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 Vitamin D deficiency is a widespread 

clinical problem and has been associated with 

many adverse health outcomes. Analysis of 

Vitamin D2 (ergocalciferol) and D3 

(cholecalciferol) and their major metabolites 

25(OH)D2 and 25(OH)D3 has become a high 

priority topic in clinical analysis.  

Introduction 

 Traditional immunoassay-based analysis of 

25-OH Vitamin D requires a large sample volume, 

typically 1 -1.5 ml of serum. Such volumes are 

easily available for analysis from adults. In 

contrast, for infants and babies, sample volume is 

always limiting. Clinical analysis always focuses 

on critical target analytes. Supplementary,  but 

non-essential analytes can sometimes be skipped 

due to limited sample availability. 

 We successfully overcame this constraint by 

a combination of a highly sensitive triple quad 

mass spectrometer 6490 (Agilent Technologies) 

for detection and quantitation, use of a fused-core 

chromatographic column (Supelco) for a fast, 3 

min separation and initial sample clean up via 

supported liquid-liquid extraction (Biotage) as a 

simple and automatable sample preparation step. 

This combination allows the use of only 40 

microliter of serum per assay and maintains a 

LLOQ of 5 ng/ml. The original sample protocol 

was initially developed as a 6 min run and recently 

was modified to run twice as fast.  

Overview 

Methods 

 Positive mode ESI LC/MS/MS analysis was 

performed on a 6490 Agilent Technologies triple 

quadrupole mass spectrometer. MRM transitions 

m/z 413.2→355.2 for 25(OH)D2, and transitions 

m/z 401.2→365.2 for 25(OH)D3 were used. As an 

internal standard, hexadeuterated analogues of 

analytes of interest were used. Calibrators were 

prepared in stripped serum matrix. 

.  LC separation was carried out on a 1290 

Infinity UHPLC system, composed of Autosampler 

(G226A), Binary UPLC pump (G4220A) and 

Thermostatted Column Compartment (G1316C) 

using an Ascentis Express 2.1x50 mm C18 2.7 um 

fused-core column.  Water-methanol mobile phases 

containing 0.1% formic acid were used. Sample 

preparation based on supported liquid extraction 

was performed.  

Conclusions 

Results 

 Typically, lowering of  cost is achieved by 

simplification of sample preparation. Paradoxically,  

we found that plasma protein precipitation in the 

long run is not cost efficient, since this approach 

reduces column lifetime and requires much more 

frequent instrument maintenance. We were able to 

lower sample volume to 40 ul and implement 

supported liquid-liquid extraction (Biotage) as a 

very simple sample preparation step. Unusually 

low sample volume was compensated by high 

sensitivity of mass spectrometry detection using an 

Agilent 6490 triple quad system. Fast gradients 

were accomplished by using ultra low dead volume 

1290 UHPLC liquid chromatography. As a result of 

the combination of highly sensitive triple quad 

mass spectrometry (Agilent Technologies) for 

detection, use of a fused-core chromatographic 

column for separation, and supported liquid-liquid 

extraction we were able to maintain a LLOQ  of 5 

ng/ml for a 3 min run time.  

 

Fig1. Pressure profile of 3 min LC/MS method 

 

Fig 2. Pressure profile of 6 min LC/MS method 

 

Using SLE-based sample preparation we successfully 

used only 40 ul of serum while achieving a  LLOQ of 

5 ng/ml. We found that reduction of LC separation 

leads to incomplete pressure equilibration and only 

partial mobile phase equilibration of the 

chromatographic column, but without effect on 

robustness, analytical sensitivity or  specificity.  

Fig 3. Blue: Calibration curve constructed from 6 min 

LC/MS method. Green: Calibration curve constructed 

from 3 min LC/MS method 

 Reduction of LC run time leads to insufficient 

column equilibration, however this does not impact 

assay linearity and selectivity, since analyte to 

internal standard ratio was not affected, see Fig. 3.  

 In fig. 3 we can see, that the analyte 

(25OHD3) and its stable isotope labeled internal 

standard ratio is very similar for the 3 and 6 minutes 

chromatographic methods, throughout the 

calibration curve range. The identity of the 

calibration curves demonstrate the quality of the 

assay performance under twice faster rates of 

chromatographic separation. 
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