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ABSTRACT

Objective: Oxidative stress and inflammation play crucial roles in the onset of kidney injury
and crystal formation caused by hyperoxaluria. Indapamide is a potent medication for
treating renal calculi, but it has severe side effects such as hypokalemia, hypercalcemia,
and hyperuricemia. Therefore, it is advisable to explore alternative treatments that do not
have these side effects. The study aimed to reveal the antiurolithiatic potential of two
benzene sulfonamide derivatives (SBCl and SBF; A and B, respectively) against ethylene
glycol-induced kidney stones.

Methods: The rats were divided into two main groups: the first group consisted of 20 rats
with induced kidney stones, and the second group included 15 control rats. This division
enabled a comparative analysis between rats with kidney stones and those without, offering
insights into the effects of kidney stone induction on various physiological parameters and
biochemical markers. The effectiveness of benzene sulfonamide derivatives (compounds A
and B) was assessed in rats with induced kidney stones. The treatment was given orally by
gavage for 21 days, administered every 48 h after inducing kidney stones with 0.12ml of 5%
ethylene glycol (EG).

Results: The influence of compounds A and B on electrolytes, biochemical, antioxidant, and
inflammatory reactions in induced kidneys underscores their potential therapeutic advan-
tages in alleviating the advancement of kidney stone disease and related complications.
Conclusion: Both compounds were found to possess equal effectiveness in inhibiting the
complications of stone formation. However, SBCI-EG showed superior antioxidant and
inflammatory parameters effects compared to SBF-EG. Our study’s findings underscore the
potential benefits of derivatives in treating nephrolithiasis and related oxidative disorders,
highlighting their superior effects on antioxidant and inflammatory responses compared to

standard treatments.
© 2024 Sociedad Espariola de Nefrologia. Published by Elsevier Espana, S.L.U. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).
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Divulgar la potencialidad antiurolitidsica de dos derivados de
sulfonamida de benceno para combatir los célculos renales inducidos por
etilenglicol

RESUMEN
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Objetivo: El estrés oxidativo y la inflamacién juegan un papel esencial en la aparicién de
lesiones renales y la formacién de cristales causadas por hiperoxaluria. Indapamida es una
medicacién potente para tratar los cdlculos renales, pero tiene efectos secundarios graves
tales como hipocalemia, hipercalcemia e hiperuricemia. Por tanto, es aconsejable explorar
tratamientos alternativos que no tienen dichos efectos secundarios. El objetivo de este estu-
dio fue revelar el potencial antiurolitidsico de dos derivados de sulfinamida de benceno (SBC1
y SBF; Ay B, respectivamente) para combatir los célculos renales inducidos por etilenglicol.
Métodos: Se dividié a las ratas en dos grupos principales: el primero de ellos incluyé 20 ratas
con célculos renales inducidos, incluyendo el segundo 15 ratas de control. Dicha divisién
permitié realizar un andlisis comparativo entre las ratas con calculos renales y las que
carecian de ellos, proporcionando informacién sobre los efectos de la induccién de célculos
en diversos parametros fisiolégicos y marcadores bioquimicos. Se evalué la efectividad de
los derivados de sulfinamida de benceno (compuestos A y B) en ratas con célculos renales
inducidos. El tratamiento fue administrado oralmente mediante sonda durante 21 dias, cada
48h, tras la induccién de calculos renales con 0,12 ml de 5% etilenglicol (EG).
Resultados: La influencia de los compuestos A y B en las reacciones electroliticas, bio-
quimicas, antioxidantes e inflamatorias en los rifiones inducidos destaca sus ventajas
terapéuticas potenciales en cuanto a la mitigacién del avance de los calculos renales y sus
complicaciones relacionadas.
Conclusién: Se encontré que ambos compuestos poseen igual efectividad a la hora de inhibir
las complicaciones de la formacién de calculos. Sin embargo, SBCI-EG reflej efectos supe-
riores de los parametros antioxidantes e inflamatorios en comparacién con SBF-EG. Los
hallazgos de nuestro estudio destacan los beneficios potenciales de los derivados ala hora de
tratar la nefrolitiasis y los trastornos oxidativos relacionados, subrayando sus efectos supe-
riores en las respuestas antioxidante e inflamatoria, en comparacién con los tratamientos
estandar.

© 2024 Sociedad Espafiola de Nefrologia. Publicado por Elsevier Espaiia, S.L.U. Este es un
articulo Open Access bajo la CC BY-NC-ND licencia (http://creativecommons.org/licencias/

by-nc-nd/4.0/).

Introduction

following its administration. This process can result in sig-
nificant metabolic acidosis and acute kidney injury (AKI).>
After inducing kidney stones, researchers can observe the

Animal models in kidney stone research provide valuable
insights into the pathophysiology, prevention, and treatment
of nephrolithiasis, or kidney stone formation.! These mod-
els, often developed in species such as rats, mice, or pigs,
mimic various aspects of human kidney stone disease, allow-
ing researchers to study the underlying mechanisms and test
potential therapeutic interventions.?

Creating a kidney stone animal model generally involves
inducing stone formation using various techniques, such as
dietary manipulation, administering lithogenic substances,
or performing surgical procedures.? For example, researchers
may feed animals diets high in calcium, oxalate, or other
stone-forming compounds to promote the formation of crys-
tals within the kidneys. Alternatively, the development of
calculi substances like ethylene glycol (EG) or ammonium
oxalate may be administered to induce stone formation
directly.* The EG serves as a metabolic precursor to oxalate,
with oxalate formation typically initiated within 24-72h

progression of stone formation, evaluate changes in renal
function, and study related physiological responses. In addi-
tion, biochemical analyses of urine and blood samples provide
valuable information on urinary stone risk factors, renal func-
tion markers, and systemic effects of stone formation.®

Renal calculi are a common urological issue marked by
developing and sometimes expulsing crystal clusters within
the urinary system. This condition, known as nephrolithia-
sis, originates from Greek roots: nephros (kidney), and lithos
(stone).” Urolithiasis is prevalent worldwide, but its occur-
rence rate varies significantly due to gender, climate, diet, and
other risk elements.?

There has been an annual rise in the incidence of stone
formation among individuals aged 30 and above, irrespective
of gender. Urolithiasis can manifest with diverse symptoms,
including fever, vomiting, and loin pain, or it may even remain
entirely asymptomatic.® Kidney stones are now acknowledged
as a danger factor for various systemic illnesses such as
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chronic kidney disease, diabetes, cardiovascular disease, and
bone fractures. Conversely, these conditions also pose risk fac-
tors for developing kidney stones.’® Renal function loss due
to long-standing obstruction, and severe infections including
septicemia.

It is crucial to measure biochemical markers indicative of
kidney function, such as serum levels of urea and creatinine,
along with a panel of oxidative stress-related and inflam-
matory biomarkers.'? Oxidative stress arises when there is
an imbalance between oxidants and antioxidants, producing
reactive oxygen species (ROS) that exceed the neutralizing
ability of antioxidants.'® This triggers a range of physiologi-
cal and pathological reactions in cells and tissues. Also, the
intricate interplay between factors like glycolipid metabolism
abnormalities and hemodynamic changes activates processes
such as the polyol and hexosamine pathways, leading to
increased production of ROS.'* ROS can act as second mes-
sengers in various signaling pathways and as regulators that
influence the metabolism and apoptosis of immune cells.™
Disrupting the oxidant/antioxidant balance in the kidneys ini-
tiates ROS, resulting in harmful outcomes like inflammation,
autophagy, and fibrosis. These processes developed patholog-
ical and functional abnormalities in the kidneys.'®

One factor contributing to kidney-related inflammation is
acidosis, which increases intrarenal ammonia production.”
This can partly activate the secretion of pro-inflammatory
cytokines like IL-1B and IL-18. Substantial evidence shows that
severe metabolic acidosis-induced increases in local ammonia
concentration can stimulate maladaptive complement acti-
vation, resulting in heightened inflammatory and pro-fibrotic
responses.'®

Key inflammatory mediators causing kidney tissue dam-
age include nitric oxide (NO) and ROS.' Consequently, it is
believed that carbonic anhydrase inhibitors, such as benzene
sulfonamide derivatives, might prevent the severe inflam-
mation associated with this type of injury. ROS reacts with
proteins and enzymes, causing lipid peroxidation (LPO) of cell
and organelle membranes.’ This reaction can lead to the
breakdown of proteins, increased permeability of capillaries,
and direct harm to the membranes of kidney cells. Addi-
tionally, NO causes renal injury by interacting with ROS and
directly damagingrenal tubules. It also diminishes the respon-
siveness of blood vessels to stagnant substances, worsening
renal ischemia.’?

Indapamide, classified as a thiazide-type diuretic, operates
through a dual mechanism. It induces diuresis at the distal
tubule in the kidney.?’ However, directly affects blood vessels,
thus enhancing its effectiveness in lowering blood pressure.
Indapamide shows promise in protecting organs affected by
hypertension, such as the heart and kidneys.?> Moreover, it
boasts a favorable metabolic profile.?? This array of benefits
indicates that indapamide could serve as an effective and
versatile treatment for hypertension, offering benefits beyond
simply reducing blood pressure.?* Indapamide has the poten-
tial to induce significant cases of both severe hypokalemia
(low potassium levels) and hyponatremia (low sodium levels).
Severe hyponatremia can cause the main clinical symp-
toms. During indapamide therapy, it is essential to monitor
plasma sodium and potassium concentrations, particularly in
patients who are at risk for hyponatremia and hypokalemia,

as is the case with other diuretics.?> Explored alternative ther-
apies devoid of these adverse effects and appropriate for the
specific medical condition treated by Indapamide are advised.

Benzene sulfonamide derivatives, also known as sulfon-
amide derivatives, belong to a class of organic compounds that
contain a sulfonamide functional group (-SO2NH2) attached to
a benzene ring. These derivatives have applications in medic-
inal chemistry, agriculture, and industry for their versatile
properties.”® They have emerged as important therapeutic
agents in other medical fields. For instance, certain sul-
fonamide drugs, such as acetazolamide and furosemide,
are used as diuretics to treat conditions like edema and
hypertension.”” Additionally, sulfonamide-based drugs like
celecoxib and indomethacin are widely prescribed as nons-
teroidal anti-inflammatory drugs (NSAIDs) for their analgesic
and anti-inflammatory properties in the management of
pain and inflammation associated with conditions such as
arthritis.?® To the best of our knowledge, there is currently no
available data regarding the effects of these new compounds
on kidney stones.

So, the main target of the study was to measure the effect of
benzene sulphonamide derivatives on kidney-induced stones
in male albino rats by ethylene glycol and its possible protec-
tive role against kidney damage in vivo. The kidney damage
assessment through the analysis of oxidative/antioxidant,
inflammatory markers, hormonal levels, and histopatholog-
ical responses could contribute to a better understanding of
the mechanism of action and could be relevant for therapeutic
purposes.

Materials and methods
Chemicals

The novel benzene sulfonamide derivatives combined with
piperidine and morpholine,?® represent a unique pharma-
cophore hybridization strategy. The compounds, exempli-
fied by compound A (N-(4-chlorophenyl)-4-isobutoxy-N-(1-
methylpiperidin-4-yl) benzene sulfonamide) and compound
B (N-(4-fluorophenyl)-4-methoxy-N-(4-methylpiperidin-4-yl)
benzene sulfonamide), was designed with a central scaffold
of 4-alkoxy benzene sulfonamide. This scaffold incorpo-
rates three essential pharmacophore groups: piperidine,
morpholine, and N-substituted piperazine moieties. The
incorporation of these pharmacophores was carefully chosen
due to their distinct structures and pharmacological advan-
tages.

The presence of oxygen-nitrogen atoms in the morpho-
line structure and nitrogen-nitrogen atoms in the piperazine
moiety enhances the pharmacological and pharmacokinetic
profiles of the compounds. These atoms serve as hydrogen
bond donors or acceptors, facilitating interactions with DNA
and increasing water solubility and bioavailability. Further-
more, preserving the sulfonyl group within the compound’s
structure was favored over the carbonyl group because of
its capacity to establish multiple hydrogen bonds with pro-
teins. This feature backs the compounds’ potential efficacy
and specificity in biological systems.
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Experimental animals and work design

About 35 male albino rats weighing 105+10g were main-
tained in plastic cages with stainless steel wire lids. They were
housed for seven days for adaptation to laboratory conditions
and fed ad libithium, before the initiation of the experiments
under constant temperature and humidity. The rats were
divided into two main categories; 1st group consisted of 20 rats
with induced kidney stones and the 2nd one contained 15 rats
serving as the control, comprised 15 rats. This division allowed
for comparative analysis between rats with induced kidney
stones and those without, providing insights into the effects
of kidney stone induction on various physiological parameters
or biochemical markers.

The effectiveness of benzene sulfonamide derivatives
(compounds A and B) in induced kidney stone rats was eval-
uated. The treatment was administered orally via gavage
for 21 days, with dosing intervals of every 48h following
the induction of kidney stones using 0.12ml of 5% ethy-
lene glycol. The handling and utilization of animals adhered
strictly to the regulations and guidelines established by
the Research Ethics Committee of the Faculty of Science,
Suez Canal University, Ismailia, Egypt (number: REC166/2022).
Furthermore, the experiment was conducted according to
internationally accepted standard ethical guidelines for lab-
oratory animal use and care, as outlined in the European
Community guidelines.?® The groups were divided as outlined
below, with a sample size of 5 (Fig. 1). Treatment was admin-
istered to all groups every other day for 30 days.

1. The NEG group served as negative control animals.

2. The EG group (positive control) was treated with 0.12 ml of
5% ethylene glycol®! for 21 days every 48h to induce stone
formation.

3. The SBCL-NEG group received treatment with 10 mg/kg of
compound A without stone formation.

4. The SBCL-EG group was treated with 10mg/kg of com-
pound A after stone formation induced by ethylene glycol
for 21 days.

5. The SBF-NEG group was treated with 10mg/kg of com-
pound B without stone formation.

6. The SBF-EG group received treatment with 10mg/kg of
compound B after stone formation induced by ethylene
glycol for 21 days.

7. The IND-EG group was treated with 10mg/kg of
indapamide®! after stone formation induced by ethylene
glycol for 21 days.

Sample collection

After treatment, all rat groups were anesthetized with
50 mg/kg ketamine intraperitoneal.®?

Blood sampling

Blood samples were obtained from the retro-orbital venous
plexus using heparinized Hematocrit capillary tubes and
promptly transferred into anticoagulant and clot activator
tubes to facilitate serum separation.>* The collected samples
were left to stand at a slanting position for approximately
45min at 4°C. Following this, serum separation was achieved

through centrifugation at 2500 rpm for 10 min. The acquired
serum was stored at —20°C and utilized for assessing the tar-
geted kidney biomarkers and antioxidant, oxidative stress,
and inflammatory markers.

Tissue collection

The kidney tissues were harvested and segmented into several
portions to facilitate various analyses. Some tissue samples
were frozen for biochemical analysis, while another set was
fixed in 10% formalin for histopathological assessment. The
remaining samples were kept in glutaraldehyde for examina-
tion using electron microscopy.

Electrolytes evaluation

Sodium (Na*), potassium (K*), ionized calcium (Ca?*), and
chloride (Cl7) ions are measured using the ST-200 Plus elec-
trolyte analyzer (Reagent pack: ST-200 Pro/Plus/CL) from
SENSA CORE Company for Healthcare and Diagnostic
Products.®* These ions are directly measured by ion selective
electrode (ISE). The magnesium (Mg?*) test is conducted colori-
metrically at wavelengths 520/800 nm, utilizing kits from the
Beckman Coulter automated system. Inorganic phosphorus
(PO47) in serum is typically measured by forming a phospho-
molybdate complex and then reducing it to a molybdenum
blue color complex. The choice of reducing agents varies and
includes stannous chloride, phenylhydrazine, amino naphthol
sulfonic acid, ascorbic acid, p-methylamino phenol sulfate,
N-phenyl-p-phenylenediamine, and ferrous sulfate.

Biochemical analysis in serum and tissues

All the parameters were determined using a Semi-automated
chemistry analyzer BIOLAB ES-102 (Biomed diagnostics). The
reagents were obtained from Diamond Diagnostics and Vitro
Scient Kit, Cairo, Egypt.

Serum biomarkers of kidney

The determination of serum creatinine relies on the intensity
of the color produced in the samples.>> Serum urea undergoes
enzymatic hydrolysis into ammonia (NH4*) and carbon diox-
ide (CO,) within the sample. The resulting blood urea nitrogen
reacts with salicylate and hypochlorite (NaClO), facilitated by
the catalyst nitroprusside, to generate green indophenol at
578nm and 37°C.%® Serum uric acid (UA) levels were deter-
mined by the method of Ref. 37.

Determination of oxalates in serum and urine

Oxalate oxidase catalyzes the oxidation of oxalate, produc-
ing hydrogen peroxide and carbon dioxide. In the presence
of POD, hydrogen peroxide reacts with chromogenic sub-
stances, resulting in colored products. These products have
a specific absorption peak at 550 nm, with the color intensity
directly proportional to the oxalate concentration® (Kara-
mad et al.*°). The calculations were determined by plotting
the standard curve using the OD values of the standards (y-
axis) against their respective concentrations (x-axis) using
the graphing software. The sample concentration is deter-
mined using the formula derived from the standard curve:
y=ax+b. To calculate oxalate concentration: the curve is:
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y=ax+b. The oxalate in urine (mM/l)=(AA —b)/a*2"f and the
oxalate in serum (mM/1) = (AA — b)/a*f where AA is the change
in absorbance, a and b are constants from the standard curve,
and f is the dilution factor.

Determination of calcitonin and parathyroid
The ELISA kit employs the sandwich-ELISA method, utilizing
a Microelisa strip plate pre-coated with an antibody specific
to calcitonin (CT). The standards or samples in the appro-
priate wells interact with the specific antibody. Subsequently,
a horseradish peroxidase (HRP)-conjugated antibody, specific
for CT, is introduced to each well and allowed to incubate.
TMB substrate solution is added to initiate color development,
following washing to remove unbound components. Wells
containing CT and HRP-conjugated CT antibodies exhibit a
blue color, which turns yellow with the addition of the stop
solution. The optical density (OD) at 450 nm was used to mea-
sure the concentration of CT spectrophotometrically.
Parathyroid hormone (PTH) is measured using the fully
automated Cobas e411 system. The test is completed within
18 min, involving the first and second incubation phases. The
reaction mixture is aspirated into the measuring cell during
the process, where the microplates magnetically adhere to the
electrode surface. The application of voltage to the electrode
triggers chemiluminescent emission, which is then quanti-
fied by a photomultiplier. Results are determined utilizing a
calibration curve, which is instrument-specific and generated
through a 2-point calibration process and a master curve.*’

Determination of vitamin D3 (25 hydroxy cholecalciferol)

In this process, 25-hydroxy-vitamin D in the sample forms
immune complexes with the monoclonal antibody present.
At the same time, the antigenic determinant-DNA coupling
template in reagent 2 binds to any remaining monoclonal
antibodies. Unbound antigenic determinant-DNA coupling
templates and dNTPs then undergo double-stranded DNA
synthesis facilitated by polymerase. These products bind to
fluorescent dyes, generating fluorescence proportional to the
levels of 25-OH-VD in the samples.*’

Renal tissue biomarkers of oxidative stress and antioxidant
markers

10mg tissue was homogenized on ice in 300l of the mal-
ondialdehyde (MDA) lysis buffer, then centrifuged to remove
insoluble material. 200l of the supernatant from each
homogenized sample was placed into a microcentrifuge tube.
Assessing the end products of LPO is one of the most com-
mon assays for measuring oxidative damage. BioVision’s LPO
assay kit offers a convenient sensitive detection of MDA in
samples.*!

The tissue samples are homogenized in PBS (pH 7.4). It is
essential to conduct these procedures at 4 °C. After centrifuga-
tion for 20 min at 2000-3000 rpm, the supernatant is carefully
collected. Portions of the supernatant are aliquoted for ELISA
assay and future experiments. The absorbance was measured
at 450 nm using a microtiter plate reader.

The highly sensitive SOD assay kit employs WST-1, which
produces a water-soluble formazan dye when reduced by the
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superoxide anion. The reduction rate correlates directly with
xanthine oxidase (XO) activity and is inhibited by SOD. Thus,
SOD’s inhibitory activity can be measured using a colorimetric
method.*?

Glutathione (GSH) is the primary intracellular low-
molecular-weight thiol, crucial for defending mammalian
cells against oxidative stress. BioVision’s ApoGSHTM Glu-
tathione Colorimetric Assay Kit offers a convenient and
colorimetric approach for analyzing either total glutathione
or specifically the reduced form of glutathione, utilizing
a microtiter plate reader. This assay relies on the glu-
tathione recycling system facilitated by DTNB and glutathione
reductase.*

The ELISA kit employs the sandwich-ELISA method to eval-
uate the protein carbonyl (PC) level.**

Inflammatory markers in kidney tissues

The quantitative sandwich enzyme immunoassay technique
was for interleukin-1p (IL-1B), interleukin-6 (IL-6), and alpha
tumor necrosis factor (TNF-«) determination according to
Cetin et al.*

Histopathology evaluation

The kidneys of each animal were rapidly removed and
rinsed with normal saline (0.9% NaCl, Nile Pharm Com-
pany, Egypt) to eliminate any blood that might hinder the
fixation process. They were then blotted with filter paper,
weighed, rinsed in ice-cold saline, and fixed in 10% neu-
tral formaldehyde (Sigma Aldrich Chemical Company, USA)
overnight. Subsequently, the kidneys were processed using
standard histological methods.*® Blind pathologists evaluate
the histopathological alteration.

Electron microscope examination of kidney tissues

Small kidney samples were excised and cut under a dissect-
ing microscope in the presence of 2% glutaraldehyde. They
were then fixed in 2% glutaraldehyde in 0.1M Na-cacodylate
buffer for 24 h, washed in 0.1 M phosphate buffer at 4°C, and
post-fixed in 1% osmium tetroxide. After being dehydrated in
a graded series of ethyl alcohol, the tissues were infiltrated
with resin. Semi-thin slices were prepared using an ultrami-
crotome, stained with toluidine blue, and examined under a
light microscope. Selected fields of these sections were further
sectioned into ultrathin slices, stained with uranyl acetate
and lead citrate, and examined using a transmission electron
microscope (JEOL JEM-2100, Japan) in the Electron Microscope
Unit, Mansoura University.*

Statistical analysis

All data were presented as mean + standard error (SE), with
a significance level at P<0.05 using SPSS 11.0 for Windows.
Statistical differences were assessed using one-way analysis
of variance (ANOVA), followed by post-hoc Duncan analysis.

Results

The effect of benzene sulfonamide was investigated by admin-
istration of benzene derivative compounds A (SBCL) and B
(SBF) to male albino rats with induced kidney stones. The rats
were divided into seven groups, each comprising five animals,
and orally administered the benzene sulfonamide derivatives
for four weeks following a three-week stone induction period.
Samples were collected to assess kidney functions, antiox-
idant, anti-inflammatory, hormonal, and histopathology as
outlined below.

Electrolytes

Table 2 illustrates the impact of SBCL and SBF on the blood ions
ofrats,including Na*, K*, Cl~, Mg?*, PO, ~, and Ca®*. Serum lev-
els of Na*, Cl-, and Ca?* exhibited no notable variance before
and after stone induction following treatment with SBCL and
SBF. Conversely, there was a significant reduction in K* lev-
els after SBF treatment in rats with induced kidney stones,
as compared to indapamide treatment, resulting in a 16%
decrease in K* levels, as detailed in Table 1.

In rats with induced kidney stones, the administration of
indapamide led to a notable decrease in Mg?* levels by 29%,
as indicated in Table 1. Specifically, Mg?* levels declined from
1.36£0.07 in the EG group to 0.96 +0.05 in the IND group. In
comparison, the research revealed that SBCL treatments fol-
lowing stone induction led to Mg?* levels that were 1.4 times
higher compared to the group treated with indapamide, a con-
ventional medication (Table 1).

The administration of SBCL and SBF to rats resulted in a
statistically significant increase in the PO,43~ level by 21% and
25% respectively (Table 1).

Renal biomarkers

The effects of compound A (SBCL) and compound B (SBF) on rat
kidney functions, including creatinine, urea, blood urea nitro-
gen (BUN), and uric acid, are summarized in Table 2. Treatment
of normal rats with SBCL and SBF resulted in a significant
decrease in serum creatinine levels (P < 0.05) compared to con-
trol animals. Induction of kidney stones in male albino rats
leads to elevation of creatinine levels (P <0.05). Treatment of
kidney stone rats with SBF or indapamide decreased the cre-
atinine level significantly.

When normal rats were treated with SBCL and SBF, there
was a significant decrease in blood urea and BUN levels.
Conversely, treatment of induced kidney stone rats with inda-
pamide standard medication caused a significant increase in
urea and BUN levels. Additionally, SBF treatment significantly
decreased urea and BUN levels compared to SBCL in induced
kidney stone rats (Table 2).

Rats treated with SBF showed a marked increase in serum
uric acid levels, rising from 1.40+0.04 in the NEG group to
1.71+0.03 mg/dlin the SBF-NEG group. Following stone induc-
tion, treatment with SBF or indapamide standard medication
significantly decreased serum uric acid levels (Table 2). Fur-
thermore, SBF exhibited a more significant decrease in serum
uric acid as compared to SBCL in induced kidney stone rats.
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Table 1 - Effect of compound A (SBCL) and compound B (SBF) treatment on serum electrolytes of induced kidney stones
rats.

Parameters NEG SBCL-NEG SBE-NEG EG group IND-EG SBCL-EG SBF-EG

Sodium (Na*) 144.63 + 0.63 14520 + 046  143.64 £ 0.61 14452 £ 0.67 14494+ 031 14436 + 046 14422 + 0.26
(mmol/1)

Potassium (K*) 6.01 £ 0.16 6.54 £ 0.15 5.79 £ 0.15 6.78 £ 0.042 6.35 £ 0.10 5.85 + 0.11 5.31 + 0.144
(mmol/1)

Ionized calcium 1.32 + 0.02 1.32 £ 0.01 1.26 + 0.03 1.38 + 0.02 1.30 + 0.02 1.32 £ 0.01 1.29 + 0.02°
(Ca?*) (mmol/l)

Chloride (CL~) 97.83 + 0.56 99.58 + 0.49 99.50 + 0.40 99.86 + 0.27  100.70 = 0.52  100.56 + 0.44 98.20 + 0.58
(mmol/1)

Magnesium 1.20 + 0.15 1.36 + 0.07 1.44 + 0.13 1.50 + 0.07° 1.30 + 0.06° 1.06 +0.05>%4  0.96 + 0.13bcd
(Mg?") (mg/dl)

Phosphorous 475 +0.13 6.00 + 0.202 5.06 =+ 0.20 6.32 £ 0.212 5.04 £ 0.12 5.24 + 0.09 5.04 + 0.09
(PO47) (mg/d])

Data were expressed as means+ SEM, n=5. Data were statically analyzed using one-way ANOVA followed by Duncan multiple comparisons
test P < 0.05. NEG, control negative; EG, control positive; SBCL-NEG, non-induced kidney stone group was treated with compound A; SBF-NEG,
non-induced kidney stone group was treated with compound B; SBCL-EG, induced kidney stone group was treated with compound A; SBF-EG,
induced kidney stone group was treated with compound B; IND-EG, induced kidney stone group was treated with indapamide. ? referred to the
comparison of SBCL-NEG, SBE-NEG, or EG with NEG was statistically significant. ® referred to the comparison of IND-EG, SBCL-EG, or SBF-EG with
EG was statistically significant. © referred to the comparison of SBCL-EG with SBF-EG as statistically significant. ¢ referred to the comparison of
SBCL-EG or SBF-EG with IND-EG was statistically significant. Sodium (Na*) (mmol/l), potassium (K*) (mmol/l), ionized calcium (Ca?*) (mmol/l),
chloride (CL™) (mmol/l), magnesium (Mg?*) (mg/dl), and phosphorous (PO,~) (mg/dl).

Table 2 - Effect of compound A (SBCL) and compound B (SBF) treatment on renal functions of induced kidney stones rats.

mg/dl NEG SBCL-NEG SBF-NEG EG group IND-EG SBCL-EG SBF-EG

Creatinin (mg/dl) 0.77 + 0.02 0.66 + 0.022 0.67 + 0.022 0.85 + 0.032 0.70 + 0.02>  0.77 + 0.02 0.67 + 0.01b¢
Urea (mg/dl) 27.25 + 0.85 24.0 + 0632 26.4 + 0.46 33.4 + 0.962 22.2 + 1.43° 30.4 + 0.464 26.4 + 0.91°4
BUN (mg/dl) 13.73 + 0.29 12.28 + 0.31 12.34 + 0.38 15.56 + 0.44®  10.36 +£ 0.67°  14.5+0.38¢  12.34 + 0.42%d
Uric acid (mg/dl) 1.40 + 0.04 1.53 +0.11 1.71 + 0.032 1.41 + 0.01 1.25+0.06°  1.47 +0.03¢ 1.17 + 0.05%4

Data were expressed as means+ SEM, n=5. Data were statically analyzed using one-way ANOVA followed by Duncan multiple comparisons
test P < 0.05. NEG, control negative; EG, control positive; SBCL-NEG, non-induced kidney stone group was treated with compound A; SBF-NEG,
non-induced kidney stone group was treated with compound B; SBCL-EG, induced kidney stone group was treated with compound A; SBF-EG,
induced kidney stone group was treated with compound B; IND-EG, induced kidney stone group was treated with indapamide. ? referred to the
comparison of SBCL-NEG, SBE-NEG, or EG with NEG was statistically significant. ® referred to the comparison of IND-EG, SBCL-EG, or SBF-EG with
EG was statistically significant. © referred to the comparison of SBCL-EG with SBF-EG as statistically significant. ¢ referred to the comparison of
SBCL-EG or SBF-EG with IND-EG was statistically significant.

Determination of oxalates in serum and urine

Treating non-induced kidney stones in rats with SBCL and SBF
showed a significant reduction in serum oxalate levels by a
2.5-fold decrease in SBCL compared to the negative control.
Similarly, treating induced kidney stone rats with SBCL, SBF,
or indapamide led to decreased oxalate levels (Fig. 2a).

The effect of SBCL and SBF on urine oxalates is illustrated
in Fig. 2b. Kidney stone induction in rats resulted in a two-fold
increase in urine oxalates compared to the negative control.
Treatment of these rats with indapamide significantly reduced
urine oxalates by 41% compared to the control. Similarly, treat-
ment with SBCL significantly decreased urine oxalates by 32%
compared to the control. Treatment with SBF also significantly
reduced urine oxalate concentrations by 22.7%.

Parathyroid, calcitonin, and vitamin D3

The effect of SBCL and SBF treatment on PTH, calcitonin,
vitamin D3, and citrate was demonstrated in Table 3. In non-
induced kidney stone rats, the administration of SBF resulted
in a noteworthy rise in PTH levels compared to SBCI. Specif-

ically, the induction of renal stones led to a statistically
significant increase in PTH levels. In the SBF-EG group, the
level of PTH declined more than indepamined and SBCI-EG-
treated rats as compared to EG animals.

In induced kidney stone rats, both SBCL and indapamide
treatments resulted in a significant increase in PTH lev-
els. PTH levels notably rose from the EG-group baseline of
3.52+0.56 to higher levels in SBCL-EG (5.16 +0.65) and IND-
EG rats (5.2+0.48). Conversely, the treatment involving SBF
resulted in a statistical decrease in PTH levels compared to
the EG group. The PTH levels decreased significantly from the
baseline (4.52+0.42) to a lower level in SBF-treated (SBF-EG)
rats (3.42 +0.17). Interestingly, the treatment with SBF showed
a statistical reduction in PTH levels compared to the SBCL-
treated group (P <0.05) (Table 3).

In kidney stones, induction by EG resulted in a notable sta-
tistical increase in serum calcitonin levels. Following stone
induction, treatment with SBCL, SBF, and indapamide medica-
tionin rats exhibited a significant decrease in serum calcitonin
levels. Specifically, SBCL treatment in induced kidney stone
rats showed a more pronounced decline in calcitonin levels
compared to SBF treatment. However, the treatment involving
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Fig. 2 - (a) Effect of compound A (SBCL) and compound B (SBF) treatment on serum oxalate levels. Data were expressed as
means + SEM, n =5. Data were statically analyzed using one-way ANOVA followed by Duncan multiple comparisons test
P <0.05. 2 referred to the comparison of SBCL-NEG, SBF-NEG, or EG with NEG was statistically significant. ® referred to the
comparison of IND-EG, SBCL-EG, or SBF-EG with EG was statistically significant. (b) Effect of compound A (SBCL) and
compound B (SBF) treatment on urine oxalates. Data were expressed as means + SEM, n = 6. Data were statically analyzed
using one-way ANOVA followed by Duncan multiple comparisons test P < 0.05. ? letter referred to the comparison of
SBCL-NEG, SBF-NEG, or EG with NEG was statistically significant. ? letter referred to comparison of IND-EG, SBCL-EG, or
SBF-EG with EG was statistically significant. 9 letter referred to the comparison of SBCL-EG or SBF-EG with IND-EG was
statistically significant.

Table 3 - Effect of compound A (SBCL) and compound B (SBF) treatment on hormones, and vitamin D3 of induced kidney
stones rats.

NEG SBCL-NEG SBE-NEG EG group IND-EG SBCL-EG SBF-EG
Parathyroid 1.50 + 0.30 1.98 + 0.15 2.42 + 0.162 4,52 + 0.422 5.6 + 0.32° 4.56 + 0.40 3.28 + 0.17cd
hormone (PTH,
pg/ml)
Calcitonin (pg/ml) 42.83+052 4110+ 034 4117 +0.15  110.34 + 0.78% 5534 + 0.23°  75.16 4+ 0.42P¢ 83.67 + 0.430d
25 hydroxyl vitamin 14.04 + 027  11.68 £ 0222 18.00 +0.1228  11.42 +0.26® 10.17 £0.12  18.64 + 0.21P¢ 17.44 + 0.19°
D (250H-D3)
(ng/ml)

Data were expressed as means + SEM, n=5. Data were statically analyzed using one-way ANOVA followed by Duncan multiple comparisons
test P <0.05. NEG, control negative; EG, control positive; SBCL-NEG, non-induced kidney stone group was treated with compound A; SBF-NEG,
non-induced kidney stone group was treated with compound B; SBCL-EG, induced kidney stone group was treated with compound A; SBF-EG,
induced kidney stone group was treated with compound B; IND-EG, induced kidney stone group was treated with indapamide. ? referred to the
comparison of SBCL-NEG, SBE-NEG, or EG with NEG was statistically significant. ® referred to the comparison of IND-EG, SBCL-EG, or SBF-EG with
EG was statistically significant. © referred to the comparison of SBCL-EG with SBE-EG as statistically significant. 4 referred to the comparison of

SBCL-EG or SBF-EG with IND-EG was statistically significant.

indapamide, a standard medication, resulted in a statistically
more significant reduction in serum calcitonin levels as com-
pared to SBCL and SBF treatments (Table 3).

In the comparison of SBCL and SBF treatment on serum
25hydroxy vitamin D (250H-D3) in male albino rats, dis-
tinct effects were observed (Table 3). Treating non-induced
kidney stone rats with SBCL resulted in a statistically signif-
icant decrease in 250H-D3 levels. Conversely, SBF treatment
demonstrated a significant increase, with levels decreasing
from the baseline in the NEG group (14.04 £+ 0.27) to SBCL-NEG
rats (11.68+0.22) and increasing to 18.00+0.12 in SBF-NEG
rats.

Inducing kidney stones led to a significant decrease
in 250H-D3 levels, reducing from the initial NEG levels
(14.04 +0.27) to levels in the induced stone group (11.42 & 0.26).
Treating induced kidney stone rats with SBCL and SBF resulted
in a significant increase in 250H-D3 levels. In contrast, treat-
ment with indapamide resulted in a statistically significant
reduction in 250H-D3 levels (Table 3).

Renal tissue oxidative/antioxidants

The impact of SBCL and SBF on tissue levels of GSH, NO, LPO,
and PC as well as the activity of SOD is presented in Table 4.
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Table 4 - Effect of compound A (SBCL) and compound B (SBF) on antioxidants/oxidative stress and inflammatory

biomarkers of induced kidney stones rats.

EG group SBCL-EG SBF-EG EG group IND-EG SBCL-EG SBF-EG

LPO (nmol/mg) 0.14 + 0.01 0.14 + 0.01 0.14 + 0.01 0.53 +0.012  0.23 + 0.01° 0.34 + 0.01° 0.38 + 0.01b¢

NO (pmol/g) 5.32 + 0.01 5.33 £ 0.01 5.34 + 0.01 11.39 + 0.08°  6.93 + 0.02° 8.58 + 0.02b¢ 9.65 + 0.06b<

SOD (U/mg) 1.82 + 0.05 1.84 + 0.03 1.82 + 0.02 0.51+0.012  1.38 + 0.01° 1.17 + 0.01° 0.99 =+ 0.02¢

GSH (ng/mg) 6.85 + 0.18 6.87 + 0.03 6.85 + 0.03 4.02+0.05  6.06 £ 0.07° 5.63 + 0.05° 5.04 + 0.05°

PC (ng/mg) 16.04 + 0.17 15.98 £ 0.06  15.97 + 0.03 31.13 £ 0.30®  20.13 + 0.17° 22.18 + 0.14° 24.35 + 0.21°¢

Interleukin-18 850.30 + 10.56 846.98 +4.99 851.14 +4.41 2171.27 + 20.7%P 1069.8 + 17.89° 1462.98 + 10.48>< 1646.08 + 12.05>%4
(pg/ml)

Interleukin-6 7.94 + 0.16 7.83 + 0.04 7.99 + 0.05 18.50 + 0.082  9.67 + 0.07° 11.95 + 0.10° 13.26 + 0.10°¢
(pg/ml)

TNF-« (pg/ml) 34.79 + 0.71 3441+ 037  35.05+ 022 80.92 + 0.85%  42.10 + 0.60P 56.90 + 0.56P¢  62.34 £ 0.57°%d

Data were expressed as means + SEM, n=5. Data were statically analyzed using one-Way ANOVA followed by Duncan multiple comparisons
test P <0.05. NEG, control negative; EG, control positive; SBCL-NEG, non-induced kidney stone group was treated with compound A; SBF-NEG,
non-induced kidney stone group was treated with compound B; SBCL-EG, induced kidney stone group was treated with compound A; SBF-EG,
induced kidney stone group was treated with compound B; IND-EG, induced kidney stone group was treated with indapamide. @ referred to the
comparison of SBCL-NEG, SBF-NEG, or EG with NEG was statistically significant. ® referred to the comparison of IND-EG, SBCL-EG, or SBF-EG with
EG was statistically significant. © referred to the comparison of SBCL-EG with SBF-EG as statistically significant. ¢ referred to the comparison of
SBCL-EG or SBF-EG with IND-EG was statistically significant. Glutathione (GSH), superoxide dismutase (SOD), nitric oxide (NO), lipid peroxidation

(LP), protein carbonyl (PC), and tumor necrosis factor-alpha (TNF-a).

Induction of kidney stones in rats resulted in a statis-
tically significant decrease in tissue GSH levels and SOD
activity by 41.3% and 72%, respectively, compared to controls.
However, treatment of induced kidney stones in rats with
indapamide increased GSH and SOD by 1.5-fold and 2.7-fold,
respectively, compared to controls. Additionally, treatment
with SBCL increased GSH and SOD by 1.4-fold and 2.3-fold,
respectively, compared to controls. Treatment of induced kid-
ney stone rats with SBF showed a significant increase in tissue
GSH and SOD by 1.3-fold and 1.9-fold, respectively, compared
to controls (Table 4).

Induction of kidney stones in male albino rats resulted in a
statistically significant increase in tissue NO by 2.1-fold, LPO
by 3.8-fold, and PC by 1.9-fold compared to controls (Table 4).
Treatment of induced kidney stone rats with indapamide
resulted in a statistically significant decrease in tissue NO by
39%, LPO by 57%, and PC by 35% compared to controls.

Furthermore, treatment of induced kidney stone rats with
SBCL led to a statistically significant decrease in tissue NO and
LPO by 25% and 36%, respectively, as well as a 29% decrease in
tissue PC compared to controls. Similarly, treatment with SBF
resulted in a statistically significant decline in tissue NO and
LPO by 15% and 28%, respectively, as well as a 22% decrease in
tissue PC compared to controls (P <0.05) (Table 4).

Renal tissue inflammatory biomarkers

The effect of treatment with compounds A (SBCL) and B (SBF)
on tissue levels of IL-1, IL-6, and TNF-a is presented in Table 4.
Induction of kidney stones in rats led to a statistically sig-
nificant increase in tissue IL-1f by nearly 2.6-fold, IL-6 by
2.3-fold, and TNF-a by 2.3-fold compared to controls (P <0.05).
Treatment of induced kidney stones in rats with indapamide
resulted in a statistically significant decline in IL-1p, IL-6, and
TNF-a by 50.7%, 47.7%, and 47.9%, respectively, compared to
controls. Additionally, treatment of induced kidney stones in
rats with SBCL led to a statistically significant reduction in
IL-1B, IL-6, and TNF-a by 32.6%, 35.4%, and 29.7%, respectively

(Table 4). Furthermore, treatment of induced kidney stone ani-
mals with SBF resulted in a statistically significant diminution
in tissue IL-1, IL-6, and TNF-a by 24%, 28%, and 23%, respec-
tively, compared to controls (P <0.05) as depicted in Table 4.

Histopathological of the kidneys

The kidneys of the experimental group were evaluated using
the H&E staining method (Fig. 3). Microscopically, the kidneys
of the control rats, the SBCL-NEG group treated with a dose
of 10mg/kg of compound A, and the SBF-NEG group treated
with a dose of 10mg/kg of compound B, Fig. 3a—c exhibited
a normal structure of the renal corpuscle, proximal tubules,
and distal tubules. The renal corpuscle consisted of a glomeru-
lus, mesangium, and Bowman’s capsule, all of which were of
normal size. The glomerulus consisted of a cluster of blood
capillaries enclosed by a double-walled structure known as
Bowman’s capsule. The structure consisted of several capil-
lary loops which were covered by endothelial cells and rested
on the glomerular basement membrane. The proximal tubules
consisted of significantly large cuboidal cells with brush bor-
ders and centrally placed nuclei that were rounded in shape.
The structure has a slender lumen and a delicate tubular
foundation membrane. The distal tubules consisted of small
cuboidal cells that were weakly stained, had a large lumen,
and had rounded nuclei at the top.

The experimental group, designated as the positive con-
trol, received a treatment of 5% EG. The group displayed
evident pathological abnormalities, such as shrinkage of the
glomerulus, enlargement of the space surrounding the renal
glomerulus, substantial release of protein into the renal tubu-
lar lumen, and a frothy appearance of the tubules (Fig. 3d).
The rats in the IND-EG, SBCL-EG, and SBF-EG groups (Fig. 3e-g)
showed less severe pathological damage in their kidneys com-
pared to the EG animals. However, there was some reduction in
glomerular atrophy and protein exudation in the renal tubular
lumen.
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Fig. 3 - Photomicrograph of the kidneys of (a) the control rats, (b) the SBCL-NEG group treated with a dose of 10 mg/kg of
compound A, and (c) the SBF-NEG group treated with a dose of 10 mg/kg of compound B exhibited a normal structure of the
renal corpuscle, proximal tubules, and distal tubules. The renal corpuscle consisted of a glomerulus (G), mesangium, and
Bowman'’s capsule, all of which were of normal size. (d) The experimental group, designated as the positive control (EG
group), received a treatment of 0.12ml of a 5% ethylene glycol solution. The group displayed evident pathological
abnormalities, such as shrinkage of the glomerulus (AG), enlargement of the space surrounding the renal glomerulus,
substantial release of protein into the renal tubular lumen (arrow), and a frothy appearance (F) of the tubules. The rats in the
(e) IND-EG, (f) SBCL-EG, and (g) SBF-EG groups exhibited normal structure of the renal corpuscle, proximal tubules, and
distal tubules. The renal corpuscle consisted of the normal glomerulus (G). However, there was some protein exudation in
the renal tubular lumen (arrow) and the frothy appearance (F) of the tubules (H&E, 400x).

The transmission electron microscopy technique of the
kidney

To conduct a more thorough examination of renal injury, the
transmission electron microscopy technique was used to com-
paratively assess the ultrastructural alterations in the kidneys
ofboth the control and experimental groups of rats. No observ-
able damage was detected in the control group (Fig. 4a), as
determined by the intactness of the basal lamina of the renal
tubules in the kidney tissue.

The SBCL-NEG and the SBCL-EG groups, which received
compounds A and B, respectively (Fig. 4b and c) revealed
no observable harm based on the preservation of the basal
lamina of renal tubules in the kidney tissue of rats. The
nucleus displayed a typical morphology and was surrounded
by numerous mitochondria, which varied in shape from spher-
ical to elongated. These mitochondria exhibited abundant
cristae, and the endoplasmic reticulum cisternae appeared
smoothly. A few vacuoles emerged within the cytoplasm.

The experimental group, referred to as the positive con-
trol, was administered with a 5% EG (Fig. 4d). The group
had clear ultrastructural abnormalities, including necrotic
nuclei, degraded mitochondria, and loss of cristae in certain
mitochondria, accompanied by an increase in cytoplasmic
vacuoles.

The rats of the IND-EG (Fig. 4e) have a normal nucleus, but
their mitochondria have deteriorated. Some of the mitochon-
dria have lost their cristae, and there is an increase in vacuoles
in the cytoplasm.

The rats in the SBCL-EG and SBF-EG groups are presented
in Fig. 4f and g. The kidneys of the experimental group indi-
cated typical ultrastructural features, similar to those of the EG
group. The nucleus displayed a typical structure and was sur-
rounded by a plentiful number of mitochondria, which varied
in shape between spherical and elongated. These mitochon-
dria were particularly rich in cristae.

Discussion

Urolithiasis, a prevalent condition with a rising global occur-
rence, is characterized by kidney stone formation.*® There
is widespread acknowledgment that excessive dietary salt
intake correlates with an elevated risk of developing kidney
stones.?’ In the present study, a high dose of EG leads to AKI,
characterized by a rise in serum creatinine, urea, and BUN
levels which are markers of kidney failure.

The present study showed that inducing calcium oxalate
(CaOx) kidney stones using EG results in elevated serum crea-
tinine, K*, and PO, "~ levels. Huang et al.>° demonstrated that
hyperoxaluria in male rats, caused by 0.75% EG, can cause the
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Fig. 4 - Photomicrograph of the ultrastructure of the kidney tubules of (a) control group showed normal renal tubules with
normal nucleus (N) surrounded by spherical and elongated mitochondria (M). (b) The SBCL-NEG group, which received a
dosage of 10 mg/kg of compound A, and (c) the SBF-NEG group, which received a dosage of 10 mg/kg of compound B
exhibited no observable harm based on the preservation of the basal lamina of renal tubules in the kidney tissue of rats.
The nucleus (N) displayed a typical morphology and was surrounded by numerous mitochondria (M), which varied in shape
from spherical to elongated. These mitochondria exhibited abundant cristae, and the endoplasmic reticulum cisternae
appeared smoothly. A few vacuoles (V) emerged within the cytoplasm. (d) The experimental positive control group (EG) that
was administered 5% of EG showed clear ultrastructural abnormalities, including necrotic nucleus (N) (arrow), degraded
mitochondria (M), and loss of cristae in certain mitochondria, accompanied by an increase in cytoplasmic vacuoles. (e) The
IND-EG group showed a normal nucleus (N), but their mitochondria have deteriorated. Some of the mitochondria have lost
their cristae, and there is an increase in vacuoles in the cytoplasm (V). (f and g) The SBCL-EG and SBF-EG groups showed a
typical nucleus (N) surrounded by a plentiful number of mitochondria (M), which varied in shape between spherical and

elongated. These mitochondria were particularly rich in cristae.

accumulation of CaOx crystals in the kidneys without caus-
ing metabolic acidosis. This method creates a widely accepted
animal model useful for investigating the mechanisms behind
human kidney stone formation.

The current study found that SBCL treatment was more
beneficial for Mg?* levels than indapamide standard medica-
tion in the induced kidney stones model. The variations in
Mg?* levels observed with these treatments indicate poten-
tial differences in their effects on magnesium regulation in
the body, which could influence kidney stone formation or
management.”!

In the SBCI-NEG and SBF-NEG groups, there were no notable
differences in creatinine levels compared to the control group.
However, urea and uric acid levels were lower in the SBCI-
NEG group than in the SBF-NEG-treated rats. Additionally,
rats treated with SBF-NEG exhibited a significant increase in
PTH and vitamin D levels compared to NEG and SBF-NEG-
treated groups. In contrast, there were no significant changes
among the SBCI-NEG, SBF-NEG, and NEG groups. Also, neither
derivative compounds A nor B affected the antioxidant and
inflammatory parameters of the control normal rats proving
that these compounds are safe.

Creatinine levels significantly decreased in the SBF-NEG
group compared to the SBCI-NEG and IND-EG groups. Addi-
tionally, urea, BUN, and uric acid levels were higher in the
SBF-NEG group than in the SBCI-NEG group. However, in
IND-EG treatment urea and BUN levels increased more than
treatment with both derivatives in induced kidney stone rats.
Furthermore, IND-EG demonstrated a reduction in oxidative
stress and inflammatory biomarkers alongside an increase in
antioxidants when compared to treatment with compounds
A and B. However, SBCI-NEG exhibited superior effects on
antioxidant and inflammatory parameters than SBF-NEG.

The findings of this study revealed an elevation in PTH and
CT levels following kidney stone induction, accompanied by a
reduction in vitamin D levels. Vitamin D deficiency promotes
inflammation and oxidative stress.” Therefore, it is important
to note that vitamin D deficiency can worsen the formation
or severity of kidney stones. Studies suggest that vitamin D
inhibits the production of pro-inflammatory cytokines and
activating its receptor (VDR) has been demonstrated to sup-
press nuclear factor-kappa B (NF-«B) activation. In vitro and
animal model studies have confirmed that VDR activation by
vitamin D inhibits renin gene transcription, potentially damp-
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ening oxidative stress. There seems to be a high prevalence of
vitamin D deficiency among individuals susceptible to devel-
oping kidney stones.>3

Ruiz-Sénchez et al.>* observed that primary hyperparathy-
roidism (PHPT) is a prevalent endocrine disorder marked by
elevated levels of calcium (hypercalcemia) and high or inap-
propriately normal levels of PTH as shown in the present
study. Renal complications are a significant concern in PHPT,
with silent nephrolithiasis. A confirmed relationship exists
between urinary calcium levels and affected individuals’ risk
of kidney stones.

In this study, the EG group exhibited elevated levels of LPO,
NO, and PC, along with decreased levels of GSH and activ-
ity of SOD, indicating an imbalance in oxidative/antioxidant
mechanisms. This imbalance suggests that oxidative stress
could lead to tubular damage, resulting in crystal retention in
renal tubules and subsequent stone formation, as proposed by
Tavasoli and Taheri.> These findings, supported by Khan and
Canales,”® suggest that deficiencies in antioxidants are com-
mon among individuals prone to developing kidney stones
and may contribute to stone formation by causing oxidative
damage to cells.

In the current investigation, a high concentration of ROS
in induced kidney stone rats accelerates the progression of
an inflammatory response. Krishnan et al.>’ found that the
significance of inflammation is underscored by the strong
association between renal tubular epithelial cells and crys-
tals. This interaction is pivotal, facilitating the generation
of pro-inflammatory proteins like TNF-a and IL-1f through
macrophage activation. Excessive ROS production may act
simultaneously as both a catalyst and a result of inflamma-
tion, forming a vicious cycle wherein tubular damage from
crystal presence triggers inflammation that fosters crystal
formation.”®

In the current study, we investigated the antiurolithiatic
activity of compound A (SBCL) and compound B (SBF) and com-
pared it with the activity of the indapamide standard drug. The
animals were treated with compound A (SBCL), compound B
(SBF), and indapamide to dissolve the stones induced by the
administration of EG. Compounds A and B showed significant
improvement changes in all the measured parameters com-
pared to the EG group.

Uric acid, BUN, urea, and creatinine levels are the most reli-
able biochemical indicators utilized to evaluate the extent of
renal tissue damage. Consequently, in cases of cellular injury,
there is a buildup of these substances in the bloodstream.>’
Uric acid, BUN, urea, and creatinine levels were reduced by
treatment with compounds A and B to levels similar to inda-
pamide.

Oxalate levels in urine and serum are critical indicators
of kidney health, particularly in the context of kidney stone
formation.®® Elevated oxalate concentrations can contribute
to the development of calcium oxalate stones, the most com-
mon type of kidney stones.®’ Therefore, managing oxalate
levels in both serum and urine is essential for preventing
and treating kidney stones.®”> Treatments such as SBCL, SBF,
and indapamide show promise in reducing oxalate concen-
trations, thereby mitigating the risk of stone formation and
promoting kidney health.

Thus, pharmacological preparations of compounds A and
B may be beneficial for treating nephrolithiasis and the dis-
orders related to oxidation. Urea, creatinine, and uric acid
levels accumulate in the blood. Also, increased lipid peroxida-
tion and decreased levels of antioxidant potential have been
reported in the kidneys of rats treated with EG.

The effect of benzene sulfonamide derivatives on antiox-
idant and inflammatory responses in induced kidney stone
conditions involves several key mechanisms. These deriva-
tives have been found to modulate nitrogenous waste in the
blood, and oxidative stress levels by enhancing the activity of
antioxidant enzymes, such as SOD and CAT, thereby reducing
the accumulation of ROS in the kidney tissue.®® Addition-
ally, they exhibit anti-inflammatory properties by decreasing
the production of pro-inflammatory cytokines and mediators,
such as interleukin-1p and TNF-«, which are known to exacer-
bate kidney stone formation and associated tissue damage.®*

Moreover, benzene sulfonamide derivatives have been
shown to suppress the activation of NF-kB, a transcrip-
tion factor intricate in regulating inflammatory responses,
thus mitigating the inflammatory cascade triggered by kid-
ney stone induction.®® By targeting both oxidative stress and
inflammation pathways, these derivatives can save kidney
function and reduce tissue injury associated with kidney stone
formation.®®

Furthermore, studies have indicated that benzene sul-
fonamide derivatives may also exert direct effects on the
crystallization process, inhibiting the formation and growth
of kidney stones by interfering with the aggregation of stone-
forming crystals, such as CaOx or calcium phosphate.®”
Overall, the impact of benzene sulfonamide derivatives on
antioxidant and inflammatory responses in induced kidney
stone conditions highlights their potential therapeutic bene-
fits in mitigating the progression of kidney stone disease and
associated complications.

Histopathological and ultrastructure exposed non-
significant findings in the control rats. However, the positive
group displayed glomerular atrophy and protein cast in the
lumen of the tubules. In the indapamide drug, compound
A and compound B treatment groups, there was a reduc-
tion in glomerular atrophy and protein cast in the lumen
of the tubules was apparent. This can occur because EG
produces toxic metabolic waste products known as ROS.
Issac et al.®® explained that ROS compounds interact with
cellular molecules, leading to damage in the glomerulus. This
damage impairs the function of the filtration organ, resulting
in glomerular atrophy.

Histopathology indicated acute alterations in kidney tis-
sues, including tubular dilation, deposition, and damage of
red blood cells in the glomeruli, interstitial inflammation, and
the presence of oxalate crystals. However, there were no clear
marks of chronic kidney damage such as glomerular hurt
or deterioration, stark tubular obliteration, or wide fibrosis.
Hence, characterizing the condition as AKI remains suitable
for the study period.

Treatment of the EG group with indapamide drug, com-
pound A, and compound B has been able to restore the size
of the glomerulus. The expansion of Bowman'’s capsule space
occurs due to glomerular atrophy, which is a reduction in
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tissue size caused by necrosis, poor circulation, or oxygen
deprivation.®’

Electron microscopic examination of kidney sections of the
EG group revealed ultrastructural alteration in proximal and
distal tubules when compared to the control group. The mito-
chondria of the kidney sections of the EG group are cristolysis.
Similar mitochondrial degeneration of their crista c has been
demonstrated in kidney tubular cells subjected to stress.”®
These findings are in parallel with Giermaziak and Orkisz,”*
who demonstrated that EG intoxication destroys cytoplasmic
organelles, particularly mitochondria. Moreover, McMartin
and Wallace’? found that EG-induced proximal tubular necro-
sis leads to loss of renal role. Treatment of the EG group
with indapamide drug, compounds A, and B showed variable
degrees of improvement of proximal and distal tubules.

Conclusion

In conclusion, the study demonstrated that induction of
kidney stones by EG increased kidney function tests, PTH,
calcitonin, oxidative, inflammatory marks, and decreased
vitamin D levels and antioxidants. The influence of benzene
sulfonamide derivatives on antioxidant and inflammatory
reactions under induced kidney stone conditions under-
scores their potential therapeutic advantages in alleviating the
advancement of kidney stone disease and its related compli-
cations. Moreover, it improved EG-induced histopathological
alterations and reduced crystal deposition in kidney tissue.
Both compounds were discovered to have equal potency in
preventing the stone’s formation. However, SBCl-EG exhibited
superior effects on antioxidant and inflammatory parame-
ters than SBF-EG. Although the mechanism of action remains
unclear, their antioxidant properties and anti-inflammatory
content may contribute to their efficacy. Additional research
is necessary to elucidate their mechanism of action further.
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