
Accepted Manuscript

Title: Crocin Protects Cardiomyocytes against LPS-Induced
Inflammation

Authors: Vafa Baradaran Rahimi, Mohammad Taghi
Khammar, Hassan Rakhshandeh, Alireza Samzadeh-Kermani,
Azar Hosseini, Vahid Reza Askari

PII: S1734-1140(19)30138-0
DOI: https://doi.org/10.1016/j.pharep.2019.07.007
Reference: PHAREP 1085

To appear in:

Received date: 26 February 2019
Revised date: 23 June 2019
Accepted date: 19 July 2019

Please cite this article as: Rahimi VB, Khammar MT, Rakhshandeh H,
Samzadeh-Kermani A, Hosseini A, Askari VR, Crocin Protects Cardiomyocytes
against LPS-Induced Inflammation, Pharmacological Reports (2019),
https://doi.org/10.1016/j.pharep.2019.07.007

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.

https://doi.org/10.1016/j.pharep.2019.07.007
https://doi.org/10.1016/j.pharep.2019.07.007


Jo
ur

na
l P

re
-p

ro
of

1 

Crocin Protects Cardiomyocytes against LPS-Induced Inflammation 

 

Running Title: Attenuation of LPS-induced inflammation by crocin. 

 

Vafa Baradaran Rahimi1, 2, Mohammad Taghi Khammar 1, Hassan Rakhshandeh1, 2, Alireza 

Samzadeh-Kermani 4, Azar Hosseini1, * and Vahid Reza Askari 3, 1, * 

 

1 Pharmacological Research Center of Medicinal Plants, Mashhad University of Medical 

Sciences, Mashhad, Iran 

2Student Research Committee, Department of Pharmacology, Faculty of Medicine, Mashhad 

University of Medical Sciences, Mashhad, Iran 

3Neurogenic Inflammation Research Center, Mashhad University of Medical Sciences, Mashhad, 

Iran. 

4 Department of Chemistry, Faculty of Science, University of Zabol, Zabol, Iran 

   

*Corresponding Authors: 

Vahid Reza Askari: askariv941@mums.ac.ir, Vahidrezaaskary@yahoo.com, Department of 

Pharmacology, Faculty of Medicine, Mashhad University of Medical Sciences, Mashhad, Iran. 

Azar Hosseini: Hoseiniaz@mums.ac.ir, Pharmacological Research Center of Medicinal Plants, Mashhad 

University of Medical Sciences, Mashhad, Iran.  

   

   

  

mailto:askariv941@mums.ac.ir
mailto:Vahidrezaaskary@yahoo.com
mailto:Hoseiniaz@mums.ac.ir


Jo
ur

na
l P

re
-p

ro
of

2 

 

Graphical abstract 

 

 

Abstract:  

Background 

Sepsis causes organ dysfunctions via elevation of oxidative stress and inflammation. 

Lipopolysaccharide (LPS) is the major surface molecule of most gram-negative bacteria and 

routinely used as a sepsis model in investigation studies. Crocin is an active compound of saffron 

which has different pharmacological properties such as anti-oxidant and anti-inflammatory. In 

this research, the protective effect of crocin was evaluated against LPS-induced toxicity in the 

embryonic cardiomyocyte cell line (H9c2).  

Methods 

The cells were pre-treated with different concentration of crocin (10, 20 and 40 µM) for 24 h, 

and then LPS was added (10 µg/ml) for another 24 h. Afterward, the percentage of cell viability 
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and the levels of inflammatory cytokines (TNF-α, PGE2, IL-, and IL-6), gene expression levels 

(TNF-α, COX-2, IL-, IL-6, and iNOS), and the level of nitric oxide (NO) and thiol were 

measured.  

Results 

Our results showed that LPS reduced cell viability, increased the levels of cytokines, gene-

expression, nitric oxide, and thiol. Crocin attenuated the LPS-induced toxicity in H9c2 cells via 

reducing the levels of inflammatory factors (TNF-α, PGE2, IL-, and IL-6, p <0.001), gene 

expression (TNF-α, COX-2, IL-, IL-6, and iNOS, p <0.001), and NO (p <0.001), whereas 

increased the level of thiol content (p <0.001).  

Conclusion 

The observed results revealed that crocin has preventive effects on the LPS induced sepsis and 

its cardiac toxicity in-vitro model. Probably, these findings are related to anti-inflammatory and 

anti-oxidant properties of crocin. However, performing further animal studies are necessary to 

support the therapeutic effects of crocin in septic shock cardiac dysfunction.  

Keywords: Sepsis; Lipopolysaccharide; Inflammation; H9c2; cardio-toxicity.   
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Introduction 

Sepsis is a problem which leads to more than 30% mortality in the world [1]. There were several 

investigation notions that sepsis influences most of the organs especially on cardiac function 

disturbance which is common [2, 3]. Pro-inflammatory cytokines play a key role in the 

pathogenesis of sepsis. In this status, the immune system is stimulated and the inflammatory 

process is initiated [4]. Release of the inflammatory mediators leads to increase of vascular 

permeability, cardiac depression, and disruption of the coagulation system [4]. The myocardial 

function and structure are damaged by sepsis via elevation of inflammatory factors [5]. Some of 

novel inotropes and -blockers may reduce the septic-induced myocardial dysfunction via 

reduction of heart rate and consumption of oxygen [5]. Indeed, the inflammation-interleukin 

(IL)-nitric oxide (NO)-reactive oxygen species (ROS) axis, could play a crucial role in the 

pathogenesis of cardiotoxicity [6, 7]. LPS is found in the outer membrane of gram-negative bacteria, 

it produces many types of mediators involved in septic shock. The toll-like receptor 4 (TLR-4) is 

widely expressed in the body including cardiomyocytes [8]. Alternatively, LPS binds to TLR-4 in 

cardiomyocytes and leads to secretion of TNF-α, IL-6, adhesion molecule-1 (ICAM-1) and 

inducible nitric oxide synthase (iNOS) via the activation of nuclear factor (NF)-κB [9, 10]. iNOS 

causes to production of nitric oxide which has an important role in septic shock [11], which 

eventually result in the depression of cardiac function [12]. Different investigations have shown 

that some of the natural products have a role in the reduction of LPS-induced toxicity [3, 7, 13, 

14]. Crocin as a carotenoid is found in herbs such as Crocus sativus and Gardenia jasminoides 

Ellis [15]. This compound has different pharmacological properties, such as anti-hyperlipidemic, 

anti-atherosclerotic, anti-inflammatory, antitumor, scavenge of free radical, anti-atherosclerotic 

and antioxidant [16]. Also, it has beneficial effects on neuronal diseases such as Alzheimer's 

disease [17], memory loss [18], depression [19] and anxiety [20]. Other studies have shown 

cardioprotective effects of crocin involving, reduction of myocardial injury [21], improved 

isoproterenol-induced myocardial infarction [22] and decreasing of doxorubicin-induced 

myocardial injury [23]. Also, crocin reduced ischemia-reperfusion in isolated rat hearts via 

improvement of anti-oxidant capacity [24].  

H9c2 cells are morphologically similar to immature embryonic cardiomyocytes. In fact, H9c2 

cells have electrical and hormonal signaling pathways similar to adult cardiac cells; therefore 

these cells are considered an appropriate model for investigation of oxidative stress and 
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inflammation-induced cardiomyocyte damages [25, 26]. Given the anti-inflammatory and anti-

oxidant nature of crocin, we investigated its possible protective effects against LPS-induced 

toxicity in H9c2 cardiomyocytes.  

   

Materials and methods 

Reagents and kits 

DMEM culture media, penicillin plus streptomycin (pen/strep), amphotericin B, fetal bovine 

serum (FBS), dimethyl sulfoxide (DMSO), and LPS (Escherichia coli O55:B5 purified by 

phenol extraction, L2880 SIGMA) and other cell culture materials were purchased from Sigma-

Aldrich Chemical Co. (St. Louis, MO, USA). Proliferation assay kit (MTT), and ELISA kits 

(PGE2, IL-6, IL-1, and TNF) were provided from Roche Diagnostic (Mannheim, Germany) 

and eBioscience (San Diego, CA, USA), respectively. All other materials were of analytical and 

cell culture grade, which prepared from Sigma-Aldrich Chemical Co. (St. Louis, MO, USA). 

Crocin was also purchased from Pure Crocin Co. (Mashhad, Iran). 

   

Cell viability assay 

The cell viability of H9c2 cells was evaluated in the presence of crocin (5-80 µM, [27, 28]) alone 

or in the presence of LPS stimulation (10 µg/ml, [26, 28]). In this assay, about 6000 cells were 

seeded in 96-wells plate. The cells were treated with different concentrations of crocin alone for 

48 h, after this time, cell viability was evaluated by MTT assay. For the protective assay, the 

cells were pre-treated with crocin (5-80 µM) for 24 h, and then LPS was added, after 24 h, cell 

viability was determined via MTT assay. 10 µl of MTT solution (5 mg/ml) was added to each 

well, and then kept in the incubator for 3 h. After, this time, 100 µl of DMSO was added to each 

well for solving of formazan crystals. The absorbance was read by ELISA reader (Awareness 

Inc, USA) at 570 nm and 620 nm [3, 29, 30].  

   

Experimental protocol  

To evaluate the protective effects of crocin on LPS-induced inflammation and given its chemical 

structure, we used 24 h pre-incubation to monitor the changes in gene expression and in the level 

of pro-inflammatory and inflammatory factors, following 24 h LPS stimulation [28, 31, 32]. In 



Jo
ur

na
l P

re
-p

ro
of

6 

the present study, inflammation was induced using LPS (10 µg/ml), in H9c2 cells. Grouping was 

also performed as follows; 

Group 1; H9c2 cells + vehicle (control group, this group received completed media culture and 

the same condition of others without LPS), 

Group 2; H9c2 cells + vehicle incubation for 24 h then LPS (10 µg/ml) for 24 h 

Group 3; H9c2 cells + highest concentration of crocin (40 µM) for 48 h 

Groups 4-7; H9c2 cells + crocin (10, 20 and 40 µM) incubation for 24 h then added LPS 

(10 µg/ml) for another 24 h 

Crocin solutions were prepared according to dissolving in DMSO and serially diluted with a 

complete medium in which the final concentration of DMSO was lower than 0.1 % v/v for all 

experiments. Crocin concentrations were selected according the preliminarily study (MTT assay) 

and previous reports on the protective effects of crocin (10-40 M) [27, 32].   

   

Assessment of Cytokines levels 

Inflammatory cytokines consisting of TNF-, IL-1, and IL-6, as well as PGE2, were assessed 

using sandwich ELISA method according to the manufacturer manual. In summary, the cells 

were cultured at a density of 106 cells per each 6-well plate and incubated with different 

concentrations of Crocin (10, 20 and 40 µM) according to the experimental design section. After 

that, the supernatant was collected and different cytokines were measured [3, 33]. 

   

Quantitative PCR for gene expression 

To evaluate the effect of different concentrations of crocin on the gene expression, the levels of 

related mRNA of TNF-, IL-1, IL-6, and COX-2 as well as iNOS were also examined. 

GAPDH was considered a reference gene. The real-time PCR primers were obtained according 

to the previous studies designed with mRNA sequences [34]. The primers sequences were 

addressed in Table 1. The real-time PCR reactions were performed in glass capillaries (Qiagen, 

Germany) in a final volume of 10 µL containing 2 µL cDNA template, 0.4 µL of primer pairs 

(200 nM), and 5 µL of the SYBR green Master Mix. The Rotor-Gene 6000 software (Corbett 

Research, Australia) was used to analyze the standards and the unknown RNA copy numbers. 

The relative quantity of each mRNA was normalized to the relative quantity of GAPDH mRNA. 

The PCR conditions were as follows: 95 °C for 3 minutes, followed by 45 cycles of 95 °C for 20 
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seconds, annealing temperature (55-65 °C) for 5 seconds, and 72 °C for 10 seconds [34]. The 

values for gene expression levels were examined using the ΔCt method and fold-change values 

were reported as 2−(ΔΔCt). 

   

Determination of the level of nitric oxide and total GSH content 

The amount of nitric oxide metabolites were measured as a concentration of produced nitrite 

using the method of Griess as described previously [33, 35-37]. The supernatants collected for 

cytokines assay were also used to examine the concentration of nitrite produced by the cells at 

540 nm using Griess reagent (G4410 SIGMA) in a spectrophotometer. The concentration of 

nitrite was determined using sodium nitrite standard curve [36, 38]. Total intracellular amount of 

GSH was measured using commercial biochemistry kits (ZB-GSH-96A) ZellBio Company, 

Germany. 

   

Statistical Analysis  

Data were analyzed using GraphPad Prism ® 6 (GraphPad Software, San Diego, CA) software 

and presented as means±SEM. Comparisons between the groups were done using one-way 

analysis of variance (ANOVA) with Tukey-Kramer post-hoc multiple comparisons test. 

Statistically, p values (p) lower than 0.05, 0.01 and 0.001 were considered significant 

differences. 

   

Results 

Effects of crocin and LPS on cell viability  

The cells were incubated with different concentrations of crocin (5-80 µM) for 48 h and cell 

viability was evaluated after this time. Crocin alone (5-80 µM) had no cytotoxicity effects on the 

cell viability (Figure 1a). As shown in figure1b, cell viability was decreased in the presence of 

LPS (p<0.001 vs. control). Pretreatment of the cells with crocin (5-80 µM) for 24 h decreased the 

LPS-induced toxicity compared to the LPS group. 

   

Effects of crocin and LPS on the levels of TNF-α, PGE2, IL-1β, and IL-6  
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As illustrated in Figures 2a-d, LPS significantly increased the levels of TNF-α (p<0.001), PGE2 

(p<0.001), IL-1β (p<0.001) and IL-6 (p<0.001) in comparison to the control group. Our results 

revealed that crocin (10-40 µM) significantly reduced the levels of TNF-α (p <0.001, Fig.2a), 

PGE2 (p <0.001, Fig.2b), IL-1β (p <0.001, Fig.2c), and IL-6 (p<0.001, Fig.2d) compared to the 

LPS group in a dose-dependent manner.  

   

Effect of Crocin on gene expression levels of TNF-α, COX-2, IL-1, IL-6 and iNOS 

We found that LPS (10 µg/ml) significantly increased the gene expression levels of TNF-α 

(p<0.001, Fig.3a), COX-2 (p<0.001, Fig.3b), IL-1β (p<0.001, Fig.3c), IL-6 (p<0.001, Fig.3d), 

and iNOS (p<0.001, Fig.3e) comparing to the control group. Interestingly, crocin (10-40 µM) 

significantly reduced the gene expression levels of TNF-α (p <0.001, Fig.3a), COX-2 (p <0.001, 

Fig.3b), IL-1β (p <0.001, Fig.3c) and IL-6 (p <0.001, Fig.3d) as well as iNOS (p <0.0001, 

Fig.3e) compared to the LPS group.  

   

Effects of crocin and LPS on the levels of NO and thiol (GSH) 

As shown in figure 4a, LPS significantly increased NO level in comparison to the control 

(p<0.001), while crocin (10-40 M) notably reduced NO level following the LPS stimulation (p 

<0.001). On the other hand, LPS markedly reduced the level of thiol, which pretreatment with 

different concentrations of crocin (10-40 M) significantly increased the thiol level in 

comparison to the LPS group (p <0.001, Fig.4b).  

   

Discussion 

To the best of our knowledge, this is the first study evaluating the protective effects of crocin in 

LPS-induced cardiomyocytes toxicity as a model of septic shock heart injury. Our findings 

indicated that LPS considerably reduced the cell viability of H9c2 cardiomyocytes, and increased 

the inflammatory cytokines TNF-α, PGE2, IL-1β, and IL-6 and the expression of related genes. 

Intriguingly, we revealed that 24 h pre-incubation with crocin increased the cell viability, 
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inflammatory mediators, and NO production, and elevating the anti-oxidant defense system thiol 

group.  

Evidence shows that LPS can interact to TLR-4 and provide an overexpression and over 

activation of transcriptional factors including NF-B, Activator protein 1 (AP-1) and mitogen-

activated protein kinase (MAPK). In this context, transcription and translation of 

pro-inflammatory cytokines are markedly elevated [39-44]. Therefore, in the present study, we 

measured the levels of pro-inflammatory cytokines in both protein and gene expression levels. 

We found that crocin notably reduced both protein and gene expression levels of inflammatory 

cytokines, in a concentration dependent manner. In agreement with our findings, it has been 

reported that crocin decreases the activation and expression of NF-B and lead to a reduction in 

the levels of pro-inflammatory cytokines [31]. On the other hand, crocin has shown several 

anti-inflammatory properties through the activation of nuclear factor erythroid 2-related factor 2 

(Nrf2) and heme oxygenase-1 (HO-1), which leads to the up-regulation and down-regulation of 

anti-inflammatory (IL-10) and inflammatory cytokines, respectively [31]. Interestingly, it has 

been also shown that the main part of protective effects of crocin is associated with the activation 

of Nrf2 transcription factor because the uses of Nrf2 siRNA and HO-1 antagonist (ZnPP) 

markedly abolished the protective effects of crocin [31]. In another study, in the presence of LPS 

stimulation, crocin also decreased the level of NF-B activation and reduced both protein and 

gene expression levels of inflammatory cytokines [32]. Taken together, crocin likely decreases 

pro-inflammatory cytokines through the inhibition of inflammatory transcriptional factors 

including NF-B and activation of Nrf2.    

Under sepsis condition, myocardial dysfunction occurs as heart failure and adverse left 

ventricular remodeling [39]. Furthermore, it has been reported that LPS exposure has an 

important role in the pathogenesis of cardiomyopathy [40]. LPS acts via TLR-4 and NF-κB 

signaling pathways leading to the overexpression of pro-inflammatory cytokines such as IL-1β, 

IL-6, and TNF-α [41-44]. The studies have reported that the elevation of TNF-α level leads to 

negative inotropic effects [39]. In this regard, it has been shown that the short term 

administration of anti-TNF-α improves the cardiac function in sepsis patients [45]. In addition, 

elevation of the inflammatory cytokines can cause heart failure via increasing the occurrence of 

apoptosis in cardiomyocytes [46]. Cardiomyocytes have an important role in the function of the 

heart; however, their apoptosis leads to dysfunction of myocardial contractile and cardiac output 
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attenuation [47]. Several studies have reported that oxidative stress and especially ROS over-

production occurs following the sepsis condition [48]. However, recent studies have shown 

cardio-protective effects of medicinal plants against toxic agents via reduction of inflammatory 

pathway and elevation of anti-oxidant capacity [49, 50].  

In our experiment, crocin reduced the inflammatory cytokines in H9c2 cells in a concentration-

dependent manner. There were different studies shown that exposure to the LPS increases the 

expression level of COX-2 producing and releasing the prostaglandins (e.g. PGE2) which are 

responsible for inflammatory symptoms [51]. In our study, crocin also reduced the expression 

levels of COX-2 and the levels of its inflammatory consequent product PGE2. It has been shown 

that endotoxemia and septic shock increase the levels of inducible nitric oxide synthase (iNOS) 

and NO generation [52]. In this context, the endothelium-dependent vasodilatory response is 

attenuated due to NO increase and down-regulation of endothelial NOS (eNOS) [52]. 

Overexpression of iNOS leads to myocardial depression and cardiomyocyte apoptosis [53]. In 

addition, increasing of NO causes oxidative stress via production of peroxynitrites and other 

reactive nitrogen species (RNS) [54], which react with amino, thiol (SH), diazo, and tyrosyl 

moiety groups, as well as with heme or sulfur centers structures [55]. Therefore, the decreased 

level of thiol by LPS may be a result of NO over-production.  

In the current study, crocin decreased the levels of iNOS, NO production while increasing the 

levels of thiol. According to these results, protective effects of crocin may be mediated via 

inhibition of inflammatory cytokines, downregulation of iNOS, COX-2 levels and reduction of 

oxidative stress which confirmed with recent studies [15, 56, 57]. In vivo studies have also 

revealed that treatment with crocin improves the myocardial function following the doxorubicin 

toxicity [23] and isoprenaline [22]. Crocin attenuated ischemia-reperfusion-induced oxidative 

stress in isolated rat hearts by regulation of iNOS, eNOS, and improvement of the anti-oxidant 

system [24, 58]. Furthermore, crocin alleviated the myocardial infarction by suppression of the 

inflammatory cytokines and the apoptosis levels as well as the regulation of iNOS expression 

[59, 60]. In another study, it has been also reported that treatment with crocin enhances 

myocardial function following streptozotocin (STZ)-induced diabetes via preventing the 

apoptosis [61].  

A study demonstrated that crocin reduced LPS-induced inflammation in a murine macrophage 

cell line, RAW264.7, by inhibition of the nuclear translocation of NF-B, and PGE2 production 
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[57]. Also, crocin prevented NF-κB activation, reduction of NO, TNF-α, IL-1β, and ROS 

generation in rat brain microglial cells following the LPS stimulation [15]. Another study 

reported a protective effect of crocin against LPS-induced toxicity in retinal ganglion cells and 

BV2 microglial cells via modulation of inflammatory factors [62]. Moreover, crocin dose-

dependently reduced oxidative stress in neurons via increasing the anti-oxidant enzymes, in both 

in vitro and in vivo studies [63, 64]. Therefore, the protective effects of crocin against LPS-

induced inflammation can be related to its anti-oxidant and anti-inflammatory activities.  

   

Conclusion 

Results of the present study have showed that crocin an active ingredient of Crocus sativus had 

not toxicity effects on H9c2 cells and increased LPS-induced cell viability. The protective effect 

of crocin against LPS is related to the inhibiting of inflammatory factors synthesis and 

attenuating the oxidative stress. Therefore, crocin may have beneficial effects in the prevention 

or reduction of sepsis cardiomyopathy, although further in-vivo studies are still required to 

confirm its protection.  

   

Acknowledgments 

This study was financially supported by a grant from Mashhad University of Medical Sciences. 

   

Conflict of interest 

The authors declare no conflict of interest. 

   

Declaration of transparency and scientific rigor 

This Declaration acknowledges that this paper adheres to the principles for transparent reporting 

and scientific rigor of preclinical research recommended by funding agencies, publishers and 

other organizations engaged with supporting research. 

   

Ethical Disclosure 

This is an in-vitro (cell line) study. It is not applicable. 

   



Jo
ur

na
l P

re
-p

ro
of

12 

Declaration of Interest Statement 

The authors (Vafa Baradaran Rahimi, Mohammad Taghi Khammar , Hassan Rakhshandeh, 

Alireza Samzadeh-Kermani, Azar Hosseini and Vahid Reza Askari ) contributing to providing 

this article declare that agreed for submitting and publishing this article. Furthermore, the authors 

absolutely declare that there is no conflict of interest. The authors agreed that any subsequent 

publication of the Submission will credit the Journal as the site of first publication and provide a 

link to the Journal website. 

 

References 

[1] Henry K, Hager D, Pronovost P, Saria S. A targeted real-time early warning score (TREWScore) for 

septic shock. Sci Transl Med. 2015; 7: 299ra122. J Crit Care. 2015;30:1412. 

[2] Singer M, Deutschman CS, Seymour CW, Shankar-Hari M, Annane D, Bauer M, et al. The third 

international consensus definitions for sepsis and septic shock (Sepsis-3). JAMA. 2016;315:801-10. 

[3] Askari VR, Shafiee-Nick R. The protective effects of β-caryophyllene on LPS-induced primary 

microglia M1/M2 imbalance: A mechanistic evaluation. Life Sci. 2019;219:40-73. 

[4] Tupchong K, Koyfman A, Foran M. Sepsis, severe sepsis, and septic shock: A review of the literature. 

Afr J Emerg Med. 2015;5:127-35. 

[5] Sato R, Nasu M. A review of sepsis-induced cardiomyopathy. J Intensive Care. 2015;3:48. 

[6] Serri C, de Gennaro B, Quagliariello V, Iaffaioli RV, De Rosa G, Catalanotti L, et al. Surface 

modified zeolite-based granulates for the sustained release of diclofenac sodium. Eur J Pharm Sci. 

2017;99:202-8. 

[7] Quagliariello V, Vecchione R, Coppola C, Di Cicco C, De Capua A, Piscopo G, et al. 

Cardioprotective Effects of Nanoemulsions Loaded with Anti-Inflammatory Nutraceuticals against 

Doxorubicin-Induced Cardiotoxicity. Nutrients. 2018;10:1304. 

[8] Tian J, Guo X, Liu X-M, Liu L, Weng Q-F, Dong S-J, et al. Extracellular HSP60 induces 

inflammation through activating and up-regulating TLRs in cardiomyocytes. Cardiovas research. 

2013;98:391-401. 

[9] Liao H-H, Jia X-H, Liu H-J, Yang Z, Tang Q-Z. The role of PPARs in pathological cardiac 

hypertrophy and heart failure. Curr Pharm Des. 2017;23:1677-86. 

[10] Yang P, Han Y, Gui L, Sun J, Chen Y-l, Song R, et al. Gastrodin attenuation of the inflammatory 

response in H9c2 cardiomyocytes involves inhibition of NF-κB and MAPKs activation via the 

phosphatidylinositol 3-kinase signaling. Biochem pharmacol. 2013;85:1124-33. 

[11] Peng T, Lu X, Lei M, Feng Q. Endothelial nitric-oxide synthase enhances lipopolysaccharide-

stimulated tumor necrosis factor-α expression via cAMP-mediated p38 MAPK pathway in 

cardiomyocytes. J Biol Chem. 2003;278:8099-105. 



Jo
ur

na
l P

re
-p

ro
of

13 

[12] Maragos CM, Wang JM, Hrabie JA, Oppenheim JJ, Keefer LK. Nitric oxide/nucleophile complexes 

inhibit the in vitro proliferation of A375 melanoma cells via nitric oxide release. Cancer Res. 

1993;53:564-8. 

[13] Baradaran Rahimi V, Rakhshandeh H, Raucci F, Buono B, Shirazinia R, Samzadeh Kermani A, et al. 

Anti-Inflammatory and Anti-Oxidant Activity of Portulaca oleracea Extract on LPS-Induced Rat Lung 

Injury. Molecules. 2019;24. 

[14] Askari VR, Shafiee-Nick R. Promising neuroprotective effects of β-caryophyllene against LPS-

induced oligodendrocyte toxicity: A mechanistic study. Biochem pharmacol. 2019;159:154-71. 

[15] Nam KN, Park Y-M, Jung H-J, Lee JY, Min BD, Park S-U, et al. Anti-inflammatory effects of crocin 

and crocetin in rat brain microglial cells. Eur J Pharmacol. 2010;648:110-6. 

[16] Alavizadeh SH, Hosseinzadeh H. Bioactivity assessment and toxicity of crocin: a comprehensive 

review. Food Chem Toxicol. 2014;64:65-80. 

[17] Khalili M, Hamzeh F. Effects of active constituents of Crocus sativus L., crocin on streptozocin-

induced model of sporadic Alzheimer's disease in male rats. Iran Biomed J. 2010;14:59. 

[18] Ghadrdoost B, Vafaei AA, Rashidy-Pour A, Hajisoltani R, Bandegi AR, Motamedi F, et al. 

Protective effects of saffron extract and its active constituent crocin against oxidative stress and spatial 

learning and memory deficits induced by chronic stress in rats. Eur J Pharmacol. 2011;667:222-9. 

[19] Shoja M, Mehri S, Amin B, Askari VR, Hosseinzadeh H. The Prophylactic and Therapeutic Effects 

of Saffron Extract and Crocin on Ethanol Withdrawal Syndrome in Mice. J Pharmacopuncture. 

2018;21(4):277–283. 

[20] Pitsikas N, Boultadakis A, Georgiadou G, Tarantilis P, Sakellaridis N. Effects of the active 

constituents of Crocus sativus L., crocins, in an animal model of anxiety. Phytomedicine. 2008;15:1135-

9. 

[21] Du P, Qian Z-y, Shen X-c, Rao S-y, Wen N. Effectiveness of crocin against myocardial injury. Chin 

New Drug J. 2005;14:1424. 

[22] Goyal S, Arora S, Sharma A, Joshi S, Ray R, Bhatia J, et al. Preventive effect of crocin of Crocus 

sativus on hemodynamic, biochemical, histopathological and ultrastuctural alterations in isoproterenol-

induced cardiotoxicity in rats. Phytomedicine. 2010;17:227-32. 

[23] Razmaraii N, Babaei H, Nayebi AM, Assadnassab G, Helan JA, Azarmi Y. Crocin treatment 

prevents doxorubicin-induced cardiotoxicity in rats. Life sci. 2016;157:145-51. 

[24] Dianat M, Esmaeilizadeh M, Badavi M, Samarbaf-zadeh AR, Naghizadeh B. Protective effects of 

crocin on ischemia-reperfusion induced oxidative stress in comparison with vitamin E in isolated rat 

hearts. Jundishapur J Nat Pharm Prod. 2014;9. 

[25] Winstead MV, Lucas KK, Dennis EA. Group IV cytosolic phospholipase A2 mediates arachidonic 

acid release in H9c2 rat cardiomyocyte cells in response to hydrogen peroxide. Prostaglandins Other 

Lipid. 2005;78:55-66. 

[26] Sheng R, Gu Z-l, Xie M-l, Zhou W-x, Guo C-y. Epigallocatechin gallate protects H9c2 

cardiomyoblasts against hydrogen dioxides-induced apoptosis and telomere attrition. Eur J Pharmacol. 

2010;641:199-206. 

[27] Deng M, Li D, Zhang Y, Zhou G, Liu W, Cao Y, et al. Protective effect of crocin on ultraviolet B‑
induced dermal fibroblast photoaging. Mol Med Rep. 2018;18:1439-46. 



Jo
ur

na
l P

re
-p

ro
of

14 

[28] Li K, Li Y, Ma Z, Zhao J. Crocin exerts anti-inflammatory and anti-catabolic effects on rat 

intervertebral discs by suppressing the activation of JNK. Int J Mol Med. 2015;36:1291-9. 

[29] Askari VR, Fereydouni N, Baradaran Rahimi V, Askari N, Sahebkar AH, Rahmanian-Devin P, et al. 

beta-Amyrin, the cannabinoid receptors agonist, abrogates mice brain microglial cells inflammation 

induced by lipopolysaccharide/interferon-gammaand regulates M1/M2 balances. Biomed Pharmacother. 

2018;101:438-46. 

[30] Rahimi VB, Askari VR, Shirazinia R, Soheili-Far S, Askari N, Rahmanian-Devin P, et al. Protective 

effects of hydro-ethanolic extract of Terminalia chebula on primary microglia cells and their polarization 

(M1/M2 balance). Mult Scler Relat Disord. 2018;25:5-13. 

[31] Kim J-H, Park G-Y, Bang SY, Park SY, Bae S-K, Kim Y. Crocin suppresses LPS-stimulated 

expression of inducible nitric oxide synthase by upregulation of heme oxygenase-1 via 

calcium/calmodulin-dependent protein kinase 4. Mediators Inflamm. 2014;2014:728709-. 

[32] Zhang L, Previn R, Lu L, Liao R-F, Jin Y, Wang R-K. Crocin, a natural product attenuates 

lipopolysaccharide-induced anxiety and depressive-like behaviors through suppressing NF-kB and 

NLRP3 signaling pathway. Brain Res Bull. 2018;142:352-9. 

[33] Rahimi VB, Shirazinia R, Fereydouni N, Zamani P, Darroudi S, Sahebkar AH, et al. Comparison of 

honey and dextrose solution on post-operative peritoneal adhesion in rat model. Biomed Pharmacother. 

2017;92:849-55. 

[34] Peinnequin A, Mouret C, Birot O, Alonso A, Mathieu J, Clarençon D, et al. Rat pro-inflammatory 

cytokine and cytokine related mRNA quantification by real-time polymerase chain reaction using SYBR 

green. BMC immunol. 2004;5:3-. 

[35] Ramirez F, Fowell DJ, Puklavec M, Simmonds S, Mason D. Glucocorticoids promote a TH2 

cytokine response by CD4+ T cells in vitro. J Immunol. 1996;156:2406-12. 

[36] Askari VR, Baradaran Rahimi V, Rezaee SA, Boskabady MH. Auraptene regulates Th1/Th2/TReg 

balances, NF-κB nuclear localization and nitric oxide production in normal and Th2 provoked situations 

in human isolated lymphocytes. Phytomedicine. 2018;43:1-10. 

[37] Askari VR, Rahimi VB, Zamani P, Fereydouni N, Rahmanian-Devin P, Sahebkar AH, et al. 

Evaluation of the effects of Iranian propolis on the severity of post operational-induced peritoneal 

adhesion in rats. Biomed Pharmacother. 2018;99:346-53. 

[38] Askari VR, Rezaee SA, Abnous K, Iranshahi M, Boskabady MH. The influence of hydro-ethanolic 

extract of Portulaca oleracea L. on Th1/Th2 balance in isolated human lymphocytes. J Ethnopharmacol. 

2016;194:1112-21. 

[39] Antonucci E, Fiaccadori E, Donadello K, Taccone FS, Franchi F, Scolletta S. Myocardial depression 

in sepsis: from pathogenesis to clinical manifestations and treatment. J Crit Care. 2014;29:500-11. 

[40] Lv X, Wang H. Pathophysiology of sepsis-induced myocardial dysfunction. Mil Med Res. 

2016;3:30. 

[41] Fallach R, Shainberg A, Avlas O, Fainblut M, Chepurko Y, Porat E, et al. Cardiomyocyte Toll-like 

receptor 4 is involved in heart dysfunction following septic shock or myocardial ischemia. J Mol Cell 

Cardiol. 2010;48:1236-44. 

[42] Lu Y-C, Yeh W-C, Ohashi PS. LPS/TLR4 signal transduction pathway. Cytokine. 2008;42:145-51. 



Jo
ur

na
l P

re
-p

ro
of

15 

[43] Du J, An J, Wei N, Guan T, Pritchard Jr KA, Shi Y. Increased resistance to lps-induced myocardial 

dysfunction in the brown norway rats versus dahl S rats: roles of inflammatory cytokines and nuclear 

factor κb pathway. Shock. 2010;33:332. 

[44] Hobai IA, Morse JC, Siwik DA, Colucci WS. Lipopolysaccharide and cytokines inhibit rat 

cardiomyocyte contractility in vitro. J Surg Res. 2015;193:888-901. 

[45] Kakihana Y, Ito T, Nakahara M, Yamaguchi K, Yasuda T. Sepsis-induced myocardial dysfunction: 

pathophysiology and management. J Intensive Care. 2016;4:22. 

[46] Dong M, Hu N, Hua Y, Xu X, Kandadi MR, Guo R, et al. Chronic Akt activation attenuated 

lipopolysaccharide-induced cardiac dysfunction via Akt/GSK3β-dependent inhibition of apoptosis and 

ER stress. Biochim Biophys Acta. 2013;1832:848-63. 

[47] Mann DL. Inflammatory mediators and the failing heart: past, present, and the foreseeable future. 

Circ Res. 2002;91:988-98. 

[48] Yao X, Carlson D, Sun Y, Ma L, Wolf SE, Minei JP, et al. Mitochondrial ROS induces cardiac 

inflammation via a pathway through mtDNA damage in a pneumonia-related sepsis model. PLoS One. 

2015;10:e0139416. 

[49] Boskabadi J, Askari VR, Hosseini M, Boskabady MH. Immunomodulatory properties of captopril, 

an ACE inhibitor, on LPS-induced lung inflammation and fibrosis as well as oxidative stress. 

Inflammopharmacology. 2018:1-9. 

[50] Hosseini A, Sahebkar A. Reversal of doxorubicin-induced cardiotoxicity by using phytotherapy: A 

review. J pharmacopuncture. 2017;20:243. 

[51] Gomez I, Foudi N, Longrois D, Norel X. The role of prostaglandin E2 in human vascular 

inflammation. Prostaglandins Leukot Essent Fatty Acids. 2013;89:55-63. 

[52] Draisma A, Dorresteijn MJ, Bouw MP, van der Hoeven JG, Pickkers P. The role of cytokines and 

inducible nitric oxide synthase in endotoxemia-induced endothelial dysfunction. J Cardiovasc Pharmacol. 

2010;55:595-600. 

[53] Shah AM. Inducible nitric oxide synthase and cardiovascular disease. Cardiovas research. 

2000;45:148-55. 

[54] Lobo SM, Lobo FRM. Markers and mediators of inflammatory response in infection and sepsis. Rev 

Bras Ter Intensiva. 2007;19:210-5. 

[55] Panaro MA, Pricci M, Meziani F, Ragot T, Andriantsitohaina R, Mitolo V, et al. Cyclooxygenase-2-

derived prostacyclin protective role on endotoxin-induced mouse cardiomyocyte mortality. Cardiovasc 

Toxicol. 2011;11:347. 

[56] Lv B, Huo F, Zhu Z, Xu Z, Dang X, Chen T, et al. Crocin upregulates CX3CR1 expression by 

suppressing NF-κB/YY1 signaling and inhibiting lipopolysaccharide-induced microglial activation. 

Neurochem Res. 2016;41:1949-57. 

[57] Xu G-L, Li G, Ma H-P, Zhong H, Liu F, Ao G-Z. Preventive effect of crocin in inflamed animals and 

in LPS-challenged RAW 264.7 cells. J Agric Food Chem. 2009;57:8325-30. 

[58] Esmaeilizadeh M, Dianat M, Badavi M, Samarbaf-zadeh A, Naghizadeh B. Effect of crocin on nitric 

oxide synthase expression in post-ischemic isolated rat heart. Avicenna J Phytomed. 2015;5:420. 

[59] Bharti S, Rani N, Arya D. P139 Switching off Hsp70 abrogates crocin mediated cardioprotective 

effect in experimental model of acute myocardial infarction. Cardiovas research. 2014;103. 



Jo
ur

na
l P

re
-p

ro
of

16 

[60] Wang Y, Wang Q, Yu W, Du H. Crocin Attenuates Oxidative Stress and Myocardial Infarction 

Injury in Rats. Int Heart J. 2018;59:387-93. 

[61] Feidantsis K, Mellidis K, Galatou E, Sinakos Z, Lazou A. Treatment with crocin improves cardiac 

dysfunction by normalizing autophagy and inhibiting apoptosis in STZ-induced diabetic cardiomyopathy. 

Nutr Metab Cardiovasc Dis. 2018;28:952-61. 

[62] Yorgun MA, Rashid K, Aslanidis A, Bresgen C, Dannhausen K, Langmann T. Crocin, a plant-

derived carotenoid, modulates microglial reactivity. Biochem Biophys Rep. 2017;12:245-50. 

[63] Bandegi AR, Rashidy-Pour A, Vafaei AA, Ghadrdoost B. Protective effects of Crocus sativus L. 

extract and crocin against chronic-stress induced oxidative damage of brain, liver and kidneys in rats. Adv 

Pharm Bull. 2014;4:493. 

[64] Ochiai T, Ohno S, Soeda S, Tanaka H, Shoyama Y, Shimeno H. Crocin prevents the death of rat 

pheochromyctoma (PC-12) cells by its antioxidant effects stronger than those of α-tocopherol. Neurosci 

Lett. 2004;362:61-4. 

 

  



Jo
ur

na
l P

re
-p

ro
of

17 

Legends 

F ig u r e 1 a

C ro c in  ( M )

C
e

ll
 v

ia
b

il
it

y
 (

%
o

f 
c

o
n

tr
o

l)

C 5
1
0

2
0

4
0

8
0

0

5 0

1 0 0

1 5 0

            C r o c in  ( M )+ L P S

C
e

ll
 v

ia
b

il
it

y
 (

%
o

f 
c

o
n

tr
o

l)

C

L
P

S 5
1
0

2
0

4
0

8
0

0

5 0

1 0 0

1 5 0

*

F ig u r e  1 b

* * *

# # #

 

 

 

Figure1. Effect of crocin on cell viability without (Fig.1a) or with (Fig.1b) LPS; The cell 

viability was evaluated in the presence of crocin alone (Fig.1a), also cells were pretreated with 

different concentrations of crocin for 24 h and then exposed to LPS (10 µg/ml) for 24 h (Fig.1b). 

The cell viability was evaluated by MTT assay. Data are mean ± SEM (n = 3). ### p < 0.001 vs. 

control, *p< 0.05 and ***p< 0.001 vs. LPS. 
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Figure2. Effect of crocin and LPS on the levels of TNF-α, PGE2, IL-1β, and IL-6; the cells were 

pretreated with crocin for 24 h and then incubated with LPS for 24 h. After 24 h, the levels of 

TNF-α, PGE2, IL-1β, and IL-6 were determined in presence of LPS. Data are mean ± SEM (n = 

3).  ### p < 0.001 vs. control, **p< 0.01 and***p< 0.001 vs. LPS. 
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Figure3. Effects of crocin and LPS on the levels of gene expression of TNF-α, COX-2, IL-1β, 

IL-6, and iNOS; The cells were pretreated with crocin for 24 h then incubated with LPS for 24 h. 

After 24 h, the levels of gene expression of TNF-α, COX-2, IL-1β, IL-6, and iNOS were 

determined in presence of LPS. Data are mean ± SEM (n = 3).  ### p < 0.001 vs. control and ***p< 

0.001 vs. LPS. 
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Figure4. Effect of crocin on NO and thiol in presence of LPS; The cells were pretreated with 

crocin for 24 h then incubated with LPS for 24 h. After 24 h, the levels of NO and thiol were 

measured in presence of LPS. Data are mean ± SEM (n = 3).  ### p < 0.001 vs. control, *p< 0.05 

and ***p< 0.001 vs. LPS. 
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Table 1: The primers for Real-time PCR [34] 

Gene name 5'-3' primer sequence Accession Number 

IL-1 FW CACCTCTCAAGCAGAGCACAG 
M98820 

 
RW GGGTTCCATGGTGAAGTCAAC 

IL-6 FW TCCTACCCCAACTTCCAATGCTC 
E02522 

 
RW TTGGATGGTCTTGGTCCTTAGCC 

TNF- FW AAATGGGCTCCCTCTCATCAGTTC 
X66539 

 
RW TCTGCTTGGTGGTTTGCTACGAC 

COX-2 FW TGTATGCTACCATCTGGCTTCGG 
S67722 

 
RW GTTTGGAACAGTCGCTCGTCATC 

iNOS FW CATTGGAAGTGAAGCGTTTCG 
L12562 

 
RW CAGCTGGGCTGTACAAACCTT 

GAPDH FW GTATTGGGCGCCTGGTCACC* 
AB017801 

 RW CGCTCCTGGAAGATGGTGATGG 

  FW forward primer; RW reverse primer; GAPDH, glyceraldehyde-3-phosphate dehydrogenase. 

https://www.ncbi.nlm.nih.gov/nuccore/L12562
https://www.ncbi.nlm.nih.gov/nuccore/AB017801

