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Abbreviations 

Phylloquinone (K1) 

Limit of quantitation (LOQ) 

Liquid chromatography tandem mass spectrometry (LC-MS/MS) 

Acetonitrile (ACN) 

Ammonium fluoride (NH4F) 

Isopropanol (IPA) 

Methanol (MeOH) 

Ethanol (EtOH) 

Zinc sulfate (ZnSO4) 

Internal standard (IS) 

Ultra performance liquid chromatography (UPLC) 

Solid phase extraction (SPE) 

Atmospheric pressure chemical ionization (APCI) 

Multiple reaction monitoring (MRM) 

Supercritical fluid chromatography–tandem mass spectrometry (SFC-MS/MS) 

Vitamin K external quality assurance scheme (KEQAS) 

Retention time (tR) 

Coefficient of variation (CV) 

Standard deviation (SD) 

 

Abstract 

Vitamin K1 (phylloquinone) is one of the vitamin Ks. Several studies have previously 

investigated the role of vitamin K1 status in respect to disease, but without consistent 

results. Since vitamin K deficiency has been associated with different disease states it is 

important to develop a biochemical analysis with sufficient sensitivity and a low limit of 

quantitation (LOQ).  
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The vitamin Ks are very fat-soluble. This non-polar nature has given rise to several challenges 

during the method development, because vitamin K1 sticks to materials used during the 

process and is lost during evaporation. We found that reducing the sample preparation as 

much as possible offline, instead using online SPE-LC-MS/MS improves recovery and gives 

satisfactory chromatograms. An Protein BEH C4 column, 300 Å (50 x 2.1 mm, 1.7 m particle 

size) was used as trap column and a Phenyl-Hexyl-LC-column, 100 Å (100 x 2.1 mm, 2.6 m 

particle size) was used as analytical column. The mobile phases consisted of 30 mol/L NH4F 

in water and 30 mol/L NH4F in MeOH. A triple quadrupole tandem mass spectrometer with 

atmospheric pressure chemical ionization (APCI) ion source, positive ion mode, was used to 

perform the mass spectrometric measurements. 

The method is simple, highly sensitive and fast. The method was validated for vitamin K1 

with good analytical performance. With a LOQ of 0.05 nmol/L it is to our knowledge the 

vitamin K1 method with lowest LOQ reported to date in the literature. It can easily be 

automated and applied in a routine diagnostic laboratory.  

Blood collection tubes with different additives were tested and showed no difference. 

Stability of vitamin K1 in serum was tested at different temperatures (-20 C, 4 C and in light 

and dark at 20 C over a period of 30 days) and showed that vitamin K1 is light sensitive in 

serum even after only one day.  

 

1. Introduction 

Vitamin K is a group of very nonpolar molecules of which phylloquinone (K1) (fig. 1) 

constitutes the major part that we ingest in our diet. K1 is found mainly in green leafy 

vegetables and in vegetable oils like soybean and olive (1). 

Several studies have previously investigated the role of vitamin K1 status in respect to 

arterial calcification, but with inconsistent results (2, 3). In most studies the vitamin K1 

status is calculated from food questionnaires or indirectly measured by biomarkers that in 

some cases do not distinguish between the different vitamin K subgroups, which may have 

different effects (4).  

There is no gold-standard for measuring vitamin K status and the most accurate way to 

estimate vitamin K status has been suggested to be by using multiple biomarkers or 

combining a biomarker with information of dietary intake (3). 

The existing methods for measuring vitamin K1 levels in blood are both complicated and 

time consuming without sufficient sensitivity. Riphagen et al. has published a method where 

the chromatography separation takes approximately 10 minutes per sample but with a 
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relatively laborious sample preparation (5). Others have chromatography that takes even 

longer, between 20 minutes to more than 40 minutes (6-8). Moreover the lowest limit of 

quantitation (LOQ) yet published has been found to be 0.09 nmol/L (7), which we believe is 

insufficient in relation to measuring levels in the human serum. There have been reported 

reference intervals for vitamin K1 of 0.22-4.88nmol/L (9) and 0.33-3.44nmol/L (10), but in 

the latter case 22% of the patients had vitamin K1 concentrations below the lower limit of 

the reference interval and LOQ. Since vitamin K deficiency is believed to be associated to 

disease it is important to use an analysis method with sufficient sensitivity and a low limit of 

quantitation (LOQ).  

We intended to investigate both the correlation and possible predicting value of the vitamin 

K level in relation to cardiovascular morbidity in a large cohort. Therefore we needed a fast 

and more sensitive analysis for measuring vitamin K1 in serum than previously reported in 

the literature.  

Thus, in the current work we aimed to develop an easy, automated and highly sensitive 

liquid chromatography tandem mass spectrometry (LC-MS/MS) method for measuring 

vitamin K1. 

 

2. Material and methods  

2.1. Reagents and chemicals 

Acetonitrile (ACN) (ChemSolute), ammonium fluoride (NH4F) (Fluka), isopropanol (IPA) 

(ChemSolute) and methanol (MeOH)(ChemSolute) were all purchased from Th.Geyer, 

Roskilde, Denmark, Ethanol (EtOH) 99.9% was obtained from Plum A/S, Assens, Denmark, 

zinc sulfate (ZnSO4) and ammonia solution 25% were from from Merck, Darmstadt, 

Germany. Vitamin K1 analytical standard was obtained from Sigma-Aldrich®, Schnelldorf, 

Germany and vitamin d7-K1 from Toronto Research Chemicals, North York, Canada, 

respectively. All water used was ultrapure Type 1 water (MilliQ) delivered by Milli-Q® 

Advantage A10 (Merck Life Science A/S, Merck, Darmstadt, Germany previously Millipore 

A/S) incl. LC-Pak® Polisher (Merck Life Science A/S, Merck, Darmstadt, Germany).  

 

2.2. Solutions 

The internal standard solution (IS) used was 1.25 nmol/L vitamin d7-K1 dissolved in 99.9% 

ethanol.  

Serum from healthy volunteers was used as low and medium controls. The high control was 

serum spiked with a concentration of 8 nmol/L vitamin K1.   

Calibrators were prepared using a serum pool from healthy volunteers. First 50 mL of serum 
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was spiked with a concentration of 10 nmol/L. By diluting this solution with more serum, 6 

calibrators were obtained having the spiked concentrations 0 nmol/L, 0.5 nmol/L, 1 nmol/L, 

2.5 nmol/L, 5 nmol/L and 10 nmol/L. Endogenous concentration of vitamin K1 in the serum 

pool used was determined by the standard addition method as described under “3.2. 

Method validation”.  Isopropanol / ZnSO4 (1 mol/L) in water / NH3 (25%) in water (ratio 

94/1/5) was used for precipitation.  

 

2.3. Sample extraction procedure 

160 L serum, 160 L IS solution and 400 L precipitation-solution was mixed in a 96-well 

microtiter plate from Porvair Science Ltd, Wrexham, Wales, using a Hamilton® STARlet™ 

 workstation, Bonaduz, Switzerland. The plate was closed with heat sealing foil from 

Eppendorf AG, Hamburg, Germany and mixed and centrifuged at 2200 g for 20 min. Using 

the Hamilton STARlet, 400 L of the supernatant was then transferred to a new plate from 

Porvair, which was then sealed with heat sealing foil. A total of 50 L was injected into the 

LC-MS/MS. 

 

2.4. LC–MS/MS conditions 

A Waters ACQUITY ultra performance liquid chromatography (UPLC) was used for the online 

solid phase extraction (SPE)-LC-MS/MS method. A Waters Xevo TQ-S tandem mass 

spectrometer with atmospheric pressure chemical ionization (APCI) ion source, positive ion 

mode, was used to perform the mass spectrometric measurements. An ACQUITY UPLC 

Protein BEH C4 column, 300 Å (50 x 2.1 mm, 1.7 m particle size) from Waters was used as 

trap column and a Kinetex Phenyl-Hexyl-LC-column, 100 Å (100 x 2.1 mm, 2.6 m particle 

size) from Phenomenex was used as analytical column (constant temperature of 45 °C). The 

mobile phases consisted of 30 mol/L NH4F in water (mobile phase A) and 30 mol/L NH4F 

in MeOH (mobile phase B). The gradients used for loading and elution are shown in table 1. 

The right valve of the SPE-LC-system was switched between position 1 and 2 at 1.80 min and 

4.00 min (see fig. 2). Between each run the needle was washed with 800 L strong wash 

(MeOH/ACN/IPA/H2O with 0.05% NH4OH, ratio 1/1/1/1) and 2000 L weak wash (20% 

MeOH in H2O) to avoid carry over. The multiple reaction monitoring (MRM) transitions for 

K1, IS and a qualifier can be seen in table 2. 
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Table 1. The gradients used for loading and elution of vitamin K1. Mobile phase A consisted of 30 

mol/L NH4F in water and mobile phase B of 30 mol/L NH4F in MeOH. The gradient produced by the 

2. dimension pump increase linearly from 4-6 min. 

1. dimension pump 

Time (min) Flow (mL/min) %  A % B 

Initial 0.500 30.0 70.0 

2.00 0.500 30.0 70.0 

2.10 0.500 0.0 100.0 

5.00 0.500 0.0 100.0 

5.10 0.050 30.0 70.0 

6.50 0.050 30.0 70.0 

6.60 0.500 30.0 70.0 

7.20 0.500 30.0 70.0 

    2. dimension pump 

Time (min) Flow (mL/min) %  A % B 

Initial 0.500 15.0 85.0 

4.00 0.500 15.0 85.0 

6.00 0.500 0.0 100.0 

7.20 0.500 0.0 100.0 

 

 

Table 2. Mass spectrometric parameters 
Multiple reaction monitoring conditions for vitamin K1, IS d7-K1 and a qualifier. 

  Precursor Collision energy Product ion 

  m/z eV m/z 

K1 451.3 25 186.8 

Qualifier 451.3 20 211.1 

K1d7 458.3 25 193.8 

 

  

2.5. Method validation 

A serum pool from healthy volunteers was divided into 6 parts, spiked with 0, 0.5, 1, 2.5, 5 

and 10 nmol/L of vitamin K1, respectively, aliquoted and analysed multiple times over a 

period of 7 weeks to investigate the linearity of the assay.  

 

The intermediate precision was calculated from repeated measurements of three serum 

controls in the clinically relevant range (low, medium and high), over a period of one month 

and in 27 separate batches.   

 

LOQ was established by investigating a precision profile on serum samples and diluted 
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serum samples from two persons with low vitamin K1 concentration. Measurements were 

repeated on 5-7 separate occasions over a period of 3 weeks.  

Recovery was tested by preparing 8 patient samples and two blanks (MilliQ) normally and 

the same 10 samples without IS, instead adding EtOH. After centrifugation and transferal of 

supernatant corresponding IS or EtOH was added to the samples to adjust volumes.  

The carryover of the assay was initially assessed by injection of the highest calibrator 

followed by sequential injections of a blank sample. During the rest of the validation one 

blank sample was injected in every batch of analyses to ensure that no carryover problems 

arose.  

To investigate the quantitative matrix effects in different patient samples and in different 

types of collection tubes, four different blood collection tubes were tested; purple (K2EDTA), 

red (no additive), green (lithium heparin) and yellow tubes (gel for serum) from Becton 

Dickinson vacutainer, Dickinson and Company. Eight healthy volunteers had samples drawn 

using each tube type with each volunteer. The 32 blood samples and 2 blank (MilliQ) 

samples were prepared using the method as described above and the mean response of IS 

from patient samples were compared to the blank samples. The mean IS response for the 

blank samples represented the relative 100% value. The degree of ion suppression was 

determined by the decrease in mean IS response for the patient samples relative to this 

100% value.  

Moreover, qualitative matrix effects were examined using 15 μL/min post column infusion of 

5 nmol/L vitamin K1, while analyzing extracted patient serum samples with low vitamin K1. 

The mean vitamin K1 result for the 4 blood collection tubes of each person was calculated, 

where after the percentage change of each tube was calculated relative to this mean from 

the same person. Then by testing the percentage changes with a one-way ANOVA test, it 

was tested if there was any difference between the blood collection tubes. Microsoft Excel 

2010 for Windows was used for the one-way ANOVA test. 

    

The stability of vitamin K1 in serum was tested at room temperature (20 C), in the light and 

dark, respectively, and in the dark in the refrigerator (4 C) and the freezer (-20 C). The 

samples placed at 20 C, light, was never exposed to direct sunlight, but to indirect daylight 

through the windows and artificial skylights and only during the daytime, since the light was 

turned off during night time. The samples placed in 20 C, dark, were placed in a cupboard 

with complete darkness.  A serum pool from a healthy person with high vitamin K1 of 7.1 
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nmol/L was distributed into 48 test tubes. Two of the samples were analysed immediately, 

day 0. The rest of the samples were stored at different conditions and analysed at 6 different 

days; 1, 2, 6, 10, 17 and 30, respectively. 

 

2.6. External quality assessment  

Method comparison was achieved by participating in United Kingdom National External 

Quality Assessment Service (UK NEQAS) external quality assessment for vitamin K1, named 

the external quality assurance scheme (KEQAS) (12). This program has four annual 

distributions with three different samples in each distribution. We have participated in the 

program since 2017 and so far analysed samples from 7 distributions. Analyses were carried 

out similar to patient sample comparison.  

 

2.7. Patient sample comparison  

Moreover, 25 patient samples submitted to a Norwegian laboratory for vitamin K1 analysis 

were analysed in our laboratory. We chose the Norwegian laboratory for comparison 

because they use supercritical fluid chromatography–tandem mass spectrometry (SFC-

MS/MS) (13). This is a method especially suitable for measuring very nonpolar substances 

and is a newer alternative to many of the methods that are typically used by the laboratories 

participating in KEQAS (12). The samples were sent on dry ice between the laboratories and 

were still frozen upon arrival. Results were compared using Deming regression analysis and a 

modified version of the difference plots described by Bland and Altman (14). A paired t test 

was used to test for a significant bias. 

 

2.8. Data processing 

Data were analysed using TargetLynxTM Software (Waters) v. 4.1 2012, Microsoft Excel for 

Mac 2011 version 14.6.3 and GraphPad Prism 7 (GraphPad Software). 

 

3. Results  

3.1. Chromatography 

The retention time (tR) of K1 has proven very stable. On 3 different days spread over one 

month, within-day CV of 0.03% was found on 84 injections on each of the 3 days. Including 

all 252 injections between-run CV was 0.62%. A chromatogram of a normal serum sample 

with a concentration of 1.74 nmol/L is shown in fig. 3 and a low serum sample with a 

concentration of 0.36 nmol/L is shown in fig. 4. A new sample is injected every 7.25 minutes. 
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The repeatability of the chromatography from sample to sample has been very good.   

3.2. Method validation 

In TargetLynxTM, a linear least square regression with a weighted index of 1/x was performed 

on height ratios of K1/K1d7 vs. K1 concentrations in the 6 human serum calibrators. Thereby 

a calibration curve was generated. The x-axis value at y = 0 was obtained from the regression 

line for the calibration curve, and this represents the endogenous vitamin K1 concentration 

in the serum pool. This was done for 6 batches and a mean x-value was calculated to be 1.04 

nmol/L. The calibrators were then assigned values of the spiked concentration plus the 

endogenous amount after which a weighting index of 1/x could be used throughout.    

 

Least squares linear regression for the spiked serum pool in the clinically relevant range (0-

10 nmol/L), analysed on six different days, showed linearity of the assay and that the 

intercept was not significantly different from zero. Curve parameters for K1: y = 0.713x- 

0.024, r2 = 0.999, Sy.x = 0.112, SD(slope) = 0.013 and SD(intercept) = 0.072  

Intermediate precision for the low (0.53 nmol/L), medium (2.33 nmol/L) and high (11.5 

nmol/L) control samples were on 27 determinations 8.4%, 6.4% and 4.8%, respectively. LOQ 

was set to 0.05 nmol/L where the CV on 5 determinations was 18%. An example of a 

chromatogram of a 0.05 nmol/L LOQ-sample is shown in fig. 5. 

Recovery of the internal standard during sample preparation was found to be 99%. 

There was no carryover observed in blank samples injected after the highest calibrator. 

The quantitative matrix effects revealed an ion suppression of 56-67% dependent of the 

patient (CV 3-6%) and 59-62 % (CV 6-9%) dependent of the tube type used for blood 

sampling. Post column infusion of vitamin K1 show no problematic matrix effects at the 

retention time (6.47 min) for the analyte (fig. 6). 

With a p-value of 0.656, the one-way ANOVA test showed no evidence of difference 

between the tubes in respect to the serum vitamin K1 concentrations.  

 

The results from the stability test are shown in table 3. A marked decrease was observed 

when serum samples were left in the light.  
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Tabel 3 Light- and temperature-stability of vitamin K1 in serum. The table indicates the concentration 

of vitamin K1 in serum samples stored at different conditions and measured at different points in 

time. Conditions: Room temperature (20 C, light and dark, respectively), refrigerator (4 C) and 

freezer (-20 C) (both dark). The recovery is calculated in % as the concentration relative to the 

concentration in the serum sample at day 0 at 20 C in the dark i.e. 7.1 nmol/L.  

  at 20 °C, dark at 20 °C , light at 4 °C at -20 °C 

  conc. recovery conc. recovery conc. recovery conc. recovery 

Day 0 7.1 100.0 - - - - - - 

Day 1 7.5 104.9 5.7 79.9 6.2 87.0 7.1 98.8 

Day 2 7.6 107.0 3.9 54.7 6.9 96.3 7.7 108.0 

Day 6 7.5 104.5 0.8 11.6 7.5 104.8 7.1 99.4 

Day 10 6.5 91.0 0.4 5.5 7.1 99.9 7.4 103.8 

Day 17 6.5 91.2 0.3 4.6 7.3 102.7 7.1 99.6 

Day 30 - - 0.3 4.1 8.7 121.3 7.3 102.4 

 

 

3.3. External quality assessment  

Twenty serum samples from KEQAS were analyzed and our results compared to the mean 

from all participating laboratories (n = 33-36). Two of the samples had very high mean 

concentrations (above 35 nmol/L), which meant that some laboratories replied “higher 

than” results. Therefore these two samples were excluded in the comparison. The remaining 

18 samples were in the range 0.30 to 3.5 nmol/L.  

Deming regression analysis showed good correlation between the new online SPE-LC-

MS/MS method and the other laboratories with regression equation for vitamin K1: y = 

0.756x+0.369, SD(slope) = 0.117  and SD(intercept) = 0.266 

Comparison of the results was performed using scatter plot comparison (fig. 7) and 

difference plots, which revealed that our online SPE-LC-MS/MS method had a positive bias 

of 0.12 nmol/L relative to the KEQAS results (fig. 8) 

 

3.4. Patient sample comparison 

Deming regression analysis of the K1 measurements showed good correlation between the 

SFC-MS/MS method used in the Norwegian laboratory and our new online SPE-LC-MS/MS 

method. The regression equation for vitamin K1 was: y = 1.02x-0.110, SD(slope) = 0.062, 

SD(intercept) = 0.285 
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Scatter plot comparison is shown in fig. 9 and showed a good correlation especially at low 

concentrations. The difference plot showed that our online SPE-LC-MS/MS method for 

vitamin K1 had a low positive bias of 0.06 nmol/L compared to the SFC-MS/MS method (fig. 

10). With a p-value of 0.75 from the paired t test, this bias was found insignificant.  

 

4. Discussion 

We have developed a fast and sensitive online SPE-LC-MS/MS method for determining the 

vitamin K1 status in serum. The method was validated with good analytical performance 

with CV of 8.4%, 6.4%, and 4.8% for the low, medium and high control, respectively, and a 

LOQ of 0.05 nmol/L, which, to our knowledge, is the lowest reported to date. A qualifier is 

included in the method to ensure the specificity. The method has been thoroughly validated 

in respect to ion suppression in different patient samples as well as testing different blood 

collection tubes, robustness over time, light sensitivity (in serum) and temperature 

dependency.  

In the method comparison to both the Norwegian laboratory and the KEQAS quality control 

program that monitors and reports on the accuracy of vitamin K1 analysis, our method 

showed a slight positive bias. Since no gold standard currently exists for vitamin K1 we here 

consider KEQAS as our reference method. The KEQAS values we used for comparison are 

mean values of all the results received from the participating laboratories not including any 

results identified as outliers using Grubbs test. Yet the CV of KEQAS’ mean values were 

relatively high (21-75.3% between the different batches), which adds to the uncertainty of 

our calculated bias in relation to KEQAS. All samples analysed as part of the external quality 

assessment in the KEQAS-program fulfilled their criteria for evaluation of performance.  

Although if we set up a quality demand of  2SD, which we usually use in our laboratory, we 

found a single outlier among the 18 KEQAS samples analysed so far. In the comparison to 

the Norwegian method there was no significant bias, which we consider satisfying. 

The main challenges in developing a UPLC-MS/MS method for analysing vitamin K1 in serum 

have been the sample extraction procedure. During the development of the sample 

extraction procedure we tested different purification techniques and found that vitamin K1 

sticks to glass, metals and other materials used and can therefore be lost in the process 

leading to low recovery. E.g. omitting the evaporation step markedly increased recovery 

(Appendix). We found that reducing the sample preparation as much as possible offline and 

instead use online SPE-LC-MS/MS improves recovery and gives satisfactory chromatograms.  
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Though, when using a crude offline sample preparation we get a relatively high ion 

suppression of 56-62 % (CV 3-8%) due to matrix effects, but the variation is very little 

between the patient samples and the tube types. First, this indicates that all four types of 

blood collection tubes can be used. Second, the reason for this high ion suppression is 

probably mainly due to the crude sample extraction procedure offline where proteins have 

been removed by precipitation with Isopropanol / ZnSO4 (1 mol/L) in water / NH3 (25%) in 

water (ratio 94/1/5), but where it is possible that there is an insufficient removal of 

phospholipids or other interfering substances that cause the matrix effect we observe. Any 

variation as a result of ion suppression will be corrected by the internal standard added to 

each sample. Therefore, the improvement in recovery has in this case been prioritized 

higher than the loss due to ion suppression.  

The very lipophilic character of vitamin K1 gave rise to several other challenges. First, we 

found it necessary to use an APCI-probe when measuring vitamin K in serum, since an ESI-

probe gave 10-22% lower signal than obtained with the APCI-probe (Appendix). Second, it is 

not only in the offline purification phase the vitamin K sticks to materials. It is very important 

to wash the injection system with strong wash (MeOH/ACN/IPA/H2O with 0.05% NH4OH, 

ratio 1/1/1/1) and weak wash (20% MeOH/H2O) between each run to avoid carryover. 

However, the very lipophilic character of vitamin K1 is not all bad. We exploit this when we 

use the online SPE-LC-system for purification. Because vitamin K1 binds quite strong to a C4 

column it is possible to use a mobile phase with a relatively high percentage of organic 

solvent (70% MeOH) when vitamin K1 is bound to the trap column. In this way interfering 

substances will be washed of the column during the washing phase while vitamin K1 will 

remain. 85% MeOH can then elute the vitamin K1 from the trap column to the analytical 

phenyl-hexyl column, where it is again trapped during a wash with 85% MeOH. A gradient 

up to 100% organic solvent finally elutes vitamin K1 as a sharp peak (see table 1 and fig. 2). 

The double wash periods are probably the main reasons for the low LOQ.  

Other trap and analytical columns have been tested in the development phase (results not 

shown). Thus, among others a C8 (50 x 2.1 mm, 3.5 μm particle size) from Waters and 

an Xbridge C8 (100 mm x 2.1 mm, 3.5 μm particle size) were initially tested as trap columns. 

However, the retention of vitamin K1 on both these columns were found to be too large. 

Furthermore an Oasis HLB (100 mm x 2.1 mm, 25 μm particle size) from Waters was tested 

but gave too little retention. Finally, we ended up with the Protein BEH C4 column from 

Waters that provided appropriate retention relative to that on the chosen analytical column. 

As the analytical column we tested two columns that we had previously tested trying to 
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develop a 1D-method for vitamin K1. We tested a Biphenyl-column (150 x 3.0mm, 2.6 μm 

particle size) from Phenomenex that was acceptable in respect to providing appropriate 

retention of vitamin K1, but its efficiency (and hence also peak intensity) was inferior to that 

of the Phenyl-Hexyl-LC-column and for this reason we chose to proceed with the more 

optimal analytical column, the Phenyl-Hexyl-LC-column. 

For our calibrators, we initially tried exposing serum to UV-light to produce K1 free serum, 

but the decay of vitamin K1 was far to slow for practical purposes, we then exposed serum 

to direct sunlight for 21 days, but experienced that vitamin K1 still had only reduced by 76%. 

Unfortunately after this long period of time the serum samples seemed to putrefy and 

substances that could be a result from decomposition started interfering with our vitamin K1 

peak in the chromatogram (results not shown). Therefore we decided to prepare calibrators 

as described under “2.2. Solutions”. 

There could be a risk that the tR would be more varying when using an online SPE-UPLC 

system, but with a CV of less than 0.6% across 256 injections over 3 different days spread 

over one month, this showed us it was steady.  

The method is simple and fast – both in respect to the offline sample preparation as well as 

the UPLC-MS/MS-part. The offline sample preparation can easily be automated, using a 

Hamilton robot and barcoded blood collection tubes. If performed in a 96-well format it 

takes the Hamilton robot 25 minutes to mix samples, IS and precipitation-solution, 20 

minutes to centrifuge and 10 minutes for the Hamilton robot to transfer supernatant to a 

new plate. Microtiter plates from the Hamilton can then be placed directly on the UPLC-

MS/MS system that also receives sample lists automatically to avoid mistakes. It takes 7.25 

minutes between each injection. Therefore the time limiting step in the method is the UPLC-

MS/MS-part. In total the analysis time for 96 samples is about 13 hours.  

The method was used to test the stability of vitamin K1 in serum. This showed that samples 

are stable in the refrigerator for at least 2 weeks and in the freezer (-20 C) for a month 

(table 3). It also revealed that vitamin K1 is light sensitive even when in serum and a 

significant decrease is observed in the concentration of 20% after only one day in the light. 

When comparing to the samples left at the same room temperature, but in the dark, we do 

not detect any decrease in concentration after the first day, therefore the major reason for 

the decrease must be the light exposure.   

 

5. Conclusion 
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In conclusion, we have developed a simple and fast online SPE-LC-MS/MS method for 

determining the vitamin K1 status in serum. With a LOQ of 0.05 nmol/L it is to our 

knowledge the method with lowest LOQ reported to date in the literature. It can easily be 

automated and applied in a routine diagnostic laboratory. 
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Fig. 1 Structure of vitamin K1 (phylloquinone), which consist of a 2-methyl-1,4-naphthoquinone 

structure with a side-chain in the 3.position.  

 

Fig. 2 Schematic explanation of how the online SPE-LC-system is working. 0-1.80 min vitamin K1 

binds to the trap column while the analytical column equilibrates (a). At 1.80 min the right valve 

switches to position 2 (b) and from 1.80-4.00 min vitamin K1 is eluted from the trap column onto the 

analytical column where it is bound. At 4.00 min the right valve switches back again (a). 4.00-7.20 min 

the 1. dimension pump cleans the trap column and the 2. dimension pump supplies the gradient for 

eluting vitamin K1 from the analytical column.    

 

Fig. 3 Multiple reaction monitoring chromatograms of normal sample with a concentration of 1.74 

nmol/L K1 (tR at 6.46) and K1d7 as IS. Peak intensity is normalized relative the highest peak in the 

chromatogram (in %). 

Fig. 4 Multiple reaction monitoring chromatograms of low sample with a concentration of 0.36 

nmol/L K1 (tR at 6.35) and K1d7 as IS. Peak intensity is normalized relative to the highest peak in the 

chromatogram (in %).  

Fig. 5 Multiple reaction monitoring chromatograms of LOQ sample with a concentration of 0.05 

nmol/L K1 (tR at 6.48) and K1d7 as IS. Peak intensity is normalized relative to the highest peak in the 

chromatogram (in %).  
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Fig. 6 Overlaid multiple reaction monitoring chromatograms: 1) extracted patient serum sample with 

low vitamin K1 and 15 μL/min post column infusion of 5 nmol/L vitamin K1 and 2) 1.25 nmol/L i EtOH 

(peak at 6.47). The vitamin K1-peak intensity is normalized relative to the highest peak in the 

chromatogram (in %).  

Fig. 7 Scatter comparison plots results from KEQAS versus our new online SPE-LC-MS/MS method (n = 

18) with the deeming regression line.

 

Fig. 8 Difference plot of the comparison between the KEQAS serum samples and our new online SPE-

LC-MS/MS method (n = 18). The KEQAS result is the abscissa and the vitamin K1 result found by our 

method subtracted the KEQAS result is the difference. The mean difference (bias) is indicated by the 

dashed line and  2SD indicated by dotted lines. 

 

Fig. 9 Scatter comparison plots results from the SFC-MS/MS method versus our new online SPE-LC-

MS/MS method (n = 18) with the deeming regression line. 

 

Fig. 10 Difference plot of the patient sample comparison between the SFC-MS/MS method used in 

the Norwegian laboratory and our online SPE-LC-MS/MS method (n = 25). The SFC-MS/MS is the 

abscissa and the result found by our method minus the result found by the Norwegian laboratories 

SFC-MS/MS method is the difference. The mean difference (bias) is indicated by the dashed line  2SD 

indicated by dotted lines. 
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Highlights 

 K1 binds to glass, metals etc. leading to low recovery 

 Reducing sample preparation offline, using online SPE-LC-MS/MS instead improves 
recovery 

 Easy and fast sample preparation 

 LOQ of 0.05 nmol/L – to date, lowest reported in the literature  

 Light sensitive in serum – K1 significantly decrease by 20% after only 1 day of 
exposure to daylight 
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