
PLANT FOODS FOR HUMAN NUTRITION

Aromatic plants rich in phenolic compounds as a valuable basis for dietary supplements in intestinal motility disorders.
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SUPPLEMENTARY MATERIALS
Materials and methods
Plant material
The dried plants presented and stored in 1 kg bags were provided by an herbalist's house located in “La Algaba” (Seville, SW of Spain) which was supplied from different commercial sources. All of them were harvested by hand, dried in the shade, and stored in a cool, dry place. From “Murciana de herboristeria S.A.”, Murcia, Spain: flowered aerial parts of "cat's tail" (Sideritis angustifolia Lag., Lamiaceae) batch number 04398, leaves of “rosemary” (Rosmarinus officinalis L., Lamiaceae) batch number 05426, flowered aerial parts of “chamomile” (Matricaria chamomilla L., Asteraceae) batch number 05152 and  aerial parts of  “lemon verbena” (Aloysia citriodora Palau, Verbenaceae) batch number 05438. From “Amorós Nature S.L.”, Girona, Spain: Flowered aerial parts of “yarrow” (Achillea millefolium L., Asteraceae) batch number 1501791. 
Chemical and reagents
Ethanol was purchased from VWR Chemical. Folin-Ciocalteu´s phenol reagent, Na2CO3,  AlCl3, 2,2-Diphenyl-1-picrylhydrazyl (DPPH), (±)-6-Hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic acid (Trolox), 2´2- Azino-bis(3-ethylbenzothiazoline-6 sulfonic acid) diammonium salt (ABTS), K2S2O8, gallic acid, quercetin, caffeic acid and hematoxylin and eosin, cloral hydrate and loperamide hydrochloride were purchased from Sigma-Aldrich (St. Louis, MO, USA). Plasma biochemical parameters were determined by enzyme colorimetric methods using commercial kits (Spinreact). Tween 80 from VWR LifeScience; activated charcoal was from Panreac and Castor oil from the pharmaceutical laboratory Orravan S.L. (Barcelona). 
Obtaining plant extracts
The plants were chopped into small pieces and macerated in a 96 ° ethanol / water (1: 1) hydroalcoholic solution for 3 days, in complete darkness and at room temperature. The extracts were then filtered and a new hydroalcoholic solution was added to the plant material, which remained macerating for another 3 days. The filtrates were then pooled and dried in a rotary evaporator at reduced pressure and at a temperature between 35-40°C. Finally, they were lyophilized for stabilization in a lyophilizer (Telstar Cryodos), giving the following yields (w/w): A. millefolium: 11,5%; S. angustifolia 9,2%; R. officinalis 15,4%; M. chamomilla 21,3%; A. citrodora 16,4%. The lyophilized extracts were kept in a freezer until use.
Quantification of the content of total phenols and flavonoids
Total phenolic content
The total phenolic content was determined using the Folin-Ciocalteu method [1] with slight changes to reduce the volume of reagents and samples following the method of Medina [2]. The absorbance was measured at 765 nm in a microplate reader. A standard curve was prepared using gallic acid at increasing concentrations. The results were expressed as mg of gallic acid equivalent (GAE) per gram of dry extract. 
Total flavonoid content
[bookmark: _Hlk72927037]The total flavonoids content in each ethanolic extract was evaluated following the detailed protocol proposed by Lamaison and Carnat [3], using a AlCl3 (2%) solution, The absorbance was read at 405 nm using a microplate reader and a standard curve was prepared using quercetin at increasing concentrations.  The results were expressed as mg of quercetin equivalents (QE) per gram of dry extract. 
In vitro antioxidant activity
 DPPH-  Radical scavenging assay
The free radical scavenging assay was carried out on the basis of the reduction capacity of 2,2-diphenyl-1-picrylhydrazyl (DPPH) with slight modifications adopted from the method described in the literature [4]. The absorbance was then measured at 550 nm in a microplate reader. The percentage of inhibition was calculated as follows: Inhibition % =[1-(A-A´)/A°)]*100; where A is the absorbance of the sample, A is the absorbance of the sample without the DPPH solution and A ° is the absorbance of the DPPH solution. The results were expressed as the mean IC50 of two independent experiments. Caffeic acid and quercetin were used as standards.
ABTS + radical scavenging assay
The free radical ABTS+ was generated following the method described in the literature by Re and cols. [5] with some modifications. The absorbance was measured at 740 nm. Results were expressed as the mean IC50 of two independent experiments. Trolox was used as a standard.
Toxicity tests
The toxic potential of the extracts was evaluated by acute oral toxicity test in Swiss mice [6], and sub-acute toxicity test at 28 days in Wistar rats [7], following the protocol of the Organization for Economic Cooperation and Development (OECD). Animal-related experimental procedures were carried out in accordance with the Ethical Committee of the University of Seville (CEEA-US2016-13/2) that followed the European Directives 2016/63/EU. The animals were in a room with a controlled temperature of 22 ± 2 ° C and a 12 hour light-dark cycle. Six groups of five animals were randomly located in cages, including control group administered water and five groups with each extract. 
For acute oral toxicity, Swiss albino mice of both sexes were used, with a mean body weight of 42± 2 g. The animals fasted for 4 h before oral administration.  A single dose of 1000 mg of extract / kg of body weight (bw) was administered orally using a metal intragastric tube. The lyophilizes of each extract were reconstituted in water and administered at a maximum of 10 ml / kg body weight. Animals were observed in detail to detect any indication of possible toxic effects within the first 6 hours and daily for a period of 14 days. 
For subacute oral toxicity, Wistar rats with a mean weight of 224.5 ± 25g were used. A dose of  500 mg of extract / kg bw / day was administered for 28 days. Extracts were mixed in feed and prepared at 0.4%. The animals were kept under observation during the period of the experiment for signs of toxicity. Subsequently, rats were anesthetized and blood was extracted by cardiac puncture and subsequently processed to obtain plasma by centrifugation (800g, 15 min, 4ºC) and subsequently stored at -80 ° C for later analysis. Finally, the animals were sacrificed for macroscopic observation of fundamental organs and tissues. The liver was excised and weighed and a small portion was cut for histological study. They were fixed in 10% neutral buffer formalin, dehydrated at increasing concentrations of ethyl alcohol (70-100%) and then prepared using standard procedures for the staining of hematoxylin and eosin [8].
Inhibition of intestinal transit in mice
Intestinal transit in mice is used as an in vivo model to determine the effect of different plant extracts on intestinal motility. We followed the method described by Suleiman and Yusuf [9] with some modifications.  Swiss adult mice fasted for 4 hours and allowed to drink water ad libitum and randomly divided into six groups (n=6).  Control group 1 received water (10 ml / Kg). Group 2 received a dose of 3 mg / kg of loperamide and group 3 received a dose of 5 ml / kg of castor oil. The other experimental groups (4-8) were administered the different extracts at a dose of 300 mg / kg bw, since we had previously verified the lack of toxicity of the extracts. Administration was carried out orally using a metal cannula. One hour later, all groups were administered, as a marker substance, a suspension of 5% activated charcoal in a solution of 2% Tween 80 (vo). One hour after charcoal administration, mice were sacrificed with an overdose of anesthesia (isofluorane inhalation) and the intestinal tract was removed from the cardia to the anus. Measurements of the total length of the intestine and the distance travelled by activated charcoal from the pylorus to the most distal place were recorded. The total length of the intestine from the pylorus to the ileocecal valve of each mouse was taken as 100% to calculate the advance of charcoal in each animal as a percentage. The percentages of inhibition were calculated based on the control group, using the following formula:   
   % inhibition: [(N-n) / N] x 100
N: mean advance of activated charcoal in the control group.
n: mean advance of active charcoal in the treated groups.

Statistical analysis
For in vitro assays, statistical evaluation included one-way analysis of variance (ANOVA) followed by Tukey’s test for multiple comparisons (GraphPad Prism V.5.0.)  and for toxicity and antimotility tests, differences between groups were determined by one-way ANOVA followed by Dunnett’s test (GraphPad Prism v.5.0.).  p < 0.05 (*) was considered significant. Results are shown as mean ± S.E.M. for n experiments. 
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