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Abstract

A fast gas chromatographic technique for the determination of fatty acids in human plasma was developed. Its validation and comparison
to a conventional method are here reported. The fast method significantly reduced the time required for analysis by a factor of 5 (total time of
3.2min) while maintaining a similar resolution. Reproducibility of qualitative and quantitative data was measured in both applications. The
results demonstrated that the applied fast gas chromatography (GC) conditions do not affect the analytical quality of the assays, allowing a
short analysis time.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction The high sample throughput, that characterises this kind
of population study, increases the need for a significant re-
The determination of fatty acids in human plasma by gas duction in analysis time. Nowadays this reduction is possible
chromatography (GC) has become a useful and routine toolthanks to instrumental developments in narrow-bore fast GC.
to understand the importance of dietary fat for human health In practical terms, this implies the use of high inlet pressures,
[1]. accurate split flow control, fast oven heating rates and fast
Since the first GC application on human fatty acids, pub- electronicg8]. This type of approach allows several replicate
lished by the end of the 195Q8], numerous and diverse analyses of a sample inthe same time as a single conventional
biomedical and nutritional studies have been designed to eval-GC separation.
uate the effects of these fat biomarkers on nutritional status The development of a fast GC method requires careful
and to establish their relationships with some major patholo- optimization of the experimental conditions. The fast GC
gies such as cardiovascular dised8es]. method has already been proved to be successful in the field
Plasma fatty acid content varies depending on the quality of essential 0il$8,9], PCB mixture$8,10,11] drugs and pes-
and quantity of fat in the habitual diet, the cholesterol level, ticides[10,12] Excellent fast GC separations have also been
the degree of fat replacement and the time period betweenobtained on fatty acid methyl esters (FAME) in complex ma-
measurements, among other factors. trices such as natural fa$3,14] But, as far as the authors
know, the fast GC determination of fatty acids in biological
samples, such as plasma, has not yet been reported.
EE— Until now, research in the field of fatty acids analysis has
* Presented at the 3rd Meeting of the Spanish Association of Chromatog- focussed on the optimization of the sample preparation steps,

raphy and Related Techniques and the European Workshop: 3rd Waste Watey, 1.: : st i L : : :
Cluster, Aguadulce (Almeria), 19-21 November 2003, hich basically consist in lipid extraction, fractionation and

* Corresponding author. Tel.: +34 93 4024 512; fax: +34 93 4035 931. fingl derivatization normally into their corresponding fatty
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The work presented here aims to compare conventional Operating conditions were as follows: the split—splitless
and fast gas chromatography in human plasma fatty acid de-injector was used in split mode with a split ratio of 1:30.
termination. All other analytical steps, in the current method- The injection volume of the sample wasll. The injector
ology, were previously optimized. and detector temperatures were kept at Z5@&nd 270C

respectively. The temperature program was as follows: ini-
tial temperature 160C, increased at 5C/min to 250°C and

2. Experimental held at this temperature for 3 min (total run time: 21 min).
Helium was used as the carrier gas, with a linear velocity
2.1. Reagents and standards of 22.5cm/s (average at 16Q). Pressure: 100 kPa; detec-

tor gas flows: H: 30 ml/min; air: 350 ml/min; make-up Gas

Boron trifluoride in methanol (20% w/v)n-hexane,  (N2): 30 ml/min. Sampling frequency: 20 Hz. Data acquisi-
sodium chloride and anhydrous sodium sulphate were pur-tion and processing were performed with an HP-Chemstation
chased from Merck (Darmstadt, Germany); sodium methy- software for GC systems.
late from Fluka (Buchs, Switzerland) and dry methanol from
Panreac (Barcelona, Spain). 2.3.2. FastGC

Supelcd™ 37 Component Fatty Acid Methyl Esters Mix Fast GC analyses were performed on a Shimadzu
and Menhaden Oil, used for peak identification; and tride- GC-2010 Gas Chromatograph (Shimadzu, Kyoto, Japan)
canoic acid (Gz.0), used as the internal standard (IS), were equipped with a flame ionization detector and a Shimadzu
purchased from Sigma Chemical Co. (St. Louis, MO, USA). AOC-20i Autoinjector. Separation of FAME was carried
Stock standard solutions were prepared by dissolving fatty out on a capillary column (10 nx 0.10mm i.d.), coated
acid methyl esters standardsrithexane and were stored at With a SGE-BPX70 cross-linked stationary phase (70%
4°C until usage. cyanopropyl Polysilphenylene-siloxane, 02 film thick-

Human plasma used for the validation of the fast GC ness) from SGE (SGE Europe Ltd., United Kingdom).
method was also purchased from Sigma Chemical Co. (St. Operating conditions were as follows: the split-splitless
Louis, MO, USA). Other human plasma samples were kindly injector was used in split mode with a split ratio of 1:100.
obtained from a clinical nutritional study. The injection volume of the sample wag.lL. The injector
and detector temperatures were kept at 25@&nd 270C
respectively. The temperature program was as follows: ini-
tial temperature 150C, increased at 28C/min until 250°C

Pl | d for fat id | ‘ total run time: 4min). Helium was used as the carrier
asma samples used for fatly acid analyses were store as, with a linear velocity of 59.4 cm/s (average at AGP

at—80°C, priorto anqu5|§. One hundred microliters plasma Pressure: 560.5 kPa; detector gas flows: 50 ml/min; air:
samples were saponified in PTFE screw-capped Pyrex tubes

L : : 400 ml/min; make-up Gas @: 50 ml/min. Sampling fre-
containing 2Qug of the IS, by adding 1 ml of sodium methy- ) L : :
late (0.5% wiv) and heating to 10 for 15 min. After cool- quency: 50 Hz. Data acquisition and processing were perfor

i i ; med with a Shimadzu-Chemstation software for GC systems.
ing to 25°C, samples were esterified with 1 ml of boron w ! zu : Yy

trifluoride-methanol reagent (also at 1Q0) for 15 min. Once

the tubes were cooled, FAME were isolated by adding&00

of n-hexane. After shaking for 1 min, 1 mL of a saturated
sodium chloride solution was added. Finally, the tubes were
centrifuged for 8 min at 2206 g. After drying with an-
hydrous sodium sulphate, the claahexane top layer was
transferred into an automatic injector vial equipped with a
volume adapter of 304L.

2.2. Sample preparation

2.4. ldentification and quantification

The identities of sample methyl ester peaks were deter-
mined by comparison of their relative retention times with
those of well-known FAME standards. Quantification was
accomplished by standard normalisation.

2.5. Validation of fast GC method

2.3. Gas chromatography conditions Intra-assay and inter-assay precision, limit of detection
and limit of quantification were the parameters determined
2.3.1. Conventional GC for the validation of the fast GC method.

Conventional GC analyses were performed on HP-6890 Intra-assay precision was assessed by the coefficient of
Series GC System (Hewlett Packard, Waldbronn, Germany), variation relative to 10 replicates of the commercial human
equipped with a flame ionization detector (FID) and a HP- plasma under the same experimental conditions and carried
6890 Series Injector. Separation of FAME was carried out on out by the same operator. The inter-assay precision was also
afused-silica capillary column (30 m0.25mmi.d.),coated  assessed by the relative coefficient of variation, which in this
with SP-2330 non-bonded stationary phase (poly (80% case, was determined by analysing 10 aliquots of plasma by
biscyanopropyl-20% cyanopropylphenyl) siloxane, W& two operators in successive days during 2 months. Triplicate
film thickness) from Supelco (Bellefonte, PA, USA). determinations were performed for each aliquot.
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The FAME absolute response factors (RF) were deter- statistical analysis included the Student’s test for differences

mined with a quantitative mixture of{g.o—Co2:1 (10 mg/mlin
methylene chloride; Supelco (Bellefonte, PA, USA)). RF for
each fatty acid methyl ester was calculated as RRW; x
> A)/(A; x > W) were W, is the amount of the FAME
weighed in the mixture and; is the measured area.

The detection and quantification limits were obtained fol-
lowing the USP criterig16]. The magnitude of analytical

between groups.

3. Results and discussion

Conventional separation of human plasma fatty acid
methyl esters was obtained using a standard column (SP-

background response was measured by analysing 10 blank330 30 mx 0.25mmx 0.20pum). Fast CG analysis was
samples and calculating the standard deviation of this re- performed with a SGE-BPX70 (10 m0.10 mmx 0.20.m)
sponse. The standard deviation multiplied by a factor of 3 narrow-bore column.
(detection limit) or 10 (quantification limit) provided an es- In order to choose the appropriate operational parameters,
timate of the limit of detection and limit of quantification the demands of present-day nutritional trials were consid-
respectively. ered. Nowadays, technological advances enable the study of
specific relative to minor fatty acids in lipids, that represent
even less than 1% of the total fatty acid profilg. This fact,
summed to the concept that the greater the stationary phase
All data are mean values standard deviation; each sam- selectivity, the faster the analysis can be performed, is the
ple was analysed in triplicate. Results were processed withreason why a SGE-BPX70 stationary phase Seetion 2
the SPSS 11.5 statistical package (SPSS, Chicago, IL). Thewas chosen. It allows geometric and positional FAME iso-
mers separation, and maintains a high thermal stability due to

2.6. Statistical analysis

A) DA its modified silphenylene siloxane backbone in contrast with
(A) p Yy
18 other polar columns in use.
‘ ‘ According to Klee and Blumbeild 7], any fully optimized
16 chromatographic method is a tuned compromise between
14 speed, sample capacity, and resolution. The limited sample
12 capacity is one of the major drawbacks of fast GC techniques
10 [14], which can cause the lack of detection of minor quan-
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Fig. 1. (A) Conventional GC chromatogram and (B) fast GC chromatogram 0.5
of a FAME37 mixture. For experimental conditions s&ection 2.3 Peak 0.2
identification: (1) G:0; (2) Cg:0; (3) Ci0:0; (4) Car:0; (5) Caz:o; (6) Cazo; 0.0 _J
(7) Cra:0; (8) Cra:1; (9) Cisor (10) Gisey; (11) Gigior (12) Gigian—7; (13) -0.2
Ci7:0, (14) Gi7:1; (15) Cig:o; (16) Cis:a (o —9)mranss (17) Cisia o —9)ciss (18) 0.0 0.5 1.0 1.5 2.0 2.5 3.0 min

C18:2 (1—6)rrans; (19) Cig:2 (1—6)ciss (20) Cig:3n—6; (21) Co:0; (22) Cis:31 -3
(23) Go:1n-9: (24) Cor:0; (25) Co:20—6: (26) Co:3n—6: (27) G200 (28)
Co0:4n-6; (29) Co2:14-9; (30) Co2:24—6; (31) Coaio; (32) Goosn—3; (33)
C24:0; (34) Caa:1n—9; (35) Co2:6n—3-

Fig. 2. (A) Conventional GC chromatogram and (B) fast GC chromatogram
of a human plasma sample. For experimental conditionSeeton 2.3See
Table 1for peak identification.
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Table 1 Table 2
Peak identification, average retention times (min) and relative standard devi- Intra-assay precision values
ation values relative to conventional and fast GC analyses on plasma FAME FAME Conventional GC Fast GC
FAME Conventional GC Fast GC
FAME (%) R.S.D.(%) FAME (%) R.S.D. (%)
R RS.D. (%) tr R.S.D. (%) 1 Cio 0.12 3.76 011 3.84
1 Ci20 3487 0.129 0.662  0.040 2  Cuso 157 0.89 155 2.36
2 Ci40 4297 0.130 0.914 0.040 3  Cuga 0.10 3.10 011 3.35
3 Cis1 4621 0.124 1.008 0.040 4  Ciso 0.09 2.29 010 3.21
4 Cis0 4813 0.131 1.074 0.040 5 GCieo 2210 0.50 2213 0.61
5 Ci60 5526 0.126 1.256 0.060 6 Cis1n-9 0.41 2.34 042 2.31
6 Ci6:1n-9 5.990 0.117 1.348 0.040 7 Ci6:1n-7 3.25 1.74 320 1.33
7 Ci61n—7 6.023 0.120 1.353 0.010 8 Cigon_a 0.12 3.01 011 3.35
8 Ci6:2n-4 6.381 0.114 1.507 0.050 9 Cis3n-4a 0.12 2.89 012 3.31
9 Ci6:3n-4 6.604 0.110 1.609 0.039 10 Gean-1 0.44 3.34 045 2.85
10 Cig:an-1 6.824 0.124 1.636  0.030 11 Gaso 7.28 0.38 730 1.12
11 Cis:0 7181 0.111 1.664 0.038 12 Ggip-9mans 011 2.63 010 2.45
12 Ci8:1 (1 —9)rrans 7.555 0.114 1.714 0.030 13 Ci18:1 (1 —9)cis 21.30 0.35 2134 1.02
13 Ci8:1 (1-9)cis 7666 0.110 1.749 0.048 14 Cg2u—6yrans 0.15 4.36 013 4.15
14 C18:2 (1 —6)irans 8152 0.106 1.810 0.040 15  Cg2@p-6)cis 2950 0.38 29%0 0.65
15 C18:2 (1 —6)cis 8452 0.104 1.895 0.030 16  Cig3n-6 0.36 2.02 032 2.29
16 Cis:31-6 9.033 0.094 1.995 0.039 17 Coo 0.19 4.08 017 4.19
17 Go0 9.075 0.088 2.104 0.040 18 Gs3n-3 0.50 3.53 052 3.22
18 Cig:31-3 9417 0.110 2.074 0.030 19 Co1n-9 0.26 3.50 024 3.92
19 CG0:11-9 9.685 0.200 2.191 0.020 20 Go2n-6 0.19 1.85 019 3.98
20 C0:2n-6 10539  0.099 2.343 0.029 21 Gosn-s6 175 0.55 177 2.23
21 G0:31—-6 11150 0.080 2.444  0.030 22 Goo 0.05 4.46 005 4.10
22 G20 11498 0.081 2,551 0.038 23 Go4n-s 6.41 0.31 638 1.72
23 CG0:4n—-6 11610 0.099 2,518 0.030 24 Goian-9 0.10 3.51 010 3.68
24 C2:1n-9 11901 0.100 2.637 0.020 25  Gpoo 0.10 4.16 010 4.40
25 G2 12001 0.107 2.717 0.065 26 Gosn-3 0.48 0.65 045 1.02
26 C0:51-3 12698 0.171 2.702 0.029 27  Gao 0.18 3.25 017 4.21
27 G0 13924  0.069 2.987 0.038 28  Gouan-s 0.15 3.18 014 3.95
28 Co2:4n-6 14.332  0.080 3.100 0.088 29  GCposn-3 0.31 2.80 030 3.37
29 G253 15000 0.063 3.157 0.028 30 Guoen-3 231 0.51 233 1.28
30 G263 15432 0.065 3.215 0.038 Average fatty acid methyl ester content in plasma samples and relative stan-
n=10. dard deviation values = 10.

tity peaks. For this reason, the risk of band broadening, dueapplication. This overlapping is irrelevant in human plasma

to column overloading, was solved with a highly controlled samples due to their absence ignGand Ga:o.

split flow, by increasing the split ratio to 1:100 respectto the  Once all fatty acid methyl esters were separated and iden-

1:30 ratio for the conventional GC approach. tified, the same analytical conditions were applied to validate
Fig. 1A-B shows the chromatograms of conventional and the fast GC method with human plasma matrices.

fast FAME GC analysis for a commercial mixture of 37 fatty Conventional and fast GC chromatograms relative to

acids. A significant reduction in the analysis time was ob- FAME contained in the same human plasma sample are

served in the rapid application. The fatty acids analysed dif- shown inFig. 2A-B. Thirty peaks were identified in both

fer not only in chain length but also in the position of double chromatograms. As observed, the human plasma sample pre-

bonds. The analysis with a conventional GC column took sentedimportantdifferencesinthe relative abundance of their

about 16 min, while the fast analysis allowed the separa- fatty acids. The five major compounds, in the range of 29.9%

tion of the same components in about 3.2 min with a sim- to 6.4% relative FAME content, were linoleic {§2 (. —6)cis).

ilar resolution. Therefore, the fast GC technique performs oleic (Cig:1 ¢ —9)cis), palmitic (Ge:0), stearic (Gs:0) and

the same separation with a significant speed gain of a factorarachidonic acid (&:4,—s). Both chromatograms showed

of 5. a very similar resolution and no overlapping of critical peaks
Alsoto be emphasised is the different elution order relative occurred. Peak shapes and symmetry were also satisfactory

to a series of compounds on both columns. Three peak inver-in both applications.

sions were observed for the following analyte pairsj-gand For routine analyses, qualitative data (retention time val-

Ci18:31—3; Co2:0and Go:4,—6 and Go-2 and Go:5,, 3. ues) and quantitative data (relative sample composition)
As it can be observed iRig. 1B, the fast GC application  should remain constantable 1lreports the qualitative re-

does neither achieve the total separation gf.€and Go-2 sults obtained with both columns, showing the average reten-

FAME nor of G3.0and G2 FAME, whereas the same com-  tion times. It is worth noting the significantly lower relative
pounds separate with a good resolution in the conventional standard deviation values observed for the fast GC analysis
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Table 3 Table 4
Inter-assay precision values Absolute response factors (RF) of the quantitative mixture of FAME for the
FAME Fast GC conventional GC method and the fast GC method
FAME Conventional GC, RF Fast GC, RF
FAME (%) R.S.D. (%)
Ci00 1.11 1.18
1 Ci20 0.12 4.01 Cir0 1.05 1.09
2 Cia0 1.60 2.48 C13:0 1.02 1.13
3 Cia:1 0.10 3.71 Cl4:0 1.00 1.07
: C150 o 3o Cra:1 1-9)cis 1.00 119
5 Ci60 22.34 1.61 Ciso 1.06 0.95
6 Ci6:1n-9 0.39 3.31 ClG:O 112 1.14
7 Cie1n—7 3.20 2.33 C16:1¢1—8)cis 0.93 1.00
8 Ci6:2n-a 0.13 3.85 Ci70 1.28 1.23
9 Ci6:3n—4 0.10 3.62 C18:O 1.13 1.04
10 Glean—1 0.48 3.02 C18:1 (1—9)trans 0.96 0.91
11 Ciso 7.10 1.25 C18:1 ¢r—8)cis 0.91 0.91
12 ClS:l(n —9)trans 0.10 3.99 C18:2 (1—6)cis 0.93 0.94
13 Ci18:1 (1 —-9)cis 21.08 1.75 Cao0 1.18 1.18
14 Cig:2 (n—6)trans 0.12 4.65 CZO:l 0.90 1.05
15 C18:2 (1 —6)cis 29.92 1.00 C18:3n—3 0.92 0.96
G
20:0 . ) Co2:1n-9 0.89 1.00
18 Cig:3n-3 0.49 3.99
19 C0:1n-9 0.26 4.02
20 C0:21-6 0.18 4.17 Table 5
21 G0:31—6 174 2.85 Detection (DL) and (QL) quantification limits (QL) for the conventional GC
22 G20 0.07 4.50 and the fast GC method
23 Co0:4 6 633 195 FAME Conventional GC Fast GC
24 Gorins 0.10 3.098 onventiona as
25 Go22 0.09 4.40 DL(ng) QL (ng) DL(ng) QL (ng)
26 Co:5n-3 0.40 1.62
27 Caao 0.18 4.45 Ci00 4.0 16.0 3.8 12.6
28 Comin 6 016 4.48 Ci20 3.8 15.2 3.6 12.1
29 Cazsn_3 0.40 3.05 Ciz0 3.6 14.7 3.8 12.6
30 Cozen_3 295 1.53 Ci4:0 3.6 14.4 3.7 12.4
- - - C14:1 (1 —9)cis 3.6 14.4 3.7 12.3
Average fatty acid methyl ester content in plasma samples and relative stan-Cls_o 38 15.4 4.1 13.8
dard deviation values relative to the fast GC method.10. Ciso 4.0 16.3 38 12.5
Ci6:1 (1_9)cis 3.3 13.5 3.4 11.2
Ci7:0 4.6 18.5 5.0 16.8
_ _ _ o Ciso 4.1 16.4 4.3 14.3
in comparison to the conventional application. These results Cig.1 , ~gans 34 13.8 3.8 12.6
agree with the relative standard deviations found by other Cis:1u-9)cis 3.3 13.1 3.0 10.0
authors using a similar fast GC approd@h 81812@—6)0'& ig’ 13-3 431'2 12-?
The reproducibility of quantitative data in passing from CZO:O 3 129 36 120
. . 20:1 . . . .
one technique to the other is shownTiable 2 The reported Cisan_3 33 13.3 3.2 10.7
information regards relative average FAME content and rela- c,,.q 4.0 16.2 4.4 14.6
tive standard deviation for a human plasma separation. TheseCaz:1, -9 3.2 12.8 35 11.8

data show good agreement between fast and conventional re-

sults, with no significant differences. The relative standard

deviation values, in the range of 0.31% to 4.46% are within ~ Detection and quantification limits values are shown

the limits of acceptable variability for the analyte concentra- in Table 5 Both methods present limits of detection and

tions of this kind of samplek.8]. quantification in the range of nanograms (3.0-10.0ng;
Table 3reports the inter-assay precision for the fast GC 3.2-18.5ng). These values are in concordance with those es-

method, which has proven to be robust. Some minor peakstablished for gas chromatography meth@tij.

(<1% relative quantity) were those with the highest relative

standard deviation values, but all values were always lower

than 5%. 4. Conclusions
The values of absolute response factors for a quantitative
mixture of Go.0-Co2:1,—9 fatty acid methyl esters can be The analytical results achieved indicate that the fast GC

seen inTable 4 As observed, data show good agreement method developed in the present research allows the separa-
between fast and conventional results, giving all compoundstion of a considerable number of fatty acid methyl estersin a
a similar response. short time (3.2 min).
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