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A bstract: A simple and sensitive method for the detem ination of long-chain free fatty acids
(FFAs) using 1-[ 2-(p-toluenesulfonate) ethyl]-2-phenylimidazole [4, 5-f] 9, 10-phenanthrene
(TSEPIP) as pre-column derivatization reagent by reversed-phase high perfomance liquid chro-
m atography w ith fluorescence detection and mass spectrometric identification was developed
Eleven long-chain (Cy - Cy) FFA derivatives w ere separated on Eclipse XDB-C; column w ith a
good baseline resolution Studies on derivatization conditions indicate that FFA reacts rapidly and
snoothly with TSEPIP in the presence of K,CO; catalyst at 90  in N, N-dimethylfom am ide sol-
vent to give the corresponding sensitively fluorescent derivatives w ith maximal yields close to
100% w ith a 5-fold molar reagent excess The identification of 11 FFA derivativesw as carried out
by online post-column mass spectrometry w ith atm ospheric pressure chemical ionization source
in positive-ion mode The contents of 11 FFAs in soil and three bryophytes (Ham am allium con-
nexum (Card ) Broth , Actinothuidium hookeri, Neckera pennata) were detemined The re-
sults indicate that the bryophyte plants enrich an abundance of FFAs from soil The excitation
and em ission w avelengths of fluorescence detection w ere set at 260 nm and 380 nm, respectively.
L inear correlation coefficients for the most FFA derivatives w ere higher than 0.9996, and the
detection limits (at signal-to-noise of 3 1) were 26.19 - 76. 67 fmol The method is sensitive and
reproducible for the detem ination of long-chain FFAs in real samples
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Fig 1 Derivatization scheme of 1-[2-(p-toluenesulfonate) ethyl]-2-phenylimidazole
[4,5-f] 9, 10phenanthrene with fatty acids
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Fig 2 Optimization of (a) derivatization solvent and (b) temperature
1 Cy (eicosoic acid); 2 C,, (tetracosanoic acid); 3 Cy (hexacosanoic acid); 4 Cy (octacosanoic acid).

) 1 1 , TSEPIP ,
5 HEC 3
24 1 TSEPIP HEC
, 11 Table 1 Comparison of sensitivities of acids
3 derivatized by TSEPIP and HEC
, FFA lrsepip / luec FFA Itsepie / lnec
Cx 2.65 Cyx 3.08
, [M +H] : Cx 2.62 Cy 3.12
Cx, M /z 633.5, Cy;, m /z 647.6, Cp,, m /z 661.6; Cz 2.70 Cas 3.26
Cos, M /2 675.6 Cou, m /2 689.6 Cys, m /z 703. 6 o 278 o 3%
23, M 12 -9 Ly, m/z -9 L, m/Z -9 Co 2 86 Cao 3.18
CZG! m /Z 717. 6, C27, m /Z 731 5, ng, m /Z 745 6, Cos 2.94
Cyx,m [z 759.5 Cyx,m /z 773. 6 TSEPIP: 1-[ 2-( p-toluenesulfonate) ethyl]-2-phenylim id-
azole [4, 5-f] 9, 10-phenanthrene; HEC: 9-(2-hydroxy ethyl)
carbazole; lisgpip and lyec: the fluorescent intensities of fatty
acid derivatives using TSEPIP and HEC as derivatization rea-
l 3 gents, respectively.
i
% 26
, 11
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) 2 11
(RSD) 0.43% 3.69%,
RSD 0.13% 0.79%,
3 (50 pmol)
Fig 3 Chromatogram of standard fatty
acid derivatives (50 pmol) (50 pmol),
Peak numbers represent the carbon number in fatty acids 01248 16 24 72 h
peak A: reagent peak. oo e e
25 TSEPIP 9-(2- ) - (HEC) RSD, )
2 2 2.93%,
[9] HEC
TSEPIP , 50 pmol
[9] HEC 6 , ,
TSEPIP Cyx 2 2 , RSD

Cspo , , 0. 34%, RSD 3. 55%,
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Table 2 Repeatability, stability and precision Ly
of the method % A
400 ]
Repeatability Stability Precision
FFA (RSD, n=6) (RSD) (RSD, n =6) [
I Apeak Apeak R Apeak 300
Cx 0.13 0.43 0.33 0.07 0.31 i
Can 0.13 0.44 0.43 0.08 0.44 200 -
Cxp 0.13 0.50 0.57 0.12 0.38
Cx 0.14 0.43 0.88 0.16 0.24 100 L
o 0.22 0.54 0.98 0.14 0.55 i
Coxs 0.27 0.74 1.37 0.19 0. 64 0_—',J| L . , ,
Cox 0.33 0.82 1.65 0.23 0.85 0 5 10 15 20 a5
Cx 0.48 1.93 2.35 0.23 1.75 +/min
Cx 0.58 2.35 2.63 0.28 2.26 Ly
Cx  0.64 263 2.77 0.32  2.56 P A b
Cx 0.79 3.69 2.93 0.34 3.55 200 —
Stability: RSD of the peak areas from derivatives stored at [
room temperature for O, 1, 2, 4, 8, 16, 24, 72 h 150 [
27 I
100 |-
200.0 pmol 97.66 fmol , '
, so |
[ ad
0 i L r L 1 . 1 1 N
3 0.9996 0 5 10 15 20 25
0.999 9, 26.19 76.67 fmol(S/N =3)
Lu
3
Table 3 Linear regression equations, correlation 250 |
coefficients and detection limits of [
free fatty acid derivatives 200 |
FFA Regression equation Corre.la_tion D_eFection 150
coefficient Im it/fm ol
Coxo Y =70. 93X +25. 35 0. 9996 26 100 |
Cy Y =68. 53X +21.53 0. 9997 28
Cx Y =71. 73X +21.67 0. 9997 29 50 [
Cx Y =68. 76X +20. 66 0. 9997 30 F
Cas Y =74.11X +21.52 0. 9997 32 0
Cys Y =66. 88X +20. 95 0. 9997 37 +/min
Cox Y =64. 77X +19. 68 0. 9997 42 LU
Co Y =61. 33X +17.15 0. 9998 56 A 22 d
Cos Y =65. 50X +17.99 0. 9999 51 300
Cy Y =55. 36X +15.02 0. 9998 63 250
Cxy Y =42. 26X +10.14 0. 9998 77
X: injected anount (pmol); Y: peak area 200
28 150
10U L 1.0 %10 * mol/L 100
) , 50
3 84. 02% 0 P I
106. 5% 0 5 10 15 20 25
t/min
29 4 (a) (b) (c)
3 (d)

Fig 4 Chromatograms of free fatty acids in (a) soil
sample, (b) Homomallium connexum (Card.) Broth.,
3 (c) Actinothuidium hookeri, and (d) Neckera pennata

4 4 For peak identifications, see Fig 3
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4 (n=3)
Table 4 Contents of free fatty acids

in real samples (n =3)

Hglg

Ham om allium

100 ,

Actinothuidium N eckera

FFA Soil connexum . )
(Card ) B roth hookeri pennata
Cyxp 0.03393 4.342 28.85 10. 46
Cxn 0.01722 0. 1936 3.531 2.391
Cx»  0.06906 7.843 23.05 42.66
Cyx  0.02814 1.241 6.416 9. 039 [1] Johnson D W. Clin Biochem, 2005, 38: 351
Cxu  0.1229 9.39%5 25.19 47.35 [2] Rosenfeld JM. Anal Chim Acta, 2002, 465: 93
Cxs  0.03246 1. 685 5.229 14. 09 [3] IngallsS T, Minkler P E, Hoppel CL, Eric NordlanderJ. J
Cyx  0.09319 8. 349 11. 63 42.89 Chromatogr, 1984, 299: 365
Cyy 0. 009672 0. 9505 1. 304 22.31 [4] Takadate A, Masuda T, Murata C, Haratake C, Isobe A,
Cyx  0.05337 13.18 4. 629 54. 85 IrikuraM, Goya S Anal Sci, 1992, 8: 695
Cy  0.008609 1.019 0 9.238 [5] Yoshida T, Uetake A, Yamaguchi H, Nimura N, Kinoshita
Cy  0.04582 8.221 3.545 33.10 T. AnalBiochem, 1988, 173: 70
[6] LuCY, WuHL, ChenSH, KouH S, Wu SM. J Agric
3 Food Chem, 2002, 50(1): 71
[7] Friso S, Choi S W, Dolnikowski G G, Selhub J Anal
TSEPIP , Chem, 2002, 74: 4526
[8] Steck EA, DayA R JAm Chem Soc, 1943, 65(3): 452
! [9] YouJM, ZhangW B, Zhang Y K Anal Chim Acta, 2001,
436: 163
R ) ) )" ,
90% 1995 (i1sn SCIE RA CClI CC/PC &
ES RCI , 1999 (sci) ISI
(JCR) , 2005 2 808 0.771
(CA) El, Page one (POX) 20
CA *“ "
(CICR)
, 2004 3689 0.888
, 2000 , 2001 (
) 3 ,2002 , 2004 , 2002 2005
, 16 (Ad), 13 (208 ), , , 2007
30 , 360 , ISSN 0251-0790, CN 22-1131/06, 12-40
, :M 305

: 0431-8499870, 8499867, 8499216,

:http: //Iwww. cjcu jlu edu cn

: 0431-8925344; E-mail: cjcu@jlu edu cn

: 130021



