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Abstract Sarcosine is an amino acid derivative of N-
methylglycine and is involved in the amino acid metabo-
lism and methylation processes that are enriched during
prostate cancer progression. It could also serve as a new
target to be measured during therapeutic interventions and
help in the identification of aggressive tumors for radical
treatment. In this study, we present a new urine test that can
help early diagnosis of prostate cancer. The method for the
quantification of sarcosine in urine consists of a solid-phase
microextraction (SPME) step followed by gas chromatogra-
phy–triple quadrupole mass spectrometry analysis. We used a
preliminary derivatization step with ethyl chloroformate/
ethanol and the corresponding ester was then extracted by
SPME in immersion mode. Several fibers were evaluated and
the optimization of the parameters affecting the SPME
process was carried out using an experimental design. The
optimal values were 20 min extraction time, 10% NaCl, and
270°C using a divinylbenzene/Carboxen/polydimethylsilox-
ane fiber. The triple quadrupole analyzer acquired data in
selected reaction monitoring mode, allowing us to obtain
reconstructed chromatograms with well-defined chromato-
graphic peaks. The accuracy and precision of this method
were evaluated at concentrations of 70, 250, and 800 ng/ml
and were found to be acceptable. Very satisfactory values
(0.10 and 0.16 ng/ml, respectively) were also achieved for the
limit of detection and the limit of quantification. The proposed
protocol represents a rapid, simple, selective, and sensitive

tool to quantify sarcosine in urine samples for prostate cancer
diagnosis and for a screening test.
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Introduction

Markers for cancer detection are molecules that may be
present in higher than normal concentrations in many body
fluids, such as serum and urine, of patients with a tumor.
The widespread use of marker tests has led to early
diagnosis of diseases such as cancer. In particular, the
detection and treatment of prostate cancer was significantly
affected by the detection of prostate-specific antigen (PSA)
in the blood test. PSA has become an indispensable marker
both for diagnosis and for follow-up of patients, particularly
after radical prostatectomy. Despite its outstanding perfor-
mance, the PSA test has significant limitations, such as its
lack of specificity, failure to detect a significant number of
PSA-negative tumors, and its high levels in both cancerous
and healthy tissues, resulting in significant numbers of
false-positive cases. Hence, more specific markers are
needed for early and reliable diagnosis.

Sreekumar et al. [1] recently applied the metabolic
approach for the detection of prognostic biomarkers that
enhanced the clinical management of prostate cancer and
this was supported by Jamaspishvili et al. [2]. In the
original work, the authors profiled 1,126 metabolites across
262 clinical samples (42 tissues, 110 urine samples, and
110 plasma samples). The results showed that the concen-
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tration of sarcosine (N-methylglycine) in urine increased
greatly during prostate cancer progression to metastasis.
This observed trend supported the fact that sarcosine is a
potentially important metabolic marker for prostate cancer
diagnosis and, above all, could be used successfully for a
screening test. Quantitative determination of sarcosine has
been performed by gas chromatography (GC)–mass spec-
trometry (MS) analysis, after a tedious sample preparation
procedure and a derivatization step under dried nitrogen
using bis(trimethylsilyl)trifluoroacetamide (BSTFA).

Many methods have been developed to determine amino
acids in biological fluids. Routine procedures are based on
capillary electrophoresis [3–6], high-performance liquid
chromatography and ion-exchange chromatography with
UV detection [7–10], and mass-spectrometric detection
[11–16]. Recently, a method for quantitative determination
of sarcosine and related compounds in urinary samples
by liquid chromatography–tandem MS (MS/MS) was
developed by Jiang et al. [17]. However, unless the rapid
direct analysis of fluids by fast desorption methods such as
low-temperature-plasma desorption is implemented [18,
19], GC-MS is an analytical approach that will still be
widely used even in unspecialized laboratories. Analysis
of amino acids by GC requires derivatization of the
carboxylic acid and amino group to increase their
volatility, and numerous approaches have been tested.
One of the most used procedures includes reaction of
amino acids with silylating agents such as BSTFA [20–23]
and N-methyl-N-(tert-butyldimethylsilyl)trifluoroaceta-
mide [24–26]. Other derivatization procedures have been
based on the use of pentafluoropropyl anhydride/2-
propanol [27, 28], trifluoroacetic anhydride/2-propanol
[29], and pentafluorobenzyl bromide [30–32]. However,
these protocols require esterification and acylation steps,
which are time-consuming and tedious, compared with the
silylation reaction. In any case, all these procedures can be
carried out only at high temperature (above 80°C) and,
above all, in organic solvents.

Simultaneous esterification and acylation of amino acids
can be performed directly in the aqueous phase using alkyl
chloroformate [33]. Various reagents, including methyl
chloroformate, ethyl chloroformate, propyl chlorofor-
mate, and isobutyl chloroformate, have been used for
rapid determination of amino acids [34–38]. Moreover,
alkyl chloroformate derivatives were analyzed by GC-MS
in human urine, plasma, and blood [39–43]. Usually, the N
(O,S)-alkoxycarbonyl alkyl esters were extracted using
organic solvents prior to GC analysis. In a few works,
alkyl chloroformate derivatives were extracted by solid-
phase microextraction (SPME) [44–46]. SPME was
introduced in the early 1990s [47, 48] as a simple and
effective sample preparation technique which allows
preconcentration and extraction to be performed in one

step. A notable feature of SPME is that it eliminates the
need for toxic and not environmentally friendly organic
solvents.

A number of methods using GC for the determination of
amino acids have been described; however, these involved
the use of MS in single ion monitoring mode. In the present
application, sarcosine was derivatized with ethyl chlorofor-
mate/ethanol and the corresponding ester was then
extracted by SPME in immersion mode. Several fibers
were evaluated and the optimization of the SPME variables
was carried out by experimental design. Finally, we
investigated the capability of MS/MS with selected reaction
monitoring (SRM) acquisition for the unambiguous identi-
fication and accurate quantification of the biomarker. With
respect to known methods, the protocol introduced here has
the following advantages: (1) a good chromatographic
separation of the N(O,S)-alkoxycarbonyl derivatives of
alanine and sarcosine, prepared directly in the urine sample
in a few minutes; (2) the introduction, for the first time, of
SPME in the direct detection of sarcosine in urine samples;
(3) the known specificity in the assay of sarcosine by the
MS/MS method through the selection of appropriate
parent–daughter ion couples; (4) higher sensitivity with
respect to previous methods [49]; (5) 30 min for a complete
analysis, compared with the longer procedure of other
methods [1], allowing higher-throughput screening.

Experimental

Chemicals and reagents

Sarcosine standard, pyridine, and sodium chloride were
purchased from Sigma-Aldrich (Milan, Italy). Sarcosine-d3
was purchased from C/D/N Isotopes (Pointe-Claire, Que-
bec, Canada). Ethyl chloroformate and ethanol were
obtained from Fluka (Milan, Italy). The SPME fibers tested
were purchased from Supelco (Bellefonte, PA, USA) and
conditioned as recommended by the manufacturer. Synthetic
urine (negative urine control) was obtained from Cerilliant
(Round Rock, TE, USA).

Instrumentation and apparatus

GC-MS analyses for the optimization of SPME variables
were performed using a Varian (Walnut Creek, CA, USA)
Saturn 2000 GC-MS ion-trap system in electron ionization
mode, coupled to a Varian 3400 gas chromatograph
equipped with a Varian 8200 autoinjector. The ion trap
temperature was set at 210°C with an ionization time of
25 ms, an emission current of 10 μA, and a scan rate of
1,000 ms. The capillary column was a 30 m×0.25-mm
inner diameter, 0.25-μm film thickness Zebron GC
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ZB-5 ms [95% polydimethylsiloxane (PDMS), 5% poly-
diphenylsiloxane]. The gas chromatograph oven tempera-
ture was initially held at 70°C for 5 min, then ramped at 8°
C/min to 210°C, held at this temperature for 2 min, and
finally ramped at 60°C/min to 280°C and held at this
temperature for 2 min. The carrier gas was helium (purity
99.999%) at a flow rate of 1 ml/min. For SPME analyses, a
narrow-bore Supelco 0.8-mm inner diameter gas chromato-
graph inlet liner was used. Analyses were performed in
splitless mode and spectra were acquired in full-scan mode
in a mass range of m/z 40–200.

GC-MS analyses for calibration and quantification of
real samples were carried out using a TSQ Quantum GC
(Thermo Fischer Scientific) system constituted by a
Quantum triple quadrupole (QqQ) mass spectrometer and
a TRACE GC Ultra equipped with an TriPlus autosampler.
The capillary column was a 30 m×0.25-mm inner diameter,
0.25-μm film thickness Thermo TR-5MS. The injector
temperature was set at 270°C and the gas chromatograph
oven temperature was programmed in the same way as for
the Saturn 2000 GC-MS system. Helium at a constant flow
rate of 1 ml/min was used as the carrier gas; argon at a
pressure of about 1.0 mTorr was used as the collision gas.
The QqQ mass spectrometer was operated in electron
ionization and SRM mode. The transfer line and ionization
source temperatures were both set at 250°C. A filament
multiplier delay of 16 min was set to prevent instrument
damage. The emission current was set at 50 μA. The scan
width and the scan time were set at 0.1m/z and 0.1 s. The
peak width of the first quadruple was fixed at 0.7 amu. The
transitions m/z 189→m/z 116 for the analyte and m/z
192→m/z 119 for the labeled internal standard were
selected for the quantitative assay by MS/MS.

Samples

The urine samples were taken as aliquots from the 24-h urine
specimens collected from ten healthy male volunteers
between the ages of 24 and 35 years.

Analytical procedure

The derivatization was performed according to method used
by Vonderheide et al. [44]. A 60-μl volume of sarcosine-d3
solution at 10 mg/l was added to 1.44 ml of urine.
Afterwards, 750 μl of an ethanol and pyridine mixture
(3:1 v/v) was added, and the mixture was magnetically

stirred for 10 min. Then, 156 μl of ethyl chloroformate was
added, and the sample was shaken for 2 min. Finally, 6 ml
of NaCl solution at 0.14 g/ml was added. SPME was
performed with a 50/30 μm divinylbenzene (DVB)/
Carboxen (CAR)/PDMS fiber. Equal amounts of urine
and derivatization mixture were placed in each septum-
closed vial, and the extraction was performed in immersion
mode for 20 min. The adsorbed analytes were thermally
desorbed by introducing the fiber into the injector set at
270°C for 10 min. A blank analysis of the fiber did not
display any peak due to the analyte under investigation.

Calibration procedure

A five-point calibration curve was obtained by spiking a
10% NaCl aqueous solution with known amounts of
sarcosine and internal standard to cover a concentration
range of 50–1,000 ng/ml with 400 ng/ml of sarcosine-d3 as
an internal standard. Each experimental value corresponds
to the average of three independent measurements.

Optimization of SPME variables

The experimental matrix designs were carried out and evaluated
using Statistica 8.0 (2007 edition, StatSoft, Tulsa, USA).

Results and discussion

Tumor markers are needed to study the etiopathogenesis of
the disease; therefore, they can represent an undoubted help
in clinical applications. The biomarker currently used for
prostate cancer diagnosis is PSA. In over two decades since
its introduction, the major limitation of PSA has been its
poor specificity in men affected by prostate cancer and its
inability to differentiate prostate cancer from other prostate
symptoms such as benign prostatic hyperplasia and prosta-
titis. There is a need, therefore, for a highly specific marker
that can reduce the number of false-positive cases and
unnecessary biopsies. The determination of sarcosine in
urine could potentially be used for noninvasive diagnosis
and prognostic evaluation of prostate cancer. Today, an
animated debate is in progress concerning the role of
sarcosine as a suitable marker to differentiate between
patients with and without prostate cancer [49, 50]. If the
suitability of sarcosine as a biomarker for prostate cancer
progression is confirmed, an enormous number of analyses

Fig. 1 Reaction between sarco-
sine and the derivatizing agent
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will have to be carried out. For the sake of comparison, it is
estimated that over 25 million PSA tests are performed in
the USA alone every year [51]. In light of these consid-
erations, the development of a simple, rapid, and reliable
method for the quantification of sarcosine in urine
represents an important goal. In particular, it is very
important to develop a procedure with the smallest possible
quantity of toxic chemicals which are not friendly to the
environment. Indeed, analysis by GC has usually been
carried out using organic solvents to extract amino acid

derivatives. SPME is a relatively simple, straightforward
procedure involving only sorption and desorption. It
completely eliminates the use of organic solvents and, in
general, permits analyses with satisfactory limits of detec-
tion (LODs). Finally, the introduction of autosamplers in
the SPME procedure has permitted the entire GC analysis
process to be automated.

The reliability of any analytical procedure depends
strongly on the possibility of identifying the analytes of
interest without any ambiguity, especially when dealing
with complex matrices. Since the retention time often does
not provide reliable results, GC-MS in conjunction with the
MS/MS approach represents a very powerful analytical
tool. Thus, MS/MS analysis increases the analytical
method sensitivity by significantly diminishing the
background without losing its specificity in analyte
identification. This feature permits trace analysis of
samples derived from complex matrices, above all in
the presence of interferences.

Optimization of SPME conditions

Conversion of amino acids to the N(O,S)-ethoxycarbonyl
ethyl esters was completed within 1 min upon addition of a
few microliters of ethyl chloroformate to a solution of
amino acids in aqueous ethanol with pyridine [33].
Therefore, this reaction mixture was used for derivatization

Extraction time (min) Desorption temperature (°C) NaCl (%)

PDMS/DVB DVB/CAR/PDMS PA

18 (C) 11 245 250 270 5

6 16.4 230 238 252 8

9 2 245 250 270 5

16 (C) 11 245 250 270 5

19 (C) 11 245 250 270 5

13 11 245 250 270 0

3 5.6 260 262 288 2

4 5.6 260 262 288 8

15 (C) 11 245 250 270 5

20 (C) 11 245 250 270 5

11 11 220 230 240 5

14 11 245 250 270 10

8 16.4 260 262 288 8

1 5.6 230 238 252 2

12 11 270 270 300 5

5 16.4 230 238 252 2

10 20 245 250 270 5

17 (C) 11 245 250 270 5

7 16.4 260 262 288 2

2 5.6 230 238 252 8

Table 1 Design matrix in the
central composite design for
determination of sarcosine by
solid-phase microextraction
for each fiber

C central point, PDMS polydi-
methylsiloxane, DVB divinyl-
benzene, CAR Carboxen, PA
polyacrylate

Fig. 2 Peak areas obtained by performing analyses in headspace (HS)
and immersion modes (n=3) with five different fibers. CAR Carboxen,
PDMS polydimethylsiloxane, DVB divinylbenzene, PA polyacrylate
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of sarcosine to form the corresponding volatile product
(Fig. 1).

SPME was initially performed by immersion of a fiber in
a urine sample spiked at 5 μg/ml and subsequently
derivatized. The extraction efficiency of several fibers was
evaluated by carrying out experiments with different
extraction times. The best results were obtained by utilizing
the DVB/CAR/PDMS fiber with an extraction time of
2 min, which was, therefore, chosen for the further analysis.
Regrettably, a progressive deterioration of the coating was
noted and a complete breakup of the coating was observed
after ten analyses. This behavior is similar to what occurred
to the CAR/PDMS coating after several extractions of
derivatized selenoamino acids [44]. In contrast, in the work
of Myung et al. [46] a coating of PDMS and polyacrylate
(PA) fibers did not show appreciable degradation as a
consequence of about threefold dilution of an aqueous
sample with deionized water. Moreover, when an organic

solvent is still present in solution, for example, after a
derivatization procedure, it is advisable to perform SPME
analysis in headspace sampling to increase the lifetime of
the fiber. Therefore, the extraction efficiencies of five fibers
(85 μm CAR/PDMS, 85 μm PA, 50/30 μm DVB/CAR/
PDMS, 65 μm PDMS/DVB, and 100 μm PDMS) were
evaluated by sampling the analyte in headspace mode
without sample dilution and in immersion mode after
derivatization and addition of 6 ml of water to 1.5 ml of
urine. Experiments performed under the same conditions
(synthetic urine spiked at 5 μg/ml, room temperature,
extraction time 20 min) showed that more abundant
signals were clearly obtained in immersion mode even
though a dilution of the sample was required (Fig. 2).
Moreover, the highest peak areas were obtained by
performing analysis with PA, DVB/CAR/PDMS, and
PDMS/DVB fibers and no fiber damage was observed.
These fibers were selected for the screening and optimi-

Fig. 3 Response surfaces estimated from the central composite
design: peak area of derivatized sarcosine for extraction time versus
desorption temperature, extraction time versus concentration of NaCl,

and desorption temperature versus concentration of NaCl. a PDMS/
DVB fiber, b DVB/CAR/PDMS fiber, c PA fiber
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zation designs to obtain the best experimental conditions
for each fiber in immersion mode.

According to the literature [52], several variables can
potentially affect the extraction efficiency. For example,
sample agitation has an important impact on the kinetics of
extraction since it speeds up the equilibrium process, and in
these experimental conditions the most intense signals are
obtained at the same extraction time [53]. Accordingly,
urine samples were stirred during the absorption period.
The experimental design was applied to urine samples,
without pH adjustments, to set up a fast and simple method,
considering the extraction time, the desorption temperature,

and the concentration of sodium chloride added as the only
variables. It was decided to include desorption temperature
in the optimization process since the sarcosine derivative
could be considered a thermally labile compound because
of the presence of a carbamate moiety.

A central composite design consisting of a 23 factorial
design with six star points positioned at±α from the
center of the experimental domain was performed for each
of the fibers. The axial distance α was chosen as 1.68 to
establish the rotatability condition. In this way, the design
generates information uniformly in all directions, i.e., a
rotation of the design about the origin does not alter the

Fig. 5 Electron ionization (EI)
full-scan spectrum of sarcosine

Fig. 4 Pareto chart obtained
from the central composite
design for DVB/CAR/PDMS
fiber
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variance contours. In total, the experimental design matrix
had 20 runs [23+(2×3)+6], six of them in the central point
so that the number of degrees of freedom for the lack-of-fit
equals that for replication. The same preliminary tests
were carried out to determine the range of the parameters
affecting the desorption of the analytes from the SPME
fiber. According to these experiments, an extraction time
in the range 2–20 min, a concentration of NaCl ranging
from 0 to 10%, and a desorption temperature in the range
220–270°C for PDMS/DVB fiber, 230-270°C for DVB/
CAR/PDMS fiber, and 240–300°C for PA fiber were
selected. All the design experiments were carried out using
a synthetic urine sample spiked at 1 μg derivatized
sarcosine per liter and the order of the experiments was
fully randomized. Table 1 shows the design matrix.

To find the optimal values for the three evaluated
variables, all response surfaces were drawn (Fig. 3). It can
be observed that for DVB/CAR/PDMS and PA fibers a
higher response, regardless of the desorption temperature, is
obtained with a higher concentration of NaCl and a longer
extraction time. Different results were achieved using PA
fiber, for which the best response was obtained at 300°C
desorption temperature, 10% NaCl, and 16-min extraction
time. In this case, the signal is quadratically dependent on
the extraction time, and the amount of derivatized sarcosine
within the fiber coating began to decrease after about
16 min. This trend had already been observed by
Vonderheide et al. [44] and could be a result of modifica-
tion of the fiber coatings due to the relatively high amount
of pyridine present in the solution. In any case, considering

Fig. 7 Solid-pase microextraction–gas chromatography–MS/MS
(selected reaction monitoring) chromatogram of a real urine sample
selecting the a transition m/z 116→m/z 44 (inset y-axis zoomed

chromatogram) and b the transition m/z 189→m/z 116. Alanine and
sarcosine were detected at 17.22 and 17.42 min, respectively

Fig. 6 EI tandem mass spectrometry (MS/MS) spectra of sarcosine and L-alanine by selecting m/z 116 (a) and m/z 189 (b) as precursor ions

Sarcosine as a marker in prostate cancer progression 2909



the optimum working conditions for each fiber, the highest
response was achieved using DVB/CAR/PDMS fiber at
270°C desorption temperature, 10% NaCl, and 20-min
extraction time. Although greater extraction of the analyte
can be obtained by choosing a longer extraction time, we
decided to select a time of 20 min as a compromise between
the minimum analysis time and maximal sensitivity.

The Pareto chart shows the influence that each factor
investigated has on the response as well as the possible
cross-effect among these factors. The Pareto chart obtained
for DVB/CAR/PDMS fiber is shown in Fig. 4.

The bar lengths are proportional to the absolute value of
the estimated effects and the vertical line corresponds to the
95% confidence interval. An effect which exceeds this
reference line may be considered significant with regard to
the response. As can be seen in Fig. 4, the factor which
gave a statistically significant positive effect in the response
was the concentration of NaCl both for linear and for
quadratic coefficients. Moreover, the extraction time was
found to be significant and, also in this case, the effect was
positive. On the other hand, the signal of sarcosine was not
significantly affected by the desorption temperature and
interaction terms.

GC-QqQ-MS/MS analysis

Sarcosine is an isomer of L-alanine and this amino acid
therefore potentially represents an interfering compound in
the quantification of sarcosine in real urine samples. The
full-scan mass spectra of the two isobaric compounds are
similar (Fig. 5) and the MS/MS spectra by selecting m/z
116 and m/z 189 as precursor ions for both isomers show
the same characteristic fragments (Fig. 6). Therefore, since
there is no characteristic fragment that is isomer-specific,
clearly MS/MS alone is not sufficient to discriminate the
isomers in a mixture, and a previous satisfactory separation
stage is needed.

Several GC oven temperature programs were tested to
obtain an acceptable resolution for the sarcosine/alanine
pair. A good compromise between resolution (Rs=1.8) and
analysis time was achieved by using the temperature
program described in “Experimental.”

To carry out analysis in SRM mode, the precursor ion was
chosen to achievemore sensitivity (ion with higher abundance)
and more specificity (ion with higher m/z ratio). Initially,

the transition m/z 116→m/z 44 was chosen and the
collision energy and scan time were optimized. Neverthe-
less, an SPME-GC-MS/MS analysis of a real urine sample
from a healthy individual showed unsatisfactory separa-
tion between L-alanine and sarcosine as a consequence of
a high concentration of alanine (Fig. 7a).

A careful comparison between the full-scan mass spectra
of alanine and sarcosine indicated that the ion current at m/z
189 for alanine is significantly lower than the
corresponding ion current of sarcosine. The reaction paths
taken by sarcosine and alanine in the gas phase are identical
(Fig. 8). The only observed difference is in the energetics of
the unimolecular dissociations. In the reconstructed chro-
matogram obtained by GC-MS, an equimolar amount of
sarcosine and alanine showed a ratio of 21.4 for the ion
current of m/z 189. A similar ratio was obtained from the
SRM scan (transition m/z 189→m/z 116). Therefore, the
different reactivity of sarcosine and alanine can be
associated with the different energy content (ΔG0) of the
reacting species, with sarcosine being more stable by the
donor effect of the methyl group on the nitrogen atom. In
light of these considerations, the transition m/z 189→m/z
116 was considered for the assay of sarcosine and, after
optimization of the collision energy, the same urine sample
was analyzed in SRM mode. In this condition, a very
satisfactory separation was achieved because the response
factor of alanine is smaller than that of sarcosine (Fig. 7b).

Analytical performances

The linearity of the calibration curve was studied by spiking
a 10% NaCl aqueous solution with known amounts of
sarcosine and 400 ng/ml of sarcosine-d3 as an internal
standard to cover a concentration range of 50–1,000 ng/ml.
The response function (y=1.095x+0.007) was found to be

Table 2 Summary of mean accuracies (%) and relative standard
deviations (RSD; n=5)

Spiked value
(ng/ml)

Found value
(ng/ml)

RSD (%) Accuracy (%)

70 78.0±0.6 0.74 111.4

250 259±1.5 0.59 103.6

800 792.0±1.0 0.13 99.0

Fig. 8 Reaction path taken by
sarcosine and alanine in the
gas phase
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linear, with a correlation coefficient (R2) of 0.9999 in the
range considered.

Accuracy and precision were evaluated at three concen-
trations (70, 250, and 800 ng/ml) in synthetic urine by
analyzing a spiked sample five times. The accuracy
values (111.4%, 103.6%, and 99.0% for the three
concentrations, respectively) and the relative standard
deviations (0.74%, 0.59%, and 0.13%) obtained can be
considered satisfactory (Table 2).

The LOD and the limit of quantitation (LOQ) were
calculated following the directives of IUPAC and the
American Chemical Society’s Committee on Environmental
Analytical Chemistry, that is, as follows:

SLOD ¼ SRB þ 3sRB;

SLOQ ¼ SRB þ 3sRB;

where SLOD is the signal at the LOD, SLOQ is the signal at
the LOQ, SRB is the signal of the reagent blank, and σRB is
the standard deviation for the reagent blank. The concen-
trations were calculated from the standard curve. Also for
these analytical parameters, the proposed method allows
one to achieve very satisfactory values: LOD=0.10 ng/ml,
LOQ=0.16 ng/ml.

Application to real samples

The method developed was applied to the analysis of ten
urine samples from healthy individuals. Each sample was
analyzed in triplicate in accordance with the procedure
described in “Experimental.” The mean value of the
concentration of sarcosine was 211 ng/ml and the minimum
and maximum values were 73.4 and 470 ng/ml, respective-
ly. The data obtained are compatible with the range of
urinary sarcosine concentrations observed in urine sam-
ples collected by the INTERMAP Study and analyzed by
GC-MS [54].

Conclusions

In the present work, a rapid and easy method for the
quantification of sarcosine in urine samples was developed
for noninvasive diagnosis and prognostic evaluation of
prostate cancer. Sarcosine was derivatized with ethyl
chloroformate/ethanol and the corresponding ester was then
extracted by SPME in immersion mode. Several fibers were
evaluated and the optimization of the parameters affecting
the SPME process was readily achieved using a central
composite design. The combined use of chloroformate as a
derivatizing agent and SPME as an extraction technique
allows one to minimize the presence of organic solvents in
the final protocol. The capability of QqQ-MS to minimize

matrix interference and improve the signal-to-noise ratio
was confirmed. Indeed, this feature allowed us to gather
reconstructed chromatograms with well-defined chromato-
graphic peaks and then more easily to integrate them.
Moreover, an appropriate choice of the SRM transition
(m/z 189→m/z 116) together with a suitable gas chro-
matograph oven temperature program permitted a very
satisfactory separation between L-alanine and sarcosine.
Finally, the excellent performances in terms of linearity,
accuracy, precision, and LOD and LOQ values make the
method developed suitable to be adopted for quantification
of sarcosine in urine samples as a potentially important
metabolic marker for prostate cancer diagnosis and for a
screening test.
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