
399

doi: 10.4103/apjtb.apjtb_330_25                                                                                                                                                                                                                                                                    

Therapeutic effects of crocin: A review of recent studies
Akbar Anaeigoudari1,2, Fatemeh Mashayekhi3

1Bio Environmental Health Hazards Research Center, Jiroft University of Medical Sciences, Jiroft, Iran
2Department of Physiology, School of Medicine, Jiroft University of Medical Sciences, Jiroft, Iran 
3Critical Care Nursing, Faculty of Nursing and Midwifery, Jiroft University of Medical Sciences, Jiroft, Iran

ABSTRACT

Crocin is a plant ingredient mainly found in the extract of Crocus 
sativus (Saffron). This carotenoid compound has antioxidant, anti-
inflammatory, antitumor, and antihypertensive properties. This 
review summarizes the therapeutic effects of crocin. Data were 
retrieved from 2015 until the end of April 2025 using databases 
including the Web of Science, PubMed, Scopus, and Google Scholar. 
According to the findings of previous studies, the therapeutic effects 
of crocin on various organs can be attributed to its ability to scavenge 
free radicals, enhance antioxidant activities, reduce inflammatory 
reactions, and modulate the PI3K/AKT, NF-κB, and PPARγ/LXRs 
signaling pathways. 
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1. Introduction

  The effects of natural compounds are increasingly being 
investigated to alleviate and treat ailments. Crocin is a water-soluble 
carotenoid derived from Crocus sativus (Saffron)[1]. This herbal 
plant possesses various biological activities such as antioxidant, 
anti-inflammatory, and antihypertensive activities[2,3]. In women 
with polycystic ovary syndrome (PCOS), crocin could alleviate 
inflammation by reducing the level of inflammatory markers[4]. In 
aged male rats, crocin diminished the harmful impacts of ethanol 
and nicotine on learning and memory processes[5]. Moreover, in a rat 
model of streptozotocin-caused type 2 diabetes, crocin modified the 
increased level of glucose and oxidant biomarkers, thus ameliorating 
diabetes[6]. A previous study showed that crocin prevents bone loss 
by inhibiting oxidative stress and suppressing ferroptosis via the 
Nrf2/GPX4 signaling pathway[7]. As demonstrated in in vivo and in 
vitro studies, crocin also suppresses uncontrolled cell proliferation 

and exerts positive therapeutic effects against cancer cells[8,9]. 
Considering a broad spectrum of therapeutic benefits of crocin, this 
review article aimed to summarize its advantageous effects on body 
systems.  
 

2. Method 

  In this article, the data of the studies on crocin were obtained via 
databases including the Web of Science, PubMed, Scopus, and 
Google Scholar using keywords “crocin” and “nervous system”, 
“cardiovascular system”, “respiratory system”, “gastrointestinal 
tract”, and “urinary system”. Relevant published studies were 
selected from 2015 to the end of April 2025.  
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Summary
Question: Can crocin be considered an effective therapeutic 
strategy for preventing organ damage?
Findings: Recent studies showed that crocin protected different 
body systems mainly via modulating oxidative stress and 
attenuating inflammatory pathways. However, its therapeutic 
effects have not been fully understood in human studies.
Meaning: Crocin has been recommended as an herbal active 
compound for improving disorders of the body systems; however, 
further assessments are required to verify its application and 
safety in humans.
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3. Effect of crocin on the nervous system

  Stressful stimulants can disturb the normal function of the nervous 
system and induce anxiety- and depression-like behaviors[10]. 
Stressful conditions can also exert harmful effects on learning 
and memory processes and synaptic plasticity[11]. The effect 
of 30 mg/kg of crocin alone and in combination with alcoholic 
extract of Terminalia chebula against chronic restraint stress-
caused brain disturbances was evaluated in an animal model. The 
behavioral results demonstrated that use of crocin and Terminalia 
chebula extract for 14 consecutive days prevented anxiety-like 
behaviors and memory deficits in rats exposed to stress. Based 
on electrophysiological studies, crocin also ameliorated synaptic 
plasticity in CA1 area of the hippocampus[12]. The findings of 
elevated plus maze, passive avoidance test, and Barnes maze test 
exhibited that treatment with nano-chitosan containing 160 mg/kg 
of crocin for 14 consecutive days had positive effects on learning 
and memory indices and anxiety in rats with chronic immobilization 
stress[13].

  Neuroinflammation upsets cell homeostasis and can occur by 
overactivation of neuroglia, such as astrocytes and microglia in 
the nervous system[14]. Infections[15] and neurological diseases, 
including Alzheimer’s disease, Parkinson’s disease, and multiple 
sclerosis (MS), have a principal role in brain inflammation[16]. Su 
et al. demonstrated that the administration of 40 mg/kg of crocin 
for 14 days improved spatial memory via modulating the PI3K/
AKT signaling pathway and decreasing the levels of inflammatory 
cytokines, including TNF-α, IL-1β, and IL-6[17].
  MS is a chronic inflammatory disease of the central nervous 
system resulting from destruction of myelin sheath of the nerve 
cells[18]. This autoimmune disease is characterized by sensory and 
motor disorders. The studies show that MS may induce cognitive 
disturbances[19]. In an animal study, crocin exerted the memory-
enhancing effects against ethidium bromide-induced MS by 
improvement of sensory and motor behaviors and increased levels of 
brain-derived neurotrophic factor, and nerve growth factor 1 in the 
brain of the rats[20]. Another study investigated the effects of crocin 
on cuprizone-caused MS. The results of behavioral tests revealed 
that crocin reduced motor disorders caused by cuprizone. In addition, 
crocin decreased the serum level of malondialdehyde (MDA) and 
increased the blood concentration of glutathione peroxidase (GPx) 
and superoxide dismutase (SOD)[21]. In a human study, patients 
with MS received tablets containing 15 mg crocin twice a day for 
8 weeks. The treatment significantly lowered the serum level of 
C-reactive protein, MDA and NO[22]. In patients with Parkinson’s 
disease, use of 30 mg crocin capsules for 8 weeks ameliorated 
movement activities and neuronal oxidative injuries[23].         
  Lipopolysaccharide (LPS) is a biological molecule evoking the 
immune responses. This bacterial toxin can also impair learning 
and memory processes by inducing brain oxidative stress and 
neuroinflammation[24]. In male Wistar rats exposed to 1 mg/kg 

of LPS, 100 mg/kg of crocin successfully prevented destructive 
impacts of LPS on spatial learning and memory by inhibiting 
lipid peroxidation, downregulating the expression of caspase 3, 
TNF-α, and NF-κB in the brain[25]. Trimethyltin chloride is a toxic 
compound that causes brain damage. It has been demonstrated 
that peripheral injection of trimethyltin chloride induces cognitive 
deficits[26]. Administration of 10 and 50 mg/kg of crocin for 3 weeks 
could alleviate trimethyltin chloride-caused cognitive deficits in rats 
by increasing the activity of SOD and reducing the level of caspase 
3 in hippocampal tissue[27]. 

4. Effect of crocin on the cardiovascular system

  Chronic heart failure (congestive heart failure) (CHF) is known 
as a heart disease in which the heart loses its ability to pump 
sufficient blood throughout the vascular system[28]. Risk factors 
such as hypertension, diabetes, and obesity have been listed as the 
most important causes for CHF[29]. In addition to the use of drugs 
such as vasodilators and diuretics, employment of effective herbal 
substances has been recommended as a beneficial therapeutic 
strategy in reduction of symptoms of CHF[30]. In order to elucidate 
the mechanism of the effect of crocin on CHF, male Sprague Dawley 
rats received 0.05, 0.075, and 0.1 mg/kg of this compound for 4 
consecutive weeks. It was concluded that a high dose of crocin 
(0.1 mg/kg) increased calcium concentration in cardiomyocytes 
and modulated the activity of Na+-Ca2+ exchanger and the type 2a 
sarcoplasmic/endoplasmic reticulum Ca2+-ATPase (SERCA2a)[31].
  Cardiac arrhythmia is a type of heart dysfunction resulting from 
abnormal heart rhythm disturbance. Some cardiac arrhythmias, such 
as ventricular fibrillation and ventricular tachycardia, can be a result 
of myocardial infarction (MI)[32]. In addition, it has been suggested 
that a change in connexin 43 (Cx43) expression is involved in the 
anti-arrhythmic effects of drugs[33]. Li et al. showed that crocin 
alleviated MI-induced cardiac arrhythmia in rats by upregulating 
Cx43 expression[34]. Kelch repeat and BTB domain-containing 
protein 7 (KBTBD7), as a member of BTB-kelch protein family, 
can activate NF-κB signaling pathway and finally stimulate the 
production of inflammatory cytokines[35,36]. Therefore, researchers 
consider it a target to evaluate the effect of anti-inflammatory 
compounds. The results of Yuan et al. demonstrated that crocin 
at 100 and 200 mg/kg prevented MI-induced cardiac malfunction 
in rats by reducing inflammatory reactions. This cardioprotective 
impact of crocin was attributed to the suppression of KBTBD7 
expression[37]. Atherosclerosis is an inflammatory disease that takes 
place when fat and cholesterol accumulate in the walls of arteries[38]. 
Treatment of this metabolic-related disorder reduces the risk of 
heart attacks[39]. Additionally, changes in the activity of peroxisome 
proliferator-activated receptor γ (PPARγ)/liver X receptors (LXRs)/
ATP binding cassette transporter A1 (ABCA1) signaling pathway 
are involved in the pathogenesis of atherosclerosis[40]. In high-fat 
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diet-exposed mice, treatment with 4 mg/kg/day and 12 mg/kg/day 
of crocin for 12 weeks resulted in the alleviation of atherosclerosis 
by stimulating the reverse cholesterol transporter and regulating the 
PPARγ/LXRs pathway[41].      
  Doxorubicin is an anticancer drug that has been frequently used 
to suppress cell proliferation in breast cancer and leukemia[42]. 
Cardiotoxicity is one of the main side effects of doxorubicin[43]. In 
rats with doxorubicin-induced cardiotoxicity, administration of 40 
mg/kg of crocin for 15 days protected heart tissue by lowering MDA, 
TNF-α, and caspase 3 levels, elevating SOD, CAT, and GSH levels, 
and modifying lipid profile[44]. Methamphetamine is a chemical 
substance with strong addiction effects. Besides affecting the central 
nervous system, methamphetamine has been shown to have harmful 
impacts on the cardiovascular system. Increased heartbeat and 
blood pressure have been linked to methamphetamine abuse[45,46]. 
In female rats exposed to methamphetamine, administration of 40 
mg/kg of crocin with 40 mg/kg along with exercise for a 4-week 
withdrawal period, ameliorated the structural and inflammatory 
injuries in heart tissue[47]. In patients with breast cancer, the effect of 
crocin (tablets containing 12 mg, 3 times daily) against cardiotoxicity 
resulting from anthracycline was evaluated. The results showed that 
crocin prevented the reduction of left ventricular ejection fraction[48].  
In another study, use of 30 mg of crocin for 8 weeks upregulated the 
gene expression of SIRT1 and AMPK and downregulated the level of 
LOX1 and NF-κB[49].   

5. Effect of crocin on the respiratory system

  Asthma is a chronic inflammatory lung disease affecting individuals 
of all ages[50]. It is characterized by airway hyperresponsiveness, 
excessive mucus secretion, and airway remodeling[51]. It has been 
detected that amelioration of asthma symptoms can be a result of 
the inhibition of NF-κB signaling pathway, increased expression 
of nuclear factor-erythroid 2-related factor 2 (Nrf2) and heme 
oxygenase 1 (HO-1), and reduction of serum level of Ig E[52]. 
Ovalbumin is a protein found abundantly in the egg white, and 
it can cause hypersensitivity. It is broadly used to induce asthma 
in experimental studies[53]. In a model of ovalbumin-induced 
asthma, crocin, especially at 60 mg/kg, significantly suppressed 
ovalbumin-evoked lung hypersensitivity via decreasing the number 
of white blood cells, and the levels of IL-17, NF-κB, and Ig E, 
and upregulating the expression of Nrf2 and HO-1[54]. Aslani et 
al. reported that crocin mitigated lung injuries by declining T-bet/
GATA-3 ratio, and downregulating miR-14a and miR-16a levels 
in ovalbumin-sensitized mice[55]. In a clinical trial, treatment with 
crocin at a dose of 15 mg twice daily for 12 weeks improved chronic 
obstructive pulmonary disease symptoms by reducing inflammatory 
cytokines including IL-6 and TNF-α[56].  
  High mobility group box 1 (HMGB1) is a secreted protein by 
immune cells in humans. It exerts its impacts through the Toll-like 

receptors and acts as a mediator in inflammatory responses resulting 
from endotoxemia and sepsis[57,58]. In rats exposed to 30 mg/kg of 
LPS, administration of 50 mg/kg of crocin for 9 days could reduce 
lung damage by suppressing the inflammatory reactions related to 
the HMGB1-TLR-4 signaling pathway[59]. Gao et al. examined 
the protective effect of crocin against caecal ligation and puncture-
caused sepsis in lung, kidney, and liver tissues of mice. According to 
their findings, crocin modulated the activity of p38 MAPK/NF-κB/
IκBα and Bcl-2/Bax pathways and mitigated the levels of IL-6 and 
TNF-α[60]. 

6. Effect of crocin on the gastrointestinal tract and liver

  Intestinal ulcer is an inflammatory bowel disease that results 
in severe injury to mucosa and submucosa layers[61]. The main 
causes of intestinal ulcer are microbial infections and long-term 
consumption of non-steroidal anti-inflammatory drugs, including 
indomethacin[62,63]. In the study of Ghafarzadeh et al., intestinal 
ulcer was induced in rats by oral administration of 10 mg/kg of 
indomethacin. Treatment with crocin protected against indomethacin-
caused intestinal ulcer via decreasing the levels of MDA, caspase 
3, and TNF-α, and increasing the activity of SOD[64]. In acetic 
acid-induced ulcerative colitis, treatment with 20 mg/kg of crocin 
obviously downregulated expression of BAX, caspase 3/8/9, NF-κB, 
IL-1β, IL-6, and TNF-α and upregulated the levels of IL-4, IL-10, 
and BCL2 in rats, thereby improving colon injuries[65]. Cosgun et al. 
also elucidated the protective effects of 100 mg/kg of crocin against 
CCl4-triggered intestinal damage. This positive impact of crocin 
was also associated with its antioxidant effects. In this research, a 
decreased level of oxidant indices, such as MDA, and an increased 
level of antioxidant parameters, such as GSH, in crocin-treated rats 
in comparison with the CCl4 group were observed[66]. Methylglyoxal 
is an α-ketoaldehyde formed endogenously as a byproduct of the 
glycolytic pathway. Besides inducing diabetes, methylglyoxal can 
react with proteins and DNA and increase reactive oxygen species 
production[67]. It has been recognized that inflammation induced 
by the excessive accumulation of methylglyoxal causes hepatocyte 
injuries[68]. Radmehr et al. demonstrated that 60 mg/kg of crocin in 
combination with garlic acid (30 mg/kg) exerted protective impacts 
against methylglyoxal-induced liver damage by regulating the 
expression of NF-κB, TNF-α, HMGB1, and ATG7[69]. 

7. Effect of crocin on the urinary system

  Diabetic nephropathy (DN) is a renal disturbance characterized 
by damage to the glomerular filtration barrier[70]. The regulation of 
blood glucose and blood pressure, and the use of anti-inflammatory 
and antioxidant agents, have outstanding effects in the treatment of 
DN[71]. Scientific evidence demonstrates that endoplasmic reticulum 
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Table 1. Effects of crocin on different systems.
Type of system Dose Type of study Effects Reference
Nervous 30 mg/kg Animal Improves anxiety-like behaviors, memory deficits, and synaptic plasticity  [12]

160 mg/kg Animal Ameliorates learning and memory indices and anxiety [13]
40 mg/kg Animal Improves spatial memory, enhances the activity of PI3K/AKT signaling pathway, 

and decreases TNF-α, IL-1β and IL-6 levels
[17]

10 mg/kg Animal Enhances sensory and motor activities and increases BDNF and NGF1 levels in 
the brain

[20]

100 mg/kg Animal Alleviates motor disorders, diminishes the serum level of MDA, and increases 
the blood concentration of GPx and SOD

[21]

15 mg/day Human Decreases the serum level of C-reactive protein [22]
30 mg/day Human Ameliorates movement activities and neuronal oxidative injuries [23]
100 mg/kg Animal Improves spatial learning and memory, inhibits lipid peroxidation, and 

downregulates the expression of caspase 3, TNF-α, and NF-κB in the brain
[25]

10 and 50 mg/kg Animal Mitigates cognitive deficits, increases SOD activity, and reduces caspase 3 [27]
Cardiovascular 0.05, 0.075, and 0.1 mg/kg Animal Increases calcium concentration in cardiomyocytes and improves contractility of 

heart by modulating the activity of Na+-Ca2+ exchanger and SERCA2a
[31]

10 and 50 mg/kg Animal Alleviates MI-induced cardiac arrhythmia by upregulation of Cx43 expression [34]
100 and 200 mg//kg Animal Reduces inflammatory reaction by suppression of KBTBD7 expression [37]
4 and 12 mg/kg Animal Alleviates atherosclerosis by stimulating reverse cholesterol transporter and 

regulating the PPARγ/LXRs pathway
[41]

40 mg/kg Animal Protects heart tissue by lowering MDA, TNF-α, and caspase 3 levels, elevating 
SOD, CAT, and GSH levels, and modifying lipid profile

[44]

40 mg/kg Animal Ameliorates structural and inflammatory injuries in heart tissue [47]
12 mg/day Human Prevents the reduction of left ventricular ejection fraction [48]
30 mg/day Human Upregulates the gene expression of SIRT1 and AMPK and downregulates the 

level of LOX1 and NF-κB
[49]

Respiratory 60 mg/kg Animal Decreases the number of WBC, and the levels of IL-17, NF-κB, and Ig E, and 
upregulates Nrf2 and HO-1 expression

[54]

50 and 100 mg/kg Animal Reduces T-bet/GATA-3 ratio, and downregulates miR-14a and miR-16a levels [55]
15 mg Human Improves chronic obstructive pulmonary disease symptoms by reducing 

inflammatory cytokines including IL-6 and TNF-α
[56]

50 mg/kg Animal Suppresses HMGB1-TLR-4 signaling pathway-related inflammatory reactions [59]
50, 100, and 200 mg/kg Animal Modulates the activity of p38 MAPK/NF-κB/IκBα and Bcl-2/Bax pathways and 

causes a decline in the levels of IL-6 and TNF-α
[60]

Gastrointestinal 2.5, 10, and 40 mg/kg Animal Decreases MDA, caspase 3, and TNF-α levels, and increases SOD activity [64]
20 mg/kg Animal Downregulates BAX, caspase 3/8/9, NF-κB, IL-1β, IL-6 and TNF-α, and 

upregulates IL-4, IL-10 and BCL2
[65]

100 mg/kg Animal Decreases oxidant indices, such as MDA, and increases antioxidant parameters 
such as GSH

[66]

60 mg/kg Animal Regulates NF-κB, TNF-α, HMGB1, and ATG7 expression [69]
Urinary 40 mg/kg Animal Reduces oxidant parameters such as MDA, increases antioxidant factors such as 

SOD, CAT, and GSH, and upregulates the Nrf2 and PI3K/AKT pathway
[74]

100 mg/kg Animal Activates the Sirt1/Nrf2/HO-1 pathways [75]
50 mg/kg Animal Decreases TGF-β level [77]
10, 20, and 40 mg/kg Animal Augments antioxidant enzymes SOD and GSH, reduces MDA, upregulates 

CYP4A11 and phosphorylated PPARγ, and downregulates TGF-β and 
phosphorylated Smad2/3

[78]

100 mg/kg Animal Attenuates iNOS, COX2, NF-κB and TNF-α expression [81]
12.5, 25, and 50 mg/kg Animal Reduces oxidant biomarkers such as MDA and elevates antioxidant capacity [82]
40 mg/kg Animal Modulates the levels of creatinine, blood urea nitrogen, MDA, and GSH [83]
15 mg/day Human Decreases the serum level of TGF-β and triglyceride [84]

TNF-α: tumor necrosis factor alpha, IL: interleukin, BDNF: brain derived neurotrophic factor, NGF: nerve growth factor, MDA: malondialdehyde, GPx; 
glutathione peroxidase, SOD: superoxide dismutase, SERCA: sarcoplasmic/endoplasmic reticulum Ca2+-ATPase, MI: myocardial infarction, KBTBD: Kelch 
repeat and BTB domain-containing protein, PPARγ/LXRs: peroxisome proliferator-activated receptor γ/liver X receptors, CAT: catalase, GSH: glutathione, 
SIRT1: silent information regulator 1, AMPK: AMP activated protein kinase, LOX1: Lectin-like oxidized LDL receptor 1, NF-κB: nuclear factor kappa 
B, WBC: white blood cells, Nrf2: nuclear factor-erythroid 2-related factor 2, HO: heme oxygenase, T-bet: T-box expressed in T-cells, GATA: GATA-
binding proteins, HMGB: high mobility group box, TLR: toll-like receptor, MAPK: mitogen-activated protein kinase, IκBα: inhibitor of κB alpha, PI3K: 
phosphoinositide 3-kinase, TGF-β: transforming growth factor beta, iNOS: inducible nitric oxide synthase, COX2: cyclooxygenase-2.



403Therapeutic effects of crocin

stress plays a major role in the development and progression of 
DN[72]. It has also been recognized that upregulation of Nrf2 and the 
PI3K/AKT pathway prevents endoplasmic reticulum stress-caused 
apoptosis[73]. In a mouse model of DN, receiving 40 mg/kg of crocin 
for two weeks ameliorated endoplasmic reticulum stress-evoked renal 
damage by reducing oxidant parameters such as MDA, increasing 
antioxidants such as SOD, CAT, and GSH, and activating the Nrf2 and 
PI3K/AKT pathway[74]. Administration with 100 mg/kg of crocin for 
30 days also mitigated anti-Fx1A serum-induced nephropathy in rats by 
activation of the Sirt1/Nrf2/HO-1 pathway[75]. Increased transforming 
growth factor β (TGFβ) as a result of hyperglycemia has been 
considered a factor causing kidney dysfunction[76]. In streptozotocin-
induced DN, 50 mg/kg of crocin decreased TGF-β level and improved 
kidney function in rats[77]. Chen et al. also reported that crocin at doses 
of 10, 20, and 40 mg/kg alleviated DN in mice by augmenting SOD 
and GSH activities and reducing MDA. In addition, Western blotting 
findings displayed that 40 mg/kg of crocin increased the expression of 
CYP4A11 and phosphorylated PPARγ, and decreased the expression of 
TGF-β and phosphorylated Smad2/3[78].
  One of the side effects of some drugs, such as doxorubicin, is 
nephrotoxicity. Although the precise mechanisms of kidney damage 
caused by these compounds have not been recognized; however, 
oxidative stress has been suggested to be involved in this process[79,80]. 
Hussain et al. highlighted that crocin reduced doxorubicin-induced 
nephrotoxicity via downregulating the expressions of iNOS, COX2, 
NF-κB, and TNF-α[81]. Furthermore, crocin conferred protection 
against methotrexate-induced kidney injuries in rats by reducing MDA 
level and elevating antioxidant activities[82]. Rajabalizadeh et al. also 
confirmed the beneficial effect of crocin on colistin-caused kidney 
injury, as evidenced by modulation of the levels of creatinine, blood 
urea nitrogen, MDA, and GSH[83]. The results of a randomized clinical 

trial also demonstrated that the therapeutic effects of 15 mg/day of 
crocin for 90 days on patients with DN were associated with decreased 
serum level of TGF-β and triglyceride[84]. The effects of crocin on 
different systems are summarized in Table 1.

8. Conclusion

  As indicated by the findings of this review, the antioxidant and 
anti-inflammatory properties of crocin play a critical role in the 
therapeutic effects of this herbal compound. Crocin modulates the 
activity of iNOS and COX2, and intracellular signaling pathways 
including PI3K/AKT, NF-κB, and PPARγ/LXRs pathways. Its 
beneficial effects are also associated with the increased expression 
of Nrf2, SIRT1, and Bcl2 and decreased levels of TNF-α, IL-1β, 
IL-6, TGF-β, Bax, and caspases (Figure 1). Nevertheless, more 
investigations are needed to verify its efficacy and safety.
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Figure 1. Molecular mechanisms of the therapeutic effects of crocin.
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