VALIDATION OF A LIQUID CHROMATOGRAPHY METHOD FOR DETERMINATION OF ANTIBIOTICS IN HONEY
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ABSTRACT

The presence of antibiotics in honey decreases its quality and its price on the international market. Proper methods, such as high pressure liquid chromatography (HPLC), are required for quantification of antibiotics in honey. In this study an HPLC method was standardized and validated for simultaneous quantitative analysis of sulfathiazole, sulfamethoxazole, oxytetracycline and tetracycline in honey. The efficiency of four mobile phases (Dichloromethane; Acetonitrile; Methanol; and an acidified mixture of Sodium dodecylsulfate (SDS) with Oxalic acid and Acetonitrile) was evaluated for separation of a mixture of these antibiotics to determine which phase provided the best separation efficiency. The most adequate wavelength for detection of each antibiotic was selected. Known quantities of each antibiotic were used to enrich the honey. Recovery percentage was calculated for each in a quantitative analysis with the experimentally determined conditions versus reference samples. Using the acidified mixture of SDS/acetonitrile at a 2ml/min flow, the 270 nm wavelength was adequate for determination of the four antibiotics. Different recovery percentages were recorded for each antibiotic, ranging between 90 and 295%, with a linear response among various concentration intervals. The HPLC method is a good alternative for simultaneous quantification of these four antibiotics in honey.

INTRODUCTION

During the last thirty years honey has been one of the principal exports of the state of Yucatan, Mexico and of Mexico as a whole. On the Yucatan Peninsula alone honey production benefits about 18,000 families, highlighting its significant social impact. Despite variations in honey production in recent years, it generates sizable income, reaching about US$19 million in 1993 (Anonymous, 1994).

Forty percent of national production in Mexico comes from the Yucatan Peninsula, and about 90% of this is exported to international markets and 10% is sold within Mexico. The highest percentage of the exported proportion is sent to Germany, though the United States, England, Switzerland, Spain, Belgium and the Netherlands also import Yucatecan honey (Pérez, 1995). Obviously, honey production is highly dependent on international market conditions and requires a high quality product at a competitive price to remain active in these markets.

Honey is marketed as a natural food and thus must be free of any foreign substances. Given this, honey quality is key to its access into the international market, a result of constantly increasing supply and demand. Any significant deviation from the principal quality factors can be reason for rejection of a lot in a honey importing country (Crane, 1985).

Hive health is vital to honey quality and has a significant effect on honey production levels. Maintaining healthy hives is a constant challenge because honey bees can suffer more than 20 diseases, including bacteria, fungi, yeasts and parasites. Of these, ten are particularly threatening to hives and given extensive attention. The main honey bee diseases in Yucatan are diarrhea, and American and European Loque, which are controlled with medications, mainly antibiotics and sulfonamides (Cajero, 1995).

Medications utilized by beekeepers to prevent and control these diseases involve a series of medication treatments, normally including streptomycin, penicillin and sulfonamides. If these are not applied at the correct time and under the proper conditions, their application can contaminate the honey (De Jong et al., 1984; Robaux, 1988). Marketing honey with residual antibiotic contamination is difficult as this lowers quality and drastically reduces market price.

Studying residual antibiotic content in honey is complex because the very low concentrations found in honey, usually in ppm or ppb, require highly sensitive analytical methods. In recent years, however, this has become increasingly necessary as other quality controls have been required to evaluate honey quality for international markets. In addition to the general chemical analyses, these are mainly aimed at detecting possible contamination with medications and insecticides or adulteration with other sugars.

In Yucatan, improper use of medications has lead to honey contamination with products such as streptomycin, various tetracyclines and sulfonamides. Consequently, in 1997 some European buyers detected and reported the presence of antibiotics and other agrochemical residues in samples of honey harvested from the Yucatan Peninsula. This resulted in a drop in prices and continued price variation, which have complicated honey production and marketing in this region.

Contamination remains a concern in Yucatan. Berrón (1999), a large honey producer and marketer in Yucatan, commented that streptomycin, terramycin and sulfonamides are all likely present as chemical contaminants in honey from Yucatan and that a solution is required before the situation becomes crucial. Clearly there is a need for studies on detection and analysis of terramycins, sulfonamides and streptomycin in honey, preferably using the fewest possible analyses.

Of the analytical tools used for detecting contamination, high pressure liquid chromatography (HPLC) is the most effective for analysis of antibiotics in food because of its high sensitivity, specificity and good cost/benefit ratio. However, very few methods have been developed that allow for simultaneous quantitative analysis of residual antibiotics in honey. In response, this study is aimed at standardizing and validating an HPLC method that allows for simultaneous evaluation of the degree of antibiotic (tetracycline, sulfathiazole, sulfamethoxasole and oxytetracycline) contamination in honey.

MATERIALS AND METHODS

Honey samples for the study were obtained from beekeepers in the municipality of Hoctún, in the state of Yucatan, Mexico.

High purity antibiotic standards for tetracycline, sulfathiazole, sulfamethoxasole and oxytetracycline (HELM de México) were first prepared in individual concentrations of 100 ppm and then a mixture was prepared containing 100 ppm of each.

The high-pressure liquid chromatography (HPLC) apparatus used for the analyses was a Beckman System Gold with visible ultraviolet (vis-UV) detector with diode array a 5(, C-18 Econosphere column, 25 cm, and an automatic injection valve with a 20 (l sample loop.

To determine the highest absorbance wavelength for each antibiotic, a Perkin-Elmer spectrophotometer with automatic sweep was used to identify their vis-UV spectra. Once each antibiotic’s detection wavelength was determined, four different mobile phases with different polarities were evaluated in the chromatographer: Dichloromethane, Acetonitrile, Methanol and an acidified mixture containing Acetonitrile/Sodium dodecylsulfate (SDS) (HPLC-grade Acetonitrile (70:30 with water) with 0.01M SDS and 0.01M oxalic acid) (Galeano et al., 1990). This was done to observe which of the four phases provided the best separation of the antibiotics. Solutions were then prepared of each antibiotic at 100 ppm and separately injected into the chromatographer at 2 ml/min to determine the retention time for each. Once exit time for each was known, a mixture of the four antibiotics was prepared and injected into the HPLC at the previously established wavelength for each antibiotic and with each of the established mobile phases to select the mobile phase that most efficiently separated the antibiotic mixture.

Response linearity was calculated with the recorded HPLC conditions. To evaluate response linearity versus antibiotic quantity, antibiotic mixtures with eight different concentrations of each antibiotic (10, 5, 2, 1, 0.5, 0.1,0.01, 0.001 ppm) were analyzed and injected into the chromatographer in triplicate. The square minimums method (Miller & Miller 1993) was used, calculating the coefficient of the correlation of the ratio and the a and b constants of the correlation type equation y = a + bx (y = peak height, x = antibiotic quantity). Peak height was used as a quantity proportional measure (Yost et al., 1981).

To standardize the complete analytical method, honey samples were enriched with a mixture of the four antibiotics (Table 1), at five different concentrations, following Horie et al. (1992) method with modifications, 5 ml of each antibiotic solution were added to a 5 gr honey sample. For sample injection, 10 gr of each sample (5 gr honey plus 5 ml antibiotic solution) were extracted with 60 ml of dichloromethane:methanol (1:1) solution, 10 gr SDS was then added and the mixture set aside for 5 min. The final volume was then measured and 4 ml taken and evaporated with an air current. The extract was then diluted with 2 ml mobile phase (acetonitrile with SDS), the resulting solution passed through a 0.40 micron filter and injected into the chromatographer.

	Antibiotic
	Concentration (ppm)

	Sulfathiazole
	140

	Sulfamethoxazole
	70

	Oxytetracycline
	400

	Tetracycline
	300


Table 1. Concentration of antibiotics in the concentrated solutions used in order to prepare the mixtures to add to honey

	Solution
	 Antibiotics sol. added, ml 
	Water added, ml

	1
	1
	4

	2
	2
	3

	3
	3
	2

	4
	4
	1

	5
	5
	0


 Table 2. Solutions of antibiotics prepared in order to add to 5 g of honey 

Each antibiotic’s recovery percentage (%R) was calculated. Three replicates of honey with the same concentration of each antibiotic were prepared and then injected into the HPLC, in quadruplicate, to quantify them with the calibration curves previously calculated from the standard solutions. Recovery percentage was calculated according to the following equation:

%R = Calculated quantity  x 100

            Added quantity

RESULTS AND DISCUSSION

The wavelengths with maximum antibiotic absorption are shown in Table 3. The wavelength with maximum sulfonamide absorption was 270 nm and for tetracyclines it was 350 nm. The tetracyclines, however, were also detected at 270 nm at a similar sensitivity as 350 nm. Based on this, the detection wavelength was maintained at 270 nm during the simultaneous analysis of the antibiotics.

	Antibiotic
	wavelength, nm
	Sensibility

	Sulfathiazole
	202
	Low

	
	252
	Medium

	
	270
	High

	
	
	

	Sulfamethoxazole
	252

270
	Medium

High

	Oxytetracycline
	
	

	
	270
	High

	Tetracycline
	350
	High

	
	270

350
	High

High


Table 3. Sensibility of antibiotics at different wavelength 

The best antibiotics resolution efficiency in the HPLC separation (Table 4) was had with the acidified acetonitrile/SDS mixture mobile phase (Fig. 1). This mixture separated the four analyzed antibiotics satisfactorily. Galeano et al., (1990) used this same mobile phase and were able to improve separation of the studied antibiotics. The analysis is also relatively rapid, requiring less than 5 min.

	
Mobile phase 
	Antibiotic

	
	Sulfathiazole
	Sulfamethoxazole
	Oxytetracycline
	Tetracycline

	Diclhoromethane
	0
	0
	3
	0

	Acetonitrile
	1.5
	1.5
	2
	1.5

	Methanol
	1.5
	1.5
	1.75
	2

	Acetonitrile/ SDS
	1.51
	1.67
	3.05
	3.35


Table 4. Retention time, minutes, of each antibiotic with different mobile phases 
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              1.- Sulfathiazole, 2.- Sulfamethoxazole, 3.- Oxytetracycline, 4.- Tetracycline

Fig. 1.- Separation efficacy of antibiotics extracted from honey added with antibiotics and eluted with the mobile phase of acetonitrile with SDS

A good linear correlation was seen between peak height and corresponding concentration in the prepared pattern solution for the four studied antibiotics. Similar to the results of Espinosa et al., (1995), all four correlation coefficients had values near 1: 0.999  for sulfathiazole; 0.998 for tetracycline; 0.996 for oxytetracycline; and 0.978 for sulfamethoxazole.

Good linearity and a high degree of reproducibility, or quantification precision, between independent samples of homogeneous honey was attained within the evaluated concentration intervals for the antibiotic-enriched honey samples. This is shown in the r values, which were all near 0.99, and in the fact that no significant differences were found between treatments (Table 5). Galeano et al., (1990) reported similar r values (0.992 – 0.997) when validating a chromatographic method for antibiotic analysis.

	Antibiotic
	Correlation coefficient, r

	Sulfathiazole
	0.9893

	Sulfamethoxazole
	0.9892

	Oxytetracycline
	0.9635

	Tetracycline
	0.9682


Table 5. Linearity in quantification of antibiotics extracted from honey added with antibiotics


The recovery percentages are adequate within the concentrations interval for each antibiotic (Table 6). Three were above 80%, though the tetracycline R% was slightly below this. What is important in this case is that reproducibility was high for all four. Aguilar (2001) reports that a sufficient recovery range in antibiotic quantification is between 60 and 180%. The 295 %R for sulfamethoxasole cannot be definitively explained, but it may be due to interference from the matrix causing overvaluing of the antibiotic quantity.

	Antibiotic
	Recovery, %
	Range of concentration, ppm

	Sulfathiazole
	162
	56-140

	Sulfamethoxazole
	295
	42-70

	Oxytetracycline
	90
	160-400

	Tetracycline
	65
	120-300


Table 6. Recovery percentage and range of concentration in honey 
Using the evaluated honey sample preparation procedure it was found that the levels at which the antibiotics were properly quantified were: 28 ppm for sulfathiazole; 14 ppm for sulfamethoxazole; 80 for oxytetracycline; and 60 for tetracycline. The resolved peaks corresponding to the low concentrations were undistinguishable from the chromatogram baseline. For sulfathiazole and sulfamethoxazole there was interference with the peaks; for the former because of its low concentration peak with another peak, and in the latter because of interference with a peak in the honey. This highlights the need to find a preparation method that increases actual recovery and avoids or decreases interference from the matrix.

CONCLUSIONS

The use of HPLC is a good alternative for the separation and quantification of sulfathiazole, sulfamethoxazole, oxytetracycline and tetracycline in honey. This, because the  procedure developed in this study exhibited good efficiency in simultaneous separation of the four antibiotics in the chromatographic conditions, the chromatography method had good reproducibility, it was highly sensitive and had reproducible recovery percentages.
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