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The purpose of this study was to evaluate plasma methionine levels by using liquid chromatography
electrospray ionization-tandem mass spectroscopy (LC-ESI-MS/MS) in schizophrenic patients. A twelve-
point standard graph was drawn, and the recovery rate, the intra-day and inter-day coefficients of variation
(CV), the limit of detection (LOD), and the limit of quantification (LOQ) were evaluated. The y and R* values
of the standard graph equation were determined as 0.011x + 0.0179 and 0.9989, respectively, and the graph
remained linear until the 200 umol/l level. The intra-day coefficients of variation of the samples (n = 10) con-
taining 8, 28, and 58 umol/l methionine were determined as 2.68, 3.10, and 3.79%, respectively; while their
inter-day coefficients of variation were determined as 2.98, 3.19, and 3.84%. The LOD and LOQ values were
determined as 0.04 and 0.1 umol/l, respectively, while the mean recovery rates were determined as 101.7 and
99.3%. Plasma methionine values were measured as 21.5 (19.5-24,6) umol/I for the patient group, 17.8 (16.3-
20.1) umol/l for the control group, and the difference between the two groups was statistically significant
(p = 0.03). LC-ESI-MS/MS method represents a fairly sensitive, economic, and rapid analysis that requires
very little sample and is suitable for measuring methionine levels in schizophrenic patients.
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phrenic patients.

ethionine is a sulfur-containing amino
M acid that plays a very important role in

methylation reactions. As protein, lipid,
and DNA metabolisms, neurotransmitter synthesis
and detoxification processes all involve methylation
reactions, methionine is of vital importance for nor-
mal cellular functions [1, 2]. Methionine has been
demonstrated to be involved in many disorders such
as schizophrenia, depression, cardiovascular disea-
ses, and obesity. As any impairment of the homo-
cysteine-methionine cycle will affect serum me-
thionine levels, assessing plasma methionine levels
is fairly important for understanding their relation-
ships with diseases [3]. Nowadays, the correlation
of methionine with diseases is being investigated,
especially within the frame of methylation reactions.

Routine measurements of methionine are gene-
rally performed by using high-performance liquid
chromatography (HPLC), fluorescence polarization
immunoassay (FPIA), enzyme immunoassay (EIA)
and gas chromatography (GC). However, for rea-
sons such as its ease of preparation and its ability
to provide results rapidly, the liquid chromatography
electrospray ionization-tandem mass spectroscopy
(LC-MS/MS) represents a more suitable method for
routine assessments. Owing to its high sensitivity
and reliability, the use of LC-MS/MS is gradually
increasing in the field of medicine [4]. Although the
most common area of its use is currently the diagno-
sis of metabolic diseases, the LC-MS/MS method is
increasingly being used for the analysis and assess-
ment of many different compounds such as proteins,
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lipids, carbohydrates, and DNA. Mass spectrometers
are devices whose operating principle is based on
analyzing charged particles moving through a mag-
netic or electrical field, and by distinguishing them
from other charged particles according to their mass/
charge (m/z) ratios. In addition, mass spectrometers
are named according to their source of ionization. In
this study, we made use of the electrospray ioniza-
tion (ESI) method [5, 6].

Quantitative accuracy in LC-ESI-MS/MS is
ensured through the addition of a suitable inter-
nal standard (IS) at the beginning of the analytical
procedure. The addition of a known quantity of IS
eliminates — both during extraction and analysis —
all errors associated with substance losses, which
might occur at any stage. Thus, the use of an IS in
this method remedies systematic and random errors.
Deuterium-labelled compounds are commonly used
as an IS. Owing to their structural similarity, deute-
rium-labelled IS have the same chromatographic re-
tention time (RT) as the compound being analyzed.
In quantitative measurements, the density or area of
the sample will be proportioned with the density or
area of IS, and the sample’s concentration will be,
accordingly, determined from calibration curve [7,8].

There is only the limited number of published
studies in which the LC-ESI-MS/MS method is used
for the measurement of plasma methionine levels. In
addition, these studies generally provide different re-
sults due to the differences in their sources of ioniza-
tion, columns, mobile phases, mobile phase speeds,
and deproteinization solutions [3, 9, 10]. The aim of
the current study is to evaluate the possibilities of
HPLC-ESI-MS/MS method usage for measuring
plasma methionine levels.

Materials and Methods

Materials and solutions. The materials and
solutions used in this study included the me-
thionine standard (Fluka FL-64340), the inter-
nal standard L-methionine-D3 (Cambridge Iso-
tope Laboratory/DLM-431), LC-MS grade water
(Merck/1.15333.2500), DL-1,4 dithiothreitol (Merck/

D9779), LC grade acetonitrile (Merck/M1.00030),
LC grade formic acid (Merck/1.00264.1000), TFAA
(triflouroacetic acid) (Merck/8.08260.0100), LC
grade methanol (Merck/1.06008.2500), a Waters Al-
liance HPLC unit, and Waters Symmetry C8 reverse
phase column (2.1 x 100 mm, 3.5 um) (Muskegon,
Michigan, USA).

Case selection. Schizophrenia patients and
healthy controls were included in this study, with the
aim of evaluating the LC-ESI-MS/MS method with
regard to the measurement of plasma methionine
levels. In this context 62 patients aged 18-65 (26 fe-
males and 36 males with a mean age of 33.79 + 8.23
years), diagnosed with schizophrenia and schizoaf-
fective disorder according to the DSM-IV diagnosis
criteria (American Psychiatric Association, Diagnos-
tic and Statistical Manual of Mental Disorders, IV.
Edition 1994), and who gave their voluntary consent
regarding participation, were included in this study,
along with 57 healthy controls (23 females and 34
males with a mean age of 33.66 = 8.67 years). The
plasma methionine levels of both the schizophrenia
patients and the healthy controls were then measu-
red. The blood samples were collected into 6 ml K2
EDTA tubes, taken to a centrifuge within 15 min,
while being kept in an ice-filled container, and then
centrifuged at 4000 rpm for 5 min. Following cen-
trifugation, the plasma of these samples were sepa-
rated, transferred into four Eppendorf tubes, and
then stored at —80 °C for further evaluation.

LC-ESI-MS/MS analysis. Plasma methionine
levels were measured with an LC-MS/MS device —
in other words, a liquid chromatography tandem
mass spectrometry device (Waters Alliance HPLC;
Quattro Micro Triple Quadrupole Tandem Mass
spectrometer Waters, Milford, MA, USA).

The positive electrospray ionization was used
as the ionization method. Each analysis/test was
evaluated under the multiple reaction monitoring
(MRM) mode. The ions formed following decompo-
sition, as well as their retention time in the column,
their primary ion, secondary ion, and collision ener-
gy (CE) are provided in Table 1.

Table 1. The retention time, m/z value, and collision energy of the methionine measurements

Retention . . Secondary Collision energy
Analytes time (min) Primary ion [m/z] ion [m/z] CE [eV]
Methionine 1.35 150 103.8 15eV
Methionine-D3 1.35 153 107.1 15eV
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The Waters Alliance HPLC unit and the Waters
Symmetry C8 reverse phase column (2.1x100 mm,
3.5 um) (Muskegon, Michigan, USA) were used for
the separation process. The mobile phase consisted
of 30% methanol and 0.1% formic acid, and was
evaluated at a speed of 250 pl/min. The conditions
used for mass spectrometry are provided in Table 2.

The first procedure for the determination of
plasma methionine levels involves reducing me-
thionine molecules bonded to proteins and to each
other through disulfide bonds by using dithiothrei-
tol (DTT). Following this, protein precipitating re-
actants such as methanol and trifluoroacetic acid
(TFAA) will be used to remove proteins from the
medium/environment (11). In this study, we used
acetonitrile, formic acid, and TFAA as precipitants.

Procedure for preparing solutions. The study
solutions were prepared in the following concen-
trations: internal standard L-methionine-D, at
100 pmol/l; methionine standard at 200 pmol/l; the
reducing agent DTT at 250 mM; and the precipita-
ting solution of acetonitrile, formic acid, TFAA
(triflouroacetic acid) at a ratio of 99.875:0.1:0.025 re-
spectively. The mobile phase was prepared by using
300 ml of methanol, 699 ml of LC-MS grade water,
and 1 ml of formic acid. The flow rate was adjusted
as 250 ul/min.

For the preparation of the blind solution, twice
the volume of acetonitrile was added to a plasma
pool consisting of 20 plasma samples, and the mix-
ture was centrifuged at 16,000 g for 3 min. The
supernatant was separated and diluted three times
with water, and then used as a blind solution. Con-
trol solutions were prepared by diluting the standard
stock solutions prepared with water with the blind
solution, such that final concentrations of 25 pmol/l

Table 2. Mass spectrometry conditions for the
measurement of methionine

Conditions Specifications
Injection volume 4 ul
Ionization mode ESI positive
Nebulizing gas pressure 55 psi
Capillary voltage 40 v

Type and pressure

of decomposing gas Ar, 5.0x107 mbar

Detector voltage 1600 v

and 50 umol/l of methionine would be obtained. The
control samples were stored at —40 °C.

Study procedure. Twenty pl of plasma (control
or standard) and 20 pl of 25 pmol/l internal standard
(L-methionine-D,) were mixed by vortexing for
10 s. Following this, 40 pl of 250 mM DTT was also
added, and the mixture was vortexed for 30 s and
then kept at room temperature for 5 min. Finally,
200 pl of precipitating solution was added, after that
the mixture was vortexed for 10 s, and then centri-
fuged at 13,000 g for 5 min. To perform readings,
the obtained supernatant was transferred in aliquots
of 20 ul into a culture plate with 96 wells, and then
placed into the device. The plasma, control, and
standard samples were read and measured using the
same procedure.

To test the applicability of the method, the
serum methionine levels of 62 patients diagnosed
with schizophrenia and of 57 healthy controls were
measured using the LC-MS/MS method.

Statistical analysis was performed by using
the Mann-Whitney U test on the SPSS 18 program.
P < 0.05 (95% significance level) were considered
statistically significant.

Results and Discussion

Methionine standard graph. To plot the
standard graph, the 200 umol/l methionine standard
solution was first diluted with the blind solution to
obtain standard samples with cocentrations of 0, 1,
2, 5,10, 15, 20, 40, 80, 120, 160, and 200 umol/I.
For the evaluation of the matrix effect, all standards,
except for the blind solution, were prepared by using
water. Measurements were performed by applying
the procedure described above. Each standard was
read twice. The methionine content of the samples
and control solutions were calculated by using this
standard graph. The standard graph of methionine
was drawn by plotting the methionine concentra-
tion versus the peak area ratio of the methionine
standard to the L-methionine-D, internal standard. It
was observed that the graph was linear (R* = 0.9989)
(Fig. 1). The linearity of the standard graph prepared
with water was calculated as y = 0.0123x + 0.038
(R*=0.9998). After the standard graph was plotted,
the blind solutions were read and evaluated.

No peak was identified during the evaluation of
the blind solutions for methionine. After the standard
graph was plotted, the blind solutions were read and
evaluated (Fig. 2).

An example of a plasma methionine chromato-
gram for a patient is shown in Fig. 3.
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Fig. 1. Methionine standard graph

Following this, the control solutions prepared
at two different doses were measured twice, and
the mean value of these two measurements was de-
termined for each one of the control solutions. The
mean values for the 25 and 50 umol/l controls were
determined as 25.05 and 49.66 umol/l, respectively.
After the controls were evaluated, measurements
were performed on the samples. The intra-day re-
producibility, inter-day reproducibility and recovery
for methionine were evaluated.

A plasma pool was prepared using 20 plasma
samples. In this approximately 10 ml plasma pool,

090509_25 Smooth(Mn,2x2)

the methionine level was measured as 16.15 umol/L.
The plasma pool sample was transferred to 30 Ep-
pendorf tubes in equal aliquots of 10 ul. Solu-
tions with methionine concentrations of 0, 40, and
100 umol/l were prepared.

The 30 samples were divided into three sets of
ten. Following this, 10 pl of water and 10 pl of the
plasma pool solution were added to the first of the
three sets; 10 pl of 40 umol/l solution and 10 pl of
the plasma pool solution were added to the second
of the three sets; and 10 pl of 100 pmol/l solution
and 10 pl of the plasma pool solution were added
to the third of the three sets. The mixtures were all
vortexed for ten seconds, and then stored at —20 °C.

To evaluate yield (recovery), the samples pre-
pared at three different concentrations were con-
secutively measured ten times. Calculated yields
varied between 94.4-106.9%. The mean yield was
calculated as 101.7% and 99.3%. In the evaluation
of intra-day reproducibility, the mean concentra-
tions of the samples measured ten times within the
same day were 8.07, 28.53, and 57.49 umol/l. The
coefficient of variation (CV) was calculated as 2.68,
3.1, and 3.79%, respectively. To evaluate inter-day
reproducibility, the samples prepared at three diffe-
rent concentrations were measured on ten different
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Fig. 2. Chromatogram of blind solution for methionine
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Fig. 3. Methionine chromatogram of a patient

Table 3. Evaluation of intra-day reproducibility, inter-day reproducibility, and recovery for methionine

Number Methionine, Measured, Recovery Intra-day Inter-day

of Tests pmol/I pmol/I

N=10 0 8.01 £0.21 CV%: 2.68 CV%: 2.95

N=10 20 28.36 + 0.88 101.7% CV%: 3.10 CV%: 3.19

N=10 50 57.68 £2.18 99.3% CV%: 3.79 CV%: 3.84
days, and their means and standard deviations were ly. The CV% values obtained in the evaluations of
calculated. The mean concentrations of the samples reproducibility and yield are presented in Table 3.
were determined as 8.01 + 0.21, 28.36 + 0.88, and Limit of detection (LOD), defined as the mini-
57.68 + 2.18 umol/l, respectively, while their CV% mum concentration of methionine giving a peak area
was determined as 2.95, 3.19, and 3.84%, respective- three-fold the noise. Limit of quantification (LOQ),
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defined as the lowest concentration of methionine,
which can be measured in triplicate with a preci-
sion higher than 20% (11). Methionine content was
measured ten times in the 0.5 pmol/l sample, and,
based on the formula LOD = 3 x standard deviation,
the LOD was calculated as 0.04. Based on the for-
mula LOQ = 10 x standard deviation, the LOQ was
calculated as 0.1 pmol (9).

The mean plasma methionine level of the 62
schizophrenia patients and 57 controls were de-
termined as 21.5 (19.5-24.6) pmol/l and 17.8 (16.3-
20.1) pmol/l, respectively. The difference be-
tween the two groups was statistically significant
(p =0.03).

The amino acid methionine is known to be
involved in many diseases such as schizophrenia,
depression, cardiovascular diseases, and obesity.
It is an important mediator in the single-carbon
metabolism and methylation reactions [2, 3]. The
measurement of methionine levels is of considerable
importance for studies attempting to gain an under-
standing of the relationship between methylation
reactions and diseases. The liquid chromatography
electrospray ionization-tandem mass spectroscopy
(LC-ESI-MS/MY) is a fairly sensitive, low-cost and
reliable measurement method [6]. However, the LC-
MS-MS method is also associated with disadvan-
tages such as the requirement for preparation, and
experienced/specialized personnel.

In studies, standards must be prepared in con-
ditions similar to those of the matrix [11]. To inves-
tigate the matrix effect, we compared the calibration
curves prepared using water and plasma. The equa-
tions of the both curves were very close to one an-
other. The graph equation of the standards prepared
with water was y = 0.0123x + 0.038 (R* = 0.9998),
while the the graph equation of the standards di-
luted with blind solution was y = 0.011x + 0.0179
(R*=0.9989).

Total homocysteine levels were previously
evaluated with the LC-ESI-MS/MS method by Persi-
chilli et al. [11] in 2008, and by Li et al. [12] in 2008;
they described no significant differences between the
calibration curves of samples prepared with water
and plasma. These observations suggest that the LC-
MS/MS is a fairly sensistive method that is mini-
mally affected by environmental artefacts, owing to
its ability to separate/distinguish the molecules being
evaluated as primary and secondary molecules, and
to perform measurements in the presence of an in-
ternal standard. In measurements where the matrix
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effect is not taken into consideration, the method of
adding standards to the plasma is employed instead.
The obtained data indicates recovery. The recove-
ry minimizes the errors that might stem from the
matrix effect or the standard added to the samples
[11, 13]. The mean recovery values in our study were
of 101.7 and 99.3% that was better compared to other
studies. Weaving et al. (2006) reported recovery
values of 94.7 and 93.4%, while Gardner et al. (2013)
reported a recovery value of 97% [9, 10].

The first necessary procedure for the determi-
nation of plasma methionine levels is the reduction of
plasma-bound methionine molecules to free methio-
nine. To achieve this, tris(2-carboxyethyl)phosphine
(TCEP) and dithiothreitol (DTT) are commonly used
[14]. 1t has been previously demonstrated that, com-
pared to DTT, TCEP provides certain advantages
such as higher peaks, less noise (unnecessary sig-
nals), and greater stability in acidic and basic envi-
ronments. However, DTT is associated with better
reproducibility of results compared to TCEP [14].

Hempen et al. (2008) and Raifi et al. (2007)
used TCEP in their studies assessing homocysteine
levels [15, 16]. In the current study, we observed ir-
regularities in the chromatograms of samples pre-
pared with DTT and kept at —20 °C for more than
24 hours. We believe that this was due to the early
vaporization and oxidation property of DTT. We al-
ways prepared a fresh DTT solution for each test,
in order to eliminate any problems that might stem
from vaporization and oxidation during storage. This
might have contributed to the better intra- and inter-
day reproducibility values obtained in this study. In
the current study, the intra-day reproducibilities of
samples with 8, 28, and 58 pmol/l methionine were
between 2.6 and 3.7%, while the inter-day reproduci-
bilities of these samples were between 2.9 and 3.8%.
Weaving et al., on the other hand, determined that
the intra-day reproducibilities of samples with 20
and 50 pmol/l methionine were between 2.96 and
3.7%, while the intra-day reproducibilities of these
samples were between 11.1 and 12.7% [9]. As men-
tioned above, the recovery data of our study were
also comparatively better. These findings indicate
that our method was more sensitive than those used
in other studies. In addition, within the context of
this study, we used 30% methanol and 0.1% formic
acid in our mobile phase. On the other hand, Wea-
ving et al. used 50% acetonitrile and 0.1% formic
acid, while Gardner et al. used acetonitrile and 0.1%
acetic acid in their studies [9, 10]. Furthermore,
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our study also differed in that we used acetonitrile,
formic acid and TFAA for deproteinization, while
Gardner et al. used methanol for deproteinization.
Based on these data, it is possible to state that the
use of methanol in the mobile phase and the use of
acetonitrile, formic acid, and TFAA for deproteini-
zation represent preferable choices for obtaining bet-
ter CV% and recovery values.

The retention time refers to the time that passes
between the sample’s first entry into the column and
the highest detector response following its exit from
the column. While every substance has a different
retention time, the measured substance and its in-
ternal standard retention times’ are similar [14]. The
retention time is affected by many factors such as
the mobile phase content, the mobile phase speed,
the column length, and the diameter of pores cove-
ring the column. In our study, the retention time was
determined as 1.35 min. On the other hand, Gardner
et al. determined the retention time of four minutes
in their study [10], while Calderon-Santiago et al. de-
termined the retention time as 9.2 minutes [3]. The
retention time of our study was considerably shorter
than the times observed in these studies. The shorter
retention times we observed could have been associ-
ated with the use of methanol in the mobile phase,
and the use of acetonitrile, formic acid, and TFAA at
a ratio of 99.875:0.1:0.025 for deproteinization. Gard-
ner et al. and Calderon-Santiago et al. describe using
acetonitrile as the mobile phase, and methanol for
deproteinization. Shorter retention times are impor-
tant in that they allow a greater number of samples to
be evaluated within a shorter period of time. Shorter
analysis periods represent an important criterion for
measurement methods; in this context, our study
method permitted the evaluation of 33 samples in
one hour (including the ten minute pre-preparations),
while Gardner et al.’s and Calderon-Santiago et al.’s
methods permitted the evaluation of eleven and five
samples an hour, respectively [10, 3].

To increase selectivity and the limits of detec-
tion, samples are normally subjected to extraction
and chromatographic dissociation prior to MS pro-
cedures. Columns used for liquid chromatography
are important for the pre-preparation procedures of
LC-MS/MS. These columns are divided into two
groups as normal phase and reverse phase columns.
In this study, we made use of an HPLC unit and a
C8 reverse phase column. Reverse phase columns
present several advantages, such as a slower elution
rate, the associated slowing of peaks, and the fact

that smaller changes in the mobile phase result in
significant changes on the chromatograms [17]. For
these reasons, the reverse phase column was pre-
ferred for our study.

Other important parameters of application
studies include the LOD and the LOQ, with lower
values for these parameters indicating higher sen-
sitivity [10, 11]. In the current study, the LOD and
LOQ were determined as 0.04 and 0.1 pmol/l, re-
spectively. In their study investigating plasma me-
thionine levels with the LC-MS/MS method, Gard-
ner et al. identified an LOD value of 5 pmol/I [10].
Weaving et al., on the other hand, determined LOD
and LOQ values of 0.2 and 0.4 pmol/l, respectively,
in a similar study [9]. The considerably lower LOD
and LOQ values we obtained in comparison to other
studies indicated that our method had good sensitivi-
ty. We believe that these differences might have also
stemmed from the different substances we used in
the mobile phase and for deproteinization

In this study, where we evaluated plasma me-
thionine levels using the LC-ESI-MS/MS method,
the mean plasma methionine levels of 62 schizophre-
nia patients was identified as 21.5 (19.5-24.6), while
the mean plasma methionine levels of the 57 healthy
control was identified as 17.8 (16.3-20.1) pmol/l
(p = 0.03). The increased methionine levels in
schizophrenia patients suggest an association be-
tween schizophrenia and methylation reactions [1].
Studies have demonstrated a relationship between
the methylating amino acid methionine and the posi-
tive symptoms of schizophrenia [18]. Further studies
could also be performed on the correlation between
plasma methionine levels and other parameters of
the methylation cycle in schizophrenia patients.

Studies on the plasma levels of methionine
and amino acid, closely associated with methylation
reactions, are of considerable importance. The LC-
ESI-MS/MS method presents various advantages
over other methods, such as its ability to complete
analyses within a period as short as two minutes;
its ability to analyze samples containing mixtures,
without any derivation stages being necessary; its
ability to provide highly sensitive and reliable re-
sults when an internal standard is used; its suitabili-
ty for automation; its ability to perform numerous
tests within a very short period of time; its ability to
perform tests with very small amounts of sample, as
little as 20 ul; and its low ratio of false positive and
false negative results.

Owing to factors such as the use of freshly
prepared DTT solutions in our study, and the use
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of methanol and formic acid to prepare the mobile
phase, the LC-ESI-MS/MS method we employed
to measure plasma methionine levels was superior
compared to the methods of other studies in terms
of better inter-day reproducibility, LOD and LOQ
values, shorter retention times, and better mean re-
covery. Therefore, our study can serve as a reference
for the more accurate and exact determination of me-
thionine levels by LC-ESI-MS/MS.
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Mertoro Hamoro Iochi/pkeHHs Oyia OIliHKa
piBHSL METIOHIHY B TUIa3Mi KpOBI Malli€HTIB i3
mr30(PEHi€I0 3 BAKOPUCTAHHSM METOTY TaHAEMHOT
Mac-CrieKTpoMeTpii 1 piguHHOT xpomartorpadii 3
enexktpocnpeii-ionizamieto (LC-ESI-MS/MS). Pos-
paxoBaHO WIBWJAKICTh BIiJHOBICHHS, KOe(Dilli€eHTH
Bapianii (CV), mexy BusBiaeras (LOD) i mexy
kinbkicHoro BusHadeHHs (LOQ). 3nadeHnus y i R?
CTaHJAPTHOTO TrpadiyHOro pIiBHIHHS CTAHOBHIIN
0,011x + 0,0179 1 0,9989 BinmorigHo. ['padik 3amu-
magcs JiHiiEM 10 200 MkMoiw/1. [IpoTsarom mHsS
CV mist3paskiB (n=10) i3 piBHeM MeTioHIHY 8,281 58
MKMOJIB/IT cTaHoBuIH 2,68, 3,101 3,79%, Bi OB AHO;
amibkaenni CV —2,98, 3,19 1 3,84%. 3nauenns LOD
1 LOQ cranoBuiau 0,04 1 0,1 MKMOJIB/J, BiITOBITHO;
cepemHs MBUIKICTH BigHOBIeHHS — 101,7 1 99,3%.
PiBeHp MeTiOHIHY B IJIa3Mi KpoBi XBopux OyB 21,5
(19,5-24,6) MKMOIB/1, y TIIIa3Mi KPOBI KOHTPOJIBHOL
rpymu — 17,8 (16,3-20,1) Mmxmons/m. PizHuist 3HaueHs
MIK IBOMa TpynaMu OyJjia CTaTUCTUYHO 3HAYYIIIO0
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(p = 0,03). IlpoBeneHi TOCIiKSHHS TOKa3aIH, 1110
anani3z i3 BukopucranHsm LC-ESI-MS/MS e no-
CHUTh YyTJIUBUM, CKOHOMIYHUM, 3DYYHUM Ta MIBU/I-
KM METOJIOM JIJIsl BU3HAUCHHSI PIBHS METIOHIHY B
MAIIEHTIB 3 MU30(QPEHIELO.

KnrmouyoBi cioBa: MeTioHiH, meton LC-
ESI-MS/MS, wexa Bussienns (LOD), wmexa
KigpkicHoro Bu3HadeHHs (LOQ), mamieHTHm i3
3o dpeHieto.

ONNPEAEJEHUE YPOBHS
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Lens Hamiero uccienoBaHusI — OLCHUTH yPO-
BCHh METHOHWHA B ILJIa3ME€ KPOBH TMAIIUEHTOB C
MIM30(PpeHUEH ¢ MPUMEHEHUEM METO/Ia TaHICMHON
Macc-CIEeKTPOMETPUH U KUJKOCTHON XpoMarorpa-
¢un ¢ osnexrpocnpeii-uonnzauuern (LC-ESI-MS/
MS). PaccuntaHbl CKOPOCTh BOCCTAHOBIICHHU S, KO-
¢unuenter Bapuanuu (CV), npexen oOHapy eHHS
(LOD) u mpenen KOIWYECTBEHHOTO OIPEACICHHS
(LOQ). 3nauenus y u R? cranmapTHoro rpaduye-
ckoro ypasHenus coctaBisuin 0,011x + 0,0179 u
0,9989 cootBercTBeHHO. I'padhuk ocTaBascs JINHEH-
HbIM 10 3HadyeHusa 200 mMxMmonb/1. B TeueHue mHs
CV nns o6pasmos (n = 10) ¢ conepkaHrEeM METHO-
HuHa 8, 28 u 58 MKMoIIB/1 cocTaBasiu 2,68, 3,10 u
3,79%, cooTBeTCTBEHHO; a MexXIHeBHBIE CV — 2,98,
3,19 u 3,84%. 3navenus LOD u LOQ cocraBmisin
0,04 m 0,1 MKMOJB/I, COOTBETCTBEHHO;, CPCIHSIS
ckopocTh BocctanoBieHuss — 101,7 u 99,3%. Co-
Jep’kaHue METHOHWHA B IIa3Me KPOBH OOJBHBIX
obu10 21,5 (19,5-24,6) MKMOJIB/NI, B IIa3Me KPOBH
KOHTPOJBHOH Tpymmsl — 17,8 (16,3-20,1) MKMOITB/.
Pa3Huna 3Ha4eHWd MeXay IBYMS rpynmnamu Oblia
craTuctTudecku 3Haunumoi (p = 0,03). [IpoBenennsie
HCCJIENOBAHUS TIOKA3aJdd, YTO aHAJIU3 C HCIOJNb-
3oBagueM LC-ESI-MS/MS saBisieTcss 10CTaTOYHO
YyBCTBUTEJbHBIM, JKOHOMUUYHBIM, YIOOHBIM U ObI-
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CTPBIM METOJIOM ONpE/C/ICHHs YPOBHSI METHOHHHA
y MAIUEHTOB C N30 PEHUECH.

KnmoueBnie cimoBa: METHUOHHMH, MCTOI

LC-ESI-MS/MS, mupenen oOnapyxenus (LOD),
pezet koimaecTBeHHoro onpeneneHus (LOQ), ma-
LAEHTHI ¢ 30 pEeHUEH.
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