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Sensitive analysis of amino acids in injection
liquor by reversed-phase HPLC
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Abatract A convenient derivatization method of amino acids with 1-fluoro-2,4-dinitrobenzene
as reaction reagent and a separation system were described. The derivative amino acids were sepa-
rated on a specific chemically bonded phase column with a simple linear gradient elution consisting
of aqueous buffer and methanol. The eluate was detected by common ultraviolet absorption detec-
tor at 360 nm. The detection limits of amino acids were as low as 10 picomole. This method has
been successfully applied to assay amino acid injection liquor used in hospital. It has good repro-
ducibility and precision. The procedures avoid the requirements of particular derivative equipment
and analyzer employed in conventional amino atid analysis.

Keywords Amino acids, precolumn derivatization, reversed phase separation, UV absorption
determination.

Introduction

Amino acid injection liquor is an important medicine that was widely used in
hospital. Many methods of amino acid analysis have been proposed so far. Tra-
ditional amino acid analysis is based on separation by ion exchange chromatog-
raphy followed by post-column derivatization with ninhydrin.! This technique re-
quires specific dedicated instrument. Replacement of this method with fluorescent
reagents can increase the sensitivity of determination, but requires specific equip-
ment and a fluorescent detector. A noticeable trend of development of amino acid
analysis is that the ultraviolet absorption detection was employed after pre-column
derivatization with N, N-diethyl-2,4-dinitro-5-fluoroaniline,? phenylisothiocyanate®
and fluoro-2,4-dinitrobenzene.*® This paper described a derivatization method of
amino acid with 1-fluoro-2,4-dinitrobenzene(DNFB) and separation procedure by
reversed-phase HPLC at room temperature. The derivatization procedures are very
convenient and the products are more stable than other methods. The detection
limits utilizing UV detector at 360 nm can be lowered to picomole. The method has
good reproducibility and precision. It has been successfully applied to assay amino
acids in injection liquor.
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Reagents and chemicals

1-Fluoro-2,4-dinitrobenzene(DNFB) was of reagent grade and imported from
E.Merck(Damstard, Germany). Standard L-amino-acids were purchased from Sigma
(ST. Louis, USA). The spectral pure acetonitrile was supplied by Shanghai Insti-
tute of Brain, Chinese Academy of Sciences (Shanghai, China). The HPLC grade
methanol was purchased from Beijing Chemical Reagent Factory. All other chemicals
were of analytical grade. The deionized water was freshly distilled in our laboratory.
The 5% amino acid injection liquor was supplied from the Shanghai and Kuanton
Pharmaceutical Factory(China).

HPLC apparatus

An BPLC instrument(Gilson Medical Electronic Inc., France) consists of two
305 model pumps, a 116 UV programmable detector, an NEC APC IV advanced
personal computer with Gilson 715 HPLC system software, and an Epson LQ-1600K
Printer. A reversed-phase column (250 mmx4.6 mm L.D) packed with chemically
bonded phase specifically prepared in our laboratory. The mobile phase consists of
two solvent systems, A: 60 mol/L sodium acetate (pH 6.45) containing 0.5% organic
modifier, B: methanol. A linear gradient profile of these two solvents. during the
separation was listed in Table 1.

Table 1  Elution programme

Time (min) Flow rate (mL-min} A(%) Time (min) Flow rate (mL-min) A(%)

o 1.0 70 25 1.0 30
10 1.0 50 30 1.0 10
15 1.0 45 35 1.0 70
20 1.0 35

All separation procedures of DNFB-amino acids were carried out at room tem-
perature between 14—20°C.

The derivatization of standard amino acids solution and injection liquor

Standard solution (1.0 mL) containing each amino acid (500 nmol) or injection
liquor, acetonitrile solution (1.0 mL) containing 1% DNFB , and 0.5 mol/L sodium
bicarbonate solution (pH 9.0, 1 mL) were transferred to a 10 mL brown volumetric
flask and thoroughly mixed. The mixed solution shaded from light was heated at
60°C for 1 h and gently shaken during the reaction frenquently. After the reaction
solution was cooled to room temperature, 0.01 mol/L phosphate buffer (pH 7.0) was
added to the volume of 10 mL. Then the mixed solution was centrifuged at 4000
rpm for 5 min. Pipette 1.0 mL reaction solution and transfer to a 10 mL volumetric
flask and dilute to 10 mL with distilled water. 10 pL final solution was injected
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into HPLC column. The reaction solution was protected from light and kept in
refrigerator at 4°C.

Results and discussion
Optimization of DNFB-amino acid separation

The reaction of DNFB with amino groups on amino acid molecules is represented
in following equation:

o.u'-Q—F + HaN  GO#H ——— DgN W COH + HF
NOe NCe

D:N—QF + HOH —=— a.u—Q—uu + HF
NOp NO3

DaN o4 + HO NDg —e MHWH #20
NO» QaN D2 02N

There are two by-reactions in this reaction. These two by-products can be writ-
ten as (DNP)OH and (DNP);0 respectively.

It is necessary to separate not only all DNFB-amino acids each other, but also
these by-products from DNFB-amino acids. In order to realize this target, the
column efficiency and selection of mobile phase play an important role.

The composition and property of mobile phase had important effect on the reso-
lution of DNFB-amino acids too. Different concentration buffers of sodium acetate
containing various organic modifiers and gradient profiles were tested. With 60
mmol/L sodium acetate buffer as solvent A, best separation could be obtained. With
the help of adding a few organic modifier (normally 0.5% or 1% V/V) into aqueous
buffer the separation could be significantly improved and the column efficiency counld
be increased. The influence of three kinds of organic modifiers on separation was in-
vestigated. N, N-Dimethylformamide(DMF}, N-methylpyrolidone(MPD) were bet-
ter, although triethyl amine(TEA) can also improve the resolution, it can cause
higher column back pressure. Adding 0.5% MPD into sodium acetate buffer the
highest column efficiency could be obtained. Thus we preferred MPD as an organic

modifier. The column efficiencies of some amino acids were listed in Table 2 after
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adding these organic modifiers. The 715 software system can be used to calculate
the theoretical plates automatically.

Fig. 1  Separation of standard DNFB-amino acids mixture on AA05 column ‘(250
mmx4.6 mm 1.D.). Detection at 360 nm, 0.05 a.u.fs. Other conditions are
cited in the text. Peaks: 1, Asp; 2, Glu; 3, Ser; 4, Gly; 5, Thr; 6, Proj 7,
DNP-OH; 8, Als; 9, Arg; 10, Val; 11, Met; 12, (DNP)20; 13, Cys; 14, Try;
15, Phe; 16, His; 17, unknow; 18, Ile; 19, Leu; 20, Lys; 21, Tyt. )

Table 2 The effect of organic modifiers in buffer on column efficiency(theoretical plates/meter}

Modifer Asp Glu Gly Val Leu Lys

0.5%DMF 42000 40000 46000 39000 41000 45000
1.0%DMF 41000 38000 44000 39000 40000 46000
0.5%MPD 45000 420000 48000 40000 44000 43000
1.0%MPD 43000 40000 45000 41000 42000 47000
0.5%TEA 38000 39000 42000 37000 40000 43000
10%TEA 36000 38000 43000 39000 42000 41000

The pH value of the buffer plays an important role on separation of DNFB-amino
acids. At pH 6.45, the best resolution of all 18 DNFB-amino acids was obtained
under the stepwise linear gradient elution listed in Table 1 in 30 min at room temper-
ature, the result is shown in Fig.1. The chromatogram of the separation of injection
liquor of amino acids on the AAO5 reversed phase column specifically prepared in
our laboratory was shown in Fig.2. The peak No.17 is an unknown compound, may
be due to the sorbitol molecule present in the injection liquor.
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Fig. 2 The elution profile of DNFB-amino acids in injection liquor. The HPLC
conditions and peaks’' names are the same as in Fig.1.

Reproducibility and accuracy

A series of samples of different concentration of standard amino acids in the
range of 10—500 pmol/L were prepared and tested. The retention times of DNFB-
amino acids had very good reproducibility. The average deviation of retention times
of all amino acids either in standard samples or in injection liquors were lower than
0.5%(n=5). The peak areas of each amino acids plotted against injection amounts
were linear over entire concentrations tested. The correlation efficients of these re-
sponse curves were greater than 0.995. The detective amounts of amino acids, using
external standard method, divided by the labelled amounts in injection liquor were
listed in Table 3. The variation coefficients of most amino acids ranged from 1% to
5%(n=5).

Sensitivity

n addition to the instrumental and experimental conditions, the column effi-

" ciency had a great influence on sensitivity. The peak band broadening in the column

could decrease column efficiency resulting lower sensitivity. If a column had 10000

theoretical plates, the detection levels of DNFB-amino acids could be decreased to
10 pmol/L, even much lower at a signal to noise ratio (S/N) of 5.
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Table 3  The detective results of amino acids in injection liquor

Sample Shanghai Kuanton
Amount(%) C.V.(%, n=5) Amount(%) C.V.(%, »n=5)

Asp 103 0.58 102 0.82

Glu 102 0.83 104 1.21

Ser ! 98 1.76 97 0.78 .
Gly 102 1.05 105 1.04
Thr 100 0.85 101 4.28

Pro 103 1.02 99 1.86

Ala 28 1.00 102 2.32
Arg 106 2.35 104 5.04

Val 99 1.76 100 1.26
Met 100 1.83 97 4.54

Cys 94 3.65 25 3.69

Ile 102 0.96 101 1.28
Leu 104 2.84 104 3.45

His 96 1.25 98 4.21

Try 101 1.02 100 257
Phe 100 0.76 96 3.21

Lys 104 0.98 101 2.84
Tyr 96 3.82 98 6.23
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