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

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

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

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

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

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

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

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

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

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

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

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

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

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

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

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
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be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.
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5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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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 IT underwent urethral ligation to induce obstructive
pyelonephritis. In Group 1, a bacterial strain was introduced into
the gastrointestinal tract to examine intestinal translocation,
while in Group 11, 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
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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.
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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 >10° 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



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 Ig 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 ;%[eCFU E.coli in urine after thIe Qe;periment (CFU/ml) . »

I 7,00 7,00-8,00 10

11 0 0o 0 0,0002
ﬁ/ (7)’00 (7)’00_8’00 18 0,00004

Note: Me-median, IQR-interquartile range, p-significance level

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

Ig CFU E.coli in urine after the experiment

Groups (CFU/ml) P
Me IQR n
1 7,00 7,00 - 7,75 10
Il 7,00 7.00-8,00 10 0,483

Note: Me-median, IQR-interquartile range, p-significance level
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Ig CFU E. coli in Kidney tissue after the

experiment (CFU/ml) P
Me IQR n

7,00 7,00 - 7,75 10

7,00 7,00 - 7,75 10 0,752



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
0f 200020000 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

Table 3. Frequency of development of morphological changes.

Groups
Morphological | 11
characteristic N=10 N=10

yes no yes no
Inﬂammatory infiltration in 60% 40% 0% 100%
the kidney
lsi;lsirenrs of the pelvicalyceal 60% 40% 0% 100%
E:Zfimg of the stroma of the 60% 40% 0% 100%
Ir}ﬁltratlon in the cortex 0% 100% 0% 100%
kidney layer
Llilgllltg;tlon in the medulla of 0% 100% 0% 100%
Eli:loe\:mg of the lumen oo 100% 0% 100%
Vascular plethora 60% 40% 0% 100%

(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).

I 1A% P

N=10 N=10

yes no yes no
*0.011

70% 30% 0% 100% #0,003
~1,000
*0.011

70% 30% 0% 100% #0,003
~1,000
*0.011

70% 30% 0% 100% #0,003
71,000

0% 100% 0% 100% -

0% 100% 0% 100% -

0% 100% 0% 100% -
*0.011

70% 30% 0% 100% #0,003
71,000

P - Fisher's exact test (* - comparison of groups I and III, # - comparison of groups II and IV, - comparison of groups I and II)
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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”.
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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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Figure 3. Group 1. Renal pelvis and calyces showing stromal edema and scattered lymphocytic infiltration. Staining: hematoxylin and eosin.
Magnification: 200x (4). 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).

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
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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.



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
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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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