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ABSTRACT
Context: Crocin has been reported to have multiple bioactivities. However, the effect of crocin adminis-
tration on caecal ligation and puncture (CLP)-induced sepsis remains unknown.
Objective: We investigated the effects of crocin on CLP-induced sepsis in mice and the underlying mech-
anism of action.
Materials and methods: Five experimental groups (n¼ 10) of BALB/c mice were used: control, CLP (nor-
mal saline) and CLPþ crocin (50, 100 and 250mg/kg, 30min prior to CLP). Mice were sacrificed 24h after
CLP. Liver, kidney and lung histopathology, indicator levels, apoptotic status, pro-inflammatory cytokines
and relative protein levels were evaluated.
Results: Compared to the CLP group, crocin treatment significantly increased the survival rate (70%, 80%,
90% vs. 30%). Crocin groups exhibited protection against liver, kidney and lung damage with mild-to-mod-
erate morphological changes and lower indicator levels: liver (2.80± 0.45, 2.60±0.55, 1.60± 0.55 vs.
5.60± 0.55), kidney (3.00 ±0.71, 2.60± 0.55, 1.40± 0.55 vs. 6.20± 0.84) and lungs (8.00± 1.59, 6.80±1.64,
2.80± 0.84 vs. 14.80 ±1.79). The proinflammatory cytokines (IL-1b, TNF-a, IL-6 and IL-10 levels in the crocin
groups) were distinctly lower and the apoptotic index showed a significant decrease. Crocin administration
significantly suppressed p38 MAPK phosphorylation and inhibited NF-jB/IjBa and Bcl-2/Bax activation.
Discussion and conclusions: Pre-treatment with crocin confers protective effects against CLP-induced
liver, kidney and lung injury, implying it to be a potential therapeutic agent.
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Introduction

Sepsis, which is classified as a complex syndrome triggered by
infection, is widely considered as one of the major causes of
death in intensive care units (ICUs) (Rello et al. 2017; Gharamti
et al. 2021; Yu et al. 2021). Severe sepsis can affect multiple sys-
tems and organs; even after treatment, patients with sepsis face
long-term and serious problems. In recent years, numerous med-
ical technologies to advance the diagnosis and treatment of sepsis
have been developed; however, clinical methods to avoid and
treat sepsis are still limited (Lin GL et al. 2018). Thus, the inves-
tigation of mechanism and the discovery of effective medicines
and treatment methods for treating septic injury will be helpful
(Chang 2019; Huang M et al. 2019).

More recent studies have confirmed that the effects of sepsis
comprise systemic inflammatory response and complex immuno-
pathological mechanisms (Englert et al. 2019). Cell inflammation,
cytokine production and abnormal apoptosis are also involved in
the pathogenesis of sepsis (Gille-Johnson et al. 2013; Teoh et al.
2013). Previous studies have demonstrated that the overactivated
inflammatory response in sepsis is the leading cause of organ
physiological, pathological and biochemical abnormalities (Cho
et al. 2017; Chousterman et al. 2017; Minasyan 2017; Huang M

et al. 2019). Therefore, carrying out research on developing
potential drug candidates that are capable of repressing inflam-
matory responses and cell apoptosis-induced septic organ injury
is essential for sepsis therapy (Brahmbhatt et al. 2005; Guo et al.
2012; Hu et al. 2021).

Crocin, a carotenoid compound isolated from saffron (Crocus
sativus L.) and gardenia (Gardenia jasminoides Ellis) plants, may
be used to treat and prevent many diseases (Alavizadeh and
Hosseinzadeh 2014; Lin L et al. 2019; Hadipour et al. 2021).
There is accumulating evidence that crocin demonstrates a var-
iety of bioactivities such as antitumor, antioxidant, anti-inflam-
matory, anti-hyperlipidaemic, anti-atherosclerotic, free-radical
scavenging and neuroprotective activities (Naghizadeh et al.
2008; Mashmoul et al. 2016; Razmaraii et al. 2016; Kocaman
et al. 2019; Omidkhoda et al. 2020; Khanmohammadi et al.
2021). Through its anti-inflammatory and antioxidant properties,
treatment with crocin alleviates organ (e.g., the lungs, heart,
brain and kidney) injury by regulating the NF-jB and PI3K/Akt
pathways (Lari et al. 2015). Other studies have shown that crocin
also has antioxidant and anti-inflammatory effects against ische-
mia–reperfusion damage in isolated rat hearts (El-Kharrag et al.
2017; Chhimwal et al. 2020). Crocin administration 30min prior
to LPS administration could prevent endotoxin-mediated
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inflammation, prevent LPS-induced sepsis and improve the clin-
ical status of animals that are challenged by sepsis (Kim et al.
2014; Baradaran Rahim et al. 2019). Nevertheless, there have
been few studies on the effect of crocin on sepsis-induced lung,
liver and kidney injury.

As mentioned above, crocin exerts preventive effects on LPS-
induced sepsis models because of its antioxidant and anti-inflam-
matory properties. However, whether crocin has a protective
effect against sepsis-induced organ injury remains unclear.
Therefore, in the present study, we established an internationally
recognized caecal ligation and puncture (CLP) sepsis model to
determine the effects and mechanisms of crocin on CLP-induced
septic organ injury.

Materials and methods

Animals, sepsis model and procedure of experiment

After approval of the Yantai Affiliated Hospital of Binzhou
Medical University (approval number: IRB2021-230), all animal
experiments were performed according to the National Institutes
of Health Guide for the Care and Use of Laboratory Animals.
Sixty BALB/C mice (20 ± 2 g) were obtained from Jinan Pengyue
Experimental Animal Breeding Co., Ltd. (license number SCXK
[Lu] 20170026; Jinan, China). Crocin was obtained from Sigma-
Aldrich (St. Louis, MO).

The animals were acclimatized for 1 week prior to experimen-
tation and housed in polycarbonate cages in a standard room
(21 ± 3 �C, 45–65% relative humidity and a 12 h light/dark cycle).
The animals were fed standard laboratory animal feed and water
ad libitum.

Mice were randomly divided into five groups (n¼ 10): control
group (animals underwent identical laparotomy; the caecum was
exposed but not ligated or punctured), CLP-vehicle group (CLP-
induced controls treated with normal saline) and three CLP-
induced groups treated with crocin at three different doses (50,
100 and 250mg/kg) 30min prior to CLP. Crocin doses in our
study were selected according to previous studies (Boussabbeh
et al. 2016; Vafaei et al. 2020): CLPþCRO 50 (CLP-induced
mice administered 50mg/kg crocin), CLPþCRO 100 (CLP-
induced mice administered 100mg/kg crocin) and CLPþCRO
250 (CLP-induced mice administered 250mg/kg crocin).

To set up the CLP model, the mice were anaesthetized with
2% isoflurane inhalation. After the abdomen was shaved, a 2 cm
incision was made to expose the abdominal organs. The caecum
was isolated and ligated 0.5 cm from the tip with a 3-0 silk liga-
ture. The caecum punctures were performed using a 22-gauge
needle, extruding a small amount of faecal content. The caecum
was then placed back into the peritoneal cavity, and the abdom-
inal incision was sewn up. Sham-operated (control) mice
received laparotomies, and the caecum was exposed but not
ligated or perforated. Normal saline (1mL) was applied to the
mice immediately after the operation. The CLP method and
period were chosen according to previous studies (Aziz et al.
2018). After CLP treatment, survival was assessed at 0, 3, 6, 12
and 24 h after surgery, and the survival rate was recorded.

Sample collection and homogenate preparation

All animals were sacrificed under anaesthesia, 24 h after CLP.
Blood samples, lung tissues, kidney tissues and liver tissues were
collected for further analysis. The tissues were cut into several
pieces for histological structural analysis, apoptotic evaluation

and further biochemical evaluation. Blood samples of the mice
were collected immediately and transferred to the laboratory,
centrifuged at 3000 � g for 15min, and then stored at �20 �C
for the detection of inflammatory cytokines and other relevant
biochemical parameter levels.

Histopathological examination

Briefly, formalin-fixed and paraffin-embedded lung, kidney and
liver tissue blocks were sectioned at 5lm thickness and placed
on glass slides. Tissue sections were stained with haematoxylin
and eosin (H&E) for observation. Pathological changes in tissue
sections were evaluated by microscopy using ImageJ and a light
microscope (Sigma-Aldrich, St. Louis, MO). Histological changes
were scored on a scale of 0 (normal findings), 1 (mild injury), 2
(moderate injury), 3 (significant injury) and 4 (severe injury),
and four variables were summed to represent the organ injury,
as detailed in previous studies (Aziz et al. 2018; Chen et al. 2020;
Malkoç et al. 2020).

Assessment of cytokine measurement

Inflammatory cytokines, including IL-1b, TNF-a, IL-6 and IL-10,
were detected using an enzyme-linked immunosorbent assay
(ELISA) kit (eBioscience, San Diego, CA) according to the man-
ufacturer’s instructions.

Determination of AST, ALT, BUN and creatinine levels and
MPO activity

Commercial kits (BioVision, Mountain View, CA) were used to
quantify the levels of serum alanine aminotransferase (ALT),
aspartate aminotransferase (AST), serum blood urea nitrogen
(BUN) and creatinine. Myeloperoxidase (MPO) activity was
measured via lung function tests using the MPO colorimetric
activity assay kit (BioVision, Mountain View, CA) following the
manufacturer’s instructions.

Measurement of lung, kidney and liver cell apoptosis

Terminal deoxynucleotidyl transferase deoxyuridine triphosphate
nick-end labelling (TUNEL) staining assay was used to assess cell
apoptosis (Li et al. 2019) using a TUNEL kit (Millipore; Merck
KGaA, Darmstadt, Germany). The sections were observed and
photographed using an optical microscope (Olympus Corp.,
Tokyo, Japan), five random fields were selected in each section,
and the apoptotic indexes were calculated (Hung et al. 2017).

Western blotting

Lung, kidney and liver tissues of each group were homogenized
on ice, centrifuged and lysed in RIPA lysis buffer. Protein con-
centrations in all samples were determined using a BCA protein
kit. Proteins in the samples were separated using 10% SDS-
PAGE and transferred to PVDF membranes. Membranes were
blocked with Tris-buffered saline containing 5% non-fat milk
and 0.1% Tween-20 for 2 h at room temperature. The mem-
branes were then incubated with primary antibodies (p-p38, p38,
p-NF-jB-p65, NF-jB, p-IjBa, IjBa, Bax and Bcl-2; 1:1000 dilu-
tion; Cell Signaling Technology, Boston, MA) in blocking buffer
overnight at 4 �C. The blots were incubated with a horseradish
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peroxidase-coupled secondary antibody (1:2000, Cell Signaling
Technology, Boston, MA) at 37 �C for 1.5 h and visualized with
an electrochemiluminescence system. The protein bands were
analysed using Image J software (National Institutes of Health,
Bethesda, MD).

Statistical method

All data were analysed using IBM SPSS Statistics (version 21.0;
Chicago, IL) and expressed as mean± standard deviation
(mean ± SD). For survival rate studies, Kaplan–Meier’s analyses
followed by log-rank tests were performed. The significant differ-
ence of data in multiple groups was analysed by one-way analysis
of variance (ANOVA) followed by Tukey’s post hoc test, and
p< 0.05 was considered to be statistically significant.

Results

Crocin increased survival rate in septic mice

To investigate the protective effects of crocin on the survival rate
of septic mice, we measured the survival rate at 0, 3, 6, 12 and
24 h after CLP. As shown in Figure 1, compared to the control
group, the survival rate of mice in the CLP group was markedly
lower than that in the control group (30% vs. 100%, p< 0.05).
There was no significant difference between the control and
CRO groups, and the survival rates in the CRO groups were dis-
tinctly higher than those in the CLP group (70%, 80%, 90% vs.
30%, p< 0.05). These results suggest that crocin treatment could
improve the survival rate. Moreover, the CRO 250 group exhib-
ited a significantly increased survival rate (Figure 1).

Crocin ameliorated lung, liver and kidney injury

To determine the effects of crocin on sepsis-induced lung, liver
and kidney injury, we performed H&E staining to observe the
morphology of the tissues. The lungs, liver and kidneys in the
control group had normal morphological characteristics.

Compared with the control group, the lung alveolar wall
thickness was larger and the number of pulmonary alveoli was
lower in the CLP group. In addition, histological images of lung
tissue in the CLP group showed alveolar congestion, exudate,
inflammatory cell infiltration and severe alveolar-capillary struc-
ture damage. However, compared with CLP group, administra-
tion of crocin repressed alveolar wall swelling and attenuated the
decline in the number of pulmonary alveoli, alveolar congestion,
amount of exudate, and inflammatory cell infiltration in the

CRO groups (Figure 2(A)). Compared with control group, lung
histological change scores were higher in the CLP group
(p< 0.05). In contrast, we found no significant difference
between the control and CRO groups. Compared with CLP
group, lung tissue scores in the CRO groups were significantly
lower (8.00 ± 1.59, 6.80 ± 1.64, 2.80 ± 0.84 vs. 14.80 ± 1.79,
p< 0.05, Figure 2(B)). Moreover, CRO 250 group exhibited a sig-
nificant decrease in the lung tissue scores of CLP mice
after treatment.

Liver histopathology showed morphological alterations in
hepatic features, necrosis and tissue degeneration compared with
the control group. As shown in Figure 2(A), liver tissue exhibited
aggregation of degeneration, inflammation and focal necrosis of
hepatocytes. However, compared with the CLP group, the crocin
groups showed an improvement in hepatic alterations.
Compared with the control group, histological change scores in
the liver were significantly higher in the CLP group (p< 0.05).
No difference was observed between the crocin and control
groups. Compared with CLP group, liver tissue scores in the cro-
cin groups were significantly lower (2.80 ± 0.45, 2.60 ± 0.55,
1.60 ± 0.55 vs. 5.60 ± 0.55, p< 0.05, Figure 2(C)). Moreover, in
the CRO 250 group, treatment significantly decreased the liver
tissue scores of CLP mice.

In kidney histopathology, compared with the control group,
the CLP group showed morphological alterations in renal fea-
tures, including glomerular swelling and injury and inflammatory
cells in glomeruli. However, compared with the CLP group, the
crocin groups showed an improvement in renal features.
Histological change scores in the kidney were significantly higher
in the CLP group than in the control group (p< 0.05). In con-
trast, we found no significant difference between the control and
CRO groups. Kidney tissue scores in the CRO groups were sig-
nificantly lower (3.00 ± 0.71, 2.60 ± 0.55, 1.40 ± 0.55 vs.
6.20 ± 0.84, p< 0.05, Figure 2(D)). Moreover, in the CRO 250
group, treatment significantly decreased the kidney tissue scores
of CLP mice.

Treatment with crocin improved the histological change
scores in lung, liver and kidney tissues and led to an improve-
ment in lung, liver and kidney damage with mild-to-moderate
morphological changes.

Crocin improved apoptotic indexes

We evaluated apoptotic indexes to determine the degree of lung
injury (MPO activity), liver injury (ALT and AST levels) and
kidney injury (BUN and creatinine levels) induced by CLP.

As expected, compared with the control, the MPO activity
and levels of ALT, AST, BUN and creatinine in the CLP group
were markedly higher (p< 0.05). In contrast, we found no sig-
nificant difference between the control and CRO groups. The
indexes in the CRO groups were significantly lower than those
in the CLP group (p< 0.05, Figure 3). The results showed that
crocin attenuated the indexes, indicating alleviation of the degree
of injury in lung, liver and kidney tissues and mitigation of CLP-
induced tissue injury.

Crocin decreased apoptosis in lung, liver and kidney tissues

TUNEL-stained photomicrographs, as shown in Figure 4, were
used to determine the effects of crocin on apoptosis in lung, liver
and kidney tissues. As shown in Figure 4, compared with the
control group, the apoptotic index was markedly increased in
CLP group (p< 0.05; Figure 4). There was no significant

Figure 1. Effect of crocin on survival rate in mice. The survival rates of mice
were evaluated within 24 h. �p< 0.05 vs. control group, #p< 0.05 vs. CLP group.
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difference between the control and CRO groups. Apoptotic
indexes were significantly lower in the CRO group than in the
CLP groups (p< 0.05; Figure 4). The results showed that crocin
treatment in the CRO groups attenuated the apoptotic indexes in
lung, liver and kidney tissues.

Crocin inhibited inflammatory response

IL-1b, TNF-a, IL-10 and IL-6 are pro-inflammatory cytokines
that play core roles in the pathogenesis of sepsis. To determine
the effects of crocin on inflammation, we measured the levels of
IL-1b, TNF-a, IL-6 and IL-10. As shown in Figure 5, the levels
of IL-1b, TNF-a, IL-6 and IL-10 in the CLP group were mark-
edly higher than those in the control group (p< 0.05), while

there was no difference between the control and CRO groups.
Levels of pro-inflammatory cytokines in the CRO groups were
distinctly lower than those in the CLP group (p< 0.05). These
results suggest that pre-treatment with crocin decreased the pro-
duction of IL-1b, TNF-a, IL-6 and IL-10 in a concentration-
dependent manner.

Crocin decreased the phosphorylation of p38 MAPK and
suppressed activation of NF-jB

To further investigate the mechanism of action of crocin on
CLP-induced damage, we examined the expression levels of Bcl-
2, Bax, NF-jB-p65, IjBa and p38 in lung, liver and kid-
ney tissues.

Figure 2. Effect of crocin on histopathological changes in lung, liver and kidney tissues in mice. (A) Histopathological changes in mouse lung, liver and kidney tissue,
observed via H&E staining (magnification �100). (B) Lung injury scores of mice. (C) Liver injury scores of mice. (D) Kidney injury scores of mice. �p< 0.05 vs. control
group, #p< 0.05 vs. CLP group.
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As shown in Figures 6–8, compared with the control group,
the ratios of expression levels, specifically, p-p38/p38, p-NF-jB-
p65/NF-jB-p65 and p-IjBa/IjBa, were markedly higher in the
CLP group (p< 0.05). No difference was observed between the
crocin and control groups. Compared with the CLP group, treat-
ment with crocin significantly decreased CLP-induced p-p38/
p38, p-NF-jB-p65/NF-jB-p65 and p-IjBa/IjBa (p< 0.05).

Compared with the control group, the CLP group exhibited
upregulation of Bax expression and downregulation of Bcl-2
expression in lung, liver and kidney tissues. No difference was
observed between the crocin and control groups. When compared
with the CLP group, the expression level of Bax was significantly
decreased and that of Bcl-2 was markedly increased by administra-
tion of crocin (50, 100 and 250mg/kg).

Discussion

Although some studies have reported that crocin has several
biological activities such as antioxidative, antitumor and

anti-inflammatory activities, the effects of crocin on CLP-induced
sepsis remain unclear (Boussabbeh et al. 2016; Lin L et al. 2019).
Severe sepsis is known to induce multiple organ failure altera-
tions, such as organ histopathology parameters and biochemical
and haematological alterations (Minasyan 2017; Aziz et al. 2018).
Notably, complex factors, such as inflammation, activation of the
complement system, and increased oxidative stress may induce
multiple organ failure (Heung and Koyner 2015).

In our study, sepsis was induced in mice by CLP (Aziz et al.
2018). To investigate the protective effect of crocin on sepsis-
induced organ injury, we studied the histopathological features
and injury indexes of the lung, liver and kidney. These findings
suggest that after the CLP procedure, the CLP group showed
remarkable lung architectural changes and an increase in MPO
activity, while crocin groups showed mild-to-moderate necrotic
changes. The crocin groups showed a protective effect against
lung tissue injuries, while MPO activity was significantly
decreased. In terms of its anti-inflammatory and antioxidant
properties, crocin has been reported to decrease liver damage in

Figure 3. Effect of crocin on myeloperoxidase (MPO) activity and aspartate aminotransferase (AST), serum alanine aminotransferase (ALT), serum blood urea nitrogen
(BUN) and creatinine levels. (A) MPO activity was measured using the MPO colorimetric activity assay kit. (B) AST levels were measured using the AST colorimetric
activity assay kit. (C) ALT levels were measured using the ALT colorimetric activity assay kit. (D) BUN levels were measured using the BUN colorimetric activity assay
kit. (E) Creatinine levels were measured using the creatinine colorimetric activity assay kit. �p< 0.05 vs. control group, #p< 0.05 vs. CLP group.
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mice (Yaribeygi et al. 2018; Kalantar et al. 2019). Similarly, our
results revealed liver histological alteration of renal features
accompanied by a significant increase in serum ALT and AST
concentrations in crocin groups. Moreover, our results showed
that crocin protected against kidney damage, while reducing cre-
atinine and BUN levels, which is consistent with the results of
previous studies (Zaghloul et al. 2019).

Excessive accumulation of inflammatory factors is a common
mechanism of sepsis. According to several studies, macrophages
are widely distributed in the body and are able to release a large
number of inflammatory factors, such as TNF-a, IL-1b and pro-
inflammatory mediators. In addition, macrophages play a key
role in the regulation of the inflammatory response and regula-
tion of the pathogenesis of sepsis. During the early stage of CLP-
induced sepsis, the body activates inflammatory responses and
secretes early pro-inflammatory mediators, such as TNF-a and

IL-1b, to protect against infection. Although the inflammatory
response is a good way to combat infection, overactivated
inflammation and systemic inflammatory responses lead to mul-
tiple organ failure or death. In terms of possible inflammatory
mechanism, recent studies emphasized that the activation of the
MAPK and NF-jB/IjBa signalling pathways plays an important
role in regulating the secretion of pro-inflammatory cytokines
and mediators (Wang et al. 2020). It has been documented that
MAPKs are upstream activators of NF-jB and act as an import-
ant signal in regulating activation of NF-jB, which is associated
with inflammation and apoptosis in sepsis. It has been proposed
that p38 MAPK plays an important role in the activation and
migration of NF-jB to the nucleus, thus activating the activity of
NF-jB and promoting the expression of pro-inflammatory medi-
ators, such as IL-1b and TNF-a (Huang B et al. 2018; Cao et al.
2020). Hence, inhibition of the activation of MAPK and NF-jB

Figure 4. Effect of crocin on cell apoptosis in lung, liver and kidney tissues of mice. Apoptosis was detected via TUNEL staining (�400) in each case. (A) Lung, liver
and kidney cell apoptosis. (B) Quantitative data of lung cell apoptosis index. (C) Quantitative data of liver cell apoptosis index. (D) Quantitative data of kidney cell
apoptosis index. �p< 0.05 vs. control group, #p< 0.05 vs. CLP group.
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leads to attenuation of the production of pro-inflammatory cyto-
kines and impedes cell apoptosis. In the present study, we exam-
ined the phosphorylation of the p38 MAPK protein. Our results
demonstrated that crocin decreased the phosphorylation of p38
MAPK and suppressed the activation of NF-jB. The level of NF-
jB was consistent with the upregulation of IL-1b, IL-6 and TNF-
a expression. These results suggest that treatment with crocin

largely enhances survival by activating anti-apoptotic effectors
and by inhibiting p38 MAPK phosphorylation and NF-
jB activation.

In the context of organ injury and inflammation, cell apop-
tosis induced by CLP is also involved in sepsis. In the present
study, apoptosis in lung, liver and kidney tissues was detected
via TUNEL assay, and crocin treatment resulted in a remarkable

Figure 5. Effect of crocin on serum levels of inflammatory factors, as quantified via enzyme-linked immunosorbent assay (ELISA), in mice. (A) IL-1b levels. (B) TNF-a
levels. (C) IL-6 levels. (D) IL-10 levels. �p< 0.05 vs. control group, #p< 0.05 vs. CLP group.

Figure 6. Effect of crocin on the p38MAPK/NF-jB and Bcl-2/Bax pathways in lungs of mice. (A) Expression levels of p-p38, p38, p-NF-jB-p65, NF-jB-p65, p-IjBa,
IjBa, Bcl-2 and Bax, as quantified via western blot analysis. (B) Quantitative data of the levels of p-p38/p38, p-NF-jB-p65/NF-jB-p65, p-IjBa/IjBa, Bcl-2 and Bax.�p< 0.05 vs. control group, #p< 0.05 vs. CLP group.
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reduction in apoptotic cells. It has been documented that apop-
tosis is caused by a series of physiological and pathological sig-
nals, while Bcl-2 and Bax are key regulators of the cell pathway
(Fu et al. 2014; Klingensmith et al. 2019). To elucidate the mech-
anism of cell apoptosis, we analysed Bax and Bcl-2 protein
expression via western blotting. We observed that crocin pre-
vented organ apoptosis by increasing the expression of anti-

apoptotic Bcl-2 and decreasing the expression of pro-apoptotic
Bax. Furthermore, the results demonstrated that crocin exerts
anti-apoptotic activity through the Bcl-2/Bax signalling pathway.

In summary, crocin exerts anti-inflammatory and anti-apop-
totic activities by regulating the p-38 MAPK/NF-jB and Bcl-2/
Bax signalling pathways and by reducing levels of pro-inflamma-
tory mediators.

Figure 7. Effect of crocin on the p38MAPK/NF-jB and Bcl-2/Bax pathways in livers of mice. (A) Expression levels of p-p38, p38, p-NF-jB-p65, NF-jB-p65, p-IjBa,
IjBa, Bcl-2 and Bax, as quantified via western blot analysis. (B) Quantitative data of the levels of p-p38/p38, p-NF-jB-p65/NF-jB-p65, p-IjBa/IjBa, Bcl-2 and Bax.�p< 0.05 vs. control group, #p< 0.05 vs. CLP group.

Figure 8. Effect of crocin on the p38MAPK/NF-jB and Bcl-2/Bax pathways in kidneys of mice. (A) Expression levels of p-p38, p38, p-NF-jB-p65, NF-jB-p65, p-IjBa,
IjBa, Bcl-2 and Bax, as quantified via western blot analysis. (B) Quantitative data of the levels of p-p38/p38, p-NF-jB-p65/NF-jB-p65, p-IjBa/IjBa, Bcl-2 and Bax.�p< 0.05 vs. control group, #p< 0.05 vs. CLP group.
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Conclusions

The current study provides a comprehensive elucidation of the
organ-protective effects of crocin. Additionally, the anti-inflam-
matory and anti-apoptotic effects of crocin were shown to be
associated with its ability to regulate the p38 MAPK/NF-jB/IjBa
and Bcl-2/Bax signalling pathways and the reduction of levels of
pro-inflammatory cytokines TNF-a and IL-6. For therapeutic
strategies, these results suggest that crocin is a potential agent
for the treatment of CLP-induced sepsis, owing to its anti-
inflammatory and anti-apoptotic activities. The results also pro-
vide support for pursuing therapeutic approaches that target the
mechanism of action underlying sepsis injury.
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