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Background: Paclitaxel (PAX) is a widely used chemotherapy drug for
various cancer types but often induces significant toxicity in multiple
organ systems. Silymarin (SIL), a natural flavonoid, has shown therapeutic
potential due to its multiple benefits.

Aims: To evaluate the therapeutic efficacy of SIL in mitigating liver and
kidney damage induced by PAX in rats, focusing on oxidative stress,
inflammation, and apoptosis pathways.

Study Design: Experimental animal model.

Methods: The study included 28 male Wistar rats aged 12-14 weeks
weighing 270-300 g. The rats were divided into four groups: control,
SIL, PAX, and PAX + SIL, with seven in each group. The rats received
intraperitoneal (i.p.) injections at a dose of 2 mg per kilogram of body
weight of PAX for 5 successive days, followed by oral gavage with 200 mg/
kg body mass of SIL for 10 uninterrupted days. We examined the effect of
SIL on specific serum biochemical parameters using an autoanalyzer and
rat-specific kits. The spectrophotometric methods was used to investigate
oxidative stress indicators in kidney and liver tissues. Aquaporin-2
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(AQP-2), B-cell lymphoma-2 (Bcl-2), cysteine aspartate-specific protease-3
(caspase-3), interleukin-6 (IL-6), nuclear factor kappa B (NF-xB), and
streptavidin-biotin staining were used to assess immunoreactivity in PAX-
induced liver and kidney injury models.

Results: SIL treatment significantly reduced serum levels of alanine
aminotransferase, aspartate aminotransferase, creatinine, urea, and
C-reactive protein, indicating its effectiveness in treating PAX-induced
liver and kidney injury. SIL treatment significantly reduced oxidative
stress by increasing essential antioxidant parameters, such as superoxide
dismutase, catalase, glutathione peroxidase, and glutathione. It also
reduced malondialdehyde levels in liver and kidney tissues of SIL-PAX
groups (p < 0.05). SIL administration reduced NF-kB, caspase-3, and IL-6
expression while increasing Bcl-2 and AQP2 levels in liver and kidney
tissues of rats treated with SIL and PAX (p < 0.05).

Conclusion: Our findings indicate the potential of SIL to alleviate PAX-
induced liver and kidney damage in rats by reducing oxidative stress,
inflammation, and apoptotic processes.
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INTRODUCTION

Paclitaxel (PAX) was first used to treat ovarian cancer in 1992 and
later for breast cancer in 1994. Over time, it proved to be an effective
treatment for a variety of cancer types, including lung, colon, neck,
bladder, head, and esophageal cancers, Kaposi's sarcoma, and
multiple myeloma." Additionally, studies show that low doses of
PAX can treat conditions other than cancer, including hepatic and
renal fibrosis, skin disorders, inflammation, axon regeneration,
limb preservation, and coronary artery restenosis. PAX operates
by targeting microtubules, which causes abnormalities in mitotic
spindle fusion and chromosomal segregation, preventing proper
cell division.2

PAX was found in the kidney, lung, spleen, pleural fluid, acidic
environments, and internal cavities when its distribution in organs
and tissues was investigated. It was more prevalent in the liver
and tumor tissues.> PAX may have significant adverse effects on
the kidney and liver as it is primarily metabolized in the liver and
excreted through bile* PAX treatment can cause elevated levels
of alkaline phosphatase, aspartate aminotransferase (AST), and
bilirubin, as well as the development of hepatic encephalopathy
and liver necrosis. Previous research has found that PAX toxicity
is associated with increased reactive oxygen species (ROS) levels.
Furthermore, PAX toxicity has been linked to the development
of inflammation mediated by ROS.® Elevated ROS production
can damage cellular organelles and cause the release of
proinflammatory cytokines such as interleukin-6 (IL-6), which has
proinflammatory and anti-inflammatory effects’. Nuclear factor
kappa B (NF-xB), a redox transcription factor, plays a crucial role
in inflammation by regulating cytokine expression.® Mitochondria
maintain cellular redox balance and direct the apoptotic pathway.’
The equilibrium between antiapoptotic proteins such as B-cell
lymphoma-2 (Bcl-2) and proapoptotic proteins such as Bax is
critical for regulating the mitochondria-mediated apoptotic
pathway."® Caspases are important apoptosis regulators, directing
intracellular protein cleavage in cells undergoing programmed
cell death. Caspase-3 is the primary executioner, which is carefully
regulated by various cellular components in physiological and
pathological settings. Caspase-3 activation initiates a chain reaction
that degrades cytoskeletal proteins, DNA repair proteins, and the
inhibitor of caspase-activated DNase. Consequently, this process
causes characteristic morphological changes and DNA damage,
eventually leading to apoptosis.” Therefore, therapeutic strategies
that target apoptosis and oxidative stress in affected regions aim to
mitigate the severity of PAX-induced liver and kidney damage.

Thirteen mammalianaquaporinsare categorized into water-selective
channels and aquaglyceroporins. Among these, aquaporin-2 (AQP-
2) is crucial for regulating urine concentration and maintaining
bodily water homeostasis in the kidney’s collecting duct."

In modern practice, natural antioxidants reduce the adverse effects
of chemotherapy while increasing their anticancer potential.”
Silymarin (SIL), a plant extract derived from the seeds and fruits
of Silybum marianum, is widely used for this purpose. It consists
of silibin, dehydrosilibin, isosilybin, silidianin, and silichristine.
SIL, a combination of flavonolignan isomers and flavonoids, has
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several pharmacological benefits. It promotes tissue regeneration
by supporting DNA, RNA, and protein synthesis, scavenging ROS,
increasing superoxide dismutase (SOD) levels, and inhibiting
peroxidation." Mechanistic studies have shown that SIL’s antioxidant
properties modulate intracellular levels of reduced glutathione
(GSH) and stabilize cell membranes.” SIL is widely used as a
hepatoprotective agent in alternative medicine and is well-known
for its antioxidative and protective properties.’®

The study aimed to investigate the therapeutic potential of SIL in
reducing PAX-induced toxicity by targeting apoptotic pathways,
oxidative stress, and inflammation. We assessed the impact of SIL on
the expression levels of NF-xB, IL-6, AQP2, caspase-3, and Bcl-2, as
well as tissue antioxidant levels and serum enzyme concentrations,
in the context of PAX-induced liver and kidney damage.

MATERIALS AND METHODS

Animals

Twenty-eight male Wistar rats, aged 12 to 14 weeks and weighing
between 270 and 300 g, were obtained from experimental research.
The experimental protocols complied with the ethical standards of
the Bingol University Local Ethics Committee for Animal Experiments
(approval number: 01/02, date: 26.02.2021). The mice were kept in
plastic cages under standard laboratory settings of 23 + 2 °C and
a 12 h light/12 h dark cycle. They were fed rat pellets as food and
provided unlimited access to water.

Experimental protocol

The animals were divided into four groups: control, SIL, PAX, and
PAX + SIL, with seven mice in each group. PAX (Taksen, Kocak Farma,
Turkiye) was administered intraperitoneally (i.p.) to the PAX and PAX
+ SIL groups at a 2 mg/kg dose for 5 days."” Then, as in the previous
study, SIL (Sigma Co., USA) was dissolved in physiological saline and
administered orally to the SIL and PAX + SIL groups at a dose of 200
mg/kg for the following 10 days.™

Animal euthanasia

The animals were examined 24 h after the final SIL administration,
anesthetized with sodium pentobarbital (i.p. dose of 60 mg/kg), and
euthanized by cervical dislocation. Blood samples were collected
from the rats’ hearts for examination using a 20 gauge needle
inserted into serum tubes, and tissue samples (liver and kidney)
were obtained after euthanasia. The liver and kidney tissues were
immediately fixed in a 10% neutral formaldehyde solution for 72 h
at +4 °C. Blood samples were centrifuged at 4,000 rpm for 10 min
in a cooled centrifuge at +4 °C and stored in a deep freezer at -80
°C until analysis.

Serum biochemical analysis

Rat-specific kits were used with an autoanalyzer (AU-2700;
Olympus, Tokyo, Japan) to determine alanine aminotransferase
(ALT), aspartate transaminase (AST), creatinine, urea, and C-reactive
protein (CRP) levels.



Yakut et al. Silymarin Effects on Paclitaxel-Induced Rats

Determination of oxidative stress indicators

To evaluate tissue malondialdehyde (MDA), GSH, glutathione
peroxidase (GPx), and SOD activities, liver and kidney tissues were
homogenized using a method outlined in a previous study.” The
Lowry method was used to determine the total protein content
of the supernatants.?® The GSH levels were determined using the
procedure provided by Sedlak and Lindsay.?' Sun et al.s? study
revealed the methods used to quantify SOD activity. The GPx activity
assay was conducted using Matkovics’ methods.?? Enzyme activities
were expressed as units per gram of protein (U/g protein). Catalase
(CAT) activity was determined using the method described by Aebi?
and expressed as katal/g protein. The lipid peroxidation (LPO) levels
were assessed colorimetrically using the protocol developed by
Placer et al.>, which measures MDA formation. The GSH and MDA
values were expressed as nmol per gram of tissue. Absorbance
measurements were recorded using an ELISA plate reader (Bio-Tek,
Winooski, Vermont).

Histological analysis

After 72 h of fixation, the tissues were dehydrated, washed with
alcohol and xylol solutions, and embedded in paraffin blocks.
The samples were sectioned at 5 um thickness® and stained for
histological and immunohistochemical analysis. The liver and
kidney tissue sections were stained using the Crossman-modified
triple staining technique for tissue alteration analysis.

Kidney histopathology

Histopathological changes were examined blinded in line with the
previous study by Chen et al.?” All histopathological scorings were
performed in the corticomedullar regions using Crossman-modified
triple-stained renal tissue sections. The scoring system for tubular
necrosis, loss of brush border, and tubular dilatation in 10 randomly
chosen non-overlapping areas (200 g) was as follows: 0 (none), 1 (<
10%), 2 (11%-25%), 3 (26%-45%), 4 (46%-75%), and 5 (> 76%).

Liver histopathology

According to a previous study, histopathological changes
were evaluated blindly.*# All histopathological scorings were
performed on Crossman-modified triple-stained hepatic tissue
sections. Histologic changes in liver tissues were scored (0-3) by
grading hepatocyte necrosis, intracellular vacuolization, vascular
congestion, and sinusoidal dilatation. The highest possible score for
inflammatory infiltration was 12.

Immunohistochemical analysis

Immunohistochemical techniques were used to evaluate the
reactivity of proteins in liver and kidney tissues, including caspase-3
(Santa Cruz, sc-56053), Bcl-2 (Santa Cruz, sc-7382), NF-kB-p65 (Santa
Cruz, sc-109), IL-6 (Abcam, ab208113), and anti-AQP-2 (Santa Cruz,
5¢-515770).%

Negative controls were performed on all sections to determine
the specificity of immunohistochemical staining. These
controls involved reproducing all procedures under identical
conditions, except substituting the primary antibody with PBS.
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Immunohistochemical analyses involved observing tissue sections
using a light microscope (Olympus Bx53) and taking photographs.
The qualitative studies, which include some quantitative aspects for
all groups, focused on determining the degree of immunoreactivity
at the cellular level. The numeric density values of cells with
immunoreactivity in liver and kidney tissues were determined
and calculated using a stereology workstation setup. This setup
consisted of a customized light microscope (Leica DM4000B; Leica
Instruments) and stereology software (Microbrightfield Stereo-
Investigator software v.9.0; Microbrightfield, Williston, Vermont),
which followed the methodology outlined in previous studies.>'=2
Each section was evaluated using fractionator methodology in the
stereology software. A 40 x Leica Plan Apo objective (NA = 1.40) was
used to accurately count and identify cells. The numerical density
was determined using the formula shown below:

Nd = TM = CFA x NSS,

where Nd is numerical density, TM is total markers, CFA is counting
frame area (XY, um?), and NSS is the number of sampling sites.

Statistical analysis

The study data were statistically analyzed using the SPSS 20.00
software program (IBM Corp., Armonk, New York). The study data
were normally distributed (Asymp. Sig.). The results were statistically
analyzed using a one-way analysis of variance, and the Tukey
test was used to compare four independent groups. Statistical
significance was evaluated using p-values less than 0.05.

RESULTS

Serum biochemical analysis

The biochemical evaluation of liver and kidney function indicators
revealed that serum levels of ALT, AST, urea, creatinine, and CRP
were comparable in the control and SIL groups. The PAX + SIL and
PAX groups showed significantly higher levels of these parameters
than the control and SIL groups (p < 0.05). Furthermore, the PAX
+ SIL group had substantially lower ALT, AST, urea, and creatinine
levels than the PAX group (p < 0.05). Table 1 shows a comprehensive
overview of serum liver and kidney biomarker results and the
associated statistical analysis for all groups.

Oxidative and antioxidant parameters result in hepatic and
renal tissue homogenates

The analysis of oxidative parameters found that the MDA level in
liver tissue was significantly higher in the PAX group than in the
other groups. A noteworthy finding emerged as the MDA level
decreased statistically significantly in the PAX + SIL group (p < 0.05).
Furthermore, GSH, SOD, and GPx activities were similar in the control
and SIL groups, with significantly higher levels than the PAX group
(p < 0.05). The CAT value had a statistically significant increase in
the SIL group compared with the other groups (p < 0.05). The PAX +
SIL group showed significantly higher levels of GSH, SOD, GPx, and
CAT activities than the PAX group (p < 0.05). Figure 1 shows detailed
results and statistical comparisons across all groups.

Balkan Med J, Vol. 41, No. 3, 2024
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The analysis of oxidative parameters in kidney tissue revealed
that the MDA levels were comparable between the control and
SIL groups. However, MDA levels were lower in the control and SIL
groupsthan in the others. The PAX + SIL group showed significantly
lower MDA levels than the PAX group (p < 0.05). Additionally, GSH
and SOD levels, GPx, and CAT activities were higher in the control
and SIL groups but considerably lower in the PAX group (p < 0.05).
The PAX + SIL group showed significantly higher levels of GSH,
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SOD, GPx, and CAT activities than the PAX group (p < 0.05). The
results of all groups and their statistical comparisons are shown
in Figure 1.

Kidney histopathology

Histological scoring revealed no pathological changes in the
tubular basement membrane, glomerular basement membrane, or
peritubular area in the control and SIL groups. However, in the PAX

TABLE 1. Effects of SIL on Serum Biochemical Parameters in PAX-Treated Rats.

Group ALT, (U/1) AST, (U/1)
Control 39.25 + 9.34° 92.33 £ 25.45°
SIL 43 +11.16° 95 + 44.81°
PAX 74.50 = 11.02¢ 139.33 + 44.88¢
PAX + SIL 56.75 + 25.04" 118.75 £ 2.11°

Urea, (mg/dl) Creatinine, (mg/dl) CRP, (ug/dl)
32.47 + 3.48° 0.32 £ 0.06° 0.29 + 0.06°
35.66 + 3.31° 0.33 £0.05° 0.32 £0.04°
4923 +5.16" 0.49 £ 0.08" 0.72 £ 0.06°
38.34 +3.53° 0.36 £0.14° 0.44 £0.07°

Superscript letters (a, b, and ) in the same column indicate significant differences between groups (p < 0.05). The values were expressed as mean * standard
deviation. SIL, silymarin; PAX, paclitaxel; ALT, alanine aminotransferase; CRP, C-reactive protein. AST, aspartate transaminase.
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FIG. 1. Oxidative parameters for kidney and liver tissue for all groups. The values are expressed as mean * standard deviation (n = 6). Superscript

letters indicate the statistical differences between groups.

MDA, malondialdehyde; GSH, glutathione; SOD, superoxide dismutase; GPx, glutathione peroxidase; CAT, catalase; SIL, silymarin; PAX, paclitaxel.
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group, tubular necrosis, loss of brush border, and tubular dilatation
were found in the kidney tissue. In addition, diffuse congestion areas
were found in the cortex and medulla of the kidney. Figure 2 shows
the scores from histological evaluations. These histopathological
changes were significantly reduced in kidney tissue from the PTX +
SIL group (Figure 3).

Liver histopathology

The liver tissue sections showed normal histological structures in
the control and SIL groups. The scores of histological evaluations are
shown in Figure 2. Significant histological changes were observed
in the PAX group, including congestion, dilatation, epithelial
vacuolization, and mononuclear cell infiltration. However, these
changes were significantly reduced in the animals in the PAX + SIL
group (Figure 3).

Stereological assessment of immune reactivity results

Immunohistochemical analysis of kidney tissues revealed that
caspase-3 positivity was lower in the control and SIL groups,
moderate in the PAX + SIL group, and higher in the PAX group
(Figures 4, 5). Bcl-2 immunopositivity was lower in the PAX group
but higher in the other groups (Figures 4, 5). The PAX group had
increased NF-xB and IL-6 immunopositivity, while the PAX + SIL
group had lower levels. Simultaneously, the control and SIL groups
showed lower positivity (Figures 4, 6). The PAX group had decreased
AQP2 immunopositivity, whereas the other groups had higher levels
(Figures 4, 6).

Stereological analysis of liver tissues indicated that caspase-3
immunopositivity was very low in the SIL group, lower in the
PAX + SIL group, and higher in the PAX group (Figures 7, 8). Bcl-2
immunopositivity was higher in the control and SIL groups, moderate
in the PAX + SIL group, and lower in the PAX group (Figures 7, 8). NF-
kB and IL-6 immunopositivity was lower in the control, SIL, and PAX
+ SIL groups and higher in the PAX group (Figures 7, 8).
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DISCUSSION

The search for alternative methods to present chemotherapeutic
agents has been driven by growing concern over drug-induced
toxicity associated with chemotherapy, notwithstanding PAX’s
broad use as a standard treatment for various cancers.* Although
neurotoxicity is a prominent adverse effect associated with PTX,
research on its potential hepatotoxicity and nephrotoxicity is
limited.** Hence, the primary focus of this study is to contribute to
the existing literature by examining the therapeutic effects of SIL on
PTX-induced liver and kidney toxicity in rat models.

Serum levels of ALT, AST, urea, and creatinine are widely accepted
indicators for assessing hepatotoxicity and nephrotoxicity,
providing important information about the health of liver and
kidney tissues.> Elevated ALT and AST enzyme levels in the serum
indicate cellular damage to the liver. However, increased urea
and creatinine levels show a decreased glomerular filtration rate,
indicating impaired kidney function.® The study found PTX-induced
hepatotoxicity by significant increases in serum liver enzymes (AST
and ALT). Consistent with previous studies, PTX treatment resulted
in increased serum levels of liver and kidney enzymes, indicating
potential hepatic and renal damage.3**® SIL treatment significantly
reduced ALT, AST, urea, and creatinine enzyme activities in rats
exposed to PTX. This finding is consistent with existing research,
highlighting the therapeutic potential of SIL in decreasing liver
and kidney damage.>”*® Furthermore, these studies indicated that
SIL’s antioxidant properties are crucial in mitigating PAX-induced
damage in rats by reducing oxidative stress.>*3

In terms of oxidative stress and antioxidant parameters,
PTX treatment significantly increased MDA levels, indicating
increased LPO. Antioxidant levels, including GSH, GPx, CAT, and
SOD, were dramatically reduced in liver and kidney tissues.** ROS
activation, including superoxide anions and hydroxyl radicals,
causes oxidative stress and depletes plasma antioxidants.*
ROS plays a pivotal role in the pathogenesis of kidney and liver
damage. ROS overproduction causes cellular damage, such as

b Liver histopathology score Kidney histopathology score
. . .
%n 64 — 4~ f * Kk
— -
=)
3_.
S 2 g4 -
= o 8 8
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S5 5. L s o
8 — ns = 14 —
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m Control SIL PAX PAX+SIL control SIL PAX PAX+SIL

FIG. 2. Kidney and liver tissue histopathologic scores for all groups are expressed as mean + standard deviation (n = 6). ns, non-significant. "p < 0.05,

“p <0.001.
SIL, silymarin; PAX, paclitaxel.
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GL, glomerulus; dt, distal tubule; pt, proximal tubule; ct, collecting tubules; black arrow (kidney), basal membrane thickness, *, Bowman'’s space; CV, central vein, red arrows,
necrotic cells; black arrows (liver), sinusoidal dilatations, blue arrows, vacuolization; long arrows, Kupffer cells, 20 g magnification; SIL, silymarin; PAX, paclitaxel.

protein denaturation and LPO within the cell membrane.*’ The
study found that the PAX group had significantly higher liver and
kidney MDA levels than the control and SIL groups (p < 0.05).
This increase in MDA levels revealed that LPO was critical in ROS-
mediated tissue damage.* SIL treatment reduces LPO-induced
damage in the liver and kidney tissues. The decrease in LPO with
SIL treatment is most likely due to the antioxidant effect of SIL,

Balkan Med |, Vol. 41, No. 3, 2024

which inhibits ROS production. Previous studies have shown that
SIL has antioxidant,* antiapoptotic,* and anticancer® properties
in various organs, including the liver, kidney, and brain. The
study found that PAX treatment reduced GSH, GPx, CAT, and SOD
levels in the liver and kidney tissues by altering the cellular redox
state. However, an increase in GSH, GPx, CAT, and SOD activities in
the liver and kidney tissues in the PAX + SIL group indicated that
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FIG. 4. Stereological analysis of immune reactivity of caspase-3, Bcl-2, NF-kB-p65, IL-6, and AQP2 antibodies in the kidney tissue of rats for all groups.

ns, non-significant. *p < 0.05, “p < 0.001.

Bcl-2, B-cell lymphoma-2; NF-xB, nuclear factor kappa B; IL-6, interleukin-6;, AQP2, aquaporin-2; SIL, silymarin; PAX, paclitaxel.

SIL treatment protected the antioxidant enzyme defense system
from oxidative stress. In contrast, GSH and GPx levels in kidney
tissue were shown to be higher in the PAX group. It was found that
this increase was due to the antioxidant mechanism that protects
against PAX toxicity. The in vivo results of the study supported
previous reports showing the antioxidant properties of SIL.*

This present study found a significant increase in caspase-3 and a
decrease in Bcl-2 immune positivity in the liver and kidney tissues
of PAX-treated rats. Meanwhile, SIL treatment reduced apoptosis in
liver and kidney tissues. Previous research has shown that SIL inhibits
cell death caused by toxication in cells through its therapeutic and
antioxidant properties.*’

Mitochondrial cytochrome-C activates caspase-3 and caspase-9 in
the cell cytoplasm, triggering the apoptotic process in the cell.*
This present study found a significant increase in caspase-3 and a
decrease in Bcl-2 immune positivity in the liver and kidney tissues of
PAX-treated rats. In contrast, SIL treatment reduced apoptosis in the
liver and kidney tissues. Previous research has shown that SIL inhibits
cell death induced by toxication in cells through its therapeutic and
antioxidant properties.’

The evidence has shown that ROS activates proinflammatory
mediators, such as NF-xB and CRP, subsequently inducing
inflammation.* CRP has pro- and anti-inflammatory effects
during inflammation, complement system activation, and

Balkan Med J, Vol. 41, No. 3, 2024
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FIG. 5. Immunohistochemical analysis of caspase-3 and Bcl-2 positive cell reactions in rat kidneys for all groups.

GL, glomerulus, dt, distal tubule; pt, proximal tubule; ct, collecting tubules (streptavidin-biotin peroxidase staining), 20 g magnification; Bcl-2, B-cell lymphoma-2; SIL,
silymarin; PAX, paclitaxel.

Balkan Med J, Vol. 41, No. 3, 2024
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FIG. 6. Immunohistochemical NF-kB-p65, IL-6, and AQP2 positive reactions in rat kidneys for all groups.

GL, glomerulus; dt, distal tubule; pt, proximal tubule; ct, collecting tubules; arrow, basal membrane thickness (streptavidin-biotin peroxidase staining), 20 g magnification;
Bcl-2, B-cell lymphoma-2; NF-xB, nuclear factor kappa B; IL-6, interleukin-6; AQP2, aquaporin-2; SIL, silymarin; PAX, paclitaxel.
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FIG. 7. Stereological analysis of immune reactivity of caspase-3, Bcl-2, NF-kB-p65, and IL-6 antibodies in the liver tissue of rats for all groups. ns,

non-significant. "p < 0.05, “p < 0.001.

Bcl-2, B-cell lymphoma-2; NF-kB, nuclear factor kappa B; IL-6, interleukin-6; SIL, silymarin; PAX, paclitaxel.

infiltration-suppressing properties. In the study, the serum CRP
level and IL-6 and NF-xB immunopositive cells were increased in
the liver and kidney tissues of the rats treated with PAX. However,
SIL treatment inhibited the serum CRP level and IL-6 and NF-«xB
expressions. Recent studies reported that SIL reduced rats IL-6,
NF-xB, and CRP levels.

Kidney toxicity has been shown to significantly affect AQP levels,
with different toxic agents causing a considerable decrease in AQP-
2 levels in rat kidney tissues.” In this study, immunohistochemistry
results showed reduced AQP2 immunoreactivity in the connective
and collecting tubules in the kidney of PAX-treated rats. Despite its
decreased presence, the subcellular positioning of AQP2 remained
unchanged. SIL improved the expression and regulation of AQP2 in
the kidneys of PAX-treated rats.

Balkan Med J, Vol. 41, No. 3, 2024

In conclusion, the study found that using SIL reduced PAX-induced
liver and kidney damage in rats. The mechanisms underlying
these protective effects were associated with SIL’s antioxidant,
antiapoptotic, and anti-inflammatory properties. Furthermore, it is
believed that this study will pave the way for future research into
other mechanisms underlying the therapeutic effects of SIL on liver
and kidney tissues.

PAX is typically administered intravenously in clinical trials;
however, due to the challenges associated with intravenous
administration in experimental settings, we used intraperitoneal
drug administration. This option represents a limitation of our
study. Furthermore, SIL was administered as a single dose in our
study, which is a limitation.
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Caspase-3

FIG. 8. Immunohistochemical caspase-3, Bcl-2, NF-kB-p65, and IL-6 positive reactions in rat livers for all groups.

CV, central vein (streptavidin-biotin peroxidase staining), 20 g magnification; Bcl-2, B-cell lymphoma-2; NF-xB, nuclear factor kappa B; IL-6, interleukin-6.
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