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Analysis of Free Metanephrines in Plasma / Serum Using 
RECIPE® ClinMass® Complete Kit with Fully Automated 
Sample Preparation LC-MS/MS System
In Sook Lee1, Anna Bui1, Akihiro Kunisawa2, Doriane Toinon2 , Anja Grüning2 
1 RECIPE Chemicals + Instruments GmbH, 2 Shimadzu Europa GmbH 

Liquid Chromatograph Mass Spectrometer LCMS-8060

 Full solution provided by Shimadzu and RECIPE
 Fully automated sample preparation 
 Verified method for RECIPE  ClinMass  Complete Kit for Free Metanephrines in Plasma, on-line

Fig. 1  CLAM LCMS TQ 

 Introduction
The Catecholamines (Epinephrine, Norepinephrine and 
Dopamine) are metabolic products of the amino acid 
tyrosine. They are synthesised in the brain, the extra-adrenal 
chromaffin tissue and the sympathetic nerve endings. 
Catecholamines play an important role as neurotransmitters 
and in metabolic regulation by stimulation of several adreno 
receptors. 

The primary metabolites formed are Metanephrines 
(Metanephrine, Normetanephrine and 3-Methoxytyramine) 
and their dosage is recommended due to their superior 
diagnostic sensitivity and specificity, compared to urinary 
and plasma catecholamines.

Assessing these factors is recommended as aid in diagnosis 
and therapy of certain pathologies, such as primary 
hypertension. Elevated levels of Metanephrines can 
contribute to treatment-resistant or paroxysmal 
hypertension, often accompanied by symptoms such as 
headaches, sweating, and palpitations.

RECIPE’s fully validated analytical method (ClinMass 
Complete Kit for Free Metanephrines in Plasma, on-line; 
order no. MS11000) provides the quantification of 
Metanephrine, Normetanephrine and 3-Methoxytyramine 
(Table 1, 2 and 3) in serum/plasma using LC-MS/MS and 
SPE on-line.[1]. By addition of the Shimadzu CLAM (Clinical 
Laboratory Automated sample preparation Module) in front 
of the LC-MS/MS system (Figure 1) the required sample 
preparation could be fully automated which achieves results 
on a fast and high-precision analytical workflow.

To prove that the automated sample preparation leads to 
reliable results a method verification procedure was 
evaluated according to the CLSI Guidelines EP06-A, 
EP15-A3, EP17-A2.

Materials and Methods
Fast, sensitive and robust LC-MS/MS systems provide the 
basis for routine analysis in clinical laboratories. For the 
described verification, a Shimadzu CLAM-2040 coupled with 
a Nexera X3 UHPLC system and a LCMS-8060 triple-
quadrupole mass spectrometer with an ESI source was used.

Free Metanephrines in serum were verified using the 
RECIPE® ClinMass® Complete Kit for Free Metanephrines in 
Plasma, on-line (order no. MS11000). The ClinCal® Serum 
Calibrator Set, lyophilised, for Free Metanephrines (order 
no. MS11013) and ClinChek® Serum Control, lyophilised, for 
Metanephrines, Level I, II, III (order no. MS11083) from
RECIPE® were used.

Lyophilized, matrix-based calibrator and control samples 
were reconstituted, aliquoted and stored until use. Then the 
samples were loaded directly into the  CLAM-2040. It was 
programmed to perform protein precipitation using 
Precipitant P including internal standards followed by 
filtration and sample collection. The sample is then 
transported using an arm from the CLAM-2040 to the LC 
without human intervention for LC-MS/MS analysis. The 
sample is injected one the SPE column and then separated 
on the LC column.

Due to overlapped sample preparation (Figure 2) and 
analysis the throughput was one complete analysis each 
8 min. Analytical conditions are listed in Table 1 and 2. The 
optimized MRM transitions are summarized in Table 3.

Mass Spectrometer : LCMS-8060

Ionization : Electrospray Ionization (ESI), positive 
Interface Voltage : 1 kV
DL Temp. : 250 ˚C
Interface Temp. : 300 ˚C
Nebulizing Gas : 3 L/min
Drying Gas : 10 L/min
Heat Block : 400 ˚C

Table 1  Analytical conditions

UHPLC : Nexera X3 with SPE on-line
Column Oven : 25 ˚C
Injection Volume : 50.0 µL
Flow rate : 0.6 mL/min
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Table 3  MRM transitions and isotope-labelled group

Results
The trueness was determined by 4-fold analysis of 3 
different quality control (QC) (order no. MS11083, RECIPE®,
Germany) samples in a single  analysis sequence. The results 
(precision in CV% and deviation from the target in % Bias) 
are summarized in Table 4. The acceptance criteria of 
CV<15% (<20% near LLOQ) and Bias ±20% were fulfilled.

To determine the intraday precision two different levels of 
QC samples were prepared in 8-fold and analysed in a 
single analysis sequence. For the interday precision, the  3 
QC samples were prepared in 5-fold and analysed in a 
single analysis sequence on 3 days. The intra and inter-assay 
precision for each level is summarized in Table 5 and 6. The 
acceptance criteria of CV<15% (<20% near LLOQ) was 
fulfilled.

For determination of the linearity and the lower limit of 
quantification (LLOQ) in serum, several dilutions of the 
ClinCal® Serum Calibrator Set, lyophil., for Free
Metanephrines, Level 0 - 4, (order no. MS11013, RECIPE®,
Germany) were prepared to obtain 9 levels in 3-fold and 
analyzed in a single analysis sequence. 

The results for linearity evaluation and for the LLOQ are 
summarized in Table 7. The acceptance criteria used to 
define LLOQ were the precision with a CV<20% and the Bias 
±20%. The criteria for linearity were the precision with a 
CV<15% and the Bias ±15%. 

Fig. 2  Scheme fully automated sample preparation and analysis

Table 2 Automatic Switching times and positions (ASV), flow rates of the HPLC pumps (P1, P2)

Analyte / IS Quantifier MRM Qualifier MRM ISTD group

Precursor (m/z) Product (m/z) Precursor (m/z) Product (m/z)
Metanephrine 180 148 180 165 1
Normetanephrine 166 134 166 106 2
3-Methoxytyramine 151 91 151 119 3
d3-Metanephrine 183 151 183 168 1
d3-Normetanephrine 169 137 169 109 2
d4-3-Methoxytyramine 155 95 155 123 3

Dispense
Methanol

10 µL

Dispense
Sample
80 µL 

Dispense
Precipitant/

ISTD        
120 µL 

Shaking
90 sec, 

1900 rpm

Filtration
80 sec

LCMS analysis
6 min

Sample injection 8 min

Dispense
Methanol

10 µL

Dispense
Sample
80 µL

Dispense
Precipitant/

ISTD
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Shaking
90 sec, 

1900 rpm

Filtration
80 sec

LCMS analysis
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Time 
[min]

ASV
Pos.

Pump P1 Event 
SPE-column

Pump P2 Event
Analytical 

columnFlow rate
[mL/min]

L
[%]

W
[%]

Flow rate
[mL/min]

A
[%]

B
[%]

Initial W+L 0.1 100 0 Loading 0.6 5 95 Equilibration
0.01 1.0 100 0
1.00 1.0 100 0
1.01 1.0 0 100 Washing
2.00 1.0 0 100
2.01 Inject 0.1 0 100 Transfer 0.6 5 95 Loading
3.50 0.1 0 100
3.51 W+L 1.0 0 100 Washing
4.50 1.0 0 100 0.6 30 70 Separation
4.51 1.0 100 0 Equilibration
5.60 1.0 100 0 0.6 30 70
5.61 0.1 100 0 0.6 5 95 Equilibration
6.00 0.1 100 0 0.6 5 95
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Conclusion
The ClinMass® Complete Kit for Free Metanephrines in Plasma, 
on-line (order no. MS11000) was successfully verified on the 
CLAM-2040 with the analytical system LCMS-8060 from 
Shimadzu.
Metanephrine, Normetanephrine and 3-Methoxytyramine 
passed the acceptance criteria for accuracy (trueness, precision) 
and linearity. The lower limit of quantification (LLOQ) was below 
published clinical reference ranges. 
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Table 4  Trueness of measurement

Analytes Sample Target value
[ng/L]

Measured value
[ng/L]; Mean (n=4) CV [%] Bias [%]

Normetanephrine Control Sample, Level I 128 126 4.1 -1.3
Control Sample, Level II 421 420 4.1 -0.3
Control Sample, Level III 1052 1031 3.1 -2.0

Metanephrine Control Sample, Level I 56.9 56.9 3.8 0.0
Control Sample, Level II 244 236 0.9 -3.2
Control Sample, Level III 794 771 4.1 -2.9

3-Methoxytyramine Control Sample, Level I 28.4 28.0 2.4 -1.4
Control Sample, Level II 201 195 4.0 -2.8
Control Sample, Level III 827 820 4.4 -0.8

Table 5 Intra-assay precision results [CV%]

Analytes Sample Measured value [ng/L]
Mean (n=8) CV [%]

Normetanephrine Control Sample, Level I 130 3.4
Control Sample, Level II 437 3.1
Control Sample, Level III 1065 3.5

Metanephrine Control Sample, Level I 60.1 3.6
Control Sample, Level II 245 5.0
Control Sample, Level III 783 2.8

3-Methoxytyramine Control Sample, Level I 28.1 4.1
Control Sample, Level II 204 4.5
Control Sample, Level III 810 2.8

Table 6 Inter-assay precision results [CV%]

Analytes Sample Measured value [ng/L]
Mean (n=5) CV [%]

Normetanephrine Control Sample, Level I 128 3.6
Control Sample, Level II 431 4.0
Control Sample, Level III 1049 3.5

Metanephrine Control Sample, Level I 57.1 5.4
Control Sample, Level II 246 3.8
Control Sample, Level III 781 2.9

3-Methoxytyramine Control Sample, Level I 28.0 3.8
Control Sample, Level II 201 4.1
Control Sample, Level III 815 3.3

Table 7 Linearity evaluation, including LLOQ / LOD and CV and Bias at the LLOQ

Analytes Linear Range 
[ng/L] R2 LLoQ [ng/L] LOD [ng/L] CV (%) Bias (%)

Normetanephrine 20.6 – 4214 0.994 20.6 6.9 4.6 -9.5
Metanephrine 12.9 – 2894 0.999 12.9 4.3 3.5 -1.4
3-Methoxytyramine 8.60 – 2994 0.998 2.9 4.47 5.5 -9.1
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