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Abstract

:

Based on a shortage of available data on Echinops spinosissimus in Saudi Arabia, the current study’s aim was to present some new information on the topic. Plant samples were collected from different locations in the northeast of Mecca. Out of fifteen species from this genus found in Saudi Arabia, one species was targeted in the current study. It was noted as a perennial subshrub that is 30–80 cm in length. Its stem is gray, striate, and slightly covered with glandular hairs. The epidermis is converted into cork cells in older stem parts. The vascular system showed a continuous siphonostelic structure and dissected vascular bundles. The lamina is abaxially rounded and straight. The pollen grains are monads, radially symmetric, medium-sized, and a prolate spheroidal shape with an aculeate–foveolate exine structure. Based on its historical pharmaceutical properties, the phytochemical properties were studied, and it was noted that ethyl acetate was the best solvent for producing high amounts of bioactive compounds such as phenols, flavonoids, and alkaloids. The obtained extracts appeared to exhibit high activity against Gram-positive pathogenic bacteria. These extracts were identified by using HPLC and GC-MS. Many bioactive compounds were detected, such as protocatechuic acid, gallic acid, rutin, vanillic acid, quercetin, and kaempferol. Additionally, four main compounds, including hexadecanoic, stearic, oleic, and linoleic acids, were detected via GC-MS. The total antioxidants of E. spinosissimus extracts showed that the ethyl acetate extract exhibited a high total antioxidant capacity and free radical-scavenging properties.
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1. Introduction


The Compositae family (Asteraceae) contains 20,000 species of flowering plants. These plants are distributed in Africa, the Mediterranean, and Asia, with most being annuals, perennials, vines, ground covers, shrubs, and a few small trees [1,2]. This family belongs to the subclass Asteridae in the order Asterales. Thus, it is characterized by its diversity and worldwide distribution. Echinops L. is one of the family’s genera, with 15 species found in Saudi Arabia. About 130 species of the genus Echinops L., which is found in tropical and North Africa, are members of the Cardueae tribe of the Asteraceae family. A majority of the taxa (76) are located in the Iranian plateau, with many found in the Mediterranean Basin and the Middle East, spreading eastward to China and Japan [3,4,5]. A majority of taxonomic groups recognized today are defined by their floral morphology. Khafagi [6] studied the morphological and anatomical characteristics of 37 species of Aster. Bremer [7] studied the floral characteristics, including flower color, shape, size, anther shape, and appendages, as well as stigma shape, which are considered to be major distinguishing characteristics between species. Although the macro- and micromorphological aspects of Echinops spinosissimus have already been investigated, the anatomical features of the stem and leaves, pollen and achene morphology, and phytochemical screening have not been investigated in detail, which would aid in defining the taxonomical characteristics of this species.



Based on phytochemical studies of E. spinosissimus, it is known that this species contains biologically active compounds such as thiophenes, terpenoids, sterols, fatty acids, and alkanes [8]. Due to its effectiveness in treating infections, intestinal worm infestation, hemorrhoids, migraine, diarrhea, and heart pain, E. spinosissimus is typically referred to as a complete pharmacy [9]. Utilizing its antimicrobial activity toward multidrug-resistant microbes has grown to be the main goal facing researchers in this area of science. Therefore, studies have searched for a novel natural compound from plants [10,11,12] and microbial sources [13,14], or have developed chemical drugs to avoid the microbial-resistant system [15,16,17]. In this regard, the genus Echinops is used as a traditional treatment for different infectious diseases, including sepsis, trachoma, gonorrhea, typhoid, and ulcerative lymphangitis [18,19]. Additionally, it is used to treat different diseases that could be caused by bacteria and/or fungi, including respiratory diseases, fever, leucorrhea, earache, and toothache. Thus, Echinops spp. have been examined for their antimicrobial properties. The previous studies on this genus showed that both Gram-negative and Gram-positive bacteria were sensitive to its extracts and isolated compounds [20]. Free radicals can cause oxidative damage, and antioxidants have been demonstrated to prevent this damage by interacting with free radicals, chelating with catalytic metals, and scavenging oxygen. Oxidation stress is one of the primary health issues faced today. E. spinosissimus has many phenolic and flavonoid substances, which are considered to be antioxidant agents [21,22]. The present study aimed to provide primary documentation on the morphological, anatomical, pollen, and achene characteristics of E. spinosissimus in Saudi Arabia by using both light microscopy and scanning electron microscopy (SEM), as well as phytochemical screening, to fill the gap in our knowledge regarding E. spinosissimus.




2. Materials and Methods


2.1. Morphological and Anatomical Characteristics of Echinops spinosissimus


Fresh, whole plant materials (10 individuals) were collected from various localities in the northeast of Mecca (e.g., Wady Galil, Arnah and Wady AlKherar) during the period of 2021–2022 (Figure 1). Specimens were identified, and the synonyms were derived from the International Plant Names Index (IPNI; http://www.ipni.org/ipni/plantnamesearchpage.do, accessed on 5 January 2022) and Plants of the World Online (Plants of the World Online/Kew Science). Morphological description was made directly from fresh materials. For anatomical studies, 3–5 specimens of internodes and mature blades were taken from basal leaflets. The materials were prepared for microtome sectioning with a 10–15 µm thickness using the conventional Johansen procedure [23]. Sections were mounted in Canada balsam and dyed with safranin-light green standard double stain [24].



Using a Canon PowerShot A470 camera with 7.1 megapixels, the pollen grains (five to ten pollen grains per individual) were inspected, measured, and photographed. The pollen size, shape, and aperture type were also evaluated, along with the equatorial diameter (E) and polar axis (P). Non-acetolyzed pollen grains were applied to a metallic stub using double-sided sellotape for SEM study, then coated with gold in a sputtering chamber before being scanned and photographed for exine and aperture ornamentations using a JEOL JSM-IT100 scanning electron microscope. The terminology used to describe the morphology of pollen grains was in accordance with that provided by Punt et al. [25] and Grant-Downton [26].



Five to ten mature achene and seeds from each individual were inspected under a stereomicroscope and captured on camera using a Canon PowerShot A470 with 7.1 megapixels. The calibration and seed measurements were performed using the stage micrometer and ImageJ program. The stereomicroscope was used to examine the hilum location, seed length, and width. The mature achene was mounted onto SM stubs for SEM study, coated with gold, analyzed, and captured using the JEOL JSM-IT100 scanning electron microscope. Terminology was used as specified [27,28].




2.2. Preparation of E. spinosissimus Extract


The flower heads, leaves, and stems were cleaned, air dried at room temperature in the shade, and then pulverized into a powder via mechanical mills. Ethyl alcohol, ethyl acetate, or hexane solvents were used to prepare different extracts by mixing each (200 mL) with the dried powder (50 g) at a temperature of 28 °C for 72 h of incubation. The extracts were concentrated at 30 °C and at a lower pressure on a rotating evaporator. Firstly, active charcoal was used to remove the color from the crude concentrated extracts for each solvent; after that, the final volume of methanol was added, and the samples were then subjected to a phytochemical examination [29]. To find the best solvent for the most accurate quantitative detection of nutraceutical secondary metabolites, a qualitative phytochemical investigation was conducted.




2.3. Initial Phytochemical Research


A preliminary, qualitative phytochemical screening will aid in future study, as it will provide knowledge on the chemical components present in the different extracts of the studied species. As described in the literature [29,30], phytochemical screening was carried out. Flavonoids were investigated using the aluminum chloride colorimetric method, total phenolics and tannins were investigated using the Folin–Ciocalteu method, and saponins were investigated using the vanillin–HCl reagent. Alkaloids were evaluated using 10% acetic acid and ammonium hydroxide reagents. Total lipids were analyzed using methanol/chloroform. The detection of total soluble sugars (TSSs) was performed in extracts of the E. spinosissimus plant using the anthrone method [31].




2.4. Determination of Antioxidant Properties


The samples for assessing antioxidant properties were created by mixing 0.2 mg of the lyophilized E. spinosissimus extract with 1 milliliter of distilled water. The samples’ hydroxyl radical-scavenging activity (%) and 2, 2-azinobis (3-ethylbenzothiazoline-6-sulfonate) diammonium salt (ABTS) levels were assessed.



2.4.1. Determination of DPPH Radical Scavenging


Using the DPPH method outlined by Eweys et al. [12], the antioxidant activity of the E. spinosissimus extract was assessed. Briefly, 3.9 mL of freshly made DPPH solution (22 mg of DPPH in 50 mL methanol) was added to 0.1 mL of the sample. The mixture was vortexed for 30 s and then left at room temperature for 30 min in a dark place. Using a UV-Vis spectrophotometer, the decolorization of the DPPH reaction mixture was found to occur at 515 nm (JASCO serial NO. A114761798, Japan). The percentage of absorbance decline was used to calculate the DPPH free radical-scavenging activity (%).




2.4.2. ABTS Radical-Scavenging Assay


With some changes to Darwesh et al.’s [14] method, 2.4 mmol/L of potassium persulfate and 7 mM of ABTS were mixed, and the mixture was then incubated for 12 to 16 h in the dark at room temperature. With distilled water, at 734 nm, the concentration of the ABTS+ solution was 0.70 ± 0.02. The mixture was incubated at room temperature for 7 min after being blended with dH2O, 0.75 mL of the sample, and 1 mL of the ABTS+ solution. At 734 nm, the absorbance decreased, and the proportion of the absorbance drop, known as the ABTS+ scavenging effect (%), was determined.





2.5. Estimation of Total Phenolic Content


With some slight adjustments, the total phenolic content (TPC) was calculated in accordance with the estimates of Khan et al. [32]. An amount of 0.2 mg of lyophilized E. spinosissimus extract dry weight per milliliter was added to 0.5 mL of 10% Folin solution. The next step was to add 2.5 mL of 7% Na2CO3 solution and mix. For two hours in the dark, the solution was left at room temperature. At 760 nm, the absorbance was measured. The total phenolic content was calculated by extrapolating a calibration line that was developed using gallic acid standard solution. The TPC was expressed as mg gallic acid equivalent (GAE) per gram of the lyophilized extract.




2.6. Examination of Total Flavonoid Content


With a few adjustments to Khan et al.’s [32] methodology, the total flavonoid content was evaluated. Briefly, 2.5 mL of distilled water, 1 mL of potassium acetate (1M), and 1 mL of 10% aluminum chloride were combined with 0.5 mL of E. spinosissimus extract solution (0.2 mg of lyophilized extract/mL). By extrapolating a calibration line that was created using quercetin solution, the number of flavonoids in total was calculated. Using a UV-Vis spectrophotometer, the reaction’s absorbance at 415 nm was determined. A quercetin equivalent was used to express the total flavonoid content (mg QE/g of lyophilized extract).




2.7. Analyzing the Effectiveness of Extracts as Antimicrobial Agents


Using the agar well diffusion technique described by Sultan et al. [33], the antibacterial activity of the dried E. spinosissimus extracts (100 mg/mL DMSO) was assessed. Gram-negative bacteria (Salmonella typhi ATCC-15566 and E. coli ATCC-25922), Gram-positive bacteria (Listeria monocytogenes ATCC-35152 and Staphylococcus aureus ATCC-47077), and yeast (Candida albicans ATCC-10231) were used as the examined pathogenic microorganisms. They were obtained from the American Type Culture Collection (ATCC, Rockville, MD, USA). A sufficient volume (100 µL from each) of these pathogen strains was dispersed onto the surface of nutrient agar plates after being cultivated in nutrient broth medium for 24 h. The wells (7 mm in diameter) on the infected plates were mined, and 75 µL of the previous DMSO extract was added to each well [34]. The plates were incubated for 16–24 h at 35 ± 2 °C. After that, the clear zones were measured as antibacterial activity.




2.8. HPLC Analysis


Using an Agilent Technologies 1100 Series liquid chromatograph outfitted with an autosampler and a diode-array detector, HPLC analysis was performed in accordance with Kim et al.’s findings [35]. An eclipse XDB-C18 (150 4.6 mm; 5 mm) C18 guard column was used as an analytical column (Phenomenex, Torrance, CA, USA). The mobile phase was composed of acetonitrile (solvent A) and 2% acetic acid in water (v/v) (solvent B). The gradient program was as follows: 100% B to 85% B in 30 min, 85% B to 50% B in 20 min, 50% B to 0% B in 5 min, and 0% B to 100% B in 5 min. The flow rate was maintained at 1 mL/min for the duration of the entire run time of 60 min. The peaks for flavonoids, benzoic acid derivatives, and cinnamic acid derivatives were all seen at the same time at 280, 320, and 360 nm. The injection volume was 20 µL. Before injection, all materials were filtered with an Acrodisc 0.45 µm syringe filter from Gelman Laboratory in Michigan. Peaks were located by matching UV spectra and retention periods, and they were then contrasted with the standards.




2.9. Gas Chromatography–Mass Spectrometry (GC–MS) Analysis


The GC-MS analysis was conducted using an Agilent 7890B GC system and an Agilent 5977A MSD with a capillary column (0.6 m 100 m 0.25 m) (Agilent Technologies, Santa Clara, CA, USA). Helium was employed as the carrier gas, with a constant flow rate of 1.5 mL/min. The ion source was heated to 230 °C while the injector was heated to 250 °C. Initial oven temperatures were set at 40 °C for two min, then increased by 10 °C/min to 180 °C for five min, and finally by 10 °C/min to 250 °C for ten min. The GC took 38 min to complete. While the GC-MS was in Scan/SIM mode, Agilent MassHunter software was used to determine the components of the samples (NIST14.L).




2.10. Statistical Analysis


Data were given as the mean and standard deviation (SD) after each analysis; the analyses were performed in triplicate. The statistical program Statistix 8.1 (Analytical Software, Tallahassee, FL, USA), which uses the LSD test for pairwise comparison, was used to process the results.





3. Results and Discussion


3.1. Morphological and Anatomical Characteristics of Echinops spinosissimus


Out of the 15 species from the Echinops genus that are found in Saudi Arabia, Echinops spinosissimus (common name is globe thistle) was chosen for study in the current work due to its pharmaceutical benefits. Echinops spinosissimus is a Saharan and sub-Saharan medicinal plant that is traditionally used in North African, Middle Eastern, and Saharan places for the treatment of some diseases [36]. The plant is native to Albania, Algeria, Cameroon, Chad, Cyprus, the East Aegean Islands, Egypt, Greece, Iran, Iraq, Crete, Lebanon, Syria, Libya, Mauritania, Morocco, Oman, Palestine, Saudi Arabia, Sicily, the Sinai Peninsula, Tunisia, Turkey, Western Sahara, Yemen, and Yugoslavia (Plants of the World Online/Kew Science). Saudi Arabia, as a Middle Eastern and Saharan country, was identified as containing this taxon of plants several years ago, but a complete survey about this beneficial plant was not noted [37]. Thus, this study’s aim was to present some new information about this plant. The plant samples were collected from northeast of Mecca. As part of the morphological characterization, the targeted plant was noted as being a perennial subshrub with a length of 30–80 cm. Its stem branches out, bearing more than one capitulum. The stem is gray in color, striate, and slightly covered with glandular hairs (Figure 2a). For the leaves, they are sessile and green in color, with arachnoid indumentum on the upper surface and white-tomentose beneath. They are pinnatisect with spinose lobes. It has a revolute margin and amplexicaul leaf base. The capitulum is 4–6 cm in diameter, and the phyllaries are 1.5–3.5 cm, including the spine. The corolla is whitish blue (Figure 2a).



In the case of anatomical characterization, a cross-section of the stem was carried out, and the obtained pictures are illustrated in Figure 2b. These data revealed that the stem is terete, and the epidermis consists of uniseriate ovoid cells covered with a thick cuticle, which are converted into cork cells in older parts of the stem. For the cortex, it consists of a prominent 3–4 layers of angular collenchyma observed next to cork cells and 2–3 layers of compact polyhedral parenchyma, which are then followed by 3–5 layers of sclerenchyma in the form of stone cells that surround the vascular bundles (Figure 2c, d). The vascular system has a continuous siphonostelic structure and dissected vascular bundles (22–25 bundles). The vascular system is represented only by a vertical system (fascicular). The secondary phloem consists of sieve tube cells, companion cells, and phloem parenchyma (fascicular regions). The secondary xylem consists of xylem vessels, xylary fibers, and xylem parenchyma (fascicular regions). The interfascicular region consists of sclerenchymatous tissue (stone cells). The pith is wide and solid, made up of thin-walled polyhedral parenchyma cells. In this regard, these results are comparable to those from several authors who studied the anatomical structure of some species of Asteraceae and determined the general characteristics via the cross-section of the stem [38,39,40].




3.2. Lamina Anatomical Characteristics


From the data represented in Figure 2, the lamina is a basin-like shape that is abaxially rounded and adaxially straight. The epidermis is radially elongated with a thick cuticle. The mesophyll is dorsiventral and consists of two layers of tightly packed palisade parenchyma, comprising half to more than half of the leaflet thickness and 3–4 layers of spongy parenchyma cells. The mechanical tissue is represented by two rows of angular collenchyma in the mid-vein region (ab- and adaxially). The ground tissue in the mid-vein region is characterized by polyhedral parenchyma with large intercellular spaces. The vascular system is represented by 4–6 separated vascular bundles, each surrounded by sclerenchymatous tissue (stone cells). The examined taxa’s thick cuticle on the adaxial surface (Figure 2e,f) is a crucial feature for protection against insects or microorganisms. Numerous plants have been said to use it as an adaptation strategy [41,42]. The cuticle restores the plant’s epidermis and functions as a barrier between the interior and anterior of the organism [43]. It is important to take this into account when planning treatments for chemical plant management [44].




3.3. Pollen Grain and Achene Morphology


The pollen grains are monads, radially symmetric, medium-sized, and a prolate spheroidal shape. The ornamentation is aculeate–foveolate. The polar axis ranged from 18.523 to 19.436 micron (average 18.979) and the equatorial axis ranged from 17.642 to 18.612 micron (average 18.127). The pollen class is trizonocolpate and the polarity is apolar (Figure 2g–i). The obtained data in the present study were noted based on previously published data on the studied plant [45].



The capitulum bears one kind of achene with minute scales. The achene is a light-brown color, symmetrical, straight, 0.7–1.5 (1.17 ± 0.115) mm in length and 1–1.2 (1.03 ± 0.003) mm wide. The achene is narrowly cylindrical with a basal hilum. The achene surface is indistinct, as it is covered with dense pilose hairs and is not ribbed. The pappus is present, is persistent with a length of 0.4–0.7 (0.6 ± 0.005) mm and has coroniform scales (Figure 2j–l). The achene morphological characteristics were noted in accordance with those recorded by Das and Mukherjee [46] and Shamso et al. [47]. Based on the previously mentioned information about the studied plant (Echinops spinosissimus), this species is referred to as a home pharmacy plant. Thus, it is important to completely describe the plant by discovering its phytochemical properties and identifying the most potent bioactive compounds.




3.4. Phytochemical Properties of Echinops spinosissimus Extracts


In this work, some different categories of bioactive compounds related to E. spinosissimus extracts were identified. Three solvents were used to extract these bioactive compounds and help us understand the properties of the studied plant species and its phytochemical characteristics. Phytochemical properties of the crude extracts (ethanol, ethyl acetate, and hexane) of arid-inhabiting E. spinosissimus parts were studied to detect the presence of the main component recommended as a bioactive metabolite and to determine the best-suited solvent for the extraction of high biological activity. Shoots and flower heads (inflorescence) of E. spinosissimus were extracted, and the extracts revealed the presence of phenols, flavonoids, triterpenoids, steroids, alkaloids, saponins, proteins, and lipids at varying concentrations depending on the solvents used. The best and more relevant solvent assayed was the ethyl acetate solvent (Table 1). However, the hexane extract was noted as the best solvent for producing a high amount of lipids. In the ethyl acetate extract from the aerial portions of E. spinosissimus, there was 6.9 mg of soluble sugars per gram of dry matter, 295.67 µg of total saponins per gram of dry matter, 124.67 mg of proteins, 38 mg of lipids, 35 mg of alkaloids, and 0.723 µg of total tannins per gram of dry matter (Table 1).




3.5. Phenolic and Flavonoid Contents of Echinops spinosissimus Extracts


Total phenols and flavonoids are considered to be the most important bioactive compounds in plants due to their ability to enhance antioxidant and antimicrobial activity. Typically, they are referred to as plant secondary metabolites and have at least one aromatic ring with a hydroxyl group [48]. Thus, it is very important to study these metabolites in E. spinosissimus extracts to understand the structure of the secondary metabolites of this plant. Three extracts were obtained, and the phenolic and flavonoid contents of each were examined. According to the data in Figure 3, the percentages of the extracts that were examined were close to each other in terms of their contents of phenols or flavonoids, reaching 9 and 5% for total phenols and flavonoids, respectively. This may be due to the ability of these extraction solvents to extract nearly the same amounts of the tested bioactive substances. However, the components of these extracts may be different; therefore, it is necessary to identify these components by using HPLC or GC-MS instruments. Additionally, Hegazy and co-authors reported that the total phenols in an Echinops spinosissimus methanolic extract was over 3 mg/g [49]. Polyphenols were studied in this work due to their antioxidant activity as radical-scavenging agents and possible helpful roles in human health, such as reducing cancer risk and cardiovascular disease [50].




3.6. Antioxidant Properties of Echinops spinosissimus Extracts


Analysis of Echinops spinosissimus extracts’ total antioxidant activity revealed that the ethyl acetate extract from the aerial parts had a high level of overall antioxidant capacity and free radical-scavenging abilities. The total antioxidant activity reached 87.72 and 161.66 % for DPPH and ABTS, respectively. Moreover, another extract (ethanol and hexane) also displayed antioxidant activity (Figure 4). This may be due to antioxidant phytochemicals such as phenols, flavonoids, cardiac glycosides, and alkaloids that were extracted from E. spinosissimus via the used solvents [51].




3.7. HPLC Characterization of Echinops spinosissimus Ethyl Acetate and Ethanol Extracts


An HPLC instrument was previously reported to identify phenolic and flavonolic compounds in plant extracts [9,52]. HPLC analysis of the Echinops spinosissimus ethyl acetate and ethanol extracts compared with the standards is represented in Figure 5. Additionally, the data collected from the HPLC results were used to quantitatively analyze the producing compounds from the different extracts as secondary metabolites, and these data were tabulated (Table 2). Protocatechuic acid, gallic acid, chlorogenic acid, p-hydroxybenzoic acid, syringic acid, caffeic acid, vanillic acid, sinapic acid, ferulic acid, p-coumaric acid, rosmarinic acid, rutin, cinnamic acid, apegnin-7-glycoside, quercetin, and kaempferol were detected as bioactive substances. Gallic acid has been linked to a number of positive effects, including antineoplastic, anti-inflammatory, and antioxidant characteristics. It has been found to have therapeutic effects in cardiovascular, metabolic, cognitive, and gastrointestinal diseases [53]. p-Coumaric acid is a phenolic acid that displays several biological activities, including anti-inflammatory, antioxidant, analgesic, and antimicrobial properties [54]. Protocatechuic acid, as a major metabolite of anthocyanin, has antioxidant, anti-inflammatory, antihyperglycemic, antiproliferative, and antiapoptotic properties [55]. For chlorogenic acid, it has been reported as having antioxidant, antibacterial, antitumor, and anti-inflammatory properties, as well as providing liver and kidney protection, protection of the nervous system, and regulation of sugar metabolism and lipid metabolism [56]. Additionally, anti-inflammatory, antioxidant, and anticarcinogenic effects are present in caffeic acid, such as phenolic acid and its derivatives [57]. In the case of vanillic acid, it has antioxidant, anti-inflammatory, and neuroprotective activity [58]. Cinnamic acid, as a natural aromatic carboxylic acid, exhibits many biological activities such as antioxidant, antimicrobial, anticancer, neuroprotective, anti-inflammatory, and antidiabetic properties [59]. With regard to rosmarinic acid activity, it has remarkable biological properties, including anticancer, antiviral, antioxidant, antibacterial, antiaging, cardioprotective, antidiabetic, hepatoprotective, antidepressant, nephroprotective, anti-inflammatory, and antiallergic properties [60]. Quercetin is a flavonoid compound that has numerous biological activities, including anti-inflammatory, antioxidant, radical-scavenging, antibacterial, gastroprotective, antiviral, and immune-modulatory properties [61].




3.8. GC-MS Analysis of Echinops spinosissimus Hexane Extract


Four main compounds, including hexadecanoic acid, octadecanoic or stearic acid, oleic acid, and linoleic acid, were detected by using GC-MS (Figure 6). The hexane extract of plants mainly produces bioactive fatty acids [62]. In the current study, one fatty acid with C16 (hexadecanoic acid) was detected and three fatty acids with C18 were produced. Hexadecanoic acid exhibited many biological activities such as hypocholesterolemic, antioxidant, pesticide, and nematicide properties [63]. The stearic acid biological activity has antibacterial and antifungal properties [64]. Oleic acid is a fatty acid that occurs naturally in various animal and vegetable fats and oils, and it has been found to have antibacterial activity. Linoleic acid inhibited the growth of different Gram-positive bacteria [65,66].




3.9. Antimicrobial Properties of Echinops spinosissimus Extracts


Three different extracts of Echinops spinosissimus were obtained using ethanol, hexane, and ethyl acetate solvents, and were used in this part of the experiment to evaluate their ability to inhibit the growth of the tested pathogens. The antimicrobial action of the tested extracts was tabulated and illustrated (Figure 7). The highest antibacterial properties were noted with L. monocytogenes. Additionally, the obtained extracts appeared to have high activity against Gram-positive pathogenic bacteria compared with Gram-negative bacteria. The antimicrobial activity of the extracts may be due to some bioactive secondary metabolites such as protocatechuic acid, chlorogenic acid, gallic acid, syringic acid, p-hydroxybenzoic acid, vanillic acid, rosmarinic acid, p-coumaric acid, rutin, cinnamic acid, quercetin, and kaempferol. These compounds were previously reported as antimicrobial agents after being extracted from plants [56]. Additionally, fatty acids in the hexane extract may respond to the antimicrobial properties of this extract [63].





4. Conclusions


Based on morphological and anatomical data, the plant collected from the northeast of Mecca was identified as Echinops spinosissimus. Findings from the study of its phytochemical properties showed that the best solvent assayed was ethyl acetate, as it produced high amounts of bioactive compounds such as phenols, flavonoids, and alkaloids. This extract showed high activity against Gram-positive pathogenic bacteria. The identification of extracts via HPLC and GC-MS led to the detection of protocatechuic acid, gallic acid, rutin, vanillic acid, quercetin, kaempferol, and hexadecanoic, stearic, oleic, and linoleic acids as bioactive substances. The ethyl acetate extract exhibited a high total antioxidant capability and free radical-scavenging properties.
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Figure 1. Map and information of the collected samples’ locations. 
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Figure 2. Macro- and microphotographs of the studied taxa: (a). Whole plant (b–d). Stem cross-section (e,f). Lamina vertical section (g–i). Pollen morphological characters (LM and SEM) (j–l). Achene morphological characters (LM and SEM). P—pith; Pa.—palisade layer; St. c.—stone cell. 
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Figure 3. Total phenol and flavonoid content (%) of ethanolic, hexanolic, and ethyl acetate Echinops spinosissimus extracts. 
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Figure 4. Antioxidant activity of the different extracts of Echinops spinosissimus. 
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Figure 5. Chromatogram for the HPLC analysis of standards (a), ethyl acetate extract (b), and ethanol extract (c) of Echinops spinosissimus. 
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Figure 6. GC-MS analysis of Echinops spinosissimus hexane extract. 
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Figure 7. Antimicrobial properties of Echinops spinosissimus extracts at concentration of 100 mg/mL. Abbreviations: list.—Listeria monocytogenes; St.—Staphylococcus aureus; E.c.—E. coli; Sal., Salmonella typhi; C.A—Candida albicans; H—hexane extract; E—ethanol extract; EA—ethyl acetate. 
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Table 1. Phytochemical quantitative analysis of Echinops spinosissimus extracts.
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	Extracts
	Alkaloids (mg/g)
	Soluble Sugar (mg/g)
	Total Proteins (mg/g)
	Total Lipids (mg/g)
	Tannins (µg/g)
	Saponins (µg/g)





	Ethanol
	30.90 b
	5.033 b
	115.00 b
	35.13 c
	0.510 b
	225.33 c



	Hexane
	30.87 b
	4.333 c
	109.33 c
	44.67 a
	0.507 b
	245.33 b



	Ethyl acetate
	35.00 a
	6.900 a
	124.67 a
	38.00 b
	0.723 a
	295.67 a



	LSD
	0.528
	0.219
	1.6102
	0.883
	0.030
	3.399







Means accompanied by the same letter are statistically not different at p < 0.05 (LSD test). In the same column, a is the greatest value and c is the lowest value.
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Table 2. Phenolic profile of Echinops spinosissimus ethyl acetate and ethanol extracts analyzed via HPLC.
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	Compounds
	Ethyl Acetate (µg/g)
	Ethanol (µg/g)





	Gallic acid
	24.07
	7.71



	Protocatechuic acid
	197.41
	51.05



	p-Hydroxybenzoic acid
	135.63
	46.09



	Chlorogenic acid
	3582.25
	5167.99



	Caffeic acid
	481.53
	155.92



	Syringic acid
	405.45
	148.30



	Vanillic acid
	9.11
	20.24



	Ferulic acid
	81.81
	38.53



	Sinapic acid
	42.28
	0.00



	p-Coumaric acid
	7725.94
	4342.51



	Rutin
	318.85
	1050.18



	Rosmarinic acid
	21,004.65
	13,077.16



	Apegnin-7-glycoside
	113.79
	69.29



	Cinnamic acid
	19.74
	45.24



	Quercetin
	2980.63
	1544.26



	Kaempferol
	328.64
	401.76
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