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Fatty acid quantification method by isobutyl esterification and GC-FID/MS

GAN Miao-yan', XIE Hui’, TANG Hui-ru"*
1. School of Life Sciences, Fudan University, Shanghai 200433, China; 2. Fudan University Human Phenome Institute, Shanghai 201203, China

[Abstract] Objective - To establish a quantification method for understanding the varieties and concentrational changes of fatty acids under physiological
and pathophysiological conditions. Methods - Based on isobutyl esterification using (—)-menthyl chloroformate and isobutanol, 27 typical fatty acids were
qualitatively and quantitatively analyzed by gas chromatography-flame ionization detector/mass spectrometry (GC-FID/MS). The sensitivity and stability
of the method were detected by limit of detection (LOD), limit of quantification (LOQ), and intra-day and inter-day relative standard deviation (RSD).
The method was applied to four typical biological samples (human serum, urine, feces and rat liver) to verify the universality in different substrates.
Results - Isobutyl esters of 27 fatty acids were effectively separated with an HP-SMS column. The results showed nice linearity within 2—3 orders of
magnitude in terms of concentration with R*>0.99 for all 27 tested fatty acids. The LODs of the method were between 0.03 and 2.96 pmol on column
whereas the LOQs were between 0.09 and 9.86 pmol. The results of method validation showed that the intra-day and inter-day RSDs were all under 10% in
the range of high, medium and low concentrations. With this method, moreover, 10, 7, 14 and 9 fatty acids were detected in human serum, urine, feces and
rat liver, respectively. Conclusion + A quantitative analytical method for fatty acids with short, media and long chains (C1—C24) is established based on
isobutyl estrification in aqueous media. This method has the advantages of mild condition, high sensitivity, good stability, and simple and quick operation,
and can be directly used in the detection of serum, urine, feces, liver and other biological samples, which may provide a new idea for high-throughput
metabolome analysis.
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Note: @ formic acid (C1); @ acetic acid (C2); @ propionic acid (C3); @ isobutyric acid (2-MC3); ® pivalic acid (2, 2-diMC3); ® butyric acid (C4); @ 2-methylbutyric
acid (2-MC4); ® isovaleric acid (3-MC4); @ valeric acid (C5); @ 2-ethylbutyric acid (2-EC4); @ isohexanoic acid (4-MCS5); @ hexanoic acid (C6); ® 4-methylhexanoic
acid (4-MC6); @ heptanoic acid (C7); @ octanoic acid (C8); @® decanoic acid (C10); @ dodecanoic acid (C12:0); @ tetradecanoic acid (C14:0); © hexadecanoic acid
(C16:0); @ linoleic acid (C18:2n6); @ oleic acid (C18:1n9); @ linolenic acid (C18:3n3); @ octadecanoic acid (C18:0); @ eicosanoic acid (C20:0); @ erucic acid (C22:1n9);
@ docosanoic acid (C22:0); @ tetracosanoic acid (C24:0). a and b were byproducts of derivatization reagent.

1 27 #AEAFER R T Bepy GC-MS @ik E
Fig 1 GC-MS chromatogram of 27 kinds of fatty acids isobutyl esters
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Tab 1 Concentrations of 27 kinds of fatty acids and GC-MS data for the isobutyl esters

No. Metabolite Formula Concentration/ (mmol - L")
1 Cl CH,0, 66.26
2 C2 C,H,0, 43.66
3 C3 C.H,0, 16.75
4 2-MC3 C.H,0, 26.95
5 2, 2-diMC3 CH,,0, 2.57
6 C4 C,H,0, 27.35
7 2-MC4 CH,,0, 22.92
8 3-MC4 CH,,0, 2.26
9 C5 CH,,0, 22.99

10 2-EC4 CH,,0, 1.98
11 4-MC5 CH,,0, 1.99
12 Cc6 CH,,0, 19.87
13 4-MC6 CH,0, 1.18
14 Cc7 CH,0, 441
15 C8 CH, 0, 3.94
16 C10 Ci 80, 4.50
17 C12:0 C,H,,0, 4.16
18 C14:0 C,H,0, 2.41
19 C16:0 C,H,,0, 1.82
20 C18:2n6 C,H,,0, 43.23
21 C18:1n9 C,H,,0, 42.68
22 C18:3n3 CiJ8L,{0), 4433
23 C18:0 C,H,0, 15.57
24 C20:0 C,,H,,0, 8.91
25 C22:1n9 C,,H,,0, 9.82
26 C22:0 CJ8L,(0), 0.79
27 C24:0 C,H,,0, 0.44

2.3 JjIESFESE

AWFFEAE ] 27 PG 5 8 k47 7€ & 50 Hr 05 I SR IE
FEOFEL VIR, g&tkEH5 /A, LOD, LOQ, HW
e HIAl RSD, &% (K 2) FW, {EEHIER SIM i,
27 FIGIGERAE 2 ~ 3 B ik FE T B N etk 5 B R
{8 ¥ " ik 0.99, H:LOD 7£ 4 |- 0.03 ~ 2.96 pmol 7 |,
LOQ £ 0.09 ~ 9.86 pmol 2 i, 53¢k fir ik 75 i ™ 4
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F EL U RO TP RE D R A B 4 v 25, [T 2% i
WHBRATAE 3 ~ 4 MRS ETEE A+, Bk, EERHEAT
RSO ERT, (E SIM BEA7 50 br nTHE e o

Retention time/min Quantitative ion/ (m/z) Qualitative ion/ (m/z)

4.62 60 41,43, 56, 60

6.22 56 43, 56,73

8.10 56 41, 56,75, 87

9.02 43 43, 89, 101

9.54 85 57,79, 85,103

9.80 71 43,71, 89, 101
10.67 85 41, 57, 85,103
10.73 85 56, 57, 85,103
11.54 85 56,57, 85,103
12.02 99 71, 88,99, 117
12.58 99 56, 81,99, 117
13.14 99 56,71,99, 117
14.19 113 101, 113, 131
14.52 113 60, 101, 113, 131
15.59 127 57,127, 145

17.52 155 56, 129, 155, 173
19.36 183 56,57, 183,201
21.19 211 129, 211, 228, 229
22.98 257 129, 239, 256, 257
24.65 279 67,263, 279, 336
24.69 265 57,97, 264, 265
24.74 261 79, 95,261, 334
24.90 285 267,284, 285, 340
26.58 313 295,312,313, 368
27.81 321 57,97, 320, 321
27.95 323 323, 340, 341, 396
29.41 368 57,368, 369, 424

Uho [RIMF, (A FID R R4 I &% SIM R A7 4%
s RSIIRE B, K020 o B B v B R A R 1 Jo e o 7 112 T
FID, K5 i s A9 FID A 0 52 6808 W e 1 Wi, BESP,
27 bl e AE AR AR L L P 7R JEE R v R BE NG UL T A H N B
H [a] RSD /1T 10%, Ui W57k B A R IR P B A
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Tab 2 Analysis of linearity, sensitivity, precision and stability for isobutylation-based fatty acid quantification method

- 0 » 0
No.  Metabolite Linear equation R’ value Linearity ;ange/ LOD/pmol LOQ/pmol fnir-day RSB inter-day RSB
pmo C. Cy Ci C. Cy Cy

1 Cl y=1923x+40 260.5 0.993 8.03-803.21 0.80° (0.68") 4.01° (2.26") 4.1 4.8 1.6 4.4 2.3 43
2 C2 y=275.9x—873.9 0.998  13.23-529.24 2.96" (4.44") 9.86" (7.32") 5.8 5.0 3.1 1.3 0.9 1.3
3 C3 1=989.6x+4 739.9 0.998 4.06—203.05 2.03* (5.97°) 3.38* (6.68") 2.5 3.1 1.4 4.5 2.9 2.8
4 2-MC3 y=1154.7x-24 431 0.994 3.26—-326.72 0.27* (0.26") 0.91* (0.85") 35 2.4 2.5 2.8 2.1 2.4
5 2,2-diMC3  »=105.9x+31.9 0.995 0.62—31.20 0.62° (2.63") 1.56" (5.21%) 3.7 2.5 1.5 3.7 3.1 1.9
6 C4 y=2729x—9 291.6 0.995 8.29-331.52 1.35* (4.63") 4.50" (5.14") 1.4 2.6 0.2 1.6 1.2 3.4
7 2-MC4 y=1189.5x—477.2 0.996 2.78-277.78 0.05" (1.84") 0.17* (2.30") 3.1 2.6 1.8 4.7 4.6 6.3
8 3-MC4 y=1668.9x+4 130.2 0.993 0.27-27.45 0.08* (3.31°) 0.27* (3.67°) 2.9 22 0.9 4.5 39 42
9 C5 y=3185.9x—5 881.8 0.996 2.79-278.61 0.05* (1.53%) 0.15* (2.32°) 3.7 2.4 2.9 5.1 3.7 4.7
10 2-EC4 y=1316.6x+1537.5 0.996 0.24-24.00 0.07* (0.56") 0.24* (0.76") 2.9 2.6 1.2 5.2 4.7 4.7
11 4-MC5 y=5466.2x—16235.5  0.993 0.24-24.08 0.04" (0.43") 0.12* (0.58") 2.5 22 1.9 5.2 438 5.5
12 Ceé y=7761.4x—8391.9 0.993 2.42-240.83 1.44° (0.64°) 4.76* (0.78") 22 2.5 1.6 52 4.5 53
13 4-MCo y=5400.4x+12393.3  0.993 0.14-14.29 0.06* (0.16") 0.14* (0.29°) 2.5 2.8 0.3 6.5 4.8 55
14 C7 y=57573x—18826.8  0.993 0.53-53.42 0.13* (0.54%) 0.42* (0.65") 2.3 2.5 1.4 5.5 4.4 5.4
15 C8 y=5237.9x—5355.2 0.995 0.48—47.80 0.03* (0.44") 0.09* (1.44%) 1.9 2.8 1.5 5.2 4.0 5.4
16 Cl10 y=4460.5x—6 023.6 0.998 0.54—54.53 0.08" (0.30") 0.25" (1.00") 34 32 2.4 7.4 4.4 4.6
17 C12:0 y=3342.9x—6 136.4 0.997 0.50—50.42 0.05* (0.09") 0.18* (0.30°) 3.6 3.6 2.4 8.9 7.9 4.1
18 C14:0 y=2829.8x—12382.5  0.998 0.29-29.23 0.04* (0.10%) 0.13* (0.37°) 6.0 5.8 32 5.5 4.1 3.6
19 Cl16:0 y=1865.4x—11973 0.998 0.22-22.07 0.10° (0.06") 0.29* (0.22°) 6.8 6.1 42 8.1 42 2.9
20 Cl18:2n6 y=184x—3 288.4 0.998 5.24—523.94 1.29° (0.13") 427" (0.15") 8.8 4.9 1.9 83 8.5 4.5
21 C18:1n9 y=649.4x—2298.4 0.997 5.17-517.30 0.52° (1.36") 1.71* (1.70°) 7.0 5.4 2.5 8.0 6.1 2.7
22 C18:3n3 y=196.8x—1967.9 0.998 5.37-537.34 0.52* (1.31°) 1.73* (1.55") 4.0 49 2.5 8.2 9.2 3.4
23 C18:0 y=1161.7x—16 488 0.991 4.72—188.75 1.07* (0.13°) 3.55* (0.24°) 8.8 6.5 5.9 7.6 7.6 2.9
24 C20:0 y=451.6x—3 053.5 0.993 2.70—-107.96 0.78* (0.08") 2.18" (0.33") 7.3 4.7 3.4 9.7 9.4 23
25 C22:1n9 1=294.9x—2 389.8 0.990 2.98—119.04 1.02° (0.21°) 2.70" (0.40") 3.0 2.9 1.1 9.8 8.7 6.0
26 C22:0 y=1238.5x—230.2 0.997 0.10-9.59 0.26* (0.08") 0.85* (0.29°) 32 6.1 6.2 49 4.8 22
27 C24:0 y=1278.3x-395.1 0.991 0.05-5.32 0.04* (0.05") 0.16* (0.17°) 6.7 3.8 59 5.1 8.9 4.7

Note: C,— low concentration; C,— medium concentration; C,— high concentration. *SIM detection; " FID detection.
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Tab 3 Concentration of fatty acids in four typical biological samples

Metabolite Serum/ Urine/ Feces/ Liver/
(pmol - L) (umol - L) (umol - g™") (umol - g™)
Cl 389.40 735.08 12.20 4.62
€2 554.40 795.30 750.37 7.63
C3 - - 72.04 -
2-MC3 434.78 370.43 29.35 17.50
Cc4 - 306.08 18.71 -
2-MC4 = = 2.11 =
3-MC3 - — 4.62 -
C5 = = 3.38 =
4-MC5 - — 3.02 -
C6 91.58 90.75 1.39 0.81
Cl10 - - — 1.04
C12:0 152.63 = 1.82 =
C14:0 361.35 - 4.26 -
Cl16:0 549.45 532.13 6.79 5.12
C18:2n6 - — — 13.54
C18:1n6 306.08 = = =
C18:0 1174.80 1172.33 13.81 10.77
C24:0 97.35 = = 0.42
Note: “—” represented not detected.
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