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Ursodeoxycholic acid alleviates Xanthium Strumarium induced hepatic
and renal toxicity in rats by inhibiting mitochondrial pore opening
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ABSTRACT

In Xanthium strumarium toxicity, mitochondrial dysfunction
resulting from the opening of mitochondrial pores is identified as
the primary mechanism responsible for liver and kidney damage.
Ursodeoxycholic acid is known to block mitochondrial pore opening;
therefore, this study aims to elucidate the time—dependent
therapeutic effect of ursodeoxycholic acid on mitochondrial
damage and associated liver and kidney injury in response to X.
strumarium exposure. Following the extraction process, Sprague—
Dawley rats were administered X. strumarium seed extract (100
g-kg1) via gavage. Ursodeoxycholic acid was administered via oral
gavage 6 hours following the administration of the extract, with
continued administration over a 7-day period. In conclusion, the
toxic effect of X. strumarium was mitigated by ursodeoxycholic
acid, which reduced ATP synthase expression, oxidative damage,
mitochondrial Ca?* concentration, and the opening of mitochondrial
pores. Ursodeoxycholic acid mitigated the histopathological toxicity
induced by X. strumarium, resulting in a reduction in blood glucose,
alanine aminotransferase, aspartate aminotransferase, alkaline
phosphatase, lactate dehydrogenase, blood urea nitrogen, and
creatine phosphokinase levels that were closer to control levels.
Findings obtained indicate that ursodeoxycholic acid, a blocker of
mitochondrial pore opening, can prevent mitochondrial dysfunction
and minimize X. strumarium toxicity.
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RESUMEN

En la toxicidad de Xanthium strumarium, la disfuncién mitocondrial
resultante de la apertura de los poros mitocondriales, se identifica
como el mecanismo principal responsable del dafio hepatico y
renal. Se sabe que el acido ursodesoxicolico bloquea la apertura
de los poros mitocondriales; por lo tanto, este estudio tiene
como obijetivo dilucidar el efecto terapéutico dependiente del
tiempo del acido ursodesoxicolico sobre el dafo mitocondrial
y las lesiones hepaticas y renales asociadas en respuesta a la
exposicion a X. strumarium. Después del proceso de extraccion,
a las ratas Sprague—Dawley se les administré extracto de semilla
de X. strumarium (100 g-kg™*) por sonda. El &cido ursodesoxicélico
se administrd por sonda oral 6 horas después de la administracion
del extracto, y se continud la administracion durante un periodo de
7 dias. En conclusion, el efecto tdxico de X. strumarium fue mitigado
por el acido ursodesoxicélico, que redujo la expresion de la ATP
sintasa, el dafno oxidativo, la concentracion mitocondrial de Ca?*y
la apertura de los poros mitocondriales. El acido ursodesoxicolico
mitigd la toxicidad histopatolégica inducida por X. strumarium,
lo que resultd en una reduccion de los niveles de glucosa en
sangre, alanina aminotransferasa, aspartato aminotransferasa,
fosfatasa alcalina, lactato deshidrogenasa, nitrogeno ureico en
sangre y creatina fosfoquinasa que estaban mas cerca de los
niveles de control. Los hallazgos obtenidos indican que el acido
ursodesoxicolico, un bloqueador de la apertura de los poros
mitocondriales, puede prevenir la disfuncion mitocondrial y
minimizar la toxicidad de X. strumarium.

Palabras clave: Xanthium strumarium L.; acido ursodesoxicolico;
mPTP; Ca?* mitocondrial; inmunohistoquimica
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INTRODUCTION

Xanthium strumarium L., a member of the Asteraceae family, is a
wild and annual herbaceous plant that typically flourishes in humid
regions [1]. Xanthium strumarium is a toxic plant, and its seeds and
germinated cotyledons contain toxic compounds [2]. As a result
of phytochemical analysis, it was found that carboxyatractyloside
(CATR) and atractyloside (ATR) are the compounds responsible
for the toxicity of the plant [2].

Xanthium species poisoning is a relatively uncommon occurrence
worldwide, with the majority of documented cases involving
domestic animals such as pigs, cattle, and sheep [3, 4]. In
particular, the ingestion of poisonous plants mixed with cereals or
the infestation of silage by poisonous plants represents the primary
cause of poisoning in animals [5]. It is noteworthy that Xanthium
poisoning is not restricted to domestic animals; fatal cases have
also been observed in humans [6, 7]. The poisoning of humans
by the Xanthium species typically occurs as a consequence of the
pharmacological utilization of the plant or inadvertent ingestion by
children [6, 7]. The majority of poisoning cases in children result
in fatality [7, 8].

It has been determined that CATR and ATR exert their toxic effects
by binding to the adenine nucleotide transporter protein (ANT),
which is located in the mitochondrial inner membrane [9]. The
binding of CATR and ATR to the ANT protein at the — ¢ position has
been demonstrated to facilitate the opening of the mitochondrial
permeability transition pores (mPTP) [9, 10]. mPTP opening is
associated with mitochondrial Ca?* levels. Increased mitochondrial
Ca?* binds to its receptors in the inner mitochondrial membrane,
where it promotes mPTP opening [9]. The opening of the mPTP
has been reported to result in the necrosis or apoptosis of specific
cell types [9]. Moreover, the binding of these toxic compounds
to ANT impedes the transport of adenosine diphosphate to the
mitochondrial membrane. Consequently, oxidative phosphorylation
is disrupted since adenosine triphosphate cannot be produced [11].
Blocking of oxidative phosphorylation results in an intracellular
energy crisis, which ultimately leads to cell death [12].

Ursodeoxycholic acid (UDCA) is a hydrophilic bile salt that
is commonly utilized in clinical practice for the dissolution of
cholesterol gallstones and the improvement of cholestatic liver
disease [13]. Recent studies have proven that UDCA exerts
antiapoptotic effects in pathological conditions associated with
mitochondrial dysfunction by inhibiting the opening of the mPTP
[14, 15]. However, to date, no evidence exists to suggest that UDCA
is an effective treatment for poisoning caused by the Xanthium
species. The principle of this study is to demonstrate that UDCA
offers protection against the toxic effects of X. strumarium by
inhibiting the pathological opening of the mPTP in mitochondria
isolated from rats that have been challenged with X. strumarium.

MATERIAL AND METHODS

Extraction of Xanthium strumarium

The seeds of Xanthium strumarium were removed and pulverized
using an IKAA11 basic grinder (Sigma Aldrich, St. Louis, MO, USA).
The seed powder was subjected to a boiling process with water at
a temperature of 100°C for a period of 30 min. Subsequently, the
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mixture was passed through filter papers (S&HLabware—125 mm)
and concentrated with the assistance of an evaporator (NEUBERGER,
Germany) maintained at 40-45°C.

In order to calculate the dose of the extract to be administered
to the rats (Rattus norvegicus) in the experiment, the ATR levels
in the extract were determined. To this end, 2 mL of hydrochloric
acid (HCL) (2 mol-L?) was added to 1 mL of extract, vortexed (VELP
Scientifica APX-153, VELP China Co. Ltd. Shanghai, China), and kept
in the oven (Nive FN-500, Niive, Ankara, Tirkiye) at 25°C for 12 h.
Subsequently, the sample was subjected to centrifugation (Hettich
UNIVERSAL 320 R, Ankara, Tiirkiye) at 3500xg for a period of 5 min,
after which the supernatant was taken to a separate clean tube.

Later, 2 mL of ethyl acetate was added to the hydrolyzate, which
was then subjected to centrifugation at 3500xg for a period of
5 min. The resulting ethyl acetate phase was transferred to
another tube. The ethyl acetate process was repeated five times.
The collected organic extract was then dried at 45°C under
nitrogen gas. The residue was then subjected to a derivatization
process involving the addition of 100 pl of Pyridine and 100 pl
of (trimethylsilyl)imidazole (TMSI) at 100°C for a period of 2 h.
Following a 2 h derivatization period, a 2 pl of the sample volume
was injected into a gas chromatography mass spectrometry (GC—
MS) (Shimadzu, GCMS-QP2010, Tokyo, Japan) apparatus [16].
The results of the analysis indicated that the ATR level in Xanthium
strumarium seeds (XSS) was 4 mg-g.

Animal treatments

The rats were sourced from the Experimental Research Center at
Firat University. All experiments were conducted in accordance with
the guidelines set forth by the Local Ethics Committee for Animal
Experiments of Firat University (2019/14). Experiments were
performed on female Sprague Dawley rats (7 weeks old, weight
of 200+10 g). The rats were housed under standard conditions,
including a consistent temperature and ventilation, a 12—hour
light/12—hour dark cycle, and access to a standard rat diet and
water ad libitum.

The XSS extract was administered to the rats in the XSS group
via gavage at a dose of 100 mg-kg* at the commencement of the
study. The control group was administered saline via gavage on
a daily basis. Six h after the induction of toxicity, the rats in the
UDCA and XSS+UDCA groups were administered UDCA at a dose of
20 mg-kg* via gavage, with the administration repeated at the same
time each day. At 6, 24, 72,120, and 168 h following the initial
administration of UDCA, 5 rats from each group were euthanized.

Serum biochemistry measurement

Blood samples were obtained from decapitated rats and
centrifuged at 3500xg for 15 min, after which the serum was
removed. Analyses of glucose, alanine aminotransferase (ALT),
aspartate aminotransferase (AST), alkaline phosphatase (ALP),
creatine phosphokinase (CK), lactate dehydrogenase (LDH),
creatinine, and blood urea nitrogen, were conducted in the
Biochemistry Laboratory of Firat University Hospital using an
automated analyzer (Olympus AU-660, Tokyo, Japan).
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Tissue biochemistry measurements

Spectrophotometric analyses were conducted to determine
the levels of superoxide dismutase (SOD), glutathione (GSH),
malondialdehyde (MDA), and protein. Following homogenization
of the kidney and liver tissues, the resulting homogenate was
analyzed for MDA using the method stated by Ohkawa et al.
[17]. The supernatant obtained from the homogenate after
centrifugation was analyzed for GSH activity using the principle
of reduction of 5,5—dithio—bis[2—-nitrobenzoic acid] (DTNB) by
sulfhydryl compounds [18]. The measurement of SOD activity was
based on the reduction of nitrobluetetrazolium (NBT) by superoxide
(02) produced by the xanthine/xanthine oxidase system [19].
The protein content of the supernatant was determined using the
method stated by Lowry et al. [20].

Measurement of mitochondrial parameters

Mitochondria isolation

The liver and kidney were homogenized with buffer A (1:10, g/v),
which consisted of 70 mM sucarose, 220 mM mannitol, 2.0 mM
ethylene diamine tetra acetic acid (EDTA), 5.0 mM 3—morpholine
propane sulfonic acid, and 0.5% bovine serum albumin (BSA),
and the pH was adjusted to 7.4. The homogenization (DAIHAN
Scientific HG-15D, Tiirkiye) was conducted at 4°C. Subsequently,
the homogenate was subjected to a 10 min centrifugation at
1,000xg at 4°C, after which the supernatant was subjected to a
second centrifugation under identical conditions. Subsequently,
buffer B (obtained by a 7.5—fold dilution of buffer A without BSA,
with a pH of 7.4) was added to the supernatant, and the mixture
was subjected to centrifugation at 8000xg at +4°C for 20 min
[21]. The residual mitochondrial pellet at the base of the tube was
resuspended in buffer B and subjected to mitochondrial protein
determination [20].

Measurement of mitochondrial Ca®*

A total of 200 pl of the mitochondrial preparation, comprising
2.0 mg protein, was combined with 2 mL nitric acid and 1 mL
ultrapure water and it was left at room temperature for 1 h.
Subsequently, 1 mL of a 20 g-L'* lanthanum oxide solution was
added to the mixture. Once the final volume of the mixture had been
made up to 10 mL with 1% nitric acid, the absorbance values were
then measured by means of a flame atomic spectrophotometer
(AAS, PerkinElmer, Analyst 800, Norwalk, CT, USA) [22].

Measurement of mPTP

Upon opening of the mPTP, the inner membrane of mitochondria
becomes permeable for mannitol and sucrose. This is determined
by a decrease in absorbance in the spectrophotometer reading at
540 nm. Mitochondria obtained as pellets was suspended in 3 mL
of cold assay medium (230 mM mannitol, 70 mM sucrose, 3 mM
HEPES, pH 7.4), and the protein concentration was measured [20].
Subsequently, the protein amount was adjusted to 0.3 mg-mL*
using the cold test medium; 3 mL of cold test medium was added
to 1 mL of this suspension, and the absorbance was measured
at 540 nm using UV-spectrophotometry (VWR-3100PC UV
Spectrophotometer) [23].

Measurement of ATR levels in tissues

A volume of 0.5 mL of the serum sample was taken to a clean
tube, followed by the addition of 1 mL of acetone. Liver and kidney
tissues were homogenized with phosphate buffered saline (PBS)
[8.06 g NaCl, 0.22 g KCl, 1.15 g Na,HPO,, 0.20 g KH,HPO,, 1 L
distilled water, pH:4.5] at a ratio of 1:4 (g-v?). All prepared samples
were subjected to centrifugation at 3500xg for a period of 5 min.
The upper solutions were then dried in nitrogen gas at 45°C. The
residues were dissolved in 1 mL of distilled water, and 2 mL of
HCL (2 mol-L?) was added and left for 12 h at room temperature.
Once the designated waiting period had elapsed, the solution
was subjected to centrifugation, after which the supernatant was
extracted with 2 mL of ethyl acetate. The extraction with ethyl
acetate was repeated five times, and the resulting organic extracts
were subsequently dried under nitrogen gas. The final residue was
derivatized with 100 pl pyridine and 200 yl TMSI at 100°C for 2 h,
and 2 pl was injected into GC-MS instrument [16, 24].

The GC—-MS (Shimadzu, GCMS-QP2010, Tokyo, Japan) was
employed for the purpose of determining ATR levels in tissues.
The DB-1 capillary column (30 m x 250 pym in diameter, with a
film thickness of 0.1 ym) and an SGE 10 plinjector were employed
during the analysis. The detector temperature was set at 200°C,
and the injector temperature was set at 250°C. The temperature
of the column was initiated at 215°C and increased at a rate of
2.30°C-mintuntil it reached 310°C. The helium gas flow rate was
set to 1.9 mL-min, and the samples were analyzed in splitless
scanning mode, as described by Laurens et al. [16].

Histopathologic measurements

The tissues were fixed in 10% formalin solution, then underwent
a series of dehydration steps involving alcohol and xylol, followed
by paraffin embedding. From the paraffin blocks, sections 3—5 pm in
thickness were obtained on positively charged slides using a rotary
microtome (Leica RM2125, Wetzlar, Germany). The sections were
subsequently subjected to staining with hematoxylin and eosinin a
tissue staining machine (Leica Autostainer XL, Wetzlar, Germany) [25].

Immunohistochemical measurements

The Avidin—Biotin—Peroxidase Complex (ABC) procedure was
employed for immunohistochemical measurements [26]. The
primary antibody utilized was anti-ATP-synthase c (Abcam,
1/200). The standard staining procedure recommended by the
manufacturer was followed using the chemicals provided in the
ready immunohistochemistry kit. All sections were examined under a
light microscope (Olymus BX43, Tokyo, Japan) at 20x magnification.
The immunohistochemical staining score was evaluated according
to the following criteria; 1: light, 2: moderate, 3: severe.

Statistical Evaluation

The statistical evaluations were conducted utilizing the “IBM SPSS
Statistics 21” software package. A one—way analysis of variance
(ANOVA) was employed to ascertain the existence of differences
between groups at varying points in time, with a post hoc Tukey test
utilized for intra—group comparisons. All data are reported as mean
+ standard error of the mean (mean + SEM). Data with a P value less
than 0.05 were evaluated as statistically significant.
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RESULTS AND DISCUSSION

TABLE I presents the distribution of ATR levels in blood, kidney,
and liver tissues over time in rats administered XSS extract. The
highest concentration of ATR was observed at the 24—h mark in
all examined tissues from both the XSS and XSS+UDCA groups. At
the 168" h, no ATR was detected in the body. The administration
of UDCA in conjunction with XSS extract did not result in a
statistically significant alteration in ATR levels within the examined
tissues (P>0.05).

TABLEI

Time profile of blood, liver and kidney ATR levels in rats administered XSS extract

Blood ATR (ug-mL")

Groups 6t 24" 72t 120t 168t
Control 0.000+0.000° 0.000+0.000° 0.000+0.000° 0.000+0.000* 0.000+0.000%
UDCA 0.000+0.000* 0.000+0.000* 0.000+0.000* 0.000+0.000° 0.000+0.000°
XSS 0.415£0.019® 2.036+0.019* 1.560+0.105> 0.099+0.0112 0.000+0.000*
XSS+UDCA 0.576£0.035" 2.149+0.078> 1.407+0.108° 0.076+0.010* 0.000+0.000*

Liver ATR (pg-g™)
Control 0.000+0.000* 0.000+0.000* 0.000+0.000* 0.000+0.000° 0.0004+0.000°
UDCA 0.000+0.000* 0.000+0.000* 0.000+0.000° 0.000+0.000° 0.000+0.000°
XSS 0.478+0.022° 2.321+0.133° 1.141+0.043* 0.131+0.014* 0.000 +0.000%
XSS+UDCA 0.321+0.090* 2.158+0.08> 1.600+0.097° 0.092+0.010* 0.000+0.000*
Kidney ATR (pg-g)
Control 0.000+0.000* 0.000+0.000° 0.000+0.000* 0.000+0.000* 0.000+0.000*
UDCA 0.000+0.000° 0.000+0.000° 0.000+0.000> 0.000+0.000* 0.000+0.000*
XSS 0.330+0.020° 1.704+0.234> 1.380+0.036° 0,145+0.011* 0.000+0.000°
XSS+UDCA 0.292+0.009° 2.126+0.047¢ 1.385+0.122" 0.241+0.143* 0.000+0.000*

One-way ANOVA and Tukey were performed for group comparisons. Values reported are mean
+ SEM, *P<: Distinction between groups shown with different letters in the same column are
statistically significant (P<0.05). ATR: Atractyloside, XSS: Xanthium strumarium seeds, UDCA:
Ursodeoxycholic acid

Increased oxidative damage in cells due to exposure to toxic
compounds and different pathological conditions increases Ca?*
levels in mitochondria and decreases mitochondrial membrane
potential. These events result in the opening of mPTPs, which
are located in the mitochondrial inner membrane and permit the
passage of only a limited number of substances under physiological
conditions. The opening of mPTPs allows for the passage of water
and solutes into the mitochondria, thereby disrupting the pressure
equilibrium between the cytoplasm and mitochondria. An increase in
the volume of the mitochondrial matrix results in the rupture of the
outer mitochondrial membrane [27, 28]. After XSS extract treatment
in rats, we analyzed the absorption of Ca?* and mPTP in mitochondria
isolated from liver and kidney tissues. The results demonstrated a
notable elevation in mitochondrial Ca?* levels in both tissues at both
the 6—and 24— hour time points (P<0.05). Absorbance values, which
are indicators of mitochondrial pore opening, decreased at all times
examined, although they were significant at 6, 24, 72, and 120 h.
(P<0.05). In rats with XSS toxicity, treatment with UDCA resulted
in a notable reduction in mitochondrial Ca?* levels and a marked
inhibition of MPTP opening, as illustrated in FIG. 1.

In experimental previous studies conducted on rats, it was

reported that exposure to Xanthium species plants at varying
doses resulted in elevated levels of MDA, a marker of oxidative
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FIGURE 1. Effect of ursodeoxycholic acid on mitochondrial Ca? levels and
mitochondrial permeability transition pore opening in liver and kidney tissues
in rats with Xanthium strumarium toxicity. XSS: Xanthium strumarium seed extract,
UDCA: Ursodeoxycholic acid, mPTP: mitochondrial permeability transition pore.
[A: liver Ca*, B: liver mPTP, C: kidney Ca*, D: kidney mPTP]. *P<0.05, **P<0.01,
***P<0.001 compared with the control group; +P<0.05, ++P<0.01, +++P<0.001
compared with the XSS group

damage in kidney and liver tissues, and a reduction in antioxidant
enzymes [29]. The present study yielded the statistically significant
result that MDA levels in kidney and liver tissues of XSS—treated
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rats increased at all hours (P<0.05), a finding that aligns with the
results of previous researchers in this [25, 29, 30]. Furthermore,
the levels of antioxidant enzymes, SOD and GSH, were observed
to decline, with a more pronounced reduction observed in the
liver (P<0.05, FIG.2). This phenomenon may be attributed to the
fact that ATR and CATR induce lipid peroxidation and elevate MDA
levels in kidney and liver tissues. The rise in oxidative stress was
linked to an elevation in Ca2* within the mitochondria [27, 28].
And, an elevation in mitochondrial Ca?* amount was observed at
6 and 24 h in mitochondria extracted from the livers and kidneys
of rats that had been administered XSS.

The present study demonstrates that an increase in mitochondrial
Ca?* concentration, which is associated with oxidative stress,
results in the opening of mPTPs. This phenomenon was observed
across all examined time points. The opening of mPTPs is a
complex process that is also linked to ANT. ANT protein plays an
important role in channel opening as a component of the mPTP
[31]. Additionally, ATR and CATR, which are responsible for the
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toxicity of Xanthium strumarium, stimulate the opening of mPTP
by binding to ANT with a high affinity [9]. UDCA, which has been
the subject of investigation as a potential therapeutic agent in the
context of Xanthium toxicity, was observed to reduce MDA levels
in the rats that were administered it, bringing them to levels that
were similar to those observed in the control group. Furthermore,
the UDCA group demonstrated a notable elevation in antioxidant
enzyme levels in comparison to the XSS group (FIG. 2).

Xanthium strumarium seeds (XSS) caused a significant increase
in ATP—synthase activity as a result of immunohistochemical
examinations. ATP—synthase is an important enzyme located in
the inner membrane of mitochondria. It catalyzes the synthesis
of ATP from ADP and inorganic phosphate (Pi) under physiological
conditions [32]. However, in pathological conditions accompanied
by mitochondrial dysfunction, the synthesis of ATP is impaired,
and the available ATP is broken down by the catalytic activity of
the ATP-synthase enzyme and transported to the mitochondrial
matrix. This process facilitates the transport of protons to the

Kidney
Control
204 XSS
UDCA
XSS+UDCA

MDA (nmol~mL'1)

6 24 72 120 168

time (hour)
200
o~ 150
-
5
E
£ 1007
X
w
o
50
o4
6 24 1) 120 168
time (hour)

254

SOD (nmol-mL™Y)

6 24 72 120 168

FIGURE 2. Effect of ursodeoxycholic acid on oxidative stress in liver and kidney tissues in rats with Xanthium strumarium toxicity. XSS: Xanthium strumarium
seed extract, UDCA: Ursodeoxycholic acid. [A: liver malondialdehyde (MDA), B: liver reduced glutathione (GSH), C: liver superoxide dismutase (SOD), D: kidney
MDA, E: kidney GSH, F: kidney SOD]. *P<0.05, **P<0.01, ***P<0.001 compared with the control group; +P<0.05, +++P<0.001 compared with the XSS group
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mitochondria [33, 34]. The elevated ATP-synthase activity
observed in the XSS group (TABLE II and FIG. 3; P<0.05) is believed
to be a consequence of the transport and breakdown of ATP into
the mitochondria. This may be interpreted as an attempt to repair
mitochondrial dysfunction. However, it was observed that UDCA
treatment reduced the XSS—induced increase in ATP synthase
activity in the liver tissues of rats (P<0.05).

TABLE IT

Immunohistochemical intensity and distribution degrees of ATP-synthase
in the livers of rats given Xanthium strumarium seed extract

ATP-synthase (mean + SEM)

Groups 6th 24t 72t 120t 168t
Control 0,000+0,00° 0,000+0,00° 0,000+0,00° 0,000+0,00° 0,000+0,00°
XSS 2,400+0,24> 3,000+0,00° 1,000+0,00® 0,600+0,24> 0,600+ 0,24°
UDCA 0,000+0,00° 0,000+£0,00° 0,000+£0,00° 0,000+0,00° 0,000%0,00°
XSS+UDCA 1,200+0,20°  1,200+0,20° 0,600+0,24> 0,000+0,00° 0,000+0,00°

One-way ANOVA and Tukey were performed for group comparisons. < Distinction between
groups indicated with different letters in the same column are statistically significant (P<0.05).
XSS: Xanthium strumarium seeds, UDCA: Ursodeoxycholic acid

CONTROL UDCA ERSTETRRE

L) L Ch Lot 72 R ki o SO R O R L
FIGURE 3. Severity and prevalence of immunohistochemical expression of
ATP-synthase in the liver at 24 hours after ursodeoxycholic acid treatment in
rats given Xanthium strumarium seed extract. XSS: Xanthium strumarium seeds,
UDCA: Ursodeoxycholic acid. Horseradish Peroxidase technique; amino-9-ethyl

carbazole chromogen and hematoxylin counterstaining, Bar: 20 pm

o

Oxidative stress represents a significant contributor to tissue
damage, particularly within the liver. XSS—induced oxidative stress
injury is mediated by the activation of lipid peroxidation, which
impairs the antioxidant defense system and results in hepatorenal
toxicity. UDCA has been demonstrated to reduce the formation of
reactive oxygen species by modulating the activities of CAT and
SOD. This mechanism contributes to the protection of cells against
damage induced by oxidative stress. For these reasons, UDCA is a
commonly utilized compound in the field of hepatology [35, 36].
UDCA plays a pivotal role in safeguarding cells from the detrimental
effects of toxins, pharmaceuticals, and other hepatotoxic agents by
enhancing the stability of plasma and mitochondrial membranes
of hepatocytes [35, 37].
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In recent years, potential therapeutic strategies targeting
mitochondrial dysfunction have been investigated in the treatment
of diseases and toxicities mediated by mitochondrial dysfunction.
For this purpose, many compounds targeting mitochondria
have been studied. One of these compounds, UDCA, is a good
mitochondrial protective candidate with its ability to prevent
pathological events such as accumulation of reactive oxygen
species, collapse of mitochondrial membrane potential, and ATP
depletion [38, 39]. UDCA is already an approved treatment for
most cholestatic liver diseases [39].

In this study, UDCA, which possesses antioxidant properties,
was observed to mitigate the rise in intracellular Ca?* and oxidative
stress, enhance SOD activity and GSH levels, and forestall mPTP
opening in XSS toxicity in liver and kidney tissues. In this regard,
UDCA demonstrated the capacity to safeguard cells against the
deleterious effects of oxidative stress and mitochondrial damage.
The observed reduction in ATP-synthase activity in XSS toxicity
can be attributed to the antioxidant properties of UDCA, which
have been demonstrated to prevent mitochondrial damage and
maintain mitochondrial integrity.

The administration of XSS to rats resulted in a toxic effect, as
evidenced by elevated levels of AST, ALP, LDH, ALT, CK, creatinine,
and BUN, along with decreased blood glucose levels, when
compared to the control group (P>0.05, FIG.4). The findings of this
study are consistent with those of previous studies showing that
XSS causes elevated liver and kidney function test results. [6, 40].
Elevated liver enzymes in serum indicate liver damage, while BUN
and creatinine indicate kidney damage [35, 41]. Furthermore, XSS
has been linked to disturbances in carbohydrate metabolism, as
evidenced by its ability to reduce blood glucose levels and disrupt
ATP production in cells by impeding oxidative phosphorylation [7].
UDCA’s capacity to diminish the elevated AST, ALP, LDH, ALT, CK,
creatinine, BUN, and decreased glucose levels resulting from XSS
toxicity to levels approaching those observed in the control group
is indicative of its hepatorenal protective effect.

Findings of the current study revealed that XSS resulted
in histopathological alterations in the liver, encompassing
degeneration, portal lymphohistiocytic infiltration, periportal
infiltration, subcapsular necrosis and single cell necrosis (FIG.5).
Similarly, other researchers have reported that XSS causes
hepatotoxicity, with comparable histopathological findings [29, 41].
These findings demonstrated that XSS—induced hepatocyte injury
occurs through multiple mechanisms, including impairment of
mitochondrial function, alteration of energy metabolism, disruption
of the lipid membrane of cells through oxidative damage, and
induction of mPTP opening. The co—administration of UDCA
and XSS was observed to prevent the histopathological effects
induced by XSS. It appears that UDCA may offer protection against
XSS—induced hepatotoxicity.

In order to ascertain the nature of the cell death induced by
XSS, the TUNEL staining method was employed in conjunction
with conventional histopathologic examinations. However, the
number of apoptotic cells identified through TUNEL staining was
limited in the XSS group (FIG.6).

Prior research has demonstrated that mPTP opening can result
in not only apoptotic but also necrotic cell death [42, 43]. The
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FIGURE 4. Effect of ursodeoxycholic acid on blood biochemistry in rats with Xanthium strumarium toxicity. XSS: Xanthium strumarium seed extract, UDCA: Ursodeoxycholic
acid. [A: aspartate amino transferase (AST), B: lactate dehydrogenase (LDH), C: creatinine phosphokinase (CK), D: alanine amino transferase (ALT), E: blood urea nitrogen
(BUN), F: Creatinine, G: alkaline phosphate (ALP), H: Glucose]. *P<0.05, **P<0.01, ***P<0.001 compared with the control group; +P<0.05, ++P<0.01, +++P<0.001 compared
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FIGURE 6. The expression of TUNEL, 3,3’ diaminobenzidine (DAB) chromogen, and methyl green counterstaining in the livers of rats treated
with XSS extract and ursodeoxycholic acid at 24 hours is demonstrated. XSS: Xanthium strumarium seeds, UDCA: Ursodeoxycholic acid. The
positive control group (A) exhibited a high number of TUNEL-positive cells, while the negative control (B), XSS (C), and XSS+UDCA (D) groups
demonstrated a low prevalence of TUNEL-positive cells, with a maximum of one cell observed per microscope field under 20 objective
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present study demonstrates that cell death in XSS toxicity occurs
at the necrotic level, as evidenced by TUNEL staining and classical
pathology results.

CONCLUSIONS

In the light of the above mentioned data, it was demonstrated
that UDCA treatment can prevent oxidative damage and
mitochondrial dysfunction in the kidney and liver tissues of rats
exposed to XSS toxicity. This was achieved by decreasing Ca?*
amount in mitochondria and inhibiting mPTP opening, which in
turn resulted in a reduction in histopathological damage. In light
of these findings, UDCA for the treatment of XSS poisoning may
be a promising therapeutic option.
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