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Abstract

Total fatty acids in plasma of neonates have been analysed as their methyl esters by gas chromatography. They
were separated on a capillary column coated with a SP-2380 stationary phase. As little as 100 ul of plasma is used
for the analysis. The extraction procedure was performed with dichloromethane—methanol (2:1) and fatty acids
were methylated with boron trifluoride—methanol. The quantification of fatty acids is based on an internal standard
method. Absolute values (ug fatty acid per 100 pl plasma) are given together with relative values (%). At a
signal-to-noise ratio of 3, the detection limits for flame ionisation detection are between 0.08 to 0.51 ng. The high
sensitivity and precision permits the effective determination of the fatty acids in neonate plasma.

1. Introduction

Long-chain polyunsaturated fatty acids (LC-
PUFA) are components of structural lipids in all
cell membranes, and are particularly important
for the development and the function of the
central nervous system and retina [1]. The essen-
tial fatty acids (C 5.5, _¢, Cig.3,_3) are metabo-
lized to form longer-chain more highly unsatu-
rated fatty acids as arachidonic acid (C,q.4,_¢,
AA);  5,8,11,14, 17-eicosapentaenoic  acid
(Cy:50-3» EPA) and 4,7,10,13, 16, 19-doco-
sahexaenoic (C,,,_;, DHA). It has been sug-
gested that elongation of polyunsaturated fatty
acids from dietary C;.,,_¢ and C,g,,_ 5 pre-

* Corresponding author.
" Presented at the 22nd Annual Meeting of the Spanish
Chromatography Group, Barcelona, October 20-22, 1993.

cursors may be deficient in the newborn [2].
Therefore, it is necessary to monitor the level of
these LC-PUFA in plasma of neonates, in order
to determine possible deficiencies, and, if neces-
sary, incorporate AA and DHA into the infant
formula. Plasma and erythrocytes are highly
feasible markers of fatty acid metabolism in
pediatric clinical investigation [3,4].

In principle, the qualitative and quantitative
measurement of fatty acids is relatively easy. In
our case, however, sufficient sample was not
available since patients were neonates. Several
authors have determined fatty acids in plasma
[2,5-15]. The classical method for the extraction
of the lipids in most cases, was the method of
Folch et al. [16]. Farrel and Gutcher [7], Bjerve
and Fischer [6], follow the Bligh and Dyer meth-
od [17] and Liebich and Wirth [9] and Welz et al.
[13] follow the method of Lepage and Roy [18].
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We have used the method of Folch et al. with
slight modifications; we have replaced the binary
mixture chloroform-methanol (2:1) by dichloro-
methane-methanol (2:1) since it is less toxic
[19,20] and we have added butylated hydroxy-
toluene (BHT) to the mixture as an antioxidant
[6,11,15]. The next step was the methylation of
the fatty acids. The method of Morrison and
Smith [21] has been used by various authors with
only slight variations: addition of methanolic
NaOH and BF;-MeOH [6-8] or methanolic
HCI [10,11]. On the other hand, direct trans-
esterification with acetyl chloride in methanol
has been reported [9,13] following the procedure
of Lepage and Roy [18]. Pace-Asciak [22] also
described a one-step method for the derivatiza-
tion and extraction of non-esterified fatty acids in
plasma with methanol and rapid methylation
with diazomethane in diethyl ether. Clark et al.
[2] and Carter et al. [23] methylated with 1%
H,SO, in methanol. Fatty acid methyl esters
(FAME) were extracted into n-hexane [13] more
efficiently than petroleum ether [7] or n-heptane
[2], dried over anhydrous Na,SO,. We have
quantified each fatty acid using heptadecanoic
acid (C,,,,) as an internal standard, in order to
give absolute values together with relative val-
ues. Previous studies [2,4,7,11] give only relative
amounts (percentage) of the fatty acids. Only
few papers show absolute values [6,10]. As the
concentration of total lipids in plasma increases
after birth [24], the percentage values may not
quantitatively reflect the real status of essential
and polyunsaturated fatty acids. The purpose of
this study is to develop a micromethod, as little
as 100 pl plasma sample is used for the analysis,
from an existing macromethod [7,8,11]. This
permits the determination of total fatty acids in
neonate plasma whereby special attention is paid
to the analysis of AA and DHA, because both
are essential for normal neural development.

2. Experimental
2.1. Reagents

Dichloromethane, methanol, anhydrous sodi-

um sulfate (99% minimum purity) and sodium
chloride were purchased from Probus (Badalona,
Spain). Boron trifluoride—methanol and »n-hex-
ane (analytical-reagent grade) were purchased
from Merck (Darmstadt, Germany). Butylated
hydroxytoluene (BHT) and EDTA were from
Fluka (Buchs, Switzerland).

2.2. Standard solutions

Stock solutions of all compounds (1 mg/ml)
and the internal standard (0.5 mg/ml), were
prepared by dissolving pure standards in n-hex-
ane and were stored at 4°C. Working standard
solutions were prepared weekly: 200 pg/ml for
Ci6:00 Ci8:0> Cisito-90 Cisow—6 Cigzu-s (hexa-
decanoic, octadecanoic, octadecenoic, octa-
decadienoic, octadecatrienoic acids) in a kit
purchased from Supelco (Bellefonte, PA, USA);
20 pg/ml for C,,,,_, (arachidonic acid, AA)
purchased from Larodan Fine Chemicals
(Malm6, Sweden); 20 pg/ml for C,e,_;5
(docosahexaenoic acid, DHA) purchased from
Sigma (St. Louis, MO, USA). A series of
working standards were prepared by pippeting
aliquots of the working standard solutions,
evaporating to dryness under nitrogen and redis-
solving in 50 ul of n-hexane. Three levels for
every fatty acid were made: 0.2, 0.4, 0.8 png/ul
of Ci4.05 Cig:0> Cigirw-9> Cigio-6> Cigi30-35 0.1,
0.2, 0.3 ug/ul of AA; 0.01, 0.04, 0.08 ng/ul of
DHA and a constant solution of 0.5 ug/ul of
C,,., (heptadecanoic acid) as internal standard
(IS), obtained from Fluka (Buchs, Switzerland).
Fatty acid reference mixtures (RM-3, PUFA 1,
and PUFA 2) were from Supelco. Their purities
were tested and, in most instances, were greater
than 98%.

2.3. Sample collection and storage

Cord samples were collected from the umbili-
cal vein within a few minutes of birth. One
mililiter blood sample from a newborn infant was
collected in brown polypropylene tubes contain-
ing EDTA K, anticoagulant (15% in saline
solution). The blood was centrifuged at 3000 g
for 5 min (Model Hermle ZK 380) and the
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plasma and buffy layer were removed by aspira-
tion. Plasma was stored in conical bottoms with
amber polypropylene microcentrifuge tubes
(Elkay Prod., Shrewsbury, MA, USA) in the
dark at —70°C.

2.4. Sample preparation

Lipid extraction

At the beginning of the extraction, 50 ul of a
hexane solution (0.5 mg/ml) of internal standard
C,;.0, Were pippeted into a Pyrex tube with a
PTFE lined screw cap and evaporated to dryness
under nitrogen, then, 100 ul of plasma was
added. Total lipids were extracted from plasma
with 5 ml of dichloromethane—methanol (2:1,
v/v) according to a variation of the method of
Folch et al. [16], butylated hydroxytoluene
(BHT), 5 pg/ml, was added to the solvents as
antioxidant. The plasma sample (100 wl) was
extracted twice. Plasma lipid extracts were
evaporated to dryness under nitrogen and stored
at —20°C.

Fatty acid methylation

Lipid extracts were methylated with metha-
nolic NaOH and boron trifluoride-methanol
according to the method of Morrison and Smith
[21]. The reaction time in a boiling water bath at
100°C was 10 min and the reaction was per-
formed in Pyrex tubes fitted with PTFE-lined
screw caps. After cooling, the resulting methyl
esters were extracted by n-hexane and trans-
ferred to vials containing anhydrous Na,SO, as
the dehydrating agent and analyzed by gas chro-
matography (GC).

2.5. Gas chromatography

Separation was performed on a Model 5890 A
gas chromatograph (Hewlett-Packard, Palo Alto,
CA, USA) equipped with a flame ionization
detector and split-splitless injector. A 60 m X
0.25 mm I.D. fused-silica capillary column
SP-2380 (biscyanopropylphenylpolysiloxane)
(Supelco) with a 0.20-um film thickness was used
under the following conditions: the initial oven
temperature was 160°C with a hold for 2 min and

then a rise of 4°C/min until reaching 240°C with
a final hold for 3 min. The run time was 25 min.
Helium was used as a carrier gas at 1 ml/min and
nitrogen as a make-up gas at 32 ml/min. The
flame ionization detector temperature was at
300°C and air and hydrogen flows were adjusted
to give maximum detector response. The injector
temperature was at 270°C. The split ratio was
1:30. The sample was concentrated to 50 ul in
n-hexane prior to injection, an aliquot of 1 ul
was injected.

Methyl esters were identified by comparison
with retention times of standards and also by
their log of relative retention time (log RRT)
[25].

2.6. Quantification

The concentrations of fatty acids (FA) were
calculated using the internal standard method as
follows: FA concentration (ug/100 ul) = (peak
area of FA/peak area of 17:0) X amount of 17:0
(pg) X RRF x (1/100 ul plasma). The RRFs
(relative response factors) were determined using
a series of working standards of each fatty acid
and the amount of IS remained constant at 25 ug
(see Standards solutions section): RRF=
(amount of FA/amount of 17:0) X (peak area of
17:0/peak area of FA).

3. Results and discussion

Fig. 1 shows a typical chromatogram of the
fatty acids methyl esters of a 100-ul plasma
sample of newborn. Only 25 min were necessary
for the simultaneous determination of all peaks
studied. The fatty acids were identified by com-
parison of log RRT with reference mixtures
(RM-3, PUFA 1 and PUFA 2) (Table 1).

The relative response factors (RRF) are
shown in Table 2; calculation of the RRF on the
basis of standard FAME was used to test lineari-
ty of the detector response, the repeatability of
the apparatus and that of the integrator. PUFA
20 and 22 carbon atoms show an appreciable
increase in the RRF. Thus, if these RRF values
are not determined and applied, the errors in
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Fig. 1. GC profile of FAMEs from plasma of neonates including the antioxidant BHT, and 17:0 as internal standard (IS). Peaks:
1=14:0, 2=16:0, 3=16:lw -7, 4=18:0, 5=18:1w -9, 6=18:lw~7, 7=182w—6, 8=18:3w~3, 9=20:3w — 6, 10=
2014w — 6, 11 = 20:5w ~ 3, 12 =22:4w ~ 6, 13 =22:50 — 3, 14 = 22:6w — 3. At trace levels were: 18:3w — 3, 20:50 — 3, 22:40 — 6,
22:5w — 3.

Mokl 1
auvic 1

Logarithm of relative retention times of standards (PUFA 1, PUFA 2) and plasma sample.

Fatty acid log RRT

PUFA 2 PUFA 1 Plasma sample
Ciio -0.4610 —0.4616 —0.4632
Cleo —0.2684 —0.2670 —0.2699
Cle1a-7 —0.2038 —0.2038 —0.2047
Ciao —0.1053 —0.1036
Clsies —0.0590 —-0.0616 —0.0604
Cisiio-7 —0.0547 —0.0550 -0.0534
Ciszas reference peak reference peak reference peak
Clsi30-6 0.0404 - -
Clases 0.0620 - -
Caos0 s 0.1393 - 0.1399
Cromnn e 0.1639 - 0.1647
Cio50-3 0.2087 0.2099 -
Cirine-s 0.2427 - -
Cirisus 0.2806 0.2802 -
Crrigu_s 0.2966 0.2979 0.2996
Cro1e -0 - 0.0640 -
Cigisn-s - 0.1009 -
Crito-n1 - 0.1502 -

Corrus - 0.1542 -
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Table 2
Relative response factors of FAMEs

Fatty acid RRF (mean +S.D.) Coefficient of
variation (%)

Ciio 1.0095 £ 0.04 3.96

Cieo 0.9916 + 0.04 4.03

Cig1o—7 1.1235 £ 0.04 3.56

Ciso 0.9860 + 0.03 3.04

Cigio—s 1.0040 = 0.03 2.98

Cigrus 1.0283 + 0.06 5.83

Caoss 1.0939 + 0.05 4.57

Caoan - 1.1895 + 0.06 5.04

Crrns 1.2115 + 0.07 577

RREF values are given in relation to FA 17:0 (IS), and were
calculated using the equation given in the text. (n =9).

fatty acid analyses are considerable (over 15-
20% for AA and DHA).

A measure of precision was obtained calculat-
ing standard deviation and coefficient of vari-
ation of ten repeated analyses, (Table 3). The
inter-day precision is within the limits of accept-
able variability in analytical methods proposed
by Horwitz [26] for analyte concentrations in the
order of ug/100 ul.

The standard addition method was followed to
calculate the recovery rates of C,,.¢, -3, Cyp.40 -6
and C,.,._, by spiking the samples with three
different levels of standards. The mean recovery
(n=9) for DHA was 91.3%, for AA 93% and
94.3% for oleic acid.

BHT was added in small portion to the sol-
vents, to prevent autooxidation during the ana-
lytical procedure. After BF;—methanol reaction,
BHT might interfere with the FAME at two sites
[15]. The first peak is BHT (Fig. 1), which might

Table 3
Inter-day precision

Compound Concentration Coefficient of
(pg/100 ul) variation (%)

Cieo 22.47 4.60

Cio 15.73 3.02

Cisiioo 16.70 2.99

Ciazes 11.03 5.17

Cooit-6 10.38 7.20

Crrign-3 1.78 7.48

completely overlap the peak of methyl myristate,
however, in our case the column gives sufficient
resolution to separate distinctly the peaks of
BHT and methyl myristate. The second peak, is
the derivative of BHT produced by permethyla-
tion during the BF;-methanol reaction, which
was described by Heckers et al. [27] as having a
retention time identical to that of Cy.,, -,
moreover, the BHT was partly lost in the injec-
tor.

Detection and quantification limits for flame
ionization detection (FID) are shown in Table 4.
These limits demonstrate the excellent sensitivity
of the method proposed, according to the criteria
of Kaiser [28], Kateman and Pijpers [29], Long
and Winefordner [30] and Bonate [31]. For the
determination of the detection and quantification
limits, the signal-to-noise ratio was measured at
3 and 10, respectively. We have developed a
sensitive, precise method for the determination
of total fatty acids in plasma samples.

Table 5 shows the mean values of total fatty
acids in plasma of neonates. Values are given in
pg/100 pl plasma and in percentages. It is
observed in the bibliography [7,11,32,33], that
the % content of EFA (Ciz.5,_¢> Cigzw_3) 18
higher in samples of human adult plasma than in
plasma of neonates, however, the content of
LC-PUFA (AA and DHA) is higher in neonate
plasma; Nordoy and Dyerberg [33], give the first
following percentages for plasma total fatty acids
in adults in comparison to Farrel and Gutcher (7]
who give the second percentages for plasma total
fatty acids in neonates, that are in accordance

Table 4
Detection and quantification limits for FID

Fatty acid Detection Quantification
(n=9) limit (ng) limit (ng)
Ciio 0.42 1.10

Ciso 0.51 1.41

Cio 0.50 1.35

Ciotus 0.50 1.38

Cisu-s 0.35 0.95

Cro.30-6 0.11 0.30

Crou0—6 0.16 0.42

Crri60-3 0.08 0.22
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Table 5
Fatty acid composition of neonate plasma

Fatty acid Composition (mean =S.D., n = 10)
% ©g/100 wul
Ciio 1.77 £ 0.15 1.01 +0.08
Cren 31.28+0.90 24.03+0.91
Cioito-7 4.30+0.29 4.30+0.26
Ciao 16.90 +0.90 15.94 £ 0.95
Croos 15.10 + 0.83 16.91 = 0.90
Crenror 3.26 £0.20 3.46+0.21
Crazos 10.60 = 0.66 11.35 = 0.65
Cious 2.50+0.25 2.75 % 0.30
Croeu s 11.90 +1.07 10.77 £ 0.97
C 5 2.01x0.21 1.89+0.20

a2
»
N
E
[
[

with our values in neonates: EFA 182w —6
(32.1% vs. 10 5%), 18:3w —3 (0.5% vs. not

detected); long-cham polyunsaturated fatty
acids, AA (6.9% vs. 15.6%), DHA(0.8% vs.
1.01%).
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