
Original Articles

375

Crocus sativus L. produces anti-inflammatory 
effects and regulates the NLRP3–NF-κB pathway
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Abstract 
Objective: This study aimed to evaluate the anti-inflammatory effects of petal and stamen extracts of saffron crocus (Crocus 
sativus) and explore the underlying mechanism.

Methods: Local and systemic inflammation models were used to investigate the anti-inflammatory effects of C. sativus. A xylene-
induced inflammation model or lipopolysaccharide (LPS)-induced inflammation model was used in this study. C. sativus petal and 
stamen extracts were each administered to the mice in the xylene and LPS models by gavage for 14 d at 0.1 and 0.4 g/kg doses, 
respectively. Enzyme-linked immunosorbent assay (ELISA) was used to measure the concentrations of tumor necrosis factor (TNF)-α 
and interleukin (IL)-1β in mouse serum. Hematoxylin and eosin (H&E) staining was used to observe the pathological changes in the 
ear in the xylene-induced inflammation model and in the spleen in the LPS-induced inflammation model. NOD-like receptor thermal 
protein domain associated protein 3 (NLRP3) protein levels within the nuclear factor-kappa B (NF-κB) pathway were assessed using 
western blotting. RAW264.7 cells were treated with LPS (5 μg/mL) and LPS + C. sativus (0.05, 0.1, and 0.2 mg/mL) for 24 h, and a 
Cell Counting Kit-8 was used to measure cell proliferation. Changes in NLRP3 and NF-κB levels were evaluated by western blotting.

Results: Petal and stamen extracts of C. sativus attenuated the anti-inflammatory effects in local or systemic inflammatory models 
and repaired pathological changes in the ear in the xylene-induced inflammation model and spleen in the LPS-induced inflammation 
model. These extracts also decreased the concentrations of TNF-α and IL-1β in the mouse serum in the LPS-induced inflammation 
model. C. sativus downregulated NLRP3 protein level through the NF-κB pathway and downregulated LC-3 and BECLIN1 in vivo 
and in vitro. Carbonyl Cyanide3-ChloroPhenylhydrazone (CCCP) weakened the effects of C. sativus on the NLRP3–NF-κB pathway.

Conclusion: C. sativus has anti-inflammatory effects and regulates the NLRP3-NF-κB pathway.

Keywords: Autophagy, Crocus sativus L., Inflammatory, NOD-like receptor thermal protein domain associated protein 3, Nuclear 
factor kappa B

Graphical abstract: http://links.lww.com/AHM/A86.

Introduction

Saffron crocus (Crocus sativus L.) is a perennial herb 
belonging to the Iridaceae family and is extensively dis-
tributed in China, Greece, Egypt, Iran, Israel, Mexico, 
and Morocco[1]. The primary medicinal component 
of the plant consists of dried stigmas, which exhibit 
notable antiepileptic, anticonvulsant, antitumor, and 
sedative-hypnotic properties, as well as antihypertensive 
and antihyperlipidemic effects[2–4].

Stamens of C. sativus are used for medicinal pur-
poses and exhibit anti-inflammatory, antioxidant, 
and skin-brightening properties. The key active 

phytoconstituents picrocrocin, crocin, crotecin, and 
safranal exhibit anti-inflammatory activity, exerting their 
effects primarily by modulating oxidative stress and reg-
ulating inflammatory factors such as tumor necrosis fac-
tor (TNF)-α, interleukin (IL)-1, and IL-10[5,6].

Autophagy is a cellular self-protective mechanism that 
is activated upon stimulation by the external environ-
ment. Autophagy plays a vital role in preserving cellular 
functions during the normal processes of cell metab-
olism and renewal. Autophagy imbalance is closely 
related to the development of many diseases, including 
tumors and inflammatory disorders[7]. Inflammation 
can enhance autophagy. It remains unclear whether this 
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enhancement serves as a mechanism for cellular self- 
repair, a pathological process culminating in cell death, 
or as a contributor to the occurrence and progression of 
diseases. Recent studies have shown that autophagy is 
involved in the initiation and progression of various dis-
eases (including inflammation). Increasing evidence has 
shown that autophagy plays a vital role in the treatment 
of patients with tumors, myocardial infarction, and skin 
trauma[8].

The term “microinflammatory state” refers to the 
absence of apparent clinical signs of infection but the 
presence of mild and persistent inflammatory reactions. 
A microinflammatory state can elevate oxidative stress 
responses and activate NOD-like receptor thermal 
protein domain associated protein 3 (NLRP3) inflam-
masomes[9]. Inhibition of NLRP3 inflammasome expres-
sion significantly increases mitochondrial autophagy, 
slowing disease progression[10,11]. Various traditional 
Chinese medicines (TCMs) have been found to exert 
anti-inflammatory effects by enhancing mitochondrial 
autophagy and decreasing reactive oxygen species (ROS) 
production.

Inflammasomes are an important component of the 
innate immune system and protect against pathogenic 
microorganisms. There is a growing body of research on 
its involvement in autophagy[12]. Inflammatory cells spe-
cifically recognize intracytoplasmic pattern-recognition 
receptors, pathogen-associated molecular patterns, and 
endogenous injury-associated molecular patterns, lead-
ing to the activation of caspase-1 and subsequently facil-
itating the maturation and secretion of IL-1β, IL-18, and 
other inflammatory factors[13].

Four types of inflammasomes have been identified 
thus far: NLRP1, NLRP3, IPAF, and AIM2. Previous 
studies have primarily focused on the inflammasomes 
of the nucleotide-binding and oligomerization domain 
(NOD)-like receptor family (PYrin domain-containing 3, 
NLRP3), and there has been growing interest in deter-
mining the mechanism of action of the NLRP3 inflam-
masome[14]. NLRP3 activation can split the inactive 
pro-caspase-1 precursor to activate caspase-1. This acti-
vated caspase-1 cleaves pro-IL-1β and pro-IL-18 precur-
sors, which become mature IL-1β and IL-18, leading to 
an aseptic inflammatory response and caspase-1–depen-
dent cell death, namely, cell pyrosis[15].

Autophagy, on the other hand, is the response of 
eukaryotic cells to external stimuli. It is associated with 
the innate and adaptive immune systems and is closely 
associated with the NLRP3 inflammasome. Autophagy 
related protein 5 (ATG5) protein is a member of the 
autophagy-related gene family and plays an important 
regulatory role in the autophagy process. Studies have 
shown that the conserved ATG5-ATG12/ATG16 com-
plex is essential for autophagosome formation, which is 
the result of triggering autophagy, a conserved process 
for the bulk degradation of cytoplasmic material through 
the creation of double membrane–bound vesicles called 
autophagosomes. The acetylation of ATG5 inhibits 
autophagosome maturation, whereas silent information 
regulator 3 (SIRT3), an important regulator of basal ade-
nosine triphosphate (ATP) and overall energy homeosta-
sis, can form a complex with ATG5 in cells to inhibit 
the acetylation of endogenous ATG5, thus promoting the 

maturation of autophagosomes. Nevertheless, the quan-
tity of the NLRP3 inflammasome in SIRT3-deficient cells 
is significantly greater than that in normal cells[16], sug-
gesting a potential regulatory relationship between auto-
phagy and the NLRP3 inflammasome.

Many studies have shown that autophagy can nega-
tively regulate the activation of NLRP3 inflammasome, 
thereby inhibiting the inflammatory response produced 
by the body and alleviating inflammatory tissue damage 
caused by diseases. The mechanism by which autoph-
agy suppresses the NLRP3 inflammasome may involve 
a reduction in Asc Type Amino Acid Transporter (ASC) 
protein, NLRP3 protein phosphorylation, and the clear-
ance of mitochondrial ROS. Autophagy has also been 
found to positively regulate NLRP3 inflammasome acti-
vation[17]. During starvation, autophagy can enhance the 
activation of caspase-1, promote the activation of inflam-
masomes, and increase the synthesis of pro-inflammatory 
cytokines, such as IL-1β and IL-18, through an ATG5-
dependent non-classical pathway. Some cytoplasmic pro-
teins lack signal peptides; thus, IL-1β, IL-18, and other 
pro-inflammatory factors cannot be degraded through 
the endoplasmic reticulum by autophagy. Instead, their 
excretion is promoted in the cytoplasm, which further 
aggravates inflammatory damage in tissues.

The occurrence and development of diseases are mul-
tifaceted. In numerous pathological scenarios, autoph-
agy inhibits NLRP3 inflammasome activation, which 
prevents NLRP3 inflammasome-induced inflammation 
by reversing the autophagic effect. However, the spe-
cific mechanisms underlying this phenomenon remain 
unclear. Therefore, it is necessary to clarify whether 
C. sativus regulates the autophagy-mediated NLRP3–
nuclear factor-kappa B (NF-κB) pathway. Therefore, it 
can be proven that a petal or stamen of C. sativus extract 
has anti-inflammatory effects.

Materials and methods

Preparation of C. sativus extracts

C. sativus L. was stored in a herbarium at the College of 
Life Sciences, Hefei Normal University (Herbarium No. 
ACE). The receptacles of C. sativus were removed and 
the petals were separated from the stamens. Petals were 
soaked in distilled water for 30 min and boiled for 1 h. 
The solution was filtered and collected. The filtrate was 
then centrifuged for 10 min to obtain the supernatant, 
which was diluted to 1 L using double-distilled water. 
The same procedure was repeated for C. sativus stamens 
to obtain an equivalent concentration of C. sativus sta-
men extract.

Ultra-performance liquid chromatography-mass 
spectrometry

The key pharmacoactive components in the C. sativus 
powder were characterized using ultra-performance liq-
uid chromatography (UPLC). Ultra-performance liquid 
chromatography-quadrupole time-of-flight mass spec-
trometry (UPLC/Q-TOF-MS) was performed (Synaptic 
G1, Waters, Milford, MA, USA) using a cooling autosam-
pler and a column(ACQUITY UPLC HSS T3 Column, 
1.8 µm, 2.1 mm × 50 mm, 3/pk).
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For chromatographic separation, an Acquity UPLC T3 
was used with a 1.8 μm (2.1 mm × 100 mm) chromato-
graphic column operated at 45°C. The flow rate was 
0.4 mL/min, and the indoor temperature was (20 ± 2)°C. 
The mobile phase consisted of phase A, an aqueous 
solution containing 0.1% formic acid (v/v), and phase 
B, an acetonitrile solution containing 0.1% formic acid 
(v/v). Column separation of C. sativus was performed 
using a gradient elution. Elution gradient: 0 to 1 min, 
2.0% to 20% B; 1 to 27 min, 20% to 50% B; 29 to 
30 min, 2% B.

The main parameters for mass spectrometry were set 
as follows: capillary voltage at 3.0 kV, taper hole volt-
age at 40 V, ion source temperature at 100°C, desolvent 
temperature at 350°C, gas flow rate of the taper hole 
at 450 L/h, desolvent gas flow rate at 900 L/h, and an 
injection volume of 5 μL. Leucine enkephalin was used 
to calibrate the mass spectrometry parameters with ref-
erence values of [M + H]+ at 556.2771 and [M-H]− at 
554.2615.

Animals and groups

Healthy male Kunming (KM) mice (Beijing Vital River 
Laboratory Animal Technology Co., Ltd., Beijing, 
China), weighing (20 ± 2) g, were randomly divided into 

six groups. The mice were segregated and maintained 
at room temperature, with a photoperiod of 12 h and 
frequent air changes. The mice had access to food and 
water ad libitum. The research was conducted in accor-
dance with the Animals (Scientific Procedures) Act 1986. 
The use of animals in this study was approved by the 
Animal Ethics Committee of Hefei Normal University 
(HFNUCM-2021013), and the design and implemen-
tation of the animal experiments complied with the 3R 
principle.

Two different animal models were used in the 
experiments.

	 (1)	Xylene-induced inflammation model. First, 0.03 mL 
of xylene was evenly applied to the anterior and pos-
terior surfaces of the right ear of mice, while the left 
ear was used as a control. After a 2 h period, the mice 
were weighed and humanely euthanized under ether 
anesthesia.

A rubber plug punch with a diameter of 7 mm was used 
to remove circular sections of the ears for weighing. The 
xylene-induced ear edema was quantified as the differ-
ence in weight between the xylene-treated right ear sec-
tion and the untreated left ear section.

	 (2)	Lipopolysaccharide (LPS)-induced inflammation model. 
Mice were treated with LPS (Escherichia coli 0111:B4; 
Sigma-Aldrich, Steinheim, Germany; 5 mg/kg body 
weight).

The C. sativus petal and stamen extracts were diluted 
with double-distilled water and administered daily by 
gavage for 14 d to the group of mice at doses of 0.1 
and 0.4 g/kg, respectively, while the control group mice 
received double-distilled water of the same volume.

Collection of tissues and plasma

On the 14th day, all the surviving animals were fasted 
overnight. Plasma was harvested through retro-orbital 
sinus blood collection, added to tubes with anticoag-
ulant, and then centrifuged at 3,500×g for 10 min at 
4°C. The mice were euthanized by cervical dislocation. 
The lungs, heart, spleen, kidneys, liver, and testes were 
collected. Portions of the tissue samples were stored 
in a −80°C freezer, and another portion was stored in 
formalin.

Figure 1.  Ion flow diagram of Crocus sativus L. petal extraction 
detected using UPLC-Q/TOF-MS under the positive ion model. 
UPLC-Q/TOF-MS: Ultra-performance liquid chromatography- 
quadrupole time-of-flight mass spectrometry.

Table 1

Identification of chemical constituents from Crocus sativus L. petal extract using UPLC-Q/TOF-MS in positive ion 
mode

Peak number Name Formulae Neutral mass (m/z) Experimental mass (m/z) Error (ppm) 

1 Trans-3-Gg C
18

H
54

O
19

574.6214 574.5781 7.54

2 Cis-4-GG C
44

H
64

O
24

976.9790 976.9425 3.74

3 Delphinidin-3,5-di-O-glucoside C
27

H
31

O
17

627.5350 627.2612 4.34

4 Myricetin-3-O-(2-O-glucosyl) glucoside C
27

H
30

O
18

642.5271 642.6551 1.99

5 Quercetin-di-O-glucoside C
27

H
30

O
17

626.5271 626.5323 8.30

6 Quercetin-di-O-glucoside·H
2
O C

27
H

30
O

17
.H

2
O 644.5430 644.6304 1.36

7 Kaempferol C
15

H
10

O
6

286.2399 286.2234 5.80

8 Petunidin-3,5-di-O-glucoside C
28

H
33

O
17

641.5616 641.5186 6.70

9 Kaempferol-tri-O-glucoside (with an acetyl moiety) C
35

H
42

O
22

814.7080 814.7420 −4.20
UPLC-Q/TOF-MS: Ultra-performance liquid chromatography-quadrupole time-of-flight mass spectrometry.
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Hematoxylin and eosin staining

Ear tissue from the xylene-induced inflammation model 
and spleen tissue from the LPS-induced inflammation 
model were fixed in 10% formalin, dehydrated in etha-
nol, and embedded in paraffin. Ear and spleen paraffin 
blocks were cut into 4 μm sections, which were sub-
jected to hematoxylin and eosin (H&E) staining and 
then viewed by light microscopy. Sections from each 
animal were selected and 10 random microscopic fields 
at 400× magnification were captured from each slide to 
observe histopathological changes. H&E staining was 
performed using an optical microscope. Ear and spleen 
tissue sections from three animals were selected from 
each group.

Western blot analysis

Proteins were extracted from frozen ear and spleen 
tissues using radioimmunoprecipitation assay (RIPA) 
lysis buffer, and protein concentrations were measured 
using a Bicinchoninic Acid Assay (BCA) protein assay 
kit (Beyotime, Shanghai, China). Protein samples were 
separated by 10% sodium dodecyl sulfate (SDS) poly-
acrylamide gel electrophoresis and transferred to poly-
vinylidene difluoride (PVDF) membranes (Millipore, 
Bedford, MA, USA). The membranes were blocked in 5% 

non-fat powdered milk or bovine serum albumin (BSA) 
at room temperature for 1 h and then incubated with pri-
mary antibodies at 4°C overnight. The following primary 
antibodies were used: IL-1β (1:1,000; ab254360, Abcam, 
Cambridge, England), TNF-α (1:1,000; ab215188, 
Abcam), BECLIN1 (1:1,000; 3459s, CST), LC-3 (1:1,000; 
ab48394, Abcam), and GAPDH (1:3,000, Abcam). After 
three washes in Tris-buffered saline (TBS) containing 
0.1% Tween-20 (TBST), the membranes were incubated 
with anti-rabbit IgG secondary antibody conjugated to 
horseradish peroxidase (HRP) for 1 h (1:5,000, ab6721, 
Abcam). Finally, the protein bands were visualized by 
enhanced chemiluminescence (ECL) reagent using the 
Tanon 6100 automatic chemiluminescence image analy-
sis system (Tanon Science & Technology Co., Shanghai, 
China) and analyzed using ImageJ software (National 
Institutes of Health, Bethesda, MD, USA).

Enzyme-linked immunosorbent assay

Enzyme-linked immunosorbent assay (ELISA) was 
used to measure the concentrations of TNF-α and 
IL-1β in mouse serum, according to the manufacturer’s 
instructions (Wuhan Service Biotechnology Co., Ltd., 
Wuhan, China).

Cell culture and groups

Murine macrophage RAW264.7, acquired from the 
Cell Bank of the Chinese Academy of Sciences, was cul-
tured in Dulbecco modified Eagle’s medium (DMEM; 
Servicebio, Wuhan, China) supplemented with 10% 
fetal bovine serum (FBS; Gibco, Grand Island, NY, USA) 
and antibiotics (Beyotime Biotechnology, Shanghai, 
China) in a conventional incubator with 5% carbon 
dioxide at 37°C.

Cells were treated with LPS (5 μg/mL), LPS + C. 
sativus L. (0.05 mg/mL), LPS + C. sativus L. (0.1 mg/
mL), or LPS + C. sativus L. (0.2 mg/mL) for 24 h. RIPA 
lysis buffer (Servicebio) with phosphatase inhibitor 
(Servicebio) and protease inhibitor cocktail (Servicebio) 
was used to lyse the cultured cells. The protein levels 
were measured using a BCA Protein Assay Kit (Beyotime 
Biotechnology).

Figure 2.  Ion flow diagram of Crocus sativus L. stamen extract detected 
using UPLC-Q/TOF-MS under the positive ion model. UPLC-Q/
TOF-MS: Ultra-performance liquid chromatography-quadrupole time-
of-flight mass spectrometry.

Table 2

Identification of chemical constituents of Crocus sativus L. stamen extract by UPLC-Q/TOF-MS in the positive ion 
mode

Peak number Name Formulae Neutral mass (m/z) Experimental mass (m/z) Error (ppm) 

1 Crocetin C
20

H
24

O
4

328.4046 328.4841 −2.40

2 Trans-3-Gg C
18

H
54

O
19

574.6214 574.5781 7.54

3 Cis-4-GG C
44

H
64

O
24

976.9790 976.9425 3.74

4 Rutin C
27

H
30

O
16

610.6271 610.6758 −0.80

5 2,4,4-trimethyl-3-formyl-6-hydroxy-2,5-
cyclohexadien-1-one

C
10

H
14

O
3

182.2182 182.2704 −2.90

6 Quercetin-di-O-glucoside·H
2
O C

27
H

30
O

17
.H

2
O 644.5430 644.6304 1.36

7 Petunidin-3,5-di-O-glucoside C
28

H
33

O
17

641.5616 641.5186 6.70

8 Kaempferol-tri-O-glucoside (with an acetyl 
moiety)

C
35

H
42

O
22

814.7080 814.7420 −4.20

UPLC-Q/TOF-MS: Ultra-performance liquid chromatography-quadrupole time-of-flight mass spectrometry.
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Autophagy staining assay kit with monodansylcadaverin

The cells were treated with LPS (5 μg/mL), LPS + C. sati-
vus L. (0.2 mg/mL), LPS + CCCP (5 μmol/L), and LPS + C. 
sativus L. + CCCP for 24 h. The cells were harvested in cen-
trifuge tubes and suspended in phosphate-buffered saline 
(PBS) containing Triton X-100. Monodansylcadaverin 
(MDC) was added and the mixture was gently mixed in 
the dark for 30 min. The cells were resuspended and cov-
ered with glass slides before being observed and photo-
graphed using a fluorescence microscope.

Statistical analysis

SAS statistical software (SAS Institute Inc., Cary, NC, 
USA) was used to determine differences between the 
groups. All data are presented as mean ± standard 
deviation (SD), and statistical significance was set at 
P < 0.05. The figures were processed and displayed using 
GraphPad Prism software (version 5.01; GraphPad 

Software, San Diego, CA, USA), and the images were 
processed using the CorelDRAW Graphics Suite 2019 
(Corel Corporation, Ottawa, ON, Canada). Results with 
a P value <0.05 were considered statistically significant.

Results

Identification and characterization of the chemical 
compounds in C. sativus

To identify significant and potentially active phytoconstit-
uents, C. sativus petal and stamen extracts were analyzed 
using high-performance liquid chromatography-mass 
spectrometry. Chromatograms of the C. sativus petal 
extract in positive ionization mode are shown in 
Figure 1. These compounds were identified as potential 
active ingredients in C. sativus petals; detailed informa-
tion regarding these compounds is presented in Table 1. 
Chromatograms of C. sativus stamen extracts in the pos-
itive ion mode are depicted in Figure 2. The compounds 

Figure 3.  The experimental design for evaluating the therapeutic effect of Crocus sativus L. on local and systematic inflammation models induced 
by xylene or LPS. (A) The specimen shape of stamen and petal; (B) The experimental design for evaluating the local inflammatory effect of C. sativus 
L. on mice induced by xylene; (C) The experiment design for evaluating the systematic inflammatory effect of C. sativus L. on mice induced by LPS. 
ddH2O: Double distilled water; LPS: Lipopolysaccharide.



380

Yang et al.  •  Volume 4  •  Number 3  •  2024� www.ahmedjournal.com

identified as potential active ingredients in C. sativus 
stamens are presented in Table 2, along with detailed 
information. The experimental design of the therapeutic 
effects of C. sativus L. is shown in Figure 3.

The compounds were identified as potential active 
ingredients in C. sativus L. petals, and detailed infor-
mation regarding these compounds is presented in 
Table 1.

C. sativus attenuated the local inflammatory effect induced 
by xylene

Xylene-induced ear edema in mice was represented by 
the difference in weight between the model and con-
trol groups. As shown in Figure 4, the mean ear index 
in the model group was significantly higher than that in 
the control group. C. sativus petal and stamen extracts 
attenuated the weight increase caused by xylene-induced 
ear inflammation.

The average ear index was lower in the low-dose C. 
sativus petal group than in the model group. Similarly, 

the average ear index was lower in the high-dose C. sati-
vus group than that in the model group. The average 
ear index in the low-dose C. sativus stamen group was 
lower than that in the model group, and that in the high-
dose group was lower than that in the model group.

C. sativus attenuated the systematic inflammatory effects 
induced by LPS

C. sativus treatment attenuated LPS-induced inflammatory 
effects. As shown in Figure 5, diarrhea, messy fur, poor 
mental state, and splenic swelling were evident in the mice 
that received LPS. LPS-induced splenic edema was evident 
from the average spleen index of the model group, which 
was significantly higher than that of the control group. The 
therapeutic effects of C. sativus petal and stamen extracts 
were reflected in the average spleen indices of the petal low 
(PL), petal high (PH), stamen low (SL), and stamen high 
(SH) groups, which were significantly lower than those of 
the model group. H&E staining was performed to evalu-
ate the effects of C. sativus on LPS-induced inflammation 

Figure 4.  The therapeutic effect of Crocus sativus L. on local inflammation induced by xylene. (A) Representative histological sections of ear 
cross-sections (H&E staining, as shown by the green arrow). (B) Representative photographs of mouse ears. (1) Control group; (2) model group; 
(3) model + PL group; (4) model + PH; (5) model + SL; (6) model + SH; and (C) effects of C. sativus L. on the organ coefficient (EW/BW) in mice 
(mean ± SD, n = 8–10). **P < 0.01 versus control; #P < 0.05 versus model. Groups: control, model (0.03 mL xylene), PL (model + petal 0.1 g/kg), 
PH (model + petal 0.4 g/kg), SL (model + stamen 0.1 g/kg), SH (model + stamen 0.4 g/kg). BW: Body weight; EW: Ear weight; H&E: Hematoxylin 
and eosin; PH: Petal high; PL: Petal low; SD: Standard deviation; SH: Stamen high; SL: Stamen low.
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in mice. Compared with the control group, inflammatory 
infiltration increased in the model group, and tissue edema 
was evident in the spleens of mice.

C. sativus regulates the NLRP3 pathway and attenuates the 
systematic effect

The petal and stamen extracts of C. sativus decreased the 
concentrations of TNF-α and IL-1β in mouse serum in 
the LPS-induced inflammation model (Figure 6). C. sati-
vus downregulated the levels of NLRP3 protein through 
the NF-κB pathway and the autophagy-related proteins 
LC-3 and BECLIN1 in a mouse model of LPS-induced 
inflammation. However, the level of the LAMP1 pro-
tein was downregulated, and C. sativus attenuated this 
change. Therefore, we examined the effect of C. sativus 
on LPS-induced inflammation in RAW264.7 cells.

C. sativus reduces the effects of LPS on the prolifera-
tion of RAW264.7 cells (Figure 7). C. sativus also down-
regulated the levels of the NLRP3 NF-κB and BECLIN1 
proteins in LPS-induced inflammation in RAW264.7 

cells. In an LPS-induced inflammation model, LAMP1 
was also downregulated in RAW264.7, and C. sativus 
attenuated this change (Figure 8). After the addition of 
carbonyl cyanide 3-chlorophenylhydrazone, the effect of 
C. sativus on the NLRP3–NF-κB pathway weakened.

Discussion

The onset and progression of inflammation are fre-
quently associated with a plethora of illnesses, includ-
ing cardiovascular diseases and malignancies. There is 
abundant data regarding the application of TCM to treat 
inflammation[18]. Studies of various anti-inflammatory 
TCMs have indicated that C. sativus is frequently used 
to treat inflammation. Additionally, C. sativus has the 
characteristics of low toxicity and wide range, which 
already was brought into 2020 management “accord-
ing to tradition since food is the material directory of 
Chinese medicinal materials”. Therefore, it is essential 
to elucidate the anti-inflammatory mechanisms of C. 
sativus. This understanding is crucial for enhancing the 

Figure 5.  The therapeutic effect of Crocus sativus L. in a systematic inflammation model induced by LPS. (A) Representative histological sections of 
cardiomyocyte cross-sections (H&E staining, as shown by the blue arrow). (B) Representative images of mouse spleen. (C) Effects of C. sativus L. on the 
organ coefficient (SW/BW) in mice (mean ± SD, n = 8–10). *P < 0.05, **P < 0.01 versus control; ##P < 0.01 versus model. Groups: control, model (LPS 
5 mg/kg), PL (model + petal 0.1 g/kg), PH (model + petal 0.4 g/kg), SL (model + stamen 0.1 g/kg), SH (model + stamen 0.4 g/kg). BW: Body weight; H&E: 
Hematoxylin and eosin; LPS: Lipopolysaccharide; PH: Petal high; PL: Petal low; SD: Standard deviation; SH: Stamen high; SL: Stamen low;.
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prognosis, optimizing the utilization of C. sativus, and 
determining precise dosage levels to achieve the most 
effective anti-inflammatory outcomes.

C. sativus belongs to the iris family and is com-
monly referred to as saffron crocus, owing to the saf-
fron color of the dried stigmas of its flowers[3,4]. Most 
of the saffron in the worldwide spice trade is grown in 
Iran, Afghanistan, India, and Spain. Studies have shown 
that the main components of saffron are crocusic acid, 
crocusin, amygdalin, and crocusal acid. In recent years, 
various animal studies have shown that saffron has anti-
tumor, anti-depressive, anti-anxiety, anti-Alzheimer, anti- 
inflammatory, hypnotic, and anti-diabetic properties.

Picrocrocin, crocin, crotecin, and safranal are anti- 
inflammatory agents found in C. sativus[5]. They play an 
anti-inflammatory role by influencing oxidative stress 
and regulating inflammatory factors, such as TNF-α, 
IL-1, and IL-10. The 2020 edition of the Pharmacopoeia 
of the People’s Republic of China mentions a limited list 
of the main components of C. sativus but does not spec-
ify the components and amounts found in extracts from 
the different plant parts. This omission stems from exist-
ing scientific uncertainties, such as determining the active 
component responsible for its anti-inflammatory action, 
identifying its target, and understanding the pathways 
through which it exerts its anti-inflammatory effects.

Figure 6.  Effects of Crocus sativus L. on the NLRP3 pathway and autophagy-related protein expression in LPS-induced systemic inflammatory 
model mice. (A–B) Representative concentrations of IL-1β and TNF-α in serum, respectively. (C–D) Representative western blots for NLRP3, IL-1β, 
NF-κB, LC-3, and LAMP1 proteins. (E–I) Corresponding quantitative analyses of NLRP3, IL-1β, NF-κB, LC-3, and LAMP1. Data are expressed 
as the mean ± SD, n = 6 for ELISA and n = 3 for western blotting. *P < 0.05, **P < 0.01 versus control; #P < 0.05, ##P < 0.01 versus model 
(Student t test). ELISA: Enzyme-linked immunosorbent assay; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase; IL-1β: Interleukin-1β; LPS: 
Lipopolysaccharide; NF-κB: nuclear factor-kappa B; NLRP3: NOD-like receptor thermal protein domain associated protein 3; PH: Petal high; PL: 
Petal low; SD: Standard deviation; SH: Stamen high; SL: Stamen low; TNF: Tumor necrosis factor.
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Girme et al.[14] constructed a fingerprint of Kashmiri 
saffron and found that different extracts (stigmas, sta-
mens, and petals) contained oleanderous compounds 
(matrine, crocin, crocin ester, and crosaffron aldehyde), 
terpenoids, and flavonoids (glycoconjugates of kama-
nol), indicating that different extracts from various parts 
of C. sativus may have different effects[19]. According to 
our UPLC-MS results, the components of stamens and 
petals were different. We observed that petal and stamen 
extracts of C. sativus attenuated inflammation in local 
or systemic inflammatory models, repaired pathologi-
cal changes in the ear in a xylene-induced inflammation 
model or spleen in an LPS-induced inflammation model, 
and decreased the concentrations of TNF-α and IL-1β 
in mouse serum in an LPS-induced inflammation model.

Autophagy is a response of eukaryotic cells to external 
stimuli and is associated with the innate and adaptive 
immune systems[20]. Autophagy enhances NLRP3 phos-
phorylation, leading to ROS clearance. Activation of the 
NLRP3 inflammasome promotes the transformation of 
inactive pro-caspase-1 into its active form, caspase-1. 

Following this activation, caspase-1 cleaves TRIF, lead-
ing to a decrease in the induction of BECLIN1 by TRIF. 
Consequently, autophagy is inhibited by reduced lev-
els of BECLIN1. Simultaneously, the administration of 
C. sativus reduced autophagic vacuoles (autophago-
somes) and enhanced the formation of autophagosome- 
lysosome fusion through the NLRP3-NF-κB pathway, 
which is also closely related to the NLRP3 inflam-
masome. Research findings indicate that the acetylation 
of ATG5 hinders the maturation of autophagosomes, 
whereas SIRT3 has the capacity to form a complex with 
ATG5 within cells, preventing the acetylation of endoge-
nous ATG5 and consequently facilitating the maturation 
of autophagosomes. In our study, the number of NLRP3 
inflammasomes in SIRT3-deficient cells was much higher 
than that in normal cells. Therefore, it can be speculated 
that there is a regulatory relationship between autoph-
agy and NLRP3 inflammasome[15].

Numerous studies have shown that autophagy can 
negatively regulate the activation of NLRP3 inflam-
masome, thereby inhibiting the inflammatory response 

Figure 7.  Effects of Crocus sativus L. (stamen) on NLRP3 pathway and autophagy-related protein expression in RAW264.7 cell inflammatory model 
induced by LPS (5 μg/mL). (A) Representative cell proliferation assay using the CCK8 method (24 h). (B–C) Representative western blots for NLRP3, 
NF-κB, BECLIN1, and LAMP1 proteins. (D–G) Corresponding quantitative analyses of NLRP3, NF-κB, BECLIN1, and LAMP1. (H) Representative 
western blot of NLRP3 expression. (I) Corresponding quantitative analyses of NLRP3; data are expressed as mean ± SD, n = 6 for CCK8, and 
n = 3 for western blotting. *P < 0.05, **P < 0.01 versus control; #P < 0.05, ##P < 0.01; versus model; &&P < 0.01 versus C. sativus group (Student t 
test). (J) The anti-inflammatory effects of C. sativus and the relationship between the NLRP3 inflammasome and autophagy during the inflammatory 
phase. GAPDH: Glyceraldehyde-3-phosphate dehydrogenase; LPS: Lipopolysaccharide; NF-κB: nuclear factor-kappa B; NLRP3: NOD-like recep-
tor thermal protein domain associated protein 3; SD: Standard deviation.
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produced by the body and alleviating inflammatory dam-
age to tissues caused by diseases[16]. The mechanism by 
which autophagy suppresses the NLRP3 inflammasome 
could be associated with several factors, including a 
reduction in ASC protein levels, phosphorylation of the 
NLRP3 protein, and the removal of mitochondrial ROS. 
Autophagy positively regulates NLRP3 inflammasome 
activation by regulating USP22, which inhibits NLRP3 
inflammasome activation by promoting ATG5-mediated 
macroautophagy/autophagy[16].

Autophagy under starvation can enhance the acti-
vation of caspase-1, promote the activation of inflam-
masomes, and increase the synthesis of pro-inflammatory 
cytokines such as IL-1β and IL-18 through an ATG5-
dependent non-classical pathway. Some cytoplasmic pro-
teins that lack signaling peptides, such as IL-1β, IL-18, 
and other pro-inflammatory factors, cannot be degraded 
through the endoplasmic reticulum and enter autoph-
agy but promote their excretion in the cytoplasm, fur-
ther aggravating the inflammatory damage of tissues[15]. 
C. sativus downregulated the levels of NLRP3 protein 
through the NF-κB pathway and autophagy-related pro-
teins in vivo and in vitro. After adding carbonyl cyanide 
3-chlorophenylhydrazone, the effect of C. sativus on the 
NLRP3–NF-κB pathway weakened. This indicates that 
the effect of C. sativus on the NLRP3–NF-κB pathway 
may occur via autophagy.

Autophagy is a self-protective process that occurs in 
cells after external stimulation and is necessary for nor-
mal cell metabolism and renewal. Autophagy involves 
phagophores, autophagosomes, and autolysosomes[9,13]. 

During autophagy, the membrane structures of the 
endoplasmic reticulum and mitochondria in the cyto-
plasm of cells form a precursor of autophagy with 
a double-membrane cup. The septum continuously 
extends and gradually wraps around cell waste to form 
closed autophagosome vesicles. Finally, the autophago-
some and lysosome fuse to form an autophagolysosome, 
which degrades encapsulated cellular components and 
recycles the degradation products. Autophagosomes 
need to fuse with lysosomes, a process facilitated by 
the endosomal maturation complex and the mono-
meric GTP enzyme (RabS), in order to transform 
into autophagolysosomes through microtubule-based 
retransport.

Lysosome-related proteins include LAMP1, LAMP2, 
and UVRAG. When the lysosomal membrane is com-
promised, resulting in a decrease in lysosomal hydro-
lase activity, amino acids, and proteins generated during 
the degradation process serve as essential resources for 
cells, providing nutrients, energy, or recycling. C. sativus 
downregulated the autophagy-related proteins LC-3 and 
BECLIN1 but upregulated the expression of LAMP1. 
These findings suggest that C. sativus may reduce auto-
phagy bubbles (autophagosomes) and enhance the for-
mation of fused autophagosomes and lysosomes, thereby 
decreasing the damage caused by autophagosomes, 
which is related to the NLRP3–NF-κB pathway.

Conclusion

Petal and stamen extracts of Petal and stamen extracts 
of C. sativus attenuated the anti-inflammatory effects in 
local or systemic inflammatory models. C. sativus repaired 
pathological changes in the ear in the xylene-induced 
inflammation model and spleen in the LPS-induced inflam-
mation model. C. sativus plays an anti-inflammatory role 
by regulating autophagy and the NLRP3–NF-κB pathway.
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