CHEMICAL CHARACTERISTICS Of THE PROPOLIS COLLECTED BY Apis mellifera IN THE YUCATAN STATE, MEXICO 
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Abstract

The propolis is a resin that comes from exudates of different plants which are modified by the bees with their secretions and used in diverse functions, the majority related to the protection of the beehive against external agents like insects and bacteria. The therapeutic properties of this apicultural product have been studied in diverse countries of the world, and it knows that directly they are related to his content of secondary metabolites; nevertheless, the chemical composition of the propolis varies according to its country of origin, since it depends on the vegetable envinroment that surround the beehive. The content of secondary metabolites, specificaly those of phenolic nature, to be considers a factor of propolis′s quality. In the next study, the chemical composition of the propolis of  Yucatan state was evaluated, for the development of the study, selected 15 colonies of bees (mellifera Apis L.) located in three apicultural zones of the state, in a period between January and December of 2000. The propolis was collected in plastic meshes according to the it described by Martinez (1993); Gonzales and Bernal (1997). The etanolic extract of each zone was obtained by agitation to room temperature during one week, later partitionate with hexane and ethyl acetate. Each partition was analyzed by thin layer chromatography and separate using chromatographic columns of silica gel and Sephadex LH-20 to purificate the metabolites; which were identified using spectroscopic technicals. The identified majority components were the triterpens: Lupeol, ( and ( amyrin, lupenone; benzoic acid and four compounds which they have not been reported in other propolis, the isoflavonoids: medicarpin, mucronulatol and vestitol; and a cicloartan denominated (23E)-cicloart-23-en-3(, 25-diol. 
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INTRODUCTION

Since the economic point of view the beekeeping is a very important agro-industrial activity in the Yucatan state, since the production and honey export serves like a source of additional income for the farmers, as well as generating currency source in the state. The beekeeping in the state has like primary economic activity the honey harvesting, in addition to other products like the wax, the polen or bread of bees and the real jelly, without considering that more products of the beehive can be obtained whose properties are recognized international level; between these is the poison or apitoxina and the propolis. This last one is an apicultural product that has proven and recognized farmacological properties in different parts from the world, but in spite of this, has not been developed some type of study of the propolis that is collected in the state. 

The propolis is a resinous, balsamic, sticky, of viscous consistency and different color’s, for sample green brown, brown, brown, red or even almost black (depending on its botanical origin), pungent, frequently bitter flavor, and pleasant scent. The chemical components of the propolis are a mixture of several compounds that fall within four groups: waxes (mainly esters of fatty acids and alcohol of long chain), flavonoids, other aromatic compounds (like esters of cafeico acid) and volatile compounds (mainly terpens) (Houghton, 1998). Between the chemical components of the propolis the group of the flavonoids constitutes the most important compounds from the point of view of their biological action (González, 1997). Studies related to the chemical composition of the propolis have revealed the existence of over 300 different compounds in diverse samples of propolis (Stangaciu, 2000). In spite of the reports that are had of other parts of the world about the properties of the propolis, in Mexico and individual in Yucatan, studies of the chemical characterization of the propolis have not been made in the state. From the previous thing the interest arises to make studies in order to determine majority compounds of the propolis, of such form that the results allow to know the potential that displays east product in the state. 

MATERIALS and METHODS 

For the development of the study, selected 50 colonies of bees (mellifera Apis L.) For the propolis’s  harvesting, in each colony was placed a plastic mesh, previously heavy, of 3x3 mm of mesh orifice, 41 cm wide by 51 cm in length. The location of the meshes was between the last rise and the cover of the beehive, same that were fixed with tacks. The harvesting of the meshes with propolis was made during the two times of the year (rains and droughts). Each mesh was weighed individually and identified with the number of the colony and registering the data in a control leaf. The meshes containing the propolis were stored in a freezer for their hardening; later one separated of the meshes, to be kept and to be conserved in bottles amber in refrigeration. 300 grams of propolis were weighed to which reactive degree was added to him to 1 L of EtOH and it stayed in constant agitation by 1 week to room temperature. The filtrate was concentrated in the rotavapor until dryness. 62 g of the etanólic extract of propolis (EEP) were resuspending in a mixture of EtOH/H2O and extracted with n-hexane and ethyl acetate successively, obtaining 53 g of hexánica partition and 5 g of ethyl acetate partition. 

The separation of the components of the ethyl acetate partition (PAcOEt) and the hexánic (PHx) are described in the figure 1. 
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Figure 1. Scheme of the separation of the obtained compounds.

RESULTS AND DISCUSSIONS 

Repeated chromatographies in sílica gel and sephadex LH-20 of samples of propolis of Yucatan gave like result the obtaining of nine compounds: benzoic acid (I), the triterpenes Lupenone (II), lupeol (VI), (and  amyrin (VII and VIII), the cicloartane (2E) cicloart-23-en-3, 25-diol (IX) and the isoflavonoids medicarpin (III), vestitol (IV) and mucronulatol (V). The structures were assigned according to the following considerations: the benzoic acid (I) was obtained like a crystalline white solid with pf 120-121 °C. The identification was made comparing the mass spectrum with the reported in the data base of the chromatograph (NIST/EPA/NIH 75k), giving to a quality search of 98 %. benzoic acid he is one of distributed compounds more in the nature, is used as fungicida and it has been reported in a great diversity of plants. This compound has been obtained previously in samples of propolis of other parts of the world (Greenaway, 1990). 

Lupenone (II) was obtained like a crystalline solid of white color, which displayed a fp 131-132 ºC. By ME display a molecular weight of m/z 424, in order with molecula formula C30H48O. The analysis in the infrared indicated the presence of a carbonyl group with an absorption band to 1706 cm-1. The NMR 1H indicated the presence of six singuletes, five of them corresponding to protons of six groups tertiary methyls to  1.02, 0.95, 0.93, the 0,79 and 1,07 (Me-24, Me-27, Me-25, Me-28 and Me-23/26, respectively) and last one of singuletes (1.68) assigned to protons of vinílico methyl in C-30. were also observed two double signals for two olefin protons  4.69 and 4.57 ppm corresponding to the protons in C-29. The spectrum of NMR 13C of this compound revealed the presence of 30 carbons in the molecule, the signals to  218, 151 and 109 respectively corroborated the presence of one carbonilic carbon (C-3) and carbons of the double terminal tie (C-20 and C-29). With base in these data and the comparison of such with the reported ones in Literature (Ahmad, 1994; Pech, 2000), was determined that the structure of compound II correspond to lup-20(29)-en-3-one, better well-known like lupenone. 

The identification of the medicarpin (III), obtained like an amorphous yellow solid, was made in agreement with its spectroscopic datas and by comparison with the reported in the literature. The spectrum of NMR 1H showed signals in the region of  6.41-7.40 ppm due to the aromatic proton presence in the molecule, and one singulet a  3.77 ppm that suggested the presence of one metoxyl group in the structure. The NMR 13C of this compound revealed the presence of 16 carbons in the molecule. The mass spectrum displayed a signal corresponding to the molecular ion to m/z 270, which corresponds in addition to the peak bases of the spectrum, congruente with molecular formula C16H10O4, the fragment of m/z 255 corroborated the presence of the metoxyl group in the molecule since corresponds to the loss of the methyl of the metoxyl group of ring D of the medicarpin. The medicarpin has been isolated previously of species of Legumes and is well-known by its antifungical activity (Ingham, 1978; Ingham, 1979) and antioxidant (Wang, 2000). In a study made by Weidong in 2001, it reported the inhibiting effect of the medicarpin in front of cancerigenic cells of the liver of the human being in vitro. This it is the first report of the isolation of medicarpin in propolis samples.

The identification of vestitol (IV), obtained like an amorphous yellow solid, was made in agreement with the collected data of its mass spectrum, NMR 1H, 13C, experiments DEPT, COSY and ROESY, as well as by experiments of HMQC and HMBC and comparing the data with the reported in the literature. The RMN 1H presented signals to  2.89 (ddd, J = 16.0, 5.5, 1.0 Hz, H-4), 2.99 (dd, J = 15.6, 10.4 Hz, H-4), 3.49 (m, H-3), 4.04 (t, J=10.1 Hz, H-2) and 4.33 (ddd, J = 10.4, 3.4, 2.0 Hz, H-2) assigned to a unit -CH2CH(Ar)CH2O- of a isoflavan skeleton (Alvarez, 1998), also was observed a simple signal to  3.77 that integrate for three protons, which indicates one aromatic metoxyl group in the molecule. The mass spectrum exhibits a peak corresponding to the molecular ion of m/z 272, indicating a molecular formula of C16H10O4. The peak to m/z 150 (ring B) and 123 (ring A), which are from a Retro-Diels-Alder breaking, clearly showed that the only metoxy group in the molecule is connected to ring B, which corroborated the signal observed in the RMN 1H spectrum, also according to the molecular weight and mentioned ions one in the ring is deduced that hidroxyl must exist two groups, one in the ring A and another in B. the isoflavan skeleton was confirmed by the NMR 13C data and experiments DEPT, also were observed interactions in the COSY experiment which they showed correlation between H-2/H-3 and H-3/H-4. In order to assign the position of metoxyl and hidroxy experiments ROESY were made. This compound has been isolated previously of species of legumes and is known by its bactericidal activity (Rao, 1994), antifungical (Ingham, 1979), antioxidant (Wang, 2000) and antiinflammatory (Suzuki, 1997). This it is the first report of the isolation of vestitol in propolis samples. 

Mucronulatol (V) was assigned with base to him analysis of mass spectrum and its comparison with the data base of the chromatograph. The ME shows a similarity in the fragmentation with respect to vestitol, being observed a peak corresponding to the molecular ion with m/z 302 congruent with molecular formula C17H18O5, a base peak to m/z 180 (ring B) and a peak to m/z 123 (ring A) originating of the Retro-Diels-Alder rupture, these data indicate to us clearly that ring B presents a metoxyl group of more with respect to vestitol. The data base indicated a quality search of 97% for the isoflavan 3', 7-dihidroxy-2', 4'- dimetoxy-isoflavan commonly like mucronulatol. 

Lupeol (VI) was obtained like a crystalline white solid with an fp of 183-184 ºC. Their spectroscopic datas presented similar signals to those of lupenone. The main differences between the spectrum of both products were the absence of the signal corresponding to carbon of the carbonyl group in the spectrum of NMR 13C and the presence of a new signal to  79 in the spectrum of lupeol. In the NMR 1H of this product was observed a double of doubles signal to  (3.19(J=11.2, 5.0 Hz) corresponding to the base proton of a secondary alcohol, has been isolated of many vegetal sources as those of Acacia genus (Pech, 2000). Lupeol is known by its antiinflamtorial activity (Singh, 1997; Geetha, 2001). 

The triterpenes  and  amirina (VII and VIII) was obtained as a mixture which was analyzed by GC/ME. The identification of these was made by comparison of its mass spectrums with the data base of the chromatograph, as well as by comparison of its NMR 1H with the reported thing in Literature (Ahmad, 1994). 

The identification of the (23E)-cicloart-23-en-3, 25-diol (IX), crystalline solid of white color, was made in agreement with the collected data of its mass spectrum, infrared, NMR 1H and NMR 13C, and by comparison with the reported in the literature. Its mass spectrum showed an apparent molecular ion of m/z 424 [M-18]+ that corresponds to the loss of an originating water molecule of the tertiary hidroxyl group of the lateral chain. In the NMR 1H were observed two double signals to high field (0.55 and 0.33 ppm (J = 4 Hz, H-19) characteristic of a ciclopropan ring in a 3-hidroxycicloartane, multiplete to (5.6 that it corresponds both to olefin protons H-23 and H-24, and a double of doubles signal to (3.28 (J = 11,2, 4,3 Hz) corresponding to the proton bases of the secondary alcohol in C-3. The NMR 13C of this compound revealed the presence of 30 carbons in the molecule. The (23E)-cicloart-23-en-3, 25-diol is an cicloartan previously isolated of Tillandsia usneoides (Goatherd, 1996), being the this first report of the isolation of this compound in propolis samples. 
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Figure 2. Structures of the obtained compounds. 
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