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A simple method is described for the determination of adenosine in royal jelly. The adenosine in the sam-
ple was extracted using 80% ethanol and analysed by reversed-phase high-performance liquid chroma-
tography (HPLC). Chromatographic separation was performed using a Dionex HPLC system with a
Waters Symmetry C18 column and gradient elution with a mixture of two solvents: solvent A, 0.4% phos-
phoric acid and solvent B, methanol. The effluent was monitored using a UV detector set at 257 nm. The
average recoveries were 91.6-98.3% (n = 6) with standard deviation below 5.3%. The limits of detection
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adenosine from R] using ultrasonic-assisted extraction. The differ-
ent factors affecting the efficiency of the extraction such as extrac-
tion solvent and extraction time were carefully optimised.

Capillary electrophoresis (CE) and high-performance liquid
chromatography (HPLC) are currently the most commonly used
separation techniques for adenosine in combination with detection
by ultraviolet (Gong et al., 2004; Kieszling et al., 2004; Tzeng,
Hung, Wang, Chou, & Hung, 2006), diode array and evaporative
light-scattering (Yan, Luo, Wang, & Cheng, 2006), and mass spec-
trometry (






stability of adenosine in both the standard solutions and the actual
RJ samples.

The stability of the adenosine standard solution maintained at
room temperature was tested by repeated HPLC analysis of the
same concentration (10 pg/ml) at different times during the day,
and comparing the adenosine concentration with that in a freshly
prepared standard solution. The results are shown in Table 1. No
significant differences in adenosine concentration were found
(RSD < 0.5%), indicating that the adenosine standard solutions were
quite stable at room temperature.

The stability of adenosine in R] samples was assessed by com-
parison of the results of repeated HPLC analysis of four samples
stored for 2, 5, 10 and 24 h at room temperature containing known
concentrations of adenosine. No significant decrease in adenosine
concentration in the R] samples was observed, thus indicating that
the samples were stable for 24 h. The stability data are summa-
rised in Table 1.

3.4. Linearity and calibration standards

The linearity of the method was calculated using various con-
centrations of adenosine (0.1, 1, 5, 10, 100 and 200 pg/ml) and
repeating the experiments in triplicate. Calibration plots for
adenosine yielded the linear relationship y=(3.0303 +0.0042)
x —(0.8318 £ 0.0039), where y and x are the peak area (mAU)
and concentration of the standard solution (pg/ml), respectively.
Linear regression showed good linearity in the range of 0.1-
200 pg/ml with a correlation co-efficient of 0.9997. This allows
the determination of adenosine over a wide range of
concentrations.

3.5. Limit of detection and limit of quantification

Based on signal-to-noise ratios of 3 and 10, the limit of detec-
tion (LOD) and limit of quantification (LOQ) were determined using
standard solutions of adenosine subjected to HPLC and analysed
using the methodology described in Section 2.2. The LOD and
LOQ were 0.017 and 0.048 pg/ml, respectively.

3.6. Recovery, accuracy and precision

Recovery was examined by adding a known amount of adeno-
sine standard to RJ samples. The mixtures were extracted and ana-
lysed using the method described above. Table 2 shows the
recoveries of adenosine from RJ samples.

The mean extraction recoveries of adenosine from R] were
found to range from 91.6% to 98.3%. The intra- and inter-day accu-

racy and precision values of the method are presented in Table 2.
The co-efficient of variation of both inter- and intra-day analysis
varied from 2.4% to 5.3%. These results show that the method is
accurate and precise as evidenced by the high recovery and low
CV values.

3.7. Application of the analysis to actual samples

The method was applied to actual samples collected from bee-
keepers and supermarkets. In total, 45 samples were analysed, and
the adenosine content ranged from 5.9 to 2057.4 mg/kg. The de-
tails are summarised in Table 3. According to the results, some R]
samples were rich in adenosine, but there was a large variation
in adenosine content amongst the samples. Time of harvest, stor-
age conditions and the flower of origin likely account for the con-
siderable variation of adenosine content in R] samples.

4. Conclusions

In this study, a HPLC method has been established for the qual-
itative and quantitative analyses of adenosine in R]. The method is
simple, sensitive and reliable. From the results of analyses of a
selection of actual R] samples, adenosine was found to be relatively
abundant in some products. Having in mind that adenosine plays a
vital role in the activity of cells in living organisms, the method de-
scribed here can be used to study the activity of adenosine in R].
Comparing the results of the analyses, we found a substantial var-
iation in the adenosine content of the R] samples tested. It will be
interesting in future research to investigate the factors led to the
variation in the adenosine content of different R] samples.
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