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Sarcosine (N-methylglycine) is a metabolic derivative of choline. Sarcosine
is normally demethylated into glycine by an oxidative process necessitating
tetrahydrofolate and catalysed by the flavoenzyme sarcosine dehydrogenase
[1—3]. This enzyme-is present in the human liver but not in fibroblasts [4—6].
Some rare examples of inactive sarcosine dehydrogenase have been described,
characterized by hypersarcosinuria and hypersarcosinaemia [5, 7—13]. If one
excludes some cases that were corrected by injections of folic acid [14], a
genetic origin appears probable, as an autosomal recessive character [13].

The evaluation of sarcosine has, up to now, been realized by several
adaptations of the amino acid ion-exchange chromatographic technique initial-
ly described by Spackman et al. [15). Separation and evaluation are satisfac-
tory as regards urinary sarcosine, but do not permit the evaluation of blood
sarcosine except in cases of very large increases. The normal concentration of
sarcosine in blood is below the limit of detection and remains undetermined.

In our laboratory, we have been engaged for several years in the evaluation
of picomole amounts of proline and hydroxyproline by a technique of
derivatization with a fluorogenic compound, 7-chloro-4-nitrobenzo-2-oxa-1,3-
diazole (NBD-Cl), followed by thin-layer chromatography of the fluorescent
derivative and scanning fluorometry [16—18].

Adapting the thin-layer fluorometric recording technique used for hydroxy-
proline, we set up the following evaluation methods for sarcosine in urine and
blood.

MATERIALS AND METHODS

Reagents
When not specifically mentioned, chemicals were purchased from Prolabo,
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Paris, and were of reagent grade. Chloroform, triethylamine, 2-mercapto-
ethanol, methanol and formic acid were bought from E. Merck (Darmstadt,
F.R.G.). o-Phthaldialdehyde was obtained from Sigma (St. Louis, MO, U.S.A.)
and NBD-Cl from Aldrich (Beerse, Belgium).

Standard sarcosine and 4-hydroxyproline were bought from Sigma. A
mixture of eighteen reference amino acids was purchased from Beckman
(Gagny, France) for the purpose of amino acid analyser standardization. A
standard of 3-hydroxyproline was prepared in our laboratory [19].

Preparation of urine samples

Deproteinization was performed by addition of an equal volume of absolute
ethanol at 4°C. After several minutes of stirring, the mixture was centrifuged
and 4 ml of supernatant were evaporated to dryness under a stream of nitrogen
at ordinary temperature.

The urine residue was dissolved in 0.4 ml of a 0.2 mol/l sodium citrate buffer
pH 2.2 and clarified by centrifugation at 1000 g for 10 min. An aliquot of 0.2
ml of supernatant was chromatographed as described previously [18].

Derivatization reaction

The eluate, after concentration to dryness, was dissolved in 0.1 ml of water.
To this solution was added 0.2 ml of a 0.06 mol/l o-phthaldialdehyde solution
[18]. After 1 min standing at room temperature, 0.2 ml of a 0.03 mol/l
solution of NBD-Cl in ethanol was added. The preparation of the NBD-Cl
solution has been previously described [16]. The mixture of amino acids, o-
phthaldialdehyde and NBD-Cl was then incubated for 30 min at 65°C in a
stoppered test tube. The NBD-amino acid derivatives were ready for thin-layer
chromatography.

Preparation of blood serum samples

To 2 ml of serum was added 1 m! of a 20 g per 100 ml sulphosalicylic acid
solution. After stirring, the mixture was centrifuged at 1000 g. A 1-ml volume
of supernatant was diluted with 0.5 ml of 0.2 mol/l sodium citrate buffer, pH
2.2; 1 ml of this mixture was layered at the top of a 52 X 0.9 cm column of M
82 resin in a Multichrom B Beckman amino acid analyser connected to a
fraction collector. The amino acids were eluted by 0.2 mol/l sodium citrate
buffer pH 3.2 at 39°C for 40 min and then at 65°C for a further 40 min period
at a flow-rate of 70 ml/h. Fractions of 7 ml were collected. Sarcosine was
eluted between glutamine and glutamic acid with a retention time of 66 min
and was obtained quantitatively in fraction 11.

This fraction was deionized on a 6.4 X 1.1 cm column of Dowex 50W-X2
and processed as described in the case of urinary sarcosine for the derivatiza-
tion reaction.

Thin-layer chromatography

The system has been fully described in several previous papers [16—18]. In
the case of sarcosine, two solvents were alternatively used: solvent I,
chloroform—methyl ethyl ketone—formic acid (75:20:5, v/v), and solvent II,
chloroform—acetone—toluene—methanol—triethylamine (40:20:20:15:5, v/v).
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The development time was 70 min with solvent I and 45 min with solvent II
at 20°C. Both solvents gave satisfactory separations of sarcosine. The plates
were dried for 10 min at 65°C. They can be stored in the dark up to three days
prior to spectrofluorometric evaluation [16].

RESULTS

The various steps of the evaluation were checked for recovery and
reproducibility with known concentrations of control sarcosine. After the
preliminary column chromatography, the recovery, measured in four separate
experiments, was 99 + 2% of the amount deposited. The reproducibility of the
complete method was checked by eight separate measurements of the same
sample of urine supplemented with sarcosine in order to reach a concentration
of 100 pmol in every final deposit on thin layer. Recovery was 95.5 + 2%. For
assessing the reproducibility, a sample of urine was evaluated eight times and
gave the results (mean + 1 S.D.) 7.88 = 0.22 umol per 24 h.

A photo of a thin-layer chromatogram of urine samples viewed under
ultraviolet light is shown in Fig. 1. The clearing effect of o-phthaldialdehyde is
demonstrated by the differences between lanes 7 and 8. A fluorometric record
of a urine sample is shown in Fig. 2.
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Fig. 1. Photo under ultraviolet light of a thin-layer chromatogram of NBD-Cl derivatives
from control and urinary amino acids. Lanes 1, 3, 5, 7, 9: direct reaction with NBD-CIL.
Lanes 2, 4, 6, 8: reaction with o-phthaldialdehyde prior to derivatization with NBD-CI.
Lanes 1, 2: blank reagents. Lanes 3, 4: control sarcosine. Lanes 5, 6: control sarcosine,
3-hydroxyproline and 4-hydroxyproline. Lanes 7, 8: urine samples. Lane 9: mixture of
control amino acids. Solvent: formic acid—ethyl methyl ketone—chloroform (5:20:75, v/v).
SAR = sarcosine.
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Fig. 2. Scan of a thin-layer chromatogram showing the peak of NBD-sarcosine (114 pmol)
from a sample of urine. Solvent: formic acid—ethyl methyl ketone—chloroform (5:20:75,
v/v). Spectrofluorometer Farrand Mark I, sensitivity 0.3, scan speed 150 mm/min.
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Fig. 3. Photo under ultraviolet light of a thin-layer chromatogram of NBD-Cl derivatives
from control and serum amino acids. Lanes 1, 2, 3: control sarcosine in 50, 100 and 200
pmol amounts. Lane 4: control 4-hydroxyproline, 3-hydroxyproline and sarcosine. Lane 5:
mixture of amino acids. Lane 6: fraction 11 eluted from a Beckman amino acid analyser
and fraction collector, from a sample of serum containing 200 pmol of sarcosine in the
deposit. Lanes 7, 8: same fraction 11 obtained from two other samples of serum. Solvent:
chloroform—acetone—toluene—methanol—triethylamine (40:20:20:15:5, v/v). PRO =
proline, SAR = sarcosine, GLN = glutamine, 3-HYP and 4-HYP = 3- and 4-hydroxyproline.
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Serum sarcosine

The elution of sarcosine from the Beckman amino acid analyser was checked
in four separate experiments using samples of the same serum each
supplemented with 200 pmol of control sarcosine. The recovery was 97.1 +
5.3% of the amount deposited. All the sarcosine was found in fraction 11,
between glutamine and glutamic acid, as shown in Fig, 3.

On the thin-layer chromatograms there is a linear relationship between the
surface of the NBD-sarcosine peaks and the amount of NBD-sarcosine
deposited on the plates at concentrations ranging from 0 to 400 pmol. The
fluorescence spectrum of NBD-sarcosine is the same as that of NBD-hydroxy-
proline [16].

Results of evalugtion of sarcosine in urine and serum

This technique was used for the evaluation of sarcosine in the urines of 54
apparently normal subjects. The normal range, defined within the limits of
two standard deviations from the mean, was 1.75—20 umol per 24 h. No sex-
related difference was found.

We measured serum sarcosine in fifteen normal subjects and found levels of
1.59 + 1.08 umol/]l (mean *+ 2 8.D.).

DISCUSSION

The method that we propose for sarcosine has been in use in our laboratory
for the evaluation of the hydroxyproline isomers for several years. It has
proved reliable and very sensitive. We have now extended it to sarcosine
because we found that this methylated amino acid reacted with NBD-Cl as well
as hydroxyproline. Two preliminary steps of ion-exchange chromatography are
necessary because the NBD-Cl derivatization is impaired by mineral ions and
the thin-layer separation suffers from interferences by other amino acids when
they are in large amounts.

In the case of serum, the use of an amino acid analyser is justified by the fact
that it concentrates sarcosine within a few millilitres of effluent and separates it
from most of the other amino acids. Direct detection of sarcosine by the nin-
hydrin reaction in the amino acid analyser is not possible because the amounts
involved are 100 times smaller than the lower limit of detection. Direct fluoro-
metric detection of sarcosine in the effluent would probably not work because
the concentration would still not be high enough. The advantage of thin-layer
chromatography is to concentrate the fluorescent substance in a very restricted
area. In our system, picomole amounts are easily quantitated. The
NBD-sarcosine spots are perfectly separated from any other fluorescent sub-
stance in the proposed system.

Our method gives as reference values for blood serum 0.50 to 2.70 umol/l.
Reference values for serum sarcosine have not previously been given. In the
case of urine, the reference values that we found are 1.75—20 umol per 24 h.
The reference values given in the literature {7, 8] are inacurate: “normal range
inferior to 22.5 umol/1”. The method does not permit the evaluation of
sarcosine conjugates, if they exist in urine. We found that creatine, hydrolysed
for 110 h at 105°C in 6 mol/l hydrochloric acid, liberates sarcosine. When
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urine is hydrolysed in the same conditions, significant amounts of sarcosine
are liberated. It is not certain whether this originates from sarcosine conjugates
or from creatine.

Until now, the medical usefulness of sarcosine evaluations has been restricted
to the exceptional cases of hypersarcosinaemia of genetic origin (some twenty
cases described), in which the amounts of sarcosine in blood and urine
exceeded several hundred times the normal range {7, 8,10, 12, 13]. The more
sensitive method that we propose in this paper may help still unknown limited
defects of sarcosine metabolism to be discovered.
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