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A B S T R A C T   

Crocin, an active ingredient derived from saffron, is one of the herbal components that has recently been 
considered by researchers. Crocin has been shown to have many anti-inflammatory and antioxidant properties, 
and therefore can be used to treat various diseases. It has been shown that Crocin has a positive effect on the 
prevention and treatment of cardiovascular disease, cancer, diabetes, and kidney disease. In addition, the role of 
this substance in COVID-19 pandemic has been identified. In this review article, we tried to have a compre-
hensive review of the antioxidant and anti-inflammatory effects of Crocin in different diseases and different 
tissues. In conclusion, Crocin may be helpful in pathological conditions that are associated with inflammation 
and oxidative stress.   

1. Introduction 

Reactive oxygen species (ROS) which characterize as the chemically 
reactive molecules for example NO, H2O2, and O2

- , are natural products 
of cellular metabolism, which are capable of changing redox balance [1, 
2]. ROS along with inflammation are considered two important factors 
in pathogenicity of human diseases. ROSs perform various physiological 
roles in gene expression, signaling processes and cellular defense against 
extrinsic invader pathogens. Oxidative stress occupies an axial role in 
development of several pathophysiological states [3]. This pathological 
condition occurs when free radicals are overproduced and overcome 
intrinsic antioxidant defense system [4]. The large body of evidence 
demonstrates that ROS exert undesirable effects in different tissues and 

it is clear that ROS have undeniable role in generation and progression 
of renal, gastrointestinal, hepatitis, neurodegenerative, cardiovascular, 
and inflammatory disease [5–7]. 

Inflammation is a defense process protected against diseases and 
external factors such as bacteria, viruses, etc. Mitochondria, as the main 
organ of energy production, play a major role in causing inflammation 
and oxidative stress [8]. Mitochondria is an important part of innate 
immunity and inflammation and derangement of mitochondria can be 
considered a critical pathogenic tool of several diseases categorized by 
chronic inflammation, including neurodegenerative diseases, cancer, 
rheumatoid and metabolic disorders [9]. Targeting the process of 
inflammation and oxidative stress can be effective in reducing severity 
and incidence of diseases. Although chemical drugs are widely used to 
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treat many diseases, a large body of evidence suggests that medicinal 
plants possess numerous therapeutic effects in various disorders due to 
their low toxicity and relatively strong efficacy, are suitable candidate 
and helpful strategy in front of various diseases [10–14]. For example, 
the positive effects of phenolic compounds, flavonoids such as Quer-
cetin, Carotenoids and Alkaloids (include Crocin, Capsaicin) and ginger 
extract in liver cancer were approved by several studies [15,16]. In 
addition, the positive effects of herbal agents on the COVID-19 
pandemic have been proven. In this regard, compound from herbal 
food of Rhizoma Polygonati may have potential therapeutic effect on 
Covid19 [17]. 

Saffron (Crocus sativus L.), a member of Iridaceae family [18], is 
cultivating in various countries for example India, Spain, Greece, China, 
Italy, Azerbaijan, Turkey, and Iran [19]. There is a growing interest in 
the isolated components of saffron because of their antioxidant and 
anti-inflammatory functions on human health through the following 
mechanisms: lipid peroxidation reduction, diazinon (DZN) inhibition, 
inflammatory cytokines and neuronal damage markers reductions due 
to its free radical scavenging activity [20]. According to the studies, the 
most bioactive compounds of saffron are safranal, crocetin, picroCrocin, 
and Crocin [21,22]. There are four sorts of Crocin, while the most of the 
Crocins, except Crocin-1, are found in cis-trans isomeric forms [23]. A 
great number of studies have revealed that Crocin possesses 
anti-oxidant, anti- inflammatory [24], renoprotective [25], 
anti-atherosclerotic [26], antidepressant [27], anti-platelet aggregation 
[28], and anti-cancer properties [7,29]. Crocin by scavenging the free 
radicals is capable of protecting the cells against oxidative stress dam-
ages. It is interesting to note that, Crocin by alteration in the enzyme 
activity and cellular oxidative defense system translation level for 
example: glutathione S-transferase (GST), glutathione peroxidase (GPx), 
superoxide dismutase (SOD), and catalase (CAT) makes a contribution to 
cell protection in front of ROS [30]. Endoplasmic reticulum (ER) 
maintains an axial role in protection of the cells in stress conditions and 
although, any changes in the mRNA expression level of the ER stressors 
including XBP-1/s (X-Box Binding Protein 1), BiP (Binding immuno-
globulin protein), PERK (protein kinase R-like endoplasmic reticulum 
kinase), and CHOP (C/EBP homologous protein) have function in many 
stress-related diseases, for example Alzheimer Disease (ADs) and can-
cers. Crocin through promoting the ER enzymes’ mRNA expression 
levels makes a contribution to the ER inducing and subsequently 
oxidative stress elements reduction [31,32]. Additionally, releasing of 
ROS species along with pro-inflammatory molecules production and 

transportation in to all tissues make a contribution to inflammatory 
disorders and as mentioned above, Crocin exerts an anti-inflammatory 
effects by scavenging the free radicals via modulating the oxidative 
stress defense system [33]. 

Moreover, the combination of nanoparticles and herbal agents is also 
very important in today’s research. In this regard, Crocin-coated 
magnetite nanoparticles led to a substantial suppression of hepatocel-
lular growth as compared to control or those treated with free Crocin or 
uncoated magnetite nanoparticles [34]. In this review, we evaluated the 
potential anti-oxidant and anti-inflammatory effects of Crocin in cancers 
and inflammatory disorders. 

2. Chemistry of Crocin 

Crocin (Fig. 1), a water-soluble carotenoid isolated from Crocus sat-
ivus (saffron) and Gardenia jasminoides, is the main pigment of saffron 
and gives red color crystals [10,35]. Comparative studies have demon-
strated that Crocin possesses higher radical scavenging activity and 
anti-oxidant potential comparing to gallic acid, ascorbic acid and 
kaempferol [36,37]. The main free radical-detoxifying role of Crocin is 
due to the hydroxyl and glucose moieties as potential electron donors 
which react with free radicals and provide the essential anti-oxidant 
capacity [36]. 

Crocin is synthesized from the esterification of disaccharide gentio-
biose and the dicarboxylic acid crocetin and is referred to a group of 
hydrophilic carotenoids including monoglycosyl or diglycosyl polyene 
esters of crocetin. The biosynthesis of Crocin occurs during zeaxanthin 
oxidation pathway in which Zeaxanthin Cleavage Dioxygenase (ZCD)/ 
Carotenoid Cleavage Dioxygenase 2 (CCD2) cleave zeaxanthin at 7,8 
and 7’,8’ double bands into hydroxyl 3-OH-β-cyclocytral and crocetin 
dialdehyde. Crocetin dialdehyde forms crocetin by aldehyde dehydro-
genase enzyme (ALDH) and then, UDP-glucosyltransferases convert 
crocetin to crocetin glycosides (Crocins). Glucosylation of crocetin im-
proves water solubility and stability of the crocetin glycosides which is 
essential for their pharmacological properties [38,39]. 

When Crocin is orally consumed, it is hydrolyzed to deglycosylated 
trans-crocetin (the bio-active form of saffron) in gastrointestinal tract by 
enterocytes and gut microbiota [28,40]. After deglycosylation process, 
crocetin is rapidly absorbed via the portal vein to circulatory system and 
meet a plasmatic pick of concentration. On the contrary, intravenous 
administration of Crocin did not increase the level of crocetin in plasma, 
indicating the importance of gastrointestinal deglycosylation of Crocin 

Fig. 1. Chemical structure of Crocin. Crocin is a water-soluble carotenoid isolated from Crocus sativus (saffron).  
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[41–43]. In line with previous findings, Zhang et al., revealed that oral 
administration of Crocin gives a higher plasmatic level of crocetin 
comparing to that of crocetin, suggesting the higher pharmacological 
value of Crocin in oral administration than crocetin [40]. Although, 
Crocin has a lower dissolution rate demanding different strategies to 
improve its bioavailability as a biologically active substance [44]. 

Crocin has been proved to be safe in lower doses (e.g. 20 mg/day, 
one month) [45], however Talaei et al., reported mild side effects such as 
menometrorrhagia, dyspnea and agitation following oral administration 
of 30 mg/day Crocin [46]. 

3. Effects of crocin in oxidative condition 

In oxidative stress, the relative amount of ROS exceeds the antioxi-
dant capacity, resulting in harmful effects on cellular components such 
as nucleic acids, proteins and cellular structures. This subsequently leads 
to various diseases and malignancies such as cardiovascular disease, 
neurodegenerative disease, metabolic disorders and cancers [47–53]. 

Various pharmacological agents are being used to enhance the anti- 
oxidant defense system [54–56]. Numerous studies have shown various 
pharmacological actions of Crocin including anti-oxidant and 
anti-inflammatory effects [35,57–59]. Crocin modulates oxidative stress 
mostly by scavenging free radicals and stimulating the expression of 
anti-oxidant enzymes including SOD, GPx, GST, and CAT and reduction 
of malonyldialdehyde (MDA) and peroxidized membrane lipids [35,58, 
60]. In streptozotocin-induced diabetic rats, there was an increase in 
ROS level and a reduction in the enzymatic activity of catalase, SOD and 
GPx that resulted in nephropathy, retinopathy, liver and pancreas 
dysfunction and coronary heart disease [61]. Studies have shown that 
using natural antioxidant agents such as Crocin modulates the oxidative 
stress-induced malfunctions [26–28]. Moreover, Li et al., showed that 
Crocin improved mitochondrial dysfunction by down-regulation of 
ROS-induced KCa3.1 via GPx1/ROS/KCa3.1 signaling pathways in the 
endothelium, leading to reduced production of ROS and endothelial 
dysfunction in diabetes [62]. Crocin could increase expression levels of 
SOD and CAT in streptozotocin-induced diabetic rats [63]. Additionally, 
radical-neutralizing role of Crocin leads to its anti-inflammatory effects 
by decreasing the lipid peroxidation and inflammatory cytokines, and 
inhibition of DZN [10]. Crocin also modulated doxorubicin-induced 
nephrotoxicity in rats by decreasing the expression of COX2, iNOS, 
TNFα via down-regulation of NF-κB [64]. Furthermore, Crocin modu-
lated biochemical and histological changes in Bleomycin-treated rats, 
suggesting the protective role of Crocin against idiopathic pulmonary 
fibrosis [65]. In another study, Crocin exerted cardio-protective effect in 
doxorubicin-treated rats by ameliorating OS indices such as total 
oxidant status and MDA [59]. Jalili et al., reported that Crocin protected 
kidneys against MTX-induced renal damage in rats by suppressing the 
activity of NO via up-regulation of HO-1 and 
calmodulin/calcium-dependent protein kinase-4, suppressing the pro-
teins and lipids peroxidation, increasing glutathione and antioxidant 
capacity, and regulating the inflammatory pathways [66]. Moreover, 
Crocin reduced ROS levels by increasing SOD and decreasing DNA 
breakage, and improving sperm membrane integrity in frozen-thawed 
buffalo sperm [67]. In oxidant condition, Crocin suppressed intracel-
lular ROS production and elevated total antioxidant activity in H9C2 
cells [68]. Also, it has been shown that Crocin exerts therapeutic po-
tential against oxidative stress-associated skeletal muscle diseases [69]. 
Crocin, also increased GSH levels and suppressed the activation of JNK 
pathway, preventing the synthesis of serum/glucose 
deprivation-induced ceramide as a mediator in neuronal cell death [60]. 
Dianat et al., showed that Crocin protects rats against 
monocrotaline-induced pulmonary arterial hypertension by regulation 
of OXR1 signaling pathway [70]. Furthermore, Crocin improved arsenic 
trioxide-induced cardiotoxicity by regulation of Keap1-Nrf2/HO-1 
signal transduction pathway [71]. 

Cells possess several antioxidant systems to create a balance between 

oxidants and antioxidants either by directly decreasing the formation of 
oxidants (e.g. ROS/RNS) and detoxifying the reactive metabolites, or by 
indirectly regulating the antioxidant defense systems [72]. Two main 
mechanism of actions of Crocin in scavenging free radicals are: 1) 
hydrogen atom transfer (HAT), and 2) single electron transfer. In HAT 
mechanism, Crocin deactivates free radicals by transferring hydrogen 
atom to free radicals. In another mechanism, SET, Crocin neutralizes 
free radicals by donating an electron to free radicals [73]. According to 
Ochiai et al., Crocin showed a higher anti-oxidative capacity than 
α-tocopherol [60,74]. The anti-oxidant role of Crocin has been demon-
strated in several tissues of body such as kidney, spleen, liver, pancreas, 
brain, muscle cells, joints and cartilage. Thus, Crocin possesses a great 
anti-oxidant, anti-inflammatory, anti-atherosclerotic, anticonvulsant, 
anti-hypertensive, anti-nociceptive, anti-depressant, neuro-protective, 
and cytotoxic role [35,75,76]. 

4. Crocin anti-oxidant and anti-inflammatory effects on cancer 

Natural products such as Crocin are gaining importance as potential 
therapeutic approach in treatment and prevention of cancer. Most of 
these compounds have been investigated in experimental studies and 
clinical trials with promising results [77–80]. Studies have shown that 
Crocin possesses potential anti-cancer properties in different types of 
cancers such as leukemia, breast, colorectal, pancreatic, prostate cancers 
and etc., and may serve as adjuvant chemotherapy agent [79–89]. Also, 
a study showed that Crocin protected rats against MTX-induced hepa-
totoxicity by improving antioxidant defense system and attenuating 
oxidative stress and inflammation, indicating that it can be used as a 
protective agent against chemotherapeutic toxicity [90]. 

The anti-tumor mechanism of Crocin include anti-proliferation, in-
duction of cell cycle arrest and apoptosis, anti-oxidative and anti- 
inflammatory activities, stimulation of detoxification enzymes, and 
regulation of cancer related genes [84,91–94]. 

Crocin might suppress cell proliferation and cell cycle and induces 
apoptosis in cancer cells by up-regulation of Bax and p53, and activation 
of caspase-8, while down-regulation of Bcl-2, survivin and cyclin-D1 
[95–98]. Also, Crocin down-regulates MRP1 and MRP2 and inhibits 
telomerase activity, and p21Cip1 overexpression [99,100]. 

Crocin treatment of adenocarcinoma cells leads to significant 
phenotypic changes including cell shrinkage, cytoplasmic vacuolization, 
and chromatin condensation (pyknotic nuclei). Moreover, Crocin might 
inhibit cancer cell proliferation by interacting with tubulin through 
depolymerization of microtubules [101]. In order to prevent cancer cell 
invasion and metastasis, Crocin down-regulates N-cadherin, β-catenin, 
metalloproteinases (MMP-2 and MMP-9) and urokinase-type plasmin-
ogen activator (uPA), up-regulates E-cadherin, and suppresses cell cycle 
at G1, G0/G1, S, and G2/M phases [102]. 

Tumor cells have rapid metabolism and mitochondrial dysfunction 
as well as increased levels of lipid oxidation and oncogene expression 
causing elevated levels of oxidative stress. Moreover, inflammation re-
sults in overproduction of ROS by over-activation of cytokine signaling, 
and pro-oxidant enzymes (NOX, LOX and COX) [103]. Likewise, 
over-activation of pro-oxidant enzymes increases inflammatory pro-
cesses and results in malignancy. The high levels of oxidative stress aids 
cancer cells to gain uncontrolled proliferation, invasion, migration and 
angiogenesis through insensitivity to anti-proliferative and apoptosis 
signals, anchorage-independent cell growth, and epigenetic modifica-
tion, however it is not sufficient to lead cancer cells towards apoptosis. 
Besides, malignant cells contain lower capacity of the enzymatic and 
non-enzymatic antioxidant defense system, and higher amount of metal 
ions (e.g., Cu2+ and Fe3+), producing higher concentrations of ROS. In 
fact, antioxidants prevent tumor cell growth by modulating intracellular 
ROS generation and inhibiting uncontrolled cell proliferation. On the 
other hand, some chemotherapeutic drugs including cisplatin, and 
anti-cancer agents including Crocin, give rise to higher amount of ROS 
and increase excessive oxidative stress, leading to cytotoxicity and 

S. Bastani et al.                                                                                                                                                                                                                                 



Biomedicine & Pharmacotherapy 153 (2022) 113297

4

cancer cell death [103–105]. Crocin acts as either an anti-oxidant or as a 
pro-oxidant and decreases antioxidant potential in cancer cells, thereby 
increasing their sensitivity to oxidative stress and leading to apoptosis 
[83]. 

Crocin could suppress growth of thyroid gland follicular carcinoma 
cells through ROS-dependent mitochondrial apoptosis by increasing 
ROS formation and mitochondrial membrane potential activity. Also, it 
up-regulated caspase-3, − 8 and − 9, Bax and lipid peroxidation, while 
down-regulated anti-oxidant enzymes (SOD, CAT, GSH), c-Myc, survi-
vin, cyclin D1, and Bcl-2. Moreover, Crocin activates transcription 
signaling pathways and inhibits NF-κB, ERK and JAK/STAT signal 
transduction pathways [92,106]. 

Also, Crocin enhanced Nrf2 and HO-1 signaling and reduced caspase- 
3 activity, showing anti-ulcerogenic effects [107]. Nrf-2 regulates 
oxidative stress by up-regulation of antioxidant gene expressions and 
enzyme activity. Targeting Nrf-2 pathway is a therapeutic strategy in 
cancer treatment [108]. Crocin up-regulated Nrf-2 and HO-1 and sup-
pressed KEAP-1 hepatic expression, regulating hepatic oxidative status 
and inhibiting hepatocellular carcinoma in rat [109]. Also, Crocin 
up-regulated Nrf-2 and anti-oxidant response elements (AREs) such as 
NQO1, NQO2, and HO-1 in HeLa cells [110]. 

Chronic and acute inflammation is associated with cancer occur-
rence, development, metastasis and recurrences of tumors and chemo-
kines and inflammatory factors released by cancer cells play a crucial 
role in development of cancers [111]. Crocin reduces the mRNA 
expression of pro-inflammatory cytokines associated with cancer [112]. 
Also, Crocin suppressed proliferation of gastric adenocarcinoma cells by 
inhibiting TPM4 which is involved in cell proliferation. In addition, TPM 
protein regulates inflammatory myo-fibroblastic tumors through ALK 
receptors [91]. Moreover, Crocin has oncostatic effects on gastric cancer 
cells by inhibiting EMT, migration, and invasion through 
miR-320/KLF5/HIF-1α signaling [113]. 

Crocin shows anti-inflammatory properties by down-regulation of 
inflammatory markers including NF- κB [84,114]. Treatment with 
Crocin reduced the chemokines and inflammatory factors including 
MIP2, MCP 1, IL-8, IL-6, IL-1β and TNF-α through suppressing STAT3 
signaling pathway in HCT116 cell line [111]. STAT3 signaling pathway 
mediates cancer cell proliferation, survival, angiogenesis, metastasis 
and drug resistance and hyperactivation of STAT3 results in 
tumor-induced immunosuppression [115]. Crocin synergistically in-
creases 5-FU anti-proliferative and anti-invasive activities and exerts 
anti-oxidative and anti-inflammatory effects through suppressing 
PI3K/Akt and Wnt pathways and E-cadherin in colorectal cancer [116]. 

Following treatment with Crocin, cell cycle was arrested and p53, 
FAS/APO-1 and caspase-3 apoptosis-related proteins were up-regulated 
in ovarian cancer cells [117]. Crocin reduced interleukins and TNF-α in 
the sera and colon tissues of mouse model through NF-κB signaling [84]. 
NF-κB signaling regulates the levels of Bax and Bcl-2, and 
hyper-activation of NF-κB p65 and subsequent expression of 
pro-inflammatory cytokines are associated with ulcerative colitis and 
colorectal cancer. After activation of NF-κB, it mediates transcription of 
inflammatory factors and activates pro-inflammatory cytokines, such as 
IL-1β, IL-6 and TNF-α [118,119]. Further, IL-6 activates IL-17, subse-
quently production of TNF-α and IL-1β, and elevating iNOS and COX-2. 
In a positive feedback, IL-1β triggers the production of IL-6 and activates 
Th17 cells and promotes inflammatory response and development of 
colorectal cancer. Crocin prevented ulcerative colitis and colorectal 
cancer in mice by decreasing the concentrations of phosphorylated IKK 
(α/β), IκBα and NF-κB p65 [84]. 

5. Crocin anti-oxidant and anti-inflammatory effects on 
cardiovascular system 

Cardiovascular diseases (CVDs) are considered as a major third cause 
of death worldwide [120]. Nowadays, the growing evidence clarified 
the undeniable correlation between CVDs and initiating factors such as 

obesity, smoking, diet, excessive alcohol consumption, and stress. Under 
the light of studies, it is well known that the effect of one of these factors 
lonely or in combination, as well as hypertension, hypercholesterolemia, 
and atherosclerosis are paving the way for developing the different 
cardiac dysfunctions including infarction, arrhythmias, angina, or heart 
failure [121]. Exercise training are considering as a substantial and 
powerful therapeutic strategy for prevention of development and pro-
gression of CVDs, proposing as a problematic methods because as they 
are stressful through production of ROS are capable of setting the stage 
for damage to muscle tissue and other organs [122–124]. In this regards, 
some studies have addressed an axial role of ROS or free radicals in 
increasing the mortality rate of CVDs [125]. Although, the main cellular 
sources of ROS have not been fully understood, NADPH oxidase, endo-
thelial xanthine oxidase, and neutrophil myeloperoxidase are appear to 
be the major and most important ones [126]. For centuries, plants have 
been using as a main tools for the treatment of various human diseases. 
Currently, the global interests are shifting to the identification of me-
dicinal plants that possess pharmacological effects with little or no side 
effects, capable of applying as a remedy in different diseases especially 
CVDs [68]. Crocin, a hydrophilic carotenoid, is applying as a traditional 
medicine and has been reported to have various pharmacological ac-
tivities, for example anti-cancer, anti-inflammatory, antioxidant, 
anti-atherosclerotic, and cardiovascular diseases protection effects 
[127]. Some studies have been reported that the protective roles of 
Crocin in CVDs are related to the modulation of endogenous antioxidant 
enzymatic activities and cardiac biomarkers [128,129]. Because of the 
well-known antioxidant and anti-inflammatory effects of Crocin [130], 
multiple human and animal studies have been scheduled to clarify the 
protection mechanisms of Crocin on cardiovascular disorder induced by 
oxidative stress and subsequently inflammation. 

5.1. Cardiovascular dysfunction induced by diabetes and Crocin 
protection 

Diabetes is one of the main reasons that make a contribution to 
cardiac dysfunction by impairing the calcium handling, mitochondrial 
dysfunction, oxidative stress, and inflammation. According to the 
studies, in vivo and in vitro, on the molecular cardio-protective mech-
anisms of Crocin in diabetes, it has been reported that Crocin treatment 
makes a contribution to increasing the phosphorylation of AMPK (5ˊ 

Adenosine Monophosphate-activated Protein Kinase), master regulator 
of cellular energy homeostasis, in cardiac muscles. Additionally, Fei-
dantsis K et al. reported that Crocin has protection role in isolated car-
diac myocytes exposed to a high concentration of glucose via affecting 
an autophagy and apoptosis pathways. It should be emphasized that 
these results are suggesting that Crocin is capable of improving the 
cardiac function in diabetic patients through inhibiting apoptosis and 
autophagy normalization in cardiac myocytes [131]. In another study by 
Dariushnejad H et al. on protective effect of Crocin on cardiomyopathy 
following Streptozotocin (STZ)-induced type 2 diabetes, they discovered 
that Crocin is able to augmenting the expression levels of miR-126 and 
mir-210, which occupy an axial role in neoangiogenesis, cell apoptosis 
inhibition, and rescue the cardiac system from lethal damage [132]. 
Ghorbanzadeh V et al. reported that in heart tissue treated by Crocin, 
multiple functions for instance promoting endothelial cell proliferation, 
migration, and micro-vascular leakage stimulation, contribute to 
increasing the protein expression level of VEGF-A (Vascular Endothelial 
Growth Factor A) and subsequently angiogenesis in diabetic animals 
[133]. 

5.2. Crocin modulate the cardiac ischemia/reperfusion injuries 

One of the most common CVDs is cardiac ischemia-induced by cor-
onary artery stenosis which is the consequence of myocardial blood flow 
limitation and low heart oxygen supply. According to the studies, it has 
been clarified that perfusion after acute myocardial ischemia occupies 

S. Bastani et al.                                                                                                                                                                                                                                 



Biomedicine & Pharmacotherapy 153 (2022) 113297

5

an axial role in surviving, saving, and maintaining ischemic heart cell 
function, while reperfusion exerts a destructive effect on cells by trig-
gering a sudden onset of oxidative reactions and local inflammatory 
response and finally makes a contribution to apoptosis and necrosis of 
cardiomyocytes during reperfusion [134,135]. ROS which are produced 
and increased during the cardiac reperfusion are considered as a one of 
the main elements in the pathophysiology of cardiac arrhythmias [136]. 
In this regard, the results of an animal and in vitro studies showed that 
Crocin in preventing the ischemia/reperfusion injuries is partially 
capable of suppressing ventricular arrhythmias and amplifying the 
antioxidant system in cardiac tissue respectively [137]. Esmaeilizadeh 
et al. reported that eNOS, an essential mediator of some endothelial 
growth stimulants including vascular endothelial growth factor and 
prostaglandin E2, performs as a mediator in vascular restructuring as 
well as a potent vasodilator. In this regard, to explain the NO-dependent 
cardiovascular protection against ischemia/ reperfusion injury and 
preserving the heart function, they pretreated post-ischemic isolated rat 
heart with Crocin. In this study they reported that as a result of Crocin 
pretreatment, nitric oxide synthase expression levels were increased in 
cardiac myocytes and endothelium [138]. Moreover, another study re-
ported that Crocin improves autophagy during ischemia by modulating 
the activation of AMPK and protein kinase B (Akt) [139]. 

5.3. Cardiotoxicity and Crocin 

Myocardial Infarction (MI), occurs due to a long-term imbalance 
between myocardial oxygen supplies and demand, is a complex phe-
nomenon that affects the structural, electrical, mechanical, and 
biochemical properties of the circulatory system. Among the various risk 
factors the accumulation of free radicals has been characterized as a 
significant factor in the pathophysiology of acute MI. In the study on 
isoproterenol-induced cardiotoxicity, a beta-adrenoceptor, Goyal S et al. 
demonstrate that isoproterenol by creating an imbalance between oxi-
dants and antioxidants in the myocardium is capable of paving the way 
for MI. In this study they revealed that Crocin through improving the 
cardiac antioxidant status, histo-pathological, and lipid profile indexes 
contributes to preventing the MI and the hemodynamic parameters 
maintenance. These results suggest Crocin as a preventive agent against 
MI [140]. DNZ, one of the most widely-used organophosphate toxins, 
contributes to cardiac toxicity by stimulating the ROS and oxidative 
stress production. In this context, the results are demonstrating that 
Crocin by decreasing lipid peroxidation and CK-MB level and increasing 
an antioxidant content that attenuates the Bax/Bcl2 ratio elevation and 
activation of caspase 3-induced by DNZ sub-chronic exposure makes a 
contribution to cardiac histo-pathological damages prevention [141]. In 
addition, it has been reported that Crocin by increasing and decreasing 
the ubiquitin Hypoxia-Inducible Factor 1 (HIF-1α) and protein ubiq-
uitylation displays a protection role against DZN respectively [142]. 

Crocin as an alternative herbal therapy presents preventive and 
therapeutic effect with an anti-inflammatory and antioxidant mecha-
nism of action that appears to treat various conditions related to car-
diopulmonary reactions. Under the light of studies it has been disclosed 
that Crocin makes a contribution to apoptosis inhibition by increasing 
the Bax/Bcl2 expression level [143,144] and also Crocin exerts inhibi-
tory effects on apoptosis by reducing the level of total serum cholesterol, 
TG, LDL-C and restricting the formation of aortic plaque [145]. 
Although, these desirable properties promise the future use of Crocin as 
a therapeutic agent in CVDs, it should be emphasis that more clinical 
trials and toxicological studies are needed in this regard [146]. 

6. Anti-neuro-inflammation and anti-oxidant action of Crocin 

Crocin exerts its antioxidative, and anti-inflammatory roles in the 
treatment of a wide range of neurological disorders such as ADs and 
Parkinson’s disease (PD) [44]. We will outline the important findings of 
scholars in the following paragraph. 

A growing body of evidence indicates that Crocin alleviates oxidative 
stress and inflammation in ADs through targeting multiple ways like 
reduction of pro-inflammatory cytokines (IL-1 and TNF) [26,147–149], 
MDA levels [150,151], suppression of CX3CR1 up-regulation (inducer of 
microglial neuro-inflammation) [152], and increasing antioxidants (GPx 
and SOD) [153–158]. Similarly, Crocin has protective effects against PD 
via its anti-oxidative and anti-inflammatory properties [159]. In 
different animal models of neural damage, Crocin diminishes neural loss 
and ameliorates the symptoms of PD by increasing GSH [160–162], 
dopamine [160–162], and total thiols [161,162], and decreasing thio-
barbituric acid reactive substance (TBARS) [160], NO [163], and AChE 
activity [161,162]. The anti-inflammatory and anti-oxidative roles of 
Crocin have been reported in other neurodegenerative disorders like 
ischemic brain injury [164–167], traumatic brain injury [168,169], 
spinal cord injury [170,171], and neuropathic pain [172], mostly 
through boosting anti-oxidants and reducing ROS. Ahmed et al. [44] 
thoroughly reviewed the therapeutic potentials of Crocin in the treat-
ment of neurological disorders. 

7. Crocin anti-oxidant and anti-inflammatory effects on diabetes 

It has been demonstrated that in diabetes conditions, ROS are formed 
in a variety of tissues. The non-enzymatic glycosylation process the 
electrochemical reaction in mitochondria and membrane-bound NADPH 
oxidase are indeed sources of radicals in cells. ROS activated under 
diabetic situation which cause glucose toxicity in β- cells. β - Cells GLUT2 
expression, resulting in very efficient uptake of glucose exposed in 
extreme glucose concentration [173,174]. Furthermore, due to vulner-
ability of β- cell to ROS, antioxidant enzymes such as CAT and GPx are 
expressed at a low level. It supposes that ROS by reduction of pancreatic 
and duodenal homeobox 1 (PDX-1) and/or MafA binding to the insulin 
gene trigger has a critical role in β- cells deterioration [175]. Moreover, 
chronic disposal of an extra concentration of glucose decrease the 
expression of insulin gene provides resistance to antioxidant treatment 
[176]. 

Insulin resistance and pancreatic β-cell disturbance are key features 
of type 2 diabetes [177]. Diabetic condition provide insulin resistance in 
a variety of insulin target tissues, including the liver, muscle, and fat. 
When insulin interacts to the insulin receptor on the cell surface, the 
insulin receptor and its substrates are phosphorylated, activating mul-
tiple insulin signaling pathways. 

Type 1 diabetes (DT1) is a type of chronic inflammatory disease. In 
this metabolic disease, T-cells and monocytic cells permeate into 
pancreatic islets and cause hyperglycemia by insulin-producing β cells 
destroying. Hyperglycemia promotes ROS generation, resulting in an 
unbalance between the formation of ROS and antioxidant (defense 
system), which cause oxidative stress [178]. The free radicals cause an 
effect on β-cells via activating the transcription factor NF-κβ in macro-
phages [179,180]. 

Crocin reduced hyperlipidemia, indicating that it may help to avoid 
diabetes-related cardiovascular problems by lowering oxidative stress 
and dyslipidemia. In the animal model, Crocin could suppress pro- 
inflammatory cytokines such as TNF-α, IL-6 which indicated the thera-
peutic effect of Crocin in diabetes treatment [10]. Recent research in-
dicates that NF-κβ oxidative activation stimulates LOX1 gene expression. 
In addition, LOX1 gene through promoting ROS generation induces cell 
damage. Moreover in clinical studies it has been demonstrated that there 
is a tight relationship between level of LOX1 and ROS production in 
human vascular smooth muscle cells and macrophages [181]. 

NF- κβ can activates protein-1 (AP1) which has a significant role in 
hepatocyte mortality in fatty liver and diabetic patients. Furthermore 
NF-κβ overexpression cause mitophagy increased and imperfection in 
mitochondrial biogenesis markers, sirtuin 1 (SIRT1), SIRT3, peroxisome 
proliferator-activated receptor gamma coactivator 1-alpha (PGC1a), and 
long chain acetyl-COA coenzyme A dehydrogenase (LCAD) in hepato-
cytes. Crocin treatment dramatically decreased AP1 gene expression 
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while increasing SIRT1 and LCAD gene expression in T2D rats’ liver 
tissue [182]. Crocin, protects myocardium from diabetic problems by 
activating PPAR, enhancing antioxidant capacity, reducing inflamma-
tory cytokines, and improving the activities of cardiac damage bio-
markers. [183]. Crocin promotes AMP-activated protein kinase (AMPK) 
signaling, which has a positive effect on lipid and glucose metabolic 
dysfunction. AMPK activation reduces the CDK5 protein level, which is 
followed by a reduction in PPAR phosphorylation, inhibiting adipose 
growth and metabolic disorders [184]. 

Diabetes is related to cognitive deterioration and in this regard 
Crocin show a vital role in neuro-protective actions, the administration 
of Crocin in diabetic rats could have a protective effect on spatial 
learning and memory deficits. Although Crocin by modulation NO levels 
can improve the memory deficiency [185]. The Diabetic Nephropathy 
(DN) disease is one of the most common consequences of diabetes 
mellitus. Toll like receptors (TLRs) trigger pro-inflammatory signaling in 
the immune system, has been associated to diabetes mellitus metabolic 
disorders. TLR4 via hyperglycemia activates micro-albuminuria which 
caused renal TNF-α, NFκβ, and IL-6 signaling, potentially causing further 
nephrotoxicity [186]. Daily administration of Crocin (30 mg) effectively 
decrease concentrations of TNF-α, and NF-κβ in type 2 diabetes patients 
[187]. The conditions such as excessive ROS, hyperglycemia, oxidized 
low-density lipoprotein (LDL), can damage the endothelium and disrupt 
endothelial function which lead to a wide range of human disease, 
including diabetic vascular problems, chronic renal failure hyperten-
sion. It suggested the calcium-activated potassium channel (KCa3.1) in 
the mitochondrial inner membrane dysfunction associated with mito-
chondrial problems. Crocin through blockade ROS-generated by KCa3.1 
can improves mitochondrial function in diabetes [62]. 

8. Crocin anti-oxidant and anti-inflammatory effects on stem 
cells 

When it comes to research, especially in stem cells, paying attention 
to the factors, improving the differentiation of stem cells to interested 
cell lineage, is very important and noteworthy. The effects of Crocin on 
proliferation, migration, and differentiation of mesenchymal stem cells 
(MSCs) [188–190], human dental pulp stem cells [191], and neural stem 
cells [192] have been recently reported. In this regard, nabiuni research 
group in two papers [193,194] indicated that Crocin increases the dif-
ferentiation of epidermal neural crests stem cells (EPI-NCSCs), a type of 
cells that has broadly been used for the treatment of many neurological 
disorders, into neural lineages; therefore, this therapeutic agent could 
improve differentiation potential of these stem cells in cell therapy of 
neurological disorders [193,194]. 

Yousefi et al. [190] published an interesting article regarding the 
anti-inflammatory and anti-oxidant effects of Crocin on MSCs. They 
demonstrated that Crocin increases the expression of anti-inflammatory 
cytokines and anti-oxidative factors at low doses and decreases inflam-
matory cytokines at higher doses [190]. 

9. Crocin anti-oxidant and anti-inflammatory effects on 
COVID19 

The respiratory pandemic COVID-19 (Corona virus disease 2019), 
known as the most important pandemic of the 21st century, is an in-
fectious disease caused by severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) [195]. During the SARS-CoV-2 infection, immune 
cells are hyper-activated and results in overproduction of inflammatory 
cytokines such as TNFα, IL2, IL7, IL10, IP10, MIP1A, MCP1 and GCSF, 
leading to cytokine storm [196]. At the cellular level, SARS-CoV-2 may 
cause excessive production of ROS and redox imbalance, lipid peroxi-
dation, activation of the permeability transition pores of the 

Fig. 2. Mechanisms of Crocin anti-inflammatory and anti-oxidant function in Covid19. The respiratory pandemic COVID-19 (Corona virus disease 2019), known as 
the most important pandemic of the 21st century, is an infectious disease caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). Nrf2; Nuclear 
factor-erythroid factor 2-related factor 2, ACE2; Angiotensin-converting enzyme 2, PPARɣ; Peroxisome proliferator- activated receptor gamma, MPO; 
Myeloperoxidase. 
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mitochondria, cell death and detrimental inflammatory reaction, lead-
ing to failure in several organs such as lung, heart, brain and kidney 
[197–200]. 

From the molecular point of view, one of the main factors of cytokine 
storm during severe infections such as COVID-19 is the toll-like receptor 
4 (TLR4)/toll/interleukin-1 receptor/resistance protein (TIR)-domain- 
containing adapter-inducing interferon-β (TRIF)/nuclear factor kappa- 
light-chain enhancer of activated B cells (NF-κB) pathway, thereby 
increasing cytokine production, vasculopathy, and coagulopathy. 
Moreover, SARS-CoV-2 induces the activation of JAK-STAT, C-reactive 
protein (CRP), and the colony-stimulating factor (CSF) [201–203]. 

Accumulating evidence has demonstrated the anti-SARS-CoV-2 po-
tential of pharmaceutical active natural products (PANPs) using 
computational methods, wet lab and clinical trial studies [204–210]. 
Anti-SARS-CoV-2 natural products exert their therapeutic properties 
through different ways; some of them decrease the airway inflammation 
and edema, while others boost the immune system. Also, some natural 
products are being proposed as preventive treatment [211–216]. Addi-
tionally, anti-SARS-CoV-2 compounds might selectively block the viral 
life-cycle-related proteins and enzymes including ACE2 (angiotensin 
converting enzyme 2), TMPRSS2 (trans-membrane protease serine 2), 
PLPRO (papain-like proteinase) and 3CLpro (3-chymotrypsin like pro-
tease) [217,218]. 

In this regard, saffron has been used as a traditional herbal remedy to 
treatment of coughs, asthma, gastrointestinal disorders, amenorrhea, 
and cardiovascular and immune disorders [219]. Crocin exerts 
anti-SARS-CoV-2 effects (Fig. 2) in different ways including 
anti-inflammatory and anti-oxidative actions. Oxidative stress plays a 
central role in the pathogenesis of SARS-CoV-2 infection by 
over-production of inflammatory mediators and cell apoptosis [220]. A 
bunch of studies has shown that Crocin possesses anti-inflammatory 
effect in different organs by inhibiting PI3K/Akt, NF-κB, NF-κB p65, 
and nucleotide binding domain (NBD)-, leucine rich repeat (LRR)-, and 
pyrin domain (PYD)-containing protein 3 (NLRP3) inflammatory path-
ways [35,94]. In addition, Crocin modulates SARS-CoV-2-induced 
cytokine cascade and reduces pro-inflammatory enzymes including 
iNOS, COX-2, MPO, phospholipase A2, prostanoids [221,222]. Crocin 
reduced inflammation by suppressing pro-inflammatory mediators, such 
as TNF-α, IFN-γ, IL-1β, IL-1, IL-2, IL-6, IL-8, IL-12, and IL-17A, and NF-κB 
signaling pathway in Aspergillus fumigatus-treated human bronchial 
epithelial cells [223,224]. In a clinical trial conducted by 40 patients 
with multiple sclerosis, daily administration of Crocin for 4 weeks 
reduced TNF-α, IL-17, lipid peroxidation and DNA damage, and 
increased total antioxidant capacity [225]. 

SARS-CoV-2 enters into the host cells by binding its spike glyco-
proteins to angiotensin converting enzyme 2 (ACE2) receptors [226]. As 
ACE2 receptor is found in various organs such as lungs, heart, kidney, 
oral and nasal mucosa, stomach, intestine and bladder, cell-mediated 
immunity causes damage through cytokine storm and is considered as 
a main pathway of cell death in COVID-19 patients [227]. Crocin 
down-regulates angiotensin-converting enzyme 2 (ACE2) and cellular 
adhesion molecules including intercellular adhesion molecule, vascular 
cell adhesion molecule, and E-selectin [221,222]. 

An animal study showed that pretreatment of Crocin (50 mg/kg) 
inhibited the production of TNF-α and IL-1β, down-regulated iNOS, and 
reduced lung edema, thereby exerting a significant protective effect on 
mice with LPS-induced acute lung injury [228]. Similarly, cigarette 
smoke-induced chronic obstructive pulmonary disease (COPD) in mice 
model was improved by administration of Crocin through reducing in-
flammatory cells and pro-inflammatory cytokines and suppressing 
PI3K/ Akt mediated inflammatory pathways [229]. 

NF-κB and Nrf2 pathways are involved in SARS-CoV-2 infection, 
therefore Crocin has a protective role against CoV-induced lung injury 
by suppressing NF-κB and improving the capacity of the oxidative stress 
defense system by stimulation of Nrf2 pathway [230,231]. Besides, 
activation of Nrf2 following Crocin treatment leads to down-regulation 

of ACE2 receptors, thereby inhibiting viral entry to cells. Also, PPAR-γ 
inhibits over-production of cytokines and NF- κB pathway and Crocin 
has a potential immune-modulatory role by increasing the expression of 
PPAR-γ, preventing cytokine storm, and protecting against severe clin-
ical symptoms of COVID-19 [222,224,232]. Also, bleomycin-induced 
pulmonary fibrosis in rat was improved after treatment with Crocin 
owing to its antioxidant, anti-inflammatory, and immuno-modulatory 
properties [233]. 

During SARS-CoV-2 infection, NF-κB and MAPK signaling pathways 
are activated, total number of CD4 + T cells, CD8 + T cells, IgE, IgM, 
and natural killer (NK) cells are decreased, and pro-inflammatory cy-
tokines are increased. It has been proposed that carotenoids including 
Crocin might exert anti-viral properties by suppressing theses signaling 
pathways, increasing the total number of immune cells, and decreasing 
inflammatory cytokines [221]. Crocin could improve LPS-induced acute 
respiratory distress syndrome and vascular pulmonary edema in mice by 
suppressing MAPK and NF-κB inflammatory signaling pathways, 
down-regulation of MMP-9, heparinase, and cathepsin L, maintaining 
the integrity of glycocalyx, and increasing the pulmonary vascular 
permeability [234]. Regarding to study by Xiong et al., down-regulation 
of p-extracellular signal-regulated kinase, p-JNK, p-p38 and eotaxin, 
suppressing MAPK signaling pathways, and reducing interleukins of 
IL-4, IL-5, and IL-13 by Crocin results in improving airway inflammation 
and hyper-reactivity in a murine model, suggesting Crocin as a possible 
agent for treatment of patients with asthma [235]. In a similar study, 
Crocin showed significant anti-inflammatory and anti-oxidant effects 
against ovalbumin-induced allergic airway asthma in mice by modu-
lating IL-4/IL- 13 signaling pathways, down-regulation of 
pro-inflammatory cytokines, and modulation of oxidant and antioxidant 
homeostasis [236]. 

Crocin might exert antiviral effects by preventing the viral replica-
tion. Studies show that Crocin has anti-HSV-1 and anti-HIV-1 potential 
and prevents virus entry and replication. According to the computa-
tional investigation using molecular docking, Crocin possesses a high 
binding affinity for the main protease of SARS-CoV-2 and acts as a po-
tential inhibitor, suggesting its anti- SARS-CoV-2 properties [237]. Also, 
an in-silico study showed that Crocin-1 may exert antiviral effects by 
strong hydrogen bonding to the SARS-CoV-2 receptor binding domai-
n/ACE2 complex [238]. It has been hypothesized that Crocin has anti- 
SARS-CoV-2 effects by protecting cardiovascular and cerebrovascular 
damage owing to thromboembolic events after SARS-CoV-2 infection 
and keeping the lung and cardiovascular systems safe [203,224]. 

10. Crocin anti-oxidant and anti-inflammatory effects on renal 
system 

Renal toxicity which is known as nephrotoxicity can be an effect of 
hemodynamic variation, cell and inflammatory tissue damage and/or 
occlusion of renal excretion. The numerous condition such as thera-
peutic drugs and environmental pollutants can induce nephrotoxicity 
[239]. In this regard the main side effect of chemotherapy is nephro-
toxicity. A large accumulation of chemo-drug like cisplatin in kidney is 
the main pathway for drug excretion. Recent studies have indicated that 
lipid peroxidation, ROS production via the mitochondria, and the 
xanthine oxidase system in tubular cells play roles in the pathophysi-
ology of cisplatin renal injury [240]. In addition, OS causes apoptosis by 
increasing ROS, lipid hydroperoxides (LOOH), and MDA, in addition to 
decreasing SOD, GSH-Px, CAT, GSH [241]. The various studies have 
revealed that ROS are strongly associated to cisplatin-induced acute 
nephrotoxicity. The recent investigations found that Crocin significantly 
reduced cisplatin-induced renal failure in rats [242]. Moreover, MTX 
can cause OS and renal glomeruli damage, and according to the findings 
of a studies it seems Crocin could protect male rats’ kidneys against the 
progressive consequences of MTX nephrotoxicity [66]. The concentra-
tion of NO in MTX groups was significantly higher than in the control 
group. Crocin administration the levels of NO were significantly 
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decreased. NO is suspected to promote cell death through activating the 
P53 pathway and cGMP, as well as modulating the expressions of BCL2 
and Bcl-xl. In pathologic states, iNOS creates NO molecules, which can 
lead to DNA damage and the breakdown of various lipid and protein 
molecules. Crocin prevents lipid peroxidation, which helps to keep cell 
membranes stable [243]. 

Decrease in physiological function of kidney, can be observed with 
aging. In comparison to another organ, the kidney function shows the 
most damage as individuals get older. Various factors such as oxidative 
stress and the molecular inflammatory pathways are effective in kidney 
aging. In this regard inactivating the signaling of inflammatory genes 
such as TNF-α, interleukin-6 (IL-6) could be a key target for treating the 
inflammatory response in the kidneys of elderly rats. Crocin therapy 
decrease adverse results in the aged rats and enhanced overall renal 
function in aged rats, including serum urea nitrogen [244]. 

Diabetic nephropathy (DN) and destruction of the glomerular 
filtration barrier is an important challenge in diabetes. Hyperglycemia 
and evaluated high levels of glucose concentration in diabetic patients 
have been associated with an increase in TLR4 mRNA and protein 
expression in human monocytes through NF-κβ activation [245]. 
Treatment of diabetic nephropathy includes interference with a variety 
of steps, including control of glucose levels, raising insulin levels, inhibit 
the oxidative stress and even interference with several immunological 
inflammatory mediators associated with DN pathogenesis. Attractively, 
Crocin has been shown to reduce blood glucose levels and insulin 
resistance, as well as to prevent obesity and improve lipid profiles 
(Fig. 3). 

11. Conclusion 

The use of herbs as the main drug or adjunctive therapy has been 
considered by researchers in recent decades. Numerous studies show the 
positive effect of Crocin to reduce inflammation and OS in many diseases 
condition such as cancer, renal disease, Covid19, diabetes and so on. On 
the other hand, use of stem cells is very interesting method in the 
treatment of diseases and one of the challenges in this field is to keep 
these cells in stem conditions, that Crocin can be help to overcome these 
challenges. On the other hand, Crocin can be effective in the treatment 
of covid19 disease, which has become one of the serious health 

challenges recently. 
It is hypothesized that saffron and its bioactive component, Crocin, 

may have the potential to limit the progression and severity of the SARS- 
CoV2 infection via its anti-oxidative, anti-inflammatory, immune- 
modulatory, and pulmono-protective effects. Therefore, Crocin can be 
considered as an adjunctive therapy in existing treatments for cardio- 
vascular-renal disease and cancer.(Table 1). 
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Fig. 3. The inhibitory role of Crocin in nephropathy. Crocin significantly 
reduced cisplatin-induced renal failure, Diabetic & MTX nephropaty, Apotosis 
and aging. MTX; Methotrexate. 

Table 1 
Anti-cancer effect of Crocin.  

Effect Mechanism 

Cell proliferation, cell cycle 
suppression and induces 
apoptosis  

• Up-regulation of Bax and p53,  
• Activation of caspase-8,  
• Down-regulation of Bcl-2, survivin and 

cyclin-D1.  
• Down-regulation MRP1 and MRP2  
• Inhibition telomerase activity,  
• Inhibition of p21Cip1 overexpression  
• Interacting with tubulin through 

depolymerization of microtubules  
• Suppresses cell cycle at G1, G0/G1, S, and 

G2/M phases  
• Increase excessive oxidative stress  
• ROS-dependent mitochondrial apoptosis  
• Up-regulation caspase-3, − 8 and − 9, Bax 

and lipid peroxidation  
• inhibiting TPM4 

Prevent cancer cell invasion and 
metastasis  

• Down-regulates N-cadherin, β-catenin, 
metalloproteinases (MMP-2 and MMP-9) and 
urokinase-type plasminogen activator (uPA)  

• Upregulates E-cadherin  
• Inhibits NF-κB, ERK and JAK/STAT signal 

transduction pathways  
• Inhibiting EMT  
• Inhibiting miR-320/KLF5/HIF-1α signaling 

pathway 
Modulate oxadant effects and 

inflammatory condition  
• Enhanced Nrf2 and HO-1 signaling  
• Down-regulated anti-oxidant enzymes (SOD, 

CAT, GSH)  
• Suppressed KEAP-1  
• Up-regulated Nrf-2 and anti-oxidant response 

elements (AREs) such as NQO1, NQO2  
• Reduces the mRNA expression of pro- 

inflammatory cytokines  
• Reduced the chemokines and inflammatory 

factors including MIP2, MCP 1, IL-8, IL-6, IL- 
1β and TNF-α through suppressing STAT3 
signaling pathway  

• Decreasing the concentrations of 
phosphorylated IKK (α/β), IκBα and NF-κB 
p65 

Synergic effect with 
chemotherapy drugs  

• Increases 5-FU anti-proliferative and anti- 
invasive activities and exerts anti-oxidative 
and anti-inflammatory effects through sup-
pressing PI3K/Akt and Wnt pathways and E- 
cadherin  
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