germany) [18]. 

The data files (obtained bacterial spectra) were transferred to 
FlexAnalysis software (version 2.4; Bruker) for automatic peak 
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extraction. Peak lists containing masses and intensities were 
exported as Excel files [19].
Phenotypic confirmation of the marker strain in the 
experiment:

To phenotypic confirm the marker strain in the experiment, 
antibiotic susceptibility testing was chosen. During the 
experiment, the animals were exposed to an E. coli strain 
resistant to cefepime, ciprofloxacin, and tetracycline. Therefore, 
when isolating E. coli, susceptibility testing to these antibacterial 
agents was performed first.

Determination of susceptibility, as well as interpretation to 
antimicrobial drugs: to cefepime, ciprofloxacin and tetracycline, 
loads were carried out by the disk diffusion method on Mueller-
Hinton agar in accordance with EUCAST recommendations 
[20]. To prepare the inoculum, we directly suspended the 
colonies in sterile isotonic solution to a density of 0.5 according 
to the McFarland turbidity standard. The cultures were incubated 
at 37°C for 24 hours.
Morphological studies.

The morphological studies were conducted in the 
Pathomorphology Laboratory of the Karaganda Medical 
University. For histological analysis, kidney specimens were 
obtained by cutting the organ in the middle part, encompassing 
all layers and the renal hilum. The collected material was 
fixed in a 10% neutral formalin solution, then subjected to the 
standard protocol for histological examination and embedded in 
a paraffin block. Subsequently, the prepared paraffin sections, 
with a thickness of 5-6 microns, were stained with hematoxylin 
and eosin. The histological material was examined using a 
computerized microscope with a digital camera "Leica DFC320" 
and a microscope "Leica DM1000" from Leica Microsystems, 
at magnifications of 100, 200, and 400 times.
Statistical analysis.

The statistical analysis was conducted using the software 
programs "Statistica 8.1 (Statsoft)" and "StatTech v. 2.8.8". 
The exact Fisher's test was applied to evaluate the statistical 
significance between groups for qualitative parameters. 

Differences were considered statistically significant when the 
p-value was less than 0.05.
Results.
Comparison of microbiological test results:

According to the table provided, when analyzing the number 
of lg CFU (Colony Forming Unit) E. coli in urine after the 
experiment between the experimental and control groups, we 
found significant statistical differences between the groups on 
day 3 (p≤0.05). The level of lg CFU E. coli in urine on day 3 
in the intact rabbit groups and the control group did not change 
throughout the experiment, showing zero values (p≥0.05) 
(Table 1).

According to the study results, E. coli was detected in the urine 
and kidney tissue of all animals in the experimental groups. 
When comparing the number of CFU of E. coli in urine on 
the third day after the experiment between Groups I and II, no 
statistically significant differences were found. Similarly, when 
comparing the number of CFU of E. coli in kidney tissue on 
the third day after the experiment between Groups I and II, no 
statistically significant differences were found (Table 2).

Thus, a comparative analysis of the CFU level of the marker 
strain of the experimental groups in the AOP model with urethral 
blockage did not show statistically significant differences and 
was higher than 105, which is of clinical significance for the 
development of pyelonephritis.
Results of identification, subspecies typing and phenotypic 
typing of microorganisms isolated from urine and kidney 
tissue of animals:

To evaluate the effectiveness of the method for introducing a 
marker strain into the gastrointestinal tract using enteric-coated 
capsules, identification, subspecies typing, and phenotypic 
typing of microorganisms were performed. The study utilized 
collections of E. coli isolates recovered from urine (n=20) and 
kidney tissue (n=20) during the study.

All 40 isolates included in the study were identified as E. coli by 
MALDI-TOF MS with scores >2.0 (categorized as highly probable 
species identification) when analyzed by Biotyper software.

Table 1. Comparative analysis of lg (logarithm) CFU E.coli in urine on the 3rd day after the experiment between the experimental and control 
groups.

Groups lg CFU E.coli in urine after the experiment (CFU/ml) PMe IQR n
I 7,00 7,00-8,00 10 0,0002III 0 0 10
II 7,00 7,00-8,00 10 0,00004IV 0 0 10
Note: Me-median, IQR-interquartile range, p-significance level

Table 2. Comparative analysis of lg CFU E.coli in urine and kidney tissue on day 3 between experimental groups.

Groups
lg CFU E.coli in urine after the experiment 
(CFU/ml) P

lg CFU E. coli in kidney tissue after the 
experiment (CFU/ml) P

Me IQR n Me IQR n
I 7,00 7,00 – 7,75 10 0,483 7,00 7,00 – 7,75 10 0,752II 7,00 7,00 – 8,00 10 7,00 7,00 – 7,75 10
Note: Me-median, IQR-interquartile range, p-significance level
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MALDI Biotyper is based on comparing the peak pattern 
of an unknown MALDI-TOF spectrum with the peak pattern 
of a known strain. For each strain, a summary spectrum of 
approximately 50 peaks was compiled from the mass spectra of 
bacterial cells. All peaks in the summary spectrum in the range 
of 2000–20000 m/z were included in the analysis.

In Figure 1, comparing 20 isolates recovered from urine 
after modeling OOP with urethral blockage, using the "pre-
experiment isolates/post-experiment isolates" criterion, two 
isolates had matching ribosomal protein peaks.

As seen in Figure 2, comparing 20 isolates recovered from 
kidney tissue after modelling AOP with urethral blockage, using 
the "pre-experiment isolates/post-experiment isolates" criterion, 
two isolates had matching ribosomal protein peaks. E. coli 
strains recovered after the experiment were compared with the 
strains used to infect the animals. E. coli isolates recovered from 
kidney tissue after the experiment had the same susceptibility 
profile as the marker strain.
Comparison of morphological characteristics:

The main qualitative characteristics used for histological 
evaluation were as follows:

- Inflammatory infiltration.
- Edema of the renal pelvis and calyces.
- Edema of the ureteral stroma.
- Infiltration in the cortical layer of the kidneys.
- Infiltration in the medullary layer of the kidneys.
- Narrowing of the tubular lumen.
- Vascular congestion.
In Group I, out of 10 observations, 6 animals showed stromal 

edema and scattered lymphocytic infiltration in the renal 
pelvis and calyces after the model creation (Figure 3A). The 
infiltration was predominantly observed in perivascular zones, 
accompanied by interstitial edema and vascular congestion 

(Figure 3B).
In Group II, 7 animals had areas of the ureter where the 

lumen was free of contents, but the wall exhibited interstitial 
edema and an inflammatory reaction characterized by scattered 
lymphocytic and leukocytic infiltration, mainly perivascular 
(Figure 3C). These animals also showed moderate lymphocytic 
and leukocytic infiltration in the stroma of the renal pelvis and 
calyces, impaired blood circulation manifested by vascular 
congestion in the ureter wall, and focal erythrodiapedesis 
(Figure 3D).

In the control groups, histological examination of the material 
showed no pathological changes in the structure of renal tissue 
in all animals (Figure 3E,3F).

In the morphological analysis, it was found that 60% of 
animals in Group I (experimental group) exhibited inflammatory 
infiltration in the kidney, edema of the renal pelvis and calyces, 
and stromal edema of the ureter. Vascular congestion in the 
kidney was also observed in these animals. These results were 
statistically significantly different from Group III (control 
group), where no histological changes were detected in any of 
the animals. In Group I, inflammatory infiltration in the kidney 
and edema of the renal pelvis and ureter were noted, but no 
changes were observed in the medullary and cortical layers of 
the kidney. Purulent changes were not detected in the examined 
macroscopic preparations of this group (Table 3).

In the comparative assessment of the pathomorphological 
changes, including inflammatory infiltration in the kidney, 
edema of the renal pelvis, stromal edema of the ureter, and 
vascular congestion in the kidney, it was found that 70% of 
animals in Group III exhibited these pathological alterations. 
In contrast, animals in the control group showed no structural 
changes or inflammatory processes. These differences between 
the groups were significant and statistically significant (Table 
3).

Morphological 
characteristic

Groups

РI III II IV
N=10 N=10 N=10 N=10  
yes no yes no yes no yes no

Inflammatory infiltration in 
the kidney 60% 40% 0% 100% 70% 30% 0% 100%

*0.011
#0,003
^1,000

Edema of the pelvicalyceal 
system 60% 40% 0% 100% 70% 30% 0% 100%

*0.011
#0,003
^1,000

Swelling of the stroma of the 
ureter 60% 40% 0% 100% 70% 30% 0% 100%

*0.011
#0,003
^1,000

Infiltration in the cortex 
kidney layer 0% 100% 0% 100% 0% 100% 0% 100% -

Infiltration in the medulla of 
kidney 0% 100% 0% 100% 0% 100% 0% 100% -

Narrowing of the lumen 
tubules 0% 100% 0% 100% 0% 100% 0% 100% -

Vascular plethora 60% 40% 0% 100% 70% 30% 0% 100%
*0.011
#0,003
^1,000

P - Fisher's exact test (* - comparison of groups I and III, # - comparison of groups II and IV, ^- comparison of groups I and II)

Table 3. Frequency of development of morphological changes.
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Figure 1. Mass spectra of E. coli isolated from urine from the category “isolates before the experiment/isolates after the experiment”.

Figure 2. Mass spectra of E. coli isolated from kidney tissue from the category "isolates before the experiment/isolates after the experiment".
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Discussion.
This study was a pilot project and had certain limitations and 

drawbacks. One of the main limitations was the limited sample 
size. The sample size for this segment of the study was determined 
based on the formula proposed by Charan J et al. [21]. 

Another limitation of this study was the limited observation 
period. The choice of a model with complete urethral occlusion 

was dictated by the need to reproduce the state of acute complete 
obstruction—a key factor in the pathogenesis of obstructive 
pyelonephritis. To minimize animal suffering, the experimental 
duration was deliberately limited to 72 hours. According to our 
pilot data, this prevents spontaneous death from bladder rupture 
(observed on day 4) and is sufficient for the development of 
characteristic pathological signs of acute renal infection. 

A
B

C
D

E F

Figure 3. Group I. Renal pelvis and calyces showing stromal edema and scattered lymphocytic infiltration. Staining: hematoxylin and eosin. 
Magnification: 200x (A). Group I. Stromal area of the renal pelvis showing stromal edema and vascular congestion. Staining: hematoxylin 
and eosin. Magnification: 400x (B). Group II. Renal pelvis and calyces with moderate lymphoid infiltration. Staining: hematoxylin and eosin. 
Magnification: 100x (C). Group II. Vascular congestion and lymphocytic and leukocytic infiltration in the ureteral wall. Staining: hematoxylin 
and eosin. Magnification: 400x (D). Group III. Blood vessels in the renal pelvis and calyces appear normal. Staining: hematoxylin and eosin. 
Magnification: 200x (E). Group IV. Overall histological structure is preserved, with evenly distributed renal corpuscles in the cortical layer and a 
columnar epithelium in the tubules. Staining: hematoxylin and eosin. Magnification: 200x (F).
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All procedures were performed under anesthesia with daily 
monitoring of the animals' condition and were approved by the 
ethics committee. 

The primary goal of our study was to model and compare two 
clinically significant conditions: obstructive and non-obstructive 
pyelonephritis. Therefore, the experimental design focused on 
groups with bacterial inoculation, which explains the absence 
of an "obstruction-only" control group. We recognize that such 
a group could have helped to more clearly distinguish the effects 
of the infectious and mechanical (obstructive) components.

In our previous study, a comparative analysis of two 
mechanisms of obstructive pyelonephritis development 
was also conducted, taking into account the nature of the 
pathomorphological changes in the kidneys and ureters by 
creating a model of obstructive pyelonephritis at the level of 
the ureter. The histological changes observed in the kidneys 
and ureters in the experimental groups with the ascending 
infection model were found to be similar to the findings of 
other researchers. The results of our previous study, where a 
model of obstructive pyelonephritis was created at the level 
of the ureter, determined that intestinal translocation plays a 
role in the development of obstructive pyelonephritis. On the 
third day, the morphological picture of the kidney and ureter 
in the ascending infection group was more pronounced than in 
the enterorenal translocation group. However, on the fifth day, 
marked inflammatory changes in the kidney and ureter tissue 
were present in both groups [22]. The study by Zeidan S et 
al. demonstrated that the introduction of both highly virulent 
and low-virulent strains of E. coli leads to severe kidney 
damage with fibrosis, replacement of medullary and cortical 
substance, and the development of ascending pyelonephritis 
with diffuse fibrosis. These results indicate significant changes 
in the kidneys in obstructive pyelonephritis, regardless of the 
virulence level of the E. coli strain [23]. Skowron B et al. 
developed an experimental model of acute renal failure caused 
by Escherichia coli-induced pyelonephritis. The results showed 
that the introduction of E. coli at specific concentrations leads 
to different forms of pyelonephritis and acute renal failure. 
Histopathological analysis of kidney samples revealed the 
presence of chronic pyelonephritis and tubulointerstitial 
nephritis with varying degrees of inflammation. In the study by 
Li et al. an acute pyelonephritis model was created in rats by 
simply introducing E. coli into the bladder without performing 
laparotomy. Microscopic examination of kidney samples 
obtained from the infected group at 3 days revealed a significant 
number of neutrophils and lymphocytes located beneath the 
mucous membrane of the renal pelvis and interstitial area. In 
the infected group at 7 days, a large number of lymphocytes 
and some eosinophils were also observed beneath the mucous 
membrane of the renal pelvis. At the same time, no apparent 
changes were detected in the glomeruli and renal tubules in both 
groups [24].
Conclusion.

Our study aimed to compare the role of ascending infection and 
intestinal translocation of E. coli in the development of acute 
obstructive pyelonephritis. The pathogenesis of obstructive 
pyelonephritis is a relevant issue in both clinical urology and 

urological research. Thus, our study further confirmed the 
role of ascending infection in the development of obstructive 
pyelonephritis. However, we did not encounter any studies 
demonstrating the impact of intestinal microbial translocation 
on the pathomorphological changes in acute pyelonephritis. 
Based on the results of our study, it can be concluded that 
obstruction acts as a trigger for the intestinal translocation of 
microorganisms into the urinary tract.
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