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Eicosapentaenoic acid is the precursor of prostaglan- 
dins and thromboxanes of the “3” series (those having 
three double bonds in their side chains). It is found in 
the serum of Eskimos (1) and Japanese (2), whose in- 
cidence of myocardial infarction is much lower than that 
of Caucasians. Arachidonic (5,8,11,14-eicosatetraenoic) 
acid and eicosatrienoic acids are also found in the serum 
of all ethnic groups and play important physiological 
roles. 

Summary The use of octadeutero eicosatetraenoic acid as an 
internal standard for the reproducible measurement of serum 
eicosapolyenoic acids (CZa3, CzO:., and CZa5) by gas-liquid chro- 
matography-chemical ionization mass spectrometry is de- 
scribed. The  method has the following advantages. The  phy- 
sicochemical properties of the internal standard and the 
eicosapolyenoic acids are similar. T h e  acids are easily separated 
from compounds of similar retention times by means of selected 

’ M. Nishizawa and T. Miyatake. 
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Fig. 1. Ammonia chemical ionization mass spectra of methyl eicosapolyenoates. Czo 3, methyl eicosatrienoate; 
C,, ,, methyl eicosatetraenoate; Czo 5, methyl eicosapentaenoate. 

Accurate determination of these eicosapolyenoic acids 
in the serum has been hampered by the presence of sub- 
stances with similar retention times, such as docosaenoic 
acid (CZ2:,), in serum and marine products (see Fig. 2A 
and 3A of ref. 3), and by loss of these acids during ex- 
traction and methylation. Recently, mass spectrometry 
was used for analysis of these acids to overcome the prob- 
lem of peak-overlapping by selected ion monitoring (4). 
In order to correct for a poor recovery of saturated acids 
added as internal standards, 8,11,14-eicosatrienoic acid 
was used instead (5), although the latter procedure was 
not entirely satisfactory since this compound is also pres- 
ent in serum (5). 

Another difficulty is the long time required for fatty 
acid analysis of serum by gas-liquid chromatography, 
owing to the presence of docosahexaenoic acid and 
other substances with long retention times. 

We therefore developed a rapid and sensitive assay for 
eicosapolyenoic acids using octadeutero eicosatetraenoic 
acid as an internal standard by selected ion monitoring, 
and applied this method to the analysis of many serum 
samples. 

MATERIALS AND METHODS 

[5,6,8,9,11,12,14,15 - 2Hs]5,8,1 1,14 - Eicosatetraenoic 
acid was supplied from Toray Industries, Kamakura, 
Japan. [ 1 -14C]5,8,1 1,14-Eicosatetraenoic acid (56.4 
mCi/mmol, 99% pure) was purchased from Radiochem- 
ical Centre Amersham, England. 8,11,14-Eicosatrienoic 
acid (Czo:.), 5,8,11,14-eicosatetraenoic acid (CzO:,+), 5,8,- 
1 1,14,17-eicosapentaenoic acid (CZo:.), and eicosanoic 
acid (Czo:o) were purchased from the Applied Science 
Laboratory, Rockford, IL, USA; purity of the methyl 
esters of these fatty acids was found by gas-liquid chro- 
matography to be more than 99%,99%, 97.5%, and 99%, 

respectively. Soy bean phosphatidylcholine and phos- 
phatidylethanolamine were prepared as described pre- 
viously (6). Normal serum was obtained from 80 healthy 
Japanese (total cholesterol 190 +. 34 mg/dl, phospho- 
lipids 205 k 33 mg/dl, and triglyceride 117 f 55 mg/ 
dl), and kept at -80°C until use. 

Solvents contained, 2,6-di-tert-butyl-fl-cresol at a final 
concentration of 0.005% to prevent oxidation of unsat- 
urated lipids (7). The extraction method was essentially 
as reported by Bligh and Dyer (8). T o  0.5 ml of serum, 
1.9 ml of chloroform-methanol 1 :2 containing 50 pg of 
octadeutero eicosatetraenoic acid was added, and the 
mixture was gently shaken at 20°C for 1 hr and cen- 
trifuged at 3,000 rpm for 10 min. The white insoluble 
material was extracted with 2.9 ml of chloroform-meth- 
anol-water 1:2:0.8 and the supernatant fraction and ex- 
tract were combined. To  1 ml of this combined solution 
were added 1.3 ml each of chloroform and water, and 
the resulting mixture was centrifuged at 3,000 rpm for 
10 min. The resulting lower layer was mixed with an 
equal volume of benzene and dried carefully under a 
stream of nitrogen. The total lipid fraction thus obtained 
was subjected to methanolysis in 5% HCl in methanol 
at 80°C for 2 hr under nitrogen in a screw-capped glass 
tube. The resulting mixture of fatty acid methyl esters 
was extracted three times with 1-ml volumes of n-hex- 
ane, washed and concentrated. 

The fatty acid methyl esters were analyzed in a Shi- 
madzu LKB Model 9OOOA gas chromatograph-mass 
spectrometer equipped with a chemical ionization (CI) 
source and a data processing system GC-MS-PAC 300 
DG, consisting of an Okitac 4300 minicomputer with 
a 16 K core and a magnetic disc (4, 9). A glass column 
(I m X 3 mm internal diameter) filled with 10% dieth- 
yleneglycolsuccinate adsorbed on 80-1 00 mesh Gas- 
chrome Q was used. The temperature of the column, 
injection port, and ionization chamber were kept at 
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Fig. 2. Mass fragmentograms of methyl eicosatrienoate, methyl ei- 
cosatetraenoate, methyl eicosapentaenoate, and octadeuteromethyl ei- 
cosatetraenoate prepared from serum as described in the text. The 
abbreviations for these methyl esters are the same as in Fig. 1 .  Mass 
fragmentogram for m/z 344 was taken both in the presence (344 + 
st.) and absence (344) of added internal standard, octadeuteromethyl 
eicosatrienoate. Detector sensitivity of the selected ion monitor for 
methyl eicosatetraenoate was reduced to one-half of that for other 
methyl esters. 

195"C, 210"C, and 230"C, respectively. The flow rate 
of carrier gas was 30 ml H e  per minute. CI mass spectra 
were obtained at an electron energy of 500 eV, an emis- 
sion current of 500 pA and an accelerating voltage of 3.5 
kV. Ammonia was used as a reagent gas at 0.9 Torr. 

RESULTS AND DISCUSSION 

The quasi-molecular ions (M + 18)+, the ammonium 
adduct ion (M + NH4)+, of octadeuteromethyl eicosa- 
tetraenoate, methyl eicosatrienoate, methyl eicosatetrae- 
noate, and methyl eicosapentaenoate were observed as 
base peaks in these ammonia CI  mass spectra at m/z 
of 344, 338, 336, and 334, respectively (Fig. 1). The 
mass patterns of these spectra were very simple; the pro- 
tonated molecular ions (M + 1)' were extremely weak 
(less than 4% of the base peaks) and the fragment ions 
were barely detectable in any of these mass spectra be- 
tween 100 and 350 m/z, as is the case with methyl do- 
cosanoates (9). Therefore, mass fragmentographic anal- 
ysis of individual fatty acid methyl esters was performed 
by tracing the base peak ions at m/z 344, 338,336, and 
334, respectively (Fig. 2). Quantitative analyses were 
made by measuring the ratios of the peak heights of these 
(M + 18)+ ions of methylated fatty acids to those of oc- 
tadeuteromethylated eicosatetraenoic acid. The retention 
times of the methyl esters of eicosatrienoate, eicosate- 

traenoate, eicosapentanoate, and deuteroeicosatetrae- 
noate were 5.45, 6.27, 8.21, and 6.20 minutes, respec- 
tively. There was no interference from overlapping fatty 
acid fractions, such as docosahexaenoate of the preceding 
samples or docosaenoate in the same sample, in these 
mass fragmentograms. As shown in Fig. 2, the mass 
fragmentogram for m/z 344 from a serum sample to 
which the internal standard has not been added resulted 
in a very small peak at 4.7 minutes, perhaps owing to 
docosanoic acid (Czo:o), and no other following peak. On 
the other hand, the mass fragmentogram for m/z 344 
from the internal standard showed only a large peak at 
6.20 minutes. The calibration curves were practically 
linear from 50 to 1,500 ng, as shown in Fig. 3. The 
reproducibility of the repeated injection of the standard 
samples is indicated in Fig. 3 as the standard deviation 
width. The coefficients of variation of the measurement 
in the same serum, obtained by repeating the entire pro- 
cedure, ranged from 0.49 to 0.74%, 0.24 to 0.76%, and 
1.05 to 3.00%, for eicosatrienoic, eicosatetraenoic, and 
eicosapentaenoic acid, respectively (repeated on three 
different sera). The ratio of the area in the gas-liquid 
chromatography-mass spectrometry of equal weights of 
eicosatrienoate, eicosatetraenoate, and eicosapentaenoate 

ng/ InJactlon 

Fig. 3. Calibration curves for methyl eicosapolyenoates. Eicosatrienoic 
acid, eicosatetraenoic acid, eicosapentaenoic acid, and octadeuteroei- 
cosatetraenoic acid as standards were methylated together in the so- 
lution described in the text, and various amounts of the methylated 
mixture were injected into the gas chromatography-ionization mass 
spectrometer as described in the text. 
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were 1.000, 1.030 f 0.057, and 1.060 k 0.042, respec- 
tively. 

The stability of these fatty acids in n-hexane contain- 
ing 0.005% of 2,6-di-tert-butyl-p-cresol on storage at 
2OoC for 3 days was more than 96%. The recoveries of 
eicosatrienoic acid, eicosatetraenoic acid, and eicosapen- 
taenoic acid (100 pg each) added to a serum were 97.5 
f 1.84%, 97.8 f 1.27%, and 97.5 f 1.34%, respectively 
(average of six experiments). The recoveries of phos- 
phatidylcholine and phosphatidylethanolamine extracted 
by this method were 96.1 f 1.9% and 97.4 f 2.5%, re- 
spectively, of total phospholipid phosphate added to 
serum. The recovery of [ 1 -14C]eicosatetraenoic acid (50 
pg, 5.5 X lo3 cpm.) added to 0.5 ml of serum was 95.7 
f 4.5%. The loss of radioactivity found in the water layer 
after the addition of 1.3 ml each of chloroform and water 
to 1 ml of the extract was only 1.8 f 0.2%. The absolute 
value of recovery was greatly influenced by the recovery 
of the lower chloroform layer at this stage, but the use 
of an internal standard corrected the loss. Methanolysis 
of serum lipids was optimal at 2 hr, and losses of total 
eicosapolyenoic acids during 5 and 12 hr of methanolysis 
were 3.3% and 6.770, respectively, when eicosanoic acid 
(Czo:o) was used as an internal standard. 

Thus, 74 samples of eicosapolyenoic acids in 0.5-ml 
volumes of serum could be analyzed precisely in 1 day. 
The values of eicosatrienoic acid, eicosatetraenoic acid, 
and eicosapentaenoic acid were 6.52 f 1.66, 32.9 k 6.92, 
and 6.84 f 2.47 mg/dl, respective1y.U 
The authors thank Toray Industries for their supply of octa- 
deutero eicosatetraenoic acid. 

Manuscript received 1 June 1981 and in revised form 29 September 
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