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Fig. 1. Ion extraction chromatogram of a control sample
Coincident peaks for PLP and its internal standard are evident
at the same retention time (1.3 min). Total chromatographic
time is 2 min only.

Tab. 1 MRM acquisition parameters
Triple quadrupoles mass to charge ratios for PLP and the internal
standard (PLP-d6) and transition specific parameters dt, dp, ep, ce, cxp
to maximize signals on the API 5500 Q-trap mass spectrometer.

Fig. 1 Vitamin B6 vitamers chemical structures.
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Fig. 1 shows a typical ion extraction chromatogram resulting from 
the new LC-MS/MS method. Chromatographic run time is 2 min, 
much shorter that that obtainable with the reference HPLC 
method (10 min). The ion extraction chromatogram is 
characterized by almost absence of interfering peaks (see Fig.1). 
This type of chromatographic specificity was verified on 
calibrator, control and clinical samples examined.

By using a heavy isotope labelled analog of PLP, compensation for
signal variations that occur in real patient sample matrix
composition are possible in the LC-MS/MS method. This could
increase analytical confidence in comparison with previous HPLC 
methods, that cannot perform this type of compensation.

Validation of the LC-MS/MS method in term of linearity, 
sensitivity, precision and recovery was performed relatively to
commercial reference materials (third party plasma controls). 
(Tab.2) 

In Fig.3, Passing-Bablok statistic correlation of results obtained by 
analyzing 100 human plasma samples both with the new LC-
MS/MS and an established HPLC based reference method shows 
strong agreement .

The new method can be very useful for clinical routine. In fact, sample 
treatment is minimal, being just a single step plasma protein crash 
with a dedicated reagent. 

Chromatographic run time is significantly shorter than HPLC runs (2 
min vs 10 min). 
The combination of easy sample pre-treatment and fast run time
results in high sample throughput: for instance, 100 samples were
processed in a few hours work. This, in turn, determines minimal 
instrument occupacy and consequent low instrument related
cost/analysis.

Precision and accuracy of the method were well below 10%, usually
required within for clinical determinations. Method robustness also
appears very good so far, even if its evaluation is still undergoing in 
our lab.

Correlation of results obtained with a reference HPLC method (post-
column fluorimetric detection) showesa high degree of agreement at 
all concentration levels tested. 

The introduction of the new method in routine would not therefore
require novel reference ranges or modifications of sampling, 
conservation or shipping instruction for end users.

Sample treatment involves:
mixing 100 uL of plasma with 200 uL of a deproteinizing 
solution (containing the internal standard PLP-d6) 
vortex shaking (15 sec)
centrifugation (5 min @ 5000 rpm)

Instrument analysis involves:
Injection of 10 uL of the supernatant into the LC-MS/MS 
system 
Detection in SRM mode with the settings reported in 
Tab.1. Chromatographic run time was 2 min.

Method validation
Linearity of calibration,  sensitivity,  precision and 
recovery were assessed and are reported in Tab.2.

Statistical analysis
All statistical analysis were performed by Microsoft Excel 
with a supplementary statistical add-on.

The new LC-MS/MS method is considered amenable 
for clinical laboratories since it provides with speed 
, high throughput and low cost together with 
analytical sensitivity, specificity and accuracy in 
plasma PLP determination.

Vitamin B6 are a group of molecules (Fig.1)
chemically related to Pyridoxal-5’-Phosphate (PLP).
Inter-conversion of the various forms can take place
in vivo and PLP is the active vitamer involved in many
aspects of metabolism, from neurotransmitters,
histamine and hemoglobin synthesis and function, to
gene expression.

Clinical manifestations of vitamin B6 deficiencies are
often unspecific and range from seborrhoic
dermatitis-like eruption to atrophic glossitis, angular
cheilitis, conjunctivitis, intertrigo, sideroblastic
anemia and neurological signs like somnolence,
confusion, and neuropathy.
Therefore, laboratory assessment of vitamin B6
status in patients can be helpful information for
clinicians.

Reference range for PLP in human plasma is 5-50
µg/L.

So far, methods for its quantification are based on
high performance liquid chromatography (HPLC) with
cyanide derivatization or with post-column-induced
fluorescence detection (1). These methods are
intrinsically quite slow and labor-intensive, and are
not very diffused in clinical laboratories.

In this work we developed a novel sensitive and
accurate fast method for quantitative determination
of PLP in human plasma, based on liquid
chromatography coupled to tandem mass
spectrometry (LC-MS/MS ).

Fig.3 Passing-Bablok method comparison (N=100)
Passing Bablok chart representation.  On the Y axis results obtained
with the new method.  On the X axis results obtained with the reference
slow HPLC method. Calculation and graphics have been performed with
a Microsoft Excel Statistics add-on.  Obtained statistic parameters
are reported below.

Tab. 2 Precision and accuracy (N=10 interday and intraday)
Precision expressed as C.V.% to indicated nominal values and 
accuracy expressed as BIAS% of the mean to nominal values.

Q1 m/z Q3 m/z dt name dp ep ce cxp

248 150.2 250 PLP-1 75 10 23 10

248 94.1 250 PLP-2 75 10 36 10

251 153.2 250 PLPd3-1 75 10 23 10

251 97.1 250 PLPd3-2 75 10 36 10

The LC-MS/MS system employed by us

Interday

Intraday

Qc1 Qc2 Qc3

Conc. Nominale (mg/mL) 3.50 9.50 36.50

Media determinazioni 
(μg/mL)

3.30 8.71 36.26

Intraday C.V.% (n=10) 5.15 8.01 3.66

BIAS % -5.71% -8.32% -0.66%

Qc1 Qc2 Qc3

Conc. Nominale (mg/mL) 3.50 9.50 36.50

Media determinazioni 
(μg/mL)

3.47 10.92 37.47

Interday C.V.% (n=10) 9.20 8.93 9.19

BIAS % -0.86% 14.96% 2.67% Gibson, R. S. (2005). "Assessment of vitamin B6 
status". Principles of Nutritional Assessment 
(2nd ed.). New York: Oxford University Press. 
pp. 575–594.
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