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SUMMARY

The usefulness of high-temperature gas chromatography has been evaluated as
a technique to monitor changes in the composition of intact triglycerides of human
serum lipoprotein fraction after ingestion of triglycerides containing fatty acids of
widely differing chain lengths (¢.e. coconut, corn and rapeseed oils).

The technique proved to be useful in this type of metabolic experiment, since
the appearance of specific molecular weight triglycerides with random or non-random
distributions of fatty acids in serum lipoproteins could be detected after ingestion of
the oils. With simple fatty acid analysis, only changes in the proportions of fatty
acids in triglycerides can be measured.

INTRODUCTION

Gas chromatography (GC) has been widely used to investigate the effects of
dietary fats on the fatty acid composition of serum triglycerides. The analysis of
fatty acid composition alone is, however, of limited use since it yields little information
about the molecular composition of the dietary and serum triglycerides.

High-temperature GC is a sensitive and rapid technique whereby intact lipids
can be separated without prior hydrolysis to their constituent fatty acids (see Kuk-
sis! for review). The method separates triglycerides according to their total carbon
number (z.¢. molecular weight) without distinguishing molecules on the basis of double
bond number or position on the glycerol backbone. This technique enables more
information to be obtained about the molecular weight and degree of intermolecular
specificity or randomness of the fatty acid distribution of glycerides than fatty acid
analysis alone does.

Except for a few studies2—4, the method has not been widely used to study lipid
metabolism. Kuxsis ¢f al.5% have reported that blood glycerides can be separated by
- high-temperature GC. The experiments reported here were devised to evaluate the

* Present address (for reprints): Department of Biochemistry, The Medical School, Uni-
versity of Nottingham, Nottingham NG7 2RD, Great Britain,

‘ ** Present address: Department of Genetics, Psychoncurological Institute, Warsaw, Prusz-
kéw, Poland.

J. Chrvomatogr., 66 (1972) 2390-247



240 . R.B, WATTS, R. DILS, H. WEHR
usefulness of this technique in determining changes in the composition of intact
triglycerides of circulating lipoproteins in man after ingestion of triglycerides with
fatty acids of widely differing chain lengths. FFor simplicity, serum has been separated
into two fractions (density (d) < 1.00 and density (d) > 1.00), since it was not our
intention to carry out a detailed survey of changes in the triglyceride composition of
individual serum lipoprotein classes.

MATERIALS AND METHODS

Samples of refined deodorized coconut oil and refined rapeseed oils were gifts
from Loders and Nucoline Ltd., Cairn Mills, Silvertown, London E. 16, Great Britain.
Corn oil was purchased from domestic suppliers.

Thick-layer chromatography? followed by iodine staining showed that the
coconut and rapeseed oils were >g09%, triglyceride. Though the corn oil contained
some diglyceride and free fatty acids, high temperature GC (see below) showed it to
be >94%, triglyceride. Tables IT and I1I show the fatty acid and triglyceride composi-
tions of the oils used in these experiments. The fatty acid composition of the coconut
oil agrees with published data®?, as does the triglyceride composition.?, The fatty
acid composition of corn oil is similar to that quoted by HiLDITCH AND WILLIAMS!O,
Only the elution pattern of corn oil triglycerides on GC, but not the molar composition,
has been published previously!l, Both fatty acid and triglyceride compositions of the
rapeseed oil used agree with published datal2.13,

A fasting (12 h) male, age 37, was given 40 g of coconut, corn or rapeseed oil.
The same samples of these oils were used throughout. Except for the coconut ail,
which was spread on toasted bread, the oils were ingested with orange juice. The
subject of these experiments was one of the authors (R.D.).

Venous blood (5—-10 ml) was drawn after fasting and 3-3.5 h after ingestion of
oil. Directly after drawing the blood, serum was prepared, layered under water and
subjected to centrifugation at 10,000 g for 1o min. Lipoproteins of density £1.00
concentrated in the upper layer and lipoproteins of density >1.00 concentrated in the
lower layer. The former were washed by gentle emulsification in water and recentri-
fugation at 10,000 g for 10 min. Lipids were extracted from both lipoprotein fractions
and washed free from non-lipid contaminants!¢. In each case, lipid classes were
separated by thick-layer chromatography?. The developing solvent was diethyl
ether-light petroleum (b.p. 40-60°) (15:85) and the tank was flushed with nitrogen
at the start of development. Using a triolein marker, the triglyceride area was scraped
from the plate, eluted with chloroform, evaporated to a small volume and immediately
analysed by GC for intact lipid structure (see below). In a few cases, samples were
stored dry and under nitrogen prior to saponification, mcthylatlon and fatty acid
analysis.

The apparatus and methods used to analyse intact triglycerides by high-
temperature GC have been described? 15, A column (1 ft. ¢ in.) of 109, SE-30 was used
as stationary phase with a column load of approx. 20—40 ug lipid. The temperature
programme used to analyse rapeseed oil terminated at 345°. Methyl esters of fatty
acids from triglycerides were analysed on an aged column of 109, diethyleneglycol
adipate/3% phosphoric acid’. Molar correction factors?® were applied to all GC results.

The average fatty acid carbon number for fatty acid methyl esters and for
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triglycerides was calculated as described previously’. Triglyceride carbon numbers
refer to the total number of acyl carbon atoms in the molecule.

Assessment of specificity or randommness of tviglycerides

The intermolecular specificity or randomness of the fatty acid distribution in
triglycerides was evaluated by comparing the molar percentage of each triglyceride
species found experimentally (FF) with the calculated!® molar percentage of each tri-
glyceride species assuming a random (R) distribution of fatty acids. In the simplest
case where experimental errors in fatty acid and triglyceride analyses are ignored,
(F — R) represents the absolute degree of specificity inherent in the triglyceride
structure i.¢. the moles 9, of the triglyceride species which has a non-random distribu-
tion of fatty acids. For a completely random intermolecular distribution of fatty
acids, (F — R) == o. ,

In practice, each fatty acid and triglyceride analysis by GC has inherent ex-
perimental errors. The errors involved in determining the fatty acid composition will
be reflected in the calculated values for R, and values for IF will reflect in addition the
errors involved in the triglyceride analysis. Hence, values for I¥ and R will each have
their own errors. This is illustrated in Table I, which shows the most specific trigly-
ceride structures which could, in theory,be obtained with the fatty acid composition
of the triglycerides of fasting serum lipoproteins, d > 1.00, (see Table 11). It can be
seen that the overall moles 9, specificity of triglyceride structuresis related to the sum
of either the positive or the negative values for (I — R). Since it is difficult to assign
an error to this overall moles 9, specificity when experimental errors for component
fatty acid and/or triglyceride compositions are not of the same order, average values
for these overall errors have been used.

TABLE I

CALCULATION OF OVERALL MOLE % SPECIVICITY

The fatty acid composition used in this calculation is that of the triglycerides of fasting serum
lipoproteins of d > 1.00 (see Table II) i.¢, Cyy = 0.2 oz 0.1 moles %; Cyy = 2.2 £ 0.1 moles %;
Cyo = 41.5 4= 1.4 moles % ; Cyg = 56.2 4 0.5 moles %. However, the [F*-values are theoretical,
and have been calculated assuming a complete specificity for monoacyl triglyceride distribution
(i.e. Cqy + Cyg + Cyy etc.). The R-valucs are calculated assuming a random distribution of fatty
acids.

T'riglyceride (carbon No.) F*wvalues (R)-values (F*—R)-values

Moles 9%, Moles %, Moles Y specificity
36 0.2 - o.1 —_ 0.2 4 o.1
40 - - -
42 2.2 - 0.1 — 2.2 -} o.1
44 — 0.2 -} 0.1 — 0.2 - o,1
46 — 1.5 05 — 1.5k 0.5
.48 41.5 . 1.4 104 & 0.7 3.1 4 2.1
" 50 —_— 31.T - 0,3 —3I.1 2k 0.3 »
52 - 39.2 4= 0.7 —39.2 :}:: 0.7
54 56,2 |- 0.5 17.7 -k 0.2 38,5 0.7
Overall moles 9%,
specificity = 720 & (av.) 2.3
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RESULTS AND DISCUSSION

Fasting samples

A number of samples of fasting serum lipoproteins with d > 1.00 had similar
triglyceride fatty acid compositions to those quoted in Table II, but only these two
samples contained sufficient lipid to determine their intact triglyceride compositions.
Overall, 15.6 4 (av.)2.6 moles 9, of the triglycerides had specific distributions of

fatty acids (Table III). No lipoproteins of d £ 1.00 were detected in any sample
of fasting serum.

The effects of ingested oils .

There was considerable variation in the concentrations of the two serum lipo-
protein fractions obtained after ingestion of the same quantity of oil. We report in
Tables II and III those experiments where a sufficient concentration of both serum
lipoprotein fractions was obtained (¢.c. at least 0.6 mg lipid per fraction) to enable
their patterns of fatty acids and triglycerides t& be determined. In each case, the
effect of the ingestea triglyceride on the fatty acid pattern of the serum lipoprotein
triglycerides is described, followed by the effect on the intact triglyceride composition.

Coconut oil

When coconut oil was ingested, Cg:9 and Cy:0 fatty acids were not detected in
either serum lipoprotein fraction (Table I1I), indicating their absorption by the portal
route!?.18, The proportions of Cyg;9p and Cyq:p (the major fatty acids of coconut oil) in
lipoproteins d £ 1.00 were greater than in lipoproteins d > 1.00, whereas fasting
samples contained little of these fatty acids. These changes were strongly reflected in
the average fatty acid carbon numbers quoted in Table II, and agree well with those
obtained by BRAGDPON AND KARMEN?!? and KAVYDEN ¢! @l.20 in similar studies.

Table IIT shows that the lower molecular weight triglycerides (carbon numbers
26-34) of the coconut oil were not detected in either serum lipoprotein fraction.
Triglycerides with carbon numbers 36—40 were present in both lipoprotein fractions,
but absent in fasting samples. The average fatty acid carbon numbers of the trigly-
cerides reflect the increased proportion of these shorter-chain triglycerides in lipo-
proteins d < 1.00 compared with lipoproteins d > r.oo. It is interesting that the
effects observed by BEzZARD AND BugAuT? on the triglyceride composition of rat
adipose tissue after long-term feeding of coconut oil were strikingly similar to the
effects reported here on the triglyceride composition of human serum lipoproteins
d £ 1.00 after a single dose of the oil.

The ingested coconut oil had approximately the same overall fatty acid specifi-
city (16.4 - (av.)3.2 moles 9,) as the fasting serum lipoprotein triglycerides (15.6 -4
(av.)2.6 moles 9%,). Though the values for lipoproteins d > r.00 were variable, the
overall specificity of the triglycerides of both lipoprotein fractions had increased
considerably. The greatest increase in specificity was seen in triglycerides of carbon
"“numbers 48 and 52, whicli rnay indicate that C,q and C,4 fatty acids tend to re-esterify
 partial glycerides already containing these chain-length fatty acids. o
Corn ol

After taking corn oil, there was both a greater proportion of Cyg:2 (the major
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fatty acid of the oil) and a higher ratio of C,q:5 to C,q:; in triglycerides of lipoproteins
d £ 1.00 than in triglycerides of lipoproteins d > 1.00 (Table II). These results are in
agreement with previous observations!?,20-22,

The same range of triglycerides (i.¢. with carbon numbers 42-54) was found in
the serum lipoprotein fractions as in the fasting lipoproteins (Table I1I). However, the
proportion of triglycerides with carbon number 54 (the major component of the corn
oil) was considerably increased in lipoproteins d < 1.00 at the expense of triglycerides
with carbon number 52. This change did not significantly affect the average fatty
acid carbon number. There was no significant difference in the proportion of trigly-
cerides in lipoproteins d > 1.00 compared with fasting samples.

The random pattern of fatty acids in the corn oil was largely retained in the
serum lipoprotein triglycerides, except for triglycerides with carbon numbers 50
(i.e. Cyg + Cyg + Cyg) and 52 (7i.e. Cyq + Cyg + Cyg) in lipoproteins & > 1.00.

Rapeseed o1l

Erucicacid (Cy,:4) is the major fatty acid of rapeseed oil (Table 11). After taking
rapeseed oil, there was nearly twice the proportion of this fatty acid in the trigly-
cerides of lipoproteins d £ 1.00 as in those of lipoproteins d > 1.00. This clearly
affected the average fatty acid carbon numbers compared with fasting samples
(Table II).

The triglycerides of both lipoprotein fractions had also increased average fatty
acid carbon numbers, and showed a striking increase in triglycerides with carbon
numbers 54-62 (the major components of rapeseed oil). Triglycerides with carbon
numbers 56-62 could not be detected in fasting samples.

The rapeseed oil had 28.5 4 (av.)6.0 moles 9, chain length specificity overall.
This was mainly accounted for by triglycerides with carbon numbers 58-66. (The
theoretical random composition (R) includes triglycerides with carbon numbers 64
and 66, though these were not present in the oil.) Both serum lipoprotein fractions
had a more random distribution of fatty acids, especially in triglycerides with carbon

numbers 60 and 62, and this was reflected in the lower values for their overall moles %,
specificity.

CONCLUSION

The technique of GC of intact triglycerides has proved to be useful in this type
of metabolic experiment. It enables the appearance of specific molecular weight
triglycerides with random or non-random distributions of fatty acids to be monitored
With simple fatty acid analysis, only changes in the proportions of fatty acids in
triglycerides can be measured. Since high-temperature GC provides information about
the intermolecular fatty acid chain-length-specificity of glycerides, it is complemen-
tary to lipase hydrolysis which identifies intramolecular positional specificity of {atty
acids esterification on the glycerol backbone.
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