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Abstract

The lack of commonly accepted standardization and quality control procedures is still an obstacle to the wide use of propolis in mainstream medical practice. Like in the case of medicinal plants, one of the important aims of quality control is to characterize the abundance of biologically active substances in propolis samples. In the literature, there is a huge amount of information concerning the biological activity of bee glue and many of its constituents. This knowledge, although far from being complete, is of great importance with respect to quality control and standardization. 

Unfortunately, unlike products derived from medicinal plants, propolis composition is extraordinary variable: samples from different geographic origin often display completely different chemical composition, due to specificity of local flora. This variability creates a weighty problem for the quality control and standardization of bee glue. Knowledge of plant sources in specific regions could help in solving this problem.

A modern standardization concept has to be based first of all on the determination of the "type" of propolis, according to its plant source or sources. Bee glue could be easily characterized by its plant source, which might be established by simple chromatographic comparison. Insofar as the composition of the corresponding plant source is known, this method gives information about the qualitative composition of the sample and indicates the principal biologically active compounds in it. This will define the compounds, which should be quantified as main propolis components with proved pharmacological activity, using proper analytical procedures. Characteristics of the purity, like concentration of toxic contaminants (heavy metals, acaricydes), percentage of beeswax, insoluble residue, etc., must be involved, as well. In addition, data concerning the antibacterial activity and free radical scavenging activity are useful characteristics of the quality of bee glue.

Introduction

Propolis has a long history of being used as a remedy dating back to the times of Ancient Greece and Rome. In recent years, this bee product has gained popularity as a health food additive, and has been used in foods and beverages. It is believed to improve human health and prevent disorders such as infections, heart diseases, diabetes, inflammations, and even cancer. Propolis is also applied in apitherapy on a regular basis. However, the lack of proper standardization is a substantial hindrance to the usage of propolis preparations in mainstream medical practice. Why is the problem of quality control and standardization of propolis so difficult to be resolved? 

Like in the case of medicinal plants, one of the important aims of quality control is to characterize the abundance of biologically active substances in propolis samples. In the literature, there is a huge amount of information concerning the biological activity of bee glue and its constituents. A large number of individual compounds, isolated from propolis (more than 50, Banskota et al., 2001), are reported to possess diverse types of biological activities. These compounds belong to many different structural types: flavonoids, phenolic acids and their esters, terpenes, lignanes, etc. This makes propolis a much more complicated subject for standardization than most medicinal plants. 

There is one more propolis feature that makes its standardization extremely difficult. Unfortunately, unlike products derived from medicinal plants, propolis composition is extraordinary variable: samples from different geographic origin often display completely different chemical composition, due to specificity of local flora (Bankova et al., 2000). For this reason, active substances that are present in one sample might be completely absent from another one. This variability creates the main hindrance to the quality control and standardization of bee glue.

This article outlines an approach that allows these obstacles to be circumvented and describes the development of procedures and criteria for quality control of European propolis.
Origin of propolis - the clue to standardization

The knowledge of the plant sources of propolis can provide a useful hint to solve the represented problem. The composition of the source plant determines the chemical composition of the bee glue. Combined with the knowledge of active principles, it gives clues to standardization and quality control. This approach is what we call "the source plant approach" and was first proposed by the Russian chemist Popravko in the late 1970-s (Popravko, 1978). Propolis could be easily characterized by its plant source, which can be established by simple chromatographic comparison of both materials (using thin layer, high performance liquid or gas chromatography). This gives information about the qualitative composition of the propolis sample in so far as the composition of the corresponding plant material is known. This approach could lead to the formulation of a number of "local" propolis types based on plant origin: "European", "North Russian", several kinds of "Tropical". Table 1 gives the most typical constituents of propolis samples from different geographic locations and the corresponding plant sources. These substances are the main biologically active constituents of the sample and they have to be quantified in order to determine the quality of this particular sample.

Table 1 is by far not complete but it gives an idea of what we believe is the solution of the propolis standardization problem.

Table 1. Compounds characteristic for propolis of different geographic origina
	Geographical origin
	Plant source
	Main biologically active constituents

	Europe, Non-tropic regions of Asia, North America
	Populus spp. (poplar)
	Flavones, flavanones, cinnamic acids and their esters 

	Northern Russia
	Betula verrucosa (birch)
	Flavones and flavonols  (not the same as in Poplar propolis) [

	Brazil A
	Baccahris dracunculifolia
	Prenylated p-coumaric acids

	Brazil B
	Araucaria spp. 
	Diterpenic acids 

	Venezuela
	Clusia spp.
	Prenylated benzophenones 

	Canary Islands
	Unknown
	Furoruran lignans 


a Data from Bankova et al., 2000.

European propolis and its standardization

Our earlier results, as well as the review of the abundant literature data, proved that most European propolis samples originate mainly form the bud exudate of the black poplar Populus nigra (Bankova et al., 2000, Bankova et al., 2002). Thus, the main components of propolis from these regions are the typical "poplar bud" phenolics: flavonoid aglycones (pinocembrin, pinostrobin, pinobanksin acetate, chrysin, galangin, kaempferol, etc.), phenolic acids (caffeic, ferulic, p-coumaric) and their esters (phenethyl caffeate, prenyl caffeates, benzyl ferulate, etc.) (Bankova & Kuleva, 1989; Greenaway et al, 1990; Garcia-Viguera et al., 1992; Hegazi et al., 2000, Bankova et al., 2002). These compounds are known to be responsible for the essential pharmacological activities of propolis: antimicrobial, anti-inflammatory, antitumor, hepatoprotective, antioxidative, immunomodulating, etc. (Marcucci, 1995; Burdock, 1998; Banskota et al., 2001). The quantification of the above-mentioned biologically active substances is of crucial importance for the standardization and quality control of European propolis.

However, it is difficult to quantify all relevant bioactive substances by HPLC or GC in a routine procedure because of the immense variety of compounds, making it problematical to provide standards for each of them. On the other hand, the review of all the literature data, dealing with biological action of propolis and its components, especially the action against microorganisms, cannot point out one individual substance, which could be the only purpose for this action. It is important to note that all investigations on the antibacterial action of individual substances, isolated from propolis, showed that not a single propolis component has an activity greater than that of the total extract (Kujumgiev et al., 1993; Bonvehi et al., 1994). Evidently, propolis has general pharmacological value as a natural mixture (Kujumgiev et al., 1999). Thus rapid methods like spectrophotometry for quantification of total flavonoids and total phenolics are especially useful for routine control of poplar propolis. First of all, however, the poplar origin of the particular sample has to be proved and then the specific spectroscopic procedures applied. In propolis of other plant origin these procedures would be irrelevant, because of inappropriate standards and calibration. The chemical profile of "poplar" propolis can be characterized by the following parameters: total flavonoid content and total phenolics content. Here we describe a procedure for proving identity of poplar propolis, the development of spectrophotometric methods for analysis of the main active components in propolis samples, and the results of the analysis of numerous propolis samples from different geographic locations, using these methods.

Identification of "poplar type" propolis.

To confirm or deny the poplar origin of a propolis sample, it is necessary to establish the presence or absence of some specific substances that play the role of taxonomic markers. Based on the present knowledge of the chemical composition of poplar bud exudates (Nagy et al., 1986; Greenaway et al., 1990; Bankova et al., 2000), the following compounds were chosen as markers: the flavonoid aglycones pinocembrin, pinostrobin, chrysin, galangin, kaempferol, and the esters benzyl ferulate and phenylethyl caffeate. A model mixture of these compounds was prepared and a TLC comparison with the alcohol solutions of the propolis samples was performed. Most of the samples analyzed contained all the markers (Rf, color of the spots in UV light and after spraying) and were of poplar origin. 

Developing spectrophotometric methods for quantification of total flavonoids and total phenolics
As already mentioned, the chemical profile of "poplar" propolis can be characterized by total flavonoid content and total phenolics content. The spectrophotometric assay based on aluminium chloride complex formation is one of the analytical procedures most commonly applied to flavonoid content determination. The reaction of aluminium chloride with flavonoid free hydroxyl groups and its influence on the UV-VIS spectrum were related to different falvonoid types (Petry et al., 2001). The maximum wavelength displacement is associated with structure patterns and hydroxyl numbers. Those effects are the theoretical principle of certain analytical procedures, in particular the procedure proposed by and directed by the German Pharmacopoeia for the total flavonoid content assay of different plant drugs, disregarding method specificity. 

According to the pharmacopoeial method, originally designed for flavonols, absorption is measured at 425 nm. It has been applied to propolis samples by different authors (Bonvehi et al., 1994, Bonvehi&Coll, 1994, 2000, Woisky&Salatino, 1998; Moreno et al., 2000; Garcia et al., 2000). Using this method parallel to HPLC, Bonvehi et al. 1994, Bonvehi & Coll, 1994, and Woisky & Salatino 1998 observed large differences between the values obtained by spectrophotometry and HPLC analysis of total flavonoids of propolis. The most likely explanation is the fact that different classes of flavonoids behave differently in relation to aluminium chloride, forming complexes that absorb at different wavelengths. Woisky and Salatino (1998) interpret these differences by means of the formation of additional chelates by vicinal hydroxyl groups in flavonoid molecules, having an additive effect toward shifts to longer wavelengths. However, the presence or absence of double bond in position 2-3 is much more important for the position of the absorption maximum of the flavonoid itself and of its complex. As a matter of fact, the absorption maxima of the complexes of most natural flavones and flavonols are positioned at 390 - 440 nm, while complexes of flavanones and dihydroflavonols show absorption maxima between 310 - 320 nm (Mabry et al., 1970), and so their contribution cannot be observed at 425 nm. Hence, the results obtained by this method actually refer to the amount of flavones and flavonols, while the concentration of flavanones and dihydroflavonols has to be measured by another procedure. Taking into consideration the high amount of flavanones and dihydroflavonols in "poplar" propolis , the introduction of a distinct procedure for their quantification is of special significance for its' quality control.

The spectrophotometric assay based on aluminium chloride complex formation is the method of choice for the quantification of total flavones and flavonols in propolis. According to literature data and our pervious results, galangin was used as reference in the range 4 - 32 (g/ml. For flavanones and dihydroflavonols, the colorimetric method from DAB9, modified for propolis by Nagy & Grancai (1996) was used. The mentioned flavonoids form colored products (phenylhydrazones) with 2,4-dinitrophenylhydrazine (DNP) in sulfuric acid and their absorbance can be measured at 486 nm. Pinocembrin was used for calibration, as in the work of Nagy & Grancai, because it is one of the main components in "poplar type" propolis, its concentration ranging from 0.11 to 1.80 mg/ml. For spectrophotometric quantification of total phenolics, the Folin-Ciocalteu method is the most widely used one (Waterman&Mole, 1994). This method has several times been applied to propolis samples (Bonvehi et al., 1994; Bonvehi & Coll, 1994, Bonvehi & Coll, 2000; Woisky&Salatino, 1998), in all cases gallic acid was used for calibration. Gallic acid is a minor component of poplar propolis, it is found mainly in tropical samples (Velikova et al.,2000). For this reason we decided to try other compounds for calibration, and our first choice was caffeic acid. However, when we applied the obtained regression to the model mixture, the recovery was 48%. When gallic acid was used as the calibration standard, the recovery was similar: 51%.

At least one of the sources of this underestimation turned out to be the presence of high amounts of flavanones and dihydroflavonols in the analyte. The total phenolics content of a model mixture of flavanones and dihydroflavonols only (pinocembrin, pinostrobin and aromedendrin-4-methyl ether) was determined using the Folin-Ciocalteu method, as caffeic acid. The recovery was only 34%. Obviously, another calibration standard is needed for poplar propolis samples. Considering the chemical composition of poplar propolis, we decided that a mixture of flavanone and flavonol might be a useful alternative to phenolic acids. After some experimentation, the mixture of pinocembrin-galangin, 2:1 was found to give acceptable results. Methanolic solutions were used in the range 37 to 326 ppm.

For validation of the procedures, a model mixture of 14 propolis components was used. The composition of the model mixture was formulated taking into consideration previous results on "poplar" propolis composition (Greenaway et al., 1990, Bankova et al., 2000, Bankova et al., 2002). The validation results of the methods are presented in Table 2. The accuracy (recovery) as well as the precision of all methods was satisfactory.

Table 2. Validation results for spectrophotometric quantification of biologically active components of propolis.


Accuracy
Precision (repeatability)

Added, mg/ml
Found, mg /ml
Recovery, %
SDamg /ml
Nb
%RSDc

Flavones and flavonols

0.0088
0.0096
109
0.0006
3
6.2

0.0177
0.018
102
0.001
10
5.5

0.0354
0.036
102
0.001
3
2.8

Flavanones and dihydroflavonols

1.78
1.93
108.
0.07
6
3.8

1.19
1.35
113
0.04
3
3.0

0.60
0.54
90
0.03
6
5.7

Total phenolics

0.127
0.116
91
0.005
3
4.5

0.211
0.197
85
0.001
9
0.5

0.295
0.248
84
0.003
3
1.2

a standard deviation

b number of replications

c relative standard deviation

Analysis of propolis samples from different locations

A total of 40 propolis samples were analyzed using the above-mentioned procedures - preliminary TLC test and spectrophotometric measurements. Sixteen of them were of well-defined geographical origin (town or village of collection) from Bulgaria (5), Italy (5) and Switzerland (6). A series of commercial samples, granted by Allwex Food Trading Ltd., was also analyzed. The information about their origin is limited to the exporting country and year of delivery. Five of the samples - from Sicily, Mexico, Russia - Middle Ural, Brazil and Kenya turned out to be not of poplar origin, according to the TLC test. The spectrophotometric procedures were applied also to the non-poplar samples, as a demonstration for their irrelevance to the quality of bee glue other than the one of poplar type. In most cases, very low concentration of phenolics and flavonoids was detected, as expected.

Other important characteristic of propolis quality is the percentage of balsam. Balsam is propolis extract with 70% ethanol, which is usually applied in medicine. Its amount is connected to the amount of inert materials in bee glue, such as wax and insoluble residue: high percentage of balsam means low percentage of inert materials. This characteristic was also measured.

Another significant feature of a propolis sample is its antimicrobial activity. Measuring of antimicrobial activity, expressed as minimum inhibitory concentration MIC (bactereiostatic concentration, the minimum concentration of the antibacterial agent in a given culture medium below which bacterial growth is not inhibited), is especially significant in cases when propolis is to be used in pharmaceutical and cosmetic preparations. MIC against Staphylococcus aureus was determined for dry propolis balsam of all 40 samples analyzed. The correlation between percentage of the component groups and antibacterial activity is an important item. Till now, no such correlation has been proved by statistical methods. On the contrary, Bonvehi et al. (1994) studied correlations between MIC and concentrations of various active propolis components and found that no individual compound surpassed Pearson-Lee values. Processing our data, we found a significant negative correlation (P=0.05) between the concentration of flavones and flavonols in propolis balsam and MIC (the greater the concentration, the lower the MIC). This fact proves that measuring the concentrations of groups of active compounds instead of that of individual components is the right approach. Our results indicate also that because of the strong synergistic effects of different propolis constituents, measurement of MIC should be an obligatory element of quality control.

Characteristics of "typical poplar propolis": the base for poplar propolis standardization and quality control

The large number of analyzed samples gives us the groundwork to formulate the characteristics of a "typical poplar sample", based on statistics, and set the limits of a poplar propolis standard. The values of these limits, obtained by processing the data obtained from 35 samples of confirmed poplar origin are represented in Table 3.

Table 3. Characteristics of poplar propolis samples, based on 35 samples.

	
	Mean value
	S.D.
	Min. value
	Max. value
	Na

	Balsam, %
	56
	13
	25
	81.5
	23

	Phenolics, %
	28
	8
	12.6
	45.8
	23

	Flavones and flavonols, %
	7
	3
	1.3
	17.9
	16

	Flavanones and dihydroflavonols, %
	8
	4
	1.9
	15.2
	28

	MIC, (g/ml
	205
	113
	62.5
	500
	29


a Number of values in the interval [Mean + Stand. Deviation]

According to these results we propose the following characteristics for poplar propolis standard:

· Balsam minimum 43%

· Total phenolics:  minimum 20%

· Total flavones and flavonols: minimum 4%

· Total flavanones and dihydroflavonols: minimum 4%

· MIC against Staphylococcus aureus maximum 318 (g/ml (for dry balsam)

These parameters describe the minimum percentage of balsam, and the minimum content of the groups of active constituents in a poplar propolis sample, which characterizes this sample as one of good quality. They represent the quality of the "average" poplar propolis sample, together with the MIC value of its balsam. There is one more feature, which is of importance for characterizing propolis quality: its antioxidative activity. The development of a standardized procedure to measure this type of activity should be the subject of future work.

Of course, sufficient concentration of bioactive components and good antibacterial activity are consequential with respect of propolis quality but there is another characteristic that is of crucial importance: a good quality propolis must first of all be free of any toxic contaminants. Acaricides are used for control of bee parasites in many countries and may be found as residues in propolis (Bogdanov et al., 1998). Heavy metals may also accumulate in dangerous amounts (Woisky & Salatino, 1998). Thus, the contamination level of all main acaricides and of heavy metals has to be one of the obligatory parameters of quality control of propolis. 

In conclusion the statement can be made that there is still a lot work to be done with respect to propolis standardization and quality control but we believe that the work performed on European propolis outlines the productive approach. Following this approach it will be possible to formulate standard parameters for different types of propolis and especially for a number of types of Brazilian propolis, described by Park et al., 2002, and for other types of tropical propolis. This will enable much more people to make benefit of the precious properties of propolis, this valuable gift of the hive.
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