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Abstract

This application brief demonstrates the use of the ACQUITY UPLC Online SPE Manager (OSM) enables

analytically sensitive measurement of important vitamin D metabolites in plasma.

Benefits

Improved workflows for the measurement of vitamin D metabolites in plasma using the ACQUITY UPLC (OSM).

Introduction

Recent studies have shown that vitamin D deficiency is common in adults and children in many parts of the
world. In addition to the well known effects of vitamin D deficiency such as calcium mal-absorption, there is
growing evidence that vitamin D deficiency may increase the risk of certain types of cancer, and play a role in
many other diseases. As a consequence, the measurement of vitamin D metabolites is of increasing importance

to many researchers.

Vitamin D exists in two forms; vitamin D3 (D3), which is produced in the skin on exposure to sunlight, and vitamin
D, (D,), which is a plant derivative that is found in many dietary supplementation products. All forms of vitamin D
are metabolized in the liver to form 25-hydroxyvitamin D (25-OH D), which is further metabolized in the kidneys

to form the active metabolite 1,25-dihydroxyvitamin D that is responsible for calcium homeostasis.

In many laboratories, the measurement of vitamin D and its metabolites in plasma by LC-MS has gained
popularity over other methods such as the competitive binding methods, immunoassays, and HPLC to quantify
25-OH D, and 25-OH Ds. The issues with these other types of measurement are that they may be complex and
costly to perform, or they cannot discriminate between 25-OH D, and 25-OH D3 and measure these vitamers
accurately enough to provide the level of information that researchers are seeking. Even when using LC-MS,
issues with preparing samples effectively and efficiently must be overcome, to allow for the development of an

accurate method that can be used routinely for measuring vitamin D metabolites.
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Figure 1. Structures of 25-OH D, and 25-OH Ds.

Experimental

Method details

LC-MS system configuration:
LC:
MS:

Column:

Sample preparation:

SPE cartridge:

Sample pre-treatment:

ACQUITY UPLC

Xevo TQ-S

ACQUITY UPLC CSH Phenyl-Hexyl, 1.7 pm, 2.1 x
100 mm (p/n 186005407)

ACQUITY UPLC OSM

MassTrak Cg Online SPE Cartridges, 10 um, 1 x 10
mm (p/n 1860056731VD)

150 pL plasma

25 pL internal standard in methanol containing
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LC-MS system configuration:

(isotopically labelled 25-OH D, and D3)

800-pL of agueous 0.4 M ZnSQy; centrifuge to

pellet protein

Chromatography conditions

Solvent A: 10% methanol + 2 mM
ammonium acetate + 0.05%

formic acid

Solvent B: Methanol + 2 mM ammonium

acetate + 0.05% formic acid

Flow rate: 0.4 mL/min

Column temp.: 35°C

Gradient:

Time %A %B
0.00 35 65
3.75 10 90
4,25 0 100
5.25 0 100
5.50 35 65
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Time

6.25

Online SPE conditions

Conditioning:

Equilibration:

Sample load:

Cartridge wash:

Clamp flush:

%A %B

35 65

Step 1: 0.5 mL acetonitrile at 4

mL/min

Step 2: 0.5 mL
acetonitrile/methanol/
isopropyl alcohol/water + 0.2%

formic at 3 mL/min

0.5 mL water at 4 mL/min

0.5 mL water at 2 mL/min

Step 1: 0.5 mL 20% methanol +

0.1% ammonia at 2 mL/min

Step 2: 0.5 mL 30% methanol +

0.1% ammonia at 2 mL/min

Step 3: 1 mL 55% methanol +

0.1% formic acid at 2 mL/min

Step 1: 0.5 mL acetonitrile at 3

mL/min

Step 2: 1.0 mL
acetonitrile/methanol/
isopropyl alcohol/water + 0.2%

formic at 3 mL/min

Step 3: 0.5 mL water at 3

mL/min
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Elution time: 0.75 min

Multiple reaction monitoring conditions

Precursor Fragment Cone Collision
m/z m/z (V) (eV)

2573 30 16

Compound

25(0H) D, 3834
245.3 30 17

d6-25(0H)D; | 3894 263.3 30 16

269.3 30 17

25(0H) D, 395.4
2713 30 17

d6-25(0H)D, | 4014 275:3 30 17

Results and Discussion

A clinical research method for the measurement of two vitamin D metabolites (25-OH D, and 25-OH D3) from
plasma has been developed. This method takes advantage of the unique capabilities of the ACQUITY UPLC OSM
to enable analytically sensitive and reproducible measurements. The method enables direct measurement of
these key vitamin D metabolites, and provides valuable information to clinical researchers as they investigate the
role these molecules play in normal biological function and disease. Simultaneous measurement of these key
metabolites with this method can also provide valuable information to clinical researchers as they investigate

novel models of disease.

Results

The method described was successfully used to detect and measure two vitamin D metabolites in plasma. Figure

2 demonstrates the typical analysis of these analytes in plasma samples.
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Figure 2. Separation of vitamin D metabolites in plasma. Both the 25-OH D, and 25-OH Dj;

metabolites were separated and analyzed from plasma samples. Extracted ion chromatograms

M&Jh%@ﬁ%ﬁeﬁgm%%monstrate the measurement of typical plasma levels of these analytes.

Intra-assay variability
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The reproducibility of the method for measuring the vitamin D metabolites was assessed for both intra- and
inter-assay variability. For measuring intra-assay variability, 12 samples at three concentrations of 25-OH D3 (27,
75, and 165 nmol/L) and two concentrations of 25-OH D, (40 and 185 nmol/L) in plasma were analyzed. The
results presented in Table 1 indicate that the intra-assay variability of the method ranges from 1.5 to 3.8% for 25-

OH D3 and from 3.1 to 5.3% for 25-OH D».

25-0H D; (nmol/L) 25-0HD, (nmol/L)
n QC-low QC-medium  QC-high QC-low QC-high
1 27.2 .r 161 39.3 183
i 26.6 73.4 168 380 194
3 25.3 74.6 167 435 181
4 26.6 5.3 164 42.0 187
5 26.5 74.0 163 41.1 192
6 26.7 5.2 164 42.9 183
7 26.3 75.6 166 43.2 189
8 29.3 5.l 163 446 189
9 28.2 4.7 162 41.5 177
10 26.8 731 158 399 179
11 26.6 77.1 163 46.0 189
12 274 3 168 42.5 195
Average 27 4.7 164 421 187
Std. dev. 1.0 1. 30 Do 58
CV% 3.8 1.5 1.8 s 3.1

Table 1. Assessment of intra-assay variability. Twelve individual plasma
samples containing a variety of concentrations representative of the low,
medium, and high QC concentrations for of vitamin D metabolites for the
method were measured. CVs ranged from 1.5 to 5.3% across all
concentrations measured.

Inter-assay variability

Inter-assay variability of the method was assessed by performing the method daily over the course of six days
using duplicate samples of the vitamin D metabolites in plasma at concentrations ranging from 25 to 180 nmol/L.
The results presented in Table 2 indicate that the inter-assay variability range from CVs of 3.3 to 3.9% for 25-OH
D3 to CVs of 3.7 to 5% for 25-OH D..
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25-0H D, (nmol/L) 25-0H D, (nmol/L)

Day QC-low QC-medium  QC-high QC-low QC-high
212 4.7 161 39.3 183
] 26.6 73.4 168 380 181
274 72.0 158 372 181
£ 25.1 3.2 162 40.4 175
3 26.0 67.3 157 40.6 173
249 69.9 160 40.3 178
259 68.2 154 39.0 180
# 26.2 69.1 152 ab.8 173
24.8 68.6 155 36.9 186
- 24.2 68.8 150 39.9 179
6 252 68.8 154 35.2 169
26.4 67.5 152 36.3 163
Average 25.8 70.1 157 38.2 177
Std. dev. 1.01 252 523 1.90 6.50
CV% 39 36 3.3 5.0 3.0

Table 2. Inter-assay variability determination. Duplicate plasma samples
containing a range of concentrations representative of the low, medium,
and high QC concentrations for of vitamin D metabolites were measured
over the course of six days. CVs ranged from 3.3 to 5.0% across all

concentrations measured.

Method comparison

The method described was compared to results obtained from an independent LC-MS/MS method, developed in
the same laboratory. This method utilizes a different, less efficient workflow involving the use of an older online

SPE system in conjunction with protein precipitation. The results indicate that the developed method displays

excellent correlation with the existing LC-MS method.
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Figure 3. Comparison of the developed method using the ACQUITY UPLC
OSM with an existing LC-MS/MS method using online SPE. The results
obtained by the developed method correlated very well with the existing

method, but provided a much more efficient workflow.

Conclusion

In many clinical research laboratories, the sensitive and reproducible measurement of vitamin D metabolites can
be a challenge. Older methods involving the use of immunoassay or other technologies are unable to provide the
level of information on these important vitamin D metabolites that many researchers are seeking to measure.
While LC-MS is capable of making the specific and analytically sensitive measurement of these vitamin D
metabolites, preparing samples adequately and efficiently has always been an issue that has not been easy to

overcome.

The method described here takes best advantage of the automated sample preparation capabilities of the
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ACQUITY UPLC OSM in the analysis of vitamin D metabolites. This highly automated method will reduce both
the direct staff and instrument time required to perform these analyses when compared to other LLE or offline
analysis techniques, and allow for rapid, simultaneous analysis of these vitamin D metabolites. The Cg sorbent
used for extraction and the ACQUITY UPLC CSH Hexyl-Phenyl Column used in this study also showed excellent

performance in terms of sample clean-up and separation of these molecules (Figure 2).

Furthermore, both the intra- and inter-assay variability of the method were assessed to be excellent (Tables 1
and 2). Even at low nmol/L concentrations of either vitamin D metabolite, the calculated CVs were typically less
than 5%. The robustness of the method makes it a good option for routine measurement of vitamin D metabolites

in a complex matrix such as plasma.

In this study, a rapid clinical research method using the ACQUITY UPLC OSM for the measurement of vitamin D
metabolites has been developed. The method is suitable for routine use and the small volume of serum used (150

uL) is desirable for clinical research laboratories that are sample limited.
The method developed here provides:

Simultaneous analysis of 25-OH D, and 25-OH D3 from plasma at low nmol/L concentrations
Effective separation of both vitamin D metabolites for easy measurement

Efficient, online SPE sample preparation integrated with UPLC-MS/MS in approximately six minutes per

sample
Small volume required (10 pL injection of 150 YL plasma sample)
Excellent reproducibility and robustness (intra- and inter-assay CV <5%)

Excellent correlation with an existing, online SPE LC-MS/MS method, but with a streamlined workflow

resulting in greater efficiency

Featured Products

- ACQUITY UPLC System <https://www.waters.com/514207>

- Xevo TQ-S <https://www.waters.com/10160596>
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