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Introduction 

It is well known that 25hydroxyvitamin D3 (25OH D3) is the major circulating 
metabolite of vitamin Ds. The measurement of the serum levels of 25OH Ds in patients 
with disorders in vitamin D levels and bone mineral metabolism is of great clinical 
significance and offers an important analytical challenge. Gas chromatography (GC), 
high-performance liquid chromatography (HPLC), competitive protein binding assay, 
and radioimmunoassay techniques have been developed [l-15]. 

Recently, a voltammetric method for the analysis of vitamin D3 was reported [16]. The 
present paper described the voltammetric behaviour of 25-OH D3 as a means for 
determining the substance at low concentrations. The new method may be applied to the 
electroanalytical determination of 25-OH D3 in samples of pharmaceutical interest. 
Knowledge of the voltammetric behaviour of vitamin D3 and its metabolites should 
provide information for the analysis of these compounds by electrochemical detection 
after LC separation. 

Experimental 

Apparatus 

A three electrode cell with a rotating glassy carbon electrode, previously described 
[16], a saturated calomel electrode (SCE) and a platinum counter electrode were used 
with the METROHM polarecord. 

*To whom correspondence should be addressed. 
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Reagents 
25Hydroxyvitamin D3 was kindly donated by Roussel Uclaf (Paris). Vitamin D3 was 

supplied by Merck. Analytical grade lithium perchlorate and methanol were used. 

Procedure 
Methanolic solutions of 25OH D3 were prepared using 0.075 M lithium perchlorate as 

supporting electrolyte. The solutions under study were placed in the electroanalytical cell 
and the corresponding voltamperograms were recorded with a potential sweep from 
+0.8 to +1.8 V (vs SCE). Voltammetric curves were recorded in the differential pulse 
(DP) mode with a AE value of +50 mV. The electrode rotation rate was 1580 rpm. 
Treatment of the glassy carbon electrode was carried out as described previously [16]. 

Results and Discussion 

Voltammetric behaviour of 25-hydroxyvitamin D3 
In the methanolic solution 25-OH D3 exhibits a well-defined wave in the direct current 

mode (DC) or peak in the differential pulse mode (DP) at potentials close to +l.l V (vs 
SCE), as previously described for vitamin D3. A poorly-defined peak at potentials near 
to +1.3 V was observed in the voltammetric oxidation of 25-OH D3 only when the 
differential pulse technique was used (Fig. 1). 

The reproducibility of the voltammetric signal of a solution of 1.3 x 10e5 M of 25-OH 
D3 was investigated because it was observed that continuous connection of the electrode 
assembly or successive potential sweeps gave rise to a gradual decrease in the 
voltammetric signal. The results show a smaller adsorption of 25-OH D3 onto the 
electrode surface in comparison with vitamin D3, as seen in the study of the 
reproducibility carried out with the potential sweep rate. A scan rate of 20 mV s-l is 
recommended with the additional precaution of maintaining the working electrode 
connection only when each voltammetric curve is recorded. 

No changes in the limiting current or peak intensities were observed when the 
concentration of lithium perchlorate, as supporting electrolyte, was varied over the 
0.020-0.080 M range. A lithium perchlorate concentration of 0.075 M was chosen. 

Temperature coefficients using the DC and DP techniques were also evaluated. The 

Figure 1 
Electrochemical behaviour of 25OH D3, 
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values found, 2.03% (DC) and 0.77% (DP) per degree (for 5-39°C range), respectively, 
point to the predominance of the diffusional characteristics of the voltammetric process. 

Determination of 2.5-hydroxyvitamin D3 
The relationship of the limiting current (DC) and peak intensity (DP) and the 25-OH 

D3 concentration (1.12 x 10e6-4.14 x 10e5 M range) was found to be linear 

i, (PA) = 0.0869 + 1.53 x 105C(M); r = 0.9992 

i&A) = 0.0733 + 8.35 x 104C(M); r = 0.9988. 

These results show that the voltammetric curve or peak obtained at +l.l V (vs SCE) in 
the voltammetric oxidation of 25-OH D3 using a rotating glassy carbon electrode can be 
used for the quantitative determination of 25OH D3 over the 0.5-16 pg ml-l range. 

After applying the proposed method to 10 standard solutions, each containing 5.2 pg 
ml-’ of 25-OH D3, the relative standard deviations (RSD) found were 2.3 and 4.3% 
using the direct current and differential pulse techniques, respectively. 

Interference by vitamin D3 
Both vitamin D3 and its metabolite 25-OH D3 exhibit voltammetric peaks at +l.l V. 

However, only 25-OH D, gives a DP peak at +1.3 V, which is poorly defined. 
Interference of vitamin D3 in the determination of 25-OH D3 was observed when 
increasing concentrations of vitamin D3 (1.56 X 10e6 to 3.12 x lop5 M) were added to a 
1.48 x 10e5 M solution of 25-OH D3. The first peak (E, = + 1.1 V) increases linearly 
and the measurement of the second peak (EP = +1.3 V) becomes more difficult as the 
vitamin D3 concentration increases (Fig. 2). 

Analysis of 25-hydroxyvitamin D3 in pharmaceutical products 
25-Hydroxyvitamin D3 is generally formulated in oily solutions for injection or oral 

administration. The voltammetric method was applied to the determination of the 25- 
OH D3 content of two pharmaceutical products. The best results were obtained using DP 
voltammetry and the standard addition method. Differences of between -8 and -10% 
were found between the analytical results and the stated concentration of 25-OH D3 
(0.266 and 1 mg ml-‘, respectively). 
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Figure 2 
Interference of vitamin D3 in the assay of 25OH D3 
(1.48 x lo-' M). D DC 
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