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Abstract

6-Oxy-(N-succinimidyl acetate)-9-(Znethoxycarbonyl)fluorescein (SAMF), a new fluorescein-based amine-reactive fluorescent probe
was well designed, synthesized and used as a pre-column derivatizing reagent for the determination of aliphatic amines in HPLC. It exhibited
relatively pH-independent fluorescence (pH 4-9) and excellent photostability. The derivatization was performed at room temperature in
6 min. On a Gg column, the derivatives of SAMF with eight aliphatic amines were baseline separated in 28 min with a mobile phase of
methanol-water (57:43, v/v) containing 10 mmdl pH 5.0, HCit;—NaOH buffer. With fluorescent detectionjat/Aem=484/516 nm, the
detection limit could reach 2—320 fmol (signal-to-noise = 3), which was equivalent to or better than the detection limits obtained from other
analytical methods of aliphatic amines. The proposed method has been applied to the determination of the aliphatic amines in environmental
and food samples such as lake water, red wine, white wine, and cheese with satisfying recoveries varying from 95 to 106%.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction Method 8260 and the EPA maintains an increasing interest
in analytical methods for amings].

Short-chain aliphatic amines are widely used as starting  Analytical methods developed to determine aliphatic
materials in the manufacturing industry. Thereby, they are amines include gas chromatography (€&)/], thin-layer
regular pollutants in the environment. On the other hand, aschromatography (TLC[8,9], spectrofluorimetry10], high-
they are degradation products of organic materials such asperformance liquid chromatography (HPL{)1-14] and
amino acids and proteins, they also existin biological systemscapillary electrophoresis (CE}5,16] HPLC is a rapid, reli-
and different foods (e.g. wines, cheese), which also might be able, sensitive and widely used method, which can be applied
contaminated by environmental aliphatic amiiies3]. As to the determination of aliphatic amines in environmental
we all know, these amines are not only irritants to human samples and foods such as wines, beverages, and meat.
bodies, but also important middle products of nitro-amines,  As most of aliphatic amines have no UV absorption or
which are potential mutagenic and carcinogenic compoundsfluorescence, derivatizing or labeling becomes a necessary
[4]. Certain amount of aliphatic amines in the environment procedure to determine them. Most of HPLC separation is
and food are considered as a serious risk. Thus, they are tarearried out using UV absorption detection due to its easi-
get analytes of US Environmental Protection Agency (EPA) ness to use, however, because of its poor detection limits

this method is not suitable for the detection of environmental
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preferable due to its high sensitivity. Various fluorescent applied to determining aliphatic amines in lake water, red

reagents were used for aliphatic amines labeling includ- wine, white wine, and cheese with recoveries varying from

ing 5-dimethylaminonaphthalene-Il-sulfonylchloride (Dns- 95 to 106%.

Cl) [17], 4-fluoro-7-nitrobenzo-2-oxa-|, 3-diazole (NBD-F)

[18], o-phthalaldehyde (OPA]19,20], 6-aminoquinolylN-

hydroxysuccinimidyl carbamate (AQ@1]andsoon. These 2. Experimental

reagents have drawbacks such as short detection wavelengths,

serious interference in the determination of biological sam- 2.1. Apparatus

ples, or bad stability of derivatives determined, which brings

difficulties to the quantitative analysis. An LC-6A HPLC system (Shimadzu) with an RF-530 flu-
Fluorescein is an important fluorophore for sensitive de- orescence detector (Shimadzu) and a CR-3 A integrator (Shi-

termination and other useful application such as confo- madzu) was used. Separation was performed on a Lichrosorb

cal laser-scanning microscopy and flow cytometry. In spite C1g column (5um, 200 mmx 4.6 mm i.d., Agilent, USA).

of its pH-dependence and bad photostability, the amine- A RF-5000 spectrofluorometer (Shimadzu) equipped with a

reactive fluorescein derivatives have been the most com-1cmx 1cm quartz cell was used for recording spectra. A

mon fluorescent derivatizing reagents. In addition to its rel- DF-801 pH meter (Zhongshan University, China) was used.

atively high absorptivity and excellent fluorescence quan- All melting points were determined with an X-4MP apparatus

tum yield, fluorescein has an excitation maximum (488 nm) from Shanghai Instrument Co. (Shanghai, China). ESI-MS

that most closely matches the 488 nm spectral line of the spectra were obtained by means of a Finnigan Pe9Gn-

argon-ion laser. Up till now, there are few amine-reactive strumentH NMR spectra were recorded on a Varian Mer-

fluorescein derivatives, except for fluorescein isothiocyanate cury UX 300 spectrometer. FTIR spectra were obtained for

(FITC) [22,23] 5 (6) carboxyfluorescein (CFSE24], N- the products in KBr disks by means of a Bruker (Karlsruhe,

hydroxysuccinimidyl fluorescei-acetate (SIFA]25]. As Germany) IFS48 instrument.

it is well known, FITC needs high effective derivatizing

concentration (& 10~4molI~1), tedious reaction timg4]. 2.2. Chemicals and reagents

Besides, a clean chromatogram can hardly be obtained be-

cause of the strong peaks of excessive FITC, fluorescein Ethanolamine (EOA), methylamine (MA), ethylamine

amines, and other by-products. Although using CFSH; a  (EA), n-propylamine (PrA), n-butylamine (BA), n-

hydroxysuccinimidyl fluorescein active ester as a labeling pentylamine (PA) and-hexylamine (HA) were of analytical

reagent can overcome these drawbacks, it yields a mixture ofgrade and purchased from Shanghai Chemicals Company

isomers at the 5- and 6-positions of fluorescein’s phenyl ring, in China. FITC was obtained from Sigma (St. Louis, MO,

which results in interference in separation, and single isomersUSA).

are much more expensifg6]. What is more, the fluores- Unless otherwise specified, all other reagents were of ana-

cence of allthese fluorescein-based reagents is pH-dependenytical reagent grade. All solutions were prepared with doubly

which greatly limits the application. Therefore, our interest distilled water.

is focused on developing neM-hydroxysuccinimidy! fluo- The stock solutions of EOA, MA, EA, PrA, BA, PA,

rescein active esters that can solve these problems. HA were prepared by dissolving the appropriate amine
To synthesize less pH-sensitive fluorescein active es-in water. B BO3-Nay;B4O; buffer was prepared by mix-

ters with good photostability, single active group, good ing 0.05mol ! Na,B40- solution with 0.2 molt? H3BOs3

reactivity, high purity, and satisfying derivatizing effi- solution to the required pH value.38it3—NaOH buffer

ciency, we designed and synthesized a novel fluores-was prepared by mixing 0.1 mol} HsCitz solution with

cent labeling reagent, 6-oxyN{succinimidyl acetate)-9-  0.01mol1 NaOH solution to the required pH value.

(2-methoxycarbonyl)fluorescein (SAMF). Its fluorescence  SAMF was synthesized in our laboratory and a

properties were studied in detail. It exhibits relatively pH- 2 x 10-3moll~! solution was prepared in anhydrous ace-

independent fluorescence (pH 4-9) and at pH 4, the fluo- tonitrile.

rescence quantum yieldpj of SAMF derivatives is about

0.30 which is far greater than those of fluorescein and FITC 2.3. Synthesis of 6-oxy-(N-succinimidyl

derivatives ¢ =0.07). As the mobile phase of HPLC is acidic acetate)-9-(2methoxycarbonyl)fluorescein

in many cases, these properties make it advantageous over

FITC and other fluorescein-based dyes for HPLC. Besides, Fluorescein methyl ester was synthesized according to the

SAMF is much more photostable than either fluorescein or literature[27]. Ared solid (I) was obtained: yield 3.4 g (98%);

FITC when exposed to ordinary light (tungsten light bulb). m.p.212-214C. MSm/z 346 (M)*. IR (KBr pellet):v—o—n,

As a derivatizing reagent, it reacted readily with amines and 3036 cnT!; v—c—y, 2900 cm7L; ve=o, 1719 et v_c—c—,

was successfully used as a labeling reagent to determinel638-1604 cm?; v—c—o—c—, 1281-1139 cm?.

seven aliphatic amines with HPLC. The detection limit of A mixture of bromoacetic acitert-butyl ester (2 g), di-

ethanolamine reached 2 fmol. The proposed method has beetisopropylethylamine (5ml) and DMF (10ml) containing
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Fig. 1. The synthesis scheme of SAMF.

the above product (I) (2.89g) were refluxed. The mixture 2.4. Photostability study

was added to ethyl acetate and extracted with NaklCO

sodium citrate, NaHCg) and water, respectively. MgQ0O Photostability study was carried out according to the liter-
was used to dry the organic phase, then the phase dis-ature[28]. Itwas performed by irradiating a610-8 mol -1
solved in diethyl ether to form crystals (ll): yield 2.95g sample in anhydrous acetonitrile or 0.1 mollH3BOs-

(80%); m.p. 188-192C; MS mV¥z 460 (M)*. IR (KBr pel- NaB4O7 buffer, pH 9, using a lamp with a 200W soft
let): v=c—n, 2920 cnT!; ve=o, 1751-1721 cmt; v—c—c—, white bulb (General Electric, China) positioned 10 cm from
1642-1598 cm?'; vc—o—c—, 12921081 cm?. the sample flask. The flask was cooled by flowing room-

The above product (ll) (1.84 g) was dissolved in triflu- temperature water. Fluorescence spectra were recorded on
oroacetic acid (10 ml), and the mixture was refluxed. Most aliquots taken at different exposure times.
part of the trifluoroacetic acid was removed, and the product
was precipitated with diethyl ether. It was recrystallized from 2 5. perivatization procedure
ethanol and water to give orange crystals (l11): yield (76%);
m.p. 220-222C; MSm/z: 404 (M)". IR (KBr pellet):v—o—, Fig. 2 shows the competitive reactions of SAMF. To

3432cnt; v=c—y, 2918 cn; ve=o0, 1719 cm v—c=c—, a 10ml vial containing appropriate amount of mixed
1639-1598 cm®. H NMR [deuterated dimethyl sulfoxide

(DMSO0)] 6 4.902 (2H, s), 6.535 (1H, s), 6.641 (1H, d), 6.671
(1H,d),6.869 (1H, d),6.993 (1H, d), 7.337 (1H, s), 7.510 (1H,
d), 7.819 (1H, m), 7.877 (1H, m), 8.235 (1H, d), 3.640 (3H,
s) (this peak was overlapped by that of deuterated DMSO,
but it appeared when G 1 was used as the solvent).

The above product (l11) (0.8 g)N-hydroxysuccinimide
(0.276 g), and dicyclohexylcarbodiimide (0.5 g) in anhydrous
DMF (2 ml) were stirred for hours at room temperature. The
mixture was filtered by a Buchner funnel to eliminate the pre-
cipitated dicyclohexylurea. Diethyl ether and light petroleum
(b.p. 60-90C) was added to the filtrate, and the precipitation
was combined. It was washed with ether and dried in vacuo:
yield (80%). The product SAMF (1V) was contaminated with
DMF and could not produce a sharp melting point (m.p.
158-182C). MS m/z. 501 (M)*. IR (KBr pellet): v=c—n,
2910cnY; ve=o, 1712cnY; voc=c—, 1640-1597 cm?;
ve-N—, 1211 cnrl,

The synthesis route is given Fig. 1 Fig. 2. The reaction of SAMF with water and aliphatic amines, respectively.
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amines and 1ml of EBO3-NaB4O; buffer (pH 8.0),

1 x 103 molI~! SAMF was added. The whole solution was
diluted to the mark with water and was kept atZ0for 6 min. -
G 400
2.6. Chromatography 2
[0
Before the analysis, the;gcolumn was pre-equilibrated §
with the mobile phase for 30 min. A 24 aliquot of sam- g 200
ple solution was injected to the chromatograph. Separation S
was performed at a flow rate of 0.7 ml/min and the detection *
wavelengths were set agy/Aem=484/516 nm. 0

I [ I
400 500 600

2.7. Sample preparation Wavelength (nm)

Red wine, white wine, and cheese were made in China Fig. 3. Fluorescence spectra of SAMF and its derivatives.(1 nExti-
and obtained from local supermarket. Lake water, Wines tation and emission spectra of hydrolyzed SAMF, respectively; (2 4nd 2
were used for analysis directly after being filtered through excitation and emission spectra of SAMF-MA, respectively; (3 eheh&i-
a 0.45um membrane filter. tation and emissior_] spectraofSAME inacetonitrile, respgctively. Slitwidths:
The preparation procedure for cheese was performed3 and 3 nm for excitation and emission spectra, respectively.
as described by Jana Lange and Christine Wittmi@9j.
Ten grams of grated cheese were suspended in 20 mlorophore are favorite choices as fluorescent labeling reagents
0.1x 10~3moll~1HCland mixed in a Vortex for 5 min. Sub-  for amines. However, fluorescein-based dyes and their con-
sequent to a centrifugation step (3619 g for 30 min at room jugates have several drawbacks, including a relatively high
temperature), the supernatant was collected. The extractiorrate of photobleaching and pH-sensitive fluorescen&g (p
was repeated with 20 ml of 0:1 10-3 mol I~ HClI for three ~6.4), which restricts the selection of labeling and separation
times. The supernatants were combined and stored@t 4 media in order to maintain high sensitivif26]. Therefore,
to freeze most of the fat. The agglomerated fat layer was pH-independent probes with good photostability are desired.

removed, and the supernatant was filtered. However, there are no fluorescein-based dyes available that
One millilitre of the supernatant was added to a mixture of completely solve these problems.
0.25ml of 5mol 1 NaOH, 0.75 g NaCl and 5 ni-butanol. Generally, the 2carboxyl group and 6-phenolic OH are

After shaking this mixture for 3min and centrifugation for considered to playing a critical role in these properties
10 min, then-butanol layer was separated. The aqueous layer[28]. Based on this point, we designed to protect the car-
(1.25ml) was extracted again with 5ml ofbutanol. The boxyl group through forming ester and lock the fluorophore
n-butanol of every extraction step was transferred in an- into a fluorescent quinoid form to exploit relatively pH-
other tube containing 5ml 02 10~3mol -1 NaOH satu- independent reagent. Besides, the functional group was intro-
rated with NaCl. The second centrifuge tube was shaken andduced through conjugating it to the 6-phenolic OH.We stud-
centrifuged in the same way as before. An 8 ml aliquot of ied the fluorescence properties of SAMF and compared it to
the butanol extract was transferred to a third tube contain- fluorescein and FITC, one of the most popular fluorescent
ing 2.5 ml of 0.1 molt! HCl and 7 min-heptane, shaken for  labeling reagents. The fluorescence spectra of hydrolyzed
1 min and subsequently centrifuged. After removing the or- SAMF and SAMF derivatives are given Fig. 3. As is ex-
ganic layer, the aqueous layer (2.5 ml) containing the aminespected, SAMF have stable fluorescence properties superior to
was analyzed. those of fluorescein and FITC. Since SAMF readily hydroly-
ses in water to form carboxylic acid which is useless in anal-
ysis, the derivatives of methylamine with SAMF and FITC
3. Results and discussion have been used as models to evaluate the fluorescence proper-
ties. Asis showniffrig. 4, SAMF derivatives are significantly
3.1. The design strategy and fluorescence properties of more photostable than either fluorescein or FITC derivatives.
SAMF FITC derivatives almost show no fluorescence when exposed
to ordinary light from a 200 W bulb for about 10 h. However,
N-Hydroxysuccinimidyl active esters have good activity the fluorescences of SAMF and its derivatives exhibit slightly
and selectivity for amino compounds and are employed aschange over 30 h. We also studied the fluorescence quantum
an excellent active group. They can react with amines in yields of SAMF-MA, FITC-MA and fluorescein in the pH
low concentration as quickly as a few minutes to form stable range of 4—9Table J). Although the fluorescence of SAMF-
derivatived24]. In particular, the excessive reagents formhy- MA in basic medium is not encouraging, the fluorescence
drolysates without any by-products and interference Nso,  quantum yield of SAMF-MA is 0.30, which is far greater than
hydroxysuccinimidyl active esters using fluorescein as a flu- fluorescein and FITC-MA® =0.07) at pH 4. Thus, SAMF
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Table 1
The fluorescence quantum yield of fluorescein, FITC-MA, and SAMF-MA in media of different pH values
Compound Fluorescence quantum yfeld

pH=4.0 pH=5.0 pH=6.0 pH=7.0 pH=8.0 pH=9.0
Fluorescein 0.07 0.21 0.39 0.51 0.58 0.61
FITC-MA 0.07 0.17 0.52 0.63 0.65 0.66
SAMF-MA 0.30 0.30 0.31 0.31 0.33 0.33

a The fluorescence quantum yield was determined using the expreggjonds x Fy x As/Fs x Ay whered,,, @ are the fluorescence quantum yield of
samples and the standard solution, respecti¥elpndAs are the areas under the emission curves of the samples and the standard, respectig|y;care
the absorbances of the samples and the standard, respectively. Fluorescein in 0t INa@IH was used as standard solutidrs 0.92.

is advantageous for direct determination of samples in differ- buffer. The pH value of 5.0 was employed as the optimum. As
entenvironments such as various intracellular compartments,stated above, the fluorescence intensity of SAMF derivative
where fluorescein and FITC is almost devoid of fluorescence. changes little between 4 and 9 and the fluorescence quantum
In particular, as the mobile phase of HPLC is acidic in many yield reaches 0.3 at pH 4.0 and 5.0, whereas those of fluores-
cases, SAMF is a pre-column derivatizing reagent far supe-cein and FITC derivatives are 0.07 at pH 4.0 and about 0.2
rior to FITC and other fluorescein-based dyes especially for at pH 5.0. Therefore, in the acidic medium the fluorescence
HPLC. Besides, the ester group increases the reagent’s hyreagent we synthesized can afford more sensitive determina-
drophobic ability and enables it to easily penetrate the cells, tion compared to FITC.

which suggests cell imaging prospect. The effect of the HCit3—NaOH buffer concentration on
kK was also examined. When the concentration is lower
3.2. Separation of SAMF derivatives than 5x 10~3moll~1, the reproducibility is poor. Between

8x 1072 and 12x 10mol 1, a good separation was ob-

The parameters affecting separation were optimized. tained. So, 16« 10-3mol =1 of H3Cits—NaOH buffer was
When methanol content was above 60%, the peaks ofused in this experiment.
ethanolamine, methylamine, and ethylamine overlapped. If ~ Under the optimum condition, the chromatogram was
the methanol content was lower than 55%, longer analysis achieved and shown iRig. 5. The baseline separation was
time was needed. When methanol content was in the rangeobtained within 28 min.
of 57-60%, the peaks could be separated on the baseline.

Thus, 57:43 (v/v) was employed as the optimum methanol 3.3. Optimization of derivatization conditions
content.

The pH value of mobile phase was also studied. Aswe all It has been well documented that FITC, a widely
know, pH 2-8 is usually used for mobile phase. In this ex- used reagent produces several by-products resulting in se-
periment, it was found that pH above 6 or below 4 produces vere interferenc§24]. For succinimidyl ester labeling, the
bad separation and reproducibility. Between pH 4-6, we also
studied the effect of pH oK' in detail using HCit3—NaOH
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Fig. 4. Photostability of fluoresceilll, FITC (O), FITC-MA (+), SAMF

(x), SAMF-MA (A); 5x 10~8moll~! SAMF in anhydrous acetonitrile; Fig. 5. Typical chromatogram of SAMF and amine derivatives. Mobile
5x 10~8mol I~ of other samples in 0.1 mott H3BO3-NapB4O- buffer, phase: methanol-water (57/43 (v/v)); flow rate: 0.7 ml/min. Standard amines
pH 9; excitation at 488 nm for fluorescein, FITC, and FITC-MA, 484 nm for ~ concentration: 0.4imol/1. Peaks: (1) hydrolyzed SAMF; (2) SAMF-EOA,
SAMF and SAMF-MA after aliquots were removed from solutions exposed  (3) SAMF-MA; (4) SAMF-EA; (5) SAMF-PrA; (6) SAMF-BA; (7) SAMF-

to the radiation from a 200 W soft white bulb. PA; (8) SAMF-HA.
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16 needs 12-16 h at room temperature (202@por 4—6h at
14 bk 40-45°C[24,30] The tedious reaction companied with other
N disadvantages demonstrates that FITC is not the best choice
g 12 1% for derivatizing amino compounds. In this experiment, the
o 10 F e " x investigation of suitable reaction time was carefully carried
5 @k out at 20°C. It was demonstrated that the reaction was com-
= g A g - —— pleted in 5 min. To get reproducible results, the derivatization
« 6F — = . - at room temperature (2@€) for 6 min was performed.
g L. T o
o O —— 3.4. Interference
0 10 2'0 :;0 4‘0 5‘0 50 SAMF can react readily with amino acid. To exclude the

interference of amino acid, the retention time of familiar
amino acids derivatives such as the derivatives of glycine,
glutamic acid, cysteine, tryptophan, lysine, taurine, serine, as-
partic acid, alanine was investigated. It was found that under
the chosen chromatographic condition, the peaks of deriva-
tives and the hydrolysates overlapped. The retention time of
derivatizing reaction is usually performed in aqueous phase.aliphatic amines was much longer than that of amino acids,
In this case, the excessive reagents form hydrolysates with-therefore the amino acids have no interference with the analy-
out any other by-products and thus offer relatively less in- sis. Besides, aromatic amines and alcohols did not make any
terference. The influence of the amount of reagent on theinterference with the determination of aliphatic amines for
derivatization was investigated. As there is a competition be- the active ester exhibits no reaction activity toward aromatic
tween the derivatizing and the hydrolysis for the derivatiz- amines and alcohols.

ing method presented here, excess reagent is needed. At the

same time, too much reagent leads to a strong peak of the hy-3.5. Analytical calibration

drolysates and interferes with the determination. When the

concentration of reagent is in the range of 80 6 mol -1 A test mixture with different concentrations of standard
and 14x 10-8mol |1, the peak areas of derivatives are high- aliphatic amines was prepared and analyzed using the op-

Reaction temperature (°C)

Fig. 6. Effect of reaction temperature on the peak area of amine deriva-
tives. @) SAMF-EOA; (ll) SAMF-MA; (A) SAMF-EA; (x) SAMF-PrA;
(*) SAMF-BA,; (@) SAMF-PA; (+) SAMF-HA.

est and unchangeable. So,420 8 mol I~ was chosen as
the optimal concentration.

timized derivatization procedure and separation conditions
for the determination of the linearity. The lowest detectable

The influence of various pH values on the peak areas wasamount of aliphatic amines was calculated as the amount of

also studied using $BO3-NayB40O7 buffer. It was found that

aliphatic amine that resulted in a peak three times higher than

the peak areas of the derivatives were almost stable at pHthat of the baseline noise. The linear calibration ranges, re-

7.5-9.5. At pH 8.0, different volume of buffer was further
tried. One millilitre was found to be the best at pH 8.0.
High temperature could accelerate the derivatization re-

gression equations, and detection limits of aliphatic amines
was calculated and listed ifable 2 The correlation coeffi-
cients for these aliphatic amines are from 0.9954 to 0.9999,

action as well as the hydrolysis of the reagent. Therefore, theindicating good linearity. The R.S.D.s for the SAMF deriva-
experiment aimed at the best temperature to achieve the bestives are from 0.4 to 4.1% for within-day determination

derivatization yieldFig. 6 indicates that the effect of differ-
enttemperature on the peak areas. Room temperatut€§20
was employed.

Usually, the derivatizing is expected to be performed in a
short time with satisfying efficiency. For FITC, the reaction

Table 2

(n=6) and from 1.5 to 4.7% for between-day determina-
tion (n=6). It was shown that the quantification and qual-

ification of aliphatic amines could be well done by this

method. The detection limits for the labeled amines range
from 2 fmol for ethanolamine to 320 fmol farhexylamine,

Linear calibration range, regression equation and detection limits of SAMF derivatives

Amines Calibration range Regression equation R? R.S.D. (%,n=6, R.S.D. (%,n=6, Detection limit
(wmol I71) between-day) within-day) (fmol)
Ethanolamine 0.004-8 y=12287%+7482.5 0.9954 47 21 2
Methylamine 0.01-8 y=9560X+ 7184 0.9993 2.4 35 20
Ethylamine 0.04-8 y=9526&— 1537 0.9981 15 0.4 80
n-Propylamine 0.08-8 y=9923x+ 805.95 0.9998 35 1.6 80
n-Butylamine 0.08-8 y=100014&-3845.5 0.9999 2.7 1.7 160
n-Pentylamine 0.16-8 y=38356+4983.6 0.9981 2.6 4.1 320
n-Hexylamine 0.16-8 y=6783%—-20184 0.9967 1.8 2.8 320

x: concentration of amingumol I-1); y: peak area of amine derivatives.



Table 3

Analytical results of samples

Samples Lake wat@r Red winé White wineé* Cheese

Added Founded R.S.D. Recovery  Added Founded R.S.D. Recovery  Added Founded R.S.D. Recovery  Added Founded R.S.D. Recovery

(ng/1) (ng/1) (%,n=6) (%) (ng/l)  (ngl) (%,n=6) (%) (ng/1) (ng/1) (%,n=6) (%) (ng/1) (ng/1) (%,n=6) (%)
Ethanolamine 0 @6 21 0 3% 34 0 102 0.6 0 0

195 194 1.4 98 1% 556 45 103 195 303 35 103 195 207 25 106

34.2 346 1.9 100 3@ 686 12 97 342 448 42 101 342 356 31 104
Methylamine 0 o7 14 0 0 [09) 11 0 0

9.9 106 3.2 102 9 9.6 31 97 Q9 103 35 99 Q9 100 13 100

174 17.6 1.6 99 174 1683 45 97 174 182 0.6 105 174 180 24 104
Ethylamine 0 0 0 0 0 3 41 0 0

144 138 4.2 96 144 149 12 103 144 190 36 105 144 150 43 104

25.2 255 1.5 101 22 253 23 100 252 298 14 103 252 265 23 105
n-Propylamine 0 0 0 B 0.9 0 0 0 0

189 201 0.9 106 19 239 30 95 189 187 07 99 189 187 18 99

330 345 2.6 105 3D 381 976 95 330 342 34 104 330 323 39 98
n-Butylamine 0 B4 3.4 0 866 23 0 314 21 0 0

234 255 2.7 95 23A 1092 4.1 97 234 540 15 96 234 240 18 103

409 510 3.1 102 40 1267 33 98 409 743 19 105 409 413 33 101
n-Pentylamine 0 0 0 0 0 0 0 0

27.8 293 1.6 105 2P 278 4.1 100 278 275 14 98 278 265 16 95

487 466 4.3 96 487 494 28 101 487 507 28 104 487 475 35 98
n-Hexylamine 0 0 0 0 0 0 0 0

323 322 34 101 33 324 37 100 323 330 33 102 323 332 19 103

56.6 545 1.0 96 566 549 21 97 566 535 21 95 566 538 25 95

2 The concentration of the sample is 8% of the real sample.

TST-£¥T (S002) £90T V UBorewolyd °c / ‘|e 18 0ed M-"1

6vT
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which was equivalent to or better than the detection limits pounds exist in the windg], but they do not react with the
obtained from other analytical methods of aliphatic amines reagent and show no fluorescence.giiem=484/516 nm
[2,31-33] The derivatization limits for amines would be im-  resulting in no interference. The chromatograms of samples
proved if more sensitive approaches, such as laser-inducedinspiked and spiked with standard solutions are shown in

fluorescence (LIF) detection system, were available. Fig. 7. The analytical results are summarizedable 3 The
recoveries ranged from 95 to 106% and the R.S.D.s from
3.6. Application to sample analysis 1.5t0 4.7%.

The proposed method was applied to the determination
of aliphatic amines in lake water, red wine, white wine, 4. Conclusions
and cheese. In order to make the concentration of analyte
in linear calibration range, the lake water, red wine and A new sensitive fluorescent labeling reagent, 6-oXy-(
white wine were diluted with water in this case. It was succinimidyl acetate)-9-(2nethoxycarbonyl)fluorescein,
found that these samples have no native fluorescence atvas developed for the determination of aliphatic amines
rexAem=484/516 nm. It was reported that phenolic com- by HPLC. Compared to other fluorescein-based reagents,
it exhibits relatively pH-independent fluorescence (pH
! 4-9) and excellent photo stability. SAMF reacts with
amines under mild conditions, which is comparable to
6-aminoquinolyIN-hydroxysuccinimidyl carbamate and
7 superior to other active esters used for amine labeling. The
detection limits were 2—-320fmol with a signal-to-noise
ratio of 3. The proposed method was successfully applied
LR to determining trace aliphatic amines in environmental and
food samples such as lake water, red wine, white wine,
and cheese with recoveries varying from 95 to 106%.
'y 345 This work provides rational design strategy for the further
#\ M WU ;e investigations of novel and potentially useful fluorescence
MUILASASAS ! A probes that can afford better sensitivity as well as these

T
5 10 15 20 25 30 5 10 15 20 25 3 advantages SAMF possesses.
(A) Time (min) (B) Time (min)

Relative fluorescence
Relative fluorescence
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