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SUMMARY

A rapid procedure for the isolation of plasma cholesterol ester and triglyceride fractions with ami
nopropyl-silica columns, followed by analysis of their fatty acid compositions by capillary gas chro
matography with flame ionization detection, is described. Within-series and long-term (six months)
series-to-series precision were investigated. The isolation procedure caused minimal cross-over be
tween the two lipid classes. Reference values for 57 apparently healthy Dutch adults were established
and compared with data reported from other countries. Feeding of rats with four diets differing in
their fatty acid compositions showed the relationship between the composition of the fatty acids in
the diet and those esterified to cholesterol in plasma. The method is of potential usefulness to the
establishment of the compliance of dietary interventions and basic dietary experiments.

INTRODUCTION

In Western countries, coronary atherosclerotic heart disease (CAHD) is the
major cause of death. A high level of serum cholesterol, notably located in the
low-density lipoprotein fraction [1], is a serious risk factor for the development
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of CAHD. A decrease of serum cholesterol levels by diet and drugs can arrest and
even reverse the atherosclerotic process [2,3].

Lowering of serum cholesterol can be accomplished by diets high in polyunsa
turated fatty acids (PUFA), such as those of the w6 series (mainly 18:2w6* from
vegetable oils) [2,4] or those of the w3 series (mainly 20:5w3 and 22:6w3 from
fish oils) [5,6]. Other clinical reasons for prescribing diets with "deviant" fatty
acid (FA) compositions are: lowering of serum triglyceride (TG) levels to reduce
the risk of pancreatitis [4], changing the mutual ratio between the different se
ries of eicosanoids to suppress chronic inflammatory processes [7] and alteration
of the FA composition of phospholipids to influence membrane deformability
[8] .

For the establishment of patient compliance and dietary experiments it is of
importance to monitor the intake of the prescribed diet and its influence on the
FA composition of the body. Registration by dietary inquiry is time-consuming
and liable to subjective information. The FA composition ofthe plasma (or serum)
cholesterol ester (CE) fraction is considered to be a reliable reflection of the
dietary FA composition of the preceding weeks [9-11]. Its measurement seems
to offer a more objective means to accomplish the goal.

About 75% of total plasma cholesterol is esterified to long-chain FA (LCFA)
[12,13]. In plasma, CE are synthesized by the enzyme lecithin:cholesterol acyl
transferase (LCAT; EC 2.3.1.43), which catalyses the transfer of a fatty acyl from
the sn-2 position of phosphatidyl choline (PC) to free cholesterol. The FA com
position of CE synthesized in plasma is therefore an indirect measure of that of
the sn-2 position of one of the most important structural phospholipids of cell
membranes. LCAT has preference for PC species containing 18:2w6 at their sn
2 positions and that are located in high-density lipoproteins [14,15]. Most tis
sues, including intestinal mucosa and liver, have the ability to produce CE by the
enzyme acyl-CoA:cholesterol O-acyltransferase (ACAT; EC 2.3.1.26), which
transfers a fatty acyl from an acyl-CoA to cholesterol. It is as yet unclear to what
extent intestinal and liver CE, located in chylomicrons and very-low-density li
poproteins, respectively [14], contribute to the circulating plasma CE pool. The
higher content of CE 18:1w9 and the lower content of CE 18:2w6 in very-Iow
density lipoproteins, when compared with low- and high-density lipoproteins [16],
and the high proportion of 16:0 and 18:1w9 and low proportion of 18:2w6 in the
plasma CE fraction of patients with LCAT deficiency [14] may point to the se
cretion of CE synthesized by ACAT in the liver.

We have developed a rapid prepurification method for the profiling of both
plasma CE-FA and TG-FA as their methyl esters (FAME) by gas chromato
graphy with flame ionization detection. As a control for its usefulness we mea
sured the plasma CE-FA composition of rats that were fed with four diets, differ
ing in their FA compositions.

*Fatty acids are abbreviated as a:bwx, in which a is the number of straight-chain carbon atoms, b the
number of methylene interrupted double bonds in the cis configuration and x the number of carbon
atoms from the last double bond to the terminal methyl group.
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EXPERIMENTAL

Materials
CE and TG standards were obtained from Sigma (Brunschwig Chemie, Am

sterdam, The Netherlands). Bond Elut aminopropyl disposable columns (500
mg) with stainless-steel frits were purchased from Analytichem (Betron Scien
tific, Rotterdam, The Netherlands). Butylated hydroxytoluene (BHT) was ob
tained from Fluka (Oud-Beijerland, The Netherlands). High-performance thin
layer chromatographic (HPTLC) silica gel 60 plates (10 cmX 10 cm; without
fluorescent indicator) and all other reagents were from Merck (Merck Neder
land, Amsterdam, The Netherlands).

Standard and internal standard solutions
Two standard solutions were used: (1) a mixture of CE standards (12:0, 14:0,

16:0, 16:1w7, 18:0, 18:1w9, 18:2w6, 20:0 and 20:4(6), containing 250 mg of each
standard and BHT per litre of hexane, and (2) a mixture of TG standards (12:0,
14:0,16:0,18:0, 18:1w9, 18:2w6 and 20:0), containing 40 mg of each standard and
80 mg of BHT per litre of hexane. Two internal standard solutions were made,
the first containing 502 mg of CE (17:0) and 500 mg of BHT per litre of hexane
and the second 198 mg of TG (19:0) and 250 mg of BHT per litre of hexane. In
addition we prepared a stock solution of 5 g BHT per litre of methanol.

Samples
EDTA-anticoagulated blood samples of 10 ml volume were obtained from 57

apparently healthy adults (28 women aged 20-49 years and 29 men aged 22-55
years) after a 12-h fast. None ofthese persons was on a restricted diet. Samples
were put on ice and processed within 30 min. Thrombocyte-rich plasma was ob
tained by centrifuging the blood at 800 g for 10 min. The thrombocyte-rich plasma
fraction was subsequently centrifuged for 10 min at 1500 g. The thrombocyte
poor EDTA-plasma was stored at -20°C until the analyses of the CE-FA and
TG-FA compositions.

Preparation of a total lipid extract from plasma
Total lipid extracts were prepared essentially as described by Folch et al. [17].

Aliquots (100 ,111) of the CE (17:0) and TG (19:0) internal standard solutions
were pipetted into a 15-ml glass tube and evaporated to dryness at 40°C under a
stream of nitrogen. A 2.5-ml portion of a chloroform-methanol solution (2:1,
vIv) was pipetted into the tube, and 100 ,111 of the thrombocyte-poor EDTA
plasma was added under vigorous mixing. After centrifugation for 10 min at 1500
g the supernatant was collected and evaporated to dryness at 40 0 C under a stream
of nitrogen. The lipids were redissolved in 1 ml of hexane. When the final total
lipid extracts were to be stored at - 20 0 C until further processing, 100 ,ul of the
BHT stock solution was added to the internal standard solutions before
evaporation.
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Isolation of the cholesterol ester and triglyceride fractions
A shortened version of the method of Kaluzny et al. [18] was used. Aminopro

pyl columns were previously washed twice under vacuum with 2 ml of chloro
form-methanol (2:1, v/v) and four 2-ml portions of hexane. Immediately after
washing the columns were used for the isolation of lipid classes.

Cholesterol ester fraction. A 400-.ul aliquot of the total lipid extract in hexane
(see above) was applied to the column, and the hexane was drawn through. The
eluate was collected in a 15-ml Sovirel glass tube containing 100 .ul of the BHT
stock solution. The column was eluted with two 2-ml portions of hexane, and the
eluates were collected in the same glass tube. These combined eluates contain the
CE fraction.

Triglyceride fraction. The column was subsequently eluted with three 2-ml por
tions of a mixture containing 1% diethyl ether and 10% dichloromethane (v/v )
in hexane. The eluate was collected in a 15-ml Sovirel glass tube containing 100
.ul of the BHT stock solution.

The CE and TG fractions were evaporated to dryness at 40 °C under a stream
of nitrogen and redissolved in 0.5 ml of chloroform. For a check on the complete
ness of the separation, 10-.ul aliquots of the lipid fractions were occasionally spot
ted on an HPTLC plate, which was subsequently developed and visualized ac
cording to Kaluzny et al. [18].

Preparation of fatty acid methyl esters
For transesterification [19], 2 ml of methanol-water-hydrochloric acid (five

volumes of methanol added to one volume of 6 M hydrochloric acid) were added.
The tubes were tightly capped and heated at 90°C for 4 h. After cooling, the
samples were extracted twice with 2-ml portions ofhexane. The combined hexane
layers were evaporated to dryness at 40 °C under a stream of nitrogen and redis
solved in 100 .ul of hexane.

Gas chromatographic profiling of fatty acid methyl esters
Portions of 2 III of the hexane extracts were automatically injected into a Hew

lett-Packard Model 5880 gas chromatograph equipped with a Model 7672 A au
tomatic injection system and a 50 mXO.2 mm J.D. (apolar) Ultra 1 cross-linked
methyl silicone-coated (film thickness O.l1.um) column (Hewlett-Packard, Am
stelveen, The Netherlands). The flow-rate of helium was 0.52 mljmin, the split
ratio 1:20, the flame ionization detector temperature 300°C and the injector tem
perature 280°C. The oven temperature programme was: 2 min at 160°C; 2°C/
min to 240°C; lOoC/min to 290°C; 20 min at 290°C.

Identification, quantification and quality control
FAME were identified by comparison of retention times with those of known

standards. Peak areas were calculated using a Nelson Analytical 3000 data system
(Cupertino, CA, U.S.A.).

The concentrations of FA in each fraction were calculated by comparing the
peak areas of each FAME with that of 17:0 (for the CE fraction) or 19:0 (for the
TG fraction), and assuming that equal mass amounts of long-chain FAME give
rise to equal GC peak areas [20]. The addition of 50.2 .ug of CE (17:0) and 19.8
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J1g TG (19:0) to 100 J1l of plasma fortifies its final transmethylated CE and TG
fractions with 21.24 J1g of 17:0 and 18.99 J1g of 19:0, respectively. The raw data,
expressed in J1g per 100 J1l of plasma, were transformed to mmol/l by dividing by
their corresponding molecular masses, summed and normalized to mol per 100
mol.

The cross-overs of FA from the TG fraction into the CE fraction, and vice
versa, were estimated by calculating the peak-area ratio 19:0/17:0 in the CE frac
tion and 17:0/19:0 in the TG fraction, respectively. Assuming that endogenous
CE and TG contain hardly any 17:0 or 19:0, a 1% cross-over ofTG-FA into the
CE-FA fraction would lead to a 19:0/17:0 peak-area ratio of 0.00894, whereas a
1%cross-overofCE-FA into the TG-FA fraction would result in a 17:0/19:0peak
area ratio of 0.01118.

Within- and between-series precision were determined by analysing six 100- J1l
aliquots ofpooled plasma within one series and a 100-J1l aliquot of the same pooled
plasma every month for six months, respectively.

Recoveries were calculated by analysing 100 J1l of pooled plasma and 100 J1l of
the same pooled plasma enriched with 200 J1l of (previously evaporated) CE and
500 J1l ofTG standard solutions. The FA peak-area differences between the sub
sequently isolated unspiked and spiked CE and TG fractions were compared with
the data of separately transmethylated CE and TG standards, using 17:0 and 19:0
as internal standards, respectively. Within-series (n =6) and between-series
(n =8) recoveries were calculated.

Direct gas chromatographic profiling of the cholesterol ester fraction
CE fractions, as obtained from aminopropyl-silica columns, were evaporated

to dryness at 40°C under a stream of nitrogen and redissolved in 200 J1lofhexane.
Aliquots of 2 J11 were injected into a Varian Model 3700 gas chromatograph (Var
ian Benelux, Amsterdam, The Netherlands) equipped with a 25 m X 0.25 mm LD.
(medium-polar) 50% phenyl-50% methyl silicone-coated (film thickness 0.10
J1m) WCOT-TAP column (Chrompack Nederland, Middelburg, The Nether
lands). The flow-rate of helium was 1.15 ml/min, the split ratio 1:20, the flame
ionization detector temperature 350°C and the injector temperature 350°C. The
oven temperature programme was: initial temperature, 330°C; 2°C/min to 350°C;
hold for 15 min.

Animal experiments
Male brown Norwegian rats, six weeks old, were fed for nine weeks with the

following four diets (Hope Farms, Woerden, The Netherlands): the standard rat
chow (containing 6.5% fat by mass) and a standard fat-free diet supplemented
with either 10% hydrogenated coconut fat, a 10% sunflower-soybean oil mixture
or 10% fish oil. To avoid any deficiency of FA of the w6-series, the coconut fat
and fish oil diets were fortified with 1.0 g/100 g sunflower-soybean oil mixture.
The a-tocopherol content ofthe diets amounted to 90 mg/kg (standard rat chow)
and 200-300 mg/kg (other diets).

Each diet group consisted of two rats. After nine weeks on their respective
diets, the rats were anaesthesized with diethyl ether in an undefined metabolic
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state. EDTA-anticoagulated blood samples were collected from the aorta and pro
cessed as described above. The FA compositions of the diets, including the me
dium-chain FA, were determined as previously described [21]. The thrombocyte
poor EDTA-plasma CE-FA and TG-FA compositions were assayed as outlined
above.

Statistics
Mean reference values and their 95% confidence intervals for the FA compo

sitions of the CE and TG fractions isolated from the plasma of 57 apparently
healthy Dutch controls were determined after a two-stage log-power transfor
mation of the individual data, according to the IFCC recommendation [22].

RESULTS AND DISCUSSION

Fig. 1 shows part of the gas chromatograms of FAME prepared from the CE
(A) and TG (D) fractions isolated from plasma of an apparently healthy adult.
Remarkable differences can be observed between plasma CE-FA profiles of the
healthy adult (A) and a paediatric patient with essential FA deficiency due to
abetalipoproteinaemia (B). The latter contains much lower relative amounts of
FA of the w6 series, especially 18:2w6 (peak 6), and additionally contains a peak
identified as 20:3w9 (peak 14) [23-25]. Fig. lC shows a chromatogram of the
intact CE fraction of the same healthy person, isolated by the present method.
As may be noted, GC profiling of the intact CE fraction leads to considerably
fewer peaks. With this method, which necessitates relatively high column tem
peratures, the CE of 20:4w6 remains undetected because of its heat lability.

Quality control
Table I shows the within- and long-term (six months) between-series quality

control data for the endogenous CE-FA and TG-FA compositions ofpooled plasma.
The use of different FA internal standards for the CE and TG fractions allows
the estimation of the cross-overs between these fractions for each individual sam
pIe, which may be of importance to samples containing abnormally high amounts
of these lipid classes. For the pooled plasma sample the mean cross-overs were
estimated to be below 3%. There was good precision for the quantitatively most
important FA, whereas, as might have been expected, the reproducibility for the
minor ones was considerably less favourable. Similar results were obtained by
Wang and Peter [26], who used silica Sep-Pak cartridges to fractionate lipid
classes and GC analysis on a polar packed column. The high between-series coef
ficients of variation (C.V.) for 14:0 are caused by the relatively low boiling point
of its methyl ester, which results in split injection related discrimination [20,21],
whereas the relatively poor reproducibility encountered for 16:1w7 is due to its
poor separation from neighbouring compounds of unknown identity on an apolar
stationary phase (see Fig. 1). The calculation of the total CE (SUM CE-FA) and
TG (SUM TG-FA/3) concentration of plasma from the sum of all FA in each
fraction was found to result in relatively high series-to-series coefficients ofvari-
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TABLE I

WITHIN-SERIES AND LONG-TERM (SIX MONTHS) BETWEEN-SERIES PRECISION FOR THE
FA COMPOSITIONS OF THE CE AND TG FRACTIONS ISOLATED FROM A POOLED PLASMA

Aliquots of 500 ,ill of pooled plasma were kept frozen at - 20 0 C until analysis. Each analysis made use of a
single aliquot of pooled plasma. Abbreviations: N.D. = not detectable; SAFA= sum of saturated FA;
MUFA=sum of monounsaturated FA; PUFA=sum of polyunsaturated FA; SUMw3=sum of w3 FA;
SUMw6=sum of w6 FA; SUMw7=sum of w7 FA; SUMw9=sum of w9 FA; DB! = double bond index
(mean number of double bonds per FA); MCL=mean chain length (mean number of carbon atoms per
FA); 19:0/17:0=measure for the cross-over of the TG fraction into the CE fraction (peak area 19:0/peak
area 17:0X 100%); 17:0/19:0=measure for the cross-over of the CE fraction into the TG fraction (peak
area 17:0/peak area 19:0X 100%); SUM CE-FA = total concentration ofCE (mmol/l) as derived from the
sum of the concentrations of the individual FA in the CE fraction assayed by the present method; SUM
TG-FA/3=total concentration of TG (mmol/l) calculated by taking one third of the sum of the concen-
trations of the individual FA in the TG fraction assayed by the present method; P/S=PUFA/SAFA.

Analyte Cholesterol esters (n = 6) Triglycerides (n=6)

Within Between Within Between

Mean±S.D. C.V. Mean±S.D. C.V. Mean±S.D. C.V. Mean±S.D. C.V.
(mo1/100 mol) (%) (mo1/100 mol) (%) (mo1/100 mol) (%) (mol/IOO mol) (%),.

14:0 1.15±0.09 -7,5 0.97±0.21 21.1 4.03±0.12 2.9 3.29±0.89 27.1
16:1w7 3.80±0.15 3.9 2.93±0.59 20.0 3.41±0.43 12.5 3.35±0.62 18.5
16:0 13.01 ±0.37 2.8 13.52± 1.45 10.7 29.89±0.94 3.1 29.77±2.32 7.8
18:3w6 0.72±0.02 3.2 0.71±0.03 3.8 0.30±0.01 4.6 0.29±0.02 7.2
18:2w6 54.47±0.58 1.1 54.04±0.98 1.8 18.18±0.47 2.6 17.57±0.90 5.1
18:3w3 N.D. 0.54±0.03 6.3 1.43±0.05 3.8 1.38±0.22 15.7
18:1w9 17.24±0.06 0.4 17.69±0.33 1.8 30.57±0.54 1.8 30.86±1.05 3.4
18:1w7 1.09±O.O3 2.9 1.17±O.O8 7.1 3.73±O.19 5.1 3.90±O.31 7.8
18:0 1.48±0.23 15.5 1.49±0.22 14.6 5.72±0.19 3.2 6.n±0.81 13.2
20:4w6 5.68±0.06 1.0 5.53±0.27 4.9 1.07±0.08 7.0 1.16±0.20 16.9
20:5w3 0.57±0.02 2.7 0.56±0.06 10.1 N.D. 0.19±0.06 29.3
20:3w9 N.D. N.D. N.D. 0.15±0.03 17.4
20:3w6 0.52±0.02 3.2 0.56±0.02 4.1 0.23±0.02 8.9 0.25±0.03 11.0
20:2w6 N.D. N.D. 0.24±0.02 7.9 0.23±0.03 14.4
20:1w9 N.D. N.D. 0.34±0.03 8.8 0.47±0.08 17.7
20:0 N.D. N.D. 0.21 ±0.Q1 4.9 0.27±0.05 16.8
22:6w3 0.29±0.04 12.4 0.30±0.06 19.7 0.43±0.02 4.6 0.42±0.04 10.1
22:4w6 N.D. N.D. N.D. 0.12±0.02 18.8
22:5w3 N.D. N.D. 0.23±0.01 4.8 0.24±0.04 15.3
SAFA 15.64±0.68 4.3 15.99± 1.66 10.4 39.84± 1.21 3.0 39.44±2.88 7.3
MUFA 22.12±0.14 0.7 21.78±0.66 3.0 38.05±0.72 1.9 38.57± 1.76 4.6
PUFA 62.24±0.70 1.1 62.23± 1.10 1.8 22.1O±0.52 2.3 21.99± 1.25 5.7
SUMw3 0.86±0.05 5.9 1.40 ± 0.12 8.2 2.09±0.06 2.8 2.22±0.25 11.2
SUMw6 61.38±0.66 1.1 60.84± 1.06 1.7 20.02±0.48 2.4 19.62± 1.00 5.1
SUMw7 4.88±0.14 2.9 4.09±0.63 15.5 7.14±0.32 4.5 7.24±0.80 11.0
SUMw9 17.24±0.06 0.4 17.69±0.33 1.8 30.91±0.54 1.8 31.48± 1.03 3.3
PIS 3.99±0.21 5.1 3.93 ± 0.43 11.1 0.56±0.03 5.3 0.56±0.07 12.5
DB! 1.62±0.02 1.1 1.62±0.03 1.9 0.89±0.02 2.0 0.90±0.05 5.0
MCL 17.77 ± 0.01 0.1 17.78±0.03 0.2 17.24±0.02 0.1 17.29±0.05 0.3
19:0/17:0 1.39±0.26 18.5 1.43 ± 1.40 97.7
17:0/19:0 3.32±0.26 7.8 2.94±0.55 18.7
SUMCE-FA 3.17±0.08 2.6 2.91 ±0.43 14.8
SUMTG-FA/3 1.09±0.06 5.3 0.97±0.22 22.2
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TABLE II

WITHIN-SERIES AND LONG-TERM (SIX MONTHS) BETWEEN-SERIES RELATIVE RE-
COVERIES OF CE AND TG STANDARDS ADDED TO POOLED PLASMA

Recoveries were calculated by comparing FA peak-area differences between the spiked and unspiked
pooled plasmas with the corresponding peak areas of separately transmethylated CE and TG stan-
dards, using the peak areas of 17:0 and 19:0 as internal standards, respectively. Spiked samples were
prepared by fortifying 100 ,ul of pooled plasma with 50 ,ug of indicated CE standards and 20 ,ug of
indicated TG standards

Analyte Within-series (n=6) Between-series (n =8 )

CE TG CE TG

Mean C.V. Mean C.V. Mean C.V. Mean C.V.
(%) (%) (%) (%) (%) (% ) (%) (%)

14:0 104.3 4.0 88.8 6.9 83.7 19.8 93.8 5.6
16:1w7 107.4 2.0 100.6 5.8
16:0 99.4 2.6 lOLl 10.2 97.2 3.3 94.0 9.7
18:2w6 105.8 8.2 97.0 7.8 100.4 13.2 97.9 4.2
18:1w9 103.2 3.5 91.9 14.0 lOLl 4.2 97.8 14.5
18:0 101.5 1.3 102.3 3.4 103.1 2.9 97.6 2.4
20:4w6 103.0 3.7 102.7 3.9
20:0 103.5 1.2 100.6 0.4 105.4 3.8 99.4 2.0

ation and therefore does not seem to offer a reasonable alternative for the direct
measurement of these analytes by other methods.

Table II presents the relative recoveries of added synthetic CE and TG stan
dards. The recoveries relative to their internal standards were close to 100%, with
reasonable long-term between-series coefficients of variation. Absolute recov
eries as established by Kaluzny et al. [18] for CE(18:1w9) and TG(18:1w9) and
by Wang and Peter [26] for CE(18:1w9) and CE(18:2w6), using similar prepu
rification methods, amounted to 90-100%.

Reference values
In Table III the reference values of plasma CE-FA and TG-FA for 57 appar

ently healthy Dutch adults (aged 20-55 years) are listed. When compared with
the between-series cross-over of the TG fraction into the CE fraction for a single
plasma sample (mean +2S.D. for the 19:0/17:0 ratio=4.23%; Table I) ,we found
a much higher upper limit of this parameter for individual samples (95% upper
confidence limit 19:0/17:0 ratio=8.99; Table III). A 19:0/17:0 percentage of8.99
would imply a cross-over of TG-FA into the CE-FA of ca. 10%, which could not
be confirmed on the basis of visual inspection of isolated fractions on HPTLC
plates. On the other hand, there was not much difference between the cross-over
data for the CE fraction, when the between-series results (mean+2S.D. for the
17:0/19:0 ratio=4.04; Table I) and those obtained from the reference value anal
ysis (95% upper confidence limit for the 17:0/19:0 ratio = 4.43%; Table III) were
compared. The apparently variable cross-overs of the TG fraction into the CE
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TABLE III

FA COMPOSITIONS OF THE CE AND TG FRACTIONS ISOLATED FROM THE PLASMA
OF 57 HEALTHY DUTCH ADULTS (AGED 20-55 YEARS) IN THE FASTING STATE

The group was composed of 28 women (aged 20-49 years) and 29 men (aged 22-55 years). Means
and 95% confidence intervals were determined from two-stage log-power transformed data. Abbre-
viations: total chol=concentration of total cholesterol (mmol/l) as determined by the SMA-C;
TG=concentration of total triglycerides (mmol/l) as determined by the SMA-C; for other abbrevi-
ations see Table I.

Analyte Cholesterol esters Triglycerides

Mean 95% Confidence Mean 95% Confidence
(mol/100 mol) interval (mo1/100 mol) interval

2.5% 97.5% 2.5% 97.5%

14:0 0.85 0.31 1.62 2.07 0.61 5.37
16:1w7 2.59 0.91 4.96 3.26 1.44 6.75
16:0 12.90 10.93 14.86 28.29 21.73 37.12
18:3w6 0.59 0.20 1.15 0.29 0.05 0.58
18:2w6 55.85 48.29 63.59 18.44 11.21 33.05
18:3w3 0.58 0.27 0.96 1.23 0.71 2.47
18:1w9 16.16 12.49 20.32 32.25 24.93 39.57
18:1w7 1.23 0.86 1.60 3.73 2.11 6.62
18:0 1.73 1.15 2.90 4.43 2.91 7.27
20:4w6 5.30 3.83 8.63 1.22 0.69 2.34
20:5w3 0.51 0.21 1.34 0.17 0.06 0.62
20:3w9 N.D. 0.19 0.08 0.31
20:3w6 0.63 0.41 0.97 0.29 0.17 0.51
20:2w6 N.D. 0.27 0.13 0.64
20:1w9 N.D. 0.41 0.23 0.80
20:0 N.D. 0.13 0.03 0.29
22:6w3 0.41 0.26 0.87 0.53 0.18 1.72
22:4w6 N.D. 0.14 0.07 0.24
22:5w3 N.D. 0.32 0.12 0.58
SAFA 15.57 13.03 18.11 35.13 27.34 47.02
MUFA 19.99 14.84 26.22 40.02 30.41 49.63
PUFA 64.30 57.38 71.21 23.43 15.32 39.95
SUMw3 1.56 0.91 2.48 2.42 1.42 4.33
SUMw6 62.67 55.50 69.85 20.72 12.88 36.98
SUMw7 3.82 2.10 6.25 7.35 3.87 11.00
SUMw9 16.16 12.49 20.32 32.88 25.51 40.27
PIS 4.13 3.26 5.34 0.66 0.35 1.27
DBI 1.65 1.55 1.77 0.97 0.78 1.26
MCL 17.80 17.70 17.92 17.37 17.12 17.63
19:0/17:0 1.16 0.76 8.99
17:0/19:0 2.80 1.79 4.43
Total chol 5.16 4.00 6.79
SumCE-FA 3.67 2.60 4.75
TG 0.89 0.49 1.83
SUMTG-FA/3 0.75 0.31 1.71
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fraction for individual samples may be caused by a variable occurrence of 19:0 or
compounds eluting with a GC retention time of 19:0 in endogenous CE, or non
representative cross-over of TG (19:0) into the CE fraction. In this respect it is
important to note that TG (19:0), because of its apolarity, has a higher RF value
in the standard silica HPTLC system than TG from endogenous origin, which
would favour contamination that does not accurately reflect cross-over of endog
enous TG into the CE-fraction during the isolation of the lipid classes on the
aminopropyl-silica columns. The estimation of cross-overs by the measurement
ofthe 17:0/19:0 and 19:0/17:0 ratios should therefore be interpreted with caution.

Comparison of 54 results calculated from the sum of all FA in the CE fraction
(SUM CE-FA by the present method; y axis) with those obtained for total serum
cholesterol by the SMA-C (x axis) revealed a regression line y=0.684x+0.07
(mmoljl), with a correlation coefficient of 0.909 (p < 0.0001) and a residual S.D.
in the y direction of 0.24 mmoljl. The calculated slope of 0.68 is in reasonable
agreement with the ca. 70-80% esterified form of plasma cholesterol in healthy
subjects [12,13]. A similar correlation study between 54 results calculated from
the sum of all FA in the TG fraction times 1/3 (SUM TG-FA/3 by the present
method; y axis) with those obtained for serum TG by the SMA-C (x axis) showed
a regression line y = 0.913x +0.08 (mmol/l), with a correlation coefficient of 0.937
(p < 0.0001) and a residual S.D. in the y direction of 0.12 mmol/l. The ca. 9%
lower values obtained by the present method may be related to the presence of
ca. 10% mono- and diglycerides in plasma [27,28], which are additionally mea
sured by methods based on the assay of hydrolysable glycerol, such as performed
by the SMA-C.

Generally the reference values for the FA composition of the plasma CE and
TG fractions as determined by us fit well within those reported by others [9,29
31], the most striking difference being the relatively higher levels for 18:2(1)6 and
the relatively lower levels for 18:1(1)9 and FA of the (1)3 series. This will certainly
be due to the relatively high consumption of vegetable oils by the Dutch popula
tion and the relatively low intake of fish oils [32], respectively. There is much
more inter-individual variance in the FA composition of circulating TG in the
fasting state (almost exclusively located in very-low-density lipoproteins, origi
nating from the liver) than in the CE-FA composition.

Plasma cholesterol ester fatty acid composition of rats fed with different diets
Table IV lists the results of the experiment in which rats were fed for nine

weeks with four diets of different FA compositions. Selected results are depicted
in Fig. 2.

In contrast to humans (Table III) the major rat plasma CE-PUFA is 20:4(1)6,
which may predominantly be caused by the higher rate of 20:4(1)6 transfer than
18:2(1)6 by rat LCAT [14,33]. However, as in humans [9,34], there is a non-linear
relationship between the relative amounts of PUFA in the plasma CE fraction
and that in the diet. In all cases relative PUFA levels in the plasma CE exceeded
those in the diet, reflecting the preference of PC to accumulate PUFA on the sn
2 position and/or of LCAT to transfer PUFA. Large differences in the dietary
PUFA content (range 3.60-62.32%; Table IV) resulted in much smaller differ-
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TABLE IV

EFFECT OF THE DIETARY FA COMPOSITION ON THE PLASMA CE-FA PROFILE OF RATS

Male brown Norwegian rats (six weeks old) were fed four different diets for nine weeks. The fat
contents were: 6.5% (standard chow), 10% (sunflower-soybean oil mixture) and 11% (hydrogenated
coconut fat and fish oil). The indicated plasma CE-FA compositions represent the mean of the results
obtained from two individual rats. - = Not determined. For other abbreviations see Table I.

Analyte Standard chow Coconut fat Soybean oil Fish oil

Diet PlasmaCE Diet PlasmaCE Diet Plasma CE Diet PlasmaCE

8:0 N.D. 2.93 N.D. N.D.
10:0 N.D. 5.85 N.D. N.D.
12:0 N.D. 51.28 N.D. N.D.
14:0 1.12 0.70 17.50 3.44 N.D. N.D. 10.37 N.D.
16:1w7 1.50 3.29 N.D. 7.61 N.D. N.D. 12.65 6.35
16:0 20.65 15.05 8.62 20.34 11.17 9.44 17.51 15.33
18:3w6 N.D. N.D. N.D. N.D. N.D. 0.76 2.48 N.D.
18:2w6 35.44 13.50 3.60 10.33 60.81 18.02 4.47 7.09
18:3w3 2.81 N.D. N.D. N.D. 1.51 N.D. N.D. N.D.
18:1w9 27.46 8.26 1.56 15.19 19.67 7.04 17.78 22.93
18:1w7 2.80 0.49 N.D. 2.38. 2.45 0.67 5.24 1.97
18:0 8.23 4.85 8.65 4.31 4.39 2.92 2.38 3.98
20:4w6 N.D. 52.60 N.D. 36.40 N.D. 60.90 N.D. 22.41
20:5w3 N.D. N.D. N.D. N.D. N.D. N.D. 4.90 16.75
20:1w9 N.D. N.D. N.D. N.D. N.D. N.D. 20.01 N.D.
22:6w3 N.D. 0.58 N.D. N.D. N.D. 0.26 2.21 3.19
24:0 N.D. 0.69 N.D. N.D. N.D. N.D. N.D. N.D.
SAFA 30.00 21.29 94.83 28.09 15.56 12.36 30.26 19.32
MUFA 31.75 12.04 1.56 25.18 22.12 7.71 55.68 31.25
PUFA 38.25 66.68 3.60 46.73 62.32 79.94 14.06 49.44
SUMw3 2.81 0.58 N.D. N.D. 1.51 0.26 7.11 19.94
SUMw6 35.44 66.10 3.60 46.73 60.81 79.68 6.95 29.50
SUMw7 4.30 3.78 N.D. 9.99 2.45 0.67 17.89 8.32
SUMw9 27.46 8.26 1.56 15.19 19.67 7.04 37.79 22.93

ences in the plasma CE-PUFA content (range 46.73-79.94%; Table IV), indicat
ing that the latter is a relatively insensitive measure of the former. When rats
were fed a fish oil diet, an enrichment of PUFA of the w3 series in the CE fraction
took place, which competed with the accumulation of PUFA of the w6 series.

The coconut diet, rich in medium-chain saturated FA (MCSAFA), led to en
richment of the plasma CE fraction with endogenously synthesized monounsa
turated FA (MUFA), notably 18:1w9. As in humans [34], the SAFA content of
the diet did not seem to influence the CE-SAFA content to a large extent. This
may be caused by the small amount of SAFA on the sn-2 position of circulating
PC, as may be derived from the FA combinations of PC species in human eryth
rocytes [33,35], and the low affinity of human-LCAT for PC containing a SAFA
on the sn-2 position [14]. It remains to be established whether the presence of
relatively high amounts of certain FA (such as 16:0) esterified to plasma choles
terol, which do not occur in appreciable amounts on the sn-2 position of high-
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density lipoprotein-PC and, if present on this position, are not preferably trans
ferred by LCAT, originate from intracellular ACAT activity or result from a rel
atively long plasma half-life.

CONCLUSIONS

The present method for the isolation of plasma CE and TG allows rapid si
multaneous processing of large series and results in a reasonable long-term qual
ity control with minimal cross-overs between the two lipid classes. For the
subsequent routine GC analysis of their FA compositions, transmethylation to
FAME seems at present to be the method of choice, notably because of the as yet
poorly solved difficulties associated with the thermal instability of naturally oc
curring CE and TG and the unavailability of reference TG standards. As illus
trated by an intervention experiment with four different diets in rats, the
determination of the plasma CE-FA composition gives a reliable estimate of the
FA composition of the diet consumed during the preceding weeks. Its measure
ment may be of importance to the establishment of the compliance of dietary
interventions and basic dietary experiments.

ACKNOWLEDGEMENTS

The authors thank Mrs. LA. Martini, Mr. G. Meiborg, Mrs. D.A. Hoyng and
Mr. H. Ferwerda for their valuable technical assistence and Dr. P. Tuchschmid
(Kinderspital, Zurich, Switzerland) for providing us with blood samples from the
patient with abetalipoproteinaemia.

REFERENCES

,1 H. Blackburn, in D. Steinberg and J.M. Olefsky (Editors), Hypercholesterolemia and Athero
sclerosis: Pathogenesis and Prevention, Churchill Livingstone, New York, Edinburgh, London,
Melbourne, 1987, pp. 53-98.

2 A.C. Arntzenius, D. Kromhout, J.D. Barth, J.H. Reiber, A.V. Bruschke, B. Buis, C.M. van Gent,
N. Kempen-Voogd, S. Strikwerda and E.A. van der Velde, N. Eng!. J. Med., 312 (1985) 805.

3 D.H. Blankenhorn, S.A. Nessim, RL. Johnson, M.E. Sanmarco, S.P. Azen and L. Cashin-Hem
phill, J. Am. Med. Assoc., 257 (1987) 3233.

4 S.M. Grundy, in D. Steinberg and J.M. Olefsky (Editors), Hypercholesterolemia and Athero
sclerosis: Pathogenesis and Prevention, Churchill Livingstone, New York, Edinburgh, London,
Melbourne, 1987, pp. 169-193.

5 J.E. Kinsella, Am. J. Cardio!., 60 (1987) 23G.
6 A. Leaf and P.C. Weber, N. Eng. J. Med., 318 (1988) 549.

\7 Editorial, Lancet, ii 8561 (1987) no.
8 T. Terano, A. Hirai, T. Hamazaki, S. Kobayashi, T. Fujita, Y. Tamura and A. Kumagai, Ath

erosclerosis,46 (1983) 321.
9 T. Moilanen, L. Rasanen, J. Viikari, H.K. Akerblom, M. Ahola, M. Uhari, M. Pasanen and T.

Nikkari, Am. J. Clin. Nutr., 42 (1985) 708.
10 N. Zollner and G. Wolfram, Z. Gesamte Exp. Med., 146 (1968) 89.
11 B. Vessby, L-B. Gustafsson, J. Boberg, B. Karlstrom, H. Lithell and L Werner, Eur. J. Clin.

Invest., 10 (1980) 193.
12 L Duncan, P.H. Culbreth and C.A. Burtis, J. Chromatogr., 162 (1979) 281.



409

13 J.J. van Doormaal, F.A.J. Muskiet, E. van Ballegooie, W.J. Sluiter and H. Doorenbos, Clin.
Chim. Acta, 144 (1984) 203.

14 KR Norum, T. Berg, P. Helgerud and C.A. Drevon, Physiol. Rev., 63 (1983) 1343.
15 D. Reichl and N.E. Miller, Clin. Sci., 70 (1986) 221.
16 A. Kuksis, J.J. Myher, K Geher, W.C. Breckenridge, G.J.L. Jones and J.A. Little, J. Chroma-

togr., 224 (1981) 1.
17 J. Folch, M. Lees and G.H. Sloane-Stanley, J. BioI. Chem., 226 (1957) 497.
18 M.A. Kaluzny, L.A. Duncan, M.V. Merritt and D.E. Epps, J. Lipid Res., 26 (1985) 135.
19 F.A.J. Muskiet, J.J. van Doormaal, LA. Martini, B.G. Wolthers and W. van der Slik, J. Chro

matogr.,278 (1983) 231.
20 M. Volmer, G. Meiborg and F.A.J. Muskiet, J. Chromatogr., 434 (1988) 385-394.
21 G. van der Steege, F.A.J. Muskiet, LA. Martini, N.H. Hutter and E.R Boersma, J. Chromatogr.,

415 (1987) 1.
'Q2 Scientific Committee, Clinical Section Expert Panel on Theory or Reference Values (EPTRV),

International Federation of Clinical Chemistry, Clin. Chim. Acta, 170 (1987) S3.
23 H.J. Kayden, Nutr. Rev., 38 (1980) 244.
24 W.O. Lundberg, Nutr. Rev., 38 (1980) 233.
25 RT. Holman, S.B. Johnson, O. Mercuri, H.J. Itarte, M.A. Rodrigo and M.E. De Thomas, Am.

J. Clin. Nutr., 34 (1981) 1534.
26 S.T. Wang and F. Peter, J. Chromatogr., 276 (1983) 249.
27 L.A. Carlson and L.B. Wadstrom, Clin. Chim. Acta, 4 (1959) 197.
28 N. Zollner, H. Wolfram and G. Wolfram, J. Clin. Chem. Clin. Biochem., 7 (1969) 339.
29 K Kirkeby and L Bjerkedal, Acta Med. Scand., 183 (1968) 143.
30 R.T. Holman, L. Smythe and S. Johnson, Am. J. Clin. Nutr., 32 (1979) 2390.
31 J.T. Knuiman, C.E. West, R.J.J. Hermus and J.G.A.J. Hautvast, Atherosclerosis, 37 (1980) 617.
32 D. Kromhout, E.B. Bosschieter and C. de Lezenne Coulander, N. Engl. J. Med., 312 (1985)

1205.
33 G.J. Nelson, in G.J. Nelson (Editor), Blood Lipids and Lipoproteins: Quantitation, Composi

tion and Metabolism, Wiley-Interscience, New York, 1972, pp. 317-386.
34 M. Lasserre, F. Mendy, D. Spielmann and B. Jacotot, Lipids, 20 (1985) 227.
35 P. Child, J.J. Myher, FA Kuypers, J.A.F. op den Kamp, A. Kuksis and L.L.M. van Deenen,

Biochim. Biophys. Acta, 812 (1985) 321.




