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A method is described for the identification and quantitative determination of the urinary long chain fatty acids.
The urinary lipids are saponified, the unsaponifiable fraction is removed, the fatty acids are extracted after acidification and conver-
ted into methyl esters. These are purified by thin layer chromatography and analysed by gas liquid chromatography. The eluted com-
ponents are identified on basis of their Chromatographie behavior in three different Chromatographie systems.

Eine Methode zur Identifikation, Quantitation, Bestimmung und Feststellung des Fettsäuremusters der langkettigen Fettsäuren im
Urin wird beschrieben.
Die Urin-Lipide werden verseift, der nicht verseifbare Anteil abgetrennt, die Fettsäuren nach Ansäuern extrahiert und in ihre Methyl-
ester umgesetzt. Diese werden durch Dünnschichtchromatographie gereinigt und gaschromatographisch bestimmt. Die Identifizierung
der eluierten Komponenten erfolgt auf Grund ihres chromatographischen Verhaltens in drei verschiedenen Systemen.

It has been shown that several lipid classes are present
in normal urine (1, 2). It has been proposed that the
non esterified fatty acid fraction is of physiological
significance (3). Increases of some of these acids has
been noted in pathological urines (1, 4). The increase
of the total fats has been associated with the nephio-
tic syndrome (5), with fat embolism (6) and with alco-
holism (7), that of the triglycerides and cholesteryl
esters with nephrosis (8), that of the free fatty acids
with albuminuria (8) and that of the glycolipids with
Fabry's disease (9) and with metachromatic leuko-
dystrophy (10). In view of these findings we decided
to develop a method for the estimation of the total
urinary long chain fatty acids and for the determination
of their pattern.

Materials and Methods

Reagents
All reagents were Merck pro analysi products except the lipid
standards and the support and liquid phases for gas chromato-
graphy which were obtained from Applied Science Laborato-
ries (College Station, U.S.A.).
A pentadecanoic acid solution in isooctane (100 mg/1) was
used as internal standard.
The water used was deionised and distilled.
All glassware and filter paper were washed consecutively
three times with chloroform/MeOH (2/1 by volume) and
twice with petroleum ether (b.p. 40°~60°C).

Thin-layer plates
A slurry of 50 g silica gel H in 110 ml 0.01 % aqueous rhod-
amine 6 G solution is spread out on 200 X 200 mm glass

plates to a thickness of 0.25 mm. After air drying for at least
24 h, the plates are ready for use.

Analytical gas Chromatographie system
Two glass columns, length 2 m, I.D. 2 mm, packed with 5 %
polymer EGSS-X on Gas-Chrom Q 80-100 mesh, are installed
in a Hewlett Packard gas Chromatograph, model 5720 A,
equipped with flame ionisation detectors. One column is used
for analysis, the other one for base line compensation.

Identification system
A 2 m glass column, I.D. 2 mm, packed with 5 % polymer
EGSS-X on Gas-Chrom Q 80-100 mesh and a i m glass
column, I.D. 4 mm, packed with 1 % UCW on Gas-Chrom Q
80-100 mesh are placed in an F & M gas Chromatograph,
model 402, equipped with two flame ionisation detectors, a
double electrometer and a double pen recorder. The carrier gas
flow (N2) of the polar column (EGSS-X) is adjusted to obtain
optimal separation (11); that of the apolar one (UCW) is ad-
justed so that methyl oleate is eluted with the same retention
time on both columns.

Urines
After collection, all urine specimens are stored in a refrigera-
tor at 4° C. Before analysis, all collections made during a 24 h
period are pooled. Urine can be stored for at least one week
at 4° C without changes in total fatty acid concentration or
pattern.

Preparation of a total fatty acid extract
Add to a fraction of shaken urine (e.g. 100 ml) the same
volume of a saturated KOH solution in 95 % ethanol. Reflux
the mixture for about 30 min under nitrogen, cool to about
40° C and remove the unsaponifiable material by three conse-
cutive extractions with petroleum ether (b.p. 60°-80°C).
Acidify the aqeous phase with concentrated hydrochloric acid
to about pH l and extract it three times with petroleum ether
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(b.p. 40°-60° C). Dry the pooled petroleum ether extracts
over anhydrous Na2SO4, filter and concentrate with a flash eva-
porator under vacuum to a few ml at a temperature not exee-
ding40°C.
Transfer quantitatively to a volumetric flash and make up to
volume (petroleum ether).

Preparation and purification of methyl esters
Add an appropriate amount (see discussion) of the internal
standard solution to a fraction of the total fatty acid extract
and convert the total fatty acids into methyl esters (e.g. 12,
ί3,14).
Concentrate the methyl ester solution to about 0.1 ml and
transfer it quantitatively to one half of a thin layer plate
(methyl heptadecanoate is spotted on the other half as an
indicator for the methyl esters). Develop the plate with pe-
troleum ether (b.p. 60°-80°C)/acetone (85/15 by volume)
for about 100 mm, dry the plate in a nitrogen atmosphere and
develop again with hexane for about 170 mm. Dry the plate
under nitrogen, scrape off the methyl ester band (which is
visible under daylight and even more so under ultra violet
light) into a test tube containing 3 ml of petroleum ether
(b.p. 40°-60° C), add 2 ml of MeOH/H2O (1/1 by volume)
remove the petroleum ether phase, extract twice more with
2 ml petroleum ether (b.p. 40° -60° C) and dry the pooled
petroleum ether extracts over anhydrous MgSU4.

Gas chromatography
Inject 1 μΐ of the concentrated methyl ester solution into
the analytical gas Chromatographie system. Program column
temperature from 80° C to 200° C at a rate of 6°/min and hold
constant for 30 min at 200° C. Injector and detector tempe-
rature are held constant at 250° C.
Calculate the percentage composition of the total fatty acids
(12) and the amount of each fatty acid from the area of the
corresponding methyl ester peak, the area of the internal stan-
dard peak and the amount of the internal standard added (12).
Eventually, characterisation and identity confirmation of the
components can be done by injecting immediately after
each other 1 μΐ of the methyl ester solution on the apolar and
1 μΐ on the polar column of the identification system. (Column
temperature programmed from 80° C to 200° C at 5° C/min
and held constant at the upper limit till all components are
eluted; temperature of injection port and detector held con-
stant at 250° C). Comparison of elution temperatures of the
unknown components on both columns with those of stan-
dards can eventually lead to identification; in any case, com-
parison of equivalent chain lengths on both columns gives
valuable structural information about the unknown compo-
nent (15* 16).
An identification chromatogram of the total fatty acids from
urine of a nephrotic patient is shown in Figure 1.

Results

Good chromatograms are obtained with the method des-
cribed, even for urine samples with the lowest amounts
of total fatty acids (normal urines; 10 mg/1 total fatty
acids (Fig. 2-bottom). Qualitative and quantitative
results are reproducible, the standard deviation on the
percentage composition changing from 5 % for big
peaks in the chromatogram to 10 % for small peaks,
that on the quantitative results being about 6 %. As
to the accuracy, it was found that fatty acids added to
urine as trilinolein, monoolein, margaric acid orL-a-
dilinoleoyl lecithin in CHCl3-MeOH 2/1 (by volume)
solution were recovered quantitatively; .the amount of
fatty acids obtained by saponification was never lower
(but usually higher) than that obtained by direct
esterification - transesterification (12) of a total

Fig. 1.
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Identification chromatogram of nephrotic urine total
fatty acids. Working conditions in text.
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Fig. 2. Analytical gas chromatogram of not purified (top) and
thin layer purified (bottom) methyl esters prepared from
normal urine. Working conditions in text.

Folch lipid extract (17) and identical results were ob-
tained by direct esterification-transesterification (12)
of a Folch lipid extract (17) and by direct esterification-
transesterification of a lyophilised sample. These re-
sults indicate that the long chain fatty aicids are reco-
vered quantitatively. Quantitative recovery of linoleate,
added as triglyceride or as lecithin indicates that no
oxidative losses of unsaturated fatty acids occur.
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Results obtained with this method on normal and
pathological urines are described elsewhere (1,8).

Discussion
The optimal amount of internal standard to be added
is the same as the amount of the major fatty acid pre-
sent in the urine sample and this should be determined
by a trial experiment. For a 100 ml urine sample 1 ml
of standard solution for normal urine and 1 ml per g/1
protein for protein-containing urine is a suitable estimate
for the trial experiment (8).
Pentadecanoic acid is suitable as internal standard, as
it was found to be present in urine only in minute
quantities.
Extraction of the saponified urine with petroleum
ether from alkaline medium is not necessary, but pre-
ferable; this treatment removes components which
otherwise react during the esterification step to form
derivatives with the same Rp value in the thin layer
system as methyl esters and which are eluted in the
gas Chromatographie systems with very long retention
times, thus increasing analysis time unnecessarily.
The extraction is best done at 40° C to facilitate separa-
tion of phases and to avoid emulsion formation.

Thus, for this extraction step, petroleum ether with
a boiling point range 60°—80° C is indicated; for the
other extraction steps, the more volatile petroleum
ether fraction b.p. 40°—60° C is prefered.
By direct esterification — transesterification (12) of the
petroleum ether extract from the alkaline medium to
which an internal standard was added, it was shown
that no fatty acids could be recovered from it, indi-
cating that this extraction does not lead to losses of
urinary long chain fatty acids.
Extraction of the long chain fatty acids from acid me-
dium often results in the formation of rather stable
emulsions. In general, these emulsions cannot be
avoided by working at higher temperatures but
they can be avoided by changing the composition of
the aqueous phase, by addition of water or of MeOH.
Usually, the best results are obtained when the polar
phase is composed of alcohol/water in a ratio of 1/1
(by volume). Low speed centrifigation may be required
to break the emulsions.
In order to check the recovery of long chain fatty acids
from urine, an internal standard was added to the ex-
tracted aqueous phase which was brought to dryness by
azeotropic distillation with benzene/MeOH (1/1 by
volume) under vacuum (18) or by lyophilisation. The
amount of fatty acids in this dried sample was deter-
mined by gas chromatography after direct esterification
- transesterification (12). For all the samples exa-
mined, it was found that about 1 % of the total fatty
acids were not recovered from the aqueous phase. It
could not be ascertained whether these fatty acids

were present in a water-soluble form in the aqueous
phase, or merely not completely extracted.
The finding that the non extracted fatty acids have the
same fatty acid composition as the extracted ones
suggest the latter supposition. Since only 1 % of the
total fatty acids is not recovered, the extraction of
these can be considered quantitative for all practical
purposes.
It was found that all extracts could be stored deep
frozen (- 20° C) for at least three months.
In addition to the long chain fatty acids, the extract
contains other material which gives rise to components
that interfere with the gas Chromatographie determi-
nation of the methyl esters. The amount of interfering
material is about constant1), interference thus being
the more important the lower the amount of fatty acids
in the urine.
The interfering components can be effectively elimi-
nated by thin layer purification of the methyl esters,
as can be seen from Figure 2. The methyl esters of
normal or branched long chain saturated or unsaturated
fatty acids move as one component in the thin layer
Chromatographie system and thus, eventually, they
are recovered for gas chromatography; methyl esters
of hydroxy acids, keto acids or medium chain fatty
acids have other RF values and are not recovered.
The identification of the components (identification
system) is based on the combination of their elution
characteristics on a polar and non polar column (15, 16).
When components have the same retention time and
peak widths as methyl ester standards on each column
of the identification system, they can be considered as
identical with the standards, having the same Chromato-
graphie behavior in three different Chromatographie
systems.
Usually, the same fatty acids (but in different propor-
tions) are present in urine as in serum. In one urine sample
from a patient with glomerulonephritis, 10-hydroxy-
stearic acid which is not present in serum, was identi-
fied in the urine (4).
The method yields information on the total fatty acids
which are present in urine, irrespective of whether
they are free, protein bound or incorporated in cellular
material.
In normal urine the major part of the fatty acids is not
incorporated in cellular material and is not bound;

') The amount of material in the extract can be estimated by
acid-dichromate oxidation (19). It was found that the fatty
acids in the extract, as determined by gas chromatography,
accounted for 20 to 70 % of the reduction of the dichromate,
the contaminating material from 1 1 urine having a reducing
capacity equivalent to that of 50 to 120 mg palmitic acid
(range found for 23 urine samples of normal persons and
patients with different diseases).
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identical results are obtained for the amount and compo-
sition of the fatty acids with or without centrifugation
of the urine, and the amount of protein is too small to
bind more than a small fraction of the fatty acids2).
Evidence has been presented that the major fraction of
total fatty acids of normal urine are not esterified, and
they are probably derived by glumerular filtration of
the serum non protein bound free fatty acid anions
(3,8).

2) Normal urine does contain small amounts of protein (upper
limit normal range about 200 mg/1 (20). Assuming all this
protein is glomerular filtered serum albumin, which is certainly
an overestimation - the amount of fatty acids bound to it
would be 200 mg/1 X

4000
1 mg/1 (200 mg/1 serum free

fatty acids and 40,00 g/1 serum albumin) or about 10 % of
normal urine total fatty acids. Moreover, if a major portion
of urinary fatty acids were excreted as free fatty acid-albumin
complex, there would be a strong resemblance between urinary
and serum free fatty acid composition, and this was shown to
be not the case (8).

In proteinuria, there usually is an increase in total
urinary fatty acids (8). An hyperbolic correlation was
found to exist between the amount of total fatty acids
relative to the amount of proteins and the amount of
protein (8).

In histuria, the major part of total fatty acids in.urine
may originate from cellular lipids, in chyluria, from
lymph lipids a.s.o.

Wherever the fatty acid composition and or the quantity
of urinary total fatty acids deviates from normal, fur-
ther fractionation of the urine (centrifugation, dialysis,
ultrafiltratioii) (1) or of the urinary lipid classes (8)
might be considered.
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