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Abstract. Infl ammatory bowel disease (IBD) is a chronic pathology characterized by 
extensive infl ammation, which causes a functional alteration of the intestinal barrier. 
Today most of the drugs applied for IBD have adverse consequences. In this scenario, 
the development of new therapeutic agents for the treatment of IBD is necessary. A 
new approach to develop eff ective therapeutic strategies is the study of natural com-
pounds with anti-infl ammatory properties. Saff ron petals contain fl avonolic glycosides 
(kaempferol), carotenoids (crocin and crocetin) and anthocyanin pigments, with anti-
oxidant and anti-infl ammatory activity. Recently, kaempferol and crocin identifi ed in 
Saff ron Petal Extract (SPE), has been able to reduce oxidative stress in intestinal epi-
thelial cells. Our aim was to evaluate the therapeutic potential of SPE on infl amed 
human intestinal Caco2 cells that mimic the intestinal microenvironment. We have 
demonstrated that SPE, down-regulating the expression of the ubiquitine FBW7, 
inhibits the degradation of the IKB-α subunit and keeps NF-κB in the inactive state. 
Th is leads downstream to a reduced activation of inducible molecules (iNOS, COX-
2 and HO-1) involved on intestinal infl ammatory process. In conclusion, since FBW7 
increases in colon tissue of IBD patients, SPE may represent an attractive and prom-
ising supplementary treatment for the therapeutic management of IBD with conven-
tional therapies.
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INTRODUCTION

Infl ammatory bowel disease (IBD) is a chronic, relapsing infl ammatory 
disorder of the gastrointestinal tract resulting from a loss of homeostasis 
between the gut immune system and the gut microbiome (Chang JT). Th e 
pathophysiology of IBD involves genetic, environmental, epithelial, microbial 
and immune factors (Hyun CK).

Eff ective treatment of IBD is one of the most challenging health prob-
lems for humans worldwide. New treatment options for IBD are continually 
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being explored. Chemically synthesized drugs are always 
accompanied by adverse reactions (Cai Z, et al.). In the 
search for new pharmacologically active substances, nat-
ural ingredients, as saffron and their extracts, are receiv-
ing great attention. The Crocus sativus plant, saffron, is 
known for several medicinal uses (Butnariu, et al.). The 
petals are discarded, but possess flavonolic glycosides 
(kaempferol), carotenoids (crocin and crocetin), antho-
cyanin pigments, and other bioactive compounds with 
anti-inflammatory and other therapeutic effects (Cerdá-
Bernad D, et al.). It has been shown that the F-box and 
WD repeat domain-containing protein 7 (FBW7) was 
augmented in colon tissues from IBD patients. Whether 
and how FBW7 participates with IBD remain unknown 
(Meng Q, et al). Therefore, this study investigated the 
possible effect of Saffron Petal Extract (SPE) on FBW7 
pro-inflammatory pathway using a Caco-2 intestinal epi-
thelial cells that mimic the intestinal microenvironment.

MATERIALS & METHODS

Cell culture

The human colon adenocarcinoma Caco-2 cell line 
(ATCC® TIB-202™ Rockville, MD, USA) was cultured as 
previously reported by (Wu XX, et al.).

Cytotoxicity assay

The Methylthiazolyldiphenyl-tetrazolium bromide 
(MTT) assay (Sigma‐Aldrich, St. Louis, MO, USA) was 
performed, as previously described (Franceschelli S, 
et al.), to assess the cell viability of Caco-2 cells treated 
with different concentrations of SPE (from 50ng/ml to 
1mg/ml) provided by Hortus Novus (L’Aquila, Abruzzo, 
Italy) after 24h and 48h.

ROS Detection

An NBT (nitroblue tetrazolium) assay was per-
formed as previously described to detect intracellular 
ROS levels (Franceschelli, S. et al.).

RNA extraction, reverse transcription, and Real-Time PCR 

Cells were collected in 1mL QIAzol lysis reagent 
(Qiagen, Hilden, Germany), total RNA extraction and 
Real-Time PCR was performed as previously described 
(Pesce M, et al.).

Western Blot Analysis

Western blot analysis was performed as described 
previously (Patruno A et al.) using the following anti-
bodies against ICAM (OTI1E5; 1:700), IKB alpha (NFK-
BIA) (OTI1D4; 1:400), FBXW7 (OTI6B1; 1:1000), COX-2 
(ab52237; 1:500), and β-actin (Santa Cruz Biotechnol-
ogy).

Statistical analysis

Quantitative variables are summarized as the mean 
value and standard deviations (SD) in the Tables and 
Figures. To assess the accuracy of fold change data, the 
95% confidence interval (95% CI) and standard error 
(SE) were determined. A Student’s t-test for unpaired 
data was applied to evaluate the significance of differ-
ences. All tests were two-tailed. The threshold of statis-
tical significance was set at p=0.05. Data analysis was 
performed on GraphPad Prism 6 Software, version 6.01, 
2012.

RESULTS

SPE does not affect the viability of intestinal cells

To determine the non-toxic concentrations of SPE, 
we examined the cell viability (at 24 h and 48h) on Caco-
2 cells treated with different concentrations (see Fig. 
1A,B). SPE did not affect the viability cells (Fig. 1A,B). 
Furthermore, the superoxide anion (O2

-) radical-scav-
enging activity was also measured in a non-enzymatic 
method at 24h. The generation of O2

- was markedly 
inhibited (∼50%) from the concentration of 50 μg/ml in 
respect to cells LPS-stimulated (Fig. 1C). Thus, SPE at 50 
μg/ml was more often used in the following experiments 
to test its anti-inflammatory activity.

Effect of SPE on inducible proteins

To strengthen our hypothesis about the effect of SPE 
on intestinal epithelial cells, the expression of induc-
ible proteins, known to be controlled by NF-kB and 
up-regulated in the inflammatory state of IBD, were 
checked. SPE-treatment induces a down-regulation of 
both mRNA and proteins expression of iNOS (Fig. 2A), 
COX-2 (Fig. 2B) and HO-1 (Fig. 2C) compared to acti-
vated cells.
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Figure 1. Cytotoxyc effect of SPE on Caco-2 cells. Cells were treat-
ed with SPE for 24h (A) or 48h (B). Cells viability was measured by 
MTT assay as reported in Materials and Methods. Date are report-
ed as % of viability in respect to control cells. Each bar represent 
means ±SEM (n=3); (C) Antioxidant activity of SPE against oxida-
tive stress LPS-induced measured by NBT test. Results were regis-
tered as stimulation index (SI). SI value of 1 was assigned to control 
cells. Each bar represent means ±SEM (n=3). §p<0.005 vs CTRL; 
**p<0.05 and*p<0.01 vs LPS.

Figure 2. Effect of SPE on inducible molecules in Caco-2 cells. 
Representative image of Western blot analysis with relative den-
sitometry and real-Time PCR analisys for iNOS (A), COX-2 (B), 
and HO-1 (C). To the left, in the densitometric analysis (n = 3), 
each bar is reported as the intensity of optical density (IOD) ± SD. 
The following primer pair sequence was used: iNOS (F:5’- CATT-
GCTGTGCTCCATAGTTTC-3’-, R:5’- CAGGACGTAGTTCAG-
CATCTC-3’); COX-2 (F:5’-CGATGCTGTGGAGCTGTAT-3’; 
R:5’-CATTGCTGTGCTCCATAGTTTCG-3’); HO-1 (F:5’- CCAG-
CAACAAAGTGCAAGAT -3’; R: 5’-TCCACCGGACAAA-
GTTCAT-3’). §P < 0.05, vs control cells and *P < 0.05 vs LPS-stim-
ulated cells.
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Effect of SPE FBW7/NF-κB signaling

We study the effect of SPE on FBW7, a novel E3 
ubiquitin ligase for IKBα related to NF-kB activation 
and intestinal inflammation. Protein and mRNA analy-
sis of FBW7 were significantly up-regulated in cells LPS-
stimulated confirming its role in regulating the inflam-
matory response. SPE-treatment induces a down-regula-
tion of the FBW7 expression. This could make us think 
of its possible involvement in the negative regulation of 
a process of inflammation. IKBα level was significantly 
expressed by SPE-treatment respect to cells LPS-activat-
ed, making us hypothesize that SPE exerts its negative 
effect via NF-kB/FBW7 pathway.

DISCUSSION

IBD is a chronic, relapsing inflammatory disorder of 
the gastrointestinal tract resulting from a loss of home-
ostasis between the intestinal immune system and the 
gut microbiome in genetically predisposed individuals 
(Chang JT).

Despite the incredible progress of modern medi-
cine, significant obstacles remain in the treatment of 
IBD. There is high interest in alternative natural agents 
in the management of IBD (Duan L, et al.). Saffron has 
been used for health management since ancient times for 
its several pharmacological effects as well as peptic ulcer 
and ulcerative colitis (Butnariu M, et al.). Recent stud-
ies have demonstrated the efficacy of SPE as a protective 
agent against several diseases (Maccarone R, et al.). For 
the first time, we demonstrated that the SPE significantly 
reduce the expression of FBW7, involved on regulation 
of inflammatory pathways, in activated Caco-2 cells.

SPE induce a significative reduction of the ROS pro-
duction (Fig. 1C), as well as the expression of inducible 
iNOS, COX-2 and HO-1 proteins (Fig. 2). Nuclear factor 
κB (NF-κB), a transcriptional factor, is the hallmark of 
inflammatory response and several studies have report-
ed that NF-κB activation contribute to colitis. Upon 
stimulation with LPS, the inhibitor of κB (IκB) kinase 
(IKK) complex activates leading to phosphorylation and 
ubiquitin-dependent degradation of NF-κB inhibitory 
protein IκBα (Franceschelli S, et al.). This allows NF-κB 
to translocate into the nucleus and trigger a variety of 
target genes transcription as iNOS, COX-2 (Pesce M, et 
al.). FBW7 is a ubiquitin ligase that regulate the devel-
opment of colorectal cancer and has recently emerged as 
an important regulator of NF-κB in intestinal inflam-
mation (Zhang Z, et al.). Our results evidenced that 
SPE, down-regulating the expression of the ubiquitine 
FBW7, inhibits the degradation of the IKBα subunit and 
keeps NF-κB in the inactive state (Fig. 3). Our findings 
demonstrate that the SPE inhibited the expression of 
pro-inflammatory proteins of iNOS, COX-2 and HO-1 
in LPS-stimulated Caco-2 cell line by suppressing the 
NF-κB activation via FBW7. Since proteins degradation 
plays a critical role in the pathogenesis of human diseas-
es (Hanna J, et al.), the inhibition of FBW7 by the SPE 
could alleviate a multitude of NF-kB-driven inflamma-
tory disease as IBD.
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Figure 3. Effects of SPE on FBW7/ IKB-α Signaling in Caco-2 
cells. Representative image of Western blot analysis for FBW7 (A) 
and IKB-α (B). To the left, in the densitometric analysis (n = 3), 
each bar is reported as the intensity of optical density (IOD) ± SD. 
§P < 0.05, significance vs control cells. For qRT-PCR analysis, the 
following primer pair sequence was used: FBW7 (F:5’-CAGTC-
CGCTGTGTTCAATATG-3’, R:5’-GCCCTGTTAACGTGT-
GAATG-3’); 18S (F:5’- CTTTGCCATCACTGCCATTAAG -3’, 
R:5’-TCCATCCTTTACATCCTTCTGTC-3’). *P < 0.05 significance 
vs LPS-stimulated cells.



69Inflammatory Bowel Disease

ACKNOWLEDGMENTS

This work is supported by the Italian Ministry for 
the University and Research. We thank Paolo Federico 
(Comune of Navelli, Abruzzo, Italy), the “Cooperativa 
Altopiano di Navelli”(Abruzzo, Italy) for providing Saf-
fron Petals and Maria Maggi (Hortus Novus, L’Aquila, 
Abruzzo) for the preparation of SPE used in this study.

REFERENCE

Butnariu M., Quispe C., Herrera-Bravo J., Sharifi-Rad J., 
Singh L., Aborehab N.M., Bouyahya A., Venditti A., 
Sen S., Acharya K., Bashiry M., Ezzat S.M., Setzer 
W.N., Martorell M., Mileski K.S., Bagiu I.C., Docea 
A.O., Calina D., Cho W.C. (2022) The Pharmacologi-
cal Activities of Crocus sativus L.: A Review Based 
on the Mechanisms and Therapeutic Opportuni-
ties of its Phytoconstituents. Oxid Med Cell Longev. 
2022:8214821. doi: 10.1155/2022/8214821. 

Cai Z., Wang S., Li J. (2021) Treatment of Inflammatory 
Bowel Disease: A Comprehensive Review. Front Med 
(Lausanne). 8:765474. doi:10.3389/fmed.2021.765474.

Cerdá-Bernad D., Valero-Cases E., Pastor J.J., Frutos M.J. 
(2022) Saffron bioactives crocin, crocetin and safra-
nal: effect on oxidative stress and mechanisms of 
action. Crit Rev Food Sci Nutr. 62(12):3232-3249. 
doi: 10.1080/10408398.2020.1864279.

Chang J.T. (2020) Pathophysiology of Inflammatory Bow-
el Diseases. N Engl J Med. 383(27):2652-2664. doi: 
10.1056/NEJMra2002697.

Duan L., Cheng S., Li L., Liu Y., Wang D., Liu G. 
(2021)  Natural Anti-Inflammatory Compounds 
as Drug Candidates for Inflammatory Bowel Dis-
ease. Front Pharmacol. 12:684486. doi: 10.3389/
fphar.2021.684486.

Franceschelli S., Gatta D.M., Pesce M., Ferrone A., Patru-
no A., de Lutiis M.A., Grilli A., Felaco M., Croce F., 
Speranza L. (2016) New Approach in Translational 
Medicine: Effects of Electrolyzed Reduced Water 
(ERW) on NF-κB/iNOS Pathway in U937 Cell Line 
under Altered Redox State. Int J Mol Sci. 17(9):1461. 
doi: 10.3390/ijms17091461.

Franceschelli S., Lanuti P., Ferrone A., Gatta D.M.P., Sper-
anza L., Pesce M., Grilli A., Cacciatore I., Ricciotti 
E., Di Stefano A., Miscia S., Felaco M., Patruno A. 
(2019) Modulation of Apoptotic Cell Death and Neu-
roprotective Effects of Glutathione-L-Dopa Codrug 
Against H2O2-Induced Cellular Toxicity. Antioxi-
dants (Basel). 8(8):319. doi: 10.3390/antiox8080319.

Franceschelli S., Pesce M., Ferrone A., Gatta D.M., Patru-
no A., De Lutiis M.A., Quiles J.L., Grilli A., Felaco 
M., Speranza L. (2017) Biological Effect of Licoch-

alcone C on the Regulation of PI3K/Akt/eNOS and 
NF-κB/iNOS/NO Signaling Pathways in H9c2 
Cells in Response to LPS Stimulation. Int J Mol Sci. 
18(4):690. doi: 10.3390/ijms18040690.

Hanna J., Guerra-Moreno A., Ang J., Micoogullari Y. 
(2019) Protein Degradation and the Pathologic 
Basis of Disease. Am J Pathol.  189(1):94-103. doi: 
10.1016/j.ajpath.2018.09.004.

Hyun C. K. (2021). Molecular and Pathophysiological 
Links between Metabolic Disorders and Inflamma-
tory Bowel Diseases. International journal of molec-
ular sciences, 22(17), 9139. https://doi.org/10.3390/
ijms22179139.

Maccarone R., Di Marco S., Bisti S. (2008)  Saffron sup-
plement maintains morphology and function after 
exposure to damaging light in mammalian retina. 
Invest. Ophthalmol Vis Sci. 49, 1254–1261.

Meng Q., Wu W., Pei T., Xue J., Xiao P., Sun L., Li L., 
Liang D. (2020) miRNA-129/FBW7/NF-κB, a Novel 
Regulatory Pathway in Inflammatory Bowel Disease. 
Mol Ther Nucleic Acids. 19:731-740. doi: 10.1016/j.
omtn.2019.10.048.

Patruno A., Pesce M., Grilli A., Speranza L., Franceschelli 
S., De Lutiis M.A., Vianale G., Costantini E., Ame-
rio P., Muraro R., Felaco M., Reale M. (2015) mTOR 
Activation by PI3K/Akt and ERK Signaling in Short 
ELF-EMF Exposed Human Keratinocytes. PLoS One. 
10(10): e0139644. doi:10.1371/journal.pone.0139644.

Pesce M., Ferrone A., Rizzuto A., Tatangelo R., Iezzi I., 
Ladu S., Franceschelli S., Speranza L., Patruno A., 
Felaco M., Grilli A. (2014) The SHP-1 expression 
is associated with cytokines and psychopathologi-
cal status in unmedicated first episode schizophre-
nia patients. Brain Behav Immun. 41:251-60. doi: 
10.1016/j.bbi.2014.04.008.

Pesce M., Franceschelli S., Ferrone A., De Lutiis M.A., 
Patruno A., Grilli A., Felaco M., Speranza L. (2015) 
Verbascoside down-regulates some pro-inflammatory 
signal transduction pathways by increasing the activ-
ity of tyrosine phosphatase SHP-1 in the U937 cell 
line. J Cell Mol Med. 19(7):1548-56. doi: 10.1111/
jcmm.12524.

Wu X.X., Huang X.L., Chen R.R., Li T., Ye H.J., Xie W., 
Huang Z.M., Cao G.Z. (2019) Paeoniflorin Prevents 
Intestinal Barrier Disruption and Inhibits Lipopoly-
saccharide (LPS)-Induced Inflammation in Caco-2 
Cell Monolayers. Inflammation. 42(6):2215-2225. doi: 
10.1007/s10753-019-01085-z.

Zhang Z., Hu Q., Xu W., Liu W., Liu M., Sun Q., Ye Z., 
Fan G., Qin Y., Xu X., Yu X., Ji S. (2020) Function 
and regulation of F-box/WD repeat-containing pro-
tein 7. Oncol Lett.  20(2):1526-1534. doi: 10.3892/
ol.2020.11728.


	The vascular structure of the urethra: a historical overview
	Gianfranco Natale1,2,*, Emanuele Armocida3
	Bioarcheological and paleopathological study of a multiple deposition burial from S. Antine- Genoni (SU) – Sardegna - Italy
	Rita M. Serra1,2, Paolo Melis3, Andrea Montella1,2, Pasquale Bandiera1,2,*
	Off-line or on-line? – near-peer assisted anatomy education in the time of Covid-19 pandemic – a single center randomized controlled study
	Jurand Domański1,*, Marta Wanat2, Jacek Ciach1, Angelika Osuch2, Bożena Kurc-Darak1, Sławomir Woźniak1, Zygmunt Domagała1
	Utility of the Movat pentachrome stain technique in the microanatomical analysis of the human placenta
	Zygmunt Domagała1, Agnieszka Pinkowska1, Aleksandra Piotrowska2, Jurand Domański3,*, Victoria Tarkowski3, Aleksandra Zimmer-Stelmach4, Jakub Śliwa4
	Special issue on Innovative Technologies in Clinical Medicine & Dentistry (InTEchMed)
	Role of extracellular vesicles derived by human gingival mesenchymal stem cells in cardiomyocytes acute hypoxia 
	Ylenia Della Rocca1,*, Jacopo Pizzicannella2, Guya Diletta Marconi3, Luigia Fonticoli1, Oriana Trubiani1, Francesca Diomede1
	The role of the applied load in bone homeostasis and its implications in implant dentistry: a mini-review
	Francesco Valente1,2,*, Oriana Trubiani1,2, Tonino Traini1,2
	Presepsin: a biomarker of early-onset neonatal sepsis
	Valentina Botondi1,*, Ebe D’Adamo1, Oriana Trubiani2, Diego Gazzolo1
	Autophagy inhibitors in the treatment of colorectal cancer: a brief review
	Martina Ceci1,2,*, Manuela Iezzi1,2, Marco Trerotola1,3
	A prospective, blinded, randomized-controlled study on regressive bone modeling around dental implants with different machined coronal portion
	Stefano Oliva*, Antonio Scarano, Oriana Trubiani, Bruna Sinjari, Maurizio Piattelli
	Presepsin assessment in maxillo-facial infections: a new early biomarker of sepsis?
	Luigi Falconio1,*, Oriana Trubiani1, Diego Gazzolo2, Francesco Valente1, Tonino Traini1
	Effects of Fusobacterium nucleatum on migration and cytokines production of ags gastric adenocarcinoma cell line
	Mariangela Mazzone1,*, Maria Carmela Di Marcantonio1, Valentina Puca2, Beatrice Marinacci2, Giulia Nannini3, Simone Guarnieri4, Amedeo Amedei3, Gabriella Mincione1, Raffaella Muraro1
	Inflammatory Bowel Disease (IBD): a novel biological role of saffron petal extracts as a modulator of phlogistic pathway via FBW7/NF-kB in Caco-2 cell line LPS-stimulated
	Federica De Cecco*, Sara Franceschelli, Lorenza Speranza
	Genotype-phenotype correlation and adaptive proteome reorganization in Marinesco-Sjögren syndrome
	Anna Giulia Ruggieri1,2, Michele Sallese1,2,*
	Left ventricular global longitudinal strain by speckle tracking echocardiography in hypertension: a mini-review 
	Francesca Coccina1,3,*, Rosa Scurti3, Oriana Trubiani1, Sante D. Pierdomenico1,2
	Prevalence and localization of Maxillary Sinus Septa: a mini review  
	Manlio Santilli*, Bruna Sinjari, Oriana Trubiani, Gianmaria d’Addazio, Imena Rexhepi, Giuseppe Tafuri, Eugenio Manciocchi, Sergio Caputi
	Circulating endothelial cells and endothelial-derived vesicles identification in patients with infantile hemangioma: preliminary results of a prospective cohort study
	Maria Enrica Miscia1,*, Pasquale Simeone1, Giuseppina Bologna1, Paola Lanuti1, Gabriele Lisi1, Laura Pierdomenico1, Dacia Di Renzo2, Marco Marchisio1, Sebastiano Miscia1, Pierluigi Lelli Chiesa1
	Case series of two different dose regimen Rituximab therapy for severe Pemphigus 
	Federica Giuliani*, Giulio Gualdi, Paolo De Sanctis, Paolo Amerio

