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ABSTRACT

Purpose: Chronic inflammation in the liver is a key trigger for liver injury and fibrosis in various liver diseases. Given the anti-
inflammatory and antioxidant effects of Saffron, this study aimed to investigate the pharmacological effects of Saffron on hepatic 
inflammation and fibrosis. Methods: The mice model of hepatic fibrosis was constructed using CCl4, and Saffron was administered 
at low (10 mg/kg) and high (20 mg/kg) doses by gavage. Then, the changes in liver function, liver inflammation and fibrosis markers 
were evaluated. The effects and mechanisms of Saffron on hepatic stellate cells were further investigated in in-vitro experiments. 
Results: Saffron improved liver function, reduced liver inflammation and attenuated liver fibrosis in a dose-dependent manner 
in hepatic fibrosis mice. Furthermore, Western blotting showed that Saffron significantly inhibited JAK/STAT3 phosphorylation in 
fibrotic livers. Conclusion: Saffron can attenuate liver fibrosis by inhibiting the JAK/STAT3 pathway and the activation of hepatic 
stellate cell, providing a theoretical basis for the development of new anti-fibrotic drugs.
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Introduction

Liver fibrosis is a chronic liver injury process caused by a variety of triggers such as viral infection, drug-induced injury, 
alcohol consumption and metabolic diseases. With the development of liver fibrosis, extracellular matrix protein deposition, 
liver fibrosis develops into cirrhosis, and even increases the risk of cancer1. There is no effective treatment for liver fibrosis 
recently. Therefore, it is an urgent need to find effective drugs to prevent or treat liver fibrosis.

During chronic liver injury caused by different etiologies, liver inflammation is a major contributor to liver pathology2. 
When the liver is injured, the production of inflammatory factors and reactive oxygen species (ROS) increases, and these 
intermediates can induce pro-fibrosis mechanisms3. The activation of hepatic stellate cells (HSCs) is considered to be a key 
event in the development of liver fibrosis4. Inflammatory factors play an important role in the activation of HSCs and further 
mediate the differentiation, proliferation, and collagen production of these cells, which cause excessive accumulation of 
extracellular matrix and lead to the development of liver fibrosis/cirrhosis5. In addition, ROS can trigger lipid peroxidation 
of biofilms and alter the membrane structure of hepatocytes and sub-organelles, resulting in a large number of inflammatory 
mediators and cytokines, which further aggravate liver damage6. Therefore, inhibiting liver inflammation and oxidative 
stress is an effective strategy to combat liver fibrosis.

Saffron is a traditional spice and herb that has been used as a food seasoning. In traditional medicine, it is used to treat 
coughs, colds, insomnia, spasms, asthma and bronchospasm, liver disease, pain, and epilepsy7,8. Recent studies have shown 
that saffron also has important functions in antioxidant, anti-inflammatory, and anti-apoptotic activity, which mainly due to 
its main active ingredient9,10. Chu et al.11 reported that saffron protected the doxorubicin-induced cardiotoxicity by inhibiting 
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oxidative stress, inflammation, apoptosis, and correcting cardiomyocyte calcium homeostasis and mitochondrial damage. 
Oral saffron (100 mg/kg) for 21 days has been reported to prevent spatial memory deficits and oxidative stress in rats caused 
by streptozotocin and plays an important role in the prevention and control of Alzheimer’s disease12. However, the role of 
saffron on liver fibrosis has been rarely reported.

There is growing evidence that the signal transcriptional activator 3 (STAT3) is closely related to a range of inflammatory 
mediators and functions as key signal transduction molecules in many inflammatory diseases. Once STAT3 is activated and 
phosphorylated, it can be transferred to the nucleus and to regulate gene expression, thereby regulating cell growth, apoptosis, 
survival, and migration13. Blocking interleukin (IL)-6-mediated STAT3 signal activation has been shown to be beneficial 
in the treatment of colitis in mice14. IL-22 activates STAT3 by initiating the JAK and TYK kinases associated with IL-22 
receptors, which in turn mediate host defense, metabolic reprogramming, intestinal inflammation, and carcinogenesis15.

In this study, we explored the anti-fibrosis efficacy of Saffron and its mechanism. Our results suggest that Saffron inhibits 
the activation of HSCs by JAK/STAT3 signaling pathway, thereby alleviating liver fibrosis in mice, laying a theoretical 
foundation for finding new therapeutic methods and drugs to improve the clinical outcomes of patients with liver fibrosis 
in the future.

Methods

Animal experiments

Male C57BL/6 mice at 8 weeks old were purchased from the Institute of Laboratory Animal Science, Chinese Academy 
of Medical Science (Beijing, China). Mice were housed under controlled conditions of 20°C (± 2°C) and 12-h light/dark 
cycles of 40–50% relative humidity, with free access to water and standard food. One week after adaptive rearing, mice 
were intraperitoneal injection with CCl4 (1 mL/kg of body weight dissolved in corn oil, fin al concentration of 20%) twice 
a week for six weeks, to construct liver fibrosis models. The control group received an equal amount of corn oil injection. 
After six weeks, mice were randomly divided into four groups (n = 6/group). The control and CCl4 groups were given 
normal saline daily by gavage, and 10- and 20-mg/kg Saffron were given in the low-dose and high-dose treatment groups 
per day for four weeks. All mice were sacrificed 24 h after the last treatment, and serum and liver samples were collected 
for subsequent experiments.

Biochemical parameters

The contents of aspartate transaminase (AST) and alanine transaminase (ALT) in mouse serum were tested by using 
standard autoanalyzer methods on Chemray 240 automatic biochemistry analyzer (Rayto, United States of America).

Hematoxylin-eosin and Sirius red staining

Liver tissue was fixed in 4% paraformaldehyde, embedded in paraffin, sectioned, and stained with hematoxylin and 
eosin (H&E) and Sirius red according to a standard procedure. ImageJ software was used to analyze the Sirius red–positive 
areas. The percentage of the fibrotic area was calculated in five randomly selected fields per slide. 

Real-time quantitative polymerase chain reaction

The total RNA was extracted from liver tissues using Trizol reagent. Concentration and purity of RNA were measured 
using a NanoDrop 1000 spectrophotometer, and total RNA was reverse transcribed to cDNA using the cDNA reverse 
transcription kit (Takara Bio, China) according to the manufacturer’s protocol. Follow the real-time polymerase chain 
reaction (RT-PCR) kit instructions (Takara Bio, China) with glyceraldehyde 3-phosphate dehydrogenase (GAPDH) as 
the internal reference and three complex wells per sample. The primer sequences are as follows: IL-1β forward primer: 
5’-TGCCACCTTTTGACAGTGATG-3’, reverse primer: 5’- ATGTGCTGCTGCGAGATTTG-3’;IL-6 forward primer: 
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5’- ACCAGAGGAAATTTTCAATAGGC-3’, reverse primer: 5’- TGATGCACTTGCAGAAAACA-3’;IL-10 forward primer: 
5’-TTCTTTCAACAAAGGACCAGC-3’, reverse primer: 5’-GCAACCCAAGTAACCCTTAAAG-3’; tumor necrosis factor-α (TNF-α) 
forward primer: 5’-GCATGATCCGAGATGTGGAACTGG-3’, reverse primer: 5’-CGCCACGAGCAGGAATGAGAAG-3’; 
GAPDH forward primer: 5’-AGGTCGGTGTGAACGGATTTG-3’, reverse primer: 5’-CGCCACGAGCAGGAATGAGAAG-3’. 
The data were processed using a relative expression of 2-ΔΔCt.

Cell culture

Human hepatic stellate cell LX-2 was purchased from the Typical Culture Preservation Center of the Chinese Academy 
of Sciences (Shanghai, China). LX-2 cells were cultured with high-sugar Eagle’s minimal essential medium (DMEM) 
(HyClone, United States of America) containing 10% fetal bovine serum, 1% penicillin-streptomycin, placed in a 37 °C, 
5% carbon dioxide incubator, and the culture solution was changed every two days. LX-2 was activated by transforming 
growth factor-β1 (TGF-β1) (5 ng/mL) for 24 h. Colivelin (a STAT3 activator) was used to activate the JAK/STAT3 signaling.

Cell viability assay

Cell viability assays were performed using MTT (Sigma, United States of America) colorimetry. LX-2 cells were seeded 
in 96-well plates (1 × 104 cells/well) with three rewells per group. After 24 h of incubation, a series of concentrations of 
Saffron (0, 5, 10, 20, 40, 100 μM) were added, and, after continuing the culture for 24 and 48 h, 10 μL of MTT reagent was 
added per well, placed in an incubator for 1 h and then determined the absorbance value at the wavelength of 490 nm using 
a microplate reader. The experiment was repeated for three times.

Western blotting

Proteins in mouse liver tissues and Saffron-treated LX-2 cells were extracted with RIPA lysis buffer, and protein 
concentrations were detected with the BCA protein concentration determination kit (Biyuntian, Shanghai). SDS-PAGE 
electrophoresis was performed, the isolated proteins were transferred onto a polyvinylidene difluoride (PVDF) membrane, 
and they were blocked with 5% skimmed milk powder for 1 h. The film was washed three times with TBST, and the 
corresponding primary antibodies were added: Collagen I (Abcam, ab138492), α-SMA (Sigma, A5228), TGF-β1 (Abcam, 
ab215715), JAK (Cell Signaling, #3230), p-JAK (Cell Signaling, #3771), STAT3 (Cell Signaling, #9139), p-STAT3 (Cell 
Signaling, #9145), and GAPDH (Abcam, ab9485), besides being incubated overnight at 4°C. After the membrane being 
washed with TBST, horseradish peroxidase-labeled secondary antibodies were added, and the mixture was incubate for 
1 h. The enhanced chemiluminescence substrate was chemiluminescent and colorated with ImageJ software for band 
analysis. The experiment was repeated by three times.

Statistical analysis

The results were expressed as mean ± standard deviation, Statistical Package for the Social Sciences 20.0 software was used 
for data analysis, the comparison between the two groups was analyzed by the Student’s t-test, and the one-way analysis of 
variance was used for the comparison between multiple groups. The difference between P < 0.05 was statistically significant.

Results

Saffron alleviates liver fibrosis in mice

H&E staining and Sirius red staining were used to assess the therapeutic effect of saffron on liver fibrosis in mice. As shown 
in Figs. 1a–1c, the liver tissue of mice in CCl4 group exhibited increased hepatocyte degeneration and inflammatory cell 
infiltration and more fibrin deposition compared to the control group. Saffron treatment reduced hepatocellular degeneration 
and inflammatory cell infiltrates and the area of liver fibrosis in a dose-dependent manner. 
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We next measured the levels of fibrosis-related genes in liver tissue, including TGF-β1, α-SMA, and collagen I, all of 
which were lower in control group and significantly higher after CCl4 administration. Compared with the CCl4 group, the 
expression levels of these indicators were significantly reduced in the 10- and 20-mg/kg saffron treatment groups, and 
the reduction was greater in the 20 mg/kg saffron group (Figs. 1d-1e). These data suggest saffron was able to mitigate liver 
fibrosis in mice in a dose-dependent manner.
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Figure 1 – Saffron alleviates liver fibrosis in mice. (a) Representative hematoxylin and eosin staining, scale: 100 μm; (b) 
representative Sirius red staining, scale: 50 μm; (c) quantification of Sirius’ red-positive regions; (d-e) determination of 
expression levels of fibrosis marker proteins collagen I, α-SMA and TGF-β1 in liver tissues by Western blotting. 

Saffron improves liver function and reduces liver inflammation in mice with liver fibrosis

We examined the effects of saffron on liver function and inflammation in liver fibrosis mice. Biochemical measurements 
showed that, compared with the control group, the serum AST and ALT levels in the CCl4 group were significantly increased, 
while these indicators were reduced in the 10- and 20-mg/kg saffron treatment groups, and the decrease was more pronounced 
in the 20-mg/kg saffron group (Figs. 2a-2b). To detect liver inflammatory status, we measured the mRNA expression levels 
of IL-1β, TNF-α, IL-6, and IL-10 in mice liver tissues by qRT-PCR. It showed that the expression levels of pro-inflammatory 
factors IL-1β, TNF-α and IL-6 in CCl4 group were significantly increased compared with control group. Compared to the 
CCl4 group, saffron treatment group reduced the mRNA levels of pro-inflammatory factors, while increased the expression 
of the anti-inflammatory factor IL-10 (Figs. 2c–2f). These results suggest that saffron is effective in improving liver function 
and reducing liver inflammation in mice with liver fibrosis.
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We next investigated the mechanism by which saffron exerted its protective effect in CCl4-induced liver fibrosis. Given that 
JAK/STAT3 signaling plays an important regulatory role in diseases characterized by chronic inflammation and fibrosis16, 
we examined the status of the JAK/STAT3 pathway in each group of mice by Western blotting. The results showed that the 
phosphorylated of JAK and STAT3 in the CCl4 group were significantly increased compared with the control group, and 
saffron treatment inhibited the activation of JAK/STAT3, and this inhibition effect was more pronounced in the 20-mg/kg 
saffron group (Figs. 2g-2h). It is shown that saffron can alleviate liver fibrosis by inhibiting the JAK/STAT3 pathway.
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Figure 2 – Saffron improves liver function in mice with liver fibrosis and reduces inflammation of liver tissue. (a-b) 
Biochemical analysis of the content of liver function indicators ALT and AST in the serum of mice; (c–f) real-time 
quantitative polymerase chain reaction detected the mRNA expression levels of inflammation-related factors IL-1β, IL-6, 
IL-10 and TNF-α in mouse liver tissues. (g-h) Phosphorylation of the JAK/STAT3 pathway in liver tissue was detected by 
Western blotting. 
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Saffron inhibits the activation of hepatic stellate cells

We treated LX-2 with a series of concentrations of saffron and examined the effect of saffron on the cell viability of LX-2 
after 24 and 48 h, and we found that there was no significant difference in cell viability between the intervention group and 
the control group (Figs. 3a-3b). Then, we examined the effect of 10- and 20-μM saffron on the activated LX-2. Western 
blotting showed that saffron significantly inhibited the expression of fibrosis markers α-SMA and collagen I, and 20-μM 
saffron decreased more than 10 μM (Figs. 3c-3d). 

Next, we investigated the effect of Saffron on the JAK/STAT3 pathway in LX-2, and the results showed that saffron 
inhibited the expression of p-JAK and p-STAT3. To further explore the role of the JAK/STAT3 pathway in liver fibrosis, we 
added colivelin to the 20-μM saffron treatment group and found colivelin reversed the inhibitory effect of saffron on LX-2 
(Figs. 3c-3d). These results indicated that saffron inhibited the activation of LX-2 in a dose-dependent manner and that 
this inhibitory effect was achieved by suppressing the JAK/STAT3 pathway.
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Figure 3 – Saffron inhibits hepatic stellate cell activation. (a-b) Effect of MTT colorimetry on LX-2 cell viability by 
MTT colorimetry; (c-d) detection of expression of fibrosis markers collagen I and α-SMA by Western blotting, as well as 
phosphorylation of the JAK/STAT3 pathway. 
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Discussion

Liver fibrosis is a complex pathological process that leads to the development of chronic liver diseases and cirrhosis, 
which not only leads to liver failure, but also to a series of complications17. There are currently no effective drugs for the 
treatment of liver fibrosis. Therefore, it is an urgent need to develop new therapies for inhibiting liver fibrosis. 

Saffron has been used in the diet since ancient times. Its various components, such as saffron, zeaxanthin, lycopene, and separate 
alpha and beta-carotenes, have been reported to be effective in peptic ulcers, ulcerative colitis, colorectal cancer, and pancreatic 
diseases18,19. In this study, we treated liver fibrosis mice with saffron and found that saffron was effective in improving liver function, 
reducing inflammation, and inhibiting the expression of fibrosis-related proteins α-SMA, collagen I, and TGF-β1 in mice.

The persistent inflammation may trigger a fibrosis/cirrhosis response, leading to irreversible damage to liver cells and 
decreased liver function20. In the acute phase of CCl4-induced liver injury, hepatic inflammation triggers the activation 
and differentiation of HSCs from quiescent cells into myofibroblasts, acquiring proliferative, pro-inflammatory, and 
contractile properties, and contribute to the production of extracellular matrix, such as collagen, which leads to changes in 
liver structure and promotes the development of liver fibrosis21. 

In this study, we examined the inflammation level of liver tissues in mice, the RT-qPCR results showed that saffron could 
significantly reduce the expression of pro-inflammatory factors IL-1β, TNF-α and IL-6, and increase the anti-inflammatory 
factor IL-10 expression, which suggesting that saffron may exert antifibrotic effects by reducing liver inflammation and 
inhibiting the activation of HSCs. TGF-β1 and α-SMA are considered the most prominent markers of fibrosis progress. 
Studies have confirmed that TGF-β1 contributes to HSCs activation, resulting in the production of pro-fibrosis cytokines and 
growth factors that promote the progression of fibrosis through autocrine and paracrine mechanisms22. Our study confirmed 
that CCl4 injection resulted in a significant increase in the expression levels of TGF-β1 and α-SMA, while saffron significantly 
eliminated the expression of TGF-β1 and α-SMA in liver tissues in a dose-dependent manner. Similar results were obtained 
in vitro; saffron inhibited the activation of HSCs and reduced the expression of fibrosis markers α-SMA and collagen I.

JAK, along with several STAT proteins, mediates signaling of a range of extracellular cytokines and affects a variety of 
cellular functions, of which STAT3 has been found to be a component of the IL-6-activated acute phase factor complex23. 
Several studies have reported an association between inflammation and STAT3 activation, and persistent or dysregulated 
STAT3 signaling can lead to many diseases, including chronic inflammation, fibrosis, and cancer, and STAT3 inhibitors are 
optimistic as treatments for these diseases, but caution is needed to avoid toxicity16. Oike et al.24 have suggested that STAT3 
inhibitors can block joint inflammation and destruction in collagen-induced arthritis models24. 

Therefore, we explored whether the JAK/STAT3 pathway is involved in the development of inflammation and fibrosis 
in the liver. Western blotting results showed that the phosphorylation of JAK and STAT3 in the liver tissues of saffron 
treatment groups were significantly inhibited, and the inhibition effect was more pronounced in the high-dose group. In-vitro 
experiments have also demonstrated that saffron inhibits the activation of HSCs by inhibiting the phosphorylation of JAK/
STAT3. In addition, when we added the activator of STAT3, it was found that α-SMA and collagen I were partially reversed. 

These results suggest that the activation of JAK/STAT3 can promote the development of liver fibrosis, and saffron can reduce 
liver inflammation by inhibiting the JAK/STAT3 pathway, thus improving liver function, and alleviating the progression of liver 
fibrosis. These results indicate that the activation of JAK/STAT3 can promote the development of liver fibrosis, and saffron can reduce 
liver inflammation, improve liver function, and mitigate the progression of liver fibrosis by inhibiting the JAK/STAT3 pathway.

Conclusion

In conclusion, this study shows that saffron has an important role in alleviating liver fibrosis. Further studies confirmed 
that saffron mainly reduced liver inflammation and inhibited HSCs activation by inhibiting the JAK/STAT3 pathway, thereby 
reducing liver fibrosis. This finding may provide new strategies for the treatment of liver fibrosis. 



8 Acta Cir Bras. V38 . e385823 . 2023

Saffron reduces the liver fibrosis in mice by inhibiting the JAK/STAT3 pathway

Conflict of interest

Nothing to declare.

Authors’ contributions

Conception: Yan J, Su W, Huang L and Han Y; Acquisition of data: Huang L, Han Y, Wang Z, Qiu Q, Yue S and Zhou 
Q; Manuscript writing: Huang L; Critical revision: Yan J; Final approval the version to be published: Huang L, Han Y, 
Wang Z, Qiu Q, Yue S, Zhou Q, Su W, Yan J.

Data availability statement

The datasets used and/or analyzed during the current study are available from the corresponding author on 
reasonable request.

Funding

Hunan Provincial Natural Science Foundation 

Grant no. 2022JJ70125, 2022JJ70041

Chenzhou Special Funding for Key Research and Development and Technological Innovation

Grant no. 2020|35

Acknowledgements

Not applicable.

About the authors

Huang L, Han Y, Qiu Q, Yue S and Zhou Q are bachelors.

Wang Z, Su W and Yan J are masters.

References

1. Li X, Shao S, Li,H, Bi Z, Zhang S, Wei Y, Bai J, Zhang R, Ma X, Ma B, Zhang L, Xie C, Ning W, Zhou H, Yang 
C. Byakangelicin protects against carbon tetrachloride-induced liver injury and fibrosis in mice. J Cell Mol Med. 
2020;24(15):8623–35. https://doi.org/10.1111/jcmm.15493

2. Robinson MW, Harmon C, O’Farrelly C. Liver immunology and its role in inflammation and homeostasis. Cell Mol 
Immunol. 2016;13(3):267–76. https://doi.org/10.1038/cmi.2016.3

3. Mahmoud AM, Hozayen WG, Hasan IH, Shaban E, Bin-Jumah M. Umbelliferone Ameliorates CCl4-Induced Liver 
Fibrosis in Rats by Upregulating PPARgamma and Attenuating Oxidative Stress, Inflammation, and TGF-beta1/
Smad3 Signaling. Inflammation. 2019;42(3):1103–16. https://doi.org/10.1007/s10753-019-00973-8

4. Dhar D, Baglieri J, Kisseleva T, Brenner DA. Mechanisms of liver fibrosis and its role in liver cancer. Exp Biol Med 
(Maywood). 2020;245(2):96–108. https://doi.org/10.1177/1535370219898141

https://doi.org/10.1111/jcmm.15493
https://doi.org/10.1038/cmi.2016.3
https://doi.org/10.1007/s10753-019-00973-8
https://doi.org/10.1177/1535370219898141


9Acta Cir Bras. V38 . e385823 . 2023

Huang L et al.

5. Huang C, Gan D, Luo F, Wan S, Chen J, Wang A, Li B, Zhu X. Interaction Mechanisms Between the NOX4/ROS 
and RhoA/ROCK1 Signaling Pathways as New Anti- fibrosis Targets of Ursolic Acid in Hepatic Stellate Cells. Front 
Pharmacol. 2019;10:431. https://doi.org/10.3389/fphar.2019.00431

6. Ren J, Su D, Li L, Cai H, Zhang M, Zhai J, Li M, Wu X, Hu K. Anti-inflammatory effects of Aureusidin in LPS-
stimulated RAW264.7 macrophages via suppressing NF-kappaB and activating ROS- and MAPKs-dependent Nrf2/
HO-1 signaling pathways. Toxicol Appl Pharmacol. 2020;387:114846. https://doi.org/10.1016/j.taap.2019.114846

7. Cardone L, Castronuovo D, Perniola M, Cicco N, Candido V. Evaluation of corm origin and climatic conditions on 
saffron (Crocus sativus L.) yield and quality. J Sci Food Agric. 2019;99(13):5858–69. https://doi.org/10.1002/jsfa.9860

8. Ashktorab H, Soleimani A, Singh G, Amin A, Tabtabaei S, Latella G, Stein U, Akhondzadeh S, Solanki N, Gondre-
Lewis MC, Habtezion A, Brim H. Saffron: The Golden Spice with Therapeutic Properties on Digestive Diseases. 
Nutrients. 2019;11(5):943. https://doi.org/10.3390/nu11050943

9. Fernandez-Albarral JA, Ramirez AI, Hoz R, Lopez-Villarin N, Salobrar-Garcia E, Lopez-Cuenca I, Licastro E, Inarejos-
Garcia AM, Almodovar P, Pinazo-Duran MD, Ramirez JM, Salazar JJ. Neuroprotective and Anti-Inflammatory Effects 
of a Hydrophilic Saffron Extract in a Model of Glaucoma. Int J Mol Sci. 2019;20(17):4110. https://doi.org/10.3390/
ijms20174110

10. Rameshrad M, Razavi BM, Hosseinzadeh H. Saffron and its derivatives, crocin, crocetin and safranal: a patent review. 
Expert Opin Ther Pat. 2018;28(2):147–65. https://doi.org/10.1080/13543776.2017.1355909

11. Chu X, Zhang Y, Xue Y, Li Z, Shi J, Wang H, Chu L. Crocin protects against cardiotoxicity induced by doxorubicin 
through TLR-2/NF-kappaB signal pathway in vivo and vitro. Int Immunopharmacol. 2020;84:106548. https://doi.
org/10.1016/j.intimp.2020.106548

12. Naghizadeh B, Mansouri MT, Ghorbanzadeh B, Farbood Y, Sarkaki A. Protective effects of oral crocin against 
intracerebroventricular streptozotocin-induced spatial memory deficit and oxidative stress in rats. Phytomedicine. 
2013;20(6):537–42. https://doi.org/10.1016/j.phymed.2012.12.019

13. Liu S, Zhang S, Lv X, Lu J, Ren C, Zeng Z, Zheng L, Zhou X, Fu H, Zhou D, Chen Y, Limonin ameliorates ulcerative 
colitis by regulating STAT3/miR-214 signaling pathway. Int Immunopharmacol. 2019;75:105768. https://doi.
org/10.1016/j.intimp.2019.105768

14. Gurung P, Dahal S, Chaudhary P, Guragain D, Karmacharya U, Kim JA, Jeong BS. Potent Inhibitory Effect of BJ-3105, 
a 6-Alkoxypyridin-3-ol Derivative, on Murine Colitis Is Mediated by Activating AMPK and Inhibiting NOX. Int J Mol 
Sci. 2020;21(9):3145. https://doi.org/10.3390/ijms21093145

15. Hainzl E, Stockinger S, Rauch I, Heider S, Berry D, Lassnig C, Schwab C, Rosebrock F, Milinovich G, Schlederer M, 
Wagner M, Schleper C, Loy A, Urich T, Kenner L, Han X, Decker T, Strobl B, Muller M. Intestinal Epithelial Cell 
Tyrosine Kinase 2 Transduces IL-22 Signals To Protect from Acute Colitis. J Immunol. 2015;195(10):5011–24. https://
doi.org/10.4049/jimmunol.1402565

16. Bharadwaj U, Kasembeli MM, Robinson P, Tweardy DJ. Targeting Janus Kinases and Signal Transducer and Activator 
of Transcription 3 to Treat Inflammation, Fibrosis, and Cancer: Rationale, Progress, and Caution. Pharmacol Rev. 
2020;72(2):486–526. https://doi.org/10.1124/pr.119.018440

17. Nakano Y, Nakao S, Sumiyoshi H, Mikami K, Tanno Y, Sueoka M, Kasahara D, Kimura H, Moro T, Kamiya A, Hozumi 
K, Inagaki Y. Identification of a novel alpha-fetoprotein-expressing cell population induced by the Jagged1/Notch2 
signal in murine fibrotic liver. Hepatol Commun. 2017;1(3):215–29. https://doi.org/10.1002/hep4.1026

18. Cerda-Bernad D, Valero-Cases E, Pastor JJ, Frutos MJ. Saffron bioactives crocin, crocetin and safranal: effect on 
oxidative stress and mechanisms of action. Crit Rev Food Sci Nutr. 2022;62(12):3232–49. https://doi.org/10.1080/10
408398.2020.1864279

19. Xing B, Li S, Yang J, Lin D, Feng Y, Lu J, Shao Q. Phytochemistry, pharmacology, and potential clinical applications of 
saffron: A review. J Ethnopharmacol. 2021;281:114555. https://doi.org/10.1016/j.jep.2021.114555

20. Gines P, Krag A, Abraldes JG, Sola E, Fabrellas N, Kamath PS. Liver cirrhosis. Lancet. 2021;398(10308):1359–76. 
https://doi.org/10.1016/S0140-6736(21)01374-X

https://doi.org/10.3389/fphar.2019.00431
https://doi.org/10.1016/j.taap.2019.114846
https://doi.org/10.1002/jsfa.9860
https://doi.org/10.3390/nu11050943
https://doi.org/10.3390/ijms20174110
https://doi.org/10.3390/ijms20174110
https://doi.org/10.1080/13543776.2017.1355909
https://doi.org/10.1016/j.intimp.2020.106548
https://doi.org/10.1016/j.intimp.2020.106548
https://doi.org/10.1016/j.phymed.2012.12.019
https://doi.org/10.1016/j.intimp.2019.105768
https://doi.org/10.1016/j.intimp.2019.105768
https://doi.org/10.3390/ijms21093145
https://doi.org/10.4049/jimmunol.1402565
https://doi.org/10.4049/jimmunol.1402565
https://doi.org/10.1124/pr.119.018440
https://doi.org/10.1002/hep4.1026
https://doi.org/10.1080/10408398.2020.1864279
https://doi.org/10.1080/10408398.2020.1864279
https://doi.org/10.1016/j.jep.2021.114555
https://doi.org/10.1016/S0140-6736(21)01374-X


10 Acta Cir Bras. V38 . e385823 . 2023

Saffron reduces the liver fibrosis in mice by inhibiting the JAK/STAT3 pathway

21. Ding Q, Li Z, Liu B, Ling L, Tian X, Zhang C. Propranolol prevents liver cirrhosis by inhibiting hepatic stellate 
cell activation mediated by the PDGFR/Akt pathway. Hum Pathol. 2018;76:37-46. https://doi.org/10.1016/j.
humpath.2018.02.018

22. Dewidar B, Meyer C, Dooley S, Meindl-Beinker AN. TGF-beta in Hepatic Stellate Cell Activation and Liver 
Fibrogenesis-Updated 2019. Cells. 2019;8(11):1419. https://doi.org/10.3390/cells8111419

23. Jo S, Won EJ, Kim MJ, Lee YJ, Jin SH, Park PR, Song HC, Kim J, Choi YD, Kim JY, Shim SC, Choi SH, Park YS, Kim 
TH, Kim TJ. STAT3 phosphorylation inhibition for treating inflammation and new bone formation in ankylosing 
spondylitis. Rheumatology. 2021;60(8):3923–35. https://doi.org/10.1093/rheumatology/keaa846

24. Oike T, Sato Y, Kobayashi T, Miyamoto K, Nakamura S, Kaneko Y, Kobayashi S, Harato K, Saya H, Matsumoto 
M, Nakamura M, Niki Y, Miyamoto T. Stat3 as a potential therapeutic target for rheumatoid arthritis. Sci Rep. 
2017;7(1):10965. https://doi.org/10.1038/s41598-017-11233-w

https://doi.org/10.1016/j.humpath.2018.02.018
https://doi.org/10.1016/j.humpath.2018.02.018
https://doi.org/10.3390/cells8111419
https://doi.org/10.1093/rheumatology/keaa846
https://doi.org/10.1038/s41598-017-11233-w

