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Abstract

:

Due to the presence of phytochemicals, plants have been known to be used in the treatment and management of various diseases. Vernonia amygdalina, belonging to the Asteraceae family, is a plant known for its many applications in traditional medicine for various purposes. Previous studies on the methanolic leaf extract of this plant have proved the antibacterial, cytotoxic, anticancer and antioxidant effects indicative of promising therapeutic potentials. In this work, chromatographic and spectroscopic techniques along with high-performance liquid chromatography quantitative analysis were adopted to isolate, identify and quantify polyphenolic compounds in V. amygdalina leaf extract. UHPLC-DAD-ESI-MS/MS and UHPLC-DAD methods were adopted for qualitative and quantitative analysis, respectively. In the case of polyphenol separation, some reference substances were isolated by preparative HPLC. Seven polyphenols were identified and quantified in this study: 5-O-caffeoylquinic acid, luteolin hexoside, 3,4-O-dicaffeoylquinic acid, 1,5-O-dicaffeoylquinic acid, 3,5-O-dicaffeoylquinic acid, 4,5-O-dicaffeoylquinic acid and luteolin dihexoside, with 3,5-O-dicaffeoylquinic acid being isolated in the highest quantity of 27.49 mg g−1 extract.
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1. Introduction


Medicinal plants have been used to prevent and treat various health problems for many ages [1,2,3], and despite the great advancement in modern medicine, phytotherapy is still commonly used [3]. Various phytochemicals produced by plants may vary both qualitatively and quantitatively according to many factors such as weather, ecology, time and age of collection [4]. Their active components, including phytosterols, essential oils and phenolics, have been investigated as potential therapeutic agents and towards isolation of novel compounds that can be later structurally modified for therapeutic purposes [5]. Both monophenolic and polyphenolic components from a large number of plants have been proven to delay or lessen the initiation, progression and spread of cancers in both in vitro and in vivo studies [6]. This anti carcinogenic activity is primarily due to the ability of phenolic compounds to induce cell cycle arrest, inhibit oncogenic signalling cascades controlling cell proliferation, angiogenesis and apoptosis, modulate ROS levels, promote tumour suppressor proteins such as p53 and enhance the ability to differentiate and transform into normal cells [7]. Additionally, the body’s immune system ability to recognize and destroy cancer cells is enhanced by phenolics, and they appear to increase the efficacy of standard chemo- and radiotherapeutic regimens and avert resistance to these agents [8,9]. One of such promising plant is Vernonia amygdalina, especially its aerial parts (the leaves). This bushy shrub or small tree, with green and bitter elliptic petiolate leaves about 6 mm in diameter, grows to 2–5 m in height. The stems have light grey or brown bark, which is rather rough and longitudinally flaking, as well as brittle branches. It bears small thistle-like, creamy-white flower heads that are sometimes slightly touched with mauve. The fruit is a small nutlet, with miniature glands and coarse hairs on the body and a long tuft of bristly hairs at the top [10]. In other studies, V. amygdalina is documented to demonstrate diverse therapeutic activities, including anti-cancer properties, that have been attributed to its presence of coumarins, flavonoids, sesquiterpene lactones and edotides [11]. Colorimetric MTT assay measuring cell metabolic activity found that V. amygdalina leaf extract inhibits the proliferation and induces apoptosis of MCF-7 and MDA-MB-231 human breast cancer cell lines in a time- and dose-dependent manner through both extrinsic and intrinsic pathways [12]. The same study pointed that V. amygdalina inhibits the expression of ER-α and its downstream products, and given that ER-α is expressed in around 70% of diagnosed breast cancers, that has been a crucial finding. The same plant also exhibited compatibility with doxorubicin, indicating that it can complement current chemotherapy [12].



Although previous phytochemical analyses of V. amygdalina leaf extract have examined its flavonoids, lipids, mucilage and polyphenol content [13], no detailed qualitative or quantitative analyses of its polyphenols have been performed. Moreover, as part of efforts in our laboratory to understand the effect of combining this plant methanolic extract with other plant extracts and compounds on breast cancer [14] and its possible medicinal use in the management of this disease, detailed knowledge of its active constituents is needed. Therefore, the present study performed qualitative and quantitative analysis of the phenolic compounds in V. amygdalina methanolic leaf extract of Ugandan origin.




2. Material and Methods


2.1. Plant Material


Plant materials (leaves) were collected from an organically certified farm in Nakaseke district, Uganda, and taken to Herbarium at Makarere University (MHU) for authentication. The voucher specimen of examined plant material was allocated numbers JN/002.




2.2. Preparation of the Plant Material and Extraction Procedure


The plant material was collected in the morning, washed and air-dried in the shaded area at ambient temperature (25–30 °C) for 6 days to obtain constant weight. The dried leaves were pulverized (using mortar and pestle) and kept in an airtight container at room temperature until the extraction.



Plant powder (500 g) was soaked in 2.5 L of methanol for 3 days. The acquired solution was filtered using Whatman filter paper (No.1) and concentrated in vacuo at a temperature below 45 °C to obtain the green gum crude residue. The obtained methanolic extracts were stored at −4 °C until used for phytochemical analysis.




2.3. UHPLC-DAD-ESI-MS Qualitative Analysis of V. amygdalina Leaf Extract


Two milligrams of crude extract were dissolved in methanol and qualitatively analysed by UHPLC-DAD-ESI-MS/MS. Chromatographical analysis was performed on a UHPLC-3000 RS system (Dionex, Germany) with DAD detection and an AmaZon SL ion trap mass spectrometer with an ESI interface (Bruker Daltonik GmbH, Germany). Separation was performed on a Zorbax SB-C18 column (150 × 2.1 mm, 1.9 μm) (Agilent, Santa Clara, CA, USA). The mobile phase consisted of water (A) and acetonitrile (B) and used the following gradients: 0–60 min, 5–40% B. The LC eluate was introduced into the ESI interface without splitting, and compounds were analysed in negative ion mode with the following settings: nebulizer pressure of 40 psi; drying gas flow rate of 9 L/min; nitrogen gas temperature of 300 °C; and a capillary voltage of 4.5 kV. The mass scan ranged from 100 to 2200 m/z. The UV spectrum was recorded in the range of 200–400 nm and the chromatogram was acquired at 325 nm. Compounds were identified by comparing their mass spectroscopic data with those described in the literature.




2.4. Preparative-HPLC Isolation of the Identified Compounds


To isolate some of the polyphenols present in studied botanicals, for which standards are not commercially available, the leaf extracts were subjected to preparative-HPLC separation. For this purpose, each of the plant methanolic extracts was dissolved in 25 mL of methanol and water (8:2, v/v); afterwards, 25 mL of cyclohexane was added to the solution and vortexed for 3 h to eliminate chlorophyll and non-polar contaminants. The water-methanolic part of the solution was separated from the non-polar cyclohexane dark-green fraction and concentrated in vacuo. The purified polar fraction was dissolved in methanol and water (4:2 v/v) and filtered through a 0.22 µm syringe filter and chromatographically separated using a preparative-HPLC chromatograph equipped with a binary pump (Gilson, France), a column thermostat (JetStream 2 Plus), and a UV-Vis detector (Azura Knauer, Germany). The working parameters, with the exception of the column thermostat, were controlled by LP-chrom 2.51 software. The polar part of the extract was separated on the semi-preparative HPLC column (250 × 9.0 mm id; 5.0 μm; Agilent Technologies) at 35 °C using the two-ingredient mobile phase consisting of water and methanol, both acidified by formic acid (0.1%). The chromatographical isolation was carried out by linear gradient according to the following program: 0–90 min, 0–40% methanol at the flow rate of 3 mL min−1. The UV detection of the isolated compounds was performed at 325 nm.




2.5. UHPLC-DAD Quantitative Determination of Polyphenols in Plant Extract


The five parts, 5 mg each, of crude green gum residue from plant extract were dissolved in 1 mL of methanol, filtered through 0.22 μm syringe filters and quantitatively analysed by UHPLC method for polyphenols identified in this study. UHPLC analyses were performed in Agilent Technologies 1290 Infinity apparatus equipped with diode array detector (DAD), a binary solvent delivery pump, vacuum degasser, an autosampler and a thermostated column compartment. The separation was performed on a Zorbax Eclipse Plus C18 column (100 × 2.1 mm id; 1.8 μm Agilent Technologies) and pre-column (100 × 2.1 mm id; 1.8 μm; Agilent Technologies) at 40 °C. The mobile phase consisted of acetonitrile (v/v) (solvent A) and water (solvent B), both acidified in 0.1% formic acid. A gradient program used for the separation of the constituents was applied as follows: 0–10 min 3% A; 10–45 min 3–21% A; 45–60 min 21–40% A. The column was equilibrated with 3% A for 3 min between injections. The flow rate was 0.4 mL min−1 and the injection volume was 5 μL The detection wavelength was set at 325 nm. The identity of the determined phytocompounds with those detected by the UHPLC-DAD-ESI-MS method was confirmed based on the UV (λmax) spectra data. The content of identified polyphenols was calculated based on the calibration curves created by UHPLC analysis and expressed as mg g−1 of dry extract. To determine the calibration curve for quantification of polyphenols in extracts, the luteolin commercial standard (Roth) and non-commercial caffeoylquinic and dicaffeoylquinic acids (isolated by preparative-HPLC in this study) were used. The content of all caffeoylquinic acids was determined by using calibration curves of caffeoylquinic and dicaffeoylquinic acids, earlier isolated by preparative HPLC.





3. Results


3.1. Identification of Phenolic Compounds in V. amygdalina Leaf Extract


The full-scan negative ionization mode of the V. amygdalina leaf extract showed a total of seven compounds, identified as phenolic acids and flavonoids (Figure 1, Table 1).




3.2. Phenolic Acids


The peak 1 presented an [M-H]− ion at m/z 353 and fragmentation at m/z 191 corresponding to 5-O-caffeoylquinic acid as reported in the literature [15]. The weights of the molecular ions [M-H] and fragmentation values of the peaks 3,4,5,6 were compared with data described in previous research [16], and they indicate that all these phytocompounds are dicaffeoylquinic acid derivatives (Table 1) [16].




3.3. Flavonoids


The molecular ion [M-H]− at m/z 447 and the fragmentation at m/z 285 of the peak 2 suggest that this compound is luteolin hexoside, while peak 7 with its value of molecular ion at [M-H] at m/z 609 and fragmentation at m/z 447 corresponds to luteolin dihexoside [17].



The content of all determined polyphenolic compounds is expressed in mg g−1 of the dry extract (Figure 2), and their retention times in quantitative UHPLC analysis are shown in Table 1 and Figure 3. Structures of isolated and quantified compounds are presented in Figure 4.



Values are reported as mean ± SE (n = 15 of UHPLC analyses).



Key: Compound 1 = 5-O-caffeoylquinic acid, Compound 2 = luteolin hexoside, Compound 3 = 3,4-O-dicaffeoylquinic acid, Compound 4 = 1,5-O-dicaffeoylquinic acid, Compound 5 = 3,5-O-dicaffeoylquinic acid, Compound 6 = 4,5-O-dicaffeoylquinic acid, Compound 7 = luteolin dihexoside.





4. Discussion


Studies have confirmed that people predominantly consuming plant-based foods have low incidence rates of various cancers [18]. Plant phenolic secondary metabolites appear to have both prophylactic and curative potential in the fight against cancer; therefore, phytochemical studies of these natural compounds seem to be justified. This study, for the first time, performed qualitative and quantitative analysis of methanolic leaf extracts from V. amygdalina growing in Uganda and have proven a different plant phenolic composition to those investigated previously [19]. The reason for these differences may be the fact that studied plant material was from another part of the world, resulting in a different spectrum and content of these metabolites due to various environmental conditions for plant growth, such as light and photoperiod, temperature, soil, water and salinity [20]. Phenolic analysis of botanical used in this study presented caffeoylquinic and dicaffeoylquinic acid derivatives as the main group of compounds (78.75 mg g−1), followed by a much lower amount of luteolin derivatives (1.82 mg g−1) (Figure 2). Caffeoylquinic acid derivatives have been reported to exhibit antioxidant [21,22,23], cancer-related [24,25,26,27,28,29,30], antiviral, anti-Alzheimer [31,32] and neuroprotective activity [33,34,35]. Flavonoids are known for their antioxidant activities and are intensively studied due to their benefit for human health and the treatment of diseases, including cancer and cardiovascular disease [36]. They show potential antioxidant, anti-inflammatory, anti-allergic antiviral, antiplatelet, antitumor effects and support the treatment of neurodegenerative diseases [37].



Flavonol luteolin, identified in this study, among its antioxidant and anti-inflammatory action, shows anticancer activities against MCF-7 cell line, inhibits Akt phosphorylation in a dose-dependent manner, impedes NF-κB activation, impairs the nuclear translocation of STAT3 and blocks the energy metabolism pathway, which makes this compound a potential candidate for the treatment of inflammatory and proliferative diseases [38].




5. Conclusions Remarks


The present work is the first report covering both the qualitative and quantitative profile of polyphenolic compounds in methanolic leaf extract of V. amygdalina, a plant growing under the climatic conditions of Uganda. Previous research [10] points out the anticancer and health-promoting activity of the studied botanicals, and thus this study may help with the standardization of V. amygdalina Ugandan origin and its potential use as a dietary supplement and/or herbal medicine.
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Figure 1. The chromatogram of the qualitative UHPLC-DAD-ESI-MS analysis of V. amygdalina methanolic leaf extract. Key: Compound 1 = 5-O-caffeoylquinic acid, Compound 2 = luteolin hexoside, Compound 3 = 3,4-O-dicaffeoylquinic acid, Compound 4 = 1,5-O-dicaffeoylquinic acid, Compound 5 = 3,5-O-dicaffeoylquinic acid, Compound 6 = 4,5-O-dicaffeoylquinic acid, Compound 7 = luteolin dihexoside. 
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Figure 2. Content of polyphenols in V. samygdalina leaf extract. 
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Figure 3. The chromatogram of the quantitative UHPLC analysis of V. amygdalina methanolic leaf extract. Key: Compound 1= 5-O-caffeoylquinic acid, Compound 2 = luteolin hexoside, Compound 3 = 3,4-O-dicaffeoylquinic acid, Compound 4 = 1,5-O-dicaffeoylquinic acid, Compound 5 = 3,5-O-dicaffeoylquinic acid, Compound 6 = 4,5-O-dicaffeoylquinic acid, Compound 7 = luteolin dihexoside. 
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Figure 4. Structures of isolated and quantified compounds in VA. 
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Table 1. UPLC-DAD-ESI-MS data of detected and identified polyphenolic compounds in V. amygdalina methanolic leaf extract.
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	Compounds
	Molecular Formula
	Retention Time [min]
	UV (λmax in nm)
	[M-H]−
	Fragmentation Ions





	1. 5-0- caffeoylquinic acid
	C16H18O9
	16.7
	325
	353
	191



	2. luteolin hexoside
	C15H10O6
	30.5
	254, 350
	447
	285



	3. 3,4-O-dicaffeoylquinic acid
	C25H24O12
	33.0
	323
	515
	353,191,173,179,135



	4. 1,5-O-dicaffeoylquinic acid
	C25H24O12
	33.9
	328
	515
	353,335,191



	5. 3,5-O-dicaffeoylquinic acid
	C25H24O12
	34.2
	327
	515
	353



	6. 4,5-O-dicaffeoylquinic acid
	C25H24O12
	36.3
	327
	515
	353,191,179,173



	7. luteolin dihexoside
	C27H30O16
	39.9
	330
	609
	447,285
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