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Abstract

A HPLC method with automated column switching and UV-diode array detection is described for the simultaneous determination of
Vitamin D; and 25-hydroxyvitamin B(25-OH-Ds) in a sample of human plasma. The system uses a BioTrap precolumn for the on-line sample
cleanup. A sample of 1 ml of human plasma was treated with 2 ml of a mixture of ethanol-acetonitrile (2:1 (v/v)). Following centrifugation,
the supernatant was evaporated to dryness under a stream of dry and pure nitrogen. The residue was reconstitutedfim 260ution
of methanol 5 mmoH? phosphate buffer, pH 6.5 (4:1 (v/v)), and a 20aliquot of this solution was injected onto the BioTrap precolumn.

After washing during 5 min with a mobile phase constituted by a solution of 6% acetonitrile in 5 mirpbldsphate buffer, pH 6.5 (extraction

mobile phase), the retained analytes were then transferred to the analytical column in the backflush mode. The analytical separation we
then performed by reverse-phase chromatography in the gradient elution mode with the solvents A and B (Solvent A: acetonitrile—phosphat
buffer 5mmol I2, pH 6.5; 20:80 (v/v); solvent B: methanol-acetonitrile—tetrahydrofuran, 65:20:15 (v/v)). The compounds of interest were
detected at 265 nm. The method was linear in the range 3.0-32.0 hgvth a limit of quantification of 3.0 ng mt. Quantitative recoveries

from spiked plasma samples were between 91.0 and 98.0%. In all cases, the coefficient of variation (CV) of the intra-day and inter-day-assa
precision was<2.80%. The proposed method permitted the simultaneous determination of Vitanaind®25-OH-0 in 16 min, with an
adequate precision and sensitivity. However, the overlap of the sample cleanup step with the analysis increases the sampling frequenc
to five samplestt. The method was successfully applied for the determination of Vitargiaridl 25-OH-R in plasma from 46 female
volunteers, ranging from 50 to 94 years old. Vitamindhd 25-OH-IQ concentrations in plasma were found from 4.30-40.70 ng (119.74

+ 9.48ngmft?) and 3.1-36.52ng mt (7.13+ 7.80 ng mt?), respectively. These results were in good agreement with data published by
other authors.

© 2004 Elsevier B.V. All rights reserved.
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1. Introduction ylated in the liver to 25-hydroxyvitamin $(25-OH-Ds),
which is further metabolized in the kidney either to la,
Humans derive their Vitamin D (both Vitaminssand 25-dihydroxyvitamin 3 [1,25-(OH)-D3] or to other com-
D,) from two sources. Vitamin B is biosynthesized in  pounds. Although about 40 metabolites have been deter-
the skin during exposure to UV light, whereas Vitamip D  mined, 25-OH-LQ is the major circulating metabolite and its
is absorbed from the diet. The amount of skin biosynthe- levels together with Vitamin plevels are an indicator of Vi-
sis per day is affected by many factors, such as latitude, tamin D status in humarig,5]. The determination of Vita-
sun (UV) exposure, clothing, season of the year, aging andmin D3 and its metabolites is a difficult challenge. There are
skin melanin pigmentatiofil—3]. Vitamin Dz is hydrox- many reasons for this consideration; the low level at which
the metabolites circulate in plasma, the number of different
* Corresponding author. Fax:58 274 2401286. met_abolite_s and thgir simil_arity to one ar!other, and finally
E-mail address: brunetto@ula.ve (M.R. Brunetto). the instability of their chemical structures in the presence of
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UV light and heat. Various methods for the determination of method in order to establish normal ranges for Vitamin D
Vitamin D3 and its metabolites in human fluids have been and 25-OH-B. In all of the cases, an informed consent
reported and reviewed in the literatU@-8]. These meth-  was obtained from each person. Blood samples (10 ml) were
ods are based on saturation analysis (protein binding as-drawn from a forearm vein into heparinized polyethylene
says)[9-14], gas—liquid chromatograph$5-17]and high tubes. All tubes were protected from light and centrifuged
performance liquid chromatography with several detection at 3000 rpm for 10 min. Plasma was then separated and an-
systems, photometrid 8-27], electrochemicdP8,29] and alyzed immediately or stored at20°C until analyzed.
fluorimetric[30]. Generally, all these methods include a pu-
rification step prior to their determination, based on either
liquid—liquid extraction[18—21] or solid-phase extraction

[24-26], which are both slow and time-consuming opera-  The effect of analytes protein-bound in the samples
tions. Howe\(er, the use of_ automate_d _so_hd-phase extraction 5s reduced using a previous extraction procedure with
procedures is an alternative that minimizes the amount of organic solvents, which, summarizing is as follows: 1 ml
time spent in the sample preparation step. In an effort 10 ot yman plasma was transferred into glass centrifuge
reduce the time required for the sample preparation step,; ;ne and 2ml of ethanol—acetonitrile (2:1 (vIv)) were
recently, Ortiz-Boyer et al31-35] have improved a clean  544eq. After vortex-mixing for 2min, the solution was

up batch pr(_)ce(_jure in qrder to incorporate it into a con_tin- centrifuged at 3000« g for 10 min. The supernatant was
uous flow |n_Ject|_0n manifold f(_)r clea_nup and _concentra_mon separated and evaporated to dryness under a stream of
of hydroxyvitamin me_tabolltes prior to their separation dry pure nitrogen. The residue was reconstituted in 250
by HPLC and UV.-detectlon. ) methanol-5 mmoH?! phosphate buffer, pH 6.5 (4:1 (V/v)),

As an alternative to these methodologies, the present,.q 4 20Qul aliquot of this solution was then ready to be

work describes a simple, reproducible and accurate injected into column-switching HPLC system.
column-switching high performance reversed-phase liquid

chromatographic method for the simultaneous determina-
tion of 25-OH-D; and Vitamin I in human blood plasma
samples. The method is less time-consuming with lower
costs, in comparison with other methods proposed so far.

2.3. Sample pretreatment

2.4. Instrumentation

The experiments were performed using a liquid chro-
matographic system equipped with a Waters Alliance 2690
HPLC system (Milford, MA, USA), connected to a Waters
996 photodiode array (PDA) detector, and then to a Ven-
turis Fx 51665 control station with a MILLENIURE soft-
ware for instrument control and to collect and process the
data. Detection was carried out at 265 nm. Injections were

All solvents and chemicals used were HPLC or analytical Made with a Rheodyne type 7125 six-port valve equipped

reagent grade. Acetonitrile, methanol, ethanol, isopropanol, With 200p.1 loop. For the column-switching purposes, a col-
potassium dihydrogen phosphate and potassium hydrogert!™n switching six-port valve (Waters) controlled by the
phosphate were purchased from J. T. Baker (Phi”ipsburg,workstatlon_was used, along WIFh an addmonall Knauer_64
NJ, USA). Tetrahydrofuran was furnished from OmniSoly PUmPp (Berlin, Germany) to deliver the extraction mobile
(NJ, USA). High purity water was obtained through a Mil- Phase.

lipore Milli-Q system (Bedford, MA, USA). Vitamins A,

E, K2, D3 (cholecalciferol) and 25-hydroxyvitaminddvere 2.5. Chromatographic conditions

supplied from Sigma (St. Louis, MO, USA).

Individual stock standard solutions of Vitamin A The extraction precolumn was a BioTrap 509g&ol-
(238ugml~1), Vitamin E (686ugml~1), Vitamin K umn (20mmx4mm i.d., Chromtech Ltd., UK) and the
(214pgmi~Y), Vitamin D3 (250ugmi—1) and 25-OH-B3 extraction mobile phase consisted of 6% acetonitrile in
(500pg mi—1) were prepared in methanol and stored at 5mmol! phosphate buffer, pH 6.5, being pomped at a
—20°C. Working solutions were prepared every week by flow rate of 0.8 mImint. A C1g column (25cmx 4.6 mm
an appropriate dilution of concentrated stock standard solu-i.d.; 5pm; Jones Chromatography) was used as analytical

2. Experimental

2.1. Reagents and standards

tions in methanol. column to provide further separation of analytes from other
endogenous plasma components before detection. Two sol-
2.2. Blood samples vents (A): acetonitrile—phosphate buffer 5 mmdi,|pH 6.5

(20:80 (v/v)) and (B): methanol-acetonitrile-tetrahydrofuran
For the development of this work, a pool of 200 ml of nor- (65:20:15 (v/v)) were used in gradient elution mode as the
mal human plasma from healthy adult volunteers was used.mobile phase for the transfer and separation of analytes. Be-
In addition, 46 blood samples from healthy women, ranging fore used, the mobile phases were vacuum filtered through
from 50 to 94 years of age were analyzed using the proposeda 0.45um nylon filter and degassed. All the chromato-
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graphic experiments were carried out at room temperaturesample matrix and analytes, the BioTrap extraction pre-

(22 £ 2°C). column was first directly coupled to the UV diode-array
detector set at 265nm and the composition and flow-rate
2.6. Analytical procedure of the extraction mobile phase were studied. In this way, it

has been found that an extraction mobile phase consisting
The coupled-column analysis can be subdivided into three of an aqueous buffer is favorable to remove serum proteins

different steps as follows: using a pH which is close to the physiological pH (7.0). On
the other hand, an organic solvent should be added to the
2.6.1. Sample loading and processing extraction mobile phase in order to improve the washing

With the switching valve in load position, a volume of of the extraction column and to displace the analytes from
200l of treated human plasma sample (s®ection 2.3) the plasma protein binding. Thus, different composition
was injected onto the extraction precolumn using the extrac- of organic solvents such as acetonitrile, methanol and iso-
tion mobile phase. While the endogenous compounds werepropanol with phosphate buffer solutions were assayed. As
flushed to waste, the analytes were retained by the hydropho-a result, low recoveries of Vitamin{and 25(OH)3 were
bic inner surface of BioTrap precolumn. During the sample obtained probably due to the high protein-binding with the
cleanup step (5 min), the analytical column was equilibrated analytes. In order to overcome this effect and to obtain best

with the analytical mobile phase. recoveries of analytes in the solid-phase extraction step, a
previous extraction procedure with organic solvents was as-
2.6.2. Analytes transfer sayed. In this way, to study the recovery efficiency several

After 5min, the switching valve was switched to the in- solvents were tried, such as methanol, ethanol, acetonitrile
ject position and the precolumn and analytical column were and acetoneTable 1shows that the best results were ob-
series-connected. Thus, the retained analytes were swept byained with an ethanol-acetonitrile (2:1 (v/v)) at a 2:1 (v/v)
the analytical mobile phase from the BioTrap precolumn to ratio of organic solvent to plasma. Finally, the liquid—liquid
the top of the analytical column in a backflush mode during extraction procedure reported Bection 2.3was selected
4 min. prior to the sample cleanup in the column-switching system.

2.6.3. Analytes separation 3.2. Retention behavior on the analytical column
Four minutes later, the switching valve was changed back

to the load position to recondition the BioTrap precolumn A high selectivity is required to separate the analytes from

with the extraction mobile phase to be ready for the next endogenous compounds in particular some other fat-soluble

injection. In the meantime, the analytes were separated in theyitamins. Methanol, acetonitrile, tetrahydrofuran and buffer

analytical column under gradient mode elution and detected phosphate were used as the basis for the different mobile

by UV-DAD at 265 nm. phases preparation. Various proportions of these solvents
were tested. However, separation was achieved using the
following binary lineal gradient: from 70 to 95% of B within

3. Results and discussion 3 min, then to 100% B in 1 min and held for 8 min to 100%
S ' B. After completion of the chromatographic run, the pump
3.1. Optimization of the extraction and cleanup step was programmed to regain its initial conditions within 2 min

The on-line sample extraction was performed with a

. . . Table 1
BioTrap .500 Qs precolumn. Thl.s pr.eCO|umn was des.lgned Recoveries obtained from the batch extraction procedure with organic
to permit continuous direct injections and extraction of .\ i
plasma and other biological matrices. BioTrap 50@ S a Solvert Concentration  25:0H-D; __ Vitamin D
silica-based extraction column with a biocompatible exter- added (%) (%) :
nal surface and hydrophobic internal surfaceg(Groups). (ng mi1)
The biocompatibility has been obtained by attachment of pethanol 15.0 67.1 30.3
the plasma proteii-acid glycoprotein (AGP) on the ex- 30.0 64.6 37.5
ternal surface of the particles. The pore sizes of the particles s .goitite 15.0 97.7 42.9
have been chosen so that plasma proteins and other large 30.0 98,7 427
molecules will be excluded from the pores. The separations Ethanol 15.0 770 45.0
of analytes from proteins are based on a combination of 30.0 78.3 43.1
size exclusion and reverse-phase parnnomng. Small ana-, ..o 150 90.0 -
lytes molecules enter the pores and are retained by {pe C 30.0 92.4 36.3
groups on the inner phase. The largest protein molecules »

. . . . Ethanol:acetonitrile 15.0 94.7 93.5
are washed away with the continuously flowing extraction @1 (V) 300 963 971

mobile phasg36]. To determine the elution profile of the
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Fig. 1. Chromatogram obtained from a standard solution of the fat-soluble
vitamins and Vitamin [@ metabolites (optimized conditions: see text). (1)
1,25-(OHYDs3, retention time ¢ 8.40 min; (2) 25-OH-B, t;: 10.25 min;

(3) Vitamin A, t;: 10.60 min; (4) Vitamin K,t;: 11.20 min; (5) Vitamin

D3, t;: 12.60 min and (6) Vitamin Et: 14.30 min.

and 2 more minutes as reconditioning time. The optimum
flow rate for the mobile phase was found to be 1.4 mIThin
resulting in a maximum run time of 16 mifkig. 1 shows
the chromatogram obtained under optimized conditions for

1367

equilibration of both the BioTrap extraction precolumn and
the analytical column after analysis can be achieved within
a few minutes, thus, the total analysis time is ca. 16 min.
However, the overlap of sample preparation, analysis and
reconditioning of the precolumn increases the overall sample
throughput to one injection every 12 min.

Representative chromatograms obtained in the coupled-
column system under the proposed conditions {sdee 2)
for a standard solution of 25(OH}Dand Vitamin 3 (A),
a blank of human plasma (B) and a spiked human plasma
sample with both analytes at 15 ngmhl(C) are shown in
Fig. 2(A—C). By comparing these figures, it can be concluded
that there are not interfering endogenous compounds at the
retention time of 25(OH)B and Vitamin 3. On the other
hand, the diode array UV-spectra taken from each peak at the
retention time of 10.25 and 12.60 min confirmed the solely
presence of 25(OH)pPand Vitamin B, respectively.

3.4. Features of the method

To study the accuracy of the method, recoveries of ana-
Iytes from pooled human plasma samples were estimated. A
blank of human pooled plasma and several human plasma

a standard solution of the fat-soluble vitamins. We can see samples spiked with known amounts of 25(OH)}nd Vi-
an adequate resolution within the analytes in an acceptabletamin D; were subject to the entire analytical sequence.

analysis time.
3.3. Switching times

Table 2summarized the optimized switching times for the

Each analyte was spiked at three different concentrations.
The results are summarized fable 3. Recovery values

for all cases were obtained superior to 91.2%. These val-
ues are quantitative and demonstrate the extraction effi-
ciency of the BioTrap precolumn and in the batch extraction

proposed column-switching method. As it can be seen, the procedure.

Table 2

Optimized conditions of the on-line sample extraction, cleanup and HPLC separation steps

Step Component system

Condition

Sample injection (&= 0min)

Sample extraction (& 5min)

Transfer of analytes & 9min)

Analytes separation @& 17 min)

Analytical column: Spherisorb g 250 mm x 4.6 mm, dp: Gum

Next injection (t= 12 min)

Rheodyne 7125 valve: inject position
Switching valve: load position

Precolumn: BioTrap 500 g 20 mm x 4 mm

Switching valve: inject position

Switching valve: load position

Injection volume: 20Qul

Extraction mobile phase:
6% de acetonitrile in
5mmol ! phosphate
buffer, pH 6.5

Flow rate: 0.8 mlmin?t

Analytical mobile phase:
solvent A: 5mM
phosphate buffer pH 6.5—
acetonitrile (80:20 (v/v))
Solvent B: methanol—
acetonitrile—tetrahydro-
furan (65:20:15 (v/v))
Flow rate: 1.4 mlmimn?!

Reversed-phase gradient:
70-95% of B within

3 min, then to 100% B in
1min and held for 8 min
to 100% B

Flow rate: 1.4 mImin?
Detection UV: 265nm
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Table 4
Linear correlations between peak areas and concentrations of 2550H-D
\l and Vitamin &y
Compound  Matrix Equatior? ro CV
slopé
y (%)
I 25-OH-D3 Aqueous standard A = 265188.96C 0.9966 1.50
(C) 25-D3 D3 Plasma A =260421.56C 0.9943 3.00
Vitamin D3 Aqueous standard A = 293400.38C 0.9990 3.00
M Plasma A =291996.95C 0.9992 3.40

a8 A peak areaC: concentration of each compound.

2 b r: correlation coefficient.
¢ CV: coefficients of variation of the slope & 3).
from those for 25(OH)@ and Vitamin I additions to real
plasma samples, hence, the standard calibration technique
(B) 25D, b with aqueous standards could be used for the determination
f\\___ 3 3 of 25(OH)D; and Vitamin I in the human plasma samples
investigated in this work.
The lowest concentration that can be quantified with
(A) acceptable accuracy and precision for all analytes was
i 0 3.0ngmtL. Furthermore, the limit of detection for both
N T 5.0 D analytes defined as signal-to-noise (S/N) ratio of 3:1 was
3 3 0.5ngmtL. As it can be seen, the method is sufficient sen-
N sitivity for the determination of Vitamin B (nhormal values
2.00 400 6.00 8.00 ‘]l].l]l] 12.00 1400 1600 in p|asma, 0.5-25.0 ng m:I-) and 25_OH_Q (norma' values
Minutes in plasma, 10.0-50.0ngm}) in human plasma, at their
Fig. 2. Typical chromatograms obtained after injection of 200f: (A) normal leveld1,6].
standard solution of 25-OH<Pand Vitamin 3 at 15ngmt?; (B) human The intra-day-assay precision of the method was exam-
blood plasma blank; and (C) human blood plasma spiked with 15nml inaq py replicate analysis (& 5) of aqueous standards and
pf 25-OH-D; and Vitamin 3. Op_tlmlzed experl_mental cond|t|9ns given: human plasma spiked with known amounts of analytes. The
in Table 2.t, 25-OH-Dz: 10.25min and; Vitamin D3: 12.60 min.

precision expressed by coefficient of variation (CV) is given
in Table 5. The CV was<2.80% for all tested concentra-
Calibration curves over the range from 3.0t0 32.0ngml  tions, showing that the method provided good reproducibil-
were constructed for aqueous standards and for humanity_ The inter-day-assay precision was also determined by
plasma samples spiked with both analytes. The curves wereassaying aqueous standards and spiked plasma samples on
prepared using six concentrations of each compound and &jye different days. The CV did not exceed 2.75% in all con-

blank and injected in triplicate into the column-switching centrations, demonstrating the good stability and repeatabil-
HPLC system.Table 4shows the regression equations of ity of this described system.

the peak area as a function of 25(OH)Bnd Vitamin &
concentration obtained from aqueous standard and from . -

spiked human plasma samples. For all regression lines,nyra- and inter-assay validation
the correlation coefficients (r) are larger than 0.9943. On

. . . Compound Matrix Concentration Intra-assay Inter-assa
the other hand, the slope of the calibration using aqueous P 1 il y
tandard soluti t statically different £°0.05 (gmi=) (CV. %F _ (CV. %Y

standard solutions were not statically different €P0.05) 25(OH) Dy Aqueous  30.0 163 193
standard 60.0 1.55 1.78
Table 3 130.0 1.59 2.10
Recoveries of 25-OH-pand Vitamin 3 from spiked human plasma Plasma 70 200 1.97
Compound Added Found Recovery  CV (%) 15.0 1.85 2.54
(ngmi-1) (ngmi1) (%) (N = 5) 30.0 2.80 2.64
25-OH-D3 8.0 7.3 91.3 3.00 Vitamin D3 Aqueous 30.0 0.95 1.37
16.0 14.6 91.2 1.08 standard 60.0 1.52 1.73
32.0 31.2 97.5 1.87 130.0 1.87 1.55
Vitamin D3 8.0 7.4 92.5 3.83 Plasma 7.0 2.30 3.15
16.0 15.6 97.5 2.95 15.0 1.47 2.75
32.0 30.0 93.8 1.30 30.0 1.96 2.43

CV: coefficients of variationr( = 5). & CV: coefficients of variationr( = 5).
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Fig. 3. Individual human plasma concentrations of 25-OtlaRd Vitamin
D3 related to age.

3.5. Application and endogenous concentration in human
plasma

To test the clinical applicability of the proposed method
further, we examined plasma samples from 46 healthy fe-
male volunteers ranging from 50 to 94 years of age. Vitamin
D3 and 25-OH-[3 concentrations in plasma were found from
4.30to0 40.70 ng mi* (mean+ S.D.; 19.74+ 9.48 ng mt1)
and from 3.1 to 36.52ngmt (7.13 + 7.80ng mt1), re-
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ple cleanup has the potential to increase sample throughput
to five samplesh. The method has adequate sensitivity to
measure the analytes in 1.0 ml of normal human plasma.
The main advantage of this procedure over previous pub-
lished ones is the possibility of performing sample cleanup
and determination in a completely automatized system. On
the other hand, it is important to emphasize that the BioTrap
precolumn was found to have a long life span, although dur-
ing the method development and application, about 50 ml of
treated human blood plasma were injected the pressure was
not raised in this study. This indicates that the efficiency of
the clean-up process was satisfactory.
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