Ibn Al-Haitham Journal for Pure and Applied Sciences
Journal homepage: jih uobaghdad edu.1iq
PISSN: 1609-4042. EISSN: 2521-3407
ITHJPAS. 2026; 39(1)

Comparative Histopathological Study of Ciprofloxacin Impact on Mus
musculus Renal Cortex Infected with Multi-drug Resistance and Susceptible
Uropathogenic Escherichia Coli

Omar Sinan Sadiq Hussain Al-Zaidi*?®s, Estabraq A. Mahmoud*®#and Luma

Abdulhady Zwain'®
Department of Biology, College of Education for Pure Sciences (Ibn Al-Haitham),University of
Baghdad,Baghdad, Iraq
National Center of Hematology, Mustansiriyah University, Baghdad, Iraq
*Corresponding Author

Abstract

Urinary tract infections are mainly caused by uropathogenic
Escherichia coli, which represent a significant global issue along with the
rising of antibiotic resistance and treatment challenges. The aim of this
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models following infection with multidrug-resistant UPEC and multidrug-
susceptible UPEC and to determine the nephrotoxic effect of these
antibiotics on the renal cortex. Up to 76 E. coli isolates were collected
from UTI patients in Baghdad province, characterized by morphological
and biochemical features, and confirmed using the Vitek-2 compact
system. Mice were orally infected via gastric gavage with G33 using a
bacterial load of 107 cells/ml, followed by post-infection treatment
strategies with the aid of ciprofloxacin post-infection. Efficacy was
determined by reduction in bacterial load, body weight, and renal cortex
cross-sections. Ciprofloxacin significantly reduced the bacterial load but
also caused toxicity to the kidney, such as tubular necrosis, hemorrhage,
and congestion of glomeruli. This study highlights the urgent need for
specialized antibiotic treatment systems to reduce drug resistance and
nephrotoxicity effects. Further studies are essential to minimize renal
damage.

Keywords: UPEC, Ciprofloxacin, Renal cortex, renal medulla Antibiotic
resistance.

1. Introduction

Urinary tract infections (UTIs) are considered one of the most common bacterial infectious
diseases worldwide, affecting well over 150 million people each year'. Escherichia coli, a
member of the Enterobacteriaceae family, is considered the predominant pathogen of urinary
tract infections worldwide and is also responsible for many other cases such as wound infections,
otitis media, and meningitis * *. Nearly 80% of clinical cases related to UTIs are caused by
UPEC and these cases are highly incident in women®. E. coli possess many virulence factors
such as toxins, adhesion factors and biofilm, which provides a barrier to limit the penetration of
antibiotics® and is considered a major concern for public health and thus leads to treatment
strategies and leads to high morbidity and costly healthcare °. Empirical therapy with antibiotics
is the cornerstone for UTIs; antibiotics such as ciprofloxacin, trimethoprim/sulfamethoxazole,
nitrofurantoin, fosfomycin, and ceftriaxone are described as agents for UTI treatment. However,
resistance to fluoroquinolones arises in E. coli and becomes a major concern. Similarly,
trimethoprim/sulfamethoxazole, which is described as a UTI treatment, has high resistance rates
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globally recorded for its limited effectiveness " 8. Along with the antibiotic resistance challenges,
the nephrotoxic effect of these antibiotics should be monitored. Such antibiotics, known for their
nephrotoxic effects, significantly cause kidney injuries, especially in hospitalized patients, and
thus lead to increased mortalities °. The mechanism of renal toxicity includes damage to renal
tubule cells and alteration in the renal hemodynamics. Ciprofloxacin indicates nephrotoxicity
activity, especially at high doses ' **. There is an urgent need to evaluate the efficacy and safety
of these antibiotics, which are used as treatment for UTIs. Animal models, such as mice, provide
valuable results of physiological and histopathological alterations during UTI. Thus, the present
study aimed to investigate ciprofloxacin effectiveness in treating UTIs caused by multi-drug-
resistant UPEC and multi-drug-susceptible UPEC in animal models. By determination of
bacterial load reduction, renal cortex histopathological changes, and some side effects of these
antibiotics on body weight and mortality rates.

2. Materials and Methods
2.1 Bacterial isolates sampling and antibiotics
Seventy-six isolates, as listed in Table 1, belonging to the genus Escherichia, were collected
from the urine of UTI patients from various hospitals in Baghdad province for the period
December 2023 to February of 2024 after the ethical approval for sampling from the Iraqi
Ministry of Health's ethical review board. Isolates collected from different genders and ages
ranged from 15 days to 84 years, followed by characterization of them by using morphological
and biochemical identification, which includes oxidase, catalase, indole, methyl red, and VVoges-
Proskauer 2.

Table 1. Numbers and percentages of bacterial isolates.

Institution Number of Bacterial isolates
Kadhimiya Educational Hospital 56 (73.6)%

Ghazi Al-Hariri Hospital for Surgical Specialties 19 (25)%

Imam Ali Hospital 1(1.4)%

After the primary identification, the Vitek®-2 compact system (BioMérieux, France) was used to
confirm the identification by using GNID cards provided by BioMérieux, France, followed by
Antimicrobial Sensitivity Tests (AST) using AST cards provided by BioMérieux, France.
Ciprofloxacin was used for the treatment of infected animals in this study. Ciprofloxacin powder
was provided by Al-Jazeera for the pharmaceutical company. Ciprofloxacin was prepared as
suspensions in sterilized distilled water at concentrations of 500 mg/kg and then adjusted to suit
the treatment of infected mice with recommended dosages outlined in **.

2.2 Experimental Animals

Sixty-six Female mice aged 8-10 weeks were bought from the animal house of the Iragi Center
for Cancer Research and Medical Genetics, Al-Mustansiriya University, Irag. The animals were
housed in a controlled environment at an appropriate temperature of 27°C. Animals were
provided with chow and water. The animals acclimatized for five days before the experiment to
minimize stress and ensure adaptation to the environment. The mice were randomly assigned
into seven groups based on body weight. Each group was housed in individual cages equipped
with metal mesh lids to ensure monitoring, security, and prevention of escape of animals.

2.3 Pilot Study

A pilot study was conducted to determine the most effective method and bacterial load required
to induce urinary tract infections (UTIs) in female mice using uropathogenic E. coli (UPEC).
Two methods evaluated oral administration and intraperitoneal injection. The selected isolates
were G33 and G27. The G33 isolate was resistant to multiple antibiotics (amoxicillin, ampicillin,
amoxicillin/clavulanic  acid, ticarcillin, piperacillin, piperacillin/tazobactam, cefazolin,
cefuroxime, cefoxitin, cefixime, ceftazidime, ceftizoxime, ceftrixone, cefepime, ertapenem,
imipenem, meropenem, amikacin, gentamicin, ciprofloxacin, levofloxacin, tigecycline,
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nitrofurantoin, and trimethoprim/sulfamethoxazole), while G27 was susceptible to the same
antibiotics. The selected isolates were suspended in 1ml normal saline, and serial dilutions of
105, 106, 107, and 109 cells/ml were made to evaluate their ability to induce UTIs. Infectivity
was assessed 24 and 48 hours post administration. Mice were euthanized, and kidneys were
aseptically removed for analysis. Each kidney was carefully homogenized in 1 ml of normal
saline, and serial dilutions were made to be cultured. Subsequently, 100 pl of each dilution was
cultured on MacConkey agar using a sterile glass rod, and the plates were incubated for 24 h at
37°C to determine the bacterial colony count.

2.4 Murine induction and antibiotic administration

To evaluate the effect of ciprofloxacin as a treatment on the bacterial load of female murine modules
induced by both G33 and G27. Groups divided to study various conditions of Kidney tissue in murine
modules. According to the pilot study, the oral route was found to successfully establish UTI in murine
models, so the oral route was chosen for the experimental design. The experimental animals were divided
into 7 groups, each group comprising three animals for the multi-drug resistance isolate (G33) experiment
and five animals for the multi-drug Susceptible as follows: Group 1 orally administered distilled water
only (control). Group 2 was administered ciprofloxacin 500 mg/kg twice daily 48 hours after the
experiment commenced for five days. Group 3 was administered ciprofloxacin at a concentration of 500
mg/kg twice daily 72 hours after the experiment commenced for five days. The selected isolates G33 and
G27 were used to induce UTlIs by oral administration of 107 cells/ml for two days in groups 4 and 6 and
for three days in groups 5 and 7. Following this, groups 6 and 7 were treated with Ciprofloxacin
500mg/kg for 5 days (twice daily). Group 1 represented the control, and groups 2 and 3 represented the
negative control. Groups 4 and 5 represented the positive control, while the rest of the groups represented

the test groups, as shown in Table 2.
Table 2. Experimental Group Design and Treatment Schedule

Mice group Administration Days Treatment Status

1 Distal Water 5-7 - Control

2 Ciprofloxacin 500 mg/kg 5 - Negative Control (2 days)
3 Ciprofloxacin 500 mg/kg 5 - Negative Control (3days)
4 G33/G27 (10"cell/ml) 2 - Positive Control

5 G33/G27 (10"cell/ml) 3 - Positive Control

6 G33/G27 (10"cell/ml) 2 CIp Test group

7 G33/G27 (10"cell/ml) 3 CIP Test group

2.5 Histopathological study

Kidney tissues were collected from all groups of mice for histopathological examination. After
gross observations, the kidneys were fixed in 10% buffered formalin until histopathological
sections were made. The kidneys are treated with alcohol, xylene, and paraffin to remove
impurities and then embedded in paraffin wax. The kidneys are then cut at 4-pum thickness and
mounted on slides for Hematoxylin and Eosin (H&E) to examine **.

3. Results

3.1 Bacterial isolates identification

All 76 isolates produced dry, pink, lactose-fermenting colonies on MacConkey agar.
Biochemical tests showed negative oxidase and catalase, positive indole (except 4 variable),
positive methyl red, and negative Voges—Proskauer and citrate, consistent with E.coli. The
Vitek®-2 compact system confirmed 70/76 isolates (93-99% confidence); 49 (70%) were from
females and 21 (30%) from males.

3.2 Pilot study

According to the pilot study results, the results revealed that the bacterial loads of 105 and 106
cells/ml were insufficient to induce UTIs in mice whether the infection was introduced orally or
via the intraperitoneal injection route. No colonies (0 CFU/mL) were detected after 24 and 48
hours post-infection, which means an absence of infection in the urinary system. These findings
suggest that the lower bacterial concentrations of E. coli were unable to overcome host immune
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defenses. The lack of bacterial colonization was determined in two ways: the first one was gross
observation of the kidney, which seemed just like the normal kidney in morphology and weight.
The second way is determined by no formation of bacterial colonies after performing a serial
dilution for the kidney. Otherwise, the bacterial load of 107 cells/ml was found to be effective in
inducing infection in the kidney after oral administration. This evidence was demonstrated after
observing bacterial growth 24 hours post-infection.

3.3 Body Weight and Mortality-MDR UPEC (G33)

At the beginning of the experiment, all animals were weighed, and the weight was recorded at
two-day intervals across the experiment. Groups 2 and 3, which were administered ciprofloxacin,
showed gradual decreases in weight. In groups 4 and 5, a significant increase in weight was
observed; especially group 5 showed higher weight gain compared to group 4. In the test groups,
groups 6 and 7, which were treated with ciprofloxacin, group 6 displayed a gradual increase in
weight, while group 7 displayed a consistent decrease in weight. These results highlight the
impact of antibiotics and infection on weight change across the study compared to the control
group, which displayed a consistent increase in weight over the study as shown in Figure 1.
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Figure 1. Body weight change of animals cross the experiment with MDR-UPEC (G33), *Group 2 (G2), Group 3
(G3), Group 4 (G4), Group 5 (G5), Group 6 (G6) & Group 7 (G7).

The dose of 107 cells/mL was identified as optimal for establishing infection without causing
mortality. In contrast, intraperitoneal injection of 107 cells/ml was insufficient to induce kidney
infection, as no bacterial colonies were detected on MacConkey agar. Furthermore,
administration of 109 cells/ml, no matter the route, resulted in immediate mortality of animals.
The results revealed differences in mortality, behavior, and weight changes among the
experimental groups. In the negative control groups, lethargy was observed within groups 2 and
3. The mortality rate reached 2 (66.6%) within group 2 animals; one animal died after the second
dose of ciprofloxacin, and another one died an hour and a half after dosing with the first half of
the fourth dose of ciprofloxacin. As for group 3, no mortalities were recorded. The positive
control groups 4 and 5, which were infected with the selected isolate (G33), scored 0% mortality
and hyperactivity within animals after administration of the bacterial dose. Test groups 6 and 7,
treated with ciprofloxacin, display hyperactivity initially but transition to lethargy. One animal
(33.3%) of group 6 died immediately after the first half of the second dose, while the rest of the
animals in the group did not die. As for group 7, the mortality rate reached 2 (66.6%). One
animal died after the first half of the second dose, and another one died after being dosed with
the second half of the third dose, while the control group showed normal behavior with no
mortalities, as shown in Figure 2.
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Figure 2. The mortality rates across the experiment with MDR-UPEC.

3.4 Weight change, multi-drug susceptible isolate (G27) administration and treatment

At the beginning of the experiment, all animals were weighed, and the weight was recorded at
two-day intervals across the experiment. Group 2 exhibited modest weight gain, while group 3
showed a stable increase in weight. As for groups 4 and 5, all scored slight weight variations
with insignificant changes and maintained stability. Groups 6 and 7 achieved the highest
weights. While the control group (group 1) shows a gradual weight gain. These results highlight
the impact of antibiotics and infection on weight change across the study compared to the control
group, which displayed a gradual increase in weight over the study as shown in Figure 3.
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Figure 3. Body weight change of animals cross the experiment with MDS-UPEC (G27) *Group 2 (G2), Group 3
(G3), Group 4 (G4), Group 5 (G5), Group 6 (G6) & Group 7 (G7).

Differences in mortality, behavior and weight changes among the groups noted. In the negative
control groups, little lethargy noticed within group 2 and 3. The mortality rates reached 2(40%)
within group 2 animals, one animal 20% die after the first half of the first dose of ciprofloxacin
and another one 20% after the first half of the second dose. As for group 3, also one animal
(20%) died after receiving the first half of the fifth dose of ciprofloxacin. The positive control
groups 4 and 5, which were infected with the selected isolate (G27), scored 1 (20%) mortality
and hyperactivity within group 5 animals after administration of the bacterial dose.

The 6 and 7 groups showed hyperactivity similar to the 4 and 5 groups after being inducted with
G27 at a bacterial load of 107 cells/ml. When the 6 and 7 groups were treated with ciprofloxacin
and after 24 hours of induction, it was noted that the animals' activity gradually began to become
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lethargic; one animal (20%) scored mortality for group 6 after the first half of the second dose,
while the rest of the animals in the group did not die. One animal (20%) of group 7 died
immediately after receiving the first half of the fifth dose, while other animals of the group
stayed alive. All animals were weighed at the beginning of the experiment at a weight/two-day
rate, as it was noted that the average weights of the animals were constantly increasing during
the experiment period, as shown in Figure 4.
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Figure 4. The mortality rates across the experiment with MDS-UPEC (G27).

3.5 Histopathological cross sections of MDR-UPEC

According to the results of the histopathological study, cross-sections as shown in Figures 5A
and 5B revealed normal renal cortex of the control group after staining with Hematoxylin and
Eosin (H&E). The normal mouse kidney is composed of tubular epithelial cells, distal and
proximal convoluted tubules, podocytes, endothelial cells, mesangial cells, Bowman’s capsule,
and capsular space. Figures 5A and 5B represent the normal histological structure of kidney
tissue. Normal proximal and distal convoluted tubules with limning epithelial cells with no signs
of necrosis, cellular debris, or vacuolar degeneration within the lumen. The glomeruli appear
uniform in structure and surrounded by Bowman’s capsule with no signs of congestion, atrophy,
or any damage of podocytes. No signs of hemorrhage and normal blood vessels.

Figures 5C and 5D illustrate the cross-sections of the group 2 renal cortex, in which the group
orally received ciprofloxacin for 5 days after 48 hours of the experiment. Early signs of kidney
injury are revealed in these sections, represented by the nephrotoxic effects of ciprofloxacin.
Intracellular gaps were noticed within the lining cells of convoluted tubules (proximal and
distal), which refer to vascular degeneration. The degeneration represents a sign of cellular
damage resulting from oxidative stress or disruption in the metabolic process by ciprofloxacin.
In addition, within glomeruli, mild atrophy was evident and changes in the podocytes. In
addition, cellular debris observed within lumens of renal tubules indicates early-stage tubular
epithelial cell necrosis. No signs of hemorrhage. These observations emphasize ciprofloxacin
nephrotoxic effect, especially at high or prolonged doses. Also, these findings underscore the
importance of continuously monitoring kidney functions to limit adverse effects of ciprofloxacin
on renal health. Cross sections presented in Figures (5E, 5F & 5G) of group 3 after oral
administration of ciprofloxacin for 5 days after 72 hours of the experiment revealed significant
progression of kidney damage compared to group 2 and the control group. These sections also
revealedmoderate to severe vacuolar degeneration of the tubular lining cells of proximal and
distal convoluted tubules. Tubular necrosis was observed, which is indicated by the necrosis of
the lining cells of the urinary tubules and glomerular cells. In addition, tubular casts (necrotic
debris) within the lumen and hemorrhage were observed.

26



IHJPAS. 2026; 39(1): 20-35

(]

Figure 5. A-G, Cross Section of renal cortex and medulla in Mouse female (Mus musculus) stained with H&E.
5A&5B-sections, shows renal glomeruli (Asterisks), Renal tubule (R), Proximal Convoluted Tubule (PCT), Distal
Convoluted Tubule (DCT), Glomeruli Space (GS), Mesangial cells (M), Podocytes (P) and Bowman’s Capsule
(BC). 5C&5D-sections shows mild degeneration of tubular epithelial cells with minimum glomeruli atrophy (Red
arrow). E-G sections showing sever vacuolar degeneration (black arrows) with necrosis of Podocytes (Red arrow).
Cross sections (A, C and E) (H&E, 10X). Cross-Sections (B, D, F & G) (H&E, 40x).

Sections from Figures 6A and 6B of group 4 illustrate the severity of renal cortex damage after
oral administration of the multi-drug resistance isolate (G33) without treatment and the impact of
bacterial infection on renal tissue. Notable and widespread necrosis of renal lining epithelial cells
was observed, and marked congestion of the glomeruli led to a reduction in the interstitial space
of Bowman's capsule. There were no visible signs of bleeding.

As for group 5, the histological sections in Figures 6C and 6D showed extensive damage to the
kidney compared to group 4. The lining cells of renal tubules showed extensive degeneration and
necrosis with glomeruli atrophy, indicating that prolonged exposure to the bacteria leads to more
toxic effects compared to short exposure. As distinguished, the interstitial space is affected by
the presence of hemorrhage, which is represented by the clear presence of red blood cells,
indicating weakness and rupture of the blood vessels. These hemorrhagic changes indicate severe
vascular weakness, including rupture of the smallest capillaries and increased vascular
permeability. These findings in Figures 6A, 6B, 6C, and 6D determine the impact of bacterial
infection of UPEC on renal health. The histological sections of group 6 in Figures 6E and 6F
showed slight minor degeneration of lining cells of renal tubules with minor congestion of the
glomeruli and clarity of Bowman's capsule after treatment with ciprofloxacin for a 5-day period.
No significant necrosis or hemorrhage observed within the interstitial space. The glomeruli was
slightly congested, but the Bowman’s capsule stayed integrated. These findings indicate the
therapeutic effect of ciprofloxacin on the bacterial infection, despite the selected isolate being
resistant, but still ciprofloxacin reduced the bacterial load. The results also indicate the
effectiveness of ciprofloxacin when the duration of exposure to the bacterial infection is short.
Group 7 histological sections presented in Figures 6G and 6H showed signs of kidney disease as
a result of the prolonged cumulative effect of the bacterial infection. The sections showed the
appearance of degeneration of lining epithelial cells of renal tubules with the appearance of
severe necrosis and congestion of the glomerulus, in addition to noting podocyte degeneration
and hemorrhage within the interstitial space, which indicates the destruction of blood vessels.
These observations indicate that prolonged exposure to bacterial infection and delayed
therapeutic strategies reduce the effectiveness of treatment with the ciprofloxacin, resulting in
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severe damage to renal tissue.
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Figure 6. A-H Cross section of renal cortex and medulla in female mice (Mus musculus) stained with H&E. 6A-
section shows severe nephrosis with marked degeneration & necrosis of lining cells of renal tubules (arrows) with
glomerular congestion (asterisks) (H&E, 10x). B-section shows severe nephrosis with marked degeneration &
necrosis of lining cells of renal tubules (arrows) with glomerular congestion (asterisks) (H&E, 40x). A C-section
shows moderate degeneration of lining cells of renal tubules (black arrows) with glomerular atrophy (red arrow)
(H&E, 10x). D-section shows moderate degeneration of lining cells of renal tubules (arrows) with hemorrhage (H)
(H&E, 40x). E-section shows mild degeneration of lining cells of renal tubules with glomerular congestion (H&E,
10x). F-section shows mild degeneration of lining cells of renal tubules without necrosis (black arrows) with
glomerular congestion (red arrow) (H&E, 40x). G-section shows severe degeneration of lining cells of renal tubules
with glomerular congestion (H&E, 10x). The H-section shows severe vacuolar degeneration with necrosis of lining
cells of renal tubules (black arrows) with glomerular congestion (red arrow) & hemorrhage (H) (H&E, 40x).

3.5 Histopathological cross sections of MDS-UPEC

Figures 7A-7D show cross-sections of the renal cortex, revealing the normal renal cortex of the
control group after staining with H&E. A normal mouse kidney is composed mainly of tubular
epithelial cells, convoluted tubules, endothelial cells, podocytes, and mesangial cells, along with
Bowman’s capsule and Bowman’s space. The proximal and distal convoluted tubules appeared
normal along with the limning epithelial cells, and there were no signs of vacuolar degeneration,
necrosis, or cellular debris within the lumen. The glomeruli appear uniform in architecture,
surrounded by Bowman’s capsule. Congestion, atrophy, or any damage of podocytes was not
seen, and there was hemorrhage, and the blood vessels were normal. The results of the
histological sections of the renal cortex of group 2, in which the mice were orally administered
ciprofloxacin for a 5-day period after 48 hours of the experiment, showed the appearance of
focal necrosis within renal tubules, mild to moderate in its severity. In addition to the
accumulation of mononuclear leukocytes and vascular degeneration with necrosis of lining cells
of renal tubules along with the formation of tubular casts, as shown in Figures 7E and 7F. The
histological sections of the renal medulla showed mild vascular degeneration of renal tubule
lining cells, as shown in Figure 7G. As for the renal cortex, vascular degeneration was observed
with necrosis of renal tubule lining cells. Clear necrosis around the glomeruli with accumulation
of leukocytes, as shown in Figures 7H and 81. These observations emphasize the nephrotoxic
effect of ciprofloxacin, and these findings also highlight the importance of continuously
monitoring kidney functions to limit adverse effects of ciprofloxacin on renal health.
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Figure 7. A-1 Cross section of renal cortex in female mice (Mus musculus) under various conditions stained with
H&E. Sections A-D show normal lining cells of renal tubules (R) with normal glomeruli (arrows), A&C sections
(H&E, 10x). B&D sections (H&E, 40x). E-section shows focal necrosis of renal tubules (arrow) with vacuolar
degeneration of the lining cells of renal tubules (R) (H&E, 10x). F-section shows the renal cortex shows focal
necrosis of renal tubules (asterisk) with vacuolar degeneration with necrosis of the lining cells of renal tubules
(arrow) and tubular cast formation (C) (H&E, 40x). G-section shows vacuolar degeneration with necrosis of the
lining cells of renal tubules (H&E, 40x). H-section shows renal cortex, vacuolar degeneration with necrosis of the
lining cells of renal tubules (R) with periglomerular necrosis and aggregation of leukocytes (arrows) (H&E, 10x).
The I-section shows vacuolar degeneration with necrosis of the lining cells of renal tubules and aggregation of
leukocytes and fibroblasts (H&E, 40x).

Sections presented in Figures 8A-8D of group 3 showed severe nephrosis of the renal cortex
and medulla after 5 days of oral dosing with ciprofloxacin, characterized by severe degeneration
and necrosis of renal tubule lining cells. In addition to observing glomerular degeneration of the
mesenteric cells and glomeruli congestion. The histological sections of group 4, orally inducted
with the selected isolate (G27), showed simple kidney injury. Vascular degeneration was
observed in the renal cortex and medulla with renal tubule lining cell atrophy, in addition to
glomeruli atrophy, as shown in Figures 8E and 8F. Interstitial hemorrhage was observed with
peri-hemorrhagic cuffing around the mononuclear white blood cells, as shown in Figures 8G
and 8H.

As for group 5, the histological sections of renal cortex and medulla had an almost normal
appearance compared to group 4. The renal cortex and medulla appeared normal, as did the
lining cells of the renal tubules and glomeruli, as shown in Figure 10A. Histological sections of
some animals belonging to the same group showed moderate vascular degeneration of the cells
lining the renal tubules, as shown in Figures 9B and 9C. These differences may be attributed to
the level of diversity within animals and to the intensity of the immune system’s resistance to
infection. Histological sections of group 6 showed vascular degeneration of lining cells of renal
tubules with deterioration of the glomeruli and interstitial edema, as shown in Figures 9D and
9E. Other sections showed severe cellular swelling of the cells lining the renal tubules with
severe necrosis, marked deterioration, and glomeruli atrophy, as shown in Figure 9F.
Considering histological sections of group 7, severe nephrosis with hyperplasia appeared in the
lining cells of renal tubules with severe degeneration, interstitial hemorrhage, and formation of
tubular casts, as shown in Figures 10A and 10B. Other histological sections showed moderate
vascular degeneration of the cells lining the renal tubules with necrosis and tubular dilatation in
addition to clear focal necrosis with accumulation of mononuclear WBCs as shown in Figures
10C and 10D.
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Figure 8. A-H Figure 8A-H shows a cross section of the renal cortex in female mice (Mus musculus) under various
conditions, stained with H&E. The A-section shows marked nephrosis characterized by severe degeneration with
necrosis of lining cells of renal tubules (R) with glomerular degeneration & congestion (arrows) (H&E, 10x). The B-
section shows severe vacuolar degeneration with necrosis of lining cells of renal tubules (R); the glomerulus had
degeneration of mesangial cells & congestion (Arrows) (H&E, 10x). The C-section shows marked nephrosis
characterized by severe degeneration with necrosis of the lining cells of renal tubules with glomerular degeneration
& congestion (H&E, 10x). D-section shows severe vacuolar degeneration with necrosis of lining cells of renal
tubules (R) with glomerular congestion (arrow) (H&E, 40x). E-section shows vacuolar degeneration with atrophy of
lining cells of renal tubules (R) & glomerular atrophy (arrow) (H&E, 10x). F-section shows vacuolar degeneration
with necrosis, atrophy of lining cells of renal tubules (R), & glomerular atrophy (arrow) (H&E, 40x). G-section
shows vacuolar degeneration with lining cells of renal tubules (R) & per hemorrhagic cuffing (Arrows) (H&E, 10x).

Figure 9. A-F Section of renal cortex in female mice (Mus musculus) under various conditions stained with H&E.
The A-section shows normal lining cells of renal tubules (R) & glomeruli (arrows) (H&E, 10x). The B-section
shows normal lining cells of renal tubules & normal glomerulus (H&E, 40x). A C-section shows moderate vacuolar
degeneration of the lining cells of renal tubules with necrosis (H&E, 40x). D-section shows vacuolar degeneration of
lining cells of renal tubules (R) & deterioration of glomeruli (arrows) & interstitial edema (asterisks) (H&E, 10x). E-
section shows vacuolar degeneration of lining cells of renal tubules without necrosis & deterioration of glomeruli
(H&E, 40x). F-section shows vacuolar degeneration & cellular swelling of lining cells of renal tubules with necrosis
& deterioration of glomeruli (H&E, 40x).
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Figure 10. A-D The figure displays a section of the renal cortex in female mice (Mus musculus) under various
conditions, which has been stained with Hematoxylin and Eosin (H&E). A-section shows nephrosis with
hypercellularity of lining cells of renal tubules & hemorrhage (H) & cast formation (R) (H&E, 10x). The B-section
shows hyperplasia of lining cells of renal tubules & degeneration (H&E, 40x). C-section shows vacuolar
degeneration of lining cells of renal tubules with necrosis and tubular dilation (R) & focal necrosis with aggregation
of mononuclear leukocytes (Arrow) (H&E, 10x). D-section shows vacuolar degeneration of lining cells of renal
tubules with necrosis (H&E, 40x).

4. Discussion

The finding highlights that these doses were ineffective to establish infection under the tested
conditions. These results align with *°, which reported that the sub-threshold bacterial loads fail
to initiate infections due to host ability to clear and neutralize small doses of invading bacteria.
The insufficient loads may not trigger a defense mechanism against the host immune response,
such as the quorum sensing system, which eventually increases the pathogenicity by leading to
biofilm formation. These observations highlight the importance of bacterial concentration to
induce sufficient infection in animal modules. These outcomes indicate that high doses of
bacterial loads induce systematic toxicity, sepsis, organ failure, and death *°.
Several studies investigate and document the required bacterial load to induce UTI infections and
the outcomes of them on body systems. As vouch by *° that 10°cell/ml load was sufficient to
induce infection across many organs, such as the liver, spleen, brain, lungs, and kidneys.
According to *°, the infection rapidly disseminated with the presence of bacterial cells within
organs after 20 minutes, peaking after 24 hours post-infection, and there were no mortalities
among the animals, which means that this load was able to induce a systematic infection without
causing fatal outcomes. In addition * corroborated the findings of *°, highlighting the potential
activity of a bacterial load of 10" cells/ml to induce UTI infection. In contrast, according to 2,
even the low bacterial load of 10° cells/ml was capable of causing UTIs. Also ?* noted that the
bacterial load decreased overtime in most organs, but they remained persistent in tissues for 48
hours. *® extend the research for the bacterial loads and their impacts on establishing infection
using animal models. The bacterial load of 10® cells/ml was used to establish primary and
secondary infections within 1-6 hours. It is interesting that even at high doses (108 cells/ml), no
mortalities were recorded, and it significantly increased the bacterial loads and inflammatory
responses. These observations highlight the critical role of secondary infection in inducing the
infection. The bacterial presence nature, which decreases after 24 hours, highlights the
importance of the timeline of bacterial proliferation and host immune response, which was
conducted by the elevation of IL-6, CXCL1, and G-CSF after the secondary infection, which
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means the severity of infection. ° revealed the impact of high bacterial load (10° cells/ml), which
causes significant physiological and pathological changes. It was noted that mice inducted with
high bacterial loads exhibited weight reduction and 20% mortality rates due to the severity of
infection, which was linked to the acidic environment that enhances E. coli virulence. These
findings suggest the relationship between high bacterial load and host tissue damage leads to
weight loss and mortalities.

Fluoroquinolones such as ciprofloxacin are known for their widespread use in healing bacterial
infections, although they have exhibited their toxicity at high doses on the central nervous
system, digestive system, and kidney. Over 200mg/kg, doses have been reported for their
significant organ damage and mortalities in animal models. *° reported that high doses could
disrupt oxidative stress and lead to kidney failure, which would make the kidney lose its
function. These findings highlight the interference of high ciprofloxacin doses with
mitochondrial function and activity, which leads to increased oxidative stress and dysfunction of
cells and ultimately leads to organ failure. These results emphasize that ciprofloxacin could be
potentially toxic after administration in high amounts, and this highlights the importance of dose
regulation. In addition to its toxic effect on both kidneys and the digestive system, it also exhibits
neurological toxicity at high concentrations. Behavioral changes of animals have also been
documented due to high concentrations of ciprofloxacin. % established 20 and 50 mg/kg on mice
with a 14-day period and reported that ciprofloxacin significantly resulted in behavioral changes
in animals with highly reduced locomotor activity. These findings suggest that the neural
function altered due to ciprofloxacin, which came as a result of affecting the oxidative stress
pathway. Furthermore, 2 investigated the effect of ciprofloxacin on memory and cognition and
demonstrated that ciprofloxacin can impair the memory function of mice. These results align
with the hypothesis that ciprofloxacin can successfully affect oxidative stress by disrupting the
balance of neurotransmitters, which finally affects behavior and cognitive performance, but it is
still not fatal, but it may increase the incidence of mortalities in the future. Ciprofloxacin impact
on body weight, behavioral responses, and some hematological parameters in experimental
animals highlighted by ? and indicated that body weight was not significantly affected by
ciprofloxacin no matter the dose or duration of it. This is attributed to antioxidants such as
vitamins A, C, and E, which maintain the physiological balance and prevent volatility of body
weight. Also, they noticed that ciprofloxacin could alter red blood cell amount, especially when
it is administered at high doses, and eventually lead to fatigue and lethargy. Also, 2* report the
effect of ciprofloxacin for a short period of administration and conclude that ciprofloxacin had
no effect on body weight, while  demonstrate that ciprofloxacin can significantly increase body
weight after exposure to high doses and for a long period. These findings are attributed to the
impact of ciprofloxacin on gut microbiota, which are responsible for metabolism and different
nutrient absorption, so any disturbance in the microbiota, such as ciprofloxacin, can increase
nutrient assimilation, which leads to weight gain. Similarly, % report the impact of long-term
ciprofloxacin administration may lead to mortalities in animal modules by affecting gut
microbiota, which compromises the animal immune system.

Ciprofloxacin is known for its nephrotoxic effect; according to **, ciprofloxacin could cause
significant cellular changes represented by glomeruli alterations. These alternations include
inflammation, tubular necrosis, congestion, and obstruction of renal tubules. In addition, the
interstitial space exhibits fibrosis, which refers to chronic damage. All of these observations
result from ciprofloxacin, which induces oxidative stress and nephrotoxic effects. Also, 2
demonstrate ciprofloxacin impact on kidney injury and how it could be reduced using quercetin.
It was reported that prolonged exposure to ciprofloxacin leads to kidney injury characterized by
tubular necrosis, glomeruli congestion, and inflammation of the interstitial space, which are
considered oxidative stress markers. Ciprofloxacin is known for its nephrotoxicity, especially on
the renal cortex, and leads to many histological alterations, such as necrosis and glomeruli
congestion 2.
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The study of *! highlighted the impact of E. coli infection, which results in many inflammatory
responses and tissue damage. They noticed peaked levels of pro-inflammatory cytokines such as
IL-6, IL-1PB, and TNF-a, especially after the seven-day post-infection period; these cytokines
reflect the body response to eliminate bacterial invasion. The bacterial infection also led to the
induction of oxidative stress characterized by an increase of nitric oxide synthase, which causes
tissue injury. E. coli infections also cause notable damage, such as mitochondrial swellin% with
atrophy along with secondary lysosomes and autophagolysosomal bodies. According to ¥, the
histopathological changes of E. coli infection are marked with severe swelling of renal epithelial
cells and reduction in size of tubular lumen size; these observations lead to impairment of tubular
function. Also, widespread necrosis was observed in renal tissue, indicating cell death due to
bacterial toxins. In addition, hemorrhage within the renal cortex was observed, which causes loss
of vascular integrity and bleeding. Nevertheless, all of these observations came in line with some
blood markers: elevated neutrophils and reduced thrombocyte levels. In another study, *
demonstrate the histopathological changes in the kidney due to E. coli infection. Acute Tubular
necrosis was observed again along with degeneration of lining epithelial cells of renal tubules.
Also, glomeruli were abnormal and contained fibrin clots within blood capillaries, and
hemorrhage was observed due to red blood cell accumulation. These observations suggest
unsuccessful filtration with vascular damage.

5. Conclusion

The results of the current study provide important insights on the efficacy and nephrotoxic
effect of ciprofloxacin as a treatment for MDR-UPEC and MDS-UPEC. The infection of MDR-
UPEC reflects more damage than MDS-UPEC. Ciprofloxacin demonstrates high antibacterial
activity against bacterial load in murine models, notably by the disappearance of the bacterial
toxicity with renal tissue after inducting it with MDR-UPEC, while MDS-UPEC showed less
aggressive damage to the renal tissue. However, its nephrotoxicity was evident, such as necrosis,
degeneration, and atrophy of glomeruli.
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