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Clinical requirements of plasma 
amino acid analysis? 

“Always interested in timely result, especially same 

day in acutely unwell patient. Needs to be 
accurate. Cost is secondary”

“TAT and a rapid screen for treatable amino 

acidopathies”

“Clear, unambiguous interpretation of the 

results”



Analytical requirements for Amino Acid Analysis?

• Accurate

• Precise

• Traceable

• Robust method

• Capable of rapid TAT

• UKAS accredited

• UKCA



Methods for plasma amino acid analysis

• GC-MS

• FIA-MS/MS

• HPLC (UV detection)

• LC-MS

• LC-MS/MS

• Ion exchange chromatography (UV detection)



Plasma amino acid methods

• Tried & tested method

• Stable, precise and sensitive

• Wide linear range

• Identifies all analytes of interest including atypical amino acids

• Minimal sample prep required - no derivatisation step

• Commercial kit (reagent rental)

• Suitable for analysis of AA in plasma, urine, CSF and DBS



Disadvantages of Ion Exchange Chromatography

• Legacy method; essentially unchanged in 40 years

• Long analysis time ~ 120 min

• Dedicated instruments, typically running at capacity

• Operator expertise required

• Calibration is minimal, infrequent, typically single point

• Likewise IQC

• Structural analogue internal standard only

• Lacks selectivity 

• identification based on retention time alone

• co-eluting substances interfere as do drugs/ninhydrin positive compounds

• poor resolution of some analytes e.g. sulphocysteine



Co-elution of 
Phenylalanine 
& 5-ALA

ERNDIM Phenylalanine Return



Co-eluting 
Compounds:
Methionine &
Homocitrulline

ERNDIM Methionine Return



Data courtesy of ERNDIM Quantitative Amino Acid Scheme

Method 2001 2007 2015 2016 2017 2019 2020 2021

LC-MS/MS 0 2.8 9.9 12.0 23.4 25.4 25.6 27.8

RP-HPLC 12.7 13.5 14.0 13.7 14.0 12.5 12.4 11.9

IEC 85.8 82.3 70.8 66.8 54.0 54.0 53.1 52.6

LC-MS 5.7 2.9 4.4 4.1

Other 2.3 1.1 5.3 6.6 3.0 5.2 4.4 3.7

Participants 134 178 243 241 265 272 273 270

Status Quo: Routinely Used Methods for 
Quantitative Plasma Amino Acid Analysis



Limitations of early LC-MS/MS methods

• Relied upon derivatisation and/or use of ion pair reagent  

• Interference from isobaric compounds (iso/leu/allo/hydroxyproline)

• Lacked sensitivity - limited number of AA in profile

• Challenging to optimise the method; sacrifice sensitivity and 

specificity of some analytes in preference for other others

• Operator expertise required

• Post-analytical data processing was complex

• Sourcing stable isotopes



LC-MS/MS methods today

• Technology has improved in last 5 - 10 years

• Instruments have faster scan speeds/shorter dwell times/improved 

pos-neg switching 

• A given experiment can contain more SRMs and still produce  

quantitative data

• Analysis of full amino acid profile is possible without sample 

derivatisation and/or use of an ion pair reagent 

• Stable isotope IS readily available 

• Commercial kits have been developed – don’t need to rely on LDT



Advantages of LC-MS/MS

• Rapid analysis time e.g. 15-20 mins per sample

• Quantifies 45+ amino acids in single injection 

• Superior selectivity; combination of SRM & chromatographic separation 

enables identification of most isobaric compounds

• Sensitivity comparable to IEC 

• Utilises stable isotope internal standards 



• Generally considered to be more expensive than IEC

• Biochrom £60K  vs  LC-MS/MS £180K

• Analysis time is 20 minutes vs 125 minutes

• Analyse 4 times as many samples – easier to manage workload

• LC-MS/MS is open access – other assays can be performed  

Cost of LC-MS/MS



• Waters Xevo TQs with Acquity UPLC

• SpotOn reagents (IS, calibrators, column)

• 15-minute analysis time

• 6 time functions, 5 positive ionisation, one negative ionisation

• 37 analytes and 26 stable isotope internal standards

• Simple sample prep, no derivatization required

• Chirobiotic column with 50% Acetonitrile, 0.025% formic acid mobile phase

• 2 plus 1 calibration curve

• Sample prep; 10mL sample, 150mL methanolic IS. Vortex mix, centrifuge 10 

min, transfer supernatant and inject

Viapath LC-MS/MS Amino Acid method



Challenges with LC-MS/MS

• Reagent volumes impractical e.g. 10uL IS

• Not all compounds have stable isotope IS e.g. ASA 

• Sensitivity of smaller molecules e.g. glycine, alanine, proline

• Linearity is analyte dependent, some analytes non-linear at 600mM e.g. phe, 

arg, his (necessitates detune and/or alternative product ion

• Isobaric compounds not separated – iso/allo, ala/sarcosine

• Post analytical processing ‘clunky’

• Operator expertise required

• Mindset change – numerical profile not chromatogram 



Conclusions

• Plasma amino acid analysis is challenging

• Multiple analytes, concentrations spanning 3 orders magnitude

• Important that labs understand the limitations of their method

• LC-MS/MS supersedes IEC as the gold standard method of plasma 

amino acid analysis



Credit for 

schematic to:



• No matrix matched certified reference material (CRM) for AA in plasma

• Aqueous CRM available (SigmaTrace Cert)

• This is commonly used to calibrate plasma AA methods

• Accuracy of plasma phenylalanine methods?

• Erndim scheme reports against derivation of ALMT not spiked value

• Collaborative project between Erndim, NML & Viapath 

• Produce a CRM for plasma phenylalanine

• Sample distributed to n=89 Erndim laboratories 

• Results compared with certified value

Standardisation of plasma amino acids



Average CV=2.0%      
Inter lab CV = 5.4%

Range 310 – 415 umol/L


