Mélissa Matou 
  
Sylvie Bercion 
email: sylvie.bercion@univ-antilles.fr
  
Thérèse Marianne-Pepin 
  
Pierre Haddad 
  
Patrick Merciris 
email: mercirisp@yahoo.fr
  
Melissa Matou 
email: melissa.matou@gmail.com
  
  
Phenolic profiles and biological properties of traditional Phyllanthus amarus aqueous extracts used for diabetes

Introduction

Phyllanthus (Phyllantaceae) is a large genus, comprising more than 750 species, and widely distributed throughout the tropical and subtropical countries of Africa, Asia, South America, Oceania and West Indies. Phyllanthus amarus Schum & Thonn. ( 1827) is one of the most common species found in Guadeloupe, which is known locally as "Grenn anba fèy", "quinine pays", "quinine indienne" or "quinine créole" [START_REF] Fournet | Illustrated flora of Spermatophyta from Guadeloupe and Martinique[END_REF]Patel, Tripathi, Sharma, Chauhan, & Dixit, 2011). This species was introduced into the French pharmacopoeia in 2015.

P. amarus is a valuable plant for nutraceutical and dietary supplement with a caloric value about 289.10 and 357.75 kcal / 100 g dry matter. The value shows that P. amarus could contribute to energy requirement of its consumers [START_REF] Itoro | Phytochemical screening and nutrient analysis of Phyllanthus amarus[END_REF][START_REF] Pius | A comparative study of nutritional and phytochemical composition of Phyllanthus amarus leaf and seed[END_REF].

Its contains protein, fat, fiber and carbohydrates but also mineral elements such as iron, manganese, magnesium, zinc, calcium, potassium, phosphorus, copper, and chromium have also been found in appreciable amounts, with calcium being present at the highest concentration [START_REF] Pius | A comparative study of nutritional and phytochemical composition of Phyllanthus amarus leaf and seed[END_REF] The crude fiber content of this plant is considered appropriate and advantageous in the control of glucose and fat absorption. Studies have shown that crude fiber aids in reducing peaks of blood glucose following a meal owing to delayed gastric emptying [START_REF] Itoro | Phytochemical screening and nutrient analysis of Phyllanthus amarus[END_REF].

The high carbohydrate content of P. amarus, especially its polysaccharides, may be one of the factors contributing to its efficacy as an antidiabetic agent. Indeed, it have been shown that some foods containing carbohydrates have a rapid increase followed by a slow decrease in the concentration of glucose in the blood [START_REF] Champe | Biochemistry[END_REF].

Several biological activities associated with their traditional use have been reported, such as hepatoprotective [START_REF] Chirdchupunseree | Protective activity of phyllanthin in ethanol-treated primary culture of rat hepatocytes[END_REF][START_REF] Surya Narayanan | Protective effects of Phyllanthus amarus on fibrotic markers during alcohol and polyunsaturated fatty acid-induced toxicity[END_REF], anticancer [START_REF] Harikumar | Inhibition of viral carcinogenesis by Phyllanthus amarus[END_REF][START_REF] Lee | Phyllanthus amarus down-regulates hepatitis B virus mRNA transcription and replication[END_REF], antiinflammatory [START_REF] Chopade | Membrane Stabilizing Activity & Protein Denaturation A Possible Mechanism of Action for the Anti-Inflammatory Activity of Phyllanthus Amarus[END_REF][START_REF] Iranloye | Analgesic activity of aqueous leaf extract of Phyllanthus amarus[END_REF][START_REF] Kiemer | Phyllanthus amarus has antiinflammatory potential by inhibition of iNOS, COX-2, and cytokines via the NF-κB pathway[END_REF], antiviral [START_REF] Balasubramanian | Screening the antiviral activity of Indian medicinal plants against white spot syndrome virus in shrimp[END_REF]F Notka, Meier, & Wagner, 2003;Frank Notka, Meier, & Wagner, 2004), nephroprotective (A. A. [START_REF] Adeneye | Protective effect of the aqueous leaf and seed extract of Phyllanthus amarus on gentamicin and acetaminophen-induced nephrotoxic rats[END_REF], anti-hypertensive [START_REF] Amaechina | Hypotensive effect of aqueous extract of the leaves of Phyllanthus amarus Schum and Thonn (Euphorbiaceae)[END_REF][START_REF] Tsabang | Treatment of Diabetes and/or Hypertension Using Medicinal Plants in Cameroon[END_REF], anti-hyperglycemic actions (A. A. [START_REF] Adeneye | The leaf and seed aqueous extract of Phyllanthus amarus improves insulin resistance diabetes in experimental animal studies[END_REF]Mbagwu et al., 2011;[START_REF] Therasa | In-vivo and ex-vivo inhibition of intestinal glucose uptake: A scope for antihyperglycemia[END_REF].

Several studies also confirm the presence of bioactive constituents in P. amarus aerial parts, notably lignans and phenolics, whose quantitative distribution may change due to geographical locations. These display strong antidiabetic effects by reducing glycemia in mice or rats (A. [START_REF] Adeneye | Hypoglycemic and hypocholesterolemic activities of the aqueous leaf and seed extract of Phyllanthus amarus in mice[END_REF][START_REF] Lawson-Evi | Antidiabetic activity of Phyllanthus amarus Schum and Thonn (Euphorbiaceae) on alloxan induced diabetes in male Wistar rats[END_REF]Mbagwu et al., 2011;[START_REF] Raphael | Hypoglycemic effect of methanol extract of Phyllanthus amarus Schum & Thonn on alloxan induced diabetes mellitus in rats and its relation with antioxidant potential[END_REF][START_REF] Shetti | Antidiabetic effect of ethanolic leaf extract of Phyllanthus amarus in alloxan induced diabetic mice[END_REF] and also possess antioxidant properties which suggests that it has great potential in the food industry as functional food ingredient [START_REF] Kumar | Identification and characterization of phenolics and terpenoids from ethanolic extracts of Phyllanthus species by HPLC-ESI-QTOF-MS/MS[END_REF][START_REF] Lim | Antioxidant properties of Phyllanthus amarus extracts as affected by different drying methods[END_REF][START_REF] Pereira | Supercritical fluid extraction of phyllanthin and niranthin from Phyllanthus amarus Schum. & Thonn[END_REF].

Thus, this plant may offer potential benefits in food applications, as well as within medical, cosmetic, and pharmaceutical industries. Variations in environmental (soil conditions, climate and changing atmosphere) and geographical determinants exert a significant influence on the efficacy of herbal drugs [START_REF] Kumar | Rapid qualitative and quantitative analysis of bioactive compounds from Phyllanthus amarus using LC/MS/MS techniques[END_REF]. It is therefore necessary to study the chemical composition and biological activity of raw as well as processed plant products of P. amarus based on geographical distribution in order to properly evaluate their quality and efficacy. Unfortunately, none of the extraction methods published so far are representative of consumption habits in traditional medicine (infusion, decoction) and such preparations thus need to be studied.

Indeed, no detailed study on the biological activity of specimens from Guadeloupe has yet been carried out. This species has a large application on the Island as a herbal tea for various health conditions (Patel, Tripathi, Sharma, Chauhan, & Dixit, 2011;[START_REF] Tsabang | Treatment of Diabetes and/or Hypertension Using Medicinal Plants in Cameroon[END_REF]. In this Island, where 11% of the population suffer from diabetes (Orsag, 2017), the fresh aerial parts or the whole plant are mostly used in the form of an aqueous infusion or a decoction to treat this pathology, hypertension, liver diseases, and high cholesterol (Osmar, 2010). This plant is also consum to garnish a salad.

The drying of plant material is used in order to conserve herbs or crops for commercialization but such processing conditions may change the composition of phytochemicals and impact their biological activities. [START_REF] Kumaran | In vitro antioxidant activities of methanol extracts of five Phyllanthus species from India[END_REF] reported that methanol extracts of airdried powdered P. amarus (collected in India) showed high antioxidant activity. [START_REF] Lim | Antioxidant properties of Phyllanthus amarus extracts as affected by different drying methods[END_REF] tested the effects of different drying methods and likewise reported strong antioxidant activities of the plant's aqueous extracts. However, data on the antioxidant and other biological properties of traditionally prepared aqueous extracts, notably by short time infusion and decoction in boiling water, is not yet available.

The aim of this work is to evaluate the antioxidant and antidiabetic activities of aqueous extracts of aerial parts of P.amarus harvested in Guadeloupe and prepared by traditional extraction methods of short-time infusion and decoction and to correlate the latter to the phenolic composition of the traditional preparations. The impact of post-harvest drying conditions on these properties was also studied. We used two cell-based bioassays to assess the potential antidiabetic activity of P. amarus preparations occurring at the level of glucose homeostasis: namely, the inhibition of glucose-6-phosphatase enzyme in H4IIE hepatic cells and the stimulation of glucose uptake in C2C12 skeletal muscle cells. Likewise, two complementary antioxidant assays were used: quenching of the stable radical DPPH˙ [START_REF] Silva | Structure-antioxidant activity relationships of flavonoids: a re-examination[END_REF] and the ferric reducing antioxidant power (FRAP) method [START_REF] Benzie | The ferric reducing ability of plasma (FRAP) as a measure of "antioxidant power": the FRAP assay[END_REF].

Materials and methods

Cell lines, Chemicals and Reagents

Methanol (HiPerSolv), acetonitrile (HiPerSolv), ethanol (AnalaR), analtycal HPLC or HPLC-MS grade, and Folin Ciocalteu's reagent were purchased from VWR Chemicals (Fontenay-sous-Bois, France). Formic acid was obtained from Merck (Darmstadt, Germany). H4IIE and C2C12 cell lines were acquired from the American Type Culture Collection (Manassas, Virginia, USA). LDH colorimetric kit was obtained from Roche (Mannheim, German). Glucose-6-phosphate (G6P), bovine pancreatic insulin-stimulated, horse serum (HS), Dglucose, 2-deoxy-D-glucose, cytochalasin B, metformin, Triton X, HEPES, sodium chloride, magnesium sulfate, calcium chloride, phosphate monobasic and dimethyl sulfoxide (DMSO ≥ 99.5%) were purchased from Sigma-Aldrich (Oakville, ON, Canada). 2-deoxy-D-(1-3 H)-glucose was obtained from PerkinElmer (Woodbridge, ON, Canada). Dulbecco's modified eagle medium (DMEM), fetal bovine serum (FBS) and penicillin/streptomycin (PS: penicillin 100U/ml, streptomycin 100 ug/ml) were purchased from Disent Inc (St-Bruno, QC, Canada). Water was obtained using a Milli-Q water purifier system from Millipore (Pasteur Institute, Guadeloupe). Deionized ultra-filtered water was from Ficher Scientist (Halifax, NS, Canada).

Ferric Chloride (FeCl3) was obtained from Fischer Scientific. Iron (II) sulfate heptahydrate (FeSO4•7 H2O) was purchased from ACROS Organics. 2,4,6-Tris(2-pyridyl)-s-triazine (TPTZ) was obtained from Alfa Aesar Chemicals (Göteborg -Sweden). Sodium acetate and 1,1-diphenyl-2-picrylhydrazyl (DPPH) were purchased from Sigma-Aldrich. L-Ascorbic acid was obtained from Sigma-Aldrich. Water was obtained using a Milli-Q water purifier system from Millipore (Pasteur Institute, Guadeloupe).

Plant material and processing

Whole P. amarus plants were collected in March 2016 in the Guadeloupe town of Gosier (16°15,004'N latitude, 61°26,228'W longitude and 120 m above the sea level) and were identified morphologically using proper taxonomic tools, notably the reference book of [START_REF] Fournet | Illustrated flora of Spermatophyta from Guadeloupe and Martinique[END_REF].

Samples were deposited at the Université des Antilles (Herbarium specimen, INRA Taxon 6478).

Prior to analysis, aerial parts and roots were separated. Then, they were separated into two groups: one kept fresh and one dried in a stove at 50°C for 5h as described by [START_REF] Lim | Antioxidant properties of Phyllanthus amarus extracts as affected by different drying methods[END_REF].

The group of dry plant materials was further crushed into powder using a grinding machine and then stored in an airtight container at room temperature up to analysis.

Extraction methods

Two distinct aqueous extraction methods were employed for both fresh and dry plant materials.

Firstly, an infusion was carried out by pouring boiling water over the plant material. The recipient was then closed and infusion allowed to proceed for 15 min before filtration with a Whatman paper. Second, a decoction was carried out whereby the plant material was boiled in water during only 8 min before filtration with a Whatman paper. All extracts were prepared at a w/v ratio of 30 g/l.

The filtrates were dried using a rotary evaporator at 40 °C in order to obtain crude extracts and the latter were stored in dark in a vacuum desiccator at room temperature until further use.

Quantification of total phenolic content

Total phenolic content (TPC) was determined by a spectrophotometrical method using Folin-Ciocalteu reagent, according to the method described by Lister and Wilson (2001) modified by [START_REF] Maity | Evaluation of Antioxidant Activity and Characterization of Phenolic Constituents of Phyllanthus amarus Root[END_REF] with additional minor modifications. Briefly, 40 µl of sample were mixed with 1160 µl of Milli-Q water and 200 µl of Folin-Ciocalteu reagent then incubated for 3 min.

Thereafter, 600 µl of a sodium carbonate solution at 20 % was added to the tube and the content was mixed. The final mixture was then stored in the dark for 2 h at room temperature. Absorbance was measured at 750 nm in a SAFAS Monaco UVmc² spectrophotometer . Gallic acid was used as standard and the results are expressed as mg of gallic acid equivalents (GAE) per gram of fresh material.

Qualitative analysis of major phenolic compounds in aqueous extracts of P. amarus by UHPLC-HRMS.

Determination of polar to medium polar molecules was performed by a classical dereplication strategy. The first step checked if a given compound could be directly matched in a MS/MS database following an analysis of the literature on the genus Phyllanthus. If there was no good spectral match, the compound needed to be annotated by first determining the molecular formula. This step is crucial for the correct selection of potential isomer candidates [START_REF] Kind | Strategies for dereplication of natural compounds using high-resolution tandem mass spectrometry[END_REF].

Compounds were profiled by ultrahigh performance liquid chromatography-high resolution mass spectrometry (UHPLC-HRMS). It was performed using a Dionex Ultimate 3000 ultra-highperformance liquid chromatography (UHPLC) system (Thermo Fisher Scientific, Illkirch-Graffenstaden, France) and coupled with an Exactive plus Orbitrap mass spectrometer (Thermo Fisher Scientific, Illkirch-Graffenstaden, France).

Chromatographic separation was performed with a POLAR Advantage II C18 column (150 x 3 mm, 3 µm; Thermo Fisher Scientific, Illkirch-Graffenstaden, France) and an ACCLAIM Cartridge Holder v2 C18 pre-column (Thermo Fisher Scientific, Illkirch-Graffenstaden, France) operated at 20°C. Ultraviolet detectors set respectively at 280, 320 and 360 nm were used. The elution gradient of analytes established with 98 % water/2% formic acid (solvent A) and 80 % acetonitrile/18 % water/2% formic acid (solvent B) at a constant flow rate of 0.5 ml/min, and the injection volume was 5 µl.

A non-linear gradient was applied: 0-1 min, 2 % B; 1-3 min, 5 % B; 3-15 min, 20 % B; 15-20 min, 30 % B; 20-30 min, 30 % B; 30-40 min, 50 % B; 40-45 min, 65 % B; 45-50 min, 90 % B; 50-51 min, 90 % B; 51-53 min, 2 % B; and the column was equilibrated for 5 min to initial conditions.

An Exactive plus Orbitrap mass spectrometer (Thermo Fisher Scientific, Illkirch-Graffenstaden, France) equipped with an ESI source working in negative mode was used for accurate mass measurements. Mass spectra were acquired in profile mode with a setting of 70000 resolution at 200 m/z. Default values were used for most other acquisition parameters (AIF Automatic gain control (AGC) target 3.106 for MS 2 mode). Extracts were analyzed in full scan mode at a resolving power of 70000 at 200 m/z and data-dependent MS 2 events acquired at a resolving power of 35000. The most intense ions detected during full scan MS triggered data-dependent scanning. The mass range in full scan and AIF modes was from m/z 133-2000. The data analysis was achieved using XCalibur software v2.2 (Thermo Fisher Scientific, Illkirch-Graffenstaden, France). An external calibration for mass accuracy was carried out before analysis.

The crude samples were dissolved in water/methanol (90/10: v/v) at an optimal concentration of 17.5 mg/ml and filtered on Whatman syringe filter with 0.45 µm PVDF membranes.

Cell culture

Two cell lines were used to determine the antidiabetic potential of the extracts. H4IIE cells were grown in a high glucose Dulbecco's Modified Eagle Medium (DMEM) containing 10% of Fetal Bovine Serum (FBS) and 0.5% of antibiotic PS until 90% confluence. C2C12 fibroblasts were proliferated in DMEM medium supplemented with 10% FBS, 10% HS and 0.5% PS. Then, the differentiation was initiated using DMEM containing 2% HS and 0.5% PS for 6 days and the medium was changed every 48 h until 80 % confluence was achieved. All cells were cultured at 37°C with 5% CO2 in 24 well plates for Glucose-6-Phosphatase experiments and 12 well plates for glucose uptake experiments.

Cytotoxicity assay

The lactate dehydrogenase (LDH) release assay was performed in order to define maximum nontoxic concentration of each sample in H4IIE and C2C12 cells as previously described by Nachar et al. (2013a). The cells were treated overnight for 18 to 24 h with different concentrations of extract, fractions or purified compounds ranging from 3.12 to 125 µg/mL (H4IIE cells) and from 3.12 to 100 µg/mL (C2C12 cells). The supernatants were collected and kept on ice (released LDH). Then, the cells were lysed with culture medium containing 1 % Triton X-100 for 10 min on ice. After scraping, samples were collected in Eppendorf tubes and centrifuged at 250 x g at 4 °C for 10 min (cellular LDH). The assay was performed in 96-well microplates with 50 µL of distilled water, 50 µL of supernatant or lysate and 100 µL of reagent to each well. The microplate was incubated at room temperature for 20 min. The absorbance was measured at 492 nm using a spectrophotometer (SpectraMax M2). Results were expressed as the ratio of released LDH to total (released + cellular) LDH and normalized to the values obtained from cells treated with the vehicle control (0.1 % DMSO). Maximum non-toxic concentrations of each sample were the highest ones that yielded LDH release comparable to that of DMSO controls.

Glucose-6-Phosphatase (G-6-Pase) assay

The glucose-6-phosphatase assay was carried out using H4IIE cells line as previously described by [START_REF] Lau | In vitro antidiabetic activities of five medicinal herbs used in Chinese medicinal formulae[END_REF] with minor modifications. The confluent cells (90 %) cultured in 24 well plates, were treated with negative control (0.1 % DMSO vehicle), positive control (insulin, 100 nM) and the maximal non-toxic concentration of plant extract, fractions or purified molecules in the DMEM medium. After 18 to 24 h treatment, cells were rinsed with HEPES-buffered saline at 37 °C. Total glucose production was measured using a commercial glucose Autokit assay. The assay consisted of adding 100 µL of AutoKit glucose buffer solution diluted in distilled water and 25 µL of 0.05 % Triton X-100 in a similar solution. Wells were separated into two groups. In the first one, labeled + G6P, were added 12.5 µL of 200 mM of Glucose-6-Phosphate (G-6-P); in the second one, labeled -G6P, were added 12.5 µL of distilled water. After incubation at 37 °C during 40 min, 250 µL of Autokit glucose color reagent was added and the incubation was followed for 5 supplementary minutes. Samples were then rapidly transferred to microcentrifuge tubes and centrifuged at 10 000 rpm for 5 min at 20 °C. The absorbance was measured at 505 nm.

Glucose uptake bioassay

The glucose uptake assay was conducted using the method described by Nachar et al. (2017a).

C2C12 cells were cultured in 12-well plates and treated on day 6 of the differentiation with either 0.1 % DMSO (vehicle control), 400 µM Metformin (positive control) and the extract, fractions or purified molecules at the maximal non-toxic concentration in the differentiation medium. After 18 to 24h of incubation with treatments, cells were rinsed three times with Krebs phosphate buffer (KPB: 20 mM HEPES, 4.05 mM Na2HPO4, 0.95 mM NaH2PO4, 136 mM NaCl, 4.7 mM KCl, 1 mMCaCl2, 1mM MgSO4 and 5 mM D-glucose, pH 7.4). Then, cells were incubated with KPB and insulin (100 nM) in KPB added to specific wells as another positive control, for 30 min at 37 °C and 5 % CO2. After that, cells were rinsed three times with glucose-free KPB (37 °C), then incubated with glucose-free KPB containing 0.5 µCi/mL 2-deoxy-D-3 H-glucose for 10 min at 37 °C and 5% CO2. Specific wells were also treated with cytochalasin B (10 µM) to assess nonspecific tracer uptake. Then, cells were rinsed three times with ice-cold glucose-free KPB before lysed in 0.5 µL of NaOH (0.1 M) for 30 min at room temperature. The lysates were transferred with 1 mL of water to vials containing 4 mL of liquid scintillation for a final volume of 5.5 mL.

Incorporated radioactivity was measured using a liquid scintillation counter (LKB Wallac 1219; Perkin Elmer, Woodbridge, ON, Canada).

Radical DPPH scavenging activity assay

DPPH radical scavenging activity was determined according to the method of Brand-Williams, Cuvelier, and Berset (1995) modified by [START_REF] Leba | Optimization of a DNA nicking assay to evaluate Oenocarpus bataua and Camellia sinensis antioxidant capacity[END_REF] with additional modifications.

Reduction of 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical by an aqueous extract or a positive control was followed by the decrease of its absorbance at 515 nm. Different dilutions of the extracts were prepared in triplicate. Then 50 µL of each dilution was added to 1950 µL of DPPH solution (0.1 mM) and vortexed. The mixture was incubated in darkness during 1 hr at room temperature before absorbance measurement at 515 nm.

Ascorbic acid (concentration range: 125 -4000 µg.mL -1 ) was used as a reference compound.

Antioxidant activity (AA) was expressed as the percentage of DPPH decrease using the equation:

% = - × 100
IC50 of the extract was determined from the graph of antioxidant activity (%) against the amount of extract (µg/ml).

Ferric reducing antioxidant power assay (FRAP)

FRAP assay was done according to the protocol of [START_REF] Benzie | The ferric reducing ability of plasma (FRAP) as a measure of "antioxidant power": the FRAP assay[END_REF] with minor modifications.

The FRAP solution was prepared by adding 25 mL of acetate buffer (pH 3.6 at 300 mM), 2.5 mL of acidic TPTZ solution 10 mM (in 40 mM HCl) and 2.5 mL of fresh FeCl3 (20 mM in water) and then warmed at 37°C before use.

An aliquot of 1500 μL FRAP solution was mixed with 150 μL of distilled water and 50 μL of test sample or aqueous solutions of known Fe 2+ concentrations (FeSO4, 7 H20) for the standard curve, at different concentrations in triplicate. The mixture was incubated in darkness for 30 min at 37°C.

Absorbance was measured at 593 nm and results were expressed in mmol Fe (II) equivalent/g of dried extract (mmol Fe (II) Eq/g DE).

The FRAP index was also calculated for 100 grams of plant material considering extraction and drying yields according to [START_REF] Carlsen | The total antioxidant content of more than 3100 foods, beverages, spices, herbs and supplements used worldwide[END_REF].

Results of the FRAP assay were assessed using the linear regression equation of the FeSO4 calibration curve (y = 0.0007x + 0.0546, R 2 =0.9992). The results were expressed in mmol Fe (II) per grams of dried extract and the FRAP index was calculated according to the article of [START_REF] Carlsen | The total antioxidant content of more than 3100 foods, beverages, spices, herbs and supplements used worldwide[END_REF]. This former enables to calculate total antioxidant content and to classify the samples in an Antioxidant Food Table.

Statistical analysis

All data are expressed as means ± Standard Error of the Mean (SEM) of the indicated experimental replicates. Statistical analysis was carried out using one-way or two-way analysis of variance wherever appropriate. Differences at p < 0.05 were considered as significant. Results

were processed by the computer programs: Excel and GraphPad Prism 8 Software.

Results and discussion

Global yields and phenolic contents of aqueous extractions

Total phenolic contents (TPC) of the aqueous P. amarus extracts were determined using the Folin-Ciocalteu colorimetric method. TPC was assessed using the linear regression equation of gallic acid calibration curve (y = 0.0993x + 0.0127, R 2 =0.9993 Fresh samples yielded a TPC value close to 210 mg GAE/g dried extract irrespective of the mode of preparation. In contrast, when dried aerial plant material was used, the TPC reached values of 242.2 ± 13.38 mg GAE/g dried extract for infusion versus 183.5 ± 24.42 mg GAE/g dried extract for decoction. Nonetheless, the two-way ANOVA shows no significant differences in the amount of TPC extracted from fresh or dried samples using decoction method.

Highest extraction yields were achieved for the infusion and decoction of dried aerial parts, with 18.6 ± 0.42% (w/w) and 14.8 ± 0.21% (w/w). When fresh plant material was used, yields were significantly lower, reaching only about one third of extractions carried out with dried source material. Nonetheless, the two-way ANOVA shows significant difference in the yield extracted from dried samples using an infusion or decoction method.

Qualitative analysis of major phenolic compounds identified in aqueous extract of P. amarus by UHPLC-MS.

The identification of compounds present in P. amarus extracts was performed using their mass analysis and MS 2 fragmentation and compared to data from others studies [START_REF] Cicek | Caffeoyl-D-glucaric acid derivatives in the genus Gnaphalium (Asteraceae: Gnaphalieae)[END_REF][START_REF] Kumar | Rapid qualitative and quantitative analysis of bioactive compounds from Phyllanthus amarus using LC/MS/MS techniques[END_REF]Sousa et al., 2016). In the present study, major polyphenols with higher intensity peaks were detected in a negative mode, which is more appropriate for phenolic acids and tannins. All data of major compounds identified in the aerial parts are presented in table 2. Seven compounds were identified as major phenolics in the aqueous extracts of aerial parts (Fig. 1 [START_REF] Kumar | Rapid qualitative and quantitative analysis of bioactive compounds from Phyllanthus amarus using LC/MS/MS techniques[END_REF]Sousa et al., 2016).

Compound 4, which produced a molecular ion at m/z 969.0854 [M-H] -, was tentatively identified as amariinic acid. The analysis of the MS 2-mass spectrum shows a base peak of 633.07513 m/z corresponding to loss of a C14H8O10 fragment. The presence of the ion of m/z 300.99966 indicates that this compound belongs to the ellagic tannin family [START_REF] Kumar | Rapid qualitative and quantitative analysis of bioactive compounds from Phyllanthus amarus using LC/MS/MS techniques[END_REF]Sousa et al., 2016).

The HRMS negative MS spectrum of compound 5 exhibits deprotonated molecular ions at m/z 633.0736 [M-H] -. Its MS 2-spectrum showed products at m/z 481.06235 [M-H-C7H4O4] -and 463.05255 [M-H-C7H4O4-H2O] -formed after the consecutive losses of C7H4O4 and H2O fragment. Compound 5 was tentatively identified as corilagin.

Compound 6 was tentatively identified as geraniin which yielded fragments at m/z 300.999 and 169.014 corresponding to ellagic acid and gallic acid moieties respectively [START_REF] Kumar | Rapid qualitative and quantitative analysis of bioactive compounds from Phyllanthus amarus using LC/MS/MS techniques[END_REF]Sousa et al., 2016).

Compound 7 was tentatively identified as phyllanthusiin C which exhibits deprotonated molecular ions at m/z 925.1019 [M-H] - [START_REF] Kumar | Rapid qualitative and quantitative analysis of bioactive compounds from Phyllanthus amarus using LC/MS/MS techniques[END_REF]Sousa et al., 2016).

The chromatogramic profile of the extracts (Fig. 1) were observed to be quite similar, irrespective of the fact that the aerial parts (AP) source material was fresh (F) or dried (D) and subjected to infusion (I) or decoction (D). Nevertheless, some differences were apparent. One of the main differences was related to the apparent intensity of peaks corresponding to certain molecules.

Results indicated that the intensity of geraniin (6) appears highest in the extract of infused aerial parts. The comparison between fresh infusion (FAPI) and fresh decoction (FAPD) showed an apparent decrease in the intensity of geraniin (6) and amariinic acid (4) in the latter while that of gallic acid (1), brevifolincarboxylic acid (3) and corilagin (5) rather seem increased. The same trend was observed when comparing infusions and decoctions prepared with dried material.

Concerning the impact of the drying process in itself, it also appeared to be associated with an apparent decrease of geraniin ( 6), irrespective of the traditional method of preparation (Fig. 1). 

Determination of optimal test concentrations using LDH assay

Differentiated H4IIE and C2C12 cells lines were treated overnight with plant crude extracts, at concentrations ranging from 3.12 to 125 µg/ml. For C2C12 cells, a maximal non-toxic concentration of 6.25 µg/ml was determined for all extracts. For H4IIE cells, the maximal non-toxic concentrations for FAPI and DAPD crude extracts were observed to be 100 µg/ml whereas a value of 125 µg/ml was obtained for FAPD and DAPI extracts.

Glucose-6-Phosphatase (G-6-Pase) assay

Glucose-6-phosphatase (G-6-Pase) plays a crucial role in the glycogenolytic process. This enzyme is the rate-limiting step for glucose release from liver cells. Therefore, the ability of P. amarus extracts to inhibit G-6-Pase in H4IIE cells was measured in order to assess their capacity to reduce hepatic glucose release and hence their antihyperglycemic potential.

Fig. 2 presents results obtained for inhibition of of G6Pase enzyme activity. The inhibitory activity of the insulin positive control was evaluated at 64.3 ± 4.59 %, concordant with previous results from our group (Nachar et al., 2017b;Nachar et al., 2013b).

According to Fig. 2, both crude extracts derived from fresh plant amterial (FAPI and FAPD) significantly inhibited G6Pase activity. Treatment of H4IIE cells with FAPI yielded a 55.8 ± 2.61% reduction in G6Pase activity, which was similar to that of the insulin positive control. In contrast to infusion, the presence of fresh plant decoction induced only about half the effect of insulin, with a 35.0 ± 1.49 % reduction. In the case of preparations derived from dried plant material, DAPI triggered a significant 36.6 ± 1.71% decrease of G-6-Pase activity whereas DAPD crude extract induced a 14.8 ± 3.32% reduction that was not significantly different from the DMSO negative control. Therefore, infusions of aerial parts appear to have inhibitory activities twice as great as that of their decoctions.

Glucose uptake bioassay

Potential hypoglycemic effects of the extracts were also evaluated by measuring their ability to increase glucose transport into C2C12 muscle cells. Results of glucose uptake assay are presented in Figure 3. Insulin and metformin, used as positive controls, stimulated glucose uptake into cells by 33.17 ± 4.52 % and 48.19 ± 9.75 % above baseline (DMSO negative control), respectively (p<0.0001).

Infusions and decoctions prepared from fresh P. amarus plant material failed to induce any glucose uptake in C2C12 muscle cells above that of the DMSO vehicle control. In contrast, when dried, traditional infusions or decoctions of aerial parts both induced a nearly identical stimulation of glucose uptake that amounted to 23.1 ± 3.84 % (DAPI) and 23.0 ± 5.59 % (DAPD), comparable to the effect of insulin.

Radical DPPH scavenging activity assay

The radical DPPH • is commonly used as an oxidative agent in order to evaluate the antioxidant activity of an extract. It is a stable free radical that can accept hydrogen radicals to become a stable molecule [START_REF] Alam | Review on in vivo and in vitro methods evaluation of antioxidant activity[END_REF]. In this assay, higher antioxidant activity of a given sample is associated with a lower IC50. Ascorbic acid, used as a positive antioxidant control, yielded an IC50 value of 9.47 ± 0.04 µg/ml. 12.8 c ± 0.06 5.24 a ± 0.23 26.9 a ± 1.17 Dried material 15.9 b ± 0.65 4.14 c ± 0.12 61.3 c ± 1.73 As shown in Table 3, aqueous extracts of fresh aerial parts exhibited significant antioxidant activity with IC50 value close to 13.1 µg/ml. Both IC50 values, however, were significantly higher than that of ascorbic acid (p < 0.0001). When traditional preparations were made with dried source material, significantly higher IC50 values of 15.9 ± 0.21 and 15.9 ± 0.65 µg/ml for the infusion and the decoction, respectively, were obtained.

Ferric reducing antioxidant power assay

The reducing power assay was determined using the FRAP colorimetric method, which can be considered as a significant indicator of the potential antioxidant activity of an extract by its ability to transfer an electron.

Data obtained from the FRAP assay (table 3), showed no significant difference between activities of fresh aerial parts infusion (5.26 ± 0.06 mmol Fe(II) /g DE) and decoction

(5.24 ± 0.23 mmol Fe(II) /g DE). The same tendency was observed for extracts prepared with dried source material, with values of 4.27 ± 0.14 mmol Fe(II) /g DE for the infusion and 4.14 ± 0.12 mmol Fe(II) /g DE for the decoction.

When considering the FRAP index derived from aforementioned FRAP values, no significant difference was again observed between the infusion (27.1 ± 0.32 mmol Fe (II)/100 g) and the decoction (26.9 ± 1.17 mmol Fe (II) /100 g) traditional preparations obtained from fresh aerial parts. When dried plant source material was used , FRAP index values were substantially and significantly higher, with the infusion of dried aerial parts appearing as the best extraction method with a value of 79.2 ± 2.56 mmol Fe (II) /100 g of plant material.

boiling water to give corilagin, gallic acid, ellagic acid, brevifolin and brevifolincarboxylic acid during extraction process.

Thus, most of the polyphenol constituents of P. amarus are hydrolysable tannins which are known to breakdown to simple phenols under high temperature (Oboh, 2005), with geraniin being the most abundant.

Given that high temperature from boiling water also increases the solubility of phenols (Amin, Norazaidah, & Hainida, 2006), this may explain the higher TPC and yields in water extracts compared to other studies using methanol.

The study of the biological activity of the two most popular traditional preparations of P. amarus in Guadeloupe revealed that they may contribute to the control of glycemia through two mechanisms. Indeed, both traditional preparations were active by inhibiting the enzyme G-6-Pase with a higher activity observed for the infused plant. Actually, the action of infused fresh aerial parts was similar to insulin while, at the other end of the spectrum, the effect of the decoction of dried aerial parts on G-6-Pase was not significant. Interestingly, the pattern of biological activity of the four extracts was similar to that of the apparent chromatographic intensity of geraniin. While the direct antidiabetic potential of this compound has not been explored, it was shown to reduce oxidative stress and ameliorate many negative pathological sequels of metabolic syndrome (MS) in rats subjected to a high fat diet [START_REF] Chung | Geraniin protects high-fat diet-induced oxidative stress in Sprague Dawley Rats[END_REF]. Geraniin could thus contribute to the antidiabetic potential of traditional P. amarus extracts by reducing G-6-Pase, and hence, hepatocellular glucose production, but future studies will be required to confirm this hypothesis.

Conversely, P. amarus was able to increase C2C12 muscle cell glucose uptake only when dried aerial parts were prepared by traditional infusion or decoction, this effect being similar to that of insulin. The main differences between fresh and dried plant extracts were the increased yield, on the one hand, and the reduction the intensity of the peak of geraniin accompanied by an increase in those peaks corresponding to brevifolincarboxylic acid, corilagin and gallic acid, on the other. However, no clear relationship between the phenolic profile of the traditional preparations and the enhancement of muscle cell glucose tranpsort was apparent. Nevertheless, the present study supports the traditional use of P. amarus in diabetes since the plant's biological activity could counter the increased liver glucose production and reduced skeletal muscle glucose uptake normally associated with the disease.

Moreover, the compounds present in our traditional preparations of P. amarus have also

shown antidiabetic effects through others mechanisms. Indeed, previous studies have already demonstrated the anti-hyperglycemic activity of corilagin by the inhibition of α-glucosidase and by anti-inflammatory effects through the inhibition of TNF-α, IL-6 and IL-1β proinflammatory cytokines (Okabe et al., 2001), which contribute to insulin resistance and chronic hyperglycemia. For geraniin, several articles reported anti-hyperglycemic properties through the inhibition of digestive enzymes, α-glucosidase and α-amylase, and the reduction in the formation of of advanced glycation end products (AGEs) (Palanisamy, Ling, Manaharan, & Appleton, 2011). Its anti-inflammatory properties have also been revealed by its decreasing effect on the production of TNF-α and NO (Okabe et al., 2001;[START_REF] Wang | Reviews on mechanisms of in vitro antioxidant activity of polysaccharides. Oxidative medicine and cellular longevity[END_REF]. On the other hand, brevifoline carboxylic acid has shown antidiabetic properties by inhibition of β-glucuronidase and aldose reductase [START_REF] Joshi | Enhancement of transdermal delivery system and antidiabetic approach: An overview[END_REF][START_REF] Shimizu | Studies on Aldose Reductase Inhibitors from Natural Products. II.: Active Components of a Paraguayan Crude Drug" Para-parai mi[END_REF]. Altogether, such activities, combined with the inhibition of G-6-Pase and enhancement of muscle glucose transport reported herein, could contribute to the traditional efficacy of P. amarus aqueous extracts against diabetes.

On a final note, oxidative stress, namely through excess of ROS, is known to contribute to the etiology and progression of several chronic illnesses like diabetes mellitus, hypertension, hyperlipidemia and cancer (W.-L. [START_REF] Lee | Phytoagents for cancer management: regulation of nucleic acid oxidation, ROS, and related mechanisms[END_REF][START_REF] Taniyama | Reactive oxygen species in the vasculature: molecular and cellular mechanisms[END_REF]. In this realm, antioxidants are known to protect against cell damage and may thus provide an additional supportive action in the treatment of various diseases, such as diabetes, by plant-based products such as P. amarus traditional preparations. Moreover, they represent natural antioxidants to consider in the composition of cosmetic products [START_REF] Kusumawati | Natural antioxidants in cosmetics[END_REF].

We thus investigated the antioxidant activities of such aqueous extracts and found them to be higher than those reported by other studies. Indeed, all extracts showed a radical scavenging effect greater than 50 % at the dose of 25 µg/ml (data not shown), while [START_REF] Kumaran | In vitro antioxidant activities of methanol extracts of five Phyllanthus species from India[END_REF] reported that the methanolic extract of dried P.amarus exhibited less than 40 % of scavenging effect at the same concentration. Another investigation by Guha et al.

(2010) revealed that aqueous extracts of dried P. amarus, prepared with a Soxhlet apparatus, displayed approximately 20 % of scavenging effect at the dose of 20 µg/ml. Again, our study speaks strongly in favor of using extracts prepared in traditional ways, such as infusion and decoction. Moreover, IC50 data from our DPPH assay demonstrate that traditional preparations using freshly harvested aerial parts may optimize the antioxidant potential of P.

amarus. Similarly, FRAP values indicated that traditional preparations derived from fresh aerial parts exhibited a stronger antioxidant activity than those prepared from dried material, irrespective of the extraction method used. It is likely that the major phenolic compounds identified in our study can contribute to the antioxidant activitiy of the plant. Indeed, geraniin was already shown to exert high antioxidant activities in this bioassay with an IC50 of 0.92 µM (at pH 4.5) or 1.27 µM (at pH 7.9) [START_REF] Lin | Antioxidant, anti-semicarbazidesensitive amine oxidase, and anti-hypertensive activities of geraniin isolated from Phyllanthus urinaria[END_REF]. However, it must be noted that the extraction of hydrolysable tannins with hot water is accompanied by different degrees of hydrolysis of tannins, resulting in variation of the antioxidant activities [START_REF] Lim | Antioxidant properties of Phyllanthus amarus extracts as affected by different drying methods[END_REF].

Conclusion

Our study reports, for the first time, the evaluation of two cellular mechanisms through which P. amarus can exert its antidiabetic potential. Indeed, aerial parts of this plant exhibited an anti-hyperglycemic effect through the inhibition of hepatocellular glucose-6-phosphatase and a hypoglycemic action through the stimulation of glucose uptake in muscle cells, both of which compared favorably with insulin. The traditional mode of preparation as well as the post-harvest conditions could influence both phytochemical composition and biological activity. Indeed, the use of fresh aerial parts of Phyllanthus amarus yielded the best antioxidant and antihyperglycemic potential. Moreover, traditional decoction of this fresh plant material appeared better than infusion in DPPH inhibition while the use of fresh infusion was better in FRAP values and to optimize the inhibition of glucose-6-phosphatase in hepatic cells. On the other hand, the lack of significant effet of traditional preparations and drying on total phenolic content suggests that constituents other than polyphenols may participate in the antioxidant activity of aerial parts. Finally, it is important to note our unprecedented identification of caffeoylhexaric acid in this species from Guadeloupe island.

Taken altogether, the results of our study can contribute to the development of novel natural products, based on traditional preparations, that can reduce the public health problem of diabetes mellitus. Furthermore, the presence of well-known antioxidant compounds in all four different extracts, especially the bioavailable gallic acid allows to propose these extracts as antioxidant additives for functional foods. 
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Figure 1 :

 1 Figure 1 : Chromatograms profiles of aerial parts extracts. FAPI: fresh aerial parts infusion; FAPD: fresh aerial parts decoction; DAPI: dried aerial parts infusion; DAPD: dried aerial parts decoction. Representative of n=3 chromatograms.

Figure 2 :

 2 Figure 2 : Chemical structures of compounds obtained from aerial parts extracts.

Figure 3 :Figure 4 :

 34 Figure 3 : Effect of crude extracts of P. amarus on G6Pase activity. FAPI : fresh aerial parts infusion; FAPI : frash aerial parts decoction ; DAPI : dried aerial parts infusion ; DAPD : dried aerial parts decoction. Values (means ± SEM) were expressed relative to the vehicle control DMSO considered as 0% inhibition. ****Values significantly different from DMSO negative control (p < 0.0001). n=8

  

  

  

Table 1 : Extraction yields and the TPC of P. amarus in various conditions 1 .

 1 

		Yield 2 (%)	TPC 2 (mg GAE/g dried extract)
	Infusion		
	Fresh material	5.14 a ± 0.54	209.1 a ± 11.2
	Dried material	18.60 b ± 0.42	242.2 b ± 13.4
	Decoction		
	Fresh material	5.14 a ± 0.40	210.7 a ± 17.1

1 Values

are expressed as mean of three experiments ± S.D. GAE: gallic acid equivalents. Yield corresponds to weight dried extract / weight fresh or dry source material x 100. Total Phenolic Content is expressed relative to extract dry weight. 2 Different superscript letters (a, b,c) in the same column indicate differences are significant at p < 0.01 using one-way ANOVA with a Tukey post hoc as statistical test.

  

  and 2).

	Compound 1, which produced a molecular ion at m/z 169.0135 [M-H] -, was identified as gallic
	acid by comparison with the authentic standard.
	The HRMS negative MS spectrum of compound 2 exhibits deprotonated molecular ions at m/z
	371.0628 [M-H] -and a fragment at m/z 743.1340 relative to [2 M-H] -. Its MS 2-spectrum showed
	a product at m/z 209.0304 [M-H-Hex] formed after loss of the caffeoyl unit, and another at
	191.0196 [M-H-Hex-H2O], which are characteristic for an hexaric acid moiety. Compound 2 was
	tentatively identified as a caffeoylhexaric acid (Abd Ghafar, Mediani, Ramli, & Abas, 2018;

[START_REF] Cicek | Caffeoyl-D-glucaric acid derivatives in the genus Gnaphalium (Asteraceae: Gnaphalieae)[END_REF]

. It was previously identified in an Euphorbiaceae species, but our study hereby reports it for the first time in P. amarus extracts. The HRMS negative MS spectrum of compound 3 produce deprotonated molecular ion at m/z 291.0145 [M-H] -. Its MS 2-spectrum showed products at m/z 247.02473 [M-H-CO2] - corresponding to deprotonated mass of brevifolin formed after loss of CO2, at 219.01483 [M-H-CO2-CO] -and another at 191.03407 [M-H-CO2-2CO] -after the consecutive losses of CO from brevifolin. Compound 3 was tentatively identified as a brevifolin carboxylic acid

Table 2 : Main compounds determined by UHPLC-HRMS in aerial parts of P. amarus aqueous extracts 348

 2 

	Chromatographic analysis	UHPLC -MS analysis			Compound identification	
	N°	Rt (min)	Obs. ion m/z ESI (-)	Cal. Ion	Error (ppm)	Proposed compound	Molecular formula	Molecular mass (Da)	Ref.
	1	4.65	169.0135	169.01370	-1.18	Gallic acid	C7H6O5	170.02153	(Kumar et al., 2015)
	2	6.85	371.0627	371.06144	3.50	Caffeoylhexaric acid	C15H16O11	372.06926	(Kumar et al., 2015)
	3	13.53	291.0145	291.01450	0.00	Brevifolin carboxylic acid	C13H8O8	292.02233	(Kumar et al., 2015; Sousa et al., 2016)
	4	14.08	969.0854	969.08455	0.88	Amariinic acid	C41H30O28	970.09237	(Kumar et al., 2015)
	5	14.50	633.0736	633.07280	1.26	Corilagin	C27H22O18	634.08062	(Kumar et al., 2015)
	6	15.10	951.0741	951.07398	0.16	Geraniin	C41H28O27	952.08181	(Kumar et al., 2015)
	7	15.97	925.1019	925.09783	4.40	Phyllanthusiin C	C40H30O26	926.10565	(Sousa et al., 2016)

Table 3 : Antioxidant activity by DPPH and FRAP test of P. amarus extracted in various conditions 1 .

 3 

		DPPH 2 (IC50) (μg/mL)	FRAP 2 (mmol Fe (II) /g dried extract)	FRAP Index 2 (mmol Fe (II) /100 g of plant material)
	Infusion			
	Fresh material	13.7 a ± 0.05	5.26 a ± 0.06	27.1 a ± 0.32
	Dried material	15.9 b ± 0.21	4.27 b ± 0.14	79.2 b ± 2.56
	Decoction			
	Fresh material			
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Discussion

The present study furthers the investigation of antidiabetic and antioxidant properties of P. amarus aerial parts and concentrates on the traditional modes of preparation, namely infusion and decoction, as done in households of Guadeloupe. We also paid attention to the profile in major phenolic compounds of these traditional preparations as well as the impact of the post-harvest drying process on the latter. In agreement with [START_REF] Lim | Antioxidant properties of Phyllanthus amarus extracts as affected by different drying methods[END_REF], data obtained in the present study did not reveal any decline in TPC values when the plant was dried. On the other hand, the extraction yield was significantly greater when dried source material was used rather than fresh aerial parts. This can possibly be attributed, at least in part, to the weight of the water content in fresh source material. Nevertheless, the yield obtained with our traditional aqueous extractions was greater than that reported in other studies using methanol as solvent [START_REF] Eldeen | In vitro antibacterial, antioxidant, total phenolic contents and anti-HIV-1 reverse transcriptase activities of extracts of seven Phyllanthus sp[END_REF][START_REF] Kumaran | In vitro antioxidant activities of methanol extracts of five Phyllanthus species from India[END_REF]. This speaks to the high value of traditional preparations.

The study of compounds present in our extracts was performed using UHPLS-MS in negative mode. Results revealed the presence of major polyphenols such as geraniin, corilagin, brevifolin carboxylic acid, amariinic acid, gallic acid and phylanthusiin C, all of which were previously described in this Phyllanthus species. However, we hereby report a compound tentatively identified as caffeoylhexaric acid, which, to the best of our knowledge, is detected for the first time in P. amarus. Four isomers of this molecule have already been described by Ruiz et al. (2014) in calafate (Berberis microphylla) berries.

When chromatograms of the aqueous extracts were compared, an apparent decrease in geraniin peak intensity was observed in the decoction of fresh aerial parts with a seemingly additional reduction when dried source material was used. That suggests geraniin may be affected by the drying process and by the longer boiling period of decoction. According to Okuda, Mori, Seno, & Hatano, 1979, geraniin may rapidly undergoes partial hydrolysis in