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This technical note describes an LC-MS/MS method for the
simultaneous quantitation of three metanephrines and three
catecholamines in plasma, achieving in-sample limits of
guantitation (LOQs) of 0.025-2.5 ng/mL. Using the SCIEX QTRAP
4500 system, the method demonstrated robust quantitative
performance across plasma matrix-spiked calibration
standards [n=3] and QC standards (n=3]. The intra- and inter-
day performance were evaluated over three consecutive days
using spiked plasma QC standards at 1, 10, and 50 ng/mL,
achieving inter-day mean accuracy ranging from 87.1% to 108%
and precision between 3.2% and 8.6% CV across all spiking
levels. Additionally, the Phenomenex Luna C18(2] column
provided good peak shape, separation between analytes,
consistent retention times and reproducible chromatographic
performance for both analyte classes using an 8.1-minute

gradient.
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Key benefits of metanephrine and catecholamine
analysis in plasma using the QTRAP 4500 system

Good analytical sensitivity with robust quantitative
performance. Using the SCIEX QTRAP 4500, the methaod
achieved in-sample equivalent LOQs between 0.025 and 2.5
ng/mL, with accuracies of 88.5% to 108% and precision from
2.4% CV to 14% CV (n=3]

Excellent assay reproducibility across analytical batches.
Across three sample preparation and analytical batches, QC
standards at 1, 10, and 50 ng/mL [n = 3] showed intra-day
mean accuracy of 85.8%-113% and precision ranging from
0.8% to 12% CV for all spike levels

Robust chromatographic performance with symmetrical
peak shape and separation from the void volume. The
Phenomenex Luna C18(2) column resulted in good peak
shape and separation from the void volume, with retention
factors (k') ranging from 3.3 to 4.5
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Figure 1. Extracted ion chromatograms (XICs] at the limit of quantitation (LOQ] for metanephrine (m/z 180.2 — 148.0, 0.025 ng/mL], 3-methoxytyramine
(m/z151.2 - 119.0, 0.10 ng/mL], and dopamine (m/z 154.2 - 137.0, 0.10 ng/mL] in spiked plasma matrix standards, analyzed using the SCIEX QTRAP

4500 system. Data was obtained from the quantifier transition.



Introduction

Plasma metanephrines (metanephrine, normetanephrine and
3-methoxytyramine] and catecholamines (epinephrine,
norepinephrine and dopamine) are commanly measured in
clinical research labs to evaluate rare neuroendocrine tumours
such as pheochromocytoma and paraganglioma [PPGL).!
Although plasma-free metanephrines are considered to be the
most sensitive and specific biomarkers for PPGLs?,
measurements of catecholamines can provide complementary
regarding catechalaminergic activity, tumour phenotype and
autonomic function.2 Therefore, the simultaneous quantitation
of metanephrines and catechalamines can provide a more
comprehensive biochemical assessment of PPGLs.

Liquid chromatography tandem mass spectrometry [LC-
MS/MS] is the preferred analytical technigue for the
measurement of metanephrines and catecholamines in
biological samples due to its high specificity, sensitivity, and
multiplexing capability.? In this technical note, a comprehensive
method for the quantitation of three metanephrine compounds
and three catecholamine compounds was developed using the
SCIEX QTRAP 4500 system. The extraction procedure and
chromatographic conditions were extensively optimized,
resulting in a sensitive and robust analytical workflow for
clinical research applications.

Methads

Reagent and standard preparation: The metanephrine
(metanephrine, normetanephrine, 3-methoxytyramine] and
catecholamine (epinephrine, norepinephrine, dopaming)
analytes and deuterated internal standards (IS]) were purchased
from LGC Standards. Intermediate stock solutions were
prepared in methanol and stored at -20 °C. The IS waorking
solution was also prepared in methanol at the concentrations
specified in Table 1.

Plasma-spiked calibration standards and QC sample
preparation: Charcoal-stripped human plasma (BioCon Il Life
Technalogies [India] Pvt. Ltd.) was used for the preparation of
matrix-spiked calibration standards (n = 1 per level] and quality
control [(QC) samples (n = 3 per level]. Before use, the plasma
was pretreated with L-ascorhic acid, as an anti-oxidant, by
mixing 950 pL of plasma with 50 pL of 10 mg/mL L-ascorhic

acid. Calibration standards were prepared in the pretreated
plasma across in-sample concentrations of 0.025, 0.05, 0.1,
0.250.5,1, 25,5, 25,75, and 500 ng/mL. QC samples were
prepared at in-sample concentrations of 1, 10, and 50 ng/mL.

Sample preparation; Double blank, blank, matrix-spiked
calibration and QC standards were extracted and cleaned-up
using Waters WCX salid-phase extraction (SPE] cartridges (1
cc, 30 mg, 30 pm). For each sample type, 500 pL of blank or
pre-spiked plasma was transferred to a 2 mL centrifuge tube
followed by 500 pL of 10mM ammonium acetate (pH 6.0). For
the double blanks, 20 pL of methanol was added to the
centrifuge tubes, while 20 pL of the IS mix was added to the
blanks, calibration and QC standards only. The tubes were
vortexed for 15 sec and then processed through the SPE
cleanup procedure described below.

Briefly, the SPE cartridges were conditioned with 1 mL of
methanol, followed by 1 mL of 10mM ammonium acetate (pH
6.0). The samples were loaded onto the cartridges and washed
sequentially with 1 mL of 10mM ammonium acetate [pH 6.0)
and 1 mL of 80:20 [v/v) methanol/water. The cartridges were
briefly dried and then eluted with 0.1% [v/v] formic acid in
methanol. The eluent was evaporated under a nitrogen gas
stream, reconstituted in 100 pL of mobile phase A, and
transferred to an autosampler vial for LC-MS/MS analysis.

Table 1. Internal standard [IS] mix concentrations used for the analysis
of metanephrines and catecholamines in plasma using the QTRAP 4500
system.

IS mix concentration
Internal standard

(ng/mL]
Metanephrine-D3 50
Normetanephrine-D3 250
3-Methoxytyramine-D4 100
Epinephrine-D6 250
Norepinephrine-D6 1250
Dopamine-D4 50




Chromatography: Chromatographic separation was performed

on an ExionAD LC system using a Phenomenex Luna C18 [2]
calumn (3.0 pm, 100 x 3.0 mm, P/N: 00D-4251-Y0]. Maobile
phase A was water with 0.1% (v/v] formic acid and SmM

Data processing: Data acquisition and processing were
performed using the SCIEX OS software (version 4.0.0.8559].
The raw analyte area counts were naormalized using the

respective IS responses.

heptafluorobutyric acid (HFBA), while mohile phase B was
acetonitrile with 0.1% [v/v] formic acid and SmM HFBA. The
Tahble 3. Optimized source and gas parameters for the analysis of

total run time was 8.1 minutes using the gradient conditions metanephrines and catecholamines in plasma using the QTRAP 4500
described in Table 2. The flow rate was 600 pL/min, injection system

valume at 20 pL, and the calumn oven maintained at 40°C. Parameter Value
. - . . Polarity Positive
e o™ 5055
lon source gas 2 60 psi
Time Mobile phase A (%) Mobile phase B [%] Curtain gas 35 psi
0.00 98 2 Source temperature 550°C
2.31 98 2 lon spray voltage 1600V
577 5 95 CAD gas 8
5.88 98 2
8.10 98 2

Mass spectrometry: Samples were analyzed using the SCIEX
OTRAP 4500 system with electrospray ionization operating in

positive polarity mode. Data acquisition was performed using
multiple reaction monitoring (MRM], with the optimized source
gas parameters listed in Table 3 and compound-specific
parameters provided in Table 4. Two MRM transitions were
monitored for each compound.

Table 4. Compound-specific MRM parameters for the analysis of metanephrines and catecholamines in plasma using the QTRAP 4500 system. The
quantifier and qualifier transitions are designated as “_1” and “_2,” respectively.

Compound Precursor ion (m/z) Fragment ion [m/z] DP (V] EP (V] CE (V) CXP V]
Metanephrine_1 180.2 148.0 80 10 25 10
Metanephrine_2 180.2 165.0 80 10 25 12

Normetanephrine_1 166.2 134.0 65 10 20 12
Normetanephrine_2 166.2 106.1 65 10 25 10
3-Methoxytyramine_1 151.2 119.0 75 10 20 8
3-Methoxytyramine_2 151.2 91.0 75 10 25 6
Epinephrine_1 184.1 166.0 35 10 15 12
Epinephrine_2 184.1 107.0 35 10 30 8
Norepinephrine_1 1521 107.0 85 10 25 10
Norepinephrine_2 1521 770 85 10 40 6
Dopamine_1 154.2 137.0 40 10 15 8
Dopamine_2 154.2 91.0 40 10 30 6
Metanephrine-D3 183.2 1511 80 10 25 10
Normetanephrine-D3 169.2 137.0 65 10 20 12
3-Methoxytyramine-D4 155.2 1231 75 10 20 8
Epineprine-D6 190.2 1721 35 10 15 12
Norepinephrine-D6 158.2 111.0 85 10 25 8

Dopamine-D4 158.2 141.0 40 10 15 10



https://www.phenomenex.com/products/luna-hplc-column/luna-c18-2
https://sciex.com/products/mass-spectrometers/qtrap-systems/qtrap-4500-system
https://sciex.com/products/mass-spectrometers/qtrap-systems/qtrap-4500-system
https://sciex.com/products/software/sciex-os-software

Chromatographic performance

Good chromatography, including adequate void volume

Table 5. Correlation coefficients [r*) for plasma-spiked calibration
standards. The calibration range and r® values reported for the quantifier
transition (n=3 per batch)

separation and symmetrical peak shape, is critical for Linear Calibration curve r
satisfactory guantitative performance in complex biological Compound range values for 3 batches
matrices such as plasma. Metanephrines and catecholamines (ng/mL) 1 2 3
are difficult to retain with traditional reverse phase LC columns Metanephrine 0.025-75 0.893 0991 0983
due to their highly polar and basic characteristics. In this Normetanephrine 01-75 0938 0333 0388
technical note, HFBA was used as an ion-pairing agent to 3-Methoxytyramine 0.1-75 0.9%6 0333 0.988
improve retention with the Phenomenex Luna C18 [2) column. Epin.ephrin.e 01-75 0980 0891 0871
Norepinephrine 2.5-500 0.990 0.993 0.993
Using these conditions, the method provided symmetrical peak Dopamine 01-75 0991 0994 0988

shapes, baseline analyte separation, and adequate retention
from the void volume within the 8.1-min runtime [Figure 2).
Specifically, the analyte retention factors (k') ranged from 3.3 to
4.5,

Sensitivity, accuracy, and precision in
plasma-spiked calibration standards

Sensitivity, accuracy, precision, and linearity were assessed
through triplicate injections of plasma-spiked calibration
standards that were prepared and analyzed over three
consecutive days. Raw analyte area counts were normalized to
their respective internal standards (Tahle 4). Calibration ranges
for each analyte, based on the quantifier transition, are
presented in Table 5. Calibration curves, generated from
triplicate injections at each level, showed good linearity (0.971-
0.998) across the three hatches using a 1/x* weighting factor.
The method achieved in-sample equivalent LOQs ranging from
0.025 to 2.5 ng/mL (Table B]. Across the three batches, the
mean LOQ accuracy ranged from 88.5% to 108%, with mean
precision between 2.4% and 14% CV (Table 6). These results
demonstrate that the QTRAP 4500 system provides sensitive
and reproducible quantitation of metanephrines and
catecholamines in plasma.

Carryover was evaluated by analyzing a double blank after the
highest calibration levels for all compounds. No analyte signal
was observed, indicating no detectable carryover under the
analytical conditions evaluated (Figure 3].

Quantitative performance in plasma -spiked QC
standards

The method quantitative performance was further evaluated in
QC standards (n = 3 per level] prepared at 1 ng/mL [low],

10 ng/mL [medium], and 50 ng/mL (high] and quantified
against matrix-spiked calibration standards. The intra- and
inter-day assay results are summarized in Table 7. Across the
three analytical batches, intra-day accuracy ranged from 85.8%
to 113%, with precision between 0.8% and 12%CV across all
spike levels. Similarly, the inter-day accuracy ranged from
87.1% to 108%, with precision hetween 3.2% and 8.6%CV.
Overall, these results demanstrate the strong reproducible
performance of the SCIEX QTRAP 4500 system for the analysis
of metanephrines and catecholamines in plasma.

Table B. Mean LOQ accuracy and precision across three batches of plasma matrix-spiked calibration standards [n=3 per batch). The results are presented
for the quantifier transition.

Batch 1 [n=3) Batch 2 [n=3] Batch 3 [n=3]

Compound LOQ (ng/mL) Accuracy Precision Accuracy Precision Accuracy Precision
(%) (%CV] (%) (%CV) (%) (%CV]

Metanephrine 0.025 96.3 6.6 108 4.3 99.9 14

Normetanephrine 0.10 102 3.5 95.9 54 96.2 14

3-Methoxytyramine 0.10 99.8 7.2 96.3 7.0 99.1 13

Epinephrine 0.10 95.8 8.8 98.2 8.8 93.5 41

Norepinephrine 2.5 88.5 24 96.8 9.7 96.4 5.8
Dopamine 0.10 97.5 11 971 8.3 98.1 11 "




Table 7. Mean intra- and inter-day accuracy and precision in plasma-spiked quality control (QC) samples for the analysis of metanephrines and
catecholamines using the QTRAP 4500 system. QCs were prepared and analyzed on 3 consecutive days at 1, 10, and 50 ng/mL (n=3 per level]. Results are
presented for the quantifier transition.

QC - 1 ng/mL [n=3) QC - 10 ng/mL [n=3] QC - 50 ng/mL (n=3])
Compound Cal. Conc.  Accuracy  Precision  Cal. Conc.  Accuracy  Precision  Cal. Conc.  Accuracy  Precision
[ng/mL] (%] [%CV] [ng/mL) (%] [%CV) [ng/mL] (%] [%CV)
_ Dayl 094 93.9 54 8.97 89.7 8.0 42.88 85.8 25
Irt?;azzszggjy Day2 099 99.3 15 9.06 906 45 4372 875 47
Day3 0.8 98.2 g7 g.20 2.0 8.0 43.99 88.0 5.9
Inter-day assay 0.97 972 55 9.07 90.7 68 43,53 871 44
_ Dayl 100 100 4.9 9.77 977 15 45.38 90.8 5.8
Nﬁ]rt':;‘ftdaa';e:g:y‘e ay2 097 96.7 42 9.34 934 6.6 42.99 86.0 47
Day3 103 103 8.9 9.67 96.7 26 45.07 901 3.0
Inter-day assay 1.00 100 60 9.60 96.0 36 44,48 89.0 45
3-Methoxy Dayl 104 104 9.9 9.67 96.7 5.0 44,91 89.8 17
tyramine Day2 100 100 42 910 910 3.0 414,58 89.2 44
Intra-day assay ~ Day3  1.00 100 12 9.69 96.9 45 44,71 894 64
Inter-day assay 102 102 8.6 948 94,8 42 4473 89,5 42
o Dayl 106 106 0.8 9.73 973 73 46.95 93.9 11
In':fa'f'g;’:;'::ay Daye 107 107 19 9.88 9838 57 4524 905 3.8
Day3 110 110 10 10.2 102 75 48.35 96.7 71
Inter-day assay 1.08 108 42 9.94 994 68 46.85 93.7 40
o Day 1 - - - 113 113 67 52.99 106 6.2
T‘not:ZF_’('j';pahsrs'x Day 2 - - - 9.62 96.2 64 45.30 306 53
Day 3 - - - 106 106 77 50.20 100 16
Inter-day assay = = = 105 105 6.9 49.50 99.0 44
Dopamine Dayl 0.7 96.8 7. g.23 92.3 15 45.30 906 43
ntra dlay aseay D2 105 105 91 9.37 937 756 45,22 304 33
Day3 106 106 41 975 975 67 45.97 91.9 21
Inter-day assay 103 103 70 945 94.5 53 4549 91.0 3.2

* The norepinephrine LOQ was 2.5 ng/mL and therefore the accuracy and precision were not evaluated for the 1 ng/mL QC standard.
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Figure 2. Extracted ion chromatograms (XICs] of the 75 ng/mL plasma-spiked calibration standard for metanephrines and catecholamines using the
QTRAP 4500 system. XICs show the guantifier MRM transition. The Phenomenex Luna C18 (2] column provided good chromatographic separation and retention
for the analytes with varying paolarities.
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Figure 3. XIC chromatograms of norepinephrine (500 ng/mL), dopamine (75 ng/mL], and the double blank are presented. The traces correspond to the
quantifier transitions: m/z 152.1 — 107.0 for norepinephrine and m/z 154.2 - 137.0 for dopamine.
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