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Identification of flavanoids in thick extracts of violet’s herb and hybrid violet’s herb by HPLC method 
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National University of Pharmacy, Kharkov
Introduction 

Species of violet (Viola L.) are widely distributed throughout the temperate zone of the northern hemisphere, steppes, semi-deserts, in the tropics, and subtropics. Plants are adapted to life in different environmental and climatic conditions [1, 2, 3]. Today, there is a group of artificially created hybrid violets - violets Vittroka or garden pansy (lat. V. wittrockiana), also known as hybrid violet - V. hybrida hort. (V. wittrokiana Gams.) [2]. This group is widely cultivated as ornamental [4]. 
In official medicine only wild violet (field pansy) - v. arvensis and heartsease - v. tricolor under the common title "violet’s herb" are used as anti-inflammatory, anti-oxidant, expectorant, diuretic, and antiallergenic agents [5, 6, 7, 8]. Hybrids of decorative violets can be promising in terms of studying their chemical composition and pharmacological action, as well as development of new phytosubstances on their basis.
According to literary sources, chemical composition of wild violet (field pansy) - v. arvensis and heartsease - v. tricolor has been studied rather extensively, whereas no research regarding the hybrid violet’s herb has been carried out yet.
Simple phenols found in the herb of wild violet (field pansy) - v. arvensis and heartsease - v. tricolor are arbutin and violotozyde; phenolcarbonic acids are p-hydroxybenzoic, vanillic, hentyzynic, protocathechoic, p-cumaric, 4-hydroxophenylacetic, and salicylic ones. Total content of phenolcarbonic acids is 0.18% [2, 9, 10, 11, 12, 13, 14]. Antocyanidines of wild violet (field pansy) - v. arvensis and heartsease - v. tricolor are represented by delfinidyn-3-glucoside and peonidyn [10, 15]. Flowers of heartsease - v. tricolor contain violanin [9]. In the herb of wild violet (field pansy) - v. arvensis and heartsease - v. tricolor hydroxycinnamic acids such as chlorogenic, coffeic, ferulic, and isoferulic ones have been identified [9, 16].
According to the R.A. Bubenchykov, quantitative content of flavanoids equivalent to rutin in the herb of field pansy and heartsease reaches about 4% [16]. According to Hungarian scientists, total flavonoid content in the v. tricolor grass ranges within 1.63-2.86%, and 0.57-1.15% of them is rutin and 0.80-0.82% is violantyn [12]. In EuPhr, violet’s herb is standardized by the content of flavonoids equivalent to violantyn (not less than 1.5%) [17]. But there is evidence that French scientists recommend conversion of total flavonoids to rutin [18]. The results of our studies on comparing the qualitative content of the grass of plants genus Viola reveal their relationship and differences in the distribution of phenolic compounds at the level of species, sections, and subgenera [19]. The species studied contained rutin, hyperoside, quercetin, kaempferol, apigenin, luteolin, and mirycetyn and mirycitryn, gallic and ellagic acids, umbelliferone and skopoletyn, herniaryn, salicylic and chlorogenic acids. Thus, the phenolic compounds content coincidence of wild violet (field pansy) - v. arvensis, heartsease - v. tricolor and hybrid violet is the basis for use of cultivated violets as additional plant material [20, 21].
The aim of our study was to investigate the quality of the flavonoids in thick extracts of violet’s herb (a mixture of field pansy and heartsease) and hybrid violet using high performance liquid chromatography (HPLC) to determine what kind of compound prevails.
Materials and Methods.

Raw materials for the experiment were harvested during the mass flowering. Thick extracts for the chemical composition studying were obtained by generally known methods [22]. Identification of flavonoid compounds was performed by HPLC on a Waters Alliance 2695 HPLC chromatograph. Substances were identified by comparing the retention time of the peak obtained in the chromatogram with that of standard samples. Detection was performed using a mass spectrometer Waters API Quatro micro and diode-array detector Waters 996 PDA. During our work we used various solvents and reagents, such as: acetonitrile «gradient grade» (Sigma-Aldrich), methanol «gradient grade» (Sigma-Aldrich), high-purity water (Millipore Super-Q), and formic acid (BASF). Chromatography conditions: column Waters Symmetry C18 150*1 mm, 3.5 mm, column temperature - 35º C, mobile phase A - acetonitrile mobile phase B - water, mobile phase C - formic acid 10% (volume) , mobile phase D - methanol, mobile phase velocity - 0.080 ml / min, elution - gradient, detection - spectrophotometric range detection nm: 230-600; mass spectrometry (MS-MS, ion scan mode); Mode Ionization: electrospray in positive and negative modes; Detection range: 200-1800 Da; ion source temperature: 120 ° C; evaporation temperature: 300° C; cone voltage at 20 V; the voltage at the capillary: 3.00 kV; collision gas: argon; pressure collision cell: 1.5-1.7 10-3 mbar. Gradient elution program is shown in the Table 1.
Table 1.
Program elution gradient
	Time, min.
	Mobile phase, %

	
	А
	B
	C
	D

	0.0
	5.0
	89.0
	1.0
	5.0

	50.0
	35.0
	39.0
	1.0
	25.0

	65.0
	69.0
	0.0
	1.0
	30.0

	70.0
	69.0
	0.0
	1.0
	30.0

	70.1
	5.0
	89.0
	1.0
	5.0

	80.0
	5.0
	89.0
	1.0
	5.0


Results and Discussion
Using HPLC, 8 substances have been detected, 5 of which have been identified. Typical HPLC chromatograms of extracts of violet’s herb and hybrid violet’s herb are shown in Fig. 1. The content of certain substances in the extracts has been determined by internal normalization method. Qualitative compositions of the extracts almost do not differ. Four substances identified are derivatives of C-glycosides: 1 - vicenyn (apigenin 6,8-di-bD-glucopyranozyd) (Fig. 7.1), 2 - shaftozyd (apigenin 3-C-glucoside-8-C-arabinoside) ( Fig. 7.2), 3 - apigenin 3,6-di-C-glucoside (Fig. 7.3), 4 - violantyn (apigenin 6-C-glucoside-8-C-ramnozyd) (Fig. 7.4), and one original substance is a derivative of O-glycoside - 5 - rutin (quercetin-3-O rutynozyd) (Fig. 7.5). The structural formulas of the substances identified are shown in Fig. 7.
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   Fig. 2. The absorption spectrum (A) and mass spectrum (B) of substance 1 (vitsenyn). 
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 Fig. 3. The absorption spectrum (A) and mass spectrum (B) of substance 2 (shaftozyd).
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Fig. 4. The absorption spectrum (A) and mass spectrum (B) of substance 3 (apigenin 3,6-di-C-glucoside).
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Fig. 6. The absorption spectrum (A) and mass spectrum (B) of substance 5 (rutin). 
In UV spectra the absorption maxima were observed for vicenin at 271 and 350 nm, for shaftozyd at 270 and 330 nm, for apigenin 3,6-di-C-glucoside at 270 and 348 nm, for violantyn at 271 and 333 nm, and for rutin at 256 and 362 nm (Fig. 2.A - 6.A), which is typical for compounds of flavonoid nature. For these substances corresponding mass spectra have been established, which are characterized by the presence of intense peaks of molecular ions (see Fig. 2B - 6B).

[image: image1]
According to results of the experiment, it has been revealed that violantin content prevails in the sample of thick extracts studied (Table 2). So, in a thick extract of the violet herb, the content of this compound reached 35.66 mg/ , and in the thick extract of the hybrid violet herb - 39.67 mg/g, so the standardization of materials and substances should be carried according to this compound. 
Table 2
The content of flavonoids in thick extracts (TE) of violet’s herb and 

hybrid violet’s herb
	Name and code of the substance
	Molecular weight, Da
	Retention time for substances, min.
	The content of the substance, in mg/g

	
	
	TE of violet’s herb
	TE of

hybrid violet’s herb
	TE of violet’s herb
	TE of

hybrid violet’s herb

	vitseyin (1)
	593
	22.04
	22.92
	0.54
	0.56

	shaftozyd (2)
	563
	25.66
	26.34
	1.69
	2.61

	apigenin 3,6-di-C-glucoside (3)
	593
	26.88
	27.29
	3.48
	3.46

	violantyn (4)
	577
	29.52
	29.93
	35.66
	39.67

	rutin (5)
	609
	32.18
	31.74
	2.52
	2.54


Сonclusions
By means of HPLC method, the following flavanoids have been identified in thick extracts of violet’s herb and hybrid violet’s herb: vicenin, shaftozyd, apigenin 3,6-di-C-glucoside, violantyn, and rutin. It is the first time when vitsenin, shaftozyd, apigenin 3,6-di-C-glucoside, and violantyn have been identified for hybrid violet. It has been determined experimentally that violantyn accumulates in larger quantities when compared to other flavanoids identified in both samples.
Summary
Using HPLC, certain flavanoids have been identified in thick extracts of violet’s herb and hybrid violet’s herb. They are derivatives of C-glycosides - vicenin, shaftozyd, apigenin 3,6-di-C-glucoside, and violantyn, and a derivative of O-glycoside - rutin. Vitsenin, shaftozyd, apigenin 3,6-di-C-glucoside, and violantyn have been identified in a hybrid violet for the first time. It has been determined experimentally that violantyn accumulates in larger quantities when compared to other flavanoids identified in both samples.
Keywords: violet tricolor, wild violet, hybrid violet, herb, flavonoids, HPLC
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Идентификация флавоноидов в густых экстрактах травы фиалки и травы фиалки гибридной методом ВЭЖХ

Гонтовая Т.Н., Машталер В.В.

Резюме. Методом ВЭЖХ в густых экстрактах из травы фиалки и травы фиалки гибридной идентифицированы флавоноиды, а именно: производные С-гликозидов - виценин, шафтозид, апигенин 3,6-ди-С-глюкозид, виолантин и О-гликозида - рутин. Виценин, шафтозид, апигенин 3,6-ди-С-глюкозид и виолантин для травы фиалки гибридной идентифицировано впервые. Экспериментальным путем установлено, что в исследуемых объектах из идентифицированных флавоноидов виолантин накапливается в больших количествах.
Ключевые слова: фиалка трехцветная, фиалка полевая, фиалка гибридная, трава, флавоноиды, ВЭЖХ
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Fig. 1. HPLC MS / MS spectra of thick extracts of violet herb (A) and hybrid violet herb (B)
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Fig. 5. The absorption spectrum (A) and mass spectrum (B) of substance 4 (violantyn).
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Fig. 7. Structural formula of the substances in thick extracts of violet herb and violet hybrid herb identified by HPLC
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