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INTRODUCTION
Silymarin is a standardized herbal extract derived from the seeds of milk thistle (from Latin - Silybum marianum). Silymarin is used as a hepatoprotective drug for the prevention and treatment of liver diseases of various etiologies [3, 8]. The main component of this extract is silybin (Fig. 1), but silybin also contains other flavolignanes (sylidianin, sylikrystyn, izosylibin, dyhidrosylibin ), flavonoids ( quercetin and taksyfolin ) and other polyphenolic compounds. Silybin is represented in plants as a mixture of two diastereomers in equimolar ratio [15 ].
Flavolignanes of silymarin have antiradical properties, reduce the lipid peroxidation of membranes and low-density lipoprotein. Antioxidant properties of silymarin correlate with other types of biological activity of this compound, for instance, the property to affect the intracellular signaling pathways that control cell growth and differentiation, apoptosis processes [12, 15]. Silymarin also exhibits anti-inflammatory, antifibrosis action, stimulates protein biosynthesis and liver regeneration, enhances lactation and has immune- modulating activity [ 8].
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	Fig. 1А. The structural molecule of silybin
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	Fig. 1B. The structural molecule of quercetin 
	Fig. 1С. The structural molecule of taksyfolin


The investigations of antioxidant activity of flavonoids from the structure have been carried out intensively in recent years, but the mechanisms of antiradical and antioxidant activity of silymarin have not been studied well enough.

The purpose of this study has been the study of electronic and spatial properties of silybin molecule as the major component of silymarin, to establish mechanisms for the antioxidant activity of the compound. The work has been performed under the continuing series of studies of quantum pharmacological properties of drugs metabolitic action type [4-7 ].
Materials and methods. We have searched the most stable conformation quantum- chemical method of density functional theory B3PW91/6-311 + G (d, p) using the FireFly (PC GAMESS) version 7.1.G for silybin molecules [ 2, 6 ].

In the methods of the density functional theory under the calculations of the properties in the study of many-electron wave function is replaced by the electron density. This leads to a significant simplification of the calculations, since many-electron wave function depends on 3N variables ( 3 spatial coordinates for each of the N electrons), whereas the density – is the function of only three spatial coordinates [2 ].
B3PW91 –is the method of density functional theory, which includes the three parameters and belongs to the hybrid methods. B3PW91 consists of two parts: functional B3, developed by K. Becke and functional PW91, designed by J.P. Perdew and Y. Wang in 1991.

The calculated quantum chemical parameters for a silybin molecule: the overall size of the molecules (Å), the distance between the atoms (Å); the size of the angles between the bonds (°); distribution of the electrostatic potential and electron density in the molecule; charges on the atoms (units of charge); Energy and localization of the highest occupation ( HOMO ) and lowest vacant ( LVMO ) molecular orbitals (eV ) [1 ].

Results and discussion. In Fig. 2 it is shown the three-dimensional structure of the silybin molecule that has been obtained from the quantum chemical calculations, showing the atom types .
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	Fig. 2. Three-dimensional structure of the silybin molecule showing the atom types: hydrogen atom hydroxogroup O (6)-N (42) forms intramolecular hydrogen bond with the oxygen O (17)


According to studied results the silybin molecule size with the axes are: X - 6,46 Å; Y - 5,09 Å; Z - 12,74 Å. The distances between atoms are shown in Table 1.
Table1

The distances between atoms in the silybin molecule
	1. 
	R(19-22)
	3,89

	2. 
	R(12-28)
	3,93

	3. 
	R(23-12)
	9,11

	4. 
	R(20-22)
	4,15

	5. 
	R(11-34)
	3,53

	6. 
	R(20-34)
	8,07

	7. 
	R(22-34)
	10,65

	8. 
	R(27-32)
	9,52

	9. 
	R(22-33)
	10,17

	10. 
	R(23-34)
	11,14


Note. R(1-2)* - the distance between the atoms whose numbers are listed in brackets in accordance with Fig. 1, Å.
Intermolecular interaction of silybin in the human body can be described by various quality parameters: charges on an atom, ionization potential (energy HOMO), electron affinity (energy LVMO), indexes reaction activity. Taking into consideration the fact that the target flavolignate molecule in the human body has not been found, the study of reaction centers of these compounds are particularly interesting and topical task. 

Table 2 shows the values ​​of the charges on the atoms in the silybin molecule 
Table 2 

The charges, electrostatic potential and electron density on the atoms in the silybin molecule 
	The type of an atom
	The charge, charging units
	The electron density, charging units
	The electrostatic potential, charging units

	1 (C)
	-0,24
	119,57
	-14,71

	2 (O)
	-0,48
	295,08
	-22,32

	3 (O)
	-0,55
	295,10
	-22,32

	4 (O)
	-0,55
	295,13
	-22,34

	5 (O)
	-0,55
	295,10
	-22,31

	6 (O)
	-0,57
	295,08
	-22,33

	7 (C)
	-0,07
	119,67
	-14,77

	8 (C)
	-0,06
	119,65
	-14,75

	9 (O)
	-0,55
	295,09
	-22,35

	10 (C)
	-0,04
	119,57
	-14,71

	11 (C)
	-0,03
	119,59
	-14,69

	12 (C)
	0,09
	119,62
	-14,69

	13 (O)
	-0,53
	295,13
	-22,32

	14 (O)
	-0,50
	295,20
	-22,32

	15 (C)
	-0,11
	119,69
	-14,77

	16 (C)
	-0,11
	119,65
	-14,75

	17 (O)
	-0,55
	295,41
	-22,36

	18 (O)
	-0,49
	295,21
	-22,32

	19 (C)
	0,01
	119,60
	-14,68

	20 (C)
	-0,01
	119,60
	-14,69

	21 (C)
	0,53
	119,81
	-14,67

	22 (C)
	0,36
	119,71
	-14,68

	23 (C)
	-0,26
	119,62
	-14,77

	24 (C)
	-0,24
	119,62
	-14,77

	25 (C)
	0,44
	119,71
	-14,68

	26 (C)
	-0,43
	119,59
	-14,75

	27 (C)
	0,45
	119,71
	-14,68

	28 (C)
	-0,13
	119,69
	-14,76

	29 (C)
	-0,17
	119,67
	-14,76

	30 (C)
	0,27
	119,66
	-14,70

	31 (C)
	0,28
	119,65
	-14,71

	32 (C)
	-0,21
	119,66
	-14,76

	33 (C)
	0,30
	119,65
	-14,70

	34 (C)
	0,26
	119,66
	-14,70

	35 (C)
	-0,19
	119,66
	-14,76


The most negative charges in the silybin molecule has been observed on the oxygen atoms O6 (-0,57), O5 (-0,55), O17 ( -0.55 ) and carbon atoms C26 (-0,43). The largest positive charges have carbon atoms C27 (0.45 ) and C21 (0.53 ). The highest electron density (the density of probability of finding the electron at a given point in space ) is characteristic for the atoms O17 (295,41) and O18 (295,21). The most negative electrostatic potential has the atoms O9 (-22,35) and O17 (-22,36).

Installing plots of molecules, which have a negative electrostatic potential, is an important step for predicting the interaction of the molecule with electrophiles. However, the analysis of the molecular electrostatic potential allows us to solve more complex problems. In particular, all the latest computer software to simulate the processes of interaction of enzymes with substrates and receptors with ligands calculate the molecular electrostatic potential distribution as an integral value that characterizes the reaction activity of a molecule [ 1].

On Fig. 3 - 4 you can see the location of the boundary orbitals in the silybin molecule.
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	Fig. 3. Localization of HOMO in the silybin molecule 
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	Fig. 4. Localization of LVMO in the silybin molecule


The value of the limiting energy orbitals are the most important descriptor of antioxidant activity [9, 10]. From the literature it is known that the redox potential of antioxidant phenolic nature is increased during the increase of negative energy HOMO, antioxidant activity of vitamin E derivatives is increased with decreasing negative energy HOMO [11, 13]. Antioxidant activity of carotenoids depends on the energy difference HOMO and LVMO (ЕВ-Н). If the value of EV -N and the ionization potential decrease, the antioxidant activity of carotenoids increases [ 9, 13 , 14].

The compounds of Phenolic structure can implement the antioxidant properties by two mechanisms: by transferring the hydrogen atom (1) or electron transport (2):
ArOH + R• →ArO• + RH                                        (1);

ArOH + R•→ArOH+• + R- → ArO• + RH               (2)

Reaction (1 ) is associated with homolitic dissociation of the O-H bond and can occur at each O-H group of phenolic compounds (flavolignane molecules) depending on the bond dissociation enthalpy. The lower the value of the enthalpy of dissociation is, the bigger probability of the participation of the O-H group in the antioxidant action of the compound. Reaction (2) takes place with the formation of intermediate cations thus depends on the ionization potential of the molecule, which is determined by the energy HOMO [15 ].

For silybin reaction ( 2) is more important, especially in the implementation of the antioxidant effect of participating hydroxyl groups 7 -OH and 20- OH. [15 ].

We can find 141 molecular orbital in the silybin molecule. HOMO (№ 91) is localized on the carboxyl group and has an energy -10.48 eV. LVMO (№ 92) takes the carbon atoms in the center of the molecule and the energy is -3.75 eV.
It is significant that HOMO of silybin is just in the C ring at a moving hydrogen atom O ( 6 )- H ( 42), and hydrogen of this hydroxogroup forms intramolecular hydrogen bond with the oxygen O ( 17). Oxygen atom O ( 6), at the moving hydrogen atom, has the highest negative charge throughout the whole  silybin molecule. Antioxidants of flavonoid structure ( quercetin, taksyfolin ) share the same part with the silybin (rings A, C , Fig. 1) and most likely exhibit the antioxidant properties due to moving hydrogen in the ring A.
CONCLUSIONS
1. The installed topological (the distance between atoms) and quantum -chemical (the distribution of charges, electrostatic potential, electron density, limiting molecular orbitals) parameters of the flavolihnanu silybin molecule that allows to deepen the current understanding of the relation to this compound to living systems components in order to understand the mechanisms of its pharmacological action.

2. In the silybin molecule HOMO is localized on the ring S.

3.  The results of quantum- pharmacological studies indicate that the hydrogen atom of hydroxogroup O ( 6) -N (42 ) has an essential value for the implementation of the antioxidant silybin properties.
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