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Abstract 

Crocin, a water-soluble carotenoid, is known as a pharmacologically active compound, 

particularly for its potent anti-oxidant activity. The present work provides a comprehensive 

review of the available literature concerning the anti-inflammatory properties of crocin in various 

organs/systems as well as its anti-nociceptive effects. PubMed, Scopus, and Web of Science 

electronic databases were systematically searched up to 28 March 2020 to detect all relevant 

preclinical and human studies in accordance with the Preferred Reporting Items for Systematic 

Reviews and Meta-analyses (PRISMA) statement. In total, 104 studies were included for 

qualitative synthesis. This systematic search and review indicated that crocin not only combats 

reactive oxygen species production and suppresses pro-inflammatory cytokines secretion but also 

alleviates inflammation in various organs (e.g. the lung, heart, brain, and kidney), in a series of 

animal models and in vitro experiments, via regulating mainly NF-κB pathway and NF-κBp65 

translocation to the cell nucleus. In this context, modulation of PI3K/Akt appears to be a 

favorable crocin target contributing to NF-κB pathway inhibition. Even though data is limited in 

humans with only one clinically relevant study retrieved, the results of preclinical studies 

regarding anti-inflammatory/anti-nociceptive effects of crocin are promising and warrant further 

testing in clinical settings. 
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 20 

Highlights: 21 

• Crocin anti-inflammatory function involves suppression of MAPK and NF-kB, but 22 

activation of Nrf2. 23 

• Crocin suppresses production/secretion of TNF-α, IL-6, IL-10, IFN-γ and IL-1β (in vitro 24 

and in vivo) and reduces TNF-α and IL-17 in humans. 25 

• Suppression of MAPK and Wnt5α/β-catenin signaling mediates crocin pain killing 26 

effects. 27 

• Even though data is limited in humans, the results of preclinical studies regarding anti-28 

inflammatory/anti-nociceptive effects of crocin are promising and warrant further testing 29 

in clinical settings. Abbreviations:  30 

• 6-OHDA: 6-hydroxydopamine 31 

• AA: Acetic acid 32 

• ALP: alkaline phosphatase 33 

• AMPK: 5'-adenosine monophosphate (AMP)-activated protein kinase 34 

• AP: acute pancreatitis 35 

• ARDS: Acute respiratory distress syndrome 36 

• BDNF: Brain derived neurotrophic factor 37 

• BPA: Bisphenol A 38 

• CAMK4: Ca2+/calmodulin dependent protein kinase 4 39 

• CAT: catalase 40 

• CCL2: CC-chemokine ligand 2 41 

• CCl4: carbon tetrachloride 42 

• CGRP: calcitonin gene related peptide 43 

• COPD: Chronic obstructive pulmonary disease 44 
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• COX: cyclooxygenase 45 

• CREB: cAMP response element binding protein 46 

• CRP: C Reactive Protein 47 

• DSS: dextran sodium sulfate 48 

• ERK: extracellular signal-regulated kinases 49 

• FOXO3: forkhead box O3 50 

• GPx: glutathione peroxidase 51 

• GSK3α/β: glycogen synthase kinase 3α/β 52 

• GST: glutathione S-transferase 53 

• H&E: hematoxylin and eosin 54 

• HAases: hyaluronidases 55 

• HMGB1: High mobility group box protein 1 56 

• HO-1: Heme oxygenase-1 57 

• HSP: Heat shock protein 58 

• ICAM:  Intercellular adhesion molecules 59 

• IFN: Interferon 60 

• IgE: Immunoglobulin E 61 

• IL: Interleukin 62 

• iNOS: Inducible nitric oxide synthase 63 

• ip: intraperitoneal 64 

• IR: Ischemia/Reperfusion 65 

• JNK: c-Jun N-terminal Kinase 66 

• LPS: Lipopolysaccharide 67 

• MAPK: Mitogen-activated protein kinase 68 

• MAPKAPK: MAPK-activated protein kinases 69 
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• MCP: monocyte chemotactic protein 70 

• MCP-1: monocyte chemoattractant protein-1 71 

• MDA: Malondialdehyde 72 

• MIP: macrophage inflammatory proteins 73 

• MMP: Matrix metalloprotease 74 

• MS: multiple sclerosis 75 

• mTOR: mammalian target of rapamycin 76 

• NAFLD: Non-alcoholic fatty liver disease 77 

• NF-κB : Nuclear Factor-kappa B 78 

• NLRP3: NLR family pyrin domain-containing protein 3 79 

• NOX: NADPH oxidase 80 

• Nrf2: nuclear factor erythroid derived 2 like 2 81 

• OVA: ovalbumin 82 

• PAI-1: plasminogen activator inhibitor type 1 83 

• PDGFB: platelet-derived growth factor 84 

• PGE2: Prostaglandin E2 85 

• PI3K: Phosphoinositide 3-kinase 86 

• PKC: Protein kinase C 87 

• PRAS40: proline-rich Akt substrate of 40 kDa 88 

• RANKL: receptor activator of nuclear factor-kappaB ligand 89 

• ROS: Reactive oxygen species 90 

• SOD: superoxide dismutase 91 

• STAT6: signal transducer and activator of transcription 6 92 

• STZ: Streptozotocin 93 

• TBI: traumatic brain injury 94 
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• TGF: Transforming growth factor 95 

• Th: T helper 96 

• TLR4: Toll-Like Receptor 4 97 

• TNF: Tumor necrosis factor 98 

• UC: Ulcerative colitis 99 

• URIRI: Unilateral renal ischemia reperfusion injury 100 

• VEGF: vascular endothelial growth factor 101 

• VEGF: vascular endothelial growth factor 102 

  103 
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Abstract 108 

Crocin, a water-soluble carotenoid, is known as a pharmacologically active compound, 109 

particularly for its potent anti-oxidant activity. The present work provides a comprehensive 110 

review of the available literature concerning the anti-inflammatory properties of crocin in various 111 

organs/systems as well as its anti-nociceptive effects. PubMed, Scopus, and Web of Science 112 

electronic databases were systematically searched up to 28 March 2020 to detect all relevant 113 

preclinical and human studies in accordance with the Preferred Reporting Items for Systematic 114 

Reviews and Meta-analyses (PRISMA) statement. In total, 104 studies were included for 115 

qualitative synthesis. This systematic search and review indicated that crocin not only combats 116 

reactive oxygen species production and suppresses pro-inflammatory cytokines secretion but also 117 

alleviates inflammation in various organs (e.g. the lung, heart, brain, and kidney), in a series of 118 

animal models and in vitro experiments, via regulating mainly NF-κB pathway and NF-κBp65 119 

translocation to the cell nucleus. In this context, modulation of PI3K/Akt appears to be a 120 

favorable crocin target contributing to NF-κB pathway inhibition. Even though data is limited in 121 

humans with only one clinically relevant study retrieved, the results of preclinical studies 122 

regarding anti-inflammatory/anti-nociceptive effects of crocin are promising and warrant further 123 

testing in clinical settings. 124 

Key words: crocin; natural products; herbal medicine; pain; inflammation.   125 

126 
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Introduction 127 

Crocin, a bioactive natural product isolated from Gardenia jasminoides Ellis and Crocus 128 

sativus (saffron), is a water-soluble carotenoid that contributes to the red color of saffron (Huang, 129 

Xu et al. 2019, Kalantar, Kalantari et al. 2019). From a chemical point of view, crocin is a diester 130 

consisted of the disaccharide gentiobiose and the dicarboxylic acid crocetin (Alavizadeh and 131 

Hosseinzadeh 2014). These phytoconstituents are radical-scavengers, particularly against 132 

superoxide anions (Erben-Russ, Michel et al. 1987, Rezaee and Hosseinzadeh 2013, Kocaman, 133 

Altinoz et al. 2019). Besides cytotoxic (Rezaee, Mahmoudi et al. 2013, Rezaee, Jamialahmadi et 134 

al. 2014), anti-hypertensive (Hashemzaei, Rezaee et al.), antidepressant, anti-atherosclerotic, 135 

anti-platelet aggregation, and nephron-protective properties (Korani, Korani et al. 2019), crocin 136 

possesses marked anti-oxidant activities as well as anti-inflammatory properties (Hatziagapiou, 137 

Kakouri et al. 2019, Suh, Chon et al. 2019).  138 

The well-known antioxidant properties of crocin were shown to be mediated, at least in 139 

part, through modulation of glutathione peroxidase (GPx), glutathione S-transferase (GST), 140 

catalase (CAT), and superoxide dismutase (SOD)(Korani, Korani et al. 2019). Reactive oxygen 141 

species (ROS) are regularly produced during metabolic activities of the cell; however, under 142 

uncontrolled conditions, they affect redox balance subsequently disturbing stress responses and 143 

apoptotic signaling pathways with deleterious consequences (Chiu and Dawes 2012, Rezaee, 144 

Behravan et al. 2014). Besides, inflammatory diseases were shown to be associated with ROS 145 

production/release (Kavasi, Berdiaki et al. 2017, Korani, Korani et al. 2019, Tsoukalas, 146 

Fragoulakis et al. 2019, Zalar, Pop et al. 2019). In this regard, oxidative-induced changes in 147 

proteins were reported to affect their structure and activity or render them active mediators in 148 
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inflammation development (Ungurianu, Margină et al. 2017, Hatziagapiou, Kakouri et al. 2019, 149 

Neagu, Constantin et al. 2019). 150 

Inflammation is an extremely essential protective function of an organism and various 151 

patterns have been described for different diseases since ancient times (Kuprash and Nedospasov 152 

2016). Modern life which exposes the individuals to a multitude of stimuli from different 153 

sources, even at low doses, is a trigger of oxidative stress, inflammation and chronic diseases in 154 

long term (Tsatsakis, Kouretas et al. 2017, Docea, Gofita et al. 2018, Fountoucidou, Veskoukis 155 

et al. 2019, Tsatsakis, Tyshko et al. 2019, Tsatsakis, Docea et al. 2019). Type 1 T helper (Th1), 156 

Th2, and Th17 as the key parts of the classic immune responses, exert their characteristic 157 

functions via particular cytokines. Th1 responses involve interferon-gamma (IFN-γ) and 158 

interleukin (IL)-12 cytokines, and induce cellular immune responses. Th2 and Th17 respectively 159 

produce allergic (through IL-4, IL-5 and IL-13), and neutrophil-mediated (through IL-17) 160 

reactions. Cytokines that act as immunosuppressants are IL-10, and transforming growth factor 161 

beta (TGF-β) (Korani, Korani et al. 2019). 162 

Nuclear factor-κB (NF-κB) is considered a main player in various inflammatory 163 

processes (Schuliga 2015) and when it interacts with a particular DNA sequence of TGF-β1 164 

gene, it induces the expression of TGF-β1 gene (Bowie and O’Neill 2000). Mechanistically, as a 165 

reaction to an external stimuli, IκB kinase activity leads to IκBα ubiquitination and proteasomal 166 

destruction, and subsequently, NF-κB translocation to the nucleus (Jiang, Yi et al. 2015). 167 

Receptor activator of NF-κB ligand (RANKL) triggers classical NF-κB signaling by inducing 168 

IκBα kinase (IKK), and phosphorylation-dependent IκBα degradation, followed by translocation 169 

of p65 to the nucleus (Li and Verma 2002). It is postulated that ROS mediate NF-κB-activation, 170 
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as it was suppressed by several antioxidants or upregulated antioxidant enzymes (Li and KARIN 171 

1999).  172 

The aim of this paper is to provide a comprehensive review of the available literature on 173 

the potential anti-inflammatory properties of crocin in various organs/systems and its anti-174 

nociceptive effects, focusing on the underlying mechanisms.  175 

Methods 176 

PubMed, Scopus, and Web of Science electronic databases were systematically searched (28 177 

March 2020) to detect all original research studies, according to the Preferred Reporting Items 178 

for Systematic Reviews and Meta-analyses (PRISMA) statement (Moher, Liberati et al. 2010). 179 

The specific literature search strategy used was: (crocin AND ("*pain*" OR "*inflammation*" 180 

OR "*inflam*" OR "ache" OR "*algia*")). The reference lists of selected studies were screened 181 

for other potentially eligible studies. After excluding duplicates, citations in abstract form and 182 

non-English citations, the titles/abstracts of full papers were screened for relevance. All types of 183 

citations other than original research studies (e.g. review articles) and those reporting the effects 184 

of extracts (i.e. not pure crocin) were excluded.  Two review authors (M.H., R.R. and E.S.A) 185 

independently assessed the title and the abstract content (or both) of every record retrieved to 186 

decide which studies should be further evaluated and extracted all data. Disagreements were 187 

resolved through consensus or by consultation with a third author (K.T.). A final draft of the 188 

manuscript was prepared after several revisions (C.M., K.T., G.G., G.L. A.T.   E.S.A.,  and  189 

R.R.) and approved by all authors. In total, 104 studies (103 preclinical studies and oneclinical 190 

trial) were considered for qualitative synthesis (Figure 1).   191 
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Figure 1. PRISMA flowchart showing the process of article selection. 192 
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Anti-inflammatory effects in the respiratory system 196 

Crocin was administered to mice that were exposed to cigarette smoke for induction of 197 

chronic obstructive pulmonary disease (COPD); results showed that crocin could reduce 198 

inflammatory cells number and lung IL-1β, IL-6 and TNF-α levels; however, IGF-1 (insulin-like 199 

growth factor 1), a PI3K/Akt activator, neutralized crocin’s effect suggesting that crocin exerts 200 

its anti-inflammatory effects through modulation of PI3K/Akt-mediated inflammatory pathways 201 

(Xie, He et al. 2019). 202 

In rats with COPD, crocin up-regulated mRNA levels of Nrf2 (erythroid-derived 2 like 203 

protein 2) via induction of mRNA expression of PKC (protein kinase C), PI3K 204 

(phosphoinositide-3-kinase) and MAPK (mitogen-activated protein kinases; ERK2), as its 205 

upstream activators (Dianat, Radan et al. 2018). Consistently, crocin protected cigarette smoke 206 

extracts-exposed alveolar epithelial cells (A549) via activation of Nrf2 and boosting anti-oxidant 207 

system (Radan, Dianat et al. 2019). 208 

Moreover, human bronchial epithelial cells pre-treated with crocin showed lower 209 

concentrations of TNF-α, IL-8, IL-6 and IL-1β as well as suppressed NF-κB p65 expression and 210 

nuclear translocation induced by Aspergillus fumigatus (Du, Chi et al. 2018). 211 

In an in vitro study in RAW264.7 cells, it was observed that crocin induced IL-4 and IL-212 

10 which are considered anti-inflammatory mediators but diminished TNF-α and IL-6 that are 213 

regarded as pro-inflammatory components. Anti-inflammatory activity of crocin was mediated 214 

through favoring M2 macrophage differentiation through suppressing p38 and JNK pathways 215 

(Zhu, Yang et al. 2019). Also, in RAW264.7 cells incubated with lipopolysaccharide (LPS), 216 

crocin increased heme oxygenase-1 (HO-1) expression which resulted in an anti-inflammatory 217 

response; further, crocin suppressed iNOS and NO by down-regulation of NF-κB. Interestingly, 218 
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it was observed that Ca2+/calmodulin dependent protein kinase 4 (CAMK4) inhibition, abrogated 219 

HO-1 expression, Nrf2 activation, and Akt phosphorylation; thus, authors concluded that iNOS 220 

suppression was mediated through increment of HO-1 expression as a result of Ca2+/calmodulin-221 

CAMK4-PI3K/Akt-Nrf2 signaling activation (Kim, Park et al. 2014). 222 

In rats treated with intratracheal bleomycin, crocin markedly diminished total 223 

inflammatory cells, lymphocytes and neutrophils number in bronchoalveolar lavage fluid 224 

(BALF) and considerably decreased scores of lung’s inflammatory lesions; also, crocin 225 

suppressed the lung levels of IL-10 and TLR4 (toll-like receptor 4), the latter is central in 226 

neutrophil accumulation and TNF-α expression, and when activated, induces TGF-β1 signaling 227 

and activates fibroblasts (Zaghloul, Said et al. 2019). 228 

Yosri et al. treated the mice with ovalbumin (OVA) to produce a murine model of asthma 229 

that showed higher lung levels of TNF-α, IL-4, and IL-13 and elevated number of BALF 230 

inflammatory cells (Yosri, Elkashef et al. 2017). TNF-α is involved in commencement and 231 

development of tissue damage. In lungs, TNF-α stimulates neutrophil attachment to the 232 

capillaries and subsequent entrance to the alveolar space (Ware 2006, Giebelen, van Westerloo et 233 

al. 2007). Beside, via IL-4-mediated signaling, IL-13 induces signal transducer and activator of 234 

transcription 6 (STAT6), resulting in airway hyper-responsiveness (Grünig, Warnock et al. 1998, 235 

Wills-Karp, Luyimbazi et al. 1998). In this experiment, all OVA-induced alterations were 236 

restored by crocin (Yosri, Elkashef et al. 2017). Consistently, in murine asthma models, crocin 237 

alleviated airway inflammation via modifying IL-4/IL-13 or MAPK signaling (Xiong, Wang et 238 

al. 2015, Yosri, Elkashef et al. 2017). 239 

Moreover, in BALB/c mice with allergic airway inflammation induced by OVA, crocin 240 

ameliorated airway inflammation and hyper-reactivity, diminished IL-4, IL-5, IL-13 and tryptase 241 
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in the BALF, reduced serum OVA-specific IgE, and repressed expression of major MAPKs 242 

namely, p-ERK, p-JNK and p-p38 in the lung (Xiong, Wang et al. 2015). LPS-induced increment 243 

of BALF IL-1β and TNF-α levels was down-regulated by crocin in mice with acute lung injury 244 

(Wang, Kuai et al. 2015). Using LPS-induced model of lung injury, it was also found that 245 

besides reduction of lung levels of phosphorylated p38, ERK, and JNK, crocin pretreatment 246 

suppressed HMGB-1 (high-mobility group box 1) which is a late inflammatory factor which 247 

induces intracellular NF-κB signaling pathway and worsens the injury (Zhang, Qi et al. 2020). 248 

Main characteristics of the detected preclinical studies investigating the potential anti-249 

inflammatory properties of crocin in the respiratory tract, are summarized in Table 1 (Kim, Park 250 

et al. 2014, Xiong, Wang et al. 2015, Yosri, Elkashef et al. 2017, Dianat, Radan et al. 2018, Du, 251 

Chi et al. 2018, Xie, He et al. 2019, Zaghloul, Said et al. 2019, Zhang, Qi et al. 2020).  252 

Anti-inflammatory effects in the nervous system  253 

In a rat model of Parkinson’s disease induced by 6-hydroxydopamine (6-OHDA), crocin 254 

effects were examined and it was reported that crocin could reduce striatum levels of TNF‐α 255 

(Shahidani, Rajaei et al. 2019). In rats with Parkinson’s disease caused by exposure to rotenone, 256 

crocin activated PI3K/Akt, and augmented phospho-proline-rich Akt substrate 40 kDa (p-257 

PRAS40), mTOR and p-p70S6K. Also, miRNA-7 and miRNA-221 expression was induced 258 

which led to Akt/mTOR activation (Salama, Abdel-Latif et al. 2020). Phosphorylation of  259 

PRAS40 leads to mTOR activation (Chong 2016). PI3K Activation can stimulate the activation 260 

of mTORC2 and further activation of p-Akt. mTOR activation results in activation of its 261 

downstream target p70S6K which contributes to cells survival (Laplante and Sabatini 2012). 262 
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Also, crocin effects on malathion-induced Parkinson-like symptoms, were documented 263 

by reduced striatum and hippocampal levels of TNF-α and IL-6 (Mohammadzadeh, 264 

Hosseinzadeh et al. 2018, Mohammadzadeh, Abnous et al. 2020). 265 

In a study that examined crocin effects on inflammatory lung condition and depression as 266 

a comorbidity, NF-κB pathway involvement in the effects of crocin on cigarette smoke-induced 267 

COPD in mice, was evaluated; crocin treatment led to reduced levels of smoke-induced IκB 268 

phosphorylation and degradation, inhibition of translocation of NF-κBp65 to the nucleus and 269 

restoration of pro-inflammatory cytokines concentrations in the hippocampus. Among pathways 270 

that crocin can modulate, Xie et al. found that crocin could modify NF-κB by inhibiting 271 

PI3K/Akt-mediated signaling as application of IGF-1 neutralized crocin’s effect (Xie, He et al. 272 

2019). 273 

Involvement of neuro-inflammation and oxidative stress in induction of depression and 274 

anxiety was documented by augmented IL-1β, IL-6, and TNF-α levels in patients (Dowlati, 275 

Herrmann et al. 2010). In this context, crocin-I effect was tested in chronic corticosterone-276 

depressed mice; results showed that oral gavage of crocin-I, as a member of crocin family 277 

(comprised of crocin I-IV), reduced IL-1β expression and oxidative stress in mice hippocampus 278 

(Xiao, Xiong et al. 2019). 279 

In a experiment that studied LPS-induced anxiety and depressive-like behaviors, LPS-280 

treated BV2 microglia cells incubated with crocin showed reductions in TNF-α and IL-1β in 281 

comparison to the LPS only treated control cells; in parallel, researchers showed that NLR 282 

family pyrin domain-containing protein 3 (NLRP3) inflammasome that stimulates pro-caspase-1, 283 

which sequentially triggers IL-1β and IL-18 cleavage and secretion, was attenuated by crocin. 284 

NLRP3 mRNA expression is stimulated by NF-κB (Zhang, Previn et al. 2018). Moreover, in 285 
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BV-2 microglia stimulated by LPS, crocin inhibited gene expression of IL-6, CC-chemokine 286 

ligand 2 (CCL2), and iNOS and reduced NO production; however, authors concluded that 287 

suppression of NF-κB translocation to the nucleus was not involved in the anti-inflammatory 288 

effects (Yorgun, Rashid et al. 2017). 289 

Also, crocin protective activity against methamphetamine-induced neuro-inflammation 290 

was evidenced by reduced hippocampal level of TNF-α (Shafahi, Vaezi et al. 2018). Similarly, 291 

crocin lowered hippocampal TNF-α and IL-1β concentrations in methamphetamine-treated rats 292 

(Mozaffari, Yasuj et al. 2019).  293 

Methylphenidate is a psycho‐stimulant drug with marked addictive potential; this agent 294 

is being used for treatment of attention/deficit hyperactivity disorder (ADHD) in children 295 

(Morton and Stockton 2000, Leonard, McCartan et al. 2004). In  methylphenidate-treated rats, 296 

crocin administration decreased hippocampal IL‐1β and TNF‐α concentrations, but induced 297 

phosphorylated CREB (P‐CREB) and brain-derived neurotrophic factor (BDNF) 298 

(Ebrahimzadeh, Moghadam et al. 2019). P‐CREB (that is activated CREB), governs several 299 

genes specially BDNF which has a key role in regeneration, development, survival, excitability, 300 

addiction, depression, and cognition. Importantly, disruption of CREB pathway was found to be 301 

followed by oxidative stress, apoptosis, and neurodegeneration (Mayr and Montminy 2001). 302 

BDNF protective effects on brain cells and neurons are mediated through its receptor, TrkB 303 

(Martinowich, Hattori et al. 2003, Carlezon Jr, Duman et al. 2005). 304 

Moreover, treatment of BV-2 cells with crocin, resulted in decrement of LPS-stimulated 305 

productions of TNF-α and IL-1β and repression of LPS-elicited NF-κB activation (Nam, Park et 306 

al. 2010). Similarly, crocin could reduce serum concentrations of IL-6, IL-1β, and TNF-α in a rat 307 

model of Alzheimer’s disease (Sadoughi 2019).  308 
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Furthermore, crocin diminished levels of plasminogen activator inhibitor type 1 (PAI-1), 309 

which is linked to inflammatory conditions like septic shock, in brain and liver samples from 310 

LPS-treated rats (Tsantarliotou, Lavrentiadou et al. 2019). 311 

Considering such evidence, it was suggested that crocin, by affecting CREB/BDNF and 312 

Akt/GSK pathways, might be potentially beneficial for prevention/ treatment of alcohol-induced 313 

neurodegeneration and neurobehavioral outcomes (Motaghinejad, Safari et al. 2019).  Akt 314 

hyperactivity was shown to be involved in various common malignancies and impairment of Akt 315 

signaling was shown in neurodegenerative conditions like Alzheimer’s and Huntington disease. 316 

Moreover, association between impaired Akt/GSK3 signaling and schizophrenia was reported. 317 

Glycogen Synthase Kinase 3 (GSK3) is a target for Akt1 and it was reported to be modulated in 318 

schizophrenia as lower levels of GSK3α proteins in lymphocytes from patients with 319 

schizophrenia (Yang, Yu et al. 1995) and involvement of GSK3β in the disease (Emamian 2012), 320 

were shown. GSK3 is extensively found among eukaryotes and more than a hundred proteins 321 

were reported to be specifically GSK3 substrates. Mammalian GSK3 is classified into GSK3α 322 

and GSK3β (Hermida, Kumar et al. 2017). 323 

 324 

In an experimental autoimmune encephalomyelitis (EAE), crocin could down-regulate 325 

the expression of inflammatory genes in the spinal cord and suppress infiltration of T cells and 326 

activation of macrophages (Deslauriers, Afkhami-Goli et al. 2011). In another study, also crocin 327 

treatment reduced spinal cords TNF- α level, suggesting a protective property for the compound 328 

against spinal cord injury (Terraf, Kouhsari et al. 2017). 329 

Stimulated microglial cells can induce overgeneration and secretion of factors such as 330 

TNF-α, IL-1β, IL-6, NO, and ROS that contribute to inflammation/cytotoxicity (Graeber and 331 
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Streit 2010). Thus, microglial  cells over-activation can be considered an initial step towards 332 

retinopathy and degeneration of the optic nerve (Bosco, Steele et al. 2011, Bosco, Romero et al. 333 

2015);  findings of Yang et al. (Yang, Huo et al. 2017) showed the potential efficacy of crocin 334 

against diabetic retinopathy. Considering the deleterious effect of microglial activation on retinal 335 

ganglion cells (RGCs) and its potential involvement in glaucoma development, crocin inhibitory 336 

effects on primary RGCs and LPS-stimulated BV-2 cells, were examined. Results showed lower 337 

levels of LPS-induced microglial markers (CD11b and Iba-1) and iNOS, cyclooxygenase 338 

(COX)-2, IL-1β, and TNF-α as pro-inflammatory factors, when cells were pretreated with crocin 339 

but it improved protein levels of PI3K and p-Akt; also, in BV-2 cells, a significant increment of 340 

CX3CR1 (membrane-bound fractalkine receptor mainly expressed on microglia) expression 341 

caused through repression of NF-κB/Yin Yang 1 (YY1), was found. Crocin-induced inhibition of 342 

microglial over-activation might potentially suggest it as a protective agent against 343 

neurodegeneration in glaucoma (Lv, Huo et al. 2016). 344 

The effects of crocin in reducing DNA damage, inflammation, and oxidative stress in 345 

patients with multiple sclerosis (MS) were evaluated in a double-blind, randomized placebo-346 

controlled trial (Ghiasian, Khamisabadi et al. 2019). A total of 40 patients were randomly 347 

assigned 1:1 into an intervention and control group receiving two crocin capsules (30 mg/day) or 348 

placebo per day, respectively, for 28 days. Based on the results, TNFα, and IL-17 were markedly 349 

decreased in the serum of crocin-treated subjects compared to the placebo group.  350 

Main features of the detected preclinical investigations dealing with potential anti-inflammatory 351 

activities of crocin in the nervous system, are summarized in Table 2 (Karami, Bathaie et al. 352 

2013, Wang, Zhang et al. 2015, Heidari, Mehri et al. 2017, Yang, Huo et al. 2017, Yorgun, 353 

Rashid et al. 2017, Mohammadzadeh, Hosseinzadeh et al. 2018, Shafahi, Vaezi et al. 2018, 354 
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Zhang, Previn et al. 2018, Ebrahimzadeh, Moghadam et al. 2019, Mozaffari, Yasuj et al. 2019, 355 

Sadoughi 2019, Shahidani, Rajaei et al. 2019, Tsantarliotou, Lavrentiadou et al. 2019, Xiao, 356 

Xiong et al. 2019, Xie, He et al. 2019, Salama, Abdel-Latif et al. 2020).  357 

Anti-inflammatory effects in the gastrointestinal system  358 

Chronic liver inflammation results in liver cirrhosis and fibrosis. Liver cirrhosis is ranked 359 

the 12th cause of death in the US. Viral infection, alcoholic liver disease, nonalcoholic 360 

steatohepatitis, and autoimmune disorders are chronic pathologic conditions that may lead to the 361 

above-noted hepatic issues (Koyama and Brenner 2017).  362 

In mice with hepatic injury, crocin down-regulated IL-1β and TNF-α levels (Kalantar, 363 

Kalantari et al. 2019). In mice with cyclophosphamide-induced hepatotoxicity, crocin treatment 364 

led to decrement of serum concentrations of IL-1β and IL-6 as well as TNF-α, which have 365 

critical roles in oxidative stress-induced liver inflammation (Jnaneshwari, Hemshekhar et al. 366 

2013, Hassani, Rezaee et al. 2015). In rats with carbon tetrachloride (CCl4)-induced 367 

hepatotoxicity, crocin ameliorated the levels of IL-6 and TNF- α, normalized liver histology, 368 

suppressed caspase 3 and oxidative stress and modulated hepatic metabolizing enzymes toward 369 

removal of CCl4  toxic metabolite of (Bahashwan, Hassan et al. 2015). In db/db mice with fatty 370 

liver and diabetic and obese conditions, crocin ameliorated hepatic inflammation along with 371 

induction of AMP-activated protein kinase (AMPK) but repression of mammalian target of 372 

rapamycin (mTOR) phosphorylation in the liver (Luo, Fang et al. 2019). Hepatic histological 373 

studies from acrylamide-exposed rats treated with crocin, showed significant amelioration of 374 

inflammatory cell infiltration and vascular congestion compared to non-treated animals (Gedik, 375 

Erdemli et al. 2017). In another study which employed a bisphenol A (BPA)-induced model of 376 

liver injury, crocin downregulated miR-122 and JNK transcript levels and ERK1/2 and MAPK-377 
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activated protein kinases (MAPKAPK) phosphorylation and activity which were all increased by 378 

BPA; at the same time, crocin ameliorated BPA-induced morphological damages in the liver 379 

(Hassani, Mehri et al. 2017). miR-122 is a key player in the liver both under physiological and 380 

pathological conditions; also, it is regarded as a biomarker of liver conditions such as chronic 381 

hepatitis and non-alcoholic fatty-liver disease (Bandiera, Pfeffer et al. 2015). Moreover, JNK as 382 

a MAPK, governs important processes in the cell (ranging from gene expression and translation 383 

to cell proliferation/differentiation and death) (Cargnello and Roux 2011). MAPK signaling has a 384 

pivotal role in hepatic metabolism (Lawan, Zhang et al. 2015). 385 

C Jun NH2-terminal kinase (JNK/SAPK), extracellular signal-regulated kinases 1 and 2 386 

(ERK1/2), and p38 kinase, as mitogen-activated protein kinase (MAPKs), regulate cellular 387 

functions like gene expression, as well as cell proliferation and differentiation, survival and death 388 

(Cargnello and Roux 2011, Hashemzaei, Imen Shahidi et al. 2016, Hashemzaei, Delarami Far et 389 

al. 2017). Activated MAPKs are able to induce other kinase targets, and subsequent to 390 

translocation to the nucleus, they can induce pro-inflammatory genes expression (Saklatvala 391 

2004). 392 

Xenobiotic-induced cell death was shown to be mediated via ERK-JNK activation 393 

followed by increment of oxidative/inflammatory responses (Wang, Yen et al. 2008, Wu, Yen et 394 

al. 2012, Ki, Park et al. 2013). Moreover, MAPKAPK2 was shown to be involved in 395 

inflammation (Kotlyarov, Neininger et al. 1999) and upregulated in various cancers (Felix, 396 

Colleoni et al. 2009, Liu, Yang et al. 2012). In this regard, in H2O2-treated bovine aortic 397 

endothelium (BAE-1) cells, crocin ameliorated elevated phosphorylation and activation of 398 

p44/42 MAPK (ERK1/2), blocked ERK1/2 activation but activated JNK/SAPK (Rahiman, 399 

Akaberi et al. 2018). It should be noted that though it was widely shown that ERK1/2 activation 400 
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induces signals that promote survival, contradictory reports indicated that constant activation of 401 

ERK1/2 leads to cells death (Zhang and Liu 2002). 402 

Crocin could also alleviate liver fibrosis in mice through reduction of NF-κB, COX-2, IL-403 

1β and TNF-α expression and reverted TGF-β up-regulation as well as metalloproteinase 404 

(MMP)-2 down-regulation which are indicators of fibrosis pathogenesis (Algandaby 2018). 405 

Crocin also alleviated hepatic TNF-α and IL-6 levels in ethanol-intoxicated rats (Rezaee 406 

Khorasany, Razavi et al. 2020). 407 

Considerable amount of evidence has shown the contribution of  immunologic (i.e. Th1-, 408 

Th2- or Th17-mediated inflammatory response), microbiologic and genetic factors to 409 

inflammatory bowel disease (IBD), Crohn’s disease (CD) and ulcerative colitis (UC) 410 

development (Blumberg 2009). Especially, since gut is considered a barrier organ, inflammation 411 

is always of high importance in gastroenterology (Ribaldone, Pellicano et al. 2019) . 412 

A study that treated a rat model of UC with crocin, showed that crocin was able to lower 413 

C reactive protein levels (CRP, which was found to be correlated with the disease magnitude) 414 

(Iwasa, Yamada et al. 2015). At the same time, crocin reduced colon TNF-α and Ca2+ levels, 415 

while increased colon HO-1 activity and colon Nrf2 content (Khodir, Said et al. 2019); 416 

suppression of Nrf2 signaling increases susceptibility towards either oxidative or electrophilic 417 

stress, resulting in tissue injury (Khor, Huang et al. 2006, Panieri, Buha et al. 2020). In another 418 

study on acetic acid-induced UC, crocin reduced TNF-α in colon samples and suppressed 419 

inflammatory cells infiltration (Faramarzpour, Tehrani et al. 2019). Similarly, administration of 420 

crocin to mice with UC caused by dextran sodium sulfate (DSS)-treatment, ameliorated 421 

histopathological features, increased catalase activity, reduced NO levels and lessened hs-CRP, a 422 

pro-inflammatory marker, concentrations in serum and colon samples. Also, crocin revered DSS-423 
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induced cyclin D1 expression and GSK3α/β phosphorylation/inactivation (Rezaei, Avan et al. 424 

2019). Cyclin D1 as a Wnt/β-catenin target gene, is a regulator of the G1 phase in cell cycle 425 

(Takahashi-Yanaga and Sasaguri 2008). In G1, cyclin D1 accumulates in the nuclei and in the S 426 

phase, moves to the cytoplasm (Baldin, Lukas et al. 1993). GSK3β phosphorylates nuclear cyclin 427 

D1 (Diehl, Cheng et al. 1998). It was documented that NF-κB stimulates cyclin D1 transcription 428 

(Hinz, Krappmann et al. 1999) which is in agreement with the presented data. Also, it was 429 

previously shown that activation of GSK3α/β promotes multiple inflammatory diseases all over 430 

the body (Jope, Yuskaitis et al. 2007). Also, effect of crocin (orally) on DSS-induced colitis‐431 

associated colorectal cancer, was in female mice; based on hematoxylin and eosin (H&E) 432 

staining, inflammation score and pathological alterations were ameliorated by crocin. Also, 433 

crocin concentration‐dependently suppressed PI3K expression and its downstream targets 434 

cyclin D1 and surviving, and inhibited Akt and GSK3α/β phosphorylation, indicating modulation 435 

of PI3K/Akt and Wnt pathway by the compound (Amerizadeh, Rezaei et al. 2018). Consistently, 436 

crocin beneficial effects against DSS-colitis were confirmed by another study in mice 437 

(Kawabata, Tung et al. 2012).  438 

Crocin could also reduce inflammatory cells infiltration in the intestine of rats treated 439 

with CCl4 (Cosgun, Erdemli et al. 2018). Crocin’s protected against acute pancreatitis as 440 

documented by reduction of pro-inflammatory cytokines (IL-1β, IL-6, IL-17, and TNF-α) levels, 441 

repression of cytosolic and nuclear levels of NF-κB and upregulation of Nrf2 levels (Godugu, 442 

Pasari et al. 2019). IL-6, secreted by T-cells, induces immune responses which ultimately result 443 

in inflammation (Mofidi, Duff et al. 2006). Nrf2 possesses cytoprotective properties and 444 

regulates antioxidant proteins as it migrates to the nucleus under oxidative stress conditions and 445 

induces antioxidant genes expression (Loboda, Damulewicz et al. 2016). It was reported that 446 
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Nrf2 induction leads to higher levels of HO-1 activity; the anti-inflammatory function of HO-1 447 

was evidenced by reduced levels of inflammatory mediators (Yalniz, Demirel et al. 2012). In 448 

ethanol-ulcerated rats, it was also shown that neutrophil infiltration is mainly induced by TNF-α 449 

which itself is an activator of NF-κB pathway (Hamaguchi, Watanabe et al. 2001). 450 

Mounting evidence is showing the role of inflammatory pathways as major pathogenetic 451 

players in development of diabetes when risk factors such as western and sedentary lifestyle 452 

exists (Tsalamandris, Antonopoulos et al. 2019). Considerable body of data on protective effects 453 

of crocin against diabetes and metabolic syndrome, motivated us to discuss such effects with a 454 

focus on anti-inflammatory mechanisms. 455 

In streptozocin (STZ)-diabetic rats, crocin diminished macrophages within the β-islets as 456 

confirmed by reduced CD68 expression (Samaha, Said et al. 2019). TNF-α plasma levels were 457 

reduced by crocin in mice with fructose-induced metabolic syndrome (El-Fawal, El Fayoumi et 458 

al. 2019); such effect was also observed in rats irradiated with γ-ray (Tawfik and Elkady 2019). 459 

In another study done in rats with metabolic syndrome induced by fructose (10%), crocin 460 

resulted in reduced serum TNF-α levels and inflammatory cells (El-Fawal, El Fayoumi et al. 461 

2018). Besides, diabetes-induced increment of plasma concentrations of TNF-α and IL-1β and 462 

pancreas concentration of TNF-α, was decreased by crocin, in vivo (HAZMAN, Aksoy et al. 463 

2016). 464 

Chemopreventive function of crocin was investigated in rats with hepatocellular 465 

carcinoma (HCC) and in HepG2 cells; crocin ameliorated COX-2, TNF-α (as well as its receptor 466 

p-TNF-R1) and iNOS levels and diminished NF-κB-p65 expression, and reduced its level in 467 

nuclear extracts; authors indicated NF-κB as a potential regulatory hub inhibited by crocin 468 

(Amin, A Hamza et al. 2016). Moreover, following treatment of colon cancer HCT116 cells with 469 
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crocin, mRNA expression and secretion of MIP2 (macrophage inflammatory protein 2), IL‐8, 470 

MCP‐1 (monocyte chemoattractant protein-1), TNF‐α, IL‐6 and IL‐1β were reduced. 471 

Noteworthy, crocin suppressed protein expression of P‐STAT3 which is a regulator of 472 

chemokines and inflammatory factors (Kim, An et al. 2017, Wang, Ke et al. 2020). 473 

Main features of the detected preclinical studies testing the potential anti-inflammatory 474 

activities of crocin in the gastrointestinal tract, are summarized in Table 3 (Kawabata, Tung et al. 475 

2012, Jnaneshwari, Hemshekhar et al. 2013, El-Maraghy, Rizk et al. 2015, Mard, Nikraftar et al. 476 

2015, HAZMAN, Aksoy et al. 2016, Mard, Pipelzadeh et al. 2016, Hassani, Mehri et al. 2017, 477 

Algandaby 2018, Amerizadeh, Rezaei et al. 2018, Faramarzpour, Tehrani et al. 2019, Godugu, 478 

Pasari et al. 2019, Hobbenaghi, Ghafarzadeh et al. 2019, Kalantar, Kalantari et al. 2019, Khodir, 479 

Said et al. 2019, Luo, Fang et al. 2019, Rezaei, Avan et al. 2019, Samaha, Said et al. 2019, 480 

Tawfik and Elkady 2019).  481 

Anti-inflammatory effects in the cardiovascular system  482 

Inflammation and heart failure are markedly associated. In this context, it was shown that 483 

increased serum levels of pro-inflammatory cytokines are related with adverse clinical symptoms 484 

(Van Linthout and Tschöpe 2017). Thus, suppression of the inflammatory process at an early 485 

stage, could prevent chronic inflammation and heart failure progression. Crocin ameliorated 486 

myocardial fibrosis features in mice possibly via shutdown of TGF-β1 and TLR4/NF-κB 487 

pathways (Jin, Zhang et al. 2020). Previously, contribution of TLR4 and NF-κB to myocardial 488 

hypertrophy was shown and it was reported that suppression of  NF-κB reduced cardiac fatty 489 

acid oxidation and hypertrophy (Yu, Zhang et al. 2015). Besides, TGF-β1 induces cardiac 490 

fibroblasts proliferation and transformation (Pan, Zhao et al. 2011). Crocin’s cardioprotective 491 

effects were also documented by amelioration of histopathological features and reduction of 492 
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TNF-α and IL-1β levels with a parallel induction of IL-10 levels in cardiac samples (Elsherbiny, 493 

Salama et al. 2016). Pretreatment of embryonic cardiomyocytes (H9c2 cell line) with crocin 494 

before LPS exposure, reduced the pro-inflammatory mediators TNF-α, prostaglandin E2 (PGE2), 495 

IL-β, and IL-6 levels and decreased TNF-α, COX-2, IL-β, IL-6, and iNOS mRNA levels (Rahim, 496 

Khammar et al. 2019).  497 

It was also shown that crocin induces M2 macrophages (which unlike M1 with pro-498 

inflammatory properties, have anti-inflammatory activity) polarization thus, improved coronary 499 

atherosclerosis (Li, Lei et al. 2018). In rats with coronary atherosclerosis, crocin decreased IL-6, 500 

iNOS and TNF-α but increased IL-4, IL-10 and TGF-β levels in rats’ serum. Nuclear levels of  501 

NF-κB p65 were decreased in crocin-treated group indicating inhibition of NF-κB p65 502 

translocation (Li, Lei et al. 2018). Besides, in rats with isoproterenol-induced cardiotoxicity, 503 

crocin pre-treatment was able to improve edema and inflammatory cells infiltration (Goyal, 504 

Arora et al. 2010). 505 

Moreover, crocin protective activity against high glucose-induced injury in human 506 

umbilical vein endothelial cells (HUVECs) was mediated by reduction of inflammatory mediator 507 

production and suppression of VEGF-A expression (Zhang, Wu et al. 2018). 508 

Moreover, in a rat model of metabolic syndrome, crocin attenuated cardiac and vascular 509 

alterations linked with metabolic syndrome and authors attributed the observed effects, at least in 510 

part, to crocin anti-inflammatory properties (El-Fawal, El Fayoumi et al. 2019). In STZ-diabetic 511 

rats also crocin reduced mRNA levels of TNF-α and IL-6 in abdominal aorta samples 512 

(Samarghandian, Azimi-Nezhad et al. 2016). 513 

Crocin effects against inflammation caused by ischemia-reperfusion (IR) were also studied. A 514 

complex association between IR injury and allo-immune independent and -dependent immune 515 
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responses caused by a complex interaction of innate and adaptive immunity, was shown  516 

(Slegtenhorst, Dor et al. 2014). 517 

Crocin’s anti-inflammatory properties were evidenced by the reduction of iNOS and 518 

COX-2 mRNA levels and IL-1β and TNF-α concentrations (Huang and Jia 2019). Also, crocin in 519 

rats with IR-induced (caused by clamping of the celiac artery) gastric mucosal lesions, reduced 520 

the protein expression of the pro-inflammatory factor, iNOS (Mard, Nikraftar et al. 2015).  521 

Main features of the detected preclinical studies evaluating the potential anti-522 

inflammatory activities of crocin in the cardiovascular system, are summarized in Table 4 523 

(Elsherbiny, Salama et al. 2016, Samarghandian, Azimi-Nezhad et al. 2016, Li, Lei et al. 2018, 524 

Huang and Jia 2019, Rahim, Khammar et al. 2019, Jin, Zhang et al. 2020).  525 

Anti-inflammatory effects in the urogenital system   526 

Inflammation has a critical role in diabetic kidney pathogenesis as evidenced by the 527 

increment of renal expression of cell adhesion molecules, growth factors, chemokines and pro-528 

inflammatory cytokines in diabetic individuals (Duran-Salgado and Rubio-Guerra 2014).  529 

In diabetic rats, crocin could down-regulate mRNA and protein expression of NADPH 530 

oxidase NOX-4, IL-18 (as a marked pro-inflammatory cytokine), and p53 (which is involved in 531 

apoptotic processes), suggesting the potential protective activity of the compound against 532 

diabetic nephropathy (Yaribeygi, Mohammadi et al. 2018). Also, crocin decreased TLR-4 and 533 

IL-6 in the kidney and reduced NF-κB/p65 positive and TGF-β1 positive cells in a model of 534 

diabetic nephropathy in rats (Abou-Hany, Atef et al. 2018). 535 

 In kidney samples from STZ-diabetic rats, crocin could ameliorate congestion, 536 

inflammation, tubular desquamation, and tubular necrosis as indicated by histological 537 

assessments (Altinoz, Oner et al. 2015). Crocin also ameliorated proximal tubules epithelial 538 
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edema, perivascular edema, and vascular congestion in a rat model of gentamicin-induced 539 

nephrotoxicity (Yarijani, Najafi et al. 2016). In an in vitro model of diabetic nephropathy, crocin 540 

protected D-glucose-treated podocytes by inhibition of NF-κB and reducing the levels of IL-1β, 541 

IL-8, IL-10, and TNF-α (Li, Liu et al. 2017). 542 

In another experiment, rats with nephrotoxicity induced by tartrazine (a powder dye 543 

applied in wool, silk, nylon, leather and paper dyes, toothpaste and hair care products), were 544 

treated with crocin; histological assessments indicated that crocin attenuated tubular damage, 545 

interstitial inflammation and vascular congestion and significantly lowered total damage score 546 

(Erdemli, Gul et al. 2017). In a CCl4-induced model of nephrotoxicity, crocin lowered  IL-6, 547 

TNF-α and PGE2 levels in kidney homogenates (Hassan, Bahashawan et al. 2015). PGE2 is 548 

known to stimulate secretion of IL-6 and TNF-α (Akira and Kishimoto 1996, Sauter, Wood et al. 549 

2011).  550 

Also, crocin protected animals from hemorrhagic shock by inhibition of NF-κB (as 551 

reflected by augmented nuclear translocation of p65 and IkBa phosphorylation) in the lung, 552 

reduced TNF-α and IL-6 serum levels while amplified IL-10 levels, and ameliorated renal 553 

dysfunction as evidenced by ameliorated serum creatinine and creatinine clearance (Yang and 554 

Dong 2017). Another study that used rats of different ages (i.e. 2, 10 and 20 months old) showed 555 

that crocin could reduce TNF-α, IL-6 and IL-1β mRNA and protein expression in aged rats 556 

indicating its potential as a protective agent against renal failure (Samarghandian, Azimi‐557 

Nezhad et al. 2016). 558 

In a study on IR in the kidney, crocin markedly reduced the inflammatory cytokine IL-6 559 

and TLR4 renal levels (Abou-Hany, Atef et al. 2018). In another study, rats with renal IR 560 

pretreated with crocin, showed suppressed leukocyte infiltration and intercellular adhesion 561 
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molecule-1 (ICAM-1) and TNF-α mRNA levels (Yarijani, Pourmotabbed et al. 2017). In another 562 

experiment on IR-induced kidney damage, crocin significantly ameliorated TNF-α, IL-6, IL-18, 563 

IFN-γ, IL-1β levels in rats kidney (Adali, Gonul et al. 2016). IL-18 is regarded as a trigger to the 564 

secretion of IL-1β and IL-6 as well as macrophage inflammatory proteins (MIP-1 / MIP-2) and 565 

monocyte chemotactic protein (MCP-1), and an inducer of IFN-γ production (Morel, Park et al. 566 

2002, Dinarello 2004).  567 

In a mice model of endometriosis which has a pathology associated with pro-568 

inflammatory cytokines (Malutan, Drugan et al. 2015), crocin diminished serum INF-γ, TNF-α, 569 

and IL-6 concentrations and suppressed vascular endothelial growth factor (VEGF) in both 570 

endometriotic lesions and serum samples. Authors showed that crocin reduced secretion of IFN-571 

γ, TNF-α, IL-6 and IL-10 by LPS-exposed human monocytes THP-1 cells (Liu, Qin et al. 2018). 572 

Main features of the detected preclinical studies on the potential anti-inflammatory 573 

properties of crocin in the urogenital system, are given in Table 5 (Hassan, Bahashawan et al. 574 

2015, Adali, Gonul et al. 2016, Samarghandian, Azimi‐Nezhad et al. 2016, Erdemli, Gul et al. 575 

2017, Yang and Dong 2017, Yarijani, Pourmotabbed et al. 2017, Abou-Hany, Atef et al. 2018, 576 

Abou-Hany, Atef et al. 2018, El-Fawal, El Fayoumi et al. 2018, Erdemli, Gul et al. 2018, Liu, 577 

Qin et al. 2018, Yaribeygi, Mohammadi et al. 2018).  578 

Anti-inflammatory effects in the musculoskeletal system  579 

Several studies showed abnormal levels of biomarkers such as circulating cytokines, 580 

chemokines, and variably C-reactive protein, indicative of systemic inflammation, in preclinical 581 

rheumatoid arthritis (RA)(Demoruelle, Deane et al. 2014).  Antiarthritic properties of crocin 582 

were mediated thorough suppression of p-IκBα, p-IκB kinase (IKK) α/β, and p65 expression and 583 

TNF-α, IL-1β, and IL-6 secretion in LPS-treated human fibroblast-like synoviocytes along with 584 
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diminished serum levels of the afore-mentioned cytokines in mice with arthritis induced by 585 

collagen; crocin interaction with IKK led to cessation of NF-κB pathway (Li, Zhang et al. 2018). 586 

Also, in rats with type II collagen-induced arthritis, crocin alleviated arthritis scores and paw 587 

swelling; based on H&E staining results, with increasing dose of crocin, inflammatory cells 588 

number in the joint cavity as well as synovial tissue hyperplasia reduced. Crocin also reduced 589 

TNF-α, IL-17, IL-6 and CXCL8 expression in serum and ankle tissues, and diminished MMP-1, 590 

-3 and -13 in serum (Liu, Sun et al. 2018). In another study, chondrocytes isolated from rabbit 591 

articular cartilage were co-treated with crocin and IL-1β; based on the results, crocin not only 592 

suppressed the increment of MMP-1, -3 and -13 expression induced by IL-1β, but also inhibited 593 

NF-κB activation by repression of NF-κB-α degradation (Ding, Zhong et al. 2013). 594 

It was reported that in rats with osteoarthritis, crocin reduced osteoarthritis-associated 595 

joint pain and muscular IL-6 levels while it diminished Nrf2 expression and JNK activity 596 

(leading to suppression of NF-κB activation) in mouse skeletal muscle cell line C2C12 (Lei, Guo 597 

et al. 2017). The NF-κB and MAPK, with p38, ERK, and JNK are major contributors to principal 598 

downstream inflammatory networks (Berenbaum 2004, Avruch 2007). 599 

Another study that assessed crocin effects on RA in rats showed reduced paw swelling, 600 

arthritis score, iNOS production and serum TNF-α, IL-1β, and IL-6 levels following crocin 601 

treatment (Yarijani, Pourmotabbed et al. 2017). Moreover, Freund's complete adjuvant (FCA)-602 

administered rats that received crocins showed attenuated TNF-α and TGF-β1 concentrations in 603 

the ankle joint (Hu, Liu et al. 2019). Crocin, in FCA-treated Wistar rats, attenuated elevated 604 

concentrations of enzymatic (MMP-13, -3 and -9 and hyaluronidases (HAases)) and non-605 

enzymatic (IL-6, IL-1β, NF-κB, TNF- α, COX-2, PGE2 and ROS) inflammatory factors in serum 606 

(Hemshekhar, Santhosh et al. 2012). 607 
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Crocin treatment of macrophages derived from mouse bone marrow resulted in 608 

suppression of RANKL-induced NF-κB and NFATc1 activation; this effect may be in part due to 609 

crocin anti-oxidant properties (Fu, Pan et al. 2017). It was also indicated that 12-week treatment 610 

of rats with metabolic syndrome ‐induced osteoporosis, reduced serum IL‐6 and TNF‐α 611 

concentrations (Algandaby 2019). 612 

Main characteristics of the detected preclinical studies reporting potential anti-613 

inflammatory effects of crocin in the musculoskeletal system, are summarized in Table 6 (Fu, 614 

Pan et al. 2017, Lei, Guo et al. 2017, Yarijani, Pourmotabbed et al. 2017, Li, Zhang et al. 2018, 615 

Algandaby 2019, Hu, Liu et al. 2019, Zhu, Yang et al. 2019, Wang, Xu et al. 2020). 616 

Miscellaneous 617 

In an ex vivo study, crocin effect on venous blood from healthy subjects treated with 618 

viper venom was assessed; crocin reduced serum TNF-α, IL-1β, IL-6 and COX-2 levels 619 

(Santhosh, Sundaram et al. 2013). Nonetheless, treatment of LPS-treated RAW 264.7 with 620 

crocin, produced no significant reduction in COX-2-mediated PGE2 and iNOS-mediated NO 621 

production (Lim, Park et al. 2008). Moreover, crocin could ameliorate histopathological changes 622 

in rats with experimental periodontitis (Kocaman, Altinoz et al. 2019).  623 

Another in vitro study reported reduced IL-8, PGE2, IL6, TNF-α, IL-1α and LTB4 624 

secretion by NHEKs (both preventive and curative while for IL1α it was only preventive) and 625 

decreased IL-1 signaling pathway, following treatment of human keratinocytes NHEKs and 626 

human dermal fibroblasts with crocin (Fagot, Pham et al. 2018). In this study, a moderate 627 

induction of NFKBIA expression, which codes for IKB in NHEKs keratinocytes was shown; this 628 

evidence implies that by using crocin, NK-κB is retained in the cytoplasm and its activation is 629 

suppressed. Also, crocin suppressed IL1-A expression which encodes for IL1-α which is a major 630 
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contributor to inflammation. Stoppage of IL1 pathway was further documented by lower gene 631 

expression of TNF-α, CC α-chemokines (CXCL1 and CXCL2), STAT1, PDGFB (platelet-632 

derived growth factor) and PLAU (urokinase-type plasminogen activator), all playing a role in 633 

inflammation and fibrosis production. Moreover, crocin down-regulated the expression of MMP-634 

9 encoding gene (Fagot, Pham et al. 2018). 635 

Sung and Kim reported alleviative effects of crocin against with Dermatophagoides 636 

farinae crude extract-induced atopic dermatitis in NC/Nga mice; their results indicated that 637 

crocin suppressed NF-κB/STAT6 signaling and reduced dermatitis severity, and serum 638 

concentrations of IgE, and Th2 cytokines (IL-4 and IL-5), but not Th1 cytokines (IFN-γ and IL-639 

12) (Sung and Kim 2018).  640 

Pro-inflammatory factors like IL-1, LPS, and TNF induce NF-κB formation and 641 

translocation; crocin, in a rat model of aging, suppressed hippocampal levels of IL-1, TNF-α and 642 

NF-κB (Heidari, Mehri et al. 2017). Similarly, crocin suppressed serum levels of IL-6 and TNF-643 

α in mice in a study on D-galactose-induced aging (Mohammadi, Mehri et al. 2018). 644 

Xu et al. conducted in vitro (RAW 264.7 cells) and in vivo (male Kunming mice) studies 645 

on anti-inflammatory properties of crocin and found that crocin reduced COX-1 and COX-2 and 646 

PGE2 in LPS-treated cells and decreased nuclear translocation of the NF-κB p50 and p65, and in 647 

vivo, it ameliorated ear edema (caused by xylene treatment) and paw edema (caused by 648 

carrageenan treatment) as well as gastric lesions (Xu, Li et al. 2009).  649 

Figures 2 and 3, respectively depict various cytokines and multiple pathways involved in crocin 650 

anti-inflammatory activities.  651 

  652 



32 

 

 653 

 654 

Figure 2. Modulatory effects of crocin on the various cytokines involved in 655 

inflammation. 656 

  657 
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 658 

 659 

Figure 3. Crocin anti-inflammatory activities are mediated via multiple pathways. 660 

  661 
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Anti-nociceptive effects of crocin 662 

Since crocin has shown anti-nociceptive effects in various models, here, we discuss such 663 

effects reported by the retrieved studies. Generally, pain syndrome possesses an inflammatory 664 

profile that comprises a series of inflammatory factors; in other words “The origin of all pain is 665 

inflammation and the inflammatory response” (Omoigui 2007). In this context, ample evidence 666 

from animal models confirmed an analgesic activity for anti-inflammatory cytokines (Sommer, 667 

Leinders et al. 2018). Although the etiologies of inflammatory pain and neuropathic pain are 668 

essentially dissimilar, doubtlessly, these conditions share mutual pathways that produce pain 669 

state (Xu and Yaksh 2011). Besides, the marked role of nitro-oxidative stress in development of 670 

neuropathic pain was shown (Carrasco, Naziroǧlu et al. 2018) and effects of natural compounds 671 

against pain state, were reported (Hashemzaei, SadeghiBonjar et al. 2015, Hassani, Rezaee et al. 672 

2015, Hashemzaei, Abdollahzadeh et al. 2017, Rezaee, Monemi et al. 2019). 673 

Safakhah et al. employed a neuropathic pain model induced by chronic constriction 674 

injury (CCI) and found that 14-day administration of crocin decreased thermal hyperalgesia and 675 

mechanical allodynia; authors suggested that antioxidant/anti-inflammatory properties of crocin 676 

contributed to the observed anti-nociceptive effects (Safakhah, Taghavi et al. 2016). Also, crocin 677 

was given to rats used as a contusion model of spinal cord damage. Crocin improved results of 678 

mechanical behavior and locomotor recovery tests but did not affect those of thermal behavioral 679 

test. Also, serum levels of CGRP (calcitonin gene related peptide) were lowered by crocin. 680 

CGRP which is recognized as the most effective vasodilator, plays a role in inflammatory 681 

processes and chronic pain (Karami, Bathaie et al. 2013). In another study, crocin alleviated 682 

hyperalgesia through spinal Wnt5α/β-catenin signaling (Wang, Xu et al. 2020). This pathway can 683 

influence RA by modulating fibroblast-like synoviocytes proliferation, inflammatory factors 684 
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secretion and metabolism/ destruction of bones (de Sousa, dos Santos Alves et al. 2019, Liang, 685 

Li et al. 2019). Wnt protein family is involved in development of neuropathic pain. Under acute 686 

and chronic pain condition, Wnt5a is involved in central sensitization and neuronal plasticity (Li, 687 

Fan et al. 2018, Rong, Liu et al. 2019). Activation of Wnt5a/β-catenin stimulates expression of 688 

TNF-α, IL-1β and COX-2 (which regulates the expression of iNOS) (Yang, Chu et al. 2014, Shi, 689 

Man et al. 2016, Wu, Zhang et al. 2017, Yuan, Shi et al. 2018). 690 

Crocin also had beneficial effects against STZ-induced cold allodynia and edema in rats 691 

(Farshid and Tamaddonfard 2015). Also, in rats, intra-fourth ventricle injection of crocin in a 692 

model of capsaicin-induced orofacial pain as well as intraperitoneal injection of crocin in a 693 

model of formalin-induced orofacial pain, exhibited anti-nociceptive properties (Erfanparast, 694 

Tamaddonfard et al. 2015). Treatment of rats with local inflammation (caused by intraplantar 695 

carrageenan) with crocin, led to amelioration of edema and inflammatory pain responses and 696 

lower neutrophils numbers (Tamaddonfard, Farshid et al. 2013). Moreover, in rats with 697 

hypertonic saline-induced corneal pain, intraperitoneal and intracerebroventricular (icv) crocin 698 

produced anti-nociception which was concluded not to be mediated through opioid receptors 699 

(Tamaddonfard and Hamzeh‐Gooshchi 2010). Crocin also attenuated pain in rats that received 700 

intra-plantar injection of formalin, and enhanced morphine-induced anti-nociception 701 

(Tamaddonfard and Hamzeh‐Gooshchi 2010). In a recent study, crocin was shown to preserve 702 

morphine analgesic potential and avoid development of tolerance towards morphine in 703 

neuropathic pain; authors suggested that such effects are independent of BDNF activity 704 

(Safakhah, Damghanian et al. 2020). However, a report showed that crocin (even at 50 mg/kg) 705 

could not relieve CCI-induced neuropathic pain in rats (Amin and Hosseinzadeh 2012).  706 
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Intervertebral disc (IVD) degeneration is known to be associated with low back pain 707 

(LBP) (Molinos, Almeida et al. 2015). Since inflammation is a major player in the occurrence of 708 

IVD degeneration (Molinos, Almeida et al. 2015), intradiscal crocin was administered to rats 709 

with IVD degeneration; Crocin was found to have beneficial effects against IVD degeneration as 710 

reflected by the suppression of type II collagen, aggrecan, MMP-3 and ADAMTS-5 mRNA 711 

levels (Li, Li et al. 2016).  712 

In an in vitro study, nucleus pulposus (NP) cells from rats lumbar IVDs were treated with 713 

crocin and LPS. Crocin attenuated LPS-induced increases in catabolic enzymes (MMP-1, -3, 714 

MMP-13, as well as a disintegrin-like and metalloprotease (reprolysin type) with 715 

thrombospondin type 1 motif (ADAMTS)-4 and ADAMTS‐5), and IL-1β, TNF-α, IL-6, iNOS 716 

and TLR‐2. Also, by suppressing the phosphorylation of JNK, crocin inhibited MAPK pathway. 717 

Crocin, to some extent, prevented decrement of aggrecan and type II collagen. These findings 718 

propose crocin as a possible treatment for LBP (Molinos, Almeida et al. 2015). Figure 4 presents 719 

pathway that were shown to be involved in anti-nociceptive functions of crocin. 720 

The pathways involved in crocin anti-nociceptive activities, are depicted in Figure 4.  721 

  722 
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 723 

Figure 4. Crocin induces its anti-nociceptive effects by modulation of multiple pathways. 724 

Conclusions 725 

Crocin not only combats ROS production and suppresses pro-inflammatory cytokines secretion 726 

but also alleviates inflammation in various organs/systems, as shown by a series of animal 727 

models and in vitro experiments, via regulating mainly NF-κB pathway and NF-κBp65 728 

translocation to cell nucleus. In this context, modulation of PI3K/Akt appears to be a favorable 729 

crocin target contributing to NF-κB pathway inhibition. The anti-inflammatory/anti-nociceptive 730 

effects of crocin discussed in the present article warrant further testing in clinical setting. 731 
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Table 1. Preclinical studies reporting potential anti-inflammatory effects of crocin in the 732 

respiratory tract. 733 

Species/model Crocin dose/route of 

administration/duration 

of treatment 

Main effects/outcomes (and underlying 

mechanisms) 

Reference 

C57BL/6 mice with 

cigarette smoke-

induced COPD 

50 mg/kg/ ip/ once daily ↓ numbers of inflammatory cells, suppressed 

peribronchial inflammatory cells infiltration,  

↓ pro-inflammatory cytokines levels in 

BALF  

↓ levels of IL-1β, IL-6 and TNF-α in the lung 

tissue 

(Xie, He et al. 

2019) 

Sprague-Dawley rats 

with  

cigarette smoke-

induced COPD 

50 mg/kg/day ip, three  

times/week for two 

months 

↓ number of macrophages and lymphocytes 

in BALF;  

restored BALF IL-6 and TNF-α levels;  

↑ PKC, PI3K, MAPK and Nrf2 mRNA 

expression 

(Dianat, Radan et 

al. 2018) 

Swiss Albino mice 

with OVA-induced 

asthma 

25 mg/kg, oral, for 16 

days 

↓ number of monocytes, neutrophils, and 

eosinophils; diminished lung TNF-α, IL-4 

and IL-13 levels;  

ameliorated perivascular edema, 

peribronchial inflammation, and macrophage 

infiltration in the alveolar space 

(Yosri, Elkashef et 

al. 2017) 

BALB/c mice with 

OVA-induced allergic 

airway inflammation 

100 mg/kg, 

intragastrically  

↓ total and differential leukocyte counts; 

Inhibited inflammatory cell infiltration and 

mast cell degranulation;  

↓ IL-4, IL-5, IL-13, OVA-specific IgE and 

↓expression of p38 MAPK, JNK and ERK in 

the lung. 

(Xiong, Wang et 

al. 2015) 

C57BL/6 mice with 

LPS-induced ARDS  

 

LPS-stimulated  

HUVECs 

15, 30, and 60 mg/kg, ip, 

pretreatment for 7 days 

 

 

 

pretreated with 20 μmol/l 

↓ neutrophil infiltration and lung injury; ↓ 

MMP‐9 expression in vivo but not in vitro; 

inhibited the phosphorylation 

of p38, ERK, and JNK in lungs; IκBα 

phosphorylation, NF-κB p65 nuclear transfer, 

and HMGB1 cytoplasmic transfer 

(Zhang, Qi et al. 

2020) 

Mice with LPS-

induced acute lung 

50 mg/kg intragastric 

injection 1 hr before LPS 

↓ IL-1β and TNF-α in BALF; 

↓ LPS-induced activation of iNOS in the 

(Xiong, Wang et 

al. 2015) 
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injury lung;  

BEAS-2B and NHBE 

cells 

1 μM for 24 hr ↓TNF-α, IL-8, IL-6 and IL-1β; 

Inhibition of NF-κB p65 nuclear 

translocation; IKKα and IκBα 

phosphorylation 

(Du, Chi et al. 

2018) 

Murine macrophage 

RAW 264.7 

Cells treated with LPS 

100, 250 and 500 μM ↑HO-1 expression;  

↓ iNOS expression and NF-�B activation;  

Activated Nrf2 

(Kim, Park et al. 

2014) 

Rats treated with 

bleomycin (5 mg/kg) 

infused into the 

Trachea 

20 mg/kg/day, orally, one 

week prior to and 4 

weeks post bleomycin 

exposure 

↓ TLR4 and IL-10 expression  (Zaghloul, Said et 

al. 2019) 

Abbreviations: IL: Interleukin; TLR4: Toll-Like Receptor 4; TNF: Tumor necrosis factor; iNOS: Inducible nitric 734 

oxide synthase;  HO-1: Heme oxygenase-1; ARDS : Acute respiratory distress syndrome ; LPS : Lipopolysaccharide 735 

; NF-κB : Nuclear Factor-kappa B ;  MMP: Matrix metalloprotease ; HMGB1: High mobility group box protein 1 ; 736 

IgE: Immunoglobulin E ;  ip: intraperitoneal ;  OVA: ovalbumin ;  MAPK: Mitogen-activated protein kinase ; JNK: 737 

c-Jun N-terminal Kinase ;  ERK: extracellular signal-regulated kinases;  PKC: Protein kinase C ; Nrf2: nuclear 738 

factor erythroid derived 2 like 2 ;  COPD: Chronic obstructive pulmonary disease; PI3K: Phosphoinositide 3-kinase; 739 

HUVECs: human umbilical vein endothelial cells; BEAS-2B: Human bronchial epithelial cell line; NHBE: normal 740 

human bronchial epithelial cells 741 
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Table 2. Preclinical studies investigating the potential anti-inflammatory properties of crocin in 742 

the nervous system. 743 

Species/model Crocin dose/route of 

administration/duration 

of treatment 

Main effects/outcomes (and underlying 

mechanisms) 

Reference 

C57BL/6 mice with 

cigarette smoke-

induced COPD 

50 mg/kg, ip, once a day ↓ levels of smoke-induced IκB 

phosphorylation and degradation, inhibition 

of NF-κBp65 translocation to the nucleus; 

restored augmented hippocampal 

concentrations of pro-inflammatory 

cytokines 

(Xie, He et al. 

2019) 

Parkinsonian rats 

induced by  

6-OHDA 

100 mg/kg, ip, started 1 

week before 6-OHDA 

administration and 

continued until 6 weeks 

after it. 

↓ TNF-α in the striatum  

↓ lipid peroxidation in the hippocampus (at 

100 mg/kg) 

(Shahidani, Rajaei 

et al. 2019) 

Wistar rats with 

rotenone-induced 

Parkinsonism 

30 mg/kg/day, ip, for 30 

days 

↑ striatal phospho and total PI3K, Akt, 

PRAS40, p70S6K, mTOR, GSK3β, and 

FoxO3a;  

↑ mTOR, miRNA-7, and miRNA-221 ↓ 

GSK3β, and FoxO3 gene expression. 

(Salama, Abdel-

Latif et al. 2020) 

Rats with 

methamphetamine-

induced 

neurodegeneration 

10, 20, 40 and 80 mg/kg 

ip, for 21 days 

At 40 and 80 mg/kg,  

↓ TNF-α and IL-1β in hippocampal lysates. 

(Mozaffari, Yasuj 

et al. 2019) 

C57BL/6J mice with 

chronic corticosterone 

-induced depression 

20 and 40 mg/kg orally 

for 2 weeks  

*crocin-I 

↓ hippocampal expression of IL-6 and IL-1β 

mRNA and IL-1β protein; 

 

(Xiao, Xiong et al. 

2019) 

Wistar rats with 

Alzheimer’s disease 

induced by 

trimethyltin chloride 

0.5 ml at 25 and 50 

mg/kg (?) for 30 days 

↓ IL-6, IL-1β, and TNF-α in serum  

↑neuronal density of hippocampal CA1, CA2 

and CA3. 

(Sadoughi 2019) 

Male C57BL/6 mice 

with TBI 

20 mg/kg 30 min before 

TBI 

↓ number of activated microglia and levels of 

IL-1β and TNF-α;  

Activated Notch signaling 

(Wang, Zhang et 

al. 2015) 

Female Wistar rats 150 mg/kg ip 2 weeks ↓ serum CGRP  (Karami, Bathaie 
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with contusive spinal 

cord injury 

after injury et al. 2013) 

LPS-treated BV-2 

microglia 

200 μM for 24 hr ↓ expression of IL-6, CCL2 and iNOS;  

No significant impact on NF-κB nuclear 

translocation. 

(Yorgun, Rashid et 

al. 2017) 

BV-2 and N9 cells 

treated with high 

glucose and free fatty 

acid 

0.1 or 1 μM for 24 hr ↓ iNOS and COX-2 mRNA and protein 

levels;  

↑ PI3K and p-Akt proteins;  

↓ IL-1β and TNF-α 

(Yang, Huo et al. 

2017) 

LPS-treated Kunming 

mice 

10, 20 and 40 mg/kg 

given ip for 7 days prior 

to LPS administration 

↓ IL-1β, IL-18, and TNF-α concentrations 

and NLRP3 activation 

(Zhang, Previn et 

al. 2018) 

Wistar rats treated 

with methylphenidate 

10, 20, 40, and 80 ip 

mg/kg for 21 days 

↓ hippocampal IL‐1β and TNF‐α,  

↑ induced P‐CREB, and BDNF in 

the hippocampus. 

(Ebrahimzadeh, 

Moghadam et al. 

2019) 

Rat model of LPS-

induced septic shock 

10 mg/kg and 100 

mg/kg) given 30 min 

before LPS 

↓ liver and brain concentrations of PAI-1 (Tsantarliotou, 

Lavrentiadou et al. 

2019) 

Methamphetamine-

treated Wistar rats 

Four doses of 30, 60 or 

90 mg/kg ip with 2-hr 

intervals. 

↓ MDA and TNF-α concentrations; 

suppressed caspase‐3 activation in 

hippocampus samples. 

(Shafahi, Vaezi et 

al. 2018) 

Malathion-exposed 

Wistar rats 

10, 20, and 40 mg/kg/day 

ip for 4 weeks  

↓ striatum levels of TNF-α and IL-6  (Mohammadzadeh, 

Hosseinzadeh et al. 

2018) 

Wistar rats with D-

galactose-induced 

aging 

7.5, 15, 30 mg/kg ip for 8 

weeks 

↑ pAkt/c and pERK/ERK ratio;  

↓ hippocampal NF-κB p65, TNF-α and IL-1β  

(Heidari, Mehri et 

al. 2017) 

Abbreviations: IL: Interleukin; TNF: Tumor necrosis factor; iNOS: Inducible nitric oxide synthase; LPS: 744 

Lipopolysaccharide; NF-κB: Nuclear Factor-kappa B; ip: intraperitoneal; COPD: Chronic obstructive pulmonary 745 

disease; PI3K: Phosphoinositide 3-kinase; MDA: Malondialdehyde; CREB: cAMP response element binding 746 

protein; BDNF: Brain derived neurotrophic factor; PAI-1: plasminogen activator inhibitor type 1; NLRP3: NLR 747 

family pyrin domain-containing protein 3; COX: cyclooxygenase; CCL2: CC-chemokine ligand 2; CGRP: 748 

calcitonin gene related peptide; TBI: traumatic brain injury; mTOR: mammalian target of rapamycin; GSK3β: 749 

Glycogen synthase kinase-3 beta; FOXO3: forkhead box O3; PRAS40: proline-rich Akt substrate of 40 kDa; 6-750 

OHDA: 6-hydroxydopamine.  751 

  752 



42 

 

Table 3. Preclinical studies investigating the potential anti-inflammatory effects of crocin in the 753 

gastrointestinal system.   754 

Species/model Crocin dose/route of 

administration/duration 

of treatment 

Main effects/outcomes (and underlying 

mechanisms) 

Reference 

Methotrexate-treated 

rats 

25 and 50 mg/kg, oral, 

for 9 days 

↓ hepatic levels of IL-1β and TNF-α  (Kalantar, 

Kalantari et al. 

2019) 

Rats with AA-induced 

UC 

20 mg/kg, oral, for 8 

days finishing on the day 

UC was induced 

↓ CRP level in colon homogenate. (Khodir, Said et al. 

2019) 

Wistar rats with AA-

induced UC 

5, 10 and 20 mg/kg, ip, 
for 8 days  
And 

5 mg/kg crocin+100 

mg/kg mesalazine 

Alone and in combination with mesalazine  

↓ edema, inflammatory cell infiltration and 

crypt destruction;  

↓ colonic concentrations of TNF-α. 

(Faramarzpour, 

Tehrani et al. 

2019) 

C57BL/6 male mice 

with DSS-induced 

colitis 

50 and 200 ppm in 

drinking water, for 3 

weeks 

Improved colitis histological features and 

suppression of inflammation.  

↓ serum and colon levels of high-sensitivity 

CRP (hs-CRP).  

↓ DSS-induced collagen deposition (i.e. 

fibrosis).  

Inhibition of DSS-induced increment of 

cyclin D1 expression and GSK3α/β 

phosphorylation. 

(Rezaei, Avan et 

al. 2019) 

C57BL/6 female mice 

with DSS-induced 

colitis‐associated 

colon cancer 

200 ppm in drinking 

water 

↓ MDA levels, improved histopathological 

features and ↓expression of PI3K and cyclin 

D1 and surviving.  

suppressed Akt and GSK3α/β  

phosphorylation. 

(Amerizadeh, 

Rezaei et al. 2018) 

ICR mice with DSS-

induced colitis 

0, 50, 100, and 200 ppm 

orally for 4 weeks 

↓ inflammation scores in the large bowel;  

↓ COX-2, iNOS, IFN-γ, TNF-α, IL-1β, IL-6 

and NF-κB mRNA expression,  

↑  Nrf2 mRNA levels. 

(Kawabata, Tung 

et al. 2012) 

Swiss albino mice 

with cerulein-induced 

AP 

30 and 100 mg/kg, ip, for 

7 days prior to cerulein 

administration 

↓ AP-induced increases in pancreas weight, 

plasma amylase levels, neutrophil infiltration 

and pancreatic levels of IL-1β, IL-6, IL-17, 

(Godugu, Pasari et 

al. 2019) 
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and TNF-α;  

suppressed cytosolic and nuclear levels of 

p65-NFκB;  

↑Nrf2;  

ameliorated pancreatic inflammation, 

necrosis, and acinar edema. 

Wistar albino rats with 

BPA-induced liver 

toxicity 

5, 10, or 20 mg/kg, ip, for 

30 days 

↓ level of miR-122, and protein and phospho- 

protein expression of JNK, ERK1/2 and 

P38), MAPKAPK and AKT (but did not 

affect Akt phosphorylation);  

ameliorated condensed nuclei, substantial 

leukocytes infiltration, and periportal 

inflammation. 

(Hassani, Mehri et 

al. 2017) 

Rats with IR-induced 

gastric lesions 

15 mg/kg, ip, 30 min 

before IR induced by 

clamping the celiac 

artery 

↓protein expression of active caspase-3 and 

iNOS;  

↓ total area of mucosal lesions; 

(Mard, Nikraftar et 

al. 2015) 

Swiss albino rats with 

hepatic toxicity due to 

γ-rays (6Gy) exposure 

200 mg/kg, ip, for 7 days ↓ ALT and AST as well as ALP, TNF-α, and 

IL-1β in serum 

Restoration of normal architecture of hepatic 

tissues. 

(Tawfik and 

Elkady 2019) 

Wistar rats with  

cyclophosphamide-

induced hepatotoxicity 

10 mg/kg, oral, for 6 

days 

↓ IL-1β, IL-6, TNF-α and COX-2 in serum. (Jnaneshwari, 

Hemshekhar et al. 

2013) 

Rats with ethanol-

induced gastric injury 

50 mg/kg ip, for 3 days ↑ gastric mucosal levels of PGE2 and IL-6; ↓ 

mRNA and protein expression of HSP70; 

↓ TNF-α;  

↓ neutrophil infiltration;  

(El-Maraghy, Rizk 

et al. 2015) 

Wistar rats with 

indomethacin-induced 

small intestinal ulcer 

2.5, 10 and 40 mg/kg ip, 

1, 4, and 16 hr post 

indomethacin 

administration 

↓levels of TNF-α and caspase-3 in small 

intestine samples 

(Hobbenaghi, 

Ghafarzadeh et al. 

2019) 

Mice with 

thioacetamide-induced 

liver fibrosis 

25 and 100 mg/kg/day, 

oral, for 6 weeks 

↓ gene expression of TGF-β1 and a-SMA 

andcollagen-1;  

↑ MMP-2 gene expression.  

↓ levels of NF-κB and COX-2;  

↓ levels of IL-1β and TNF-α 

(Algandaby 2018) 
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Wistar rats with 

indomethacin-induced 

gastric erosion 

7.5, 15 or 30 mg/kg, ip, 

30 min prior to  

indomethacin 

↓ mRNA expression of COX-1, COX-2, and 

iNOS 

(Mard, Pipelzadeh 

et al. 2016) 

C57BL/KsJ-Lepdb 

(db/db) mice with 

NAFLD 

20 mg/kg orally for 8 

weeks 

Induction and inhibition of AMPK and 

mTOR phosphorylation, respectively,  

↓ serum levels of alanine aminotransferase; 

improvement of hepatic injury 

(Luo, Fang et al. 

2019) 

Sprague-Dawley rats 

with STZ-induced 

diabetes 

10 mg/kg orally for 4 

weeks 

↓ CD68 expression indicating less 

macrophages within the β-islets. 

(Samaha, Said et 

al. 2019) 

High Fat Diet-

administered obese 

group treated with 

STZ 

150 mg/kg orally for 6 

weeks 

↓ serum TNF-α and IL-1β  

↓ TNF-α and IFN-γ in pancreas tissue. 

(HAZMAN, 

Aksoy et al. 2016) 

Abbreviations: IL: Interleukin; TLR4: Toll-Like Receptor 4; TNF: Tumor necrosis factor; iNOS: Inducible nitric 755 

oxide synthase; NF-κB: Nuclear Factor-kappa B; MMP: Matrix metalloprotease; ip: intraperitoneal;  MAPK: 756 

Mitogen-activated protein kinase; JNK: c-Jun N-terminal Kinase; ERK: extracellular signal-regulated kinases;  757 

PI3K: Phosphoinositide 3-kinase; MDA: Malondialdehyde;  COX: cyclooxygenase; mTOR: mammalian target of 758 

rapamycin; DSS: dextran sodium sulfate; AA: Acetic acid; UC: Ulcerative colitis; CRP: C Reactive Protein; AMPK: 759 

5'-adenosine monophosphate (AMP)-activated protein kinase; GSK3α/β: glycogen synthase kinase 3α/β; IFN: 760 

Interferon; AP: acute pancreatitis; BPA: Bisphenol A; IR: Ischemia/Reperfusion; ALP: alkaline phosphatase; PGE2: 761 

Prostaglandin E2; HSP: Heat shock protein; TGF: Transforming growth factor; STZ: Streptozotocin; NAFLD: Non-762 

alcoholic fatty liver disease.  763 

 764 

 765 

 766 

 767 
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Table 4. Preclinical studies reporting the potential anti-inflammatory effects of crocin in the 769 

cardiovascular system. 770 

Species/model Crocin dose/route of 

administration/duration 

of treatment 

Main effects/outcomes (and underlying 

mechanisms) 

Reference 

Mice with 

myocardial fibrosis 

caused by 

isoproterenol  

100 and 200 mg/kg/day, 

ip, for 14 days 

↓ IL-1 and -6 and TNF-α as well as NF-κB 

(p65), TLR4 caspase-3, and cleaved caspase-3 

expressions. 

Improvement of cellular swelling, and focal 

inflammatory cells infiltration. 

(Jin, Zhang et al. 

2020) 

Sprague-Dawley 

rats with 

doxorubicin-

induced 

cardiotoxicity 

10 and 20 mg/kg, oral, 

for 3 weeks 

↓ interstitial and perivascular fibrosis and TNF-

α and IL-1β levels in myocardial samples;  

↑ myocardial IL-10 

(Elsherbiny, 

Salama et al. 

2016) 

Embryonic 

cardiomyocytes 

(H9c2) with LPS-

induced toxicity 

10, 20 and 40 μM for 24 

hr prior to LPS 

↓ expression of TNF-α, PGE2, IL-β, and IL-6 at 

protein and expression of TNF-α, COX-2, IL-β, 

IL-6, and iNOS at mRNA levels. 

(Rahim, Khammar 

et al. 2019) 

C57BL/6J mice that 

underwent left 

common carotid 

artery ligation 

5, 10 or 20 mg/kg  

immediately or 2 hours 

post hypoxia–ischemia 

Non-significant ↓ of iNOS and COX-2 mRNA 

expression stimulated by hypoxia–ischemia.  

↓ brain levels of IL-1β and TNF-α.  

(Huang and Jia 

2019) 

Wistar rats with 

vitamin D3-induced 

coronary 

atherosclerosis 

100 mg/kg/day for 4 

weeks 

↓ serum IL-6, iNOS and TNF-α concentrations;  

↑ IL-4, IL-10 and TGF-β levels;  

↓ NF-κB p65 expression and translocation;  

↑  M2 macrophage polarization 

(Li, Lei et al. 

2018) 

Rats with STZ-

induced diabetes 

10, 20, 30 mg/kg/day, ip, 

for 4 weeks 

(in abdominal aorta samples)  

↓ mRNA expression of TNF-α and IL-6 

(Samarghandian, 

Azimi-Nezhad et 

al. 2016) 

Abbreviations: IL: Interleukin; TLR4: Toll-Like Receptor 4; TNF: Tumor necrosis factor; iNOS: Inducible nitric 771 

oxide synthase; NF-κB: Nuclear Factor-kappa B; COX: cyclooxygenase; TGF: Transforming growth factor; STZ: 772 

Streptozotocin.  773 

 774 

775 
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Table 5. Preclinical studies investigating the potential anti-inflammatory effects of crocin in the 776 

urogenital system. 777 

Species/model Crocin dose/route of 

administration/duration 

of treatment 

Main effects/outcomes (and underlying 

mechanisms) 

Reference 

STZ-induced diabetic 

Wistar rats 

40 mg/kg, ip, for 8 weeks ↓ IL-18, NOX-4 and P53 expression (mRNA 

and protein). 

(Yaribeygi, 

Mohammadi et al. 

2018) 

Rats with fructose- 

induced metabolic 

syndrome 

50 mg/kg, oral, for 10 
weeks 

↓ serum concentrations of TNF-α 

↓ foci of mononuclear inflammatory cells in 

kidney cortex 

(El-Fawal, El 

Fayoumi et al. 

2018) 

Wistar rats with CCl4-

induced 

nephrotoxicity 

100 mg/kg/day, oral, for 
15 days 

Significant improvement of histological 

findings (e.g. inflammatory cells infiltration) 

(Erdemli, Gul et al. 

2018) 

Rats with CCl4-

induced 

nephrotoxicity 

100 mg/kg/day, ip, for 3 
weeks 

↓ renal IL-6 and TNF-α; Ameliorated 

vascular congestion;  

↓ CCl4–induced increased levels of PGE2 

(Hassan, 

Bahashawan et al. 

2015) 

Sprague–Dawley rats 

with STZ-induced 

diabetes 

20 mg/kg/day, oral, 
for 8 weeks 

↓ renal levels of hydroxyproline and 

collagen; ↓ renal content of TLR4 and IL-6;  

↓ NF-κB/p65 positive and TGFβ1 positive 

cells. 

(Abou-Hany, Atef 

et al. 2018) 

Differentiated 

podocytes seeded in 

type 1 collagen-coated 

plates and 

supplemented with D-

glucose 

0.1, 0.5, or 1 μM ↓ IL-1β, IL-8, IL-10, and TNF-α; 

↓ expression of p-IκBα 

(Erdemli, Gul et al. 

2017) 

Wistar rats (2, 10 and 

20 months old) 

10, 20 and 30 mg/kg/day 

for 28 days 

↓ TNF-α, IL-6 and IL-1β mRNA expression 

in renal tissues;  

↓ their serum levels in old rats; 

(Samarghandian, 

Azimi‐Nezhad et 

al. 2016) 

Sprague–Dawley rats 

with URIRI 

20 mg/kg, oral, for 7 

days prior to URIRI 

↓ TLR4 and IL-6 levels as well as MDA and 

NO contents in kidney samples;  

↓ inflammatory cells number. 

(Abou-Hany, Atef 

et al. 2018) 

Wistar rats with 

abdominal aortic 

ischemia 

100 mg/kg, ip, 30 min 

before laparotomy 

↓ renal TNF-α, IL-6, IL-18, IFN-γ, IL-1β;  

ameliorated cellular vacuolization and 

interstitial edema in the kidney  

(Adali, Gonul et al. 

2016) 
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Wistar rats A single ip dose of 100, 

200, or 400 mg/kg  

↓ leukocyte infiltration into the renal 

interstitium, as well as TNF-α and ICAM-1 

mRNA expression 

(Yarijani, 

Pourmotabbed et 

al. 2017) 

Female Balb/c mice 

with endometriosis 

25 mg/kg, ip, for 3 weeks ↓ serum INF-γ, TNF-α, VEGF and IL-6. 

 

In vitro (20 μM): ↓ secretion of IFN-γ, TNF-

α, IL-6 and IL-10 by LPS-exposed human 

monocytes THP-1 cells. 

(Liu, Qin et al. 

2018) 

Wistar rats underwent 

hemorrhagic shock 

60 mg/kg iv ↓ nuclear translocation of p65;  

↑ IkBα phosphorylation in lung tissue;  

↓ serum TNF-α and IL-6;  

↑ IL-10 levels 

(Yang and Dong 

2017) 

Abbreviations: IL: Interleukin; TLR4: Toll-Like Receptor 4; TNF: Tumor necrosis factor; NF-κB: Nuclear Factor-778 

kappa B; ip: intraperitoneal; MDA: Malondialdehyde; IFN: Interferon; PGE2: Prostaglandin E2; TGF: Transforming 779 

growth factor; STZ: Streptozotocin; NOX: NADPH oxidase; CCl4: carbon tetrachloride; URIRI: Unilateral renal 780 

ischemia reperfusion injury; ICAM:  Intercellular adhesion molecules; VEGF: vascular endothelial growth factor. 781 
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 784 

 785 

 786 
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Table 6. Preclinical studies investigating the potential anti-inflammatory effects of crocin in the 788 

musculoskeletal system. 789 

Species/model Crocin dose/route of 

administration/duration 

of treatment 

Main effects/outcomes (and underlying 

mechanisms) 

Reference 

RAW 264.7 cells  

 

0, 40, or 80 μM ↓ p38 and JNK signaling, Ti particle-induced 

inflammation was suppressed;  

↑ osteogenic differentiation of Bone 

mesenchymal stem cells by inducing M2 

macrophage polarization 

(Zhu, Yang et al. 

2019) 

Mice with collagen-

induced arthritis 

 

LPS-stimulated human 

fibroblast-like 

synoviocytes 

50 mg/kg/daily, ip, for 1 

week 

 

(in vitro) 0, 10, 100, 200, 

and 500 μM 

↓ serum TNF-α, IL-1β, and IL-6 

 

 

↓ TNF-α, IL-1β, and IL-6  

↓ p-IKKα/β, p-IκBα, and p65 proteins 

expression by the cells 

(Li, Zhang et al. 

2018) 

Wistar rats with type 

II collagen- 

induced arthritis 

10, 20 or 40 mg/kg 

continued for 36 days 

↓ TNF-α, IL-17, IL-6 and CXCL8 in serum 

and ankle tissues  

↓ serum levels of MMP-1, -3 and -13;  

↓arthritis scores and paw swelling  

(Li, Zhang et al. 

2018) 

Sprague-Dawley rats 

with meniscectomy-

induced osteoarthritis  

 

Mouse skeletal muscle 

cell line C2C12 

30 mg/kg/day, oral, for 

10 days 

↓ muscular level of IL-6 

 

 

 

slight attenuation of JNK phosphorylation  

(Lei, Guo et al. 

2017) 

Sprague-Dawley rats 

with Freund's 

complete adjuvant 

arthritis 

50 and 100 mg/kg ip ↓ spinal TNF-α and IL-1β;  

↓ the Wnt5a/β-catenin pathway;  

(Wang, Xu et al. 

2020) 

Rats with rheumatoid 

arthritis  

6.25, 12.5 and 25 mg/kg/ 

day orally for 28 days 

(in arthritis synovium samples): ↓ paw 

redness and swelling;  

↓ arthritic score and iNOS mRNA and 

protein expression;  

↓ serum IL-1β, IL-6, and TNF-α 

(Yarijani, 

Pourmotabbed et 

al. 2017) 

Sprague-Dawley rats 160 mg/kg, oral, for 14 ↓ synovial tissue TNF-α and TGF-β1;  (Hu, Liu et al. 
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with Freund's 

complete adjuvant 

arthritis 

days 

 

*total crocins. 

↓ joint damage 2019) 

Rats with metabolic 

syndrome ‐induced 

osteoporosis 

5 or 10 mg/kg/day orally, 

5 days/week for 12 

weeks 

Crocin 10 mg/kg  

↓ elevated IL‐6 and TNF‐α in serum. 

(Algandaby 2019) 

Macrophage/monocyte 

progenitors isolated 

from mouse bone 

marrow 

0-200 μM ↓ RANKL-induced NF-κB and NFATc1 

activation 

(Fu, Pan et al. 

2017) 

Abbreviations: IL: Interleukin; TNF: Tumor necrosis factor; iNOS: Inducible nitric oxide synthase; LPS: 790 

Lipopolysaccharide; NF-κB: Nuclear Factor-kappa B; MMP: Matrix metalloprotease; JNK: c-Jun N-terminal 791 

Kinase; TGF: Transforming growth factor; RANKL: receptor activator of nuclear factor-kappaB ligand. 792 
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Highlights: 

• Crocin anti-inflammatory function involves suppression of MAPK and NF-kB, but 

activation of Nrf2. 

• Crocin suppresses production/secretion of TNF-α, IL-6, IL-10, IFN-γ and IL-1β (in vitro 

and in vivo) and reduces TNF-α and IL-17 in humans. 

• Suppression of MAPK and Wnt5α/β-catenin signaling mediates crocin pain killing 

effects. 

• Even though data is limited in humans, the results of preclinical studies regarding anti-
inflammatory/anti-nociceptive effects of crocin are promising and warrant further testing 
in clinical settings. 
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