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Simultaneous Quantification of Plasma Catecholamines and Metanephrines by LC-MS/MS
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The quantification of the low levels of catecholamines and metanephrines in biological fluids is
important for clinical screening of pheochromocytoma/paraganglioma and diagnosis of overtraining
syndrome in athletes. We introduce a novel, accurate and sensitive liquid chromatography-tandem
mass spectrometry (LC-MS/MS) method for simultaneous quantification of these biogenic amines
in human plasma. Simple protein precipitation combined with rapid 2-aminoethyl diphenylborinate-
assisted liquid-liquid extraction allow us to quantify catecholamines and metanephrines over broad
concentration ranges. Target analytes were monitored in positive electrospray ionization mode
by multiple reaction monitoring. Method performance was validated for linearity, lower limit of
quantification, limit of detection, intra-day and inter-assay precision, carry-over, recovery, and
matrix effect. The assay was linear within analytical range 25-1000 pg mL~"' for epinephrine,
30-2500 pg mL™! for norepinephrine, 15-1000 pg mL™" for dopamine, 25-2000 pg mL"" for
metanephrine and 50-10000 pg mL~! for normetanephrine, with lower limits of quantification of
15, 20, 10, 15 and 30 pg mL"!, respectively. The intra- and inter-day precisions for all compounds
ranged from 0.4 to 6.9% and from 0.9 to 6.6%, respectively. The efficiency of novel method
was confirmed by assaying external quality control samples which demonstrated consistent and
accurate results.

Keywords: catecholamines, metanephrines, LC-MS/MS, plasma, overtraining,
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Introduction

Catecholamines (dopamine, norepinephrine and
epinephrine) are the class of chemical neurotransmitters
and hormones which take key role in the regulation
of physiological mechanisms and the expansion of
neurological, psychiatric, endocrine and cardiovascular
diseases. Current understanding in catecholamines
metabolism in terms of ongoing physiological processes
and clinical significance has been reported.! The main
catecholamines metabolism pathway is intraneuronal
deamination whilst secondary way of their biotransformation
to metanephrines (metanephrines, normetanephrine) is
extraneuronal 3-O-methylation caused by catechol-O-
methyltransferase.> The only origin of metanephrines in
healthy subjects is the adrenal medulla. Alternatively,
significant levels of metanephrines may result from
catecholamines metabolism yielded by neuroendocrine
tumor cells (pheochromocytoma, paraganglioma).’#

*e-mail: dudko @vniifk.ru

The occurrence of pheochromocytoma/paraganglioma
is described by hypertension associated with elevated
concentrations of catecholamines. Historically, tumor
screening via detecting urinary catecholamines and their
metabolites in subjects with paroxysmal hypertension and
genetic predisposition to the tumor has led to false negative
results.’ Simultaneous analysis of plasma catecholamines
and metanephrines has a crucial diagnostic value as
it allows to more effectively eliminate or confirm the
presence of hyperplastic process.®® This test demonstrates
high sensitivity and selectivity for compounds produced
by the tumor. In most patients with pheochromocytoma/
paraganglioma, plasma normetanephrine and metanephrine
levels are 2-3 times higher in comparison with the upper
reference intervals established for healthy individuals.’

Catecholamines modulate metabolic and
cardiocirculatory reactions as well as adaptation to physical
and psychological activity,'” hence they are proposed as
biochemical markers for the early diagnosis of overtraining
syndrome (OT),'"!? and the adrenaline/noradrenaline
concentration ratio as a factor of sympathetic nervous
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system adrenomedural response.'* Plasma catecholamines
levels more accurately reflect stress-related sympathetic
response than their urine concentrations.!* Theoretically,
to insure accurate diagnosis of OT it is essential to conduct
following tests: (i) at rest, to compare with the normal
physiological range; (ii) after training specific for given
sport discipline, to assess athlete’s response to normal
training inducements; (iii) 24, 48 and 72 h after exercise,
to size the possibility of athlete’s body to recover and
its adaptation to the training load." It is important to
emphasize that shifts of biochemical markers which occur
during physical exercise are individual for each athlete, for
that matter interpretation of the results obtained during the
study should be individualized and consider the circadian
rhythm and seasonal variations,'® since catecholamines
secretion is not only obeyed by the daily rhythm, but also
seasonal changes related to the influence of the ambient
temperature on sympathetic nervous system activity.”

In general, high-performance liquid chromatography
methods combined with electrochemical (HPLC-ECD) or
fluorescence detection (HPLC-FLD) are most commonly
used to determine plasma catecholamines. The main
disadvantages of HPLC-ECD approaches are high
background signal, low sensitivity, poor reproducibility
of the results, interfering effects of matrix co-eluting
components and the high cost, whereas HPLC-FLD-based
techniques are negatively characterized by high limit of
detection, time-consuming sample preparation and lengthy
run time.'®

The application of chromatography-mass-spectrometry
methods in the practice of clinical diagnostic laboratories
allows not only to reduce analysis time, but also to ensure
highly sensitive and selective determination of compounds
of interest since the identification of analytes is based on
their unique physicochemical properties: retention time,
precursor-ion and ion-products.'*?* High performance
liquid chromatography combined with tandem mass
spectrometry (HPLC-MS/MS) has the greatest diagnostic
accuracy for the determination of catecholamines*?% and
metanephrines®*?” in human biofluids.

The main difficulty of their plasma quantification is
due to low reference values.” With the arrival of more
sensitive LC-MS/MS instruments along with appropriate
sample preparation certain analytes can now be accurately
measured in body fluids at low concentrations. LC-MS/MS
in combination with deuterated internal standards has
a huge potential to provide high specificity, accuracy,
and sensitivity of measurement. An effective sample
cleanup for the complex plasma matrix prior to analysis
is essential. Generally, pre-treatment of plasma samples
for catecholamines analysis involved extraction onto
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acid washed alumina at basic pH media,”' or the use
of boric acid elution.*>** The main analytical goal is to
achieve the satisfactory sensitivity for the low levels of
plasma catecholamines while restricting the co-elution
of many endogenous and exogenous compounds that
remain following such a non-selective process as alumina
extraction.** The most common cleanup technique for
plasma metanephrines is solid phase extraction on weak
cation exchange resins (WCX),26:33:36

Currently, there are few methods for the simultaneous
determination of catecholamines and their 3-O-methylated
metabolites developed only for human urine.*” Quantification
of these biogenic amines in plasma within single run has
a great potential for clinical diagnostics.

The aim of current work is to demonstrate novel, rapid
and cost-effective LC-MS/MS approach for simultaneous
plasma catecholamines and metanephrines quantification
for clinical and sport medicine purposes, establish method
performance through systematic validation study, which
could lay a solid foundation for its further application in
diagnostic laboratories.

Experimental
Materials and reagents

Catecholamines and metanephrines of high purity
(= 98.0%): epinephrine (E), norepinephrine (NE),
dopamine (DA), metanephrine (MN), normetanephrine
(NMN) and formic acid (FA) were purchased from Sigma-
Aldrich (St. Louis, MO, USA). Respective deuterated
internal standards (IS) of high chemical and isotopic purity
(292.0%): E-d;, NE-d,, DA-d,, MN-d, and NMN-d, were
obtained from Toronto Research Chemicals (Toronto,
Canada). Endocrine plasma normal and pathological
range controls were obtained from ChromSystems GmbH
(Munich, Germany). The LC-MS-grade acetonitrile (ACN)
and LC-MS-grade methanol (MeOH) were supplied by
Fisher Scientific (Loughborough, UK). HPLC-grade
ethyl acetate, 2-aminoethyl diphenylborinate (2-APB),
ethylenediaminetetraacetic acid (EDTA), hydrochloric acid
(37%) and ammonium chloride were obtained from Sigma-
Aldrich (St. Louis, MO, USA); ammonium hydroxide
solution (25%) was purchased from Merck (Darmstadt,
Germany). All of the chemicals and solvents were of the
highest purity available from commercial sources and used
without further purification. Dialyzed plasma was acquired
from internal Reagent Laboratory (Moscow, Russia), and
aliquots were stored at —70 °C prior to use. Deionized
water with specific electro conductivity 18.2 MQ cm was
prepared employing Millipore Integral 3 (France). 2-APB
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solution (2 g L") was prepared in 2 mol L' ammonium
chloride (pH 4.5) with presence of EDTA and pH was
adjusted to 8.5 by adding 25% ammonium hydroxide.

Preparation of calibrators and controls

Catecholamines, metanephrines and internal standards
stock solutions at 1 mg mL~" as well as calibrator solutions
were prepared in 0.1 mol L™ HCI. Quality control (QC)
and calibration samples were prepared from dialyzed
plasma. Calibration curves for catecholamines and
metanephrines were established by using six calibration
standards. Linearity ranges were 25-1000 pg mL"! for E;
30-2500 pg mL™!' for NE; 15-1000 pg mL™" for DA;
25-2000 pg mL~" for MN and 50-10000 pg mL~" for NMN.
QC samples were prepared at two levels (low: QCL, and
high: QCH): 75 and 850 pg mL~" for E; 50 and 2250 pg mL"!
for NE; 45 and 750 pg mL~! for DA; 75 and 1500 pg mL™"!
for MN; 150 and 8500 pg mL-' for NMN. An IS working
solution including E-d; (1 ng mL™"), NE-d, (5 ng mL™"),
DA-d, (10 ng mL™"), MN-d; (5 ng mL") and NMN-d,
(10 ng mL") was prepared in 0.1 mol L' HCI. All the
solutions were stored at —20 °C until analysis.

Normal and pathological range controls were prepared
according to manufacturer’s protocol. Multiple vials of
reconstituted controls were pooled, aliquoted, and stored
at —20 °C until use (up to two months).

Sample preparation

500 pL of sample specimens, calibrators and controls
were mixed with 10 puL of IS working solution and 500 uL.
of ACN. After vigorous stirring for 60 s using a vortex
apparatus, mixture was centrifuged (5 min at 2000 rpm)
and 850 uL of supernatant was transferred into clean tube.
30 uL of 5% ammonium hydroxide solution, 0.4 mL of
2-aminoethyl-diphenylborinate solution and 1.5 mL of
ethyl acetate were added and analytes were extracted by
vigorous mechanical shaking for 10 min. The tube was then
centrifuged (5 min at 3000 rpm) and 1.0 mL of organic layer
was separated followed by evaporation to dryness under a
flow of nitrogen at 35 °C. Dry residue was reconstituted
with 150 pL. of mobile phase A (aqueous 0.1% FA) and
transferred into vial.

HPLC-MS/MS

Chromatography was performed on Nexera X2 UPLC
system (Shimadzu, Japan) equipped with Zorbax Eclipse
XDB-CI18 column (150 x 4.6 mm, 5 um, Agilent, USA)
coupled with the guard column Zorbax Eclipse XDB-C18
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(12.5 x 4.6 mm, 5 um, Agilent, USA) at 60 °C. Mobile
phases were aqueous 0.1% FA (mobile phase A) and
0.1% FA in MeOH (mobile phase B). Gradient elution was
as follows: 0.0 min, 2% (B); 2.0 min, 5% (B); 2.7-3.2 min,
95% (B); 3.3-6.0 min, 2% (B) at flow rate of 0.7 mL min™'.
Injection volume was 20 pL.

Detection was performed on 8060 triple quadrupole
mass spectrometer (Shimadzu, Japan) using positive
electrospray ionization (ESI) mode. Quantitative data
were obtained in multiple reaction monitoring (MRM)
mode of the protonated precursor ion [M + H]* or
following the in-source loss of water [M + H — H,O]*.
Two specific transitions were chosen for each analyte,
one for confirmation (the “qualitation transition”) and
one for quantification (the “quantification transition”) as
displayed in Table 1. LabSolutions software (Shimadzu,
Japan) version 5.86 was used for instrument control, data
acquisition and processing. Interface voltage was set at4 kV,
collision-induced dissociation (CID) gas was maintained
at 17 kPa. Nebulizer gas was set at 3 L min™', drying and
heating gas flow were kept at 10 L min~'. Temperature of
interface, desolvation line and heat block were 300, 250
and 400 °C, respectively. The MRM acquisition settings
are summarized in Table 1.

Assay validation

The method performance was evaluated by means
of linearity, lower limit of quantification (LLOQ), limit
of detection (LOD), intra- and inter-assay precision,
carry-over, analytes recovery, ion suppression. Analytes
stability in matrix, stock solutions and samples when
stored under different temperature conditions was also
assessed. Linearity was assessed by analyzing calibrators
at six levels which were prepared by spiking 50 pL of
respective calibrator solution to dialyzed plasma. Each
of the six concentration levels were analyzed at three
replicates. The acceptance criterion for linearity was
correlation factor (r?) > 0.99. LLOQ was determined as
the lowest measured concentration with accuracy within
80-120% of expected value and precision (relative standard
deviation, RSD) < 20%. LOD was estimated as the lowest
measured concentration with signal-to-noise ratio 3:1.
Intra-assay precision was determined by measuring each
level of QC samples in six replicates (n = 6) within single
batch. Inter-assay precision was assessed by measuring
each level of QC samples in six replicates over three
consecutive days (n = 18). The criteria for intra- and inter-
assays acceptance was precision (RSD) within + 10%
and accuracy within 90-110% of nominal concentration.
Carry-over was measured by injecting the following
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Table 1. Optimized MRM parameters of catecholamines and metanephrines
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Compound Precursor ion (m/z)  Product ion (m/z) Ql/V CE/V Q3/V Dwell time / ms
772 -6.0 -33.0 -30.0

NE 152.0 20
107.12 -6.0 -20.0 -24.0

NE-d 158.2 112.2 -16.0 -19.0 -19.0 20
166.0 -12.0 -10.0 -12.0

E 184.1 20
107.2¢ -12.0 -21.0 -24.0

E-d, 187.2 107.1 -14.0 -21.0 -24.0 20
137.1¢ -30.0 -14.0 -28.0

DA 154.1 20
91.1 -11.0 -24.0 -17.0

DA-d, 158.2 141.1 -6.0 -15.0 -10.0 20
134.1 -12.0 -10.0 -30.0

NMN 166.1 20
106.2¢ -8.0 -20.0 -8.0

NMN-d, 169.1 109.2 -12.0 -20.0 -12.0 20
148.1% -12.0 -20.0 -16.0

MN 180.2 20
165.0 -12.0 -19.0 -12.0

MN-d, 183.2 151.1 -12.0 -19.0 -30.0 20

*Quantification transition. CE: collision energy; NE: norepinephrine; E: epinephrine; DA: dopamine; NMN: normetanephrine; MN: metanephrine.

sequence: (i) upper calibration level extract in six replicates;
(if) blank sample extract; (iii) lower calibration level extract.
Carry-over expressed as accuracy should be within + 20%
of expected concentration in the lower calibration level
sample. Assessment of analytes recovery was carried out
on two concentration levels of analytes corresponding
to those in QC samples in triplicate. Plasma samples
were spiked in pooled plasma and along with unspiked
aliquots were subjected to current approach. Recovery
in percentage was calculated as [(concentration in spiked
sample — concentration in unspiked sample) / known
spiked concentration]. Ion suppression (in percentage) was
evaluated following postextraction addition protocol by
comparing peak areas of all analytes added postextraction
in dialyzed plasma (at 100 pg mL™") to those of a pure
solution with equivalent amount prepared in mobile
phase A. Analytes stability in matrix was estimated using
two internal QC samples and ChromSystems endocrine
plasma controls. Samples were analyzed and then placed
in refrigerator (2-8 °C) for 24 and 72 h. Beyond these time
points stored samples were re-analyzed using calibration
curve from freshly prepared solutions and the obtained
concentrations of analytes were compared to nominal
values. Analytes stability in stock solutions at 1 mg mL™!
expressed as percentage of peak areas variation was
calculated by comparing peak areas of stored in freezer
(=18 to 20 °C) solutions to those freshly prepared. For this
reason, model solutions were prepared by diluting fresh and
stored stock solutions to 10 pg mL™" with aqueous 0.1% FA

and analyzed in six replicates. The acceptance criteria for
analytes stability in stock solutions was peak areas variety
within £ 15%. Analytes stability in samples was assessed
by quantification catecholamines and metanephrines in
plasma aliquots from volunteers (n = 8) which after initial
analysis were stored for: (i) 3 h at room temperature; (i) 3 h
at 2-8 °C; (iii) 24 h at 2-8 °C; (iv) 7 days at 2-8 °C; (v) 7 days
at —20 °C with single freeze-thawing cycle. Concentration
alteration in plasma samples during storage not exceeding
+ 15% were considered acceptable.

The study protocol (No. 07/19) was approved by the
Ethics Committee for biomedical ethics of Federal State
Budgetary Institution Federal Science Centre for Physical
Culture and Sport. All volunteers participated in the current
study gave written permission to use their biomaterial in
scientific purposes.

Results and Discussion

Generally, [M + H]* precursor ion is preferred for
generating the product ions spectrum. However, protonated
molecular ions of NE, NM and NMN are unstable and
undergo loss of water in the ESI source, yielding the more
stable [M + H — H,O]* ions, which were selected as the
precursor ions. Conversely protonated ions of E and DA were
monitored in the more stable form of [M + H]J*. Automatic
optimization to obtain fragment ions was performed using
LabSolutions software and the most intense product ions of
both target analytes and respective ISs were chosen.
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The use of stable isotope-labeled internal standards with
equal physicochemical properties of target analytes allows
to offset matrix effects which affect the ionization efficiency
and take account of extraction losses. We have chosen
deuterium labelled internal standards with molecular
masses of more than 3 a.m.u. towards analyzed compounds
to eliminate the possible interference of isotopic precursor-
ions of internal standards on those for target analytes.

One of the most important part of reliable quantification
of substances with similar chemical structures is to select
optimal chromatographic conditions. Within the scope of our
aim this task is complicated inasmuch as E and NMN share
common precursor-ions. Without proper chromatographic
separation, fragmentation of these compounds can cause
interferences with one another and lead to inaccurate
quantification. The choice of optimal conditions for
chromatographic separation of target substances consisted
in selection of mobile phases, chromatographic columns as
well as gradient elution program and flow rate. We tested
10 mmol L' aqueous ammonium formate and 0.1% FA
in water as mobile phase A, and 10 mmol L' ammonium
formate in methanol and 0.1% FA in methanol as mobile
phase B. During optimization chromatographic separation
was performed on Zorbax Eclipse XDB-C18 and Ascentis
C18. The most effective separation of analytes and
obtaining narrow chromatographic peaks with shape close
to that of Gaussian distribution was achieved on Zorbax
Eclipse XDB-C18 column and with FA as modifier. Using
current gradient elution program and flow rate 0.7 mL min™'
we managed to reduce the run time and effectively separate
target compounds within just 6 min together with 2 min
for column washing and re-equilibration. Retention times
and MRM chromatograms of QC samples and real plasma
sample are shown in Figure 1.

The sample preparation was accomplished according to
the protocol described above. Cleanup was carried out using
a simple liquid-liquid extraction (LLE) technique with ethyl
acetate and 2-APB as the complexing reagent at pH 9.5.
The diphenyl boronate forms a stable, negatively charged
complex with cis-hydroxyl groups of catecholamines,
which has strong affinity for the apolar solvent, when
operating in alkali media.* It has been reported® previously
that LLE using ethyl acetate in pH 9.5 and 2-APB showed
better results for simultaneous extraction of catecholamines
and metanephrines from urine samples. The use of 2-APB
has several advantages over extraction methods utilizing
the alumina, cation-exchange or boronate sorbents that are
commonly used for catecholamines isolation. Thus, our
sample preparation scheme was based on earlier established
method* except for adding plasma protein precipitation
stage and using lower biomaterial volume.
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Good linearity was achieved using a 1/x* weighted
linear regression for all compounds. All calibration curves
had r2 values of 0.99 or greater. The assay was linear within
analytical range 25-1000 pg mL™! for E, 30-2500 pg mL"!
for NE, 15-1000 pg mL~" for DA, 25-2000 pg mL™" for
MN and 50-10000 pg mL~" for NMN. LLOQs for E, NE,
DA, NM and NMN were determined to be 15, 20, 10, 15
and 30 pg mL, respectively, which were sufficient for
accurate measurement of all analytes in patient samples. By
measuring a series of sequentially diluted calibrators, the
LODs, defined as the concentration that produces a signal
3-fold higher than noise, were 10 pg mL™' for E, NE and
MN, 5 pg mL" for DA and 20 pg mL~' for NMN. The LOD,
LLOQ and the linearity parameters are presented in Table 3.
Table 2 summarized the intra- and inter-day precisions
by analyzing two levels of QC samples. Carry-over was
found insignificant as accuracy (relative error (RE)) for E,
NE, DA, MN and NMN was 89.6, 107.2, 86.5, 83.4 and
112.6%, respectively. Average (n = 6) recoveries for E,
NE, DA, MN and NMN were found 83.2, 86.0, 81.7, 103.2
and 106.5%, respectively. Postextraction addition of target
analytes solution has not educed significant alterations in
ionization efficiency as ion suppression for all compounds
were accounted for no more than 7.8%. Analytes stability in
matrix was demonstrated for 72 h when stored at 2-8 °C, in
stock solutions (1 mg mL™") for 4 months at —18 to —20 °C,
in samples extracts for at least 7 days at —18 to —20 °C.

ChromSystems endocrine plasma normal and
pathological range controls were analyzed using established
approach in triplicate within 5 consecutive days. The
results shown in Table 4 demonstrate that the measured
concentrations for all substances were within acceptable
ranges with precision (RSD) ranging from 3.8 to 6.8%
for normal control and from 1.2 to 4.9% for pathological
control. These findings suggested that the validated method
is suitable for the analysis of plasma catecholamines and
metanephrines at clinically significant levels.

Conclusions

A robust, selective and reliable LC-MS/MS method
was designed to quantify epinephrine, norepinephrine,
dopamine, metanephrine and normetanephrine in human
plasma. Simple and rapid LLE technique with 2-APB was
implemented without need to perform cost intensive and
time consuming solid-phase extraction. The minimum
amount of organic solvent used as well as the short-time
extraction and analysis run time make developed approach
rapid and less expensive for routine clinical analysis.
LC-MS/MS assay was characterized by excellent
linearity, accuracy and precision for catecholamines
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Figure 1. Typical MRM chromatograms and retention times (ty) of target analytes in QC samples and real plasma extract (concentrations are presented
in Table 2).

and metanephrines determination in plasma. Obtained catecholamines and their 3-O-methylated metabolites
limits of detection and quantification are comparable quantification will contemporaneously allow to study the
with other works in literature. Novel method of plasma activity of sympathoadrenal system which plays a key role
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Table 2. Summary of intra- and inter-day precisions

Nominal concentration / Intra-day precision (n = 6) Inter-day precision (n = 18)
Compound .
(pg mL™) RE / % RSD /% RE / % RSD /%
e 50 96.9 4.4 98.9 35
850 101.8 1.4 101.2 1.0
50 95.6 5.1 90.9 5.1
NE
2500 102.7 3.1 97.5 1.0
45 102.5 4.7 107.4 1.9
DA
750 102.5 0.4 101.1 22
75 94.6 6.9 98.4 6.6
MN
1500 98.4 4.0 96.8 2.1
150 94.8 3.2 98.0 0.9
NMN
8500 99.3 1.9 99.3 1.9

RE: relative error, accuracy; RSD: relative standard deviation; E: epinephrine; NE: norepinephrine; DA: dopamine; MN: metanephrine; NMN: normetanephrine.

Table 3. Parameters for linearity range, LOD and LLOQ for catecholamines and metanephrines

Compound r’ Equation of the curve Linear range / LLOQ/ LOD/
(pg mL™) (pg mL™") (pg mL™")
E 0.9997 y=1977 x 107x - 1.676 x 107 25-1000 15 10
NE 0.9943 y=1.737 x 107x — 0.199 30-2500 20 10
DA 0.9999 y=5.995x 107x - 1.142 x 10~ 15-1000 10 5
MN 0.9996 y=6.270 x 10~x + 8.764 x 10~ 25-2000 15 10
NMN 0.9999 y=6.731 x 10~x + 1.307 x 102 50-10000 30 20

r%: correlation factor; LLOQ: lower limit of quantification; LOD: limit of detection; E: epinephrine; NE: norepinephrine; DA: dopamine; MN: metanephrine;
NMN: normetanephrine.

Table 4. Results of ChromSystems endocrine plasma controls measured by new method (target concentrations and acceptable measurement ranges
established by manufacturer using HPLC with electrochemical detection)

Endocrine plasma control

Compound Normal range (n = 15) Pathological range (n = 15)

R e
E 116 101/70.4-131 6.8 531 533 /400-666 49
NE 326 317/222-412 52 1988 2122/ 1592-2653 3.1
DA 160 175/ 122-227 3.8 838 854 /598-1110 22
MN 61 60 /48-72 6.5 1663 1500/ 1200-1800 1.2
NMN 103 100/ 80-120 42 7578 7003 / 5602-8403 22

HPLC-ED: high performance liquid chromatography with electrochemical detection; RSD: relative standard deviation; E: epinephrine; NE: norepinephrine;
DA: dopamine; MN: metanephrine; NMN: normetanephrine.
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