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Abstract

For the extraction and measurement of plasma amino acids using LC/ESI-MS/MS technology, a straightforward and depend-
able approach has been established. The approach employs a small amount of sample and fully quantifies it using a labeled
internal standard of amino acids. Water, formic acid, and methanol were used as the mobile phase in a gradient method to
obtain clear separation. On a Shimatzu mass spectrometer 8030, optimized multiple reaction monitoring (MRM) was utilized
to find amino acids. All amino acids have coefficients of correlation that range from 0.91 to 0.99, and they are all linear over
their respective reference ranges. Precision’s intra-day and inter-day coefficients of variation (CV %) ranged from 3.29 to
11.73% and 5.04 to 12.48%, respectively. Amino acid recovery ranged from 92.1 to 108.2%.
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acids - Labeled internal standard - Dithiothreitol

Abbreviations
HPLC High-performance liquid chromatography

GCMS Gas chromatography—mass spectrometry
IEM Inborn error of metabolism

TMS Tandem mass spectrometry

ESI Electrospray ionization

ne Micro liter

uM-L'  Micromole per liter

MRM  Multiple reaction monitoring

RT Retention time

Introduction

The analysis of a person’s plasma amino acid profile has
become more important for determining their nutritional
condition. Estimating amino acids is helpful in clinical
research of hereditary metabolic abnormalities in both new-
borns and adults [1]. To check on a person’s health status,
it is now a common test in diagnostic laboratory [2]. The
patient’s entire metabolic profile is examined based on the
clinical findings, and a treatment plan is created to meet
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his health needs. Either amino acid supplements or dietary
adjustments, such as increasing protein intake, are used as
treatments. Additionally, periodic clinical tests are used to
monitor amino acids profiling and assess health condition.
One such ailment is maple syrup urine disorder (MSUD),
where the effectiveness of treatment for the amino acid pro-
file is periodically assessed.

The classic methods for estimating amino acids include
HPLC, GCMS, etc. Ion exchange chromatography is a tech-
nology that is frequently used to separate plasma amino
acids, although it has longer runtimes and is, therefore,
difficult to use in commercial application [3]. Other HPLC
techniques offer the benefit of shorter run times, although it
might be challenging to separate some clinically important
amino acids, such as isomers of leucine [4—6]. Ninhydrin
post-column derivatization is also used. Thus, the test's time
and financial costs mount up. The test method becomes cum-
bersome as a result. Pre-column derivatization was another
extensively used HPLC technique. Some of the chemicals
that have been employed as derivatizing agents include phe-
nylisothiocyanate and pthalaldehyde [7-9].

The goal of this experiment was to create an easy-to-rep-
licate technique for extracting plasma amino acids. Less time
should be spent running the method, and it should be reliable
for detecting and quantifying analytes with less interference.

The current approach takes 6 min to examine 29 amino
acids. The C18 column is used for separation based on the
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liquid chromatography principle, and mass spectrometry is
used for quantification with a deuterium-labeled internal
standard. The approach is straightforward because analytes
do not need to be derivatized before or after the column. The
material, which was extracted with methanol, is stable for
24 h at 4 °C and is used for testing.

Materials and Method
Chemicals and Reagents

We purchased, hydrazine monohydrate (98%), glycine, ala-
nine, valine, leucine, methionine, phenylalanine, tyrosine,
aspartic acid, glutamic acid, ornithine, citrulline, arginine,
and L-carnitine from Sigma-Aldrich; isotopically labelled
amino acid and internal standards from Cambridge Isotope
Laboratories. All other chemical and solvents were of the
highest purity available from commercial sources and used
without further purification.

LC-MS/MS Analysis of Amino Acids

The chromatographic separation for plasma was carried out
by Shimadzu LCMS 8030 (Shimadzu, Kyoto, Japan) instru-
ment. It is equipped with binary pump, auto sampler, column
oven, ESI probe, and UF-sweeper enabled triple quadrupole
mass spectrometer. The system was managed by Lab Solu-
tions software version 5.60 SP2. Argon gas was purchased
with 99.9% pure. Nitrogen generator was purchased from
Peak Scientific. Nitrogen gas was used as drying gas and
nebulizing gas. HPLC system used two mobile phases for
amino acids separation. Mobile phase A was 0.1% formic
acid made in water. Mobile phase B was 100% methanol.
Rinsing solution used consisted of 60:40 methanol-water
mixture. All solvents were sonicated and filtered through
0.2-pm filter. C18 column of Phenomenex make was used
for amino acids separation. Column had 2.6 particle size
and 100 mm x 3 mm id. Total flow rate was 0.2 mL-min’!
throughout the run. From 0 to 4.5 min, concentration of
phase B was 3%. From 4.5 to 5.1 min, it was 90% and from
5.1 to 6th minute, it was kept 3%. System was equilibrated to
0.2 mL-min"! of flow rate keeping mobile phase B concentra-
tion 3% for 30 min before starting the analysis.

Standard Preparation

All amino acids standard were prepared in de-ionized water
except tryptophan, glutamic acid, and tyrosine. They were
prepared in 100 mmol-L™! of HCI and stored at 4°C. EDTA
plasma samples were collected from healthy individu-
als. Their age, gender, and other clinical information were
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recorded. Written consent was obtained from all subjects.
Samples were stored at 4°C.

Sample Preparation

10 pL of freshly drawn plasma sample (collected in EDTA
tube) was dispensed in 2 mL micro-centrifuge tube. 200
pL working internal standard mixture of methanol:hydrate
hydrazine:oxalic acid:acetonitrile:water containing stable
isotopically labeled internal standards and 10 pL of dithi-
othreitol (500 mM) were added to it [10, 11]. Tube was vor-
texed and incubated at room temperature for 20 min. Sample
was further centrifuged at 10,000 rpm for 10 min and 20 pL
supernatant was used for further analysis.

Validation Study

Stock mixture of 29 amino acids was made and serially
diluted further to obtain 6 standards covering biological
reference range of individual amino acid. Linearity study
was performed for every amino acid by plotting standard
curve for amino acid concentration (umol-L™!) vs. response
in area. The correlation coefficient value for every amino
acid was > 0.90. For precision study, two concentrations
were selected for each amino acid based on their biologi-
cal reference range—one covering normal reference range
and other above the upper control limit of reference range.
These two levels were run five times within a day and over
5 days. The intra-assay coefficient of variation (CV) was
between 1 and 7% as determined by replicate analysis. The
inter-assay CV was between 2 and 12% as determined by
replicate analysis of the same quality control plasma sample
stored at —70 °C and analyzed for 5 days. The recovery of the
plasma amino acids assay was assessed following NCCLS
approved guidelines EP6-A, evaluation of quantitative meas-
urement procedures: a statistical approach 2003. The recov-
ery of the plasma amino acids was between 91 and 104% as
determined by mixing each amino acid standard separately
in a pooled plasma sample, and recovery was calculated as
the difference between spiked and unspiked plasma samples
(Fig. 1).

Results and Discussion
Validation

Plasma amino acids MRM were optimized on LCMS 8030
for fine tuning of mass transitions and MS voltages. Optimi-
zation is done to achieve best possible response of analyte
(Table 1). It involves fine tuning of precursor and product
ion required in MRM transitions (multiple reaction mode).
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Fig.1 LC and MS spectra of separation of plasma amino acids over 6 min of run-time by LC/ESI-MS/MS technology. Response is shown in
terms of ion currents corresponding to the product ions of respective analytes obtained in MRM mode

In the plasma, the homocysteine-related metabolites
were initially not detected, since homocysteine was lost
during sample clean up. To overcome this problem, DTT
was added before the precipitation step in internal standard
mixture and the samples were reanalyzed. In aqueous solu-
tion, DTT exists as equilibrium mixture of the oxidized to
reduced form and the quantitation tools.

Linearity studies were done to evaluate the analytical
measurement range of each amino acid. As mentioned in
Table 2, the linearity of the calibration curve of each indi-
vidual AA ranged from 0.78 pmol-L~! to 500 pmol-L~".
The method was linear within allowable systematic error
of 10% up to 500 nmol-L~" for all the amino acids studied.

The 2 of the calibration curve (Table 2) was the mean r>

of the calibration curve measured at 3 independent days
performed on amino acids. Linearity study was performed
for every amino acid by plotting standard curve for amino
acid concentration (umol-L™!) vs. response in area. The
correlation coefficient value for every amino acid was
ranging from 0.9 to 1.0

This method’s performance characteristics are demon-
strated in Table 2. Analyzing QC samples allowed research-
ers to identify the repeatability and reproducibility variances
for the quantitative amino acids. All amino acids that were
studied had within-run (intra-day) CVs that ranged from
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Table 1 Amino acid mass transitions and MS voltages

Sr. No Name MS method setting
MRM Ql CE Q3
1 L-Threonine 119.90>56.05 -12 -18 -22
2 L-Lysine 146.90>84.20 -10 -19 -16
3 L-Histidine 155.80>109.95 -24 -17 -20
4 L-Asparagine 132.80>74.05 -20 -17 -14
5 L-Proline 115.90>70.05 -8 -17 -14
6 L-Tryptophan 204.70>188.00 —10 —-11 =20
7 B-Alanine 90.10>30.25 -10 —-15 -10
8 L-Isoleucine 131.90>86.00 -14 -13 -16
9 L-Serine 106.10>59.95 -8 —-13 -24
10 L-Cysteine 121.80>58.90 -6 =25 -22
11 L-Homoserine 122.60>61.05 -6 —14 -24
12 DL-2-Aminoadipic acid 161.80>98.05 -8 —18 -18
13 L-Glutamine 146.90>84.00 -10 —-19 -16
14 Trans-4-hydroxy-L- 131.85>86.10 —-14 -16 -16
Proline

15 L-Homocystine 268.85>136.00 —-14 -11 -14
16 3-Methyl-L-Histidine 169.90>96.10 —12 -24 -18
17 L-Alloisoleucine 131.90>86.15 -20 -14 -16
18 Alanine 89.70>44.30 -16 -12 -16
19 Aspartic acid 133.70>74.25 -14 -16 -14
20 Glutamic acid 147.8>84.25 -16 -17 -16
21 Leucine 131.90>86.30 —-14 —-13 -18
22 Methionine 149.80>56.20 -16 —19 -10
23 Phenylalanine 165.60>120.20 —-14 -14 -12
24 Tyrosine 181.80>136.25 -20 -15 -14
25 Valine 118.30>72.25 —-13 —-13 =26
26 Arginine 174.50>70.15 —-18 -25 -26
27 Glycine 75.80>30.30 =26 —12 -12
28 Ornithine 132.90>70.30 —-14 -18 -14
29 Citrulline 175.90>70.15 -12 =27 -12

3.29 to 11.73. For each of the examined amino acids, the
CV ranged from 5.04 to 12.48% between runs (inter-day).

Following EP-24-A recommendations approved by the
NCCLS and CFI guidelines for bioanalytical procedures,
the accuracy of the plasma amino acids assay was evaluated.
Table 2 displays the preparation of 29 plasma samples spiked
with known amino acids. An in-lab TMS assay was used to
evaluate the samples. For aspartic acid and phenyl alanine,
respectively, the accuracy varied from 95.2 to 108.1%.

The computed LOD (0.01-0.2 mol-L~!) and LOQ
(0.001-0.1 mol-L~") were low enough to diagnose individu-
als with an IEM of AA metabolism and analyze a person’s
nutritional status, meeting the requirements of analytical
sensitivity.
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The current approach for measuring amino acids in
plasma is straightforward in terms of sample processing.
For compressive profiles, previously reported methods
either had pre-column or analytical derivatization such
alkylation [12, 13]. However, the current technique does
not call for derivatization at the pre-column or post-col-
umn stages, which reduces both processing time and cost.
The basis for amino acid detection is the mass spectrom-
etry principle. Therefore, a little change in the retention
time (RT) due to a change in the mobile phase lot or
any other external cause will have no effect on the analy-
sis. Homocysteine was the hardest to detect. However,
because it is a cardiac marker, its diagnosis is crucial
for amino acid profiling. DTT was used extensively in
the extraction and measurement of plasma homocyst-
eine [13]. Mobile phases are easy to prepare and not pH
dependent. Overall, reagent preparation is not time con-
suming or complex. The method evaluates the most amino
acids in a shorter amount of time than the 18-min method
that was previously published [12].

The amino acids that are assessed using this tech-
nology have a significant clinical impact on nutritional
research on inborn errors of metabolism as well as pre-
diabetes markers. Plasma amino acids are specifically
connected with insulin resistance [14—16], the prediction
of the onset of diabetes [17, 18], and the results of inter-
vention [19-21] in a number of recent investigations. A
suitable linear response and good precision are shown by
the validation investigation over the analytes anticipated
reference range.

As a result, the technique may be useful for commercial
diagnostic application. In contrast to previous tandem mass
spectrometric approaches, no shift in retention times has
been seen in more than 10,000 plasma amino acid runs that
have been carried out in our lab [12, 22, 23].

Conclusion

In conclusion, this technique has been designed and tested to
be reliable and robust for absolute quantification of 29 amino
acids in plasma. The approach only has a 6-min analysis
time. It was discovered that this approach is reliable for the
physiologically significant range of 0-500 uM-L!. There
was no RT drift for any amino acid, and the chromatography
was reliable and reproducible. Present data demonstrate best
alternative to traditional GC-MS-based or derivatisation-
based HPLC method.
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Table 2 Performance characteristics (validation results) for the quantitative analysis of amino acids

Sr.No Amino acid Linearity Precision

Accuracy (%) LOD (pM~L'l) LOQ (pM-L'l)

Range (WML (12)

Intra-day (CV %) Inter-day (CV %)

1 Homocysteine 0-50 098 591 54 103 0.1 0.5
2 Tryptophan 0-250 0.99 592 7.43 96.1 2 4.0
3 Cysteine 0-500 0.96 5.03 8.96 108 0.2 1.0
4 2-Aminoadipic acid  0.1-10 0.96 497 5.81 96.1 0 0.1
5 Proline 0-500 097 726 7.05 101.8 0 1.0
6 4-hydroxy-L-proline  0-250 0.97 831 6.26 96.7 0 0.5
7 Aspartic acid 2-250 091 641 9.6 95.2 0 0.5
8 Serine 0-250 097 103 12.45 100 0 1.0
9 Glutamine 0-500 09 11.73 12.74 96.5 0.1 1.0
10 Aspargine 0-250 098 6.16 1091 97.7 0 5.0
11 Histidine 0-250 094 7.26 12.48 103 0 0.1
12 Lysine 0-250 0.96 10.67 12.2 92.9 0 0.1
13 Arginine 0-250 095 345 7.67 97.4 0 0.1
14 Methionine 0-250 0.97 594 7.39 96.8 0 0.1
15 Phenylalanine 0-250 095 329 5.04 101.3 0 0.1
16 Tyrosine 0-250 0.9 3.96 6.62 100.1 0 0.1
17 Alanine 0-500 0.94 8.84 8.2 96.7 0.1 0.1
18 Glycine 0-500 0.96 10.67 10.77 104.1 0 0.1
19 3-Methyl-L-histidine 0.1-20 091 10.73 12.96 994 0.2 1.0
20 Threonine 0-250 097 9.73 10.62 98.5 0 1.0
21 Valine 0-500 097 873 11.06 98.4 0.1 0.1
22 Leucine 0-250 095 841 10.21 102.2 0 0.1
23 Isoleucine 0-10 097 6.67 9.73 99.7 0.1 0.1
24 Alloisoleucine 0.1-10 097 792 8.86 96 0.1 0.2
25 Ornithine 0-250 094 5.12 5.96 97.3 0 0.1
26 Citrulline 0-100 096 7.7 8.02 104.2 0 0.1
27 Glutamic acid 0-500 0.94 9.61 11.96 98.3 0 1.0
28 Beta-alanine 0.1-20 0.94 10.52 12.4 95.6 0 0.1
29 Homoserine 0.1-50 0.92 9.86 11.87 98.8 0.1 1.0
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