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Sideritis, also named “ironwort,” “mountain tea,” or “shepherd's tea,” is a genus of flowering plants used as herbal medicine in traditional Mediterranean-area medicine systems, and these plants are generally consumed as a herbal tea. Its use as herbal tea and in traditional herbal medicine is quite popular. There are currently few studies on Sideritis perfoliata L., and only one reports the use of a liquid chromatography coupled to diode array detection and electrospray ionization tandem mass spectrometry (LC-DAD-ESI-MSn) profile and the content of phenolic compounds without considering a possible correlation with its biological activities. This paper aims to investigate the antioxidant activities by means of several different biological/biochemical assays (radical scavenging, reducing power, ferrous ion chelating, and total antioxidant by phosphomolybdenum and β-carotene bleaching methods) as well as analyze the enzyme inhibitory activities (against AChE (acetylcholinesterase), BChE (butyrylcholinesterase), tyrosinase, α-glucosidase, and α-amylase) as well as the total phenolics, flavonoids, and condensed tannins. The reported results on Sideritis perfoliata highlighted that methanol and water extracts generally showed higher radical scavenging and reducing power activities. A similar trend could be observed for phosphomolybdenum and ferrous ion chelating activities. Methanol extracts showed lower activity only for the β-carotene bleaching assay.
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Introduction

In recent years, natural products have gained momentum in the designing of novel pharmaceutical products and herbal drugs. Many natural products or herbal preparations are currently being used for the treatment of several ailments both in modern or traditional medicine (Shen, 2015; Boy et al., 2018).

Sideritis (Lamiaceae), also named “ironwort,” “mountain tea,” or “shepherd's tea,” is a genus of flowering plants used as herbal medicine; it has several traditional uses, and it is generally consumed as herbal tea. The genus contains about 150 species, and these are distributed in the temperate climate of the Northern hemisphere (González-Burgos et al., 2011). The plants appear as short (8–50 cm) xerophytic subshrubs or herbs, annual or perennial, that grow at high altitudes (generally over 1000 m) with little or no soil and often on the surface of rocks. This genus is widely distributed in several Mediterranean regions, in the Balkans, in the Iberian Peninsula, in the Macaronesia, in Central Europe, and in temperate regions of Asia (Barber, 2000; Lindqvist and Albert, 2002).

Its use as herbal tea and in traditional herbal medicine is popular in Greece, Turkey, Albania, Kosovo, Bulgaria, and the Republic of Macedonia. Particularly, Sideritis scardica Griseb., used as herbal tea, is frequently prepared by decoction or infusion of the stems, leaves, and flowers (aerial parts). This herbal medicine is used traditionally to aid digestion, enforce the immune system, and reduce the symptoms of various illnesses. Several studies have reported a possible correlation with a positive effect of this plant on many common ailments (González-Burgos et al., 2011; Tadić et al., 2012), particularly with related to its anti-microbial, anti-inflammatory, and anti-oxidant activities. The main active compounds present in this genus are diterpenoids and flavonoids (Villar et al., 1986).

S. perfoliata is perennial with simple or branched stems and grows to height of 60 cm. Leaves are ovate, oblong, or oblong-lanceolate. Flowers are yellow in color. The species is mainly distributed to the east and Mediterranean region of Turkey (Davis, 1982). S. perfoliata is of great interest in term of traditional uses as it has antimicrobial, analgesic, stomachic, and carminative properties (Gonzalez-Burgos et al., 2011; Lall et al., 2019). There are only a few papers written on Sideritis perfoliata L. (Loizzo et al., 2007; Charami et al., 2008; Loizzo et al., 2008; Petreska et al., 2011; Çelik et al., 2016), and only one reports its LC-DAD-ESI-MSn profile and content of phenolic compounds (3 hydroxycinnamic acid derivatives, 8 phenylethanoid glycosides, and 24 flavonoid glycosides) (Petreska et al., 2011). The other works report the biological activities merely against angiotensin converting enzyme (ACE), digestive enzymes related to diabetes (Loizzo et al., 2008), and the antioxidant and anti-inflammatory (Charami et al., 2008) as well as cytotoxic activity of essential oils (Loizzo et al., 2007). In addition, S. perfoliata is widely used in traditional medicine as an anti-inflammatory, anti-ulcer, vasoprotector, and for treatment against colds, coughs, and the flu.

Following our previous research on plant materials used as tea (Melucci et al., 2013), foods (Sobolev et al., 2018; Di Sotto et al., 2018), food supplements (Locatelli et al., 2017), traditional herbal medicine (Uysal et al., 2017), and their content of toxic/heavy metals (Locatelli et al., 2014; Melucci et al., 2018), we highlight and complete here the phytochemical information on this traditionally used medicinal plant.

In current research, we aimed to determine the antioxidant capacity of three extracts (ethyl acetate, methanol, and water) from Sideritis perfoliata by means of several chemical assays (radical scavenging, reducing power, ferrous ion chelating, and total antioxidant by phosphomolybdenum and β-carotene bleaching methods) and to explain their inhibitory effects against AChE, BchE, tyrosinase, α-glucosidase, and α-amylase. In addition, the chemical characterization for these extracts were performed by spectrophotometric and chromatographic methods.



Materials and Methods


Chemicals

Gallic acid, (+)-catechin, pyrocatechol, chlorogenic acid, 2,5-dihydroxybenzoic acid, 4-hydroxybenzoic acid, (−)-epicatechin, caffeic acid, syringic acid, vanillin, taxifolin, sinapic acid, p-coumaric acid, ferulic acid, rosmarinic acid, 2-hydroxycinnamic acid, pinoresinol, quercetin, luteolin, and apigenin were purchased from Sigma-Aldrich (St. Louis, MO, USA). Vanillic acid, 3-hydroxybenzoic acid, 3,4-dihydroxyphenylacetic acid, apigenin 7-glucoside, luteolin 7-glucoside, hesperidin, eriodictyol, and kaempferol were obtained from Fluka (St. Louis, MO, USA). Finally, verbascoside, protocatechuic acid, and hyperoside were purchased from HWI Analytik (Ruelzheim, Germany). Methanol and formic acid of HPLC grade were purchased from Sigma-Aldrich (St. Louis, MO, USA) and Merck (Darmstadt, Germany), respectively. Ultra-pure water (18 mΩ) was obtained from a Milli-Q water purification system (Millipore Co., Ltd.)

Ethyl acetate and methanol were obtained from Carlo Erba Reagents (Milan, Italy). Ultra-pure water was obtained using a Millipore Milli-Q Plus water treatment system (Millipore Bedford Corp., Bedford, MA). All chemicals were of analytical grade.



Plant Material

Aerial parts of Sideritis perfoliata L. were purchased from the local market in Isparta Province in the Mediterranean Region of Turkey on 15 January 2014 (1020 m, 37° 45' 52.90”N 30° 33' 16.02”E). The plant was authenticated by Dr. Olcay Ceylan and deposited at the herbarium of the Department of Biology, Mugla Sitki Kocman University (Mugla-Turkey) under the accession no. OC.3003.



Preparation of the Extracts

Air-dried aerial parts of S. perfoliata were individually extracted by using a Soxhlet extractor for 5 h with 250 mL of ethyl acetate, methanol, or water as previously described by Sarikurkcu et al. (2014). All extracts were stored at +4°C until the analyses, and all analysis were completed in 10 days.



Total Bioactive Components

Total phenolic, flavonoid, and condensed tannin content was determined by employing the methods given in the literature (Zengin et al., 2014). For total phenolic content, the sample solution (0.25 mL) was mixed with diluted Folin–Ciocalteu reagent (1 mL, 1:9) and shaken vigorously. After 3 min, a Na2CO3 solution (0.75 mL, 1%) was added, and the sample absorbance was read at 760 nm after 2 h incubation at room temperature. Total phenolic content was expressed as equivalents of gallic acid.

For total flavonoid content, the sample solution (1 mL) was mixed with the same volume of aluminium trichloride (2%) in methanol. Similarly, a blank was prepared by adding the sample solution (1 mL) to methanol (1 mL) without AlCl3. The sample and blank absorbance were read at 415 nm after 10 min incubation at room temperature. Absorbance of the blank was subtracted from that of the sample. Total flavonoid content was expressed as equivalents of quercetin.

For total condensed tannin content, sample solution (0.5 mL), was mixed with a vanillin reagent [1.5 mL, 1% in 7 M H2SO4 (96%)] in an ice bath and then mixed well. Similarly, a blank was prepared by adding the sample solution (0.5 mL) to 7 M H2SO4 (1.5 mL). The sample and blank absorbances were read at 500 nm after a 15 min incubation at room temperature. The absorbance of the blank was subtracted from that of the sample. The total condensed tannin content was expressed as equivalents of (+)-catechin.



Liquid Chromatography-Electrospray Ionization-Tandem Mass Spectrometry (LC–ESI–MS/MS) Analysis

An Agilent Technologies 1260 Infinity liquid chromatography system hyphenated to a 6420 Triple Quad mass spectrometer was used for quantitative analyses. Chromatographic separation was carried out on a Poroshell 120 EC-C18 (100 mm × 4.6 mm I.D., 2.7 μm) column. Three mobile phases were tested to obtain a complete resolution of all isomers and the highest sensitivity for all target compounds, namely (i) 0.1% formic acid/methanol, (ii) 5 mM ammonium acetate/acetonitrile with 0.1% acetic acid, and (iii) 10 mM ammonium formate with 0.1% formic acid/acetonitrile with 0.1% formic acid. The first mobile phase configuration (0.1% formic acid/methanol) was selected on the base of the better chromatographic resolution of isomeric compounds. On the other hand, the selected mobile phase configuration also provided higher sensitivity for most of the phenolic compounds.

As a result, the mobile phase was made up from solvent A (0.1%, v/v formic acid solution) and solvent B (methanol). The gradient profile was set: 0.0 min 2% B eluent, 3.0 min 2% B eluent, 6.0 min 25% B eluent, 10.0 min 50% B eluent, 14.0 min 95% B eluent, 17.0 min 95% B, and 17.5 min 2% B eluent. The column temperature was thermostated at 25°C. The flow rate was 0.4 mL/min, and the injection volume was 2.0 μL (Cittan and Çelik, 2018).

The tandem mass spectrometer was coupled to the LC system using an ESI source. The electrospray source of the MS was operated in a negative and positive ionization mode, and the data acquisition was conducted in multiple reaction monitoring (MRM). The ESI source interface conditions were set: capillary voltage was −3.5 kV, gas temperature was 300°C, and gas flow was 11 L min−1. The nebulizer pressure was 40 psi. Analytical characters are given in Table 1.


Table 1 | ESI–MS/MS Parameters and analytical characteristics for the Analysis of Target Analytes by MRM Negative and Positive Ionization Mode.





Antioxidant Activity

Antioxidant activities of Sideritis perfoliata extracts were investigated by using several assays: total antioxidant capacity (by phosphomolybdenum and β-carotene-linoleic acid), ferrous ion chelating, reducing power [cupric ion reducing (CUPRAC), ferric reducing antioxidant power (FRAP), and potassium ferricyanide], and free radical scavenging [on 1,1-diphenyl-2-picrylhydrazyl (DPPH·) radical, 2,2-azino-bis (3-ethylbenzothiazloine-6-sulphonic acid) radical cation (ABTS·+), superoxide anion (O2·-) radical, and nitric oxide (·NO) radical]. All of the analyses were carried out by using the experimental conditions reported by Zengin et al. (2015).

Total antioxidant activity by β-carotene–linoleic acid method is determined by measuring the inhibition of the conjugated diene hydroperoxides arising from linoleic acid oxidation. A stock solution of β-carotene–linoleic acid mixture was prepared: 0.5 mg β-carotene was dissolved in chloroform (1 mL, HPLC grade). 25 μL linoleic acid and 200 mg Tween 40 was added. Chloroform was completely evaporated using a vacuum evaporator. Then 100 mL of oxygenated distilled water was added with vigorous shaking; 1.5 mL of this reaction mixture was dispersed to test tubes, sample solutions (0.50 mL, 2 mg/mL) were added, and the emulsion system was incubated for up to 2 h at 50°C. The same procedure was repeated with the standards and a blank. After this incubation period, the sample absorbance was read at 490 nm. Measurement of absorbance was continued until the color of β-carotene disappeared.

For total antioxidant activity by phosphomolybdenum method, the sample solution (0.3 mL) was combined with 3 mL of reagent solution (0.6 M sulfuric acid (96%), 28 mM sodium phosphate, and 4 mM ammonium molybdate). The sample absorbance was read at 695 nm after 90 min incubation at 95°C. The total antioxidant capacity was expressed as equivalents of ascorbic acid.

For ferrous ion chelating activity, the sample solution (2 mL) was added to FeCl2 solution (0.05 mL, 2 mM). The reaction was initiated by the addition of 5 mM ferrozine (1 mM, 0.2 mL). Similarly, a blank was prepared by adding the sample solution (2 mL) to FeCl2 solution (0.05 mL, 2 mM) and water (0.2 mL) without ferrozine. Then, the sample and blank absorbances were read at 562 nm after 10 min incubation at room temperature. The absorbance of the blank was subtracted from that of the sample. Ferrous ion chelating activity was expressed as equivalents of EDTA (ethylenediaminetetraacetic acid disodium salt).

For CUPRAC reducing power, the sample solution (0.5 mL) was added to a premixed reaction mixture containing CuCl2 (1 mL, 10 mM), neocuproine (1 mL, 7.5 mM), and NH4Ac buffer (1 mL, 1 M, pH 7.0). Similarly, a blank was prepared by adding the sample solution (0.5 mL) to the premixed reaction mixture (3 mL) without CuCl2. Then, the sample and blank absorbances were read at 450 nm after a 30 min incubation at room temperature. The absorbance of the blank was subtracted from that of the sample. CUPRAC activity was expressed as equivalents of trolox.

For FRAP reducing power, the sample solution (0.1 mL) was added to premixed a FRAP reagent (2 mL) containing acetate buffer (0.3 M, pH 3.6), 2,4,6-Tris(2-pyridyl)-S-triazine (TPTZ) (10 mM) in 40 mM HCl, and ferric chloride (20 mM) in a ratio of 10:1:1 (v/v/v). Then, the sample absorbance was read at 593 nm after 30 min of incubation at room temperature. FRAP activity was expressed as equivalents of trolox.

For potassium ferricyanide reducing power, the sample solution (0.5 mL) was mixed with a phosphate buffer (0.5 mL, 0.2 M, pH 6.6) and potassium ferricyanide (0.5 mL, 1%), and the mixture was incubated at 50°C for 20 min. Then, trichloroacetic acid (0.5 mL, 10%), deionized water (2.5 mL), and ferric chloride (0.5 mL, 0.1%) were added to this mixture. Finally, the sample absorbance was read at 700 nm. Iron (III) to iron (II) reduction activity was expressed as equivalents of trolox.

For 2,2-azino-bis (3-ethylbenzothiazloine-6-sulfonic acid) (ABTS) radical cation scavenging activity, briefly, the ABTS·+ radical cation was produced directly by reacting 7 mM ABTS solution with 2.45 mM potassium persulfate and allowing the mixture to stand for 12−16 hours in dark at the room temperature. Prior to beginning the assay, the ABTS solution was diluted with methanol to an absorbance of 0.700 ± 0.02 at 734 nm. The sample solution (1 mL) was added to ABTS solution (2 mL) and mixed. The sample absorbance was read at 734 nm after 30 min of incubation at room temperature. The ABTS radical cation scavenging activity was expressed as equivalents of trolox.

For superoxide anion radical scavenging activity, the sample solution (0.25 mL) was added to reaction mixture containing riboflavin (0.1 mL, 0.1 mg/mL), EDTA (0.1 mL, 12 mM), NBT (0.05 mL, 1 mg/mL), phosphate buffer (1 mL, 50 mM, pH 7.8), and 1-butanol (0.5 mL). The reaction mixture was illuminated for 10 min at room temperature and the sample absorbance was read at 560 nm. The unilluminated reaction mixture was used as a blank. The absorbance of the blank was subtracted from that of the sample, and superoxide radical scavenging activity was expressed as equivalents of trolox.

For nitric oxide (.NO) radical scavenging activity, the sample solution (0.5 mL) was mixed with sodium nitroprusside (0.5 mL, 5 mM) in phosphate buffer (0.2 M, pH 7.4) and incubated for 150 min at room temperature. Similarly, a blank was prepared by adding sample solution (0.5 mL) to a phosphate buffer (0.5 mL). Diluted Griess reagent (1 mL, 1:1) was added to the incubated sample and allowed to stand for 30 min. The sample and blank absorbances were read at 548 nm. The absorbance of the blank was subtracted from that of the sample, and the nitric oxide radical scavenging activity was expressed as equivalents of trolox.



Enzyme Inhibitory Activity

The enzymes inhibitory activities (acetylcholinesterase (AChE), butyrylcholinesterase (BChE), tyrosinase, α-glucosidase, and α-amylase) were evaluated by using the methods reported elsewhere (Sarikurkcu et al., 2015).

Cholinesterase (ChE) inhibitory activity was measured using Ellman's method. The sample solution (50 μL) was mixed with DTNB (0.3 mM, 125 μL) and AChE (or BuChE, 0.026 unit/mL) solution (25 μL) in a Tris–HCl buffer (50 mM, pH 8.0) in a 96-well microplate and incubated for 15 min at 25°C. The reaction was then initiated with the addition of acetylthiocholine iodide (ATCI) or butyrylthiocholine chloride (BTCl) (1.5 mM, 25 μL). Similarly, a blank was prepared by adding sample solution to all reaction reagents without enzyme (AChE or BuChE) solution. The sample and blank absorbances were read at 405 nm after a 10 min incubation at 25°C. The absorbance of the blank was subtracted from that of the sample and the cholinesterase inhibitory activity was expressed as equivalents of galantamine. The values of the calibration curves: for AChE, absorbance = 2.104[µg galantamine] – 0.0033 (R2: 0.9992); for BChE, absorbance = 1.965[µg galantamine] + 0.0012 (R2: 0.9999)

Tyrosinase inhibitory activity was measured using the modified dopachrome method with L-DOPA as substrate. The sample solution (25 μL) was mixed with tyrosinase solution (200 unit/mL, 40 μL) and phosphate buffer (100 μL, pH 6.8) in a 96-well microplate and incubated for 15 min at 25°C. The reaction was then initiated with the addition of L-DOPA (10 mM, 40 μL). Similarly, a blank was prepared by adding sample solution to all reaction reagents without enzyme (tyrosinase) solution. The sample and blank absorbances were read at 492 nm after a 10 min incubation at 25°C. The absorbance of the blank was subtracted from that of the sample, and the tyrosinase inhibitory activity was expressed as equivalents of kojic acid. The value of the calibration curve: absorbance = 1.5235[mg kojic acid] + 0.0055 (R2: 0.9981).

α-Amylase inhibitory activity was performed using Caraway–Somogyi iodine/potassium iodide (IKI) method. The sample solution (25 μL) was mixed with α-amylase solution (50 μL) in a phosphate buffer (pH 6.9 with 6 mM sodium chloride) in a 96-well microplate and incubated for 10 min at 37°C. After pre-incubation, the reaction was initiated with the addition of starch solution (50 μL, 0.05%). Similarly, a blank was prepared by adding sample solution to all reaction reagents without an enzyme (α-amylase) solution. The reaction mixture was incubated 10 min at 37°C. The reaction was then stopped with the addition of HCl (25 μL, 1 M). This was followed by addition of the iodine-potassium iodide solution (100 μL). The sample and blank absorbances were read at 630 nm. The absorbance of the blank was subtracted from that of the sample and the α-amylase inhibitory activity was expressed as equivalents of acarbose. The value of the calibration curve: absorbance = 2.9996[mg acarbose] + 0.006 (R2: 0.9952)

For α-glucosidase inhibitory activity, the sample solution (50 μL) was mixed with glutathione (1 mg/mL, 50 μL), α-glucosidase solution (0.2 unit/mL, 50 μL) in a phosphate buffer (pH 6.8) and PNPG (10 mM, 50 μL) in a 96-well microplate and incubated for 15 min at 37°C. Similarly, a blank was prepared by adding sample solution to all reaction reagents without enzyme (α-glucosidase) solution. The reaction was then stopped with the addition of sodium carbonate (50 μL, 0.2 M). The sample and blank absorbances were read at 400 nm. The absorbance of the blank was subtracted from that of the sample and the α-glucosidase inhibitory activity was expressed as equivalents of acarbose. The value of the calibration curve: absorbance = 8.704[mg acarbose] + 0.0157 (R2: 0.9961). In Supplementary Material, Figure S1–S5 were reported the calibration curves used for enzyme inhibitory activity.



Statistical Analysis

All of the assays were carried out in triplicate. Results obtained from all the assays were presented as mean and standard deviation values (mean ± SD). ANOVA (one-way analysis of variance) and Tukey's honestly significant difference post hoc test with α = 0.05 (SPSS v. 22.0) were used to determine the differences between the assays. The Pearson linear correlation was used to evaluate the association between the results.




Results and Discussion


Determination of the Total Phenolic, Flavonoid, and Condensed Tannin Content and Quantitative LC–ESI–MS/MS Analysis

In order to obtain a possible correlation between biological activities and bioactive compounds present in the extracts, it is necessary to evaluate the total phenolic, flavonoid, and condensed tannin content. This information, even if not completely useful for the plant extract characterization, allows us to better highlight that some of the biological activities could be related not only to the single compounds but also to the phytocomplex. The results are presented in Table 2.


Table 2 | Total phenolics, flavonoids, and condensed tannins of S. perfoliata extracts.x



The spectrophotometric assays used herein (Zengin et al., 2014) allowed us to spot that water extracts were richest in terms of phenolics and condensed tannins (52.18 mg GAEs/g extract and 10.76 mg CEs/g extract, respectively), while methanol extracts were the richest in terms of flavonoids (40.90 mg QEs/g extract). Ethyl acetate extracts showed the lowest quantities for phenolics, flavonoids, and condensed tannins.

The same trend could also be observed when a deep investigation was carried out using a more complex instrument configuration. Using LC-ESI-MS/MS instrument configuration it is possible to obtain, for the considered analytes, the chemical profiles for the tested extracts, and Figure 1 displays a chromatogram showing the resolution of the chemical standards considered in this study (Cittan and Çelik, 2018). The results are presented in Table 3.




Figure 1 | LC–ESI–MS/MS MRM chromatograms of phenolic compounds. 1–31 represent the chromatograms of gallic acid, protocatechuic acid, 3,4-dihydroxyphenylacetic acid, chlorogenic acid, (−)-epicatechin, caffeic acid, 3-hydroxybenzoic acid, vanillin, verbascoside, taxifolin, p-coumaric acid, luteolin 7-glucoside, hyperoside, rosmarinic acid, apigenin 7-glucoside, 2-hydroxycinnamic acid, eriodictyol, quercetin, luteolin, apigenin, (+)-catechin, pyrocatechol, 2,5-dihydroxybenzoic acid, 4-hydroxybenzoic acid, vanillic acid, syringic acid, sinapic acid, ferulic acid, hesperidin, pinoresinol, and kaempferol, respectively. The phenolic concentrations are 400 μg L-1.




Table 3 | Amounts (µg/g extract) of selected phytochemicals in the tested extracts.x



In Table 3, the amounts (expressed as μg/g dry extract) show that water extracts were richest with respect to methanol and ethyl acetate extracts. Figure 2 shows the most abundant compounds quantified in the LC-ESI-MS/MS analyses.




Figure 2 | Chemical structures of the major analytes quantified by LC-ESI-MS/MS method.



These analyses highlighted that Sideritis perfoliata contains mainly verbascoside, chlorogenic acid, and apigenin 7-glucoside (50951.10, 24933.41, and 1437.53 μg/g dry extract, respectively). Interestingly, the methanol extract showed a more complete phytochemical pattern in comparison with the other extracts, even if the values were lower as a total amount (39557.33 μg/g methanol dry extract against 78037.37 μg/g water dry extract). Verbascoside represents 65.3% of the total amount for the water extract, 73.4% for methanol extract, and 87% of the ethyl acetate extract. These results are in accordance with the previous works reported in literature (Küpeli et al., 2007; Petreska et al., 2011).

 Chlorogenic acid is the second most abundant compound present in all three extracts. This compound was confirmed also in Sideritis raeseri (Samanidou et al., 2012). In the same work, apigenin was also found after aglycones hydrolysis at 1.2 μg/g amount.

Furthermore, information on gallic acid, (-)-epicatechin, syringic acid, p-coumaric acid, ferulic acid, and luteolin 7-glucoside presence are available in the works of Proestos and Komaitis (2013). This work confirmed the presence of these compounds in the Sideritis cretica extracts obtained by extraction with 62.5% aqueous methanol.

To the best of our knowledge, no papers reports the presence of protocatecheuic acid, 4-hydroxybenzoic acid, vanillic acid, and caffeic acid reported herein in all the three extracts.



Biological Activities

In order to evaluate the biological activities, the different Sideritis perfoliata extracts were submitted to biological assays: total antioxidant (by phosphomolybdenum and β-carotene-linoleic acid), ferrous ion chelating, reducing power [cupric ion reducing (CUPRAC), ferric reducing antioxidant power (FRAP), and potassium ferricyanide], and free radical scavenging [on 1,1-diphenyl-2-picrylhydrazyl (DPPH·) radical, 2,2-azino-bis (3-ethylbenzothiazloine-6-sulphonic acid) radical cation (ABTS·+), superoxide anion (O2·-) radical, and nitric oxide (·NO) radical]. The results are presented in Table 4.


Table 4 | Radical scavenging, reducing power, ferrous ion chelating, and total antioxidant (by phosphomolybdenum and β-carotene bleaching methods) activities of S. perfoliata extracts.x



Due to the presence of different phytochemicals and related to their highest amounts in the water extract, the biological activities can be ordered as follow: water > methanol > ethyl acetate. Only for β-carotene bleaching assay, the order was water > ethyl acetate > methanol. This could be related to the presence, in ethyl acetate extracts, of the rosmarinic acid. This fact could obviate to a lower phytochemical amounts with respect the other extracts. Additionally, the correlation of rosmarinic acid and the β-carotene bleaching activity was just reported in literature (Öztürk, 2015).

In the literature, we observed several studies on the members of Sideritis, and the species generally indicated significant antioxidant properties. In a recent paper, the cultivated S. perfoliata subsp. perfoliata was examined in terms of chemical profile and biological abilities (Chrysargyris et al., 2019). In their study, the extracts had considerable antioxidant properties (4.34–13.25 mg TE/g fresh weight in DPPH, 2.61–6.87 mg TE/g fresh weight in ABTS, and 6.89–27.31 mg TE/g fresh weight in FRAP). Also, the authors reported a strong correlation between total phenolic content and these antioxidant abilities. Zengin et al. (2019) reported the antioxidant abilities of S. ozturkii, which were 32.48–137.30 mg TE/g extract in DPPH, 46.78–176.45 mg TE/g extract in ABTS, and 132.47–428.61 mg TE/g extract in CUPRAC. Similar to our study, the methanol and water extracts for S. ozturkii had stronger abilities than the ethyl acetate extract. This fact was also confirmed by several researchers (Zengin et al., 2014; Sagir et al., 2017; Celep et al., 2019). As can be seen in literature, several researchers reported antioxidant parameters of some Sideritis species as IC50 or EC50 values. At this point, we could not compare with these studies. Taken together, the Sideritis genus has great interest in terms of good sources of natural antioxidants to combat oxidative stress.



Enzyme Inhibitory Activity

Enzyme inhibition theory is considered one of effective therapeutic approaches to control global health problems, including Alzheimer's disease and diabetes mellitus. In this context, the inhibitory activities of tested extracts were tested against cholinesterases (AChE and BChE), α-amylase, α-glucosidase, and tyrosinase. The results are presented in Table 5. The inhibitory activities against all enzymes ranged according to the extraction solvents. Generally, the water extract demonstrated lower activity against all enzymes except for tyrosinase. The observed tyrosinase inhibitory ability for water extracts may be linked to higher levels of phenolics. As is consistent with this approach, a positive correlation was observed between the antityrosinase effect and total phenolics (Table 5). Similar findings were also supported by several researchers (Kim and Uyama, 2005; Taofiq et al., 2017). The ethyl acetate and methanol extracts showed similar inhibitory effects against AChE, tyrosinase, and α-glucosidase.


Table 5 | Enzyme inhibitory activities of S. perfoliata extracts.x



Correlation coefficients between the assays are reported in Table 6. The aim of this Table is to highlight the possible correlation between the results obtained using different tests. Interestingly, this correlation could bring to a positive or negative coefficient, and in several cases these values are higher than 0.9, highlighting that the applied assays could be used independently for the determination of a specific activities.


Table 6 | Correlation coefficients between the assays.x



Similar to antioxidant properties of the members of the genus Sideritis, some studies were performed on enzyme inhibitory effects of Sideritis species. Generally, the genus Sideritis exhibited significant enzyme inhibitory potentials. For example, the AChE and tyrosinase inhibitory effects of S. ozturkii extracts (Zengin et al., 2019) were higher than those of our presented results. Also, Celep et al. (2019) reported that more than 20% of S. trojana extracts had inhibitory effects on α-amylase and α-glucosidase. In an earlier study (Zengin et al., 2014), the inhibitory effects of S. galatica extracts and the ethyl acetate and methanol extracts were more active than water, which is consistent with our results. In addition to these studies, several researchers focused on enzyme inhibitory properties of some Sideritis essential oils (Zengin et al., 2016; Tadić et al., 2017; Deveci et al., 2019). Altogether, the genus Sideritis is a significant source of natural enzyme inhibitors.



Conclusion

In the present work, different biological effects for three different Sideritis perfoliata extracts as well as their chemical profiles obtained using highly hyphenated instrument configuration were reported. From the results reported herein, it was apparent that the biological activities and chemical profiles were strictly dependent on the extraction solvents system. Verbascoside, chlorogenic acid, and apigenin 7-glucoside were the major phenolic components determined in these extracts. Generally, the methanol and water extracts showed greater antioxidant activities respect to ethyl acetate extracts. Investigated Sideritis perfoliata showed worthy inhibitory properties with regards to key enzymes associated to Alzheimer's disease and Diabetes mellitus health diseases.

In recent years, novel and safe products have displayed great interest in the prevention and management of global health problems, including Alzheimer's disease, diabetes mellitus, and oxidative stress. In this sense, our findings could contribute significant information for scientific platforms. From the results reported herein, the investigated Sideritis perfoliata could be considered as a favorable font of natural agents for the future development of new pharmaceuticals and as a potential source of biological active compounds for the food supplements, such as nutraceuticals, functional foods or biologically-active products.

It is necessary to highlight that further experimental studies, such as in vivo models and toxicological assays, are necessary for the studied plant material. Additional information is required also to standardize and to modify the production process to an industrial scale.
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y= 12321998

00679

Y= 14681825
82x-306

y= 12140023

L3

09088,
09980
09960
o074
09916,
09980
09996
09007

09075

LoD o)

148
117
135
396
062
212
172
315
256
a7
186
1523
o0&
182
261
198
143
o045
057
061
391

123

05
185
173
099
041
134
096

100 (ig)

g8
388
a5
1320
3208
708
572
1050
851
1250
620
5077
275
605
878
644
476
151
189
208
1812

410
1090

182
618
577
331
135
a6
320
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