CROCETIN, A CAROTENOID DERIVED FROM SAFFRON (Crocus sativus L.), IMPROVES ACETYLCHOLINE-INDUCED VASCULAR RELAXATION IN HYPERTENSION: Supplementary Material 
A Mancini, J Serrano-Díaz, E Nava, A M D'Alessandro, G L Alonso, M Carmona, S Llorens 
This supplementary material accompanies the paper “CROCETIN, A CAROTENOID DERIVED FROM SAFFRON (Crocus sativus L.), IMPROVES ACETYLCHOLINE-INDUCED VASCULAR RELAXATION IN HYPERTENSION” at JVR. It provides more detail on the analytical and myographical methods. It includes the myographical results to determine the CCT concentration to test ACH performance in the subsequent experiments. The supplementary information includes one figure, one table, and it contains an additional three references.
[bookmark: _GoBack]Analytical methods. It is common that within a single study two or more saffron constituents are compared. In some substances opposite results have been obtained by different research teams, sometimes due to the heterogeneity of bioactive compounds depending on how saffron has been produced. However, in most cases conflicting reports are due to the lack of standardization of extract preparation. Usually, comparisons between the activity of CCT and that of crocetin esters are carried out, comparing purified compounds in the same weight ratio instead of the same molar ratio. It is known that after oral administration of saffron or crocetin esters, once glycosides are hydrolyzed within the gastrointestinal tract, the remaining amount of the common chain (the crocetin skeleton carbon) is absolutely different [1, 2]. For this reason, in the current experiments equimolecular concentrations of CCT and crocetin esters contained in a saffron aqueous extract were used. 
Quality control of saffron spice was done by UV-vis spectrophotometry according to ISO 3632 (2011) [3], and its commercial category was established. Their spectral characteristics were monitored by scanning from 190 to 700 nm using a Perkin–Elmer Lambda 25 spectrophotometer (Norwalk, CT, USA) with UV WinLab 2.85.04 software (Perkin–Elmer).
Samples of saffron spice and CCT were analysed by RP-HPLC technique. 20 µL of aqueous extracts of saffron spice (500 mg L-1) and CCT aqueous solutions (252 mg L-1) were filtered through a 0.45 μm PTFE filter and injected into an Agilent 1200 chromatograph (Palo Alto, CA) operating with a 150 mm x 4.6 mm i.d., 5 μm Phenomenex (Le Pecq Cedex, France) Luna C18 chromatographic column, thermostated at 30 °C. Eluents were water (A) and acetonitrile (B) with the following elution gradient: 20% B, 0-5 min; 20-80% B, 5-15 min; 80% B, 15-18 min; 20% B, 18-30 min. The flow rate was 0.8 mL min-1 and the DAD detector (Hewlett Packard, Waldbronn, Germany) was set at 440 nm for the detection of cis/trans CCT in CCT samples and crocetin esters in saffron spice, which were identified according to Carmona et al., (2006) [4], and quantified according to Sánchez et al., (2008) [5].
The CCT extract and the saffron extract with equivalent CCT content were applied to the vessels for pharmacological tests. In order to calculate the amount of saffron spice that yields a certain CCT concentration, the following equation (1) was applied:

(1)


Where mequiv. saffron stands the equivalent concentration of saffron spice (mg L-1); mcrocetin is the CCT concentration used (mg L-1, CCT molecular weight 328g mol-1); 440 nm is the coloring strength of the saffron spice; Ai is the percentage peak area of the crocetin ester i at 440 nm and is the molecular coefficient absorbance value (89000 for trans-crocetin esters; and 63350 for cis-crocetin esters) [6]. The saffron quantity was 14,19 mg that were dissolved in 100mL Krebs-Henseleit solution (KHS).
[bookmark: OLE_LINK5][bookmark: OLE_LINK8]Myogaphical methods. After euthanizing the rats by CO2 inhalation, the aorta was carefully dissected with microscissors under a microscope. The isolated thoracic aorta was then placed in ice-cold KHS. Blood and adherent fat were cautiously cleaned and the specimen was cut in sequential 3.3 mm segments. These segments were immersed in a 5 ml organ bath containing 37 °C KHS bubbled with 95 % O2 and 5 % CO2 to provide a pH of 7.3-7.4. The composition of KHS was (in mM): NaCl, 115; KCl, 4.6; CaCl2, 2.5; KH2PO4, 1.2; MgSO4, 1.2; NaHCO3, 25; EDTA, 0.01; and glucose, 11.1. Two stainless steel L-shaped pins (200 μm in diameter) were introduced through the arterial lumen under a microsurgery microscope. Isometric tension was carried out with two 4-channel myographs (Danish MyoTechnology, Aarhus, Denmark) and recorded with a PowerLab unit (ADInstruments, Castle Hill, Australia). A resting tension of 2.5 g [7] was applied to the aortic segments and they were allowed for a equilibration period of 60 min before the experiments were started. Tension was readjusted and the bath fluid changed when necessary. Next, the vascular reactivity was checked by depolarization with high K+ solution (same composition as KHS but containing KCl 50 mmol/l). Tissues producing less than 1.5 g in force were discarded. The endothelial layer integrity was assessed with a single dose of acetylcholine (ACH, 10-6 M) in each ring after stable force contraction obtained by phenylephrine (PHE, 10-5 M). Intact vessels failing to achieve at least 60% relaxation with this dose of acetylcholine were assumed to be damaged and were discarded. To remove endothelium, proper rubbing of the intimal layer was confirmed by the lack of relaxation on application of the mentioned dose of ACH. To better compare results between segments, these were normalized to the percentage of the force achieved by PHE (10-5 M). In each particular vessel, CCT or saffron extract were added to the bath 30 min prior to protocols until reaching the concentration desired. Subsequently, PHE (10-5M) was added to the bath and when tension was stable, ACH was given in a cumulative fashion (10-9-10-5M).
The CCT starting point concentration was chosen on the basis of the report by Chryssanthi et al., 2011 [8]. They reported that CCT detected in blood plasma of healthy human volunteers after 2 hours of a saffron tea consumption was in the micromolar range. We tested 3 different concentrations within this range and over. We found that 1.2x10-5M CCT clearly improved ACH vasorelaxation, while higher concentration did not elicit further improvements. The volume used for the Saffron extract was appropriately determined so as to set the concentration of potential CCT to this concentration.
Results
Myographical results. Before starting the experiments, we aimed to determine the CCT concentration that elicits the largest increment in ACH relaxation. For this, three CCT concentrations were tested (6.1x10-6 M, 1.2x10-5 M and 1.8x10-5 M, 30 min incubation) on the relaxations induced by ACH in aortic segments from Wistar rats. No differences in Emax values were observed with the lower and the higher concentrations (6.1x10-6M and 1.8x10-5 M) of CCT (87±4 and 88±2 respectively) but the pD2 value was diminished with the lower concentration and enhanced with the higher concentration (6.9±0.1 and 7.20±0.07 respectively) when compared to the control curve of ACH (Emax: 80.5±2.6, pD2: 7.04±0.06) (Fig. 1, Table 1). When arterial segments were incubated with CCT (1.2x10-5M) the relaxant response to ACH was significantly enhanced both in Emax (94±1) and in pD2 value (7.20±0.08), without observing any differences with the effects elicited by 1.8x10-5 M concentration. Thus, we selected the 1.2x10-5 M concentration of CCT to test ACH performance in the subsequent experiments. 
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TABLES
Table 1.- Maximum relaxant effect (Emax) and pD2 values elicited by several concentrations of CCT on endothelium-dependent relaxations to acetylcholine in thoracic aorta from Wistar rats. 
	ACETYLCHOLINE

	
	Emax (%)
	pD2
	n

	CONTROL
	80±2
	7.03±0.06
	15

	[CROCETIN]
	
	
	

	6.1X10-6 M
	87±4
	6.9±0.1a
	9

	1.2X10-5 M
	94±1aa
	7.20±0.08 a
	10

	1.8X10-5 M
	88±2
	7.20±0.07 a
	6


a ,aa P <0.05,  P<0.01, compared with the control curve.
n, number of aorta segments







FIGURE LEGEND
Figure 1. Effect of several concentrations of CCT on endothelium-dependent relaxations to ACH of aorta from Wistar Rats. *,** P <0.05, P<0.01, compared with the control curve.
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