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  A simple, sensitive and reproducible high-performance liquid chromatography (HPLC) method has 
been validated for determining concentrations of glutamate, glycine, and alanine in human plasma. 
Proteins in plasma were precipitated with perchloric acid, followed by derivatization with 6-amino-
quinolyl-N-hydroxysuccinimidyl carbamate (AQC). Simultaneous analysis of glutamate, glycine, and 
alanine is achieved using reversed-phase HPLC conditions and ultraviolet detection. Excellent linearity 
was observed for these three amino acids over their concentration ranges with correlation coefficients 
(r)＞0.999. The intra- and inter-day precision were below 10%. This method utilizes quality control 
samples and demonstrates excellent plasma recovery and accuracy. The developed method has been 
successfully applied to measure plasma glutamate, glycine, and alanine in twenty volunteers.
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INTRODUCTION

  Several excitatory amino acids, such as endogenous glu-
tamate, glycine, and alanine, which are involved in gluta-
mate neurotransmission via NMDA receptors, are being in-
vestigated as potential indicators of health status and dis-
ease risk. Increased glutamate is closely related with neu-
ronal damage by cerebral ischemia and plasma glutamate 
concentration is the most powerful predictor biomarker of 
lesion enlargement in the acute phase of ischemic stroke 
[1,2]. In some cases, the peripheral blood levels of gluta-
mate, glycine, and alanine could be diagnostic, therapeutic 
or symptomatic biological markers [3-6]. Thus determi-
nation of these amino acids plays an important role in diag-
nosis and therapy of some psychiatric and neurological 
disorders. Moreover, the preparations of amino acids are 
increasingly used to treat a wide array of diseases in recent 
years. In china, glutamate, glycine, and alanine tablet or 
capsule is wildly used in the treatment of chronic prostati-

tis [7]. Simultaneous analysis of glutamate, glycine, and 
alanine may provide help for the study of the pharmacoki-
netics of these preparations.
  The method commonly employed for the analysis of free 
plasma amino acids is automated ion exchange chromatog-
raphy (IEC) in combination with postcolumn ninhydrin 
detection. This method provides simplicity in sample prepa-
ration and high reproducibility [8,9]. However, the long an-
alytical run time is the main drawback [8,10]. Reversed- 
phase high-performance liquid chromatography (RP-HPLC) 
is used as an alternative due to its higher sensitivity and 
faster analysis. The most common RP-HPLC methods in-
volve precolumn derivatization with phenylisothiocyanate 
(PITC) or o-phthalaldehyde (OPA) [11-14]. However, each 
reagent has its disadvantages or drawbacks: PITC needs 
a long derivatization time (20 min) and it is necessary to 
remove any excess reagent by drying, and OPA does not 
react with secondary amino acids, and glycine derivatives, 
for instance, are unable [15,16]. Precolumn derivatization 
utilizing 6-aminoquinolyl-N-hydroxysuccinimidyl carbamate 
(AQC) might constitute a feasible alternative, as to method 
characteristics that overcome these major drawbacks. In 
this procedure, primary and secondary amines react with 
the AQC reagent, yielding stable compounds. Excess re-
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Table 1. Optimized gradient for the separation of amino acids 
at 37oC

Time (min) %A
sodium acetate

%B
60% acetonitrile Curve*

 0 100   0
 1  96   4 11
 3  87  13  6
 5  85  15  6
 9  71  29  6
 9.1   0 100 11
12 100   0 11

*Curve 6 is a linear segment; curve 11 is a step function.

agent is hydrolyzed to yield 6-aminoquinoline (AMQ), car-
bon dioxide and N-hydroxysuccinimide [17]. The advantages 
of this method include a very simple derivatization proce-
dure, stable derivatives, excellent separation, detection by 
either absorbance or fluorescence, and commercial avail-
ability of reagents. Disadvantages include relatively long 
chromatography, high solvent consumption and no possi-
bility of on-line derivatization, which seems limited com-
pared to the defects of other methods. 
  In the present study, we describe a sensitive and rapid 
RP-HPLC method, using AQC derivatization and ultra-
violet (UV) detection. The objective is to obtain a simple 
and rapid simultaneous measurement of glutamate, gly-
cine, and alanine in human plasma.

METHODS

Chemicals

  AccQ.Fluor reagent kit (consisting of AQC reagent, aceto-
nitrile and 0.2 mM sodium borate buffer, pH 8.8) as well 
as glass reaction tubes (6×50 mm) were provided by Waters 
(Milford, MA, USA). Amino acid standards (glutamate: Glu, 
glycine: Gly, alanine: Ala) were obtained from Sigma (St 
Louis, MO, USA). HPLC grade acetonitrile and triethyl-
amine were from Merck (Darmstadt, Germany). Perchloric 
acid and sodium acetate were of analytical reagent grade 
and purchased from J.T. Baker (Phillipsburg, NJ, USA). 
Ultrapure water was generated using a Milli-Q system pur-
chased from Millipore (Bedford, MA, USA).

Chromatographic instruments and conditions

  The HPLC system used was a Waters Alliance consisting 
of a 2,690 separation model, a thermostat-controlled col-
umn oven, a system interface module, and a 2,487 Dual 
Wavelength UV Detector (all Waters components, Millipore, 
Milford, MA, USA). A Millennium Chromatography Mana-
ger workstation running Millennium software controls sys-
tem operation and results management. Separation was 
carried out using a 20×3.9 mm Sentry guard column (Nova- 
Pak C18 bonded silica) connected to a 4 μm AccQ-Tag C18 
column (3.9×150 mm I.D.; both from Waters).

Working eluents

  Eluent A was 0.14 M sodium acetate with 0.017 M trie-
thanolamine (pH 4.95); eluent B was 60% (v/v) acetonitrile 

aqueous solution. The gradient program is shown in Table 
1.
  The AccQ-Tag column was thermostated at 37oC and op-
erated at a flow-rate of 1 ml/min. Detection was accom-
plished by UV detector and the wavelength was set at 248 
nm. For column regeneration, 3 min with 60% acetonitrile 
and 40% water was sufficient to wash out the column and 
before the next injection, 100% sodium acetate for 6 min 
was needed to equilibrate the system. Injections were made 
every 18 min (injection-to-injection), using an injection vol-
ume of 10 μl.

Standard solutions

  Stock solutions of Glu, Gly, and Ala needed in the method 
were prepared by dissolving appropriate amount of the 
compounds in 0.1 M hydrochloric acid and diluting to the 
appropriate volumes. These solutions were kept at 4oC for 
several days without noticeable change. The working sol-
utions were prepared by appropriate dilutions with water 
as needed, and processed without delay.

Plasma preparation

  Twenty healthy male volunteers were recruited for this 
study. They are 19∼25 years old with BWI (body weight 
index) between 19∼24 kg/m2. The study was performed in 
accordance with the Helsinki Declaration and the design 
and execution of the experiment were explained thoroughly 
to the participants, and informed consent was obtained. 
  Blood was collected, following an overnight fast, into 
evacuated lithium heparin gel tubes, immediately placed 
on ice, and centrifuged at 3,000 rpm for 15 min at 4oC. 
Plasma was then used for the determination of Glu, Gly, 
and Ala without delay or stored at －70oC. Prior to analysis, 
a 100 μl portion of the plasma sample was added to 100 
μl of 5% perchloric acid, and the solution was mixed with 
a vortex-mixer. After vortex-mixing, the precipitate was re-
moved by centrifugation at 15,000 rpm for 10 min at 4oC 
and the supernatant was used for the analysis.

Quality control (QC) samples preparation

  For validation of the method, QC samples were made by 
adding the appropriate amount of working standard sol-
ution of Glu, Gly, and Ala to the plasma samples from an 
apparently healthy donor. The nominal concentrations of 
low, medium, and high QC samples were 40, 80, 160 μM 
for Glu; 160, 400, 640 μM for Gly and 200, 500, 800 μM 
for Ala, respectively.

Derivatization

  In a typical analysis, 10 μl of standards or samples were 
mixed with 70 μl buffer solution (0.2 M borate buffer) and 
afterwards 20 μl derivatization reagent (2 mg/ml AQC) 
were added. After ten minutes response at 55oC, the deriv-
atized solution was directly injected to separate the amino 
acids by HPLC.

Calibration and linearity

  The retention time of each amino acid was studied using 
dilutions from stock solutions. Linearity was assured by 
calculating the regression coefficients for the calibration 
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Fig. 1. Typical chromatograms of Glu, Gly, and Ala in plasma. (A) Chromatogram for derivatized blank; (B) chromatography for derivatized 
amino acid standard mixture; (C) representative chromatography of blank (unspiked) pooled human plasma sample; (D) chromatography 
of the high QC sample (spiked concentrations of Glu, Gly, and Ala were 160, 640, and 800 μM, respectively).

curves. Range of the analysis was determined by assuring 
that all the points on the calibration curve were charac-
terised by acceptable precision and accuracy. For each 
curve, the peak area were calculated and plotted against 
concentration of the corresponding amino acid.

Precision and accuracy

  Precision and accuracy were determined by the analysis 
of QC samples spiked at three concentrations listed above. 
The intra-assay was determined by replicate analysis of a 
blank (unspiked) plasma sample (n=6) and a QC sample 
at each concentration (n=6) in a single run. The inter-assay 
was determined by replicate analysis of the same QC sam-
ple stored at －70oC and analyzed 6 separate times over 
a period of 2 months. The calculated mean concentration 
relative to the nominal concentration (relative error: RE%) 
was used to express accuracy and relative standard devia-
tions (RSD%) calculated from the blank sample and QC val-
ues was used to estimate the inter- and intra-day pre-
cision. 

Recovery and stability

  Recovery of Glu, Gly, and Ala from plasma was assessed 

by analyzing pooled human plasma obtained from a healthy 
volunteer spiked at the three QC concentration levels listed 
above. Six replicate ‘control’ (unspiked) plasma samples 
and six spiked samples of each QC level were analyzed and 
recovery was determined by comparing the nominal amino 
acid concentration. The recovery of each amino acid was 
defined as 100%. Means, standard deviations (SD) and 
RSD% were calculated.
  The stability of plasma samples stored at －70oC within 
2 months was assessed. Also, QC samples were subjected 
to three freeze-thaw cycles (－70oC to room temperature) 
to evaluate sample stability. In addition, stability of proc-
essed samples was assessed. Triplicate low and high QC 
samples were processed and analyzed, then re-injected and 
analyzed up to 24 h post-processing.

Application to determination of Glu, Gly, and Ala in 
human plasma

  After the full validation, this method was successfully ap-
plied to the determination of Glu, Gly, and Ala in plasma 
from twenty male volunteers.
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Table 4. Plasma concentrations of Glu, Gly, and Ala from 20 healthy volunteers

Amino
acids

Plasma concentration (μM) in 20 volunteers (No.1∼20) Mean±SD
(μM)1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Glu  62.7  91.0  26.7  82.1  56.1  56.7  35.4  86.4  36.2  62.4  72.5  50.3  35.3  35.1  46.2  41.2  32.0  30.3  34.5  60.9  51.7±16.5
Gly 282.3 286.1 188.4 262.7 302.5 297.6 271.9 295.8 297.8 318.6 428.6 236.4 344.8 353.8 291.0 328.0 186.3 248.8 179.4 393.5 289.7±46.5
Ala 395.7 445.5 202.6 334.4 417.9 322.4 289.5 462.8 264.7 384.8 356.1 418.1 220.4 431.9 349.8 354.5 314.2 322.3 282.2 432.5 350.1±59.9

Table 3. Recovery rate (%) of Glu, Gly, and Ala from human plasma (n=6)

Glu Gly Ala

Mean±SD (%) RSD% Mean±SD (%) RSD% Mean±SD (%) RSD%

Low QC sample 99.0±3.4 3.5 102.1±2.8 2.8 102.7±3.4 3.3
Medium QC sample 96.3±1.7 1.8 103.4±2.6 2.5 100.5±1.2 1.2
High QC sample 95.1±0.9 0.9 103.3±2.5 2.4  98.5±1.2 1.1

Table 2. Intra- and inter-day precision and accuracy for Glu, Gly, and Ala (n=6)

Glu Gly Ala

Intra-day
RSD%

Inter-day
RSD% RE% Intra-day

RSD%
Inter-day

RSD% RE% Intra-day
RSD%

Inter-day
RSD% RE%

Blank sample 6.2 9.5 2.7 4.0 5.7 4.7
Low QC sample 6.5 7.4 －3.3 3.3 8.0 －1.6 4.4 5.7 －5.0
Medium QC sample 6.9 6.7 －4.6 6.8 5.3   1.5 5.3 4.4 －4.3
High QC sample 4.9 4.1 －8.3 5.2 4.5   7.6 2.0 1.8 －7.1

RESULTS

Chromatographic separation

  Representative chromatograms of the derivatized blank, 
standard solution, blank (unspiked) plasma sample and QC 
plasma sample are depicted in Fig. 1. The method demon-
strated good chromatographic separation of all the amino 
acids studied, and showed an excellent signal-to-noise ratio, 
allowing easy quantification. Retention times for Glu, Gly, 
and Ala were approximately 6.3, 7.9, and 9.3 min, respec-
tively. The peaks of interest were well separated and there 
was no interference from other amino acids and endogenous 
compounds in plasma.

Linearity, precision and accuracy

  Linear calibration curves were obtained for Glu, Gly, and 
Ala over the concentration ranges of 5∼320 μM, 18.75∼
1,200 μM, and 21.9∼1400 μM, respectively. The mean re-
gression equations were y=1,414.2x＋1791.3 for Glu, y= 
1,590.7x＋6,982.6 for Gly, and y=1,626.6x＋7289.2 for Ala, 
with correlation coefficients (r)＞0.999 for all three amino 
acids. The lower limit of quantitation (LOQ) for each amino 
acid demonstrated acceptable precision.
  The intra- and inter-day RSD% were between 1.8% and 
9.5% and most RSD% values calculated from the high QC 
samples of each amino acid were smaller than those from 
low and medium QC samples especially pronounced in Ala 
group. The accuracy, expressed as RE%, was within ±10% 
(Table 2).

Stability and recovery

  The plasma samples were stable for up to 2 months at 
－70oC. Three freeze-thaw cycles had no effect on the stabil-
ity of Glu, Gly, and Ala. Additionally, amino acid derivat-
ives are stable at room temperature for 24 hours. The mean 
recoveries of all analytes from plasma at all concentrations 
ranged from 95% to 103%. At the same time, the RSD% 
values were less than 5% which showed significant inverse 
relationship with the concentration of the analyte (Table 
3).

Analysis of human plasma samples

  The method described in this paper was applied for ami-
no acid analysis in plasma samples from twenty male vol-
unteers (Table 4). Free plasma amino acids exhibit wide 
variability between subjects. This probably reflects differ-
ences in metabolic control since the amino acids belong to 
endogenous substances which can be influenced by physio-
logic conditions of different volunteers as well as diet. 
Plasma concentrations of Glu, Gly, and Ala were 51.7±16.5, 
289.7±46.5, and 350.1±59.9 μM, respectively. 

DISCUSSION

  The increasing significance of plasma concentrations of 
Glu, Gly, and Ala in clinical fields, such as being used as 
diagnostic or therapeutic biomarkers, has prompted the 
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study of these amino acids analyses. In this study, we in-
tended to develop a method of simultaneous determination 
of Glu, Gly, and Ala in plasma which would be highly accu-
rate, but at the same time not so time-consuming. This 
method is based on the use of precolumn AQC derivatiza-
tion as well as the optimized mobile phase and gradient 
for the separation. In addition, the sensitivity, linearity and 
detection limits of these amino acids by using UV detector 
were assessed strictly. The second step is method vali-
dation, which verifies the performance of the entire ana-
lytical process. Finally, plasma Glu, Gly, and Ala were de-
termined using this method, and the concentrations of 
these amino acids were generally consistent with those re-
ported in other studies [18,19]. 
  As developed by the Waters Co., Ltd, the mobile phase 
used in the traditional AQC method [17] has been modified 
by increasing the proportion of eluent B (60% acetonitrile) 
while decrease the gradient time. The optimized gradient 
(Table 1) accelerated the separation of Glu, Gly, and Ala, 
which therefore shortened the time required for assay and 
the total run time is only about 18 min. 
  The other critical step in the whole procedure is sample 
preparation including the sample collection, storage and 
deproteinization. When deprotenization of the plasma sam-
ples cannot be done immediately after centrifugation, it is 
recommended to store the samples at temperatures lower 
than －18oC to prevent further hydrolysis of proteins. 
Previous studies demonstrated that the Glu increased mar-
kedly when the storage temperature higher than －68oC, 
so the plasma samples were frozen immediately and stored 
at －70oC until analyzed in this study, and all the studied 
amino acids remained stable within 8 weeks. Another point 
regarding deproteinization should be emphasized as well. 
The most wildly used methods for deproteinization of plas-
ma samples include precipitation with acids or organic 
solvents. In our experiment, we tried acetonitrile, 5-sulfosa-
licylic acid, and perchloric acid for the deproteinization of 
plasma samples and compared the efficacy of them. We 
found that the concentrations of Glu and Gly using acetoni-
tril, were lower than those measured with 5-sulfosalicylic 
acid and perchloric acid. Also, we observed that perchloric 
acid protein precipitation was superior to 5-sulfosalicylic 
acid because 5-sulfosalicylic acid interfered with the chro-
matography of Glu peaks, which was consistent with a pre-
vious report [20]. For this reason, perchloric acid was used 
as the deproteinizing reagent in this analysis.
  Our modified method has been successfully validated. 
The mobile phase conditions produce excellent separation 
of Glu, Gly, and Ala in plasma (Fig. 1) with good sensitivity, 
i.e. lower LOQ for all analytes. After deproteinization with 
5% perchloric acid, perfect recovery (95% to 103%; Table 
3) of all analytes from plasma was achieved. Another im-
portant characteristic of the method is high precision. The 
experimental results abstained from the intra- and in-
ter-day precision and accuracy (Table 2) showed that RSD% 
values of these three amino acids were below 10%. 
Meanwhile, most RSD% values of high QC samples were 
smaller than those of low and medium QC samples, and 
similar results are also shown in Table 3. Precision relates 
to the random error of a measurement system and the ob-
vious relationship between the precision of an analytical 
method and the concentration of the analyte was usually 
observed in many studies. The results of our study also 
demonstrated that smaller RSD%, which indicates higher 
precision, was achieved when the high QC samples were 

analyzed.
  In summary, the method described here, using a pre-
column derivatization with AQC, is a rapid, sensitive, and 
selective technique for simultaneously analyzing Glu, Gly, 
and Ala in human plasma. The chromatographic conditions 
allow for the separation and quantification of amino acids 
using a simplified gradient. This assay shows good pre-
cision and reproducibility, and it is a relatively simple and 
fast method. Finally, this method was used to determine 
Glu, Gly, and Ala in the plasma of twenty healthy human 
volunteers.
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