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Abstract Analysis of trace amino acids (AA) in physio-

logical fluids has received more attention, because the

analysis of these compounds could provide fundamental

and important information for medical, biological, and

clinical researches. More accurate method for the deter-

mination of those compounds is highly desirable and

valuable. In the present study, we developed a selective and

sensitive method for trace AA determination in biological

samples using 2-[2-(7H-dibenzo [a,g]carbazol-7-yl)-ethoxy]

ethyl chloroformate (DBCEC) as labeling reagent by

HPLC-FLD-MS/MS. Response surface methodology (RSM)

was first employed to optimize the derivatization reaction

between DBCEC and AA. Compared with traditional single-

factor design, RSM was capable of lessening laborious,

time and reagents consumption. The complete derivatization

can be achieved within 6.3 min at room temperature.

In conjunction with a gradient elution, a baseline resolution

of 20 AA containing acidic, neutral, and basic AA was

achieved on a reversed-phase Hypersil BDS C18 column.

This method showed excellent reproducibility and corre-

lation coefficient, and offered the exciting detection limits

of 0.19–1.17 fmol/lL. The developed method was suc-

cessfully applied to determinate AA in human serum. The

sensitive and prognostic index of serum AA for liver

diseases has also been discussed.
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Introduction

Amino acids (AA), the basic units of proteins, play an

important role in the metabolic processes of a living

organism. Recently, analysis of trace AA in physiological

fluids have received more attention (Badawy et al. 2008;

Suryawan et al. 2009; Gowacki et al. 2010a) because the

analysis of these compounds could provide fundamental

and important information for medical, biological, and

clinical fields. For example, the determination of physio-

logical AA is of importance not only to the clinical diag-

nosis and treatment of hereditary diseases (Berson et al.

1976), liver diseases (Cascino et al. 1978), neuropathy

(Zeman et al. 2008), diabetes (Carlsten et al. 2009),

atherothrombotic disease (Gowacki et al. 2010a), etc., but

also to the evaluation of the nutritive status and normal

reference of the patient and breast-fed infants (Lindblad

et al. 2008). Thus, the accurate trace AA determination in

complex physiological fluids, and human or plant tissue is
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reckoned to be one of the most important applications in

medical, clinical, and biological fields.

Most AA show neither natural UV absorption nor

fluorescence; thus, the detection of them at trace levels

using absorptiometry is fairly difficult. Therefore, chemical

derivatization is necessary to increase detection sensitivity

and improve selectivity by means of pre-column or post-

column high-performance liquid chromatography (HPLC)

(Gatti et al. 2010) and electrophoretic microchips (Munro

et al. 2000) or CE (Lin et al. 2007) separation. These

techniques have been widely used in food, chemical, and

biological sciences for AA analysis. Although many dif-

ferent types of labeling reagents have been developed,

such as o-phthaldialdehyde (OPA) (Gowacki et al. 2010b),

9-fluorenyl methyl chloroformate (FMOC) (Meng and

Peng 2009), 6-aminoquinolyl-N-hydroxysuccinimidyl car-

bamate (AQC) (Hou et al. 2009), phenyl isothiocyanate

ester (PITC) (Molnar-Perl 1994) and so on, a variety of

shortcomings in their applications have also been reported.

For example, the OPA was only limited to primary AA.

PITC method had a fast derivatization rate and created

single and stable derivatives, but its derivatives were

merely detected by UV with poor detection limits about

pmol levels. For FMOC, after derivatization the excess

FMOC reagent should be removed by a fussy extraction

with some loss of hydrophobic derivatives. AQC has been

successfully developed as a popular pre-column derivati-

zation reagent for AA; however, only 10% of the fluores-

cent intensity in aqueous solution compared to that in pure

acetonitrile solution was observed for its derivatives. Thus,

the limits of detection (LOD) for the early eluted AA

derivatives were usually higher than those for the later

ones. An improved method for trace AA determination in

biological samples capable of providing high selectivity,

sensitivity, and reproducibility of analysis, with short

derivatization time and minimal sample preparation is

often required and meaningful. In our previous studies, we

described the synthesis of 2-[2-(7H-dibenzo[a,g]carbazol-

7-yl)-ethoxy] ethyl chloroformate (DBCEC) and its appli-

cations to analyze trace aliphatic amines and aldehydes

(You et al. 2009b; You et al. 2009a). In this paper, we

described a selective and sensitive HPLC-FLD method

using DBCEC as pre-column derivatization reagent for the

trace AA determination in biological samples. DBCEC is

first studied for the determination of AA in serum samples,

and showed some advantages including mild derivatization

conditions, ease-of-handling, selective, and high detection

sensitivity. The AA in human serum containing 22 healthy

subjects and 27 hepatitis patients were determined by the

developed method. The sensitive and prognostic index of

serum AA for liver diseases was also discussed.

The derivatization is of great importance for the suffi-

cient labeling of the analyzed components. Traditionally,

derivatization optimization in analytical chemistry has

been carried out by monitoring the influence of one factor

at a time on an experimental response (Yoshitake et al.

2003; Sotgia et al. 2008; Gatti et al. 2010). This optimi-

zation procedure is troublesome, reagents and time-

consuming as well as ignoring the interaction effect of

parameters. Compared to this classical method, response

surface methodology (RSM) is more efficient, requires

fewer data and provides interaction effects on the response

besides factor effects (Bezerra et al. 2008). In this study,

RSM was first applied to optimize the main derivatization

parameters including derivatization time, pH, and con-

centration of DBCEC.

Experimental

Instrumentation and chemicals

HPLC separation, MS identification and sample analysis

were carried out using Agilent 1100 Series high-performance

liquid chromatography/mass spectrometry (HPLC–MSD

ion Trap SL, a complete LC–MS/MS). The mass spec-

trometer 1100 Series LC–MSD Trap-SL (ion trap) from

Bruker Daltonik (Bremen, Germany) was equipped with an

electrospray ionization (ESI) source. Ion source conditions:

ESI in positive ion mode, nebulizer pressure 241.3 kPa,

dry gas temperature 350�C, dry gas flow 9.0 l/min and

capillary voltage-3500 V. Derivatives were separated on

Hypersil BDS C18 column (200 mm 9 4.6 mm, 5 lm,

Yilite Co Dalian, China). Fluorescence excitation and

emission spectra were obtained on a 650-10S fluorescence

spectrophotometer (Hitachi, Japan). The mobile phase was

filtered through a 0.2-lm nylon membrane filter (Alltech,

Deerfiled, IL, USA).

Twenty amino acid standards including alanine (Ala),

arginine (Arg), aspartic acid (Asp), cystein (Cys), glutamic

acid (Glu), histidine (His), isoleucine (Ile), leucine (Leu),

lysine (Lys), Ornithine (Orn), Tryptophan (Trp), Cystine

((Cys)2), glycine (Gly), methionine (Met), phenylalanine

(Phe), proline (Pro), serine (Ser), threonine, (Thr), tyrosine

(Tyr), valine (Val) and c-aminobutyric acid (GABA), were

obtained from Sigma Corporation. Other reagents such as

acetic acid were all analytically pure. Pure water was

prepared by Milli-Q super pure water system. DBCEC was

synthesized in our laboratory (You et al. 2009b).

Preparation of standard solutions and samples

Individual stock solutions (1 9 10-2 M) of 20 AA were

prepared in water. The mixed standard solutions for HPLC

analysis were prepared by diluting the stock solutions with

0.2 M sodium borate buffer (pH 9.0). The DBCEC solution
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(0.01 mol/L) was prepared by dissolving 32.6 mg of

DBCEC in 10 mL of acetonitrile and the corresponding

low concentration of reagent was diluted using anhydrous

acetonitrile.

Derivatization procedure

80 lL of acetonitrile, 100 lL of 0.2 M sodium borate

buffer (pH 9.46), 10 lL of AA solution, and 110 lL

DBCEC were added into a 2.0-ml vial successively, The

vial was sealed at room temperature for about 6.3 min, and

then, 100 lL of 50% acetic acid was added into the solu-

tion until the final pH was in the range of 6.0–6.5. Finally,

the derivatized sample was directly injected into the HPLC

system for analysis. The derivatization scheme of typical

Glu with DBCEC is shown in Fig. 1a.

Extraction and derivatization procedure for serum

samples

The blood samples were obtained from 88 military hospital

of China, and taken from 27 hepatitis patients (ages 45–55).

The control group was from 22 healthy volunteers.

The blood samples were taken from the veins by means

of plastic syringes, and after 1 h at room temperature,

centrifuged at 2,500g for 15 min. Then the serum were

immediately frozen and stored at -70�C until analysis.

An aliquot of 100 lL of serum was added into a 2 mL

Eppendorf tube. Protein precipitation was carried out by

adding 1 mL of acetonitrile. Eppendorf tubes were vortex-

mixed for 30 s and after standing for 15 min, the tubes

were centrifuged at 15,000g for 15 min. The supernatant

was transferred into another tube.

The derivatization of extracted serum samples pro-

ceeded as follows: 50 lL of serum extraction solutions was

added into a 2-mL vial, 200 lL acetonitrile, 120 lL of

borate buffer and 50 lL of DBCEC solution were then

added. The following analysis procedure was the same as

the derivatization procedure of AA standards described

above.

HPLC

Derivatives were separated on a reversed-phase Hypersil

BDS C18 column (200 mm 9 4.6 mm, 5 lm), in con-

junction with a gradient elution. Eluent A was 30% ace-

tonitrile (containing 30 mM, pH 3.7 ammonium/formic

acid buffer); B was 50% acetonitrile (containing 30 mM,

pH 3.7 ammonium/formic acid buffer), and C was 95%

acetonitrile. The flow rate was constant at 1.0 mL min-1

and the column temperature was set at 35�C. The fluores-

cence excitation and emission wavelengths were set at

kex = 300 and kem = 395 nm. The gradient elution pro-

gram was presented in Table 1.

Data statistics

The response surface graphs of predicted values by models

were plotted using a software Design-Expert 7.1.3 Trial

(State-Ease, Inc., Minneapolis, MN, USA), meanwhile, the

coefficients of the quadratic polynomial model were also

obtained by this software. The quality of the fitted model

was expressed by the determined coefficient (R2), and its

statistical significance was checked by an F test. The

analysis of AA data statistic work was accomplished with

SPSS 13.0. The results were expressed in the form of

‘‘average ± standard deviation’’ ( �X � S). Data were ana-

lyzed with independent sample T test and one-way analysis

of variance.

Results and discussion

Optimization of derivatization parameters

Derivatization time, pH, and concentration of DBCEC

were the main derivatization parameters affecting the

derivatization yield, and chosen for further optimization

by employing a three-level, three-variable Box-Behnken

design (BBD) from RSM. Glu and Trp were used as

standards of the tested compounds. The average peak area

of Glu and Trp derivatization was taken as the response,

Y, which reflects the detector response. A total of 17

experiments were designed (Table 2), and the peak areas

of each experiment were presented in Table 2. Regression

analysis was performed, based on the experimental data,

and the predicted second-order polynomial model was as

follows:

Y ¼ 2566:80þ 148:25X1 � 55X2 þ 200:5X3 þ 44X2
1

� 22X2
2 � 33X2

3 � 136:15X1X2 � 1246:65X1X3

� 297:15X2X3

The analysis of variance (ANOVA) for the experimental

results of BBD was presented in Table 3. In the selected

experimental range, the derivatization yield mostly

depended on the concentration of DBCEC, followed by

derivatization time and pH. The P-value of the model

was \0.0001 (Table 3), which indicated that the model

fitness was significant. The value of R2 (0.9845) revealed

that the experimental data were in good agreement with the

predicted values of peak area. F value for the lack of fit in

Table 3 was insignificant (P [ 0.05), meaning that this

model was sufficiently accurate for predicting the relevant

responses.
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The 3D response surface in Fig. 2 provided a method to

visualize the relationship between responses and experi-

mental levels of each variable and the type of interactions

between two test variables. Figure 2a depicted the effect of

derivatization time and pH on the peak area. With a given

derivatization time, peak area increased rapidly with the

increasing derivatization pH and reached a maximum

value, followed by a decline with its further increase.

Figure 2b described the interaction between the concen-

tration of DBCEC and derivatization time. With a definite

Fig. 1 Scheme of derivatization reaction of DBCEC with Glutamic

(a); the cleavage mode of protonated molecular ion (a); MS spectra of

Glutamic derivative: molecular ion MS, and MS/MS (b), Scanning

range from 100 to 1,000 amu under ESI positive ion mode;

derivatives were isolated from a Hypersil BDS-C18 column and into

the on-line mass spectrometer

Table 1 Gradient elution program

Time (min) A (%) B (%) C (%)

0 30 70 0

15 0 100 0

20 0 95 5

40 0 65 35

45 0 35 70

55 0 30 70
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derivatization time, the peak area increased rapidly with

the increase of the concentration of DBCEC and reached

the highest value, and then no obvious variation for peak

areas were observed with the further increasing concen-

tration of DBCEC. Figure 2c showed the interaction

between derivatization pH and concentration of DBCEC.

The optimal conditions obtained by calculating the

regression equation were as follows: derivatization time,

6.3 min; derivatization pH 9.46; concentration of DBCEC,

4.3-fold molar excess to total molar AA.

The concentration of the labeling reagent can signifi-

cantly affect the form of the monosubstituted derivatives

for diamino acids. Several experiments were carried out to

further verify the concentration of DBCEC. For this

experiment, a solution of diamino acids containing Lys,

Orn, and Glu, was prepared. The range of the labeling

reagent concentration was 1.0- to 4.3-fold molar excess to

total molar AA. Results indicated that with as little as a

3.0-fold molar excess of labeling reagent, the derivatization

of AA was incomplete and resulted in monosubstituted

derivatives. The fluorescence intensity was constant when

the labeling reagent concentration was controlled at 3- to

4.3-fold molar excess to total molar AA; increasing the

reagent beyond this level had no significant effect on

derivatization yields. Thus, 4.3-fold molar excess of

labeling reagent can avoid the form of monosubstituted

derivatives and ensure the sufficient labeling of the ana-

lyzed components.

In the present study, RSM exhibited great superiority

compared to traditional optimization methods based on

single-factor design (Yoshitake et al. 2003; You et al.

2003; Sotgia et al. 2008; Gatti et al. 2010). Less laborious,

time and reagents-consuming could result in sufficient

labeling of the analyzed AA components, which is an

added benefit of this method.

Table 2 The Box-Behnken

design matrix of three test

variables in actual and coded

level along with the observed

responses (peak area)

a actual level (coded level)

Run Independent variable Y
(Peak area)

X1

Derivatization time (min)

X2

Derivatization pH

X3

Concentration of DBCEC

1 4.5 (0)a 9.50 (0)a 3.50 (0)a 2,508

2 4.5 (0) 9.50 (0) 3.50 (0) 2,480

3 4.5 (0) 12.00 (?1) 1.00 (-1) 907

4 4.5 (0) 9.50 (0) 3.50 (0) 2,533

5 1.00 (-1) 7.00 (-1) 3.50 (0) 1,149

6 4.5 (0) 12.00 (?1) 6.00 (?1) 1,100

7 4.5 (0) 9.50 (0) 3.50 (0) 2,513

8 1.00 (-1) 9.50 (0) 6.00 (?1) 2,300

9 1.00 (-1) 12.00 (?1) 3.50 (0) 880

10 1.00 (-1) 9.50 (0) 1.00 (-1) 1,713

11 4.5 (0) 7.00 (-1) 6.00 (?1) 1,205

12 4.5 (0) 9.50 (0) 3.50 (0) 2,800

13 4.5 (0) 7.00 (-1) 1.00 (-1) 880

14 8.00 (?1) 9.50 (0) 1.00 (-1) 2,011

15 8.00 (?1) 12.00 (?1) 3.50 (0) 1,307

16 8.00 (?1) 7.00 (-1) 3.50 (0) 1,400

17 8.00 (?1) 9.50 (0) 6.00 (?1) 2,510

Table 3 Estimated regression coefficients for the quadratic polyno-

mial model and ANOVA for the experimental results

Regression

coefficient

Estimated

coefficients

Degree of

freedom

F value P value

b0 2566.80 1 49.42 \0.0001

Linear

b1 148.25 1 9.97 0.0160

b2 -55.00 1 1.37 0.2797

b3 200.50 1 18.24 0.0037

Interaction

b12 44.00 1 0.44 0.5287

b13 -22.00 1 0.11 0.7501

b23 -33.00 1 0.25 0.6344

Quadratic

b11 -136.15 1 4.43 0.0735

b22 -1246.65 1 371.10 \0.0001

b33 -297.15 1 21.08 0.0025

Lack of fit 3 1.04 0.4662

Pure error 4

R2 0.9845 Adjusted R2 0.8646
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HPLC separation and MS identification

The mobile phase pH can significantly affect the resolu-

tion. The pH value of the mobile phase in RP separation

of AA were often adjusted by boric or phosphate buffer.

In the present study, formic acid/ammonia buffer was

used to control mobile phase pH, which could reduce the

metal salt pollution on the mass ion chamber. Further-

more, the acidic eluents could provide hydrogen proton to

enhance the ESI ionization efficiency of AA derivatives.

We also found when the pH value of mobile phase A was

3.7, a complete baseline resolution for 20 AA derivatives

was obtained within the shortest time and good peak

shape (Fig. 3). Thus, pH = 3.7 was chosen as the mobile

phase pH.

The structural identification of AA derivatives was

carried out by on-line MSD with ESI source in positive ion

mode. The MS, MS/MS spectra and the cleavage mode of

representative Glu derivative were shown in Fig. 1. The

molecular ions (MS, [M ? H]? ion) and specific fragment

ions (MS/MS) of AA derivatives were listed in Table 4.

All derivatives showed an intense molecular ion peaks at

[M ? H]? ions. The collision-induced dissociation spectra

(MS/MS) of molecular ions (MS, [M ? H]? ion) produced

intense and stable fragment ions at m/z 294.7, m/z 338.8

and m/z 356.7 (Fig. 1), which was specific fragment ions

for DBCEC-labeled AA derivatives. DBCEC can specifi-

cally react with AA or other amino compounds. Other

compounds with amino group may be present in real

samples, and were presumably co-extracted and deriva-

tized by DBCEC; but this interference can be monitored by

the molecular ions and the characteristic fragment ions,

and can also be avoided by adjusting the mobile phase

gradient.

Stability of DBCEC and AA derivatives

After the anhydrous acetonitrile solution of DBCEC had

been stored at 4�C in darkness for 2 weeks, the AA

derivatization yields obtained with the little change

(\1.0%). The corresponding neutral solution of derivatives

was stored at 4�C and at room temperature in darkness as

well as in daylight for a period of 1 week, during which

time they were analyzed six times. Results indicated that

these AA derivatives were stable enough to be efficiently

analyzed by HPLC analysis at least 48 h later, with the

normalized peak areas varying by \2.32%.

Reproducibility, correlation coefficient, recovery

and LOD

The linearity was established by the analysis of AA stan-

dards concentration range of 5–12,500 nM, and all AA

derivatives gave excellent linear responses with correlation

coefficients [0.9992. The AA standard solution consisting

of 30 pmol was analyzed to determine the reproducibility of

the method. Relative standard deviations of retention time

and peak area (RSD, %; n = 8) were less than 0.55 and

1.42%, respectively. The recoveries were calculated as

follows: recovery (%) = 100 (a - b)/c, where a was the

measured concentration obtained from the extracted serum

solutions which were spiked standard; b was the concen-

tration of AA in the matrix and c was the added known

concentration to the matrix. The analyses were carried out

in duplicate, and the experimental recoveries obtained were

ranged from 94 to 99%. Detection limits are an important

consideration when the components of biological matrixes

are analyzed, particularly when they are present at low or

trace concentrations. The calculated detection limits of this

Fig. 2 The 3D response surface of detection responses (peak area)

affected by derivatization pH, derivatization time and DBCEC

concentration: the effect of derivatization time and pH on the peak

area (a); the effect of derivatization time and DBCEC concentration

on the peak area (b) and the effect of derivatization pH and DBCEC

concentration on the peak area (c)
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method (at a signal-to-noise ratio of 3:1) were ranged from

0.19 to 1.17 fmol/lL (Table 4). These detection limits are

significantly lower than those reported for AA determina-

tion. For example, Nagy et al. (2003) described a direct

tandem mass spectrometric method for AA analysis in

neonatal screening that generated 2–42 pmol/lL detection

limits. Thiele et al. (2008) employed a derivatization-free

method based on a strong cation exchange liquid chroma-

tography coupled to tandem MSD for AA determination in

plant tissues, and the detection limits for this method were

from 0.1 to 3 pmol/lL. Jámbor et al. (Jámbor and Molnár-

Perl 2009) developed an AA analysis method by HPLC

using 9-fluorenylmethyloxycarbonyl chloride as pre-column

derivatization reagent, and obtained the detection limits of

1–10 pmol/lL. Gatti et al. (2010) developed a pre-column

derivatization reagent 2,5-Dimethyl-1H-pyrrole-3,4-di-

carbaldehyde for HPLC/UV detection of AA. This method

yielded the detection limits of 0.19–0.50 pmol/lL.

Trace AA analysis in human serum

Under the proposed conditions, the AA in human serum

including 22 healthy subjects and 27 hepatitis patients were

determined. The peaks were doubly identified by chro-

matographic retention time and on-line MS identification. As

expected, 20 AA in serum samples could be simultaneously

separated with a good baseline resolution. The representative

chromatogram of AA in healthy subject is presented in

Fig. 3b. Table 4 showed the compositional data of AA in

serum samples. The levels of Lys, Glu, Gly, Ala, Met, Phe,

His, Orn, and Ser in hepatitis patient serum were significantly

higher than those of the healthy serum (P \ 0.01). However,

the levels of Asp and Leu in hepatitis patient serum were

significantly lower than those of the healthy subjects

(P \ 0.01). GABA at trace levels, one of the chief inhibitory

neurotransmitters, has been associated with alcohol addic-

tion, depression, and sleep problems (Petty et al. 1999).

Fig. 3 Representative chromatograms of AA standard derivatives

(a) and AA derivatives in healthy subject serum (b). Hypersil BDS

C18 column: 4.6 mm 9 200 mm 9 5 m; column temperature 35�C;

flow rate 1.0 ml/min; excitation and emission: kex/kem = 300/395 nm

Peaks: 1 Arg, 2 Asp, 3 Ser, 4 Glu, 5 Thr, 6 Gly, 7 Ala, 8 GABA,

9 Pro, 10 Met, 11 Val, 12 Trp, 13 Phe, 14 Ile, 15 Leu, 16 (Cys)2,

17 His, 18 Orn, 19 Lys, 20 Tyr
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Patients with acute posttraumatic stress disorder (Vaiva et al.

2006), and depression (Petty et al. 1999; Sanacora and

Saricicek 2007) presents lower serum GABA concentration

than that of the healthy subjects. Hepatitis patients in this

study also presented slight lower serum GABA concentra-

tion than the control group (Table 4). The molar ratio of

branched chain amino acids (BCAA) to aromatic amino

acids (AAA) (Kano et al. 1991) and BCAA to Tyr (Ninomiya

et al. 1999) in serum have been used as a sensitive and

prognostic index for liver diseases (BCAA was the sum-

mation of three branched-chain amino acids: Val, Ile, Leu,

AAA was the summation of three aromatic amino acids: Phe,

Trp, Tyr). As was shown in Table 4, BCAA/AAA and

BCAA/Tyr molar ratio in hepatitis patient’s serum were

1.29 ± 0.2 and 5.85 ± 0.3, respectively, which were sig-

nificant compared with those in the healthy subjects

(P \ 0.01). These conclusions are consistent with the mod-

els established in previous studies (Kano et al. 1991;

Ninomiya et al. 1999) and can validate the feasibility of the

models using BCAA/AAA and BCAA/Tyr molar ratio as

sensitive and prognostic index for liver diseases.

Conclusion

A HPLC-FLD method for trace AA determination in

biological samples was developed using DBCEC as

labeling reagent, this method was capable of providing

high selectivity, sensitivity, and reproducibility of analysis,

with short derivatization time and minimal sample. The

derivatization conditions for AA derivatization were opti-

mized by utilizing a three-level, three-variable BBD from

RSM. Alternatively, traditional optimization method based

on single-factor design can be laborious, time-consuming,

and complicated. The complete derivatization reaction of

DBCEC with AA could be achieved within 6.3 min at

room temperature. This method offered the satisfactory

LOD of 0.19–1.17 fmol/lL and was successfully applied to

analyze the AA in human serum. Meanwhile, the method

reported here shows great potential for trace AA determi-

nation in complex physiological fluids, human or plant

tissue and other biological samples.
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Thiele B, Füllner K, Stein N, Oldiges M, Kuhn A, Hofmann D (2008)

Analysis of amino acids without derivatization in barley extracts

by LC-MS-MS. Anal Bioanal Chem 391:2663–2672

Vaiva G, Boss V, Ducrocq F, Fontaine M, Devos P, Brunet A,

Laffargue P, Goudemand M, Thomas P (2006) Relationship

between posttrauma GABA plasma levels and PTSD at 1-year

follow-up. Am J Psychiatry 163:1446

Yoshitake T, Fujino K, Kehr J, Ishida J, Nohta H, Yamaguchi M

(2003) Simultaneous determination of norepinephrine, serotonin,

and 5-hydroxyindole-3-acetic acid in microdialysis samples from

rat brain by microbore column liquid chromatography with

fluorescence detection following derivatization with benzyl-

amine. Anal Biochem 312:125–133

You J, Shan Y, Zhen L, Zhang L, Zhang Y (2003) Determination of

peptides and amino acids from wool and beer with sensitive

fluorescent reagent 2-(9-carbazole)-ethyl chloroformate by

reverse phase high-performance liquid chromotography and

liquid chromotography mass spectrometry. Anal Biochem

313:17–27

You J, Song C, Yan T, Sun Z, Li Y, Suo Y (2009a) An improved

reagent for determination of aliphatic amines with fluorescence

and online atmospheric chemical ionization-mass spectrometry

identification. Anal Chim Acta 658:98–105

You J, Yan T, Zhao H, Sun Z, Xia L, Suo Y, Li Y (2009b) A sensitive

fluorescence reagent for the determination of aldehydes from

alcoholic beverage using high-performance liquid chromatogra-

phy with fluorescence detection and mass spectrometric identi-

fication. Anal Chim Acta 636:95–104

Zeman S, Lloyd C, Meldrum B, Leigh P (2008) Excitatory amino

acids, free radicals and the pathogenesis of motor neuron

disease. Neuropathol applied neurobiol 20:219–231

Determination of trace amino acids in human serum using HPLC-FLD-MS/MS 1193

123

http://dx.doi.org/10.1007/s00726-010-0521-7

	Determination of trace amino acids in human serum by a selective and sensitive pre-column derivatization method using HPLC-FLD-MS/MS and derivatization optimization by response surface methodology
	Abstract
	Introduction
	Experimental
	Instrumentation and chemicals
	Preparation of standard solutions and samples
	Derivatization procedure
	Extraction and derivatization procedure for serum samples
	HPLC
	Data statistics

	Results and discussion
	Optimization of derivatization parameters
	HPLC separation and MS identification
	Stability of DBCEC and AA derivatives
	Reproducibility, correlation coefficient, recovery and LOD
	Trace AA analysis in human serum

	Conclusion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


