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ABSTRACT

Due to the anti-inflammatory and antioxidant properties of the Chenopodium botrys and the pathological mechanisms of rhab-
domyolysis in the kidney, this plant can be used to improve the symptoms of this disease. Then, in this study, we investigated
the effects of this herb in improving kidney injury by rhabdomyolysis. Animals were divided into five groups: control, glycerol
(received it for rhabdomyolysis induction), extract (received 12mg/kg C. botrys extract), and treatment groups with dexameth-
asone (0.03mg/kg) and extract (12mg/kg). The extract was analyzed using HNMR. After a week, blood and urine samples
were taken to measure protein, urea, and creatinine. Then, the animals were sacrificed, and the kidney tissue was removed to
examine the antioxidant, TNF-«, and histopathological evaluations. Also, NF-xB gene expression was investigated. The serum
creatinine, TNF-a, and NF-xB ratio significantly increased and antioxidant capacity decreased in the glycerol group compared
with the control. Pathological evaluation also showed severe renal damage based on the related criteria. In the treatment groups
with dexamethasone and especially extract, the considered parameters attenuated relatively compared with the glycerol group.
Kidney damage and functional impairment associated with rhabdomyolysis, as well as the inflammatory response caused by in-
creased NF-xB and the proinflammatory cytokine TNF-a, may be alleviated by C. botrys. Consequently, C. botrys could represent

a potential therapeutic approach for patients with rhabdomyolysis-induced acute kidney injury.

1 | Introduction

Rhabdomyolysis means destruction or loss of muscle integrity.
In this syndrome, the imbalance between energy production
and consumption in myocytes causes ischemia and ultimately
releases intracellular compounds to the extracellular envi-
ronment (McMahon, Zeng, and Waikar 2013). Several studies
have been conducted to classify the causes of rhabdomyolysis.
Age, trauma, drug abuse, and infections are the most com-
mon causes of rhabdomyolysis in adults and children. Trauma
is the cause of 85% of cases (Splendiani et al. 2001). Besides

the degeneration of myofibrils, cocaine and heroin can also
cause severe vasoconstriction of skeletal muscle arteries, mus-
cle ischemia, and ultimately acute rhabdomyolysis by inhib-
iting the reabsorption of catecholamines in alpha-adrenergic
receptors (Gabow, Kaehny, and Kelleher 1982). Regardless of
the underlying cause, damage to myocytes in rhabdomyolysis
causes an imbalance between ATP production and consump-
tion, mitochondrial dysfunction, increased production of free
radicals, and ultimately cell death. Following the decrease in
energy and dysfunction of the ATPase pump, the intracellu-
lar sodium level increases, which causes the activity of the
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sodium-calcium exchanger, the increase of calcium ions in
the cytoplasm of myocytes, and the activation of proteases and
apoptotic pathways (Zimmerman and Shen 2013).

On the other hand, the damage of myocytes causes the ac-
tivity of phospholipase A to change the viscosity of the sar-
colemma membrane, increase membrane permeability, and
release large amounts of potassium, phosphate, urate, lactate
dehydrogenase, aspartate aminotransferases, alanine amino-
transferases, aldolase, creatine kinase, and myoglobin into
the bloodstream, which can cause capillary damage, edema,
ischemia, cell necrosis, and metabolic acidosis (Boutaud and
Roberts IT 2011). The release of various mediators from dam-
aged muscle cells such as nuclear DNA, mitochondrial DNA,
and microRNA can also cause tubular damage in the kidneys
by activating tumor necrosis factor-alpha (TNF-a), interleu-
kin 6, 8, and 1-beta (Panizo et al. 2015). Acute kidney injury
(AKI) is the most common systemic complication of rhabdo-
myolysis, which is defined as an increase in serum creatinine
more than 26.4umol/L during the first 48h or an increase in
serum creatinine more than 50% of the baseline value within
7days after myocytes damage (Kellum and Lameire 2013).
Although the exact pathogenesis of the development of AKI
following rhabdomyolysis is not known, some mechanisms
play a key role. In general, it can be said that oxidative damage
(Parhizgar et al. 2016) and inflammation are the two main
mechanisms in causing rhabdomyolysis. Therefore, antiox-
idant or anti-inflammatory drugs can help to improve this
disease.

Medicinal plants have a good position due to their easy access
and having substances with antioxidant and anti-inflammatory
properties, among which Chenopodium botrys can be mentioned
(Mohebbati et al. 2023). C. botrys has many effective substances
such as phenol, flavonoid, and especially anthocyanin (de
Pascual-T et al. 1981). Due to the anti-inflammatory and antiox-
idant properties of this plant and due to the pathological mech-
anisms of rhabdomyolysis in the kidney, this plant can be used
to improve the symptoms of this disease. Then, in this study,
we investigated the effects of the C. botrys extract in improving
kidney damage by rhabdomyolysis.

2 | Methods
2.1 | Animal and Grouping

The present study was conducted on 25 adult male Wistar
rats purchased from the laboratory animal center of Gonabad
University of Medical Sciences weighing 200+20g. First, the
animals were kept for 2weeks to adapt to the environmental
conditions with an average temperature of 23°C+2°C and ob-
serve the light/dark cycle for 12h each with free access to food
and water. Then, the rats were randomly divided into five groups
of five and placed separately in special cages:

Group 1 (control group): gavage of 1 mL of normal saline daily
from days 1 to 7 of the study.

Group 2 (glycerol group): gavage of 1 mL of normal saline daily
from days 1 to 7 of the study+injection of 10mg/kg of 50%

glycerol intramuscularly (Mahmood and Kathem 2023) on the
third day of the study to cause rhabdomyolysis.

Group 3 (dexamethasone + glycerol group): gavage of 0.03 mg/kg
of dexamethasone (Donald et al. 2003) daily from days 1 to 7 of
the study + intramuscular injection of 10mg/kg of 50% glycerol
on the third day of the study to cause rhabdomyolysis.

Group 4 (extract + glycerol group): gavage of 12mg/kg extract of
C. botrys (determined by pilot study) daily from days 1 to 7 of the
study +injection of 10mg/kg 50% glycerol intramuscularly on
the third day of the study to cause rhabdomyolysis.

Group 5 (extract group): gavage of 12mg/kg hydroalcoholic ex-
tract of C. botrys daily from days 1 to 7 of the study.

2.2 | Study Design

On days 0 and 6 of the study, animals were placed in a metabolic
cage and their urine was collected for 24h. Also, on days 0 and
7, urine and blood samples were taken to measure urea, urine
creatinine, and blood serum. Blood samples were taken from the
eyes on day 0 and from the heart on day 7 of animals under an-
esthesia with 100 ketamine and 10 mg/kg xylazine. To evaluate
malondialdehyde (MDA) (Khazdair et al. 2016) and total antiox-
idant capacity (TAC), the right kidney of the animals was kept at
—80°C after washing. The left kidney was kept in 10% formalin
for histological tests. After paraffinization, they were cut into
3- to 4-um slices. The slices were stained with hematoxylin and
eosin (H&E) for light microscopic analysis.

2.3 | Parameters Analysis

To investigate the NF-xB gene expression, RNA extraction from
kidney tissue cells was performed. Determining the purity of ex-
tracted RNA as well as determining its concentration is done by
measuring the absorption ratio of A260/A280 using a nanodrop
device. Then, the reverse transcription reaction is performed
and cDNA is made from the extracted RNA. The concentration
of cDNA was measured by the photometric method and the
amount of NF-xB gene expression was measured using specific
primers and the real-time PCR technique.

The ELISA method is used to measure TNF-a. The principles of
ELISA are the same as the basic principles of immunology, that
is, the specific binding of antigens and antibodies. In the sand-
wich ELISA method to identify the specific antigen (TNF-a), a
specific antibody is attached to the bottom of the container, and
to prevent the nonspecific binding of the rest of the container, it
is covered with bovine serum albumin, and by adding the liquid
containing the antigen to be measured, the antigen is added to
the antibody. The bottom of the container is connected, and after
washing, the primary antibody is added that recognizes another
epitope of the antigen and takes the antigen together with the
bottom of the container (sandwich), after washing, the second-
ary antibody is added that contains a specific enzyme (horserad-
ish peroxidase [HRP]). HRP is attached to it and this secondary
antibody is attached to the primary antibody, after washing the
added enzyme substrate, which is converted by the enzyme
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into a product that creates a different color from the substrate.
Quantitative measurement is done based on this color change.

To identify some ingredients of the extract, the proton nuclear
magnetic resonance (HNMR) made by Bruker instrument
(Germany) was used. The extract dissolved in deuterated DMSO
(to prevent the creation of disturbing proton peaks in the NMR
spectrum) was placed in a special NMR tube and then placed in
the magnetic field of the NMR instrument.

2.4 | Statistical Analysis

The information was recorded in the set checklist, and after the
end of the study, the information was entered into the Instat, to
compare the variables between different groups, after confirm-
ing the normality by the Kolmogorov-Smirnov test, the one-way
analysis of variance statistical test following Tukey's post hoc
used. Significance was considered <0.05.

3 | Results

C. botrys was analyzed using HNMR as following: In the region
below five, there are vinyl C=C groups (i.e., CH groups attached to
a double bond). There are also alkane CH groups (i.e., CH groups
with SP3 hybridization), indicating a large presence of aliphatic
compounds. In the region around four, there are peaks correspond-
ing to O-methyl and O-ethyl groups, and their concentration is
high. In the region around three, hydrogens are observed attached
to carbons that are connected to nitrogen (i.e., CH groups attached
to an N). In the aliphatic region, a large quantity of compounds
are present while in the aromatic region compounds different is
less. Ester compounds were also found in the extract. The CH,
groups present are related to aliphatic compounds. Additionally,
CH groups attached to NO, were found in the region around four,
accompanied by O-ethyl and O-methyl groups (Graph 1).

Serum albumin, urea, and creatinine significantly increased in
the glycerol group compared with the control (p<0.01), while
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GRAPH1 | HNMR spectrum of the extract. The bottom line depicts
the values of the integral areas.
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the creatinine level significantly decreased in the treatment
group with extract compared with the glycerol group (p <0.05)
(Figure 1).

Changes in the urine protein, urea, and creatinine were not sig-
nificant in any groups (Figure 2).

In the glycerol group, the TAC significantly decreased compared
with the control (p <0.05), while in treatment groups with ex-
tract and dexamethasone, this parameter decreased nonsignifi-
cantly compared with the glycerol group (Figure 3A).

The TNF-a serum level significantly increased in the glycerol
group compared with the control (p <0.05), while in the treat-
ment group with extract, this parameter significantly reduced
compared with the glycerol group (p <0.05) (Figure 3B).

The NF-xB ratio in the glycerol group significantly boosted
in comparison with the control (p<0.05), while in treatment
groups with extract and dexamethasone, this parameter signifi-
cantly decreased compared with the glycerol group (p <0.001)
(Figure 3C).

Pathological evaluation indicated that in the glycerol group,
the injury was induced through glomerular/tubule granular
degeneration, tubule dilation, cell vacuolization, hemorrhage/
congestion, tubule apoptotic nucleus, and myoglobin cast. In the
treatment group with extract and dexamethasone, these injury
criteria attenuated (Figure 4).

4 | Discussion

The current study aimed to investigate the effects of C.botrys
plant extract on NF-xB expression, TNF-a serum levels, and
TAC in a model of AKI induced by rhabdomyolysis. Glycerol was
used to induce rhabdomyolysis, with dexamethasone serving as
the positive control. The findings of the present research indi-
cated that treatment with C. botrys extract significantly reduced
NF-xB expression and serum TNF-a levels in rats compared
with those treated with glycerol. While the TAC in glycerol-
treated rats decreased significantly compared with the control
group, the C. botrys-treated group showed an increase in TAC,
though this increase was not statistically significant compared
with the glycerol group.

Rhabdomyolysis is a pathological condition characterized by the
breakdown of skeletal muscles and the release of intracellular
contents into the bloodstream, often resulting in AKI (Baatarjav
et al. 2022). Research suggests that inflammation plays a criti-
cal role in the pathophysiology of rhabdomyolysis-induced AKI
(Komada et al. 2015), with the NF-xB pathway being a key con-
tributor (Guerrero-Hue et al. 2019). Oxidative stress and inflam-
matory processes triggered by glycerol can activate the NF-xB
pathway (Reis et al. 2019). Once activated, this signaling path-
way promotes the production of proinflammatory cytokines
such as TNF-a during AKI (Amirshahrokhi 2021).

Muscle cell damage caused by rhabdomyolysis releases immu-
nostimulatory molecules, which reach the kidneys and activate
the NF-xB signaling pathway. Increased NF-xB expression
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contributes significantly to the progression of glycerol-induced
AKIbydriving the synthesis of inflammatory mediators, such as
macrophages and T lymphocytes, which are strongly correlated
with both kidney dysfunction and morphological changes. The
activation of these inflammatory cells leads to the production of
proinflammatory cytokines, including TNF-a, thereby sustain-
ing a proinflammatory environment (Liu et al. 2017; Shimizu
et al. 2023).

Immunohistochemical analyses in this study demonstrated
that glycerol-induced rhabdomyolysis led to AKI, accompa-
nied by increased inflammation. This inflammatory response
is largely attributed to the activation of NF-xB, a key tran-
scription factor in inflammatory pathways. Following NF-xB
activation, the expression of the TNF-a gene was upregulated.
However, in groups that received C. botrys extract or dexameth-
asone alongside glycerol, NF-xB expression was significantly
reduced compared with the glycerol-only group, indicating
the strong anti-inflammatory effects of these compounds. It
is well-established that dexamethasone, as a corticosteroid,
exerts potent anti-inflammatory effects by inhibiting NF-xB
(Aghai et al. 2006; Davies, Adlimoghaddam, and Albensi 2021).
Similarly, C.botrys extract demonstrated a comparable reduc-
tion in NF-xB expression, suggesting the presence of active
anti-inflammatory compounds within the plant that modulate
inflammatory responses by inhibiting the NF-xB pathway. This
reduction in NF-«xB also leads to decreased production of inflam-
matory cytokines, such as TNF-a, reduces oxidative damage, and
improves kidney function. Supporting this (Bojilov et al. 2023),
found that C. botrys is rich in flavonoids, especially 6-methoxy

flavones, compounds known for their anti-inflammatory prop-
erties. In another study by (Zhong et al. 2022) demonstrated that
flavonoids inhibit the NF-xB signaling pathway, thus reducing
inflammation. Consequently, the rats treated with C. botrys ex-
tract, like those treated with dexamethasone, were able to ef-
fectively reduce both inflammation and kidney damage through
NF-xB inhibition.

The current study demonstrated that glycerol-induced AKI
significantly increased serum TNF-a levels, which were
markedly reduced following treatment with C. botrys. TNF-«,
a proinflammatory cytokine, is typically expressed in re-
sponse to injury and inflammation, subsequently promot-
ing the release of additional inflammatory cytokines (Wu
et al. 2017). Rhabdomyolysis-induced muscle damage leads to
the release of myoglobin into the bloodstream, which causes
kidney damage, generates free radicals, and elevates proin-
flammatory cytokines such as TNF-a. This cascade exacer-
bates the inflammatory response and further damages kidney
tissue (Panizo et al. 2015). In the glycerol-treated rats, serum
TNF-a levels significantly increased compared with the con-
trol group. However, rats treated with C.botrys extract in
addition to glycerol exhibited a marked reduction in TNF-«a
levels compared with the glycerol-only group, confirming
the plant's anti-inflammatory efficacy. Active compounds
within C. botrys, such as flavonoids and polyphenols, may
help mitigate inflammation by inhibiting pathways like NF-
xB and reducing proinflammatory cytokines such as TNF-a.
In contrast, although TNF-a levels decreased in the glycerol
and dexamethasone group, the reduction was not statistically
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: ' Medulla

FIGURE4 | Sections of renal tissues stained with hematoxylin-eosin. (A) Glycerol group (cortex and medulla), (B) control group, (C) extract re-

ceiving group, and (D and E) treatment groups with extract and dexamethasone, respectively. The white arrow indicates glomerular/tubule granular

degeneration, the brown arrows indicate tubule dilation, the gray arrow indicates cell vacuolization, the green arrow indicates hemorrhage/conges-

tion, the red arrows indicate tubule pyknotic nucleus, the yellow arrow indicates tubule karyolitic nucleus, the blue arrow indicate tubule karyor-
rhexis nucleus, and the purple arrow indicates myoglobin cast. x40 magnification.

significant. Studies have shown that TNF-a interacts with the
NF-xB signaling pathway, activating it and thereby promot-
ing the expression of other inflammatory cytokines, which
amplifies the inflammatory response in AKI (Yu et al. 2015).
TNF-a-mediated NF-xB activation triggers phosphorylation
and degradation of IxB in the cytoplasm, enabling the NF-xB
p65 subunit to translocate to the nucleus, where it regulates
target gene expression (Lee et al. 2017). Based on these ob-
servations, the reduction in NF-xB expression in the C. botrys
group may be primarily due to TNF-« inhibition, while in the
dexamethasone group, a different mechanism may be respon-
sible. One potential alternative pathway is IL-1f, which can
also activate NF-xB independently of TNF-a (Guo et al. 2024).
It is also possible that the dose of dexamethasone used in this
study was insufficient to significantly reduce TNF-a levels,
or that dexamethasone exerts its effects via other inflamma-
tory pathways and proinflammatory cytokines. Hence, dexa-
methasone demonstrated anti-inflammatory effects through
NF-xB suppression, though the reduction in TNF-a was not
statistically significant in this study, possibly due to the dos-
age or its varied mechanisms of action.

Oxidative stress plays a crucial role in the pathogenesis of
myoglobinuric AKI induced by rhabdomyolysis (Gyuraszova
et al. 2020). The rise in free radicals depletes the body's anti-
oxidant reserves, reducing TAC. A decrease in TAC reflects
an imbalance between free radical production and the body's
ability to neutralize them. Oxidative stress triggers NF-xB ac-
tivation, a pathway initiated by ROS (reactive oxygen species)
or other stimuli that phosphorylate IxBa. Phosphorylated IxBa
undergoes degradation, releasing NF-xB to enter the nucleus

and regulate genes involved in inflammation and oxidative re-
sponses (Hong et al. 2024; Kim et al. 2010; Lingappan 2018).
Elevated NF-xB activity upregulates gene expression, includ-
ing that of NADPH oxidases (NOXs) (Liao et al. 2023; Wang
et al. 2022). Wang et al. (2022) demonstrated in vivo that Ulin
statin, an anti-inflammatory and free radical scavenger, atten-
uates myoglobin-induced cytotoxicity by suppressing intracel-
lular ROS via the TLR4/NF-xB signaling pathway. NADPH
oxidases (NOXs) are among the factors that can be upregulated
by NF-xB (Gauss et al. 2007; Sedeek et al. 2013; Wu et al. 2021).
NOXs, a family of membrane-bound enzymes, primarily gener-
ate ROS (Bevilacqua et al. 2012; Cipriano et al. 2023; Magnani
and Mattevi 2019). Studies indicate that polyphenols and flavo-
noids inhibit ROS production through the NF-xB/NADPH oxi-
dase pathway (Andrés et al. 2023; Andriantsitohaina et al. 2012;
Maraldi 2013; Slika et al. 2022). NF-xB activation and subse-
quent ROS elevation increase the demand for antioxidants, po-
tentially depleting TAC and compromising cellular components
such as lipids, proteins, and DNA (Feng et al. 2016). This process
exacerbates inflammation and chronic diseases associated with
oxidative stress, including rhabdomyolysis. Glycerol-induced
rhabdomyolysis leads to muscle cell damage, releasing myoglobin
into the bloodstream and causing kidney damage. This process
also results in the excessive production of free radicals, increas-
ing oxidative stress. Fernandez-Funez et al. (2003) observed
decreased total serum antioxidant status in a glycerol-induced
myoglobinuric-rhabdomyolysis model of AKI. In this study, TAC
levels significantly decreased in the glycerol-treated group com-
pared with the control group. A similar outcome was observed
in a study by (Ahmed et al. 2022), where glycerol treatment re-
duced TAC in rats. Also, (Fernandez-Funez et al. 2003) observed
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decreased total serum antioxidant status in the glycerol-induced
myoglobinuric-rhabdomyolysis model of AKI. However, mice
treated with C. botrys extract showed increased TAC levels com-
pared with the glycerol group. Flavonoids and other polyphe-
nols possess an optimal chemical structure for scavenging free
radicals and enhancing TAC due to their antioxidant properties
(Csepregi et al. 2016). Given that NF-xB activation correlates di-
rectly with ROS and oxidative stress, this pathway's inhibition
potentially increases TAC. Compounds found in C. botrys, such
as flavonoids and polyphenols, likely decrease ROS and enhance
TAC via the NF-xB/NADPH oxidase pathway.

Additionally, this study showed that serum creatinine levels
in the glycerol-treated group increased significantly compared
with the control group. In contrast, rats treated with C. botrys
extract and glycerol experienced a significant reduction in
serum creatinine levels compared with the glycerol-only group.
Rhabdomyolysis-induced AKI is known to elevate serum cre-
atinine levels, as demonstrated by (Guerrero-Hue et al. 2019),
where rhabdomyolysis in rats led to an increase in serum creat-
inine. Creatinine is a widely used marker for assessing kidney
function, and elevated levels in the glycerol group indicate a
decline in glomerular filtration function due to kidney dam-
age. In rhabdomyolysis, the mass release of creatinine into the
bloodstream, coupled with kidney injury, results in creatinine
accumulation as the kidneys are unable to effectively filter it.
The elevated creatinine levels signify impaired glomerular fil-
tration, which directly stems from kidney cell damage and re-
duced kidney function (Walid 2008). The significant reduction
in creatinine levels in rats treated with C. botrys extract sug-
gests that the plant may have protective effects on the kidneys,
improving their function in the face of rhabdomyolysis-induced
damage. In the end, the pathological findings also demon-
strated the improver effects of the extract on renal damage.

5 | Conclusion

In summary, the results of the present study demonstrated that
kidney tissue damage and functional impairment associated
with rhabdomyolysis, as well as the inflammatory response
caused by increased NF-xB and the proinflammatory cytokine
TNF-a, may be alleviated by C. botrys. Consequently, C. botrys
could represent a potential therapeutic approach for patients
with rhabdomyolysis-induced AKI.
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