
A novel fast quantification method for amino acids in human 

plasma by LC-MS/MS, without ion pairing or derivatization.

Amino acids are routinely assayed to diagnose inherited metabolism disorders. As they are highly polar compounds, they are hardly retained

onto reverse phase columns. Derivatization or addition of ion pairing reagent in the mobile phase is required. For easier and rugged analysis

of amino acids, there was a need for a new solution not using pre-mentioned reagents. In this context, a new LC-MS/MS method was

developed, for the simultaneous high sensitive quantification of 49 amino acids, using a mixed-mode column (hydrophilic and ion exchange

interactions) and typical volatile mobile phase suitable for LC-MS. Sample preparation was very simple. Plasma was precipitated and

supernatant was directly injected (Figure 1.). All amino acids were separated in 15 minutes (Figure 2.). Particular attention was paid to separate

isobaric amino acids chromatographically or by using specific MRM transitions (Figure 3.). Plasma sample injections showed good repeatability

and stability (Figure 4.), and analyses of certified plasma control samples showed good accuracy values (Figure5.).

Introduction

The new method was developed on Shimadzu LCMS-8040 triple

quadrupole mass spectrometer coupled to the Nexera X2 high

performance liquid chromatography. An acetonitrile, tetrahydrofurane,

and 25 mM ammonium formate buffer mix, with 0.1% of formic acid

was used as mobile phase A, and an acetonitrile and 100 mM

ammonium formate buffer was used as mobile phase B, in gradient

mode. Injection volume was 1µL, reducing the matrix effect. Certified

plasma samples from Recipe are used as calibration samples.

Sample preparation : protein precipitation, centrifugation (Figure 1.).

Figure 1. Sample workflow overview.
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A total of 49 amino acids were simultaneously quantified in an analysis

time of 15 min (Figure 2.)

Figure 2. Typical MRM chromatograms for the analysis of 
49 amino acids by LC-MS/MS, without derivatization.
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MRM transitions were optimized and specific MRM were chosen for 

isobars, hardly resolved by chromatography, as shown for exemple 

for leucine and isoleucine (Figure 3.).

Figure 3. Leucine and Isoleucine typical MRM chromatograms.

Specific MRM transitions for isobars

15 min total analysis time

A novel LC-MS/MS method was develop for the simultaneous and high sensitive quantification of 49 amino acids in human plasma, with no

need of derivatization or ion pairing agent, and a very simple sample preparation. The total average cost per sample is reduced from 13€ to

less than 2€ per sample compare to current methods with derivatization. Amino acids were quantified in a total analysis time of 15 min with a

good distinction between isobars. Plasma control sample injections showed good repeatability, stability and accuracy. The method proved its

fits for purpose to support diagnosis and may be used also in clinical studies to monitor drug effects on metabolism.

Conclusion
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Plasma control injections show a good repeatability (n=20) and

stability (5h), even without internal standard correction (Figure 4.).
Good accuracy is obtained for plasma control samples (Figure 5.).

Figure 4. Typical plasma sample MRM chromatogram 
and RSD values (n=20).

Figure 5. Examples of RSD and accuracy values for the analysis 
of a certified plasma control sample from MCA Laboratory.

%RSD (n=20)

Val 2.10% Tyr 3.10%

Ser 3.90% Pro 1.10%

Phe 3.70% Lys 2.80%

Leu 7.60% Ile 6.80%

His 6.30% Thr 5.40%

S-Cys 3.40% Trp 3.60%

Theoretical 

concentration  (µM)
RSD (%) (n=3) Accuracy (%)

Alanine (Ala) 896 0.3% 94%

Alpha-amino-n-butyric (Abu) 91.6 1.0% 106%

Arginine (Arg) 493 0.6% 86%

Aspartic Acid (Asp) 80.9 3.0% 84%

Citrulline (Cit) 414 2.8% 100%

Glutamine (Gln) 1093 0.9% 90%

Glutamic Acid (Glu) 253 0.7% 84%

Isoleucine (Ile) 392 0.8% 94%

Leucine (Leu) 880 2.8% 83%

Lysine (Lys) 497 1.0% 88%

Methionine (Met) 231 0.7% 105%

Phenylalanine (Phe) 690 1.3% 96%

Proline (Pro) 572 1.0% 100%

Serine (Ser) 419 0.4% 97%

Threonine (Thr) 412 1.1% 103%

Tryptophan (Trp) 290 1.4% 108%

Tyrosine (Tyr) 917 0.6% 97%

Valine (Val) 812 0.4% 96%


