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Research Article
Abstract

Background and Obijective: At high doses, lipopolysaccharide (LPS) acts as an endotoxin and induces acute kidney injury
(AKI) in rodents. Crocin, a carotenoid and one of the active constituents of saffron, has numerous pharmacological
properties, including antioxidant and anti-inflammatory activities. This study aimed to determine the effects of crocin on
oxidative stress and inflammatory markers in LPS-induced AKI in male C57BL/6 mice.

Methods: This experimental study was conducted on 24 male C57BL/6 mice weighing 19-23 g and aged 8-10 weeks at the
Experimental Studies Laboratory of Shahed University. The animals were randomly assigned to four groups of six: control,
LPS, LPS plus crocin at 10 mg/kg body weight, and LPS plus crocin at 50 mg/kg body weight. In the treatment groups,
crocin at 10 or 50 mg/kg body weight, dissolved in Califor vehicle, was administered by gavage twice at a 24-hour interval,
with the second dose given one hour before LPS injection. To induce AKI, LPS dissolved in normal saline (10 mg/kg body
weight) was injected intraperitoneally one hour after the final crocin dose. Biomarkers of renal function and oxidative stress,
as well as inflammatory and anti-inflammatory factors, were evaluated.

Results: Compared with the LPS group, treatment with crocin at 50 mg/kg body weight significantly reduced serum
creatinine (0.54+0.05; P<0.01) and BUN (25.80+2.40; P<0.05). The renal oxidative-stress marker MDA (2.75+0.22) also
decreased significantly, whereas SOD activity (5.75+0.36) increased significantly (P<0.05). Crocin treatment also
significantly reduced TNF-a (41.80+3.50; P<0.01) and increased IL-10 (52.90+3.30; P<0.05) compared with the LPS group.

Conclusion: Crocin may prevent LPS-induced AKI by suppressing oxidative stress and inflammatory mediators in renal
tissue.
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Introduction

Acute kidney injury (Acute kidney injury: AKI) is a common
complication among patients admitted to intensive care units and
is characterized by a severe and persistent decline in kidney
function over a short period. AKI is generally classified into
three categories: prerenal, intrinsic, and postrenal. Injury may
occur in different renal structures, including the glomeruli and
tubules, each with distinct clinical effects. Prerenal injury results
from reduced blood supply to the kidneys (decreased perfusion).
Direct damage to renal structures, particularly the tubules and
glomeruli, leads to intrinsic injury. Acute tubular necrosis, the
principal form of tubular injury, and glomerulonephritis, which
impairs blood filtration and waste excretion, are causes of
intrinsic  kidney injury. The clinical manifestations of
glomerulonephritis include hematuria, proteinuria, hypertension,
edema, and reduced kidney function. Acute renal failure may
occur in severe cases. In acute tubular necrosis, tubular
dysfunction reduces the kidney's capacity to reabsorb and filter
substances and may lead to acute renal failure. Obstruction of
urinary outflow places pressure on the kidneys and impairs their
function, causing postrenal injury. Overall, the clinical
manifestations of AKI in humans include a sudden decline in
kidney function leading to the accumulation of waste products
(urea and creatinine) in the blood; reduced urine volume and
frequency (oliguria or anuria) in some cases; blood or protein in
the urine, particularly in glomerular injury (glomerulonephritis);
edema; hypertension; electrolyte disturbances; and metabolic
acidosis.

Current treatments for patients with AKI include antibiotics
and vasopressors; however, no specific treatment is available for
this condition.

Lipopolysaccharide (Lipopolysaccharide: LPS) is a major
structural component of the gram-negative bacterial membrane
and has been widely used to induce AKI-related pathological
changes, including inflammation and oxidative stress. Owing to
the fundamental role of LPS in the pathophysiology of AKI,
rodent models involving LPS administration are widely used to
investigate the mechanisms of organ dysfunction and identify
novel treatments.

Saffron, the dried stigma of Crocus sativus flowers, has been
used since ancient times as both a spice and a traditional
medicine. Its protective effects arise from its active constituents,
including crocin and crocetin. Crocins are glycosylated
derivatives of crocetin. Crocin has various pharmacological
properties, including antioxidant, anti-inflammatory, and
antitumor effects.

This study aimed to determine the effect of crocin on oxidative
stress and inflammatory indices in lipopolysaccharide-induced
acute kidney injury in male C57BL/6 mice.

Methods

This experimental study was conducted on 24 male C57BL/6
mice weighing 19-23 g and aged 8-10 weeks, purchased from
the Pasteur Institute, at the Experimental Studies Laboratory of
Shahed University.

The animals were randomly divided into 4 groups of 6: group
one, control; group two, lipopolysaccharide; group three,
lipopolysaccharide treated with crocin at a dose of 10 mg/kg
body weight; and group four, lipopolysaccharide treated with
crocin at a dose of 50 mg/kg body weight.

In the treatment groups, crocin at doses of 10 and 50 mg/kg
body weight, dissolved in Kolliphor, was administered by
gavage in two doses 24 hours apart, with the second dose given
one hour before lipopolysaccharide injection.

To induce acute kidney injury, lipopolysaccharide dissolved in
normal saline at 10 mg/kg body weight was injected
intraperitoneally one hour after the final dose of crocin.

Assessment of kidney function: Blood samples were collected
from deeply anesthetized animals. Serum was separated by
centrifugation at 3000 rpm for 10 minutes, and kidney function
markers, including BUN, creatinine, and albumin, were
measured using specific kits (Pars Azmun, Tehran, Iran).

Assessment of biomarkers associated with renal oxidative
stress: After kidney tissue was isolated, a 150 mM Tris-HCI lysis
buffer at pH 7.4 was used to prepare the tissue homogenate.
Following centrifugation, the supernatant was used to measure
the factors of interest.

Protein content was measured using the Bradford method, and
sample absorbance was read at a wavelength of 595 nm using a
microplate reader. Bovine serum albumin was used as the
standard.

Malondialdehyde was measured using a method based on the
thiobarbituric acid reaction for 30 minutes at boiling
temperature.

Nitrite levels were measured using the Griess method.

Superoxide dismutase activity was determined according to a
previous study (Kiasalari, et al).

Catalase activity was determined according to the Claiborne
protocol.

Assessment of biomarkers associated with renal inflammation:
Renal levels of inflammatory and anti-inflammatory factors were
determined using an ELISA protocol. The antibody against
tumor necrosis factor alpha was obtained from Sigma-Aldrich
(USA), and the antibody against interleukin-10 was obtained
from Santa Cruz Biotechnology, Inc (USA).

Data were analyzed using GraphPad Prism 8 statistical
software, and the results were reported as mean and standard
deviation. Parametric one-way analysis of variance was used,
followed by Tukey's test when a significant difference was
found. A significance level of less than 05/0 was considered.

Results

Serum creatinine was significantly higher in the
lipopolysaccharide and lipopolysaccharide plus 10 mg/kg body
weight crocin groups than in the control group (0.79+0.07,
P<0.001 and 0.83+0.06, P<0.001, respectively). In the
lipopolysaccharide group receiving crocin at 50 mg/kg body
weight, serum creatinine was significantly lower (P<0.01) than
in the lipopolysaccharide group and significantly higher
(P<0.05) than in the control group (0.54+0.05).

Serum albumin was nonsignificantly lower in the
lipopolysaccharide group than in the control group (1.78+0.15,
P>0.05). Treatment with crocin at a dose of 50 mg/kg resulted in
a slight increase in albumin compared with the
lipopolysaccharide group; however, this increase was not
statistically significant (1.89+0.18, P>0.05).

The lipid peroxidation index (malondialdehyde) was assessed
in the study groups. Malondialdehyde was significantly higher in
the lipopolysaccharide and lipopolysaccharide plus 10 mg/kg
body weight crocin groups than in the control group (3.91+0.26,
P<0.001 and 3.75+0.29, P<0.001, respectively). Moreover,
malondialdehyde was significantly higher (P<0.05) in the
lipopolysaccharide group treated with crocin at 50 mg/kg body
weight than in the control group. In the lipopolysaccharide group
receiving crocin at 50 mg/kg body weight, malondialdehyde was
significantly lower (P<0.05) than in the lipopolysaccharide
group (0.22+2.75).
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Nitrite concentrations were significantly higher in the
lipopolysaccharide group and the lipopolysaccharide groups
treated with crocin at doses of 10 and 50 mg/kg than in the
control group (0.83+0.08, P<0.01; 0.87+0.08 and 0.71+0.07,
P<0.05, respectively). This parameter was also lower in the
lipopolysaccharide group receiving crocin at 50 mg/kg body
weight than in the lipopolysaccharide group, although the
difference was not statistically significant.

Antioxidant enzyme activity was significantly lower in the
lipopolysaccharide and lipopolysaccharide plus 10 mg/kg body
weight crocin groups than in the control group (3.95+0.32,
P<0.001 and 4.19+0.34, P<0.01, respectively). This parameter
was significantly higher in the lipopolysaccharide group
receiving crocin at a dose of 50 mg/kg body weight than in the
lipopolysaccharide group (5.57+0.36, P<0.05).

Catalase activity was significantly lower in the
lipopolysaccharide and lipopolysaccharide plus 10 mg/kg body
weight crocin groups than in the control group (5.91+0.39,
P<0.01 and 5.87+0.43, P<0.01, respectively). In the
lipopolysaccharide group treated with crocin at 50 mg/kg body
weight, the activity of this antioxidant enzyme was
nonsignificantly higher than in the lipopolysaccharide group.

The level of this proinflammatory cytokine was significantly
higher in the lipopolysaccharide and lipopolysaccharide plus 10
mg/kg body weight crocin groups than in the control group
(61.70+4.50, P<0.001 and 54.30+4.70, P<0.001, respectively).
In the lipopolysaccharide group receiving crocin at 50 mg/kg
body weight, tumor necrosis factor alpha was significantly lower
(P<0.01) than in the lipopolysaccharide group and significantly
higher (P<0.05) than in the control group (41.80+3.50).

The level of the anti-inflammatory factor interleukin-10 was
nonsignificantly lower in the lipopolysaccharide group
(37.90£3.50, P>0.05). Interleukin-10 was also nonsignificantly
higher in the lipopolysaccharide group receiving crocin at 10
mg/kg body weight than in the lipopolysaccharide group
(43.50+3.70, P<0.05). In the lipopolysaccharide group treated
with crocin at 50 mg/kg, interleukin-10 was significantly higher
than in the lipopolysaccharide group (52.90+3.30, P<0.05).

Conclusion
According to the results of this study, LPS exerted a

pronounced effect on the oxidant system and a suppressive effect
on the antioxidant system in kidney tissue. These findings were
explained by marked reductions in superoxide dismutase and
catalase activities and marked increases in malondialdehyde and
nitrite. Crocin at 50 mg/kg body weight exerted a protective
effect against lipopolysaccharide-induced structural and
functional kidney injury. Crocin inhibited LPS-induced
oxidative stress by modulating oxidant and antioxidant systems.
It also reduced production of the proinflammatory cytokine
tumor necrosis factor alpha and increased the anti-inflammatory
factor interleukin-10. Although future studies are needed to
further elucidate the mechanism of action of crocin and its
molecular signaling pathways, our findings indicate that this
active saffron constituent may represent a potential therapeutic
option for acute kidney injury.
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By inhibiting oxidative stress and inflammatory factors in kidney tissue, crocin is effective
in preventing lipopolysaccharide-induced acute kidney injury.
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