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AZAFRAN

El azafran sale de los estigmas del Crocus sativus, una planta liliacea
oriunda de la zoma griega y mediooriental. Su nombre deriva de la pala-
bra arabe az-zafran. que designa al color amarillo oscuro; dependiendo
de la concentracion empleada, el color prestado a la comida o los teji-
dos (uso antiguo y no desdenable del azafran) varia enwre el amarillo
claro v el rojizo-pardo. Existen otras especies de azafran. no comestibles.
Es la especia mas cara del mundo, en razon de la gran cantidad de mate-
ria prima precisa para obtener un peso apreciable de ella. No menos de
150.000 flores son necesarias para lograr un kilogramo de estigmas
secos. Al tempo, come pequenas cantidades son suficientes para los tra-
bajos culinarios, el precio resultanie no es tan elevado.

Los medievales no concebian que sin azafrin se pudieran hacer fuenos
guisados. Is de complexton caliende enirve el primero y el segundo prado. Es
ralefaciivo, resolufive, conforiative y aperitivo de las opilaciones de higa-
do y solbre indo es cordial.



Ademas del empleo culinario. del que oportunamente se hablara, se
ha mencionado la utilizacion del azafran como tinte, acreditado desde
antiguo para la piel de los recien casados mesopotamicos v para las
ropas de los hombres religiosos de] Tibet. Pero también tiene otros usos
que merecen comentario. Como especia llamativa por su color y aroma,
no pudo pasar desapercibida para el mundo de la farmacia antigua. Es
mencionado en el papiro de Ebers (s. XV a.C.) como remedio especial-
mente util en enfermedades renales. Pero ya se hacia uso de €l en el
mismo Egipto, quince siglos antes; en estados febriles. También se
encuentra formando parte de las formulas magistrales del embalsama-
miento. En la Roma clasica, se prescribia como analgesico, antiinflama-
torio, depurador hepatobiliar y para el tratamiento de abscesos y uilceras
torpidas. En al-Andalus sigue teniendo gran predicamento terapeutico,
que sigue en la Edad Media. La revision de algunos reperiorios medicos,
parece indicar que se uiilizo en algunos casos que ahora se identifi-
carian como canceres.

En la medi-
cina actual convencional, el azafran no se emplea, aunque esta acepta-
da una cierta accion antiviral v de control de las cifras elevadas de coles-
terol en sangre.



MACRONUTRIENTES MICRONUTRIENTES

Proteinas

Extracto alimentario Componente biolégicamente activo de los
alimentos/nutrientes

Individual Colectivo
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IMPRESSIONS OF SOME OF THE NEWER DRUGS IN
DERMATOLOGICAL PRACTICE

Allen, Charles W. Medical Record (1866-1922); New York 42.4 (Jul 23,1892): 92.

The odor is said to resemble saffron
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Patented Jan. 16, 1934 , M‘“,m

UNITED STATES PATENT OFFICE eytner modifying and flsvoring compHIDAS My
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Chemotherapy of Tuberculosis
HML Riggins, RP Gearhart - Medical Clinics of North America, 1947 - Elsevier

o A hetter understanding of the mechanism of action of antibacterial agents, although obviously
npt essential to the even greater success of chemotherapy, nevertheless ... and upon the top of all
lay of Shavings of Hartshomn half a Pound, of Cloves an Ounce, of Saffron three Drams. ...
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Figure 1: (A) The flower of the plant Crocus sativus L; (B) The chemical structure of the bicactive compounds present in Crocus safives L. dried stigmas.
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Antioxidants 2013, 2, 293-308; do1:10.3390/ant10x2040293

antioxidants
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Anti-Obesity Drug
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Abstract: Obesity is associated with various diseases, particularly diabetes, hypertension, osteoarthritis and heart
disease. Research on possibilities of herbal extracts and isolated compounds from natural products for treating obesity
has an upward trend. Saffron (Crocus Sativus L. Iridaceae) is a source of plant polyphenols/carotenoids, used as
important spice and food colorant in different parts of the world. It has also been used in traditional medicine for
treatment of different types of illnesses since ancient times. Many of these medicinal properties of saffron can be
attributed to a number of its compounds such as crocetin, crocins and other substances having strong antioxidant and
radical scavenger properties against a variety of radical oxygen species and pro-inflammatory cvtokines. The aim of
this article is to assess the potential role of saffron and its constituents in the regulation of metabolic functions, which

can beneficially alter obesity pathophysiclogy.
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J Vasc Res. 2014;51(5):393-404. doi: 10.1159/000368930. Epub 2014 Dec 20.

Crocetin, a carotenoid derived from saffron (Crocus sativus L.), improves acetylcholine-induced
vascular relaxation in hypertension.

Mancini A‘, Serrano-Diaz J, Nava E, D'Alessandro AM, Alonso GL, Carmona M, Llorens §.
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Crocetin

Abstract
BACKGROUND: Hypertension is associated with endothelial dysfunction characterized by decreased vasorelaxation. Crocetin, a bioactive

compound of saffron, exhibits favorable cardiovascular properties. We analyze the vasomodulatory effects of crocetin in hypertension.

METHODS: Myographical experiments were performed to compare the relaxation induced by acetylcholine (ACH) on aortic rings from
normotensive (Wistar) and hypertensive (SHR) rats, incubated with or without crocetin or safiron extract and L-NAME or indomethacin.
Exfracts were also assayed in deendothelialized rings. UV-vis spectrophotometry and HPLC-DAD were used to characterize and quantify the
saffron used.

RESULTS: Crocetin enhanced the ACH relaxations in aorta from hypertensive (strongly) and normotensive rats (weakly). Saffron extract did
not modify this. Crocetin plus L-NAME abolished the relaxant response in SHR but not in Wistar aorta. Crocetin plus indomethacin did not
modify the indomethacin response in either SHR or Wistar aorta. Crocetin in rubbed segments did not modify the ACH responses. In
contrast, saffron increased this response in rubbed segments from SHR but not Wistar rats.

CONCLUSION: Crocetin exerts healthy vasomodulatory effects in hypertension, strongly improving endothelium-dependent ACH relaxations
via endothelial nitric oxide but not the cyclooxygenase pathway. This work proposes that crocetin supplements are a possible complement in
the therapy of hypertension.
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Short Communication

Bactericidal effect of saffron (Crocus sativus L.) on Salmonella enterica

during storage

Concepcidn Pintado®, Alicia de Miguel®, Olga Acevedo b Leonor Nozal®, José Luis Novella b

Rafael Rotger™*
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ABSTRACT

The presence of pathogenic bactenia in spices represents a public health risk as a possible cause of foeod
contamination. Salmonella has been found in several spices and it has been involved in food-borne
outbreaks, bur this bacterium has not been reported as a contaminant of saffron (Crocus satfvus L) We
examined a possible antibacterial effect of saffron using samples from Iran, Greece and Spain which were
artificially contaminated with clinical isolates belonging to five different serovars of Solmonello, We
detected a loss of viability during the room-temperature storage of the salfron samples, with baclena
being undetectable at day 16 except in the case of the DT104 strain of the Typhimurium serovar, in all of
the samples, and of the Hadar serovar in the Iranian sample, both of which gave negative culture at day
32. The laboratory strain IT2 of the Typhimurium serovar was undetectable at day 4. To gain an insight
into the hasis for this baclericidal effect, we measured the inhibitory and bactencidal concentrations of
safranal and crocin, the main compounds responsible for the Aavouring and colouring capabilities of
saffron. They were in the order of 8—16 mg/ml. and 64— 128 mg/ml. for safranal and crocin, respectively,
These data sugmest that these compounds, and probably their chemical relatives, are involved in the
antibacterial activity of salfron, and that this effect can significantly reduce the risk of food contami-
nation with Selmonella by this spice.

& 2010 Elsevier Lid, All rights reserved,
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Green synthesis of silver nanoparticles using aqueous extract of saffron (Crocus
sativus L.) wastages and its anfibacterial activity against six bacteria

Ghodsich Bagherzade'", Maryam Manzari Tavakoli', Mohmmad Hasan Namaei*

"Department of Chemistry, Callege of Science, University of Birjand, Birjand 97179414, fran
"Hepatitis Research Center, Birjand University of Medical Sciences, Birfand 97179414, Iran

Escherichia coli
Pseudomonas aeruginosa
Klebsiella pneumonia
Shigella flexneri

Bacillus subtilis

@ CrossMark

ABSTRACT

Ohbjective: To synthesis silver nanoparticles (AgNPs) by using extract of saffron (Crocus
sativis L.) wastages and to test their antibacterial activity against six bacteria.
Methods: In this paper, the synthesis of AgNPs using aqueous extract of saffron wastage
as a green method without any chemical stabilizer and reducer is demonstrated. The
synthesized AgNPs were determined by UY-vis spectrum, high resolution transmission
electron microscopy, X-ray diffraction, and Fourier transmission infrared spectroscopy
analysis.

Resulis: UV-vis spectrum showed a peak at 450 nm due to excitation of surface plas-
mon vibrations. Fourier transmission infrared spectroscopy showed that nanoparticles
were capped with plant secondary metabolites. X-ray diffraction analysis also demon-
strated that the size range of the synthesized nanoparticles was 12-20 nm. Transmission
electron microscope image illustrated AgNPs with sphencal shape and an average size of
15 nm. The result of antibacterial activities showed that the biosynthesized AgNFs had an
mhibiting activity agmnst Escherichia coli, Pyeudomonas aeruginosa, Klebsiella pneu-
monia, Shipella flexneri and Bacillus subiilis.

Conclusions: The biosynthesized AgNPs showed significant antibacterial effect against
Escherichia coli, Pseudomonas aeruginosa, Klebsiella pneumonia, Shigella flexneri and
Bacillus subtilis, so, it can be used in biomedical applications,
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Fatemeh Shahmoradi Ghaheh®, Sayed Majid Mortazavi**, Farzaneh Alihosseini®,
Afshin Fassihi®, Ali Shams Nateri®, Daryoush Abedi*

Highlights

' Antibacterial activity of wool dyed with natural dyes was tested oH 0
against some bacteria. Miricetin

' The antibacterial activity and durability of them is enhanced
using alum mordant.

’ 100% antibacterial activity even after 5 washes or exposure to
light for 300 min.

’ The cost of natural dyeing was approximately the same as the
cost of acid dyeing.

Staphylococcus aureus
Pseudomonas aeruginosa
Escherichia coli

Canferol

Fig. 6. Chemical structure of the main components of saffron petals {Kubo and Kinst
Hori, 1939,
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Safranal and its analogs inhibit Escherichia coli ATP synthase and cell @W
growth

Mason Liu, Amon Amini, Zulfigar Ahmad*
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Fig. 3. X-ray erystaliographic structure of the polyphenol binding pocket of FiFy AT synthase, e, [5-, and y-subinits ferming an infibitor binding cavity are shown, Some
residues, including adrg-283, are identificd. The figure was generated by FDB file 201 {11] using RasMol software. Residue numbers are based on E coli numbering.
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Inhibition of Helicobacter pylori Growth in vitro by Saffron (Crocus sativis L.) N O

"Mahboobeh Nakhaet, “Mehrangiz Khaje-Karamoddin, *Mohammad Ramezani

Abstract

Safranal

Objective(s)

Anti-Helicobacter pylori effects of saffron (Crocus sativus L., Inidacea) and its major constituents, crocin
and safranal, were evaluated.

Materials and Methods

Macerated aqueous and methanol extracts tested agamnst 45 clinical 1solates of Helicobacter pylori, using
paper disc diffusion method (DDM) on modified egg yolk emulsion agar (EYE agar). Four antibrotics also
tested against all 1solates as posttive control.

Results

Although there were small differences in sensitivity among the tsolates tested, but all isolates were
susceptible to methanol and aqueous extracts. The minimum inhibitory concentrations (MIC) of methanol
extract, crocin and safranal measured as 677, 26.5 and 16.6 pg/ml, respectively, using agar dilution method.
The results showed that high temperature did not have any effect on the activity of extracts, crocin and
safranal. The effect of pH on the activity of methanol extract indicated no significant difference at pH 5 to 8,
in comparison with the control.

Conclusion

The results indicated that saffron has a moderate anti-Helicobacter activity.

Kevwords: Anti-Helicobacter pylori, Crocin, Crocus sativus, Saffron, Safranal
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Nanostructured lipid dispersions for topical administration of crocin, a @cTassMark
potent antioxidant from saffron (Crocus sativus L.)

Elisabetta Esposito **, Markus Drechsler ®, Paolo Mariani ¢, Anna Maria Panico ¢, Venera Cardile ¢, Lucia Crasci ¢,
Federica Carducci ¢, Adriana Carol Eleonora Graziano ¢, Rita Cortesi **, Carmelo Puglia ¢

Crocin, a potent antioxidant obtained from saffron, shows anticancer activity ininvivo models. Unfortunately un-
favorable physicochemical features compromise its use in topical therapy.

The present study describes the preparation and characterization of nanostructured lipid dispersions as drug de-
livery systems for topical administration of crocin and the evaluation of antioxidant and antiproliferative effects
of crodin once encapsulated into nanostructured lipid dispersions.

Nanostructured lipid dis persions based on monoolein in mbcture with sodium cholate and sodium caseinate have
been characterized by cryo-TEM and PCS. Crocin permeation was evaluated in vitro by Franz cells, while the ox-
yzen radical absorbance capacity assay was used to evaluate the antioxidant activity. Furthermore, the antipro-
liferative activity was tested in vitro by the MTT test using a human melanoma cell line.

The emulsification of monoolein with sodium cholate and sodium caseinate led to dispersions of cubosomes,
hexasomes, sponge systems and vesicles, depend ing on the employed emulsifiers. Permeation and shelf life stud-
ies demonstrated that nanostructured lipid dispersions enabled to control both rate of crocin diffusion through
the skin and crodin degradation, The oxygen radical absorbance capacity assay pointed out an interesting and
prolonged antioxidant activity of crocin while the MTT test showed an increase of crocin cytotoxic effect afterin-
corporation in nanostructured lipid dispersions,

This work has highlighted that nanostructured lipid dispersions can protect the labile molecule crodin from deg-
radation, control its skin diffusion and prolong antioxidant activity, therefore suggesting the suitability of nano-
structured lipid dispersions for crocin topical administration,
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Saffron (Crocus sativus L.) increases glucose uptake and insulin sensitivity
in muscle cells via multipathway mechanisms

Changkeun Kang®, Hyunkyoung Lee®, Eun-Sun Jung®, Ramin Seyedian™', MiNa Jo*, Jehein Kim?,
Jong-Shu Kim*, Euikyung Kim*>*

*Collene of Veterinary Medicing, Gyeomgiang National University, fingi 660- 70, Seh Kotea
® Research Institute of Life Science, Gyeomysany; National Unversity, South Karen

ABSTRACT

Saffron (Crocus satives Linn,) has been an important subject of research in the past two decades because of
its various biological properties, including anti-cancer, anti-inflammatory, and anti-atherosclerotic activ-
ities. On the other hand, the molecular bases of its actions have been scarcely understood. Here, we elu-
cidated the mechanism of the hypoglycemic actions of saffron through investigating its signaling
pathways associated with glucose metabolism in G5Oy skeletal muscle cells, Saffron strongly enhanced
glucose uptake and the phosphorylation of AMPK (AMP-activated protein kinase)/ACC {acetyl-CoA car-
boxylase) and MAPKs (mitogen-activated protein kinases), but not Pl 3-kinase (Phosphatidylinositol 3-
kinase)/Akt. Interestingly, the co-treatment of saffron and insulin further improved the insulin sensitivity
via both insulin-independent (AMPK/ACC and MAPKs) and insulin-dependent (Pl 3-kinase/Akt and
mTOR) pathways. It also suggested that there s a crosstalk between the two signaling pathways of glu-
cose metabolism in skeletal muscle cells. These results could be confirmed from the findings of GLUT4
translocation, Taken together, AMPK plays a major role in the effects of saffron on glucose uptake and
insulin sensitivity in skeletal muscle cells, Our study provides important insights for the possible mech-
anism of action of sallron and its potential as a therapeutic agent in diabetic patients.
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Effects of Cinnamon, Cardamom, Saffron, and Ginger
Consumption on Markers of Glycemic Control, Lipid Profile,
Oxidative Stress, and Inflammation
in Type 2 Diabetes Patients
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' Food Security Resecrch Center, Isfahan University of Medical Science, Isfaham, Tran.* Department of Community Nutrition, School of
Nutrition aned Food Science, Ifuhan University of Medical Science, Infuhan, Iran. Address correspondence to: Reza Ghiasvend
e-meil: ghigsvend@hlth mud ac. ir
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Reprint from

B Abstract line and after & weeks of intervention. RESULTS: After 8

. ) ‘ weeks of intervention, cinnamon, cardamom, ginger, and
OBJECTIVES' Type 2 diabetes (TZD) may be cansed by ggpy consumption had significant effects on total choles-

elevated oxidative stress, inflammation, and hyperglycemia.  op) 1DI, and HDL levels fp < 0.05) compared with con-
The ph_rtu-:h&n;mals_ m sm‘er:al herbal medmne_s are I tpols. However, the herbal products did not have significant
ported to effectively mprove diabetes and to ameliorate di&  offerts on measures of glycemic control, anthropometry, in-
betic complications. The aim of the present study wastode-  fammation and oxidative stress. In withjﬂ-ernup compari-
termine the effects of cinnamon, cardamom, saffron, and  gop. pnle cinnamon intake sienificantly decreased fasting

ginger as supplementary remedies in T2D. METHODS 559 syggy (FBS). CONCLUSIONS: The herbal remedies
This randomized controlled, clinical trial included 204 T2D  epapvined had sipnificantly beneficial effects on cholesterol,

patients. The participants were randomly assigned to four  p+ vt on measures of elycemic control, oxidative stress,
Intervention groups receiving J glasses of black tea and &' 414 suflammation. Based on the contradictore results re-
ther 3 ¢ cardamom, or cinnamon, or ginger, or 1 g saffron  porved in the literature, the effects of herbal medicing in dia-

and one control group which consumed only J tea glasses  p. patients should undergo further detailed investization,
without any herbal medicine for & weeks. Markers of m-

flammation, cxadative stress, fasting blood sugar, lipid pro-  Keywords: type 2 diabetes - herbal medicine - cholesteral -
file, and anthropometric measures were evaluated at base-  glycemic control -omdative stress - inflammation
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Beneficial impact of crocetin, a carotenoid from saffron, on insulin
sensitivity in fructose-fed rats

Liang Xi*, Zhiyu Qian™*, Guanglin Xu”, Shuguo Zheng®, Sai Sun®, Na Wen®, Liang Sheng
Yun Shi", Yabing Zhang"

*Deparinent of Pharmacology, China Pharmaceutical University, Nanfing 210009, FR Ching
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Abstract

Crocetin, a unique carotenoid with potent antioxidative and anti-inflammatory activities, 15 a major ingredient of saffron which s used as
an imporiant spice and food colorant in various parts of the world. In the present study, the effect of crocetim on insulin resistance and ils
related abnormalities induced by high-fructose diet were mvestigated in male Wistar rais. Compared to the control rats fed on normal
laboratory diet, fructose-fed rats developed a series of pathological changes including insulin resistance, hypeninsulinemia, dyslipidemia and
hypertension, Although having no evident effect on the body weight, fructose feeding cansed a marked increase in the weight of epididymal
white adipose tissue. Furthermore, a significant reduction in the expression of both protein and mRNA of adiponectin (an insulin-sensitizing
adipocyloking) was observed, whereas those of tumor necrosis factor (TNF)-« and leptin were enhanced in epididymal white adipose tissue
in [ructose-fed rats. These disorders were effectively normalized in crocetin-treated rats. Crocetin was also demonstrated here to alleviate [ree
fatty acid (FFA)-induced msulin insensitivity and dysrepulated mRNA expression of adiponectin, TNF-a and leptin in primary cultured rat
adipocytes. These findings suggest the possibility of crocetin treatment as a preventive strategy of insulin resistance and related diseases, The
favorable impact on adiponectin, TNF-o and leptin expression in white adipose tissue may be mvolved m the improvement ol msulin
sensitivity observed in crocetin-treated rats,
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Saffron (Crocus sativus L.) Powder as an Ingredient of Rye Bread: An Anti-Diabetic
Evaluation

To cite this article:
Joanna Bajerska, Sylwia Mildner-5zkudlarz, Tomasz Podgorsks, and Ewa Oszmatek-Pruszynska. Journal of Medicinal
Food. September 2013, 16(9); 847-856. https://doi.org/10,1089/)mf.2012.0163

Lussekatt o pan de azafran

In this study, @ most consumer-acceptable rye bread (RB) containing saffron (5) powder (RB+5) was designed to
verify its anti-diabetic properties, and to compare these effects with those of RB and 5 separately, matched to a
similar dose of bioactive components, used in the high-fat (HF) diet in streptozotocin (STZ)-induced Wistar rats, After
baking, beneficial antioxidant and sensory properties for RB enriched with 0.12% 5 were achieved. Twenty-four
severely diabetic rats (fasting blood glucose (FBG) 2350 ma/dL) were randomized to incorporate either 0.08% of pure
5, or RB enriched with 0.12% 5 (the diet provided 0.08% of 5), or RB alone into their diet for 5 weeks. As controls,
nontreated, HF-feeding STZ-induced rats (positive control-HF/STZ) and rats receiving normal laboratory diet (negative
control-C) were used. A significant FBG-lowenng effect was observed (47%, 53%, and 54% reduction vs. HF/STZ;
P«,05) after 5, RB, and RB+5 treatment. Improvements in the rats’ glycemia were achieved by B-cell regeneration
and increases in insulin secretion. Only in the 5 and RB+5 group of rats, a significant (P<.05) increase in relative
pancreas (vs, HF/STZ) was noted. & significant (P<.05) reduction in the concentration of thiobarbituric acid-reactive
substances (TBARS) was achieved, whereas the fernc-reducing ability of plasma (FRAP) was not changed after 5, RB
and RB+5 treatment (vs, HF/STZ). Triglycende (TG) concentrations after S, RE, and RB+5 treatment were
significantly decreased (FP=.05) versus HF/STZ. Both S and RB can be used in diabetic therapy, but no additional
metabolic effect was achieved after consumption of RE+5.
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Cancer Letters 100 (1996) 23-30

Crocin, safranal and picrocrocin from saffron (Crocus sativus L.)
inhibit the growth of human cancer cells in vitro

Julio Escribano®, Gonzalo-Luis Alonsob, Miguel Coca-Prados¢,
José-Antonio Fernandez>*

Abstract

Extracts of saffron (Crocus sativus L.) have been reported to inhibit cell gl‘owth of human tumor cells, In order to study
the cytotoxic effect of the characteristic compounds of saffron spice, we have isolated crocin, crocetin, picrocrocin and sa-
franal. Doses inducing 50% cell growth inhibition {LDsy) on HeLa cells were 2.3 mg/ml for an ethanolic extract of saffron
dry stigmas, 3 mM for crocin, 0.8 mM for safranal and 3 mM for picrocrocin. Crocetin did not show cytotoxic effect. Cells
treated with crocin exhibited wide cytoplasmic vacuole-like areas, reduced cytoplasm, cell shrinkage and pyknotic nuclei,
suggesting apoptosis induction, Considering its water-solubility and high inhibitory growth effect, crocin is the more promis
ing saffron compound to be assayed as a cancer therapeutic agent.



To our knowledge, this is the first report showing that
Hindawi Publishing Corporation saffron-induced antitumor effects may affect EMT processes.
BioMed Research International ] k ) _ .
Volume 2014, Article ID 135048, 12 pages ~ Opecifically, we observed that the induction of epithelial
http://dx.dol.org/10.1155/2014/135048 differentiation was a time-dependent event and was evident

Hindawi

from 4 days of treatment with SE and CR. Based on the
current data, saffron and its ingredients could be considered
as a promising candidate for clinical anticancer trials in

Research Article aggressive prostate cancer with a high risk of metastases.

Antitumor Effects of Saffron-Derived Carotenoids in
Prostate Cancer Cell Models

Claudio Festuccia,' Andrea Mancini,! Giovanni Luca Gravina,”? Luca Scarsella,’
Silvia Llorens,3 Gonzalo L. Almlsn,,4 Carla Tatone,,5 Ernesto Di Cesaref'
Emmanuele A. Jannini,” Andrea Lenzi,” Anna M. D’Alessandro,’ and Manuel Carmona™®

Crocus sativus L. extracts (saffron) are rich in carotenoids. Preclinical studies have shown that dietary intake of carotenoids has
antitumor effects suggesting their potential preventive and/or therapeutic roles. We have recently reported that saffron (SE) and
crocin (CR) exhibit anticancer activity by promoting cell cycle arrest in prostate cancer (PCa) cells. It has also been demonstrated
that crocetin esters are produced after SE gastrointestinal digestion by CR hydrolysis. The aim of the present report was to investigate
if SE, crocetin (CCT), and CR affected in vivo tumor growth of two aggressive PCa cell lines (PC3 and 22rv1) which were xenografted
in male nude mice treated by oral gavage with SE, CR, and CCT. We demonstrated that the antitumor effects of CCT were higher
when compared to CR and SE and treatments reverted the epithelial-mesenchymal transdifferentiation (EMT) as attested by
the significant reduction of N-cadherin and beta-catenin expression and the increased expression of E-cadherin. Additionally,
SE, CR, and CCT inhibited PCa cell invasion and migration through the downmodulation of metalloproteinase and urokinase
expression/activity suggesting that these agents may affect metastatic processes. Our findings suggest that CR and CCT may be
dietary phytochemicals with potential antitumor effects in biologically aggressive PCa cells.
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Cancer Chemopreventive and Tumoricidal Properties of Saffron (Crocus
sativus L.)

Fikart . Abdullaev

Since cancer is the most common cause of death in the world population, the possibility that
readily available natural substances from plants, vegetables, herbs, and spices may be beneficial
in the prevention of cancer warrants closer examination. Saffron in filaments is the dried, dark rec
stigmata of Crocus sativus L. flowers and it is used as a spice, food colorant, and a drug in
medicine. A growing body of research has demonstrated that saffron extract itself and its main
constituents, the carotenoids, possess chemopreventive properties against cancer. This review
discusses recent literature data and our results on the cancer chemopreventive activities of
saffron and its main ingredients
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A Perspective on Crocus sativus L. (Saffron) Constituent Crocin: A
Potent Water-Soluble Antioxidant and Potential Therapy for
Alzheimer’s Disease i

. ot : L8 1. Agric. Food Chem. 2017, 65, 1005-1020
John W. Finley* and Song Gao® i :

ABSTRACT: Alzheimer’s disease (AD) is the most common form of dementia, in which the death of brain cells causes memory
loss and cognitive decline. Several factors are thought to play roles in the development and course of AD. Existing medical
therapies only modestly alleviate and delay cognitive symptoms. Current research has been focused on developing antibodies to
remove the aggregates of amyloid-f# (Aff) and tau protein. This approach has achieved removal of Afi; however, no cognitive
improvement in AD patients has been reported. The biological properties of saffron, the dry stigma of the plant Crocus sativus L.,
and particularly its main constituent crocin, have been studied extensively for many conditions including dementia and traumatic
brain injury. Crocin is a unique antioxidant because it is a water-soluble carotenoid. Crocin has shown potential to improve
learning and memory as well as protect brain cells. A search of the studies on saffron and crocin that have been published in
recent years for their impact on AD as well as crocin’s effects on Af and tau protein has been conducted. This review
demonstrates that crocin exhibits multifunctional protective activities in the brain and could be a promising agent applied as a
supplement or drug for prevention or treatment of AD.



Obesidad

Hipertension

Antibacteriano

AIzheimer U|ceras
Afrodisiaco Antioxidante
Diabetes

Anticancerigeno



Phytomedicine
Volume 15, Issues 67, 20 June 2008, Pages 491-4585

ELSEVIER

The effect of saffron, Crocus sativus stigma, extract
and its constituents, safranal and crocin on sexual

behaviors in normal male rats
H Hosseinzadeh 8 2 8 T Ziaee ! A Sadeghib
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Evaluation of Crocus sativus L. (saffron) on male erectile dysfunction:
A pilot study

Ali Shamsa®, Hossein Hosseinzadeh®*, Mahmood Molaei®,
Mohammad Taghi Shakeri®, Omid Rajabi’

Abstract

In this study, the effect of Crocus sativus (saffron) was studied on male erectile dysfunction (ED). Twenty male
patients with ED were followed for ten days in which each morning they took a tablet containing 200 mg of saffron.
Patients underwent the nocturnal penile tumescence (NPT) test and the international index of erectile function
questionnaire (IIEF-15) at the start of the treatment and at the end of the ten days. After the ten days of taking saffron
there was a statistically sigmficant improvement in tip ngidity and tip tumescence as well as base ngidity and base
tumescence, 1LEF-15 total scores were significantly higher in patients after saffron treatment (before treatment
22154 1.44; after treatment 39.204 1.90, p<0.001). Saffron showed a positive effect on sexual function with increased
number and duration of erectile events seen in patients with ED even only after taking 1t for ten days.
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Review Article

A systematic review and meta-analysis of clinical trials on saffron
(Crocus sativus) effectiveness and safety on erectile dysfunction and semen

parameters
Nal"' - s - w1 - e - - - - - = . - = = '1'
Records identified through database Additional records identified through AbStract

z searching SR Moo Objective: We performed this systematic review and meta-
§ =800 =20} analysis study to determine saffron (Crocus sativus) effectiveness

2 and safety in male infertility problems.
¥ Materials and Methods: The databases PubMed, Scopus, Cochrane,
Aﬂiﬁlfﬂ Records after duplicates removed Dl:,r Gﬂﬂglﬂ Scholar, SID, IrnmnMedex and Maglran until .h.'!l}l' 2016 and
- (n:=250) reference section of relevant articles, were searched to find both
. English and Persian clinical trials on male infertility issues that used
£ l saffron as medical treatment. Also, the quality of these trials was
g evaluated by Oxford Center for Evidence Based Medicine checkhist.
= i e e " Ry - A total of six trials was ultimately included. All statistical analyses

were done by Comprehensive Meta-analysis (CMA) Version 2.

Results: Only in one study conducted on sperm parameters, the
— — _ mean percentage of sperm with normal morphology (p<0.001}) and
Fu“'lmmc;f:f;f‘m Medighiiy » sxui]hﬁ;?:ﬁ%f sperm motility [p{ﬂﬁ]ll were Increased. Quantitative analysis
= showed that saffron had a significantly positive effect on all
z l dimensions of Erectile Function questionnaire (MD for Erectile
2 . function=5.36(p=0.00), Orgasmic function=1.12 (p=0.007),
Studies included in Qualitative Overall  satisfaction=1.23  (p=0.005), Satisfaction with
SR intercourse=2.18 (p=0.00) and Sexual desire=0.78 (p=0.00), Fixed

effects model using 3 trals). The result of subgroup analysis based
il on dimensions of Erectile Function questionnaire showed
Studics Included in Qualitative statistically significant differences among subgroups (p=0.00).
Synthesis (Meta-Analysis) Conclusion: saffron has a positive effect on erectile dysfunction.

(a=3) However, our study showed contradictory results about semen
parameters. So, interpretation of results is limited because of
methodological flaws of the included studies, erectile dysfunction
Figure 1. PRISMA Flowchart of the study selection process. status and a large heterogeneity among them. Further trials are stll
needed to confirm the current findings.

Included
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Pre-supplementation of Crocus sativus Linn (saffron) attenuates
inflammatory and lipid peroxidation markers induced by intensive
exercise i sedentar}-’ women

Mohammad Hosseinzadeh', Hossein TaheriChadorneshin® , Mahtboobe Ajam-Zibad', Seyed-Hosein Abtahi-Eivary®

ABSTRACT

Antioxidant and ant-mflammatory actions of Crocus sativis Linn (saffron) m relation to mtensive exercize nead
to be studied. This studv amed to mvestigate the affect of four weeks of saffron supplementation on zerum
levels of tumer necrosiz factor alpha (TWF-z), 25 2 marker of mflammation, malendialdehyde (MDA), 2z a2
marker of lipid peroxidation, and levels of Lactate dehydrogenasze (LDH) and creatme kinaze (CK), as= two
markers of muzscle damagze m sedentary women followmg intensive exercize. After 2 4-wesk penod of
supplementation (30 mg/day), the healthy mactrve young women performed one bout of acute resitance
exercises at 83 % of one-repetition maximum. Usmg commercial kits, TNF-o and MDA levels were measured
uzmg ELISA method. In addihon, LDH and CK were measured by photometric method. Data were statistically
analyzed by one-way ANOVA (P<0.03). Our fimdmg showed 2 sizmificant mereases 1m serum LDH (P=0.013),
CE (P=0.001}, THF-a (P=0.001) and MDA (P=0.001) level: followmg one bout of resistance exerciza
However, saffron supplementation prevent fom mereazes m LDH (P=02959), CK (P=0.933), TNF-a (P=0.39%)
and MDA (P=0617) levels mduced by one bout of resiztance exercize. Although mtensive rezistance exercize
mereazes muscle damage snzymes, mflammatory and lipd peromidation marksrs, howsver, pra-supplementation
of saffron returns these markers to basaling levels. Tharefore i can be concluded that saffron supplementation
actz as amti-omidative and anti-mflammation agent, making 1t advizable to athletes and coache: mvolved m
mtensive resistance exercizes.
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THE APPLICATION OF CROCIN AND SAFFRON ETHANOL-EXTRACTABLE COMPONENTS IN
FORMULATION OF HEALTH CARE AND BEAUTY CARE PRODUCTS

Author: H. Fekrat

Keywords: antioxidants, carotenoids, cosmetics, natural colors, skin cares, sun protection
DO 10.17660/ActaHortic. 2004 650 46

Abstract:

The characteristic yellow-orange color of saffron (Crocus sativus L.) comes from water-soluble pigment, the carotenoid crocin. Saffron carotenoids with
ethanol-extractable mostly contain safranal as an antibacterial was used in Persian fraditional medicine to freat some skin disorders. The extracted
carotenoids from saffron as an antioxidant prevent many common diseases by taming harmful molecules known as free radicals. This paper reviews the
application of saffron extracts from dried saffron stigmas by aqueous ethanol in formulation of cosmetics, skin cares and sun protection products.







CARTA DE MASAJES %

MISTERIOSATURQUIA 55 MINUTOS
Exotico masaje que uttliza la mas valiosa especia oriental, el azafran. Un deleste para los sentidos por su aroma, su color v su poder
antioxidante, que ncluye exclusivas técnicas manuales.



El masaje en la frente, o la aplicacion de alguna pasta como la
de sindalo, o la aplicacion de malai o nata, calman el sistema y
generan sensaciones agradables en el cerebro, lo que nos hace
sentirnos bien. La aplicacion de arcilla refresca. La aplicacion de
pasta de sindalo en la frente antes de la meditacion es una pric-
tica corriente en la India. Ayuda a meditar y a relajarse. La pasta
de sandalo se prepara frolando sobre una piedra un trozo de
macdera de sandalo al gue se anaden unas gotas de agua, una
pizca de alcanfor natural y una pizca de azafrdn. Frolar basla
disolver el alcanfor y el azafvan. Anadir el agua necesaria.
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A Review on Medicinal Properties of Saf

toward Major Diseases

Saiful lzwan Abd Razak &, Mohd Syahir Anwar Hamzah, Foong Choi Yee, Mohammed Rafiq Abdul Kadir &

Nadirul Hasraf Mat Nayan

The stigma of Crocus sativus, known as saffron, is one of the most expensive spices
in the world. The bioactive components in saffron, picrocrocin, crocin, and safranal,
have demonstrated a wide range of uses and capabilities in the medical field. This
review is focused on the potential therapeutic applications of saffron on diabetes
mellitus (DM), antitumor, anticancer, antidepressant, Alzheimer's disease (AD),

cardiovascular disease (CVD), erectile dysfunction and antibacterial effects.

Home / The Natural Produdts Journal, Volume 6, Number 3
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— Therapeutic Applications of
Crocus sativus L. (Saffron): A
Review

Authors; Vahedi, Maryam; Govil, Sumit; Kumar, Shailesh; Shrivastava, Divys; Karimi, Roghaye; 5. Bisen, Prakash
Source: The Natural Products journal, Volume 6, Number 3, September 2016, pp. 162-171(10)
Puhlisher: Rantham Srienre Pithlishers



Saffron/compound Study design Result Ref.
Hypolipidaemic
Saffron Rats received high fat diet Improvement in LOL/HDL ®
§TZ-induced diabetic rats THDL, JTC, TG, LDL 3
Healthy rats |Serum TC levels =
STZ-induced diabetic rats {76, VLDL, Tadipanectin #
Patient with metabolic syndrome |Serum HSPs 27, 70 antibody titres .
Crocin Rats received high-fat diet [h{o[] 2
STZ-induced diabetic rats THDL, 17C, LDL =
Anti-obesity
Saffron Rats received high-fat diet |Food consumption 2
Obese Wistar rats |BW, food intake and leptin i
Crocin Rats received high-fat diet |Rate of body weight gain, total fat pad, L
weight ratio of epididymal fat to body
Obese Wistar rats |Body weight, food intake and leptin G
Satiercal Mildly overweight, healthy women |Snacking, satiating effect it
Hypertensive
Saffron Normotensive and hypertensive anaesthetised rat IMABP i
DOCA salt hypertensive rats JMsBP o
Guinea pig isolated heart |Myacardial contractility via calcium 2
channekblacking effect
Infertile men Mean systolic and diastolic BP o
Healthy adult volunteers |5tanding systolic bload pressure and mean %
arterial pressures
Crocin Normotensive and hypertensive anaesthetised rat |MABP #
DOCA salt hypertensive rats | MsBP )
Rat received diazinon Modulatory effect of BP
Saffranal Normotensive and hypertensive anaesthetised rat IMABP A
DOCA salt hypertensive rats MsgP &
Crocetin Isolated aortic rings Improve endothelium-dependent ACh ¥
relaxations via endothelial NO
Anti-diabetic
Saffron Healthy male rats |FBG, finsulin u
Aloxar-induced diabetic rats 1FBGand HbA,,, Tinsulin @
Aloxan-induced diabetic rats |FBG, finsulin, tnumber of beta cells E"
2012 skeletal muscle cells 1Glucose uptake and phosphorylation of s
AMPK/ACC and MAPK
§TZ-induced diabetic rats |FBG, TG and VLDL, adiponectin 2
Crocin STZ4nduced diabetic rats |FBG and AGE products 1
Aloxarvinduced diabetic rats |FBG and HbA, , Tinsulin 8
Saffranal Aloxan-induced dizbetic rats |FBG and HbA, , Tinsulin =
C2C12 myotubes Inhibited PTP1B activity, fglucose uptake ¥
Type 2 diabetic KK-Ay mice Improved impaired glucose tolerance o
Crocetin White adipose tissue Modulatory effect of adiponectin, TNF-a and &

leptin expression



Bud Single kg of saffron spice generates
~63 kg of floral bioresidues.

Saffron Flower

AZAFRAN

El azafran sale de los estigmas del Crocus sativus, una plania liliacea
oriunda de la zona griega y mediooriental. Su nombre deriva de la pala-
bra arabe azzafran. que designa al color amarillo oscuro; dependiendo
de la concentracion empleada, el color prestado a la comida o los teji-
dos (uso antiguo y no desdenable del azafran) varia enwe el amarillo
claroyel TD_]IJG—FdrdCI Existen otras especies de azafran, no comestibles.
Fs la especj ara del mundo, en razon de la gran cam
ma precisa para obtener un peso apreciable de ella. No menos
150.000 flores son necesarias para lograr un kilogramo de estigmas
secos. Al tiempo, como pequenas cantidades son suficientes para los tra-
culinarios, €] precio resultante no es tan elevado.




Increasing the Applications of Crocus sativus
Flowers as Natural Antioxidants

Jéssica Serrano-Diaz, Ana M. Sanchez, Luana Maggi, Magdalena Martinez-Tomé, Luis Garcia-Diz, M. Antonia Murcia,
and Gonzalo L. Alonso

Journal of Food Science = Vol. 77, Nr. 11, 2012

Large amounts of floral bio-residues
(92.6 g per 100 g of flowers) are
generated and wasted in the production
of saffron (Crocus sativus) spice

Conclusions

The possible development of new products from C. sativus
Howers for their antioxidant properties has been shown. The ex-
ploitation of whole flowers without separating the stigma could
lead to new products with lower production costs than saffron
spice. Stamens are the flower parts with the most potent antiox-
idant activity. Tepals have the highest phenolic content. Floral
bio-residues wasted in saffron spice production also show high
antioxidant activity. These results suggest that flowers of saffron,
floral bio-residues, stigmas, tepals, styles, and specially, stamens are
antioxidant sources that may be used as functional ingredients with

added wvalue by tood and pharmaceutical industries.

Figure 1-Diagram of the organography of Crocus sativus L (Carmona and
others 2006a).
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A contribution to nutritional studies on Crocus sativus flowers and their @ i
value as food

Jéssica Serrano-Diaz **, Ana M. Sanchez ¢, Magdalena Martinez-Tomé °,
Peter Winterhalter ©, Gonzalo L. Alonso

Table 1
Proximate composition (mean + 50 in gper 100g on a diy weight, except energy which is expressed in kcal per 100g on dry weight; n="5) of each freeze-dried part of flowers of
saffron (Crocus sotives L), whole flowers and the floral bio-residues from the production of saffron spice.

Matenial Moisture Ash Proteins Lipids Available carbohvdrates Reduring sugars Energy”

Tepals 10.76+0.24¢ B.16+005a B.17+0.27a 2.22 +0.29a 848 +0.4e 403+ 1.8d 312.2+22a
Stamens QB80+032b 1143 4+056e 2405+ 0.32f 10.73 £0.38d 338 +£0.8a 434+ 13a 128.0+54b
Styles QB +0.64b 2334+007Vcd 1L.75+0.37d 3.51 +0.21b 586 +1.2b 15.0+08h0 313.2+12a
Stigmas 3.84 +£0.08a 660+066ab 13.63+0.12¢ B.76+0.16C 62.0+03d 16.5+08h 3B1.2+3.1c
Whale flowers 10.35 0560, 739+0.12bc 1007 +£0.24¢ 3.16 +0.45h 612 +0.2cd 33.0+059c 313.6+42a
Bio-residues 10.78 £0.65¢C 852+ 1.18d 950+0.25b 2.82+0.78ab 599 +0.2b.c 41.5+1.7d 303.1=70a

Different letters within a column indicate significant statistical differences (p = 0,05}
? Energy was calculated using 4 keal (g for proteins and available carbohydrates and 9 keal /g for lipids.



Table 2
Mineral, dietary fiber and soluble sugar composition (mean+ 50 in g per 100 g ondry weight; n=5)ofeach freeze-dried part of flowers of saffron { Crocis sativus L), whaole flowers
and the floral bio-residues from the production of saffron spice,

Tepals Stamens Styles Stigmas Whaole flowers Bin-residues
Minerals P 0.232 + 0,006a 0.589+0.022d 0296+0.003b 0327 £00.03c 0.279 +0.010b 0286 +0.008b
g 0098 +0,010a 0.309+0.032c 0L178+0.012b 0.135+0.013ab 0.113 =0.008a 0160 +0.015b
Ca 0,125+ 0.008a,b 0.216+0.004c 0345+0.016d 0,107 =0.012a 0139 = 0.0020 0467 =0.012e
Fe 0.028+0.001d 0.024 +0.001c 0035 +0.001e 0011 £0.001a 0016+ 0.001h 0016 +0,001b
K 1.353 £ 0010a 3.796+0031c 1.816+0.078b 1486 L0037 a 1395 +0.061a 1.735+00051b
Ma 0.012+0001ab 0.011+£0.0012 0019 +£0.001c 0010 £0.001a 0010+ 00012 0014 +0.001b
Dietary fiber Total DF° 27.540.1e 323 £0.1f 185+ 01c 13B+0.1a 144+0.1b 2514+01d
Insoluble DF* 36+0.1c 21.1 +001F 16.1+01e TE+0.1b 589+01a 13.8+0.1d
Soluble DF? 18.89+0.1e 112 +0.1d 24+01a 60+0.1b 85+0.1c 11.3+01d
Insoluble/soluble DF 0.5+00a 1.9+0.0e 6.7 +0.0f 13 +00d 0.7+ 00b 1.2 +0.0c
Soluble sugars Glucose 11.58+ 062 5.60 +0.57a B26+018bc T740+001b 962+059cd 10.30 +0,70d e
Fructose 053 +001a 1.31 £0.01h 056+ 001a 0D39+001a 138+0.08h D48+001a
Sucrose 0,22 +0.01b n.d. n.d n.d. D16+0.01a 0na+001a
Maltose 014 +0.01b n.d. 0nDe+001a n.d. 0.07+0.01a 0o06+001a
Inositol 026 +0.01b 0.71 +0.01d n.d 033+001c 0.15+001a D.15+001a
Sorbitol n.d. 0,10+ 001a n.d 020+0.02b n.d n.d.
Manmnitol 0.72 +0.01b n.d. n.d n.d 0,95 +0.06c 049+003a

Different letters in each row indicate significant statistical differences (p = 0.05).
? DF, dietary fiber; nd. not detected.

Table 3
Mean percentage of satisfaction for Dietary Reference Intakes (DRIs, s.a. ) of nutrients for 19-30 year old men by consumprion of 100 g of each freeze-dried part of flowers of
saffron (Crocus sativis L), whole flowers and the floral bio-residues from the production of saffron spice.

Matenal Proteins” Lipids" Carbohydrates” Total DF P g ® [ i Fe? K* Ma*
Tepals 14.6 5.1 400 724 33.1 313 ag 350.0 28BB ne
Stamens 4340 39.0 2610 B5.0 B4 54.1 ng I03.8 BDE 07
Styles 21.0 128 45.1 48.7 42.3 862 178 433.8 386 13
Stgmas 243 318 477 36.3 46.7 26.7 135 141.3 316 o7
Whole flowers 18.0 11.5 471 37.9 30.8 347 113 200.0 207 a7
Bio-residues 17.0 10.32 461 BR.1 40.9 1168 16.0 200.0 360 0o

? Recommended Dietary Allowances (RDAs),

o Acceptable Macronutrient Distribution Range { AMDRs ).
© Adequate Intakes {(Als).

4 DF, dietary fiber,
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Bud Phytochemical analysis and antioxidant activity of different tissue types @Cmm
of Crocus sativus and oxidative stress alleviating potential of saffron
extract in plants, bacteria, and yeast

Shoib Ahmad Baba *<, Aubid Hussain Malik *<, Zahoor Ahmed Wani *<, Tabasum Mohiuddin *<, Zeeshan Shah®,
Nazia Abbas *, Nasheeman Ashraf **

Saffron Flower

Table 1
Total phenolic @l flavonoid and carotenoid content of different tssues of Crocus sofivus.

Tissue sample Extract  Towl phenolic  Towl flavonoid  Total carotenoid
content' (mg'g) content’ (mgig) content (ug/g)

Stigma Ethanolic 828 + 0.56 353 + 0.11 546,55 + 25.17
Agueous 654 + 0L.6] 361+ 032

Leaf Ethanolic 562 4+ 060 161 +0.12 17112 £ 1312
Aqueous 426 + 0.37 200+ 020

Corm Ethanolic 7.07 + 0.62 246 + 028 045.64 + 4.85
Agueous 597 +0.22 256 + 0.25

Values are means of three biological replicates,
' mg gallic acid equivalent (GAE) /g DW.
* mg nutin equivalent'z OW.

The results demonstrate that C. sativus stigma, corms, and leaves
may act as excellent sources for isolation of potential antioxidants and
with significant amounts of carotenoids, they may serve as natural anti-
oxidants in foods, beverages, drinks, and pharmaceutical preparations.
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Figure 1: (A) The flower of the plant Crocus sativus L; (B) The chemical structure of the bicactive compounds present in Crocus safivus L. dried stigmas.




Table 3 Hurman equivalent doses calculated for the different saffron animal studies.

Effects Reference Animal Saffron product  Freguency Saffron HED {mg/person)”
equivalent doses
{mg/kg b.w.)*
Biological activities
Antioxidant Hosseinzadeh er al. 2007b Rats Ethanolic extract  Mono dose 5-80 57 -908
Crocin 172 -1379 1957 - 15657
Safranal 14505 - 72523 164 646 - 823 2129
Ulcers Al-Mofleh er ol 2006 Rats Extract Mone dose 250 2 H38
Kiznbakht and Mozatfari 2009 Rats Extract 25 - 250 284 -2 R3K
Crocin #-35 B8 - 391
Safranal 362613-725 4116 144 -8 232
225 286
Nervous system damage
Neuronal mjury Hosseinzadeh and Sadeghnia 2005 Mice Safranal Mono dose 109 234 1239956
Retinal function Maccarone ef af 2008 Rats Extract Maono dose 1 11
Parkmson Ahmad M et af. 2005 Rats Crocin Daily, 7 days 0.3 3
Seizures Hosseinzadeh and Khosravan 2002 Mice Ethanolic extract Mono dose 02-2 1-11
Agqueous extract 0.1 -08 0455
Hosseinzadeh and Talebzadeh 2005 Mice Safranal 21757 -30 766 123484 -288 130
Hosseinzadeh and Sadeghnia 2007 Rats Safranal 10923 -43 604 123 996- 495 982
Learning behaviowr — Pitsikas and Sakellaridis 2006 Rats Extract Monoe dose 30 - 60 341 - 681
Pitsikas et af 2007 Rats Crocin Draiby 52- 103 587-1174
Anxiety Pitsikas ef ol 2008 Rats Crocin Monoe dose 172 1 957
Hosseinzadeh and Notasi 2009 Mice Extract 56 - 560 JIB-3178
Safranal 21757 - 50 Te6 123 484 - 288 130
Sedative/relaxant Hosseinzadeh and Ghenaati 2006 Guinea pigs  Ethanolic extract  Mono dose 100 - 8060 1514-12108
Safranal 36261 - 108 784 5348 819~ 1 646 457
Depression Karimi e af. 2001 Mice Safeanal Mono dose 23-75 128 - 426
Crocin 172 -2079 LT~ 11743
Hosseinzadeh er al. 2004 Mice Agqueois extract 160 - 320 GE- 1816
Ethanolic extract 200 - 800 1 135-4541
Cardiovascular injury
Atherosclerosis Sheng et af. 2006 Rats Crocin Daily, 10 days  86-1 250 979 - 14 139
Asgad ef al. 2000 Rats Extract Daily, 5 days 25 100 284-1133
Myocardial infarction Goyal er af. 2000 Rats Crocin Daily, 21 days &9 783
Yan ef af 2010 Rats Crocin 172 1957
Pheripheral vascular  Yang er of 2008 Rats Crocin Daily, 2 days 86 -623 979 -7 095
diseases
Insulin resistance Xi eral 2007 Rats Crocin Draify, 8 weeks 69 - 138 T83 -1 3566
Cancer and tumours
Cancer and mmours  Premkumar ef ol 2006 Mice Extract Daily, 5 days 20 - 80 114-454
Skin cancer Das ef af. 2009 Mice Extract Daily, 7 days 200 1135
Pancreatic cancer Dhar et al. 2009 Mice Crocin Daily, 30 days 14 T8
Lung cancer Mapesh et af. 2006 Mice Crocin Diily, 4 weeks 69 3
Antinociceptive effects
Antinociceplive Hosseinzadeh and Shariaty 2007 Mice Safranal Mono dose 14 505 -T2522°  B2323-411 614
Sexual behaviowr dysfunction
Sexual behaviour Hosseinzadeh er af. 2008 Rats Extract Maono dose 80 - 320 0% - 3 632
dysfunction

* Doses were converted to mig'ke bow. of saffron equivalent, mking into account a saffron humidity of 956, 0.66% safranal content and 32% on dry bass of crooctin conternt
" HED were calenlared using K, factors based on BSAL The final HED was multiplicd by a body weight of 70 kg
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Potential Healthy Effects of Saffron Spice
(Crocus sativus L. Stigmas) Consumption
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Bioavailability of Curcumin: Problems and Promises

Preetha Anand?, Ajaikumar B. Kunnumakkara®, Robert A. Newman* and Bharat B. Aggarwal*t
Cytokine Research Laboratory and Pharmaceutical Development Center, Department of Experimental Therapeutics, The

University of Texas M. D. Anderson Cancer Center, Houston, Texas 77030
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Intestinal formation of trans-crocetin from saffron extract (Crocus sativus L.) and in vitro
permeation through intestinal and blood brain barrier.

Lautenschizger M1, Sendker J!, Hiwel §2, Galla HJ?, Brandt §', Diifer M?, Rishemann K*, Hensel AT,

Abstract

AIMS: Extracts of =affron (Crocus sativus L) have traditionally been used against depressions. Recent preclinical and clinical investigations
have rationalized this traditional use. Trans-crocetin, a saffron metabolite originating from the crocin apocarotenocids, has been shown to exert
strong MIMDA receptor affinity and is thought to be responsible for the CNS activity of saffron. Pharmacokinetic properties of the main
constituents from saffron have only been described to a limited extent. Therefore the present in vitro study aimed to determine if crocin-1 and
trans-crocetin are able to pass the intestinal barrier and to penetrate the blood brain barrier (BBB). Additionally, the intestinal conversion of
glycosylated crocins to the lipophilic crocetin had to be investigated. Experiments with Caco-2 cells and two different porcine BBB systems
were conducted. Further on, potential intestinal metabolism of saffron extract was investigated by ex vivo experiments with murine intestine.

METHODOLOGY: In vitro Caco-2 monolayer cell culture was used for investigation of intestinal permeation of crocin-1 and trans-crocetin. In
vitro models of porcine brain capillary endothelial cells (BCEC) and blood cerebrospinal fluid barrier (BCSFB) were used for monitoring
permeation characteristics of trans-crocetin through the blood brain barrier (BEB). Intestine tissue and feces homogenates from mice served
for metabaolism experiments.

RESULTS: Crocin-1, even at high concentrations (1000 piM) does not penetrate Caco-2 monolayers in relevant amounts. In contrast, trans-
crocetin permeates in a concentration-independent mannar (10-114 ph) the intestinal barrier by transcellular passage with about 32% of the
substrate being transported within 2 h and a permeation coefficient of Papp 25.7 = 10{-)(6) £ 6.23 = 10(-)(6) cm/s. Trans-crocetin serves as
substrate for pGP efflux pump. Trans-crocetin permeates BBB with a slow but constant velocity over a 29 h period (BCEC system: Papp
1.48 = 10(-)(6) + 0.12 = 10(-)(6) cm/s; BCSFB system Papp 3.85 = 10(-)(6) £ 0.21 = 10(-)(6) cm/s). Conversion of glycosylated crocins from
saffron extract to trans-crocetin occurs mainly by intestinal cells, rather than by microbiological fermentation in the colon.

COMCLUSION: The here described in vitro studies have shown that crocing from saffron are probably not bioavailable in the systemic
compartment after oral application. On the other side the investigations clearly have pointed out that crocins get hydrolyzed in the intestine to
the deglycosylated trans-crocetin, which subsequently is absorbed by passive transcellular diffusion to a high extend and within a short time
interval over the intestinal barrier. Crocetin will penetrate in a quite slow process the blood brain barrier o reach the CN3. The intestinal
deglycosylation of different crocins in the intestine is mainly due to enzymatic processes in the epithelial cells and only to a very minor extent
due to deglycosylation by the fecal microbiome. Cn the other side the fecal bacteria degrade the apocarotencid backbone to smaller alkyl
units, which do not show any more the typical UW absorbance of crocins. As previous studies have shown strong NMDA receptor affinity and
channel opening activity of trans-crocetin the use of saffron for CNS disorders seems to be justified from the pharmacokinetic and
pharmacodynamic background.
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