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ABSTRACT
Purpose:
• To develop a sensitive and robust LC-MS method for analysis of catecholamines (epinephrine, 
norepinephrine and dopamine) in plasma for clinical research. 
•Evaluate calibration standards prepared in solvent (with and without SPE processing) and in plasma to 
support instances where analyte-free plasma is not available. 
•Characterize method performance using RECIPE Quality Control (QC) samples and in-house prepared 
spiked donor plasma samples 

Methods: Plasma samples were processed with SPE procedure and analytes were chromatographically 
separated with 9 minutes LC method. Analytes were detected with triple quadrupole mass spectrometer 
which collected two SRM transitions per each analyte to calculate ion ratio.  

Results: 
• The limit of quantitation was 5 ng/mL for dopamine and 25 ng/mL for epinephrine and norepinephrine. 
• Method precision was better then 4.5% RSD. 
• Method accuracy ranged from 86.6-119% for lowest QC sample. 
• Matrix effects were observed only for epinephrine and  were corrected by internal standard.

INTRODUCTION
Analysis of catecholamines in plasma requires senitive and robust analytical methods that meet clinical 
reasearch requirements. Mass spectrometry has become the prefered detection technique, successfully 
relaceing the traditionally used electrochemical detector. 

MATERIALS AND METHODS
Sample Preparation
• SPE columns: Biotage® EVOLUTE® Express WCX, 10 mg, 96-well plate
• Procedure

• Mix 500 µL sample + 500 µL 10 mM NH4•CH3COO containing internal standards 
• Condition SPE plate, then load sample
• Wash 1: 500 µL of water (2 times)
• Wash 2: 500 µL of 2-propanol
• Wash 3*: 500 µL of dichloromethane
• Wash 4**: 500 µLL of 2-propanol
• Elute: 125 µL of 15% 2-propranol in 0.3% formic acid (2 x75 µL )

*:  Recommended by Alan Edgington from Biotage® after validation
**:  To rinse away dichloromethane, which is not mixable with eluent.

Liquid Chromatography 
• Analytical Column: Restek® Ultra PFP Propyl, 3 µm ,150 x 2.1 mm
• Mobile phase:  A: 0.1% Formic acid in water;  B: MethanolB: Methanol
• 9 min gradient
• Injection volume: 15 uL

Mass Spectrometry
• Detector: Thermo ScientificTM TSQ QuantivaTM triple quadrupole mass spectrometer 
• HESI ionization source
• Polarity: positive
• 2 SRM’s per each analyte to calculate ion ratio (Table 1)
• Q1 Resolution: 0.7 (FWHM);  Q3 Resolution: 1.2 (FWHM)

Table 1. SRM Transitions for Catecholamines
Analyte Ion Precursor m/z Product m/z

Norepinephrine Quantifier 152.1 77
Norepinephrine Qualifier 170.1 107
Norepinephrine-d6 Quantifier 158.1 81
Norepinephrine-d6 Qualifier 158.1 111
Epinephrine Quantifier 166.1 77
Epinephrine Qualifier 166.1 135
Ephedrine-d6 Quantifier 172.1 112
Ephedrine-d6 Qualifier 172.1 141
Dopamine Quantifier 154.1 137
Dopamine Qualifier 154.1 91
Dopamine-d4 Quantifier 158.1 141
Dopamine-d4 Qualifier 158.1 95

Data Analysis
Data were acquired and processed with Thermo Scientific™ TraceFinder™ software, version 4.1. 

Calibration Standards 
Calibration standards were prepared in house by spiking a) analyte-free plasma and b) 2-propanol:0.3% 
formic acid (15:85) (Table 2).
Note: Analyte-free plasma was prepared in-house by exposing plasma to UV light for 3 days.

Quality Control Samples: See Table 3

Table 2. Concentrations of In-House Prepared Calibrators
Analyte Cal1 Cal2 Cal3 Cal4 Cal5 Cal6 Cal7 Cal8

Concentration (pg/mL)
Epinephrine 25 50 100 250 500 1000 2500 5000

Norepinephrine 25 50 100 250 500 1000 2500 5000
Dopamine 5 10 20 50 100 200 500 1000

Table 3. Recipe® ClinCheck® plasma controls 
Analyte QC Level I QC Level II

Mean concentration/concentration range (pg/mL) 
Epinephrine 106 / 84.8-127 569 / 455-683

Norepinephrine 373 / 298-448 2173 / 173-2608
Dopamine 101 / 70.7-131 508 / 406-610

Method Performance Evaluation
Precision
Intra- and inter-assay precision of calibrators in plasma: 5 replicates in 3 batches
Intra and inter-assay precision of QC samples: 4 replicates in 3 batches

Accuracy
Analysis of QC samples: 4 replicates in 3 batches

Spike recovery
Spike plasma from 6 donors to 500 pg/mL of epinephrine and norepinephrine and 100 pg/mL of dopamine. 
Spike plasma from a single donor to 250 pg/mL of epinephrine and norepinephrine and 50 pg/mL of 
dopamine. Analyze donor plasma before and after spiking with analytes. Calculate analyte concentrations 
and % recovery. 

Matrix Effects
Spike analyte and internal standard into SPE elution solvent and SPE-processed blank plasma. 
Calculate %recovery as ratio between analyte peak area in spiked SPE eluted blank plasma and 
analyte peak area in SPE elution solvent. 

Calibration Curve Evaluation
The following calibration curves were evaluated by performing quantitative analysis of QC samples and 
calculating %recovery against vendor-provided mean concentration:
• Calibrators prepared in injection solution and not processed with SPE method
• Calibrators prepared in injection solution and processed with SPE method
• Calibrators prepared in analyte free plasma and processed with SPE method

RESULTS
Limits of quantitation  and calibration ranges met clinical research requirements and are summarized in 
Table 4.  Representative plasma calibration curves are presented at Figure 1.
Method  precision obtained for calibrators in plasma and QC samples  was better then 13.1% RSD and  
4.6% RSD respectively. Method accuracy for all calibrators and QC samples were within +/- 20%. The 
method precision data for calibration standards and QCs are presented in Table 5 and Table 6, 
respectively.  
Chromatograms of Level I and Level II QC samples are presented in Figure 2.
Method accuracy evaluated in spike recovery experiment ranged from 91.2-112%. Results are presented in 
Table 7.
Matrix effects (Table 8) were negligible for dopamine and norepinephrine. Significant matrix effects  were 
observed for epinephrine, but those were corrected by internal standard as demonstrated by method 
accuracy.
Quantitative analysis of QC samples using calibration curves prepared in solvent and prepared in plasma 
showed no difference in data accuracy.  Table 9 compares accuracy of data collected for QC samples using 
calibration curve prepared in solvent without SPE processing and plasma with SPE processing.

Table 4. Limits of quantitation and calibration ranges. 

FIGURE 1. Representative plasma calibration curves and chromatograms of  lowest 
calibration standard.
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25 9.99
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TABLE 5. Method precision and accuracy obtained for calibration standards in 
plasma.
a) Intra-assay

FIGURE 2. Chromatograms of Level I  and Level II QC samples showing both 
quantifying and qualifying ions.
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Dopamine Epinephrine Norepinephrine

quantifier

qualifier

Level II

Analyte LOQ (pg/ml) Calibration range (pg/mL)
Epinephrine 25 25-5000

Norepinephrine 25 25-5000
Dopamine 5 5-1000

Analyte Std1 Std2 Std3 Std4 Std5 Std6 Std7 Std8

Dopamine pg/mL 5 10 20 50 100 200 500 100
%RSD 4.65-7.05 3.17-7.13 4.35-6.34 1.47-11.8 1.31-1.51 1.07-3.75 0.67-3.17 0.18-0.56 
%Rec 106-117 108-110 103-116 94.5-115 86.6-95.2 94.5-101 97.0-103 105-107

Epinephrine pg/mL 25 50 100 250 500 1000 2500 5000
%RSD 4.28-4.78 1.32-7.81 3.74-7.40 2.70-8.65 2.48-7.74 3.15-10.6 1.05-10.6 0.59-8.56 
%Rec 89.7-99.7 88.3-93.8 83.8-86.6 86.3-89.9 82.3-93.0 89.9-99.2 87.0-96.0 91.2-94.3 

Norepinephrine pg/mL 25 50 100 250 500 1000 2500 5000
%RSD 0.97-7.05 2.07-6.94 1.04-4.50 0.57-2.42 0.82-1.72 1.04-1.62 0.43-1.98 1.11-1.78 
%Rec 94.7-97.1 96.2-99.8 92.8-99.8 95.4-98.1 93.3-94.7 98.7-99.6 98.4-100 102-106

b) Inter-assay  (Table 5 (cont.))

Table 6. Method precision (a) and accuracy (b) obtained for QC samples
Analyte Precision (%RSD)

Intra-assay Inter-assay
QC Level I QC Level II QC Level I QC Level II

Dopamine <2.4 <1.5 2 2.7
Epinephrine <1.3 <1.3 3.2 4.6

Norepinephrine <2.8 <2.1 2.7 1.5

Analyte Method Accuracy (Average% Recovery)
Intra-assay Inter-assay

QC Level I QC Level II QC Level I QC Level II
Dopamine 115-119 101-108 117 104

Epinephrine 110-117 101-111 115 107
Norepinephrine 86.6-90.6 88.0-89.3 88.8 88.6

Analyte Std1 Std2 Std3 Std4 Std5 Std6 Std7 Std8

Dopamine
pg/mL 5 10 20 50 100 200 500 100
%RSD 13.1 5 5.79 10 4.10 2.51 2.02 1.27
%Rec 97.3 94.1 99.4 99.6 88.1 94.5 97.7 103

Epinephrine pg/mL 25 50 100 250 500 1000 2500 5000
%RSD 5.16 5.43 6.69 6.06 5.49 6.48 7.52 6.83
%Rec 111 103 94.5 96.3 96.3 104 100 101

Norepinephrine pg/mL 25 50 100 250 500 1000 2500 5000
%RSD 5.52 4.73 3.55 1.62 1.19 1.19 1.37 1.87
%Rec 106 103 97.9 96.7 93.2 97.8 98 102

Table 7. Spike recovery experiment results. Concentrations are in pg/mL.
Analyte Plasma  #1 #2 #3 #4 #5 #6 #7 #8

Dopamine

Blank Donor Pl. <5.00 <5.00 <5.00 <5.00 <5.00 <5.00 <5.00 <5.00
Expected After Spike 100 100 100 100 100 100 50 500
Detected After Spike 98.7 96.8 112 109 107 101 51.9 525

%Recovery 98.7 96.8 112 109 107 101 104 105

Epinephrine

Blank Donor Pl. <25.0 <25.0 <25.0 <25.0 <25.0 <25.0 <25.0 <25.0
Expected After Spike 500 500 500 500 500 500 250 2500
Detected After Spike 506 481 530 527 518 538 273 2394

%Recovery 101 96.2 106 105 104 108 109 95.8

  Nor-epinephrine          

Blank Donor Pl. <25.0 <25.0 <25.0 45.7 83.73 41.88 <25.0 <25.0
Expected After Spike 500 500 500 546 584 541.9 250 2500
Detected After Spike 483 464 489 537 559 494 275 2533

%Recovery 96.5 92.8 97.8 98.5 95.8 91.2 110 101

Table 8. Matrix Effects: Peak area recoveries in plasma versus solvent.
Peak Area Dopamine Dopamine-d4 Epinephrine Epinephrine-d4 Nor-epinephrine Nor-epinephrine-d4

Solvent

2043705 9048724 7745833 9091941 2446738 19217448
2049921 8962708 7709421 9152761 2509643 20337832
2113823 9309636 7991230 9451668 2654854 21443888
2129558 9496382 8153433 9601191 2695811 21847306

Average 2084252 9204363 7899979 9324390 2576762 20711619
% RSD 2.10% 2.65% 2.66% 2.60% 4.57% 5.71%

Plasma

1958665 8319667 1950279 2436252 2150196 16667574
1920204 8163811 1943066 2443034 2199082 16885748
1942370 8200247 1925746 2441893 2204519 17061057
1922009 8151569 1951801 2435355 2185281 16941968

Average 1935812 8208824 1942723 2439134 2184770 16889087
% RSD 0.94% 0.93% 0.61% 0.16% 1.12% 0.98%

Recovery 92.90% 89.20% 24.60% 26.20% 84.80% 81.50%

Table 9. QC conc. recoveries calculated against calibrators prepared in water or plasma. 
Analyte QC Level I QC Level II

% Recovery
Solvent curve Plasma curve Solvent curve Plasma curve

Dopamine 119-121 115-119 105-108 101-108
Epinephrine 101-107 110-117 94.6-103 101-111
Norepinephrine 87.5-91.7 86.6-90.6 89.3-90.9 88.0-89.3

CONCLUSIONS
•We demonstrated LC-MS analytical method for 
quantitation of catecholamines in plasma for clinical 
research. 
•The method is sensitive and accurate.
•Method allows for use of calibration curve prepared 
in solvent if analyte-free plasma is not available. 
•Sample preparation procedure does not require 
evaporation step to pre-concentrate samples which 
simplifies and reduce analysis cost. 
•The throughput of the 9-minute LC method can be 
doubled to 12 samples/hour by implementing the 
method on a 2-channel LC system (Thermo 
Scientific™ Transcend™ II system).
•Method performance was evaluated for 
metanephrines added to analytes list.  The obtained 
results proved that both catecholamines and
metanephrines can be analyzed with the method 

FIGURE 3.  Chromatogram of Mixed 
Catecholamines and Metanephrines
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ABSTRACT
Purpose:
• To develop a sensitive and robust LC-MS method for analysis of catecholamines (epinephrine, 
norepinephrine and dopamine) in plasma for clinical research. 
•Evaluate calibration standards prepared in solvent (with and without SPE processing) and in plasma to 
support instances where analyte-free plasma is not available. 
•Characterize method performance using RECIPE Quality Control (QC) samples and in-house prepared 
spiked donor plasma samples 

Methods: Plasma samples were processed with SPE procedure and analytes were chromatographically 
separated with 9 minutes LC method. Analytes were detected with triple quadrupole mass spectrometer 
which collected two SRM transitions per each analyte to calculate ion ratio.  

Results: 
• The limit of quantitation was 5 ng/mL for dopamine and 25 ng/mL for epinephrine and norepinephrine. 
• Method precision was better then 4.5% RSD. 
• Method accuracy ranged from 86.6-119% for lowest QC sample. 
• Matrix effects were observed only for epinephrine and  were corrected by internal standard.

INTRODUCTION
Analysis of catecholamines in plasma requires senitive and robust analytical methods that meet clinical 
reasearch requirements. Mass spectrometry has become the prefered detection technique, successfully 
relaceing the traditionally used electrochemical detector. 

MATERIALS AND METHODS
Sample Preparation
• SPE columns: Biotage® EVOLUTE® Express WCX, 10 mg, 96-well plate
• Procedure

• Mix 500 µL sample + 500 µL 10 mM NH4•CH3COO containing internal standards 
• Condition SPE plate, then load sample
• Wash 1: 500 µL of water (2 times)
• Wash 2: 500 µL of 2-propanol
• Wash 3*: 500 µL of dichloromethane
• Wash 4**: 500 µLL of 2-propanol
• Elute: 125 µL of 15% 2-propranol in 0.3% formic acid (2 x75 µL )

*:  Recommended by Alan Edgington from Biotage® after validation
**:  To rinse away dichloromethane, which is not mixable with eluent.

Liquid Chromatography 
• Analytical Column: Restek® Ultra PFP Propyl, 3 µm ,150 x 2.1 mm
• Mobile phase:  A: 0.1% Formic acid in water;  B: MethanolB: Methanol
• 9 min gradient
• Injection volume: 15 uL

Mass Spectrometry
• Detector: Thermo ScientificTM TSQ QuantivaTM triple quadrupole mass spectrometer 
• HESI ionization source
• Polarity: positive
• 2 SRM’s per each analyte to calculate ion ratio (Table 1)
• Q1 Resolution: 0.7 (FWHM);  Q3 Resolution: 1.2 (FWHM)

Table 1. SRM Transitions for Catecholamines
Analyte Ion Precursor m/z Product m/z

Norepinephrine Quantifier 152.1 77
Norepinephrine Qualifier 170.1 107
Norepinephrine-d6 Quantifier 158.1 81
Norepinephrine-d6 Qualifier 158.1 111
Epinephrine Quantifier 166.1 77
Epinephrine Qualifier 166.1 135
Ephedrine-d6 Quantifier 172.1 112
Ephedrine-d6 Qualifier 172.1 141
Dopamine Quantifier 154.1 137
Dopamine Qualifier 154.1 91
Dopamine-d4 Quantifier 158.1 141
Dopamine-d4 Qualifier 158.1 95

Data Analysis
Data were acquired and processed with Thermo Scientific™ TraceFinder™ software, version 4.1. 

Calibration Standards 
Calibration standards were prepared in house by spiking a) analyte-free plasma and b) 2-propanol:0.3% 
formic acid (15:85) (Table 2).
Note: Analyte-free plasma was prepared in-house by exposing plasma to UV light for 3 days.

Quality Control Samples: See Table 3

Table 2. Concentrations of In-House Prepared Calibrators
Analyte Cal1 Cal2 Cal3 Cal4 Cal5 Cal6 Cal7 Cal8

Concentration (pg/mL)
Epinephrine 25 50 100 250 500 1000 2500 5000

Norepinephrine 25 50 100 250 500 1000 2500 5000
Dopamine 5 10 20 50 100 200 500 1000

Table 3. Recipe® ClinCheck® plasma controls 
Analyte QC Level I QC Level II

Mean concentration/concentration range (pg/mL) 
Epinephrine 106 / 84.8-127 569 / 455-683

Norepinephrine 373 / 298-448 2173 / 173-2608
Dopamine 101 / 70.7-131 508 / 406-610

Method Performance Evaluation
Precision
Intra- and inter-assay precision of calibrators in plasma: 5 replicates in 3 batches
Intra and inter-assay precision of QC samples: 4 replicates in 3 batches

Accuracy
Analysis of QC samples: 4 replicates in 3 batches

Spike recovery
Spike plasma from 6 donors to 500 pg/mL of epinephrine and norepinephrine and 100 pg/mL of dopamine. 
Spike plasma from a single donor to 250 pg/mL of epinephrine and norepinephrine and 50 pg/mL of 
dopamine. Analyze donor plasma before and after spiking with analytes. Calculate analyte concentrations 
and % recovery. 

Matrix Effects
Spike analyte and internal standard into SPE elution solvent and SPE-processed blank plasma. 
Calculate %recovery as ratio between analyte peak area in spiked SPE eluted blank plasma and 
analyte peak area in SPE elution solvent. 

Calibration Curve Evaluation
The following calibration curves were evaluated by performing quantitative analysis of QC samples and 
calculating %recovery against vendor-provided mean concentration:
• Calibrators prepared in injection solution and not processed with SPE method
• Calibrators prepared in injection solution and processed with SPE method
• Calibrators prepared in analyte free plasma and processed with SPE method

RESULTS
Limits of quantitation  and calibration ranges met clinical research requirements and are summarized in 
Table 4.  Representative plasma calibration curves are presented at Figure 1.
Method  precision obtained for calibrators in plasma and QC samples  was better then 13.1% RSD and  
4.6% RSD respectively. Method accuracy for all calibrators and QC samples were within +/- 20%. The 
method precision data for calibration standards and QCs are presented in Table 5 and Table 6, 
respectively.  
Chromatograms of Level I and Level II QC samples are presented in Figure 2.
Method accuracy evaluated in spike recovery experiment ranged from 91.2-112%. Results are presented in 
Table 7.
Matrix effects (Table 8) were negligible for dopamine and norepinephrine. Significant matrix effects  were 
observed for epinephrine, but those were corrected by internal standard as demonstrated by method 
accuracy.
Quantitative analysis of QC samples using calibration curves prepared in solvent and prepared in plasma 
showed no difference in data accuracy.  Table 9 compares accuracy of data collected for QC samples using 
calibration curve prepared in solvent without SPE processing and plasma with SPE processing.

Table 4. Limits of quantitation and calibration ranges. 

FIGURE 1. Representative plasma calibration curves and chromatograms of  lowest 
calibration standard.
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b) Norepinephrine
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c) Dopamine

pg/mL %Diff
25 11.39
50 7.65

100 -5.51
250 -4.33
500 -6.40
1000 -3.22
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pg/mL %Diff
5 9.62
10 6.47
20 4.45
50 -8.26

100 -9.61
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pg/mL %Diff
25 9.99
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TABLE 5. Method precision and accuracy obtained for calibration standards in 
plasma.
a) Intra-assay

FIGURE 2. Chromatograms of Level I  and Level II QC samples showing both 
quantifying and qualifying ions.
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Dopamine Epinephrine Norepinephrine

quantifier

qualifier

Level II

Analyte LOQ (pg/ml) Calibration range (pg/mL)
Epinephrine 25 25-5000

Norepinephrine 25 25-5000
Dopamine 5 5-1000

Analyte Std1 Std2 Std3 Std4 Std5 Std6 Std7 Std8

Dopamine pg/mL 5 10 20 50 100 200 500 100
%RSD 4.65-7.05 3.17-7.13 4.35-6.34 1.47-11.8 1.31-1.51 1.07-3.75 0.67-3.17 0.18-0.56 
%Rec 106-117 108-110 103-116 94.5-115 86.6-95.2 94.5-101 97.0-103 105-107

Epinephrine pg/mL 25 50 100 250 500 1000 2500 5000
%RSD 4.28-4.78 1.32-7.81 3.74-7.40 2.70-8.65 2.48-7.74 3.15-10.6 1.05-10.6 0.59-8.56 
%Rec 89.7-99.7 88.3-93.8 83.8-86.6 86.3-89.9 82.3-93.0 89.9-99.2 87.0-96.0 91.2-94.3 

Norepinephrine pg/mL 25 50 100 250 500 1000 2500 5000
%RSD 0.97-7.05 2.07-6.94 1.04-4.50 0.57-2.42 0.82-1.72 1.04-1.62 0.43-1.98 1.11-1.78 
%Rec 94.7-97.1 96.2-99.8 92.8-99.8 95.4-98.1 93.3-94.7 98.7-99.6 98.4-100 102-106

b) Inter-assay  (Table 5 (cont.))

Table 6. Method precision (a) and accuracy (b) obtained for QC samples
Analyte Precision (%RSD)

Intra-assay Inter-assay
QC Level I QC Level II QC Level I QC Level II

Dopamine <2.4 <1.5 2 2.7
Epinephrine <1.3 <1.3 3.2 4.6

Norepinephrine <2.8 <2.1 2.7 1.5

Analyte Method Accuracy (Average% Recovery)
Intra-assay Inter-assay

QC Level I QC Level II QC Level I QC Level II
Dopamine 115-119 101-108 117 104

Epinephrine 110-117 101-111 115 107
Norepinephrine 86.6-90.6 88.0-89.3 88.8 88.6

Analyte Std1 Std2 Std3 Std4 Std5 Std6 Std7 Std8

Dopamine
pg/mL 5 10 20 50 100 200 500 100
%RSD 13.1 5 5.79 10 4.10 2.51 2.02 1.27
%Rec 97.3 94.1 99.4 99.6 88.1 94.5 97.7 103

Epinephrine pg/mL 25 50 100 250 500 1000 2500 5000
%RSD 5.16 5.43 6.69 6.06 5.49 6.48 7.52 6.83
%Rec 111 103 94.5 96.3 96.3 104 100 101

Norepinephrine pg/mL 25 50 100 250 500 1000 2500 5000
%RSD 5.52 4.73 3.55 1.62 1.19 1.19 1.37 1.87
%Rec 106 103 97.9 96.7 93.2 97.8 98 102

Table 7. Spike recovery experiment results. Concentrations are in pg/mL.
Analyte Plasma  #1 #2 #3 #4 #5 #6 #7 #8

Dopamine

Blank Donor Pl. <5.00 <5.00 <5.00 <5.00 <5.00 <5.00 <5.00 <5.00
Expected After Spike 100 100 100 100 100 100 50 500
Detected After Spike 98.7 96.8 112 109 107 101 51.9 525

%Recovery 98.7 96.8 112 109 107 101 104 105

Epinephrine

Blank Donor Pl. <25.0 <25.0 <25.0 <25.0 <25.0 <25.0 <25.0 <25.0
Expected After Spike 500 500 500 500 500 500 250 2500
Detected After Spike 506 481 530 527 518 538 273 2394

%Recovery 101 96.2 106 105 104 108 109 95.8

  Nor-epinephrine          

Blank Donor Pl. <25.0 <25.0 <25.0 45.7 83.73 41.88 <25.0 <25.0
Expected After Spike 500 500 500 546 584 541.9 250 2500
Detected After Spike 483 464 489 537 559 494 275 2533

%Recovery 96.5 92.8 97.8 98.5 95.8 91.2 110 101

Table 8. Matrix Effects: Peak area recoveries in plasma versus solvent.
Peak Area Dopamine Dopamine-d4 Epinephrine Epinephrine-d4 Nor-epinephrine Nor-epinephrine-d4

Solvent

2043705 9048724 7745833 9091941 2446738 19217448
2049921 8962708 7709421 9152761 2509643 20337832
2113823 9309636 7991230 9451668 2654854 21443888
2129558 9496382 8153433 9601191 2695811 21847306

Average 2084252 9204363 7899979 9324390 2576762 20711619
% RSD 2.10% 2.65% 2.66% 2.60% 4.57% 5.71%

Plasma

1958665 8319667 1950279 2436252 2150196 16667574
1920204 8163811 1943066 2443034 2199082 16885748
1942370 8200247 1925746 2441893 2204519 17061057
1922009 8151569 1951801 2435355 2185281 16941968

Average 1935812 8208824 1942723 2439134 2184770 16889087
% RSD 0.94% 0.93% 0.61% 0.16% 1.12% 0.98%

Recovery 92.90% 89.20% 24.60% 26.20% 84.80% 81.50%

Table 9. QC conc. recoveries calculated against calibrators prepared in water or plasma. 
Analyte QC Level I QC Level II

% Recovery
Solvent curve Plasma curve Solvent curve Plasma curve

Dopamine 119-121 115-119 105-108 101-108
Epinephrine 101-107 110-117 94.6-103 101-111
Norepinephrine 87.5-91.7 86.6-90.6 89.3-90.9 88.0-89.3

CONCLUSIONS
•We demonstrated LC-MS analytical method for 
quantitation of catecholamines in plasma for clinical 
research. 
•The method is sensitive and accurate.
•Method allows for use of calibration curve prepared 
in solvent if analyte-free plasma is not available. 
•Sample preparation procedure does not require 
evaporation step to pre-concentrate samples which 
simplifies and reduce analysis cost. 
•The throughput of the 9-minute LC method can be 
doubled to 12 samples/hour by implementing the 
method on a 2-channel LC system (Thermo 
Scientific™ Transcend™ II system).
•Method performance was evaluated for 
metanephrines added to analytes list.  The obtained 
results proved that both catecholamines and
metanephrines can be analyzed with the method 

FIGURE 3.  Chromatogram of Mixed 
Catecholamines and Metanephrines
Standards.
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ABSTRACT  
 
The food and beverage industry suffers from fraudulent 
activities that include incorrect labeling of products and 
adulteration, which has a significant impact on food and 
beverage safety, brand names and reputation and the 
market economy. Preventing food and beverage fraud is a 
key challenge that requires a reliable, cost-effective 
analytical process that can detect food and beverage fraud.  
  
Detecting food and beverage fraud can be achieved using 
stable isotope measurements because stable isotopes can 
differentiate between food and beverage samples which 
otherwise share identical chemical composition: this is 
called the isotope fingerprint. Using the isotope 
fingerprint of food and beverage products is a reliable 
and unique technique in food and beverage fraud 
prevention and food safety.  
 
We show data are shown demonstrating how stable isotope 
fingerprints offer conclusive answers on questions 
associated with origin, adulteration and correct labeling of 
food and beverage products.  
 

INTRODUCTION 
 
The origin, meaning where a product comes from, and 
authenticity, meaning whether a product has not undergone 
change and if the product is correctly labeled, can be 
routinely determined on food and beverage products using 
stable isotopes.1-6 Measurement of stable isotopes can be 
used to differentiate between food and beverage samples 
which otherwise share identical chemical composition: this 
is the isotope fingerprint of the food and beverage 
products. 
 
The food and beverage industry suffers from fraudulent 
activities that include incorrect labeling of products and 
adulteration, which has a significant impact on food and 
beverage safety, brand names and reputation and the 
market economy. Preventing food and beverage fraud is a 
key challenge that requires a reliable, cost-effective 
analytical process that can detect whether the labeled 
product is authentic or if it has been changed after the final 
manufacturing process, or alternatively if it has been 
independently produced, using alternative ingredients, but 
labeled as an original product. 
 
Using the isotope fingerprint of food and beverage 
products is a reliable technique in food and beverage fraud 
prevention and safety.1-12 In this presentation, we provide 
examples of the use of isotope fingerprints in food and 
beverage fraud detection and provide an overview of the 
interpretation of these isotope fingerprints and the 
technology used.  
 

ISOTOPES IN FOOD AND 
BEVERAGE ORIGIN AND 
AUTHENTICITY 
 
Stable isotopes of carbon, nitrogen, sulfur, oxygen and 
hydrogen can be measured from food and beverage 
products, such as honey, cheese, olive oil, animal meat, 
milk powder, vegetables, wine, liquor, water and so forth, 
using isotope ratio mass spectrometry techniques.1-12 
These stable isotope data can subsequently be interpreted 
to determine the origin, correct-labeling and trace 
adulteration of food and beverage products, as summarized 
in Table 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This poster demonstrates how stable isotope fingerprints of 
carbon, nitrogen, sulfur, oxygen and hydrogen are used to 
detect the origin and authenticity of food and beverage 
products conclusively.  
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Food and Beverage Fraud Prevention Using Stable Isotope Fingerprints 

Table 1. Stable isotopes and their interpretation in 
food and beverage origin and authenticity. 

SUMMARY:  
ISOTOPE FINGERPRINTS IN FOOD 
AND BEVERAGE PRODUCTS 
 
Food and beverage products carry a unique chemical 
signature that relates to the biogeochemical processes that 
happened during the formation process of the materials that 
are present in the final product. These biogeochemical 
processes leave a chemical fingerprint that can be routinely 
detected in food and beverage products by measuring the 
stable isotope values of the products: this is what we call the 
isotope fingerprint of food and beverage products.  
 
These stable isotope values can be interpreted to provide 
conclusive information on the origin of a product, meaning you 
can identify where in the world or within a country a product 
has come from, and the authenticity of a product, which 
means understanding if a product has been changed from its 
raw composition to something else. 
 
By using isotope fingerprints to detect food and beverage 
fraud, laboratories can: 
- Trace Fodo and Beverage Fraud with unique answers about 
origin and authenticity. 
- Extend their analytical capabilities. 
- Work with an integrated analytical solution, driven by a 
single software for automated high sample throughput. 
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What is an 
example of 
food fraud 

interpretation? 

What 
products can 
be affected? 
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pathways) 

Adulteration  
(e.g. sweetening 

with cheap 
sugar) 

Honey; Liquor; 
Wine; Oliver oil; 

Butter 

Nitrogen 
Fertilizer 

assimilation 
by plants 

Mislabeling 
(Differentiate 

organic and non-
organic) 

Vegetables; 
Animal meat 
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Local soil 
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to shoreline 

Origin of product 
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Animal meat; 
Honey 

Oxygen 
 

Principally related to 
local-regional rainfall 

and hence 
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Coffee; Wine; 
Liquor; Water; 
Sugar; Animal 
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Hydrogen 

Related to local-
regional rainfall and 
hence geographical 

area  

Watering of 
beverages; 

Origin of product 

Coffee; Wine; 
Liquor; Water; 
Sugar; Animal 

meat 

IS YOUR WINE WATERED DOWN? 
 
The most common type of fraud that relates to wine is 
adulteration, meaning the addition of cheaper products to 
the original wine, such as fruit juices, water and 
sweeteners, which are not related to the grapes or 
fermentation process from which the wine was originally 
produced.7,8 Adulterated wine is then labeled as the original 
product, generally an expensive brand, and sold on the 
market as if the original product. It also relates to the  
re-labeling of wines, by adding the label of a more 
expensive wine to a bottle of a different, cheaper version 
and selling it on the market as an original product.    
 
In Figure 1, we show an example of wine adulteration by 
the addition of water detected by oxygen isotopes using a 
Thermo Scientific™ GasBench II interfaced with a Thermo 
Scientific™ DELTA V™ Isotope Ratio Mass Spectrometer. A 
genuine red wine sample was measured initially to provide 
a baseline before the sample was sequentially adulterated 
by adding water. The watering technique may be used to 
reduce alcohol content and increase profits by producing 
more bottles for sale and thus reduce tax and customs duty 
on exported products in certain countries.  

ARE YOUR VEGETABLES GROWN 
USING ORGANIC FARMING? 
 
Supermarkets and market places stock vegetables that are 
labeled as “organic” because they are believed to be 
healthier and safer than their non-organic equivalents.9,10 
Vegetables grown using organic farming methods are sold 
on the market for higher prices, which relates to the higher 
costs of production and certification of the product as 
organic grown.1,2,9 This has led to mislabeled vegetables 
appearing for sale on the market, with those grown with 
synthetic fertilizers labeled as organic. The consumer 
question is: are my vegetables really organic grown? 
 
Organic vegetables are grown using organic fertilizers, 
such as peat, sewage sludge and animal manure, and tend 
to have nitrogen isotope values between +10‰ to 
+20‰.2,10 Vegetables that are not labeled organic are 
grown using synthetic fertilizers, such as potash and 
ammonia and tend to have nitrogen isotope values of +3‰ 
to +5‰.2,10 This provides a framework within which to 
distinguish vegetables grown using organic or synthetic 
fertilizers thanks to an isotope discrimination due to 
ammonia volatilization, denitrification, nitrification and other 
N transformation processes prior to plant uptake.2,7 
 

In Figure 2, we show an example of tomatoes that have 
been grown using organic and inorganic fertilizers. The 
nitrogen isotope fingerprint of the tomatoes, measured 
using an Elemental Analyzer Isotope Ratio Mass 
Spectrometer (EA-IRMS), such as the Thermo Scientific™ 
EA IsoLink™ IRMS System, show a clear difference 
between tomatoes grown using organic fertilizers and 
synthetic fertilizers. 
 
 
 

IS YOUR TEQUILA AUTHENTIC? 
 
The agave tequilana plant is native plant of the Jalisco 
region in Mexico and forms an important economic product 
due to its use as a base ingredient in the popular alcoholic 
beverage Tequila. The agave tequilana plant is used 
because of its high sugar (mainly fructose) content and is 
photosynthetically part of the C4 plant group, meaning it 
has a well defined carbon isotope fingerprint of -8‰ to  
-14‰. During plant growth, the biosynthesis of organic 
molecules in plants requires water that comes principally 
from rainfall (evaporation, sublimation, condensation and 
precipitation in the water cycle). Tequila is produced 
exclusively in 5 areas of Mexico: Jalisco, Nayarit, 
Michoacan, Guanajuato and Tamaulipas, meaning that the 
oxygen isotope fingerprint of the agave tequilana plant is 
primarily given by the water from rainfall in those regions 
and therefore provides a geographical tool for origin. 
 
In Figure 3, we show an example of carbon and oxygen 
isotope measurements on tequila, measured using Gas 
Chromatography Isotope Ratio Mass Spectrometry, such as 
the Thermo Scientific™ GC IsoLink™ II Interface for  
GC-IRMS.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The data in Figure 3 shows pure tequila, tequila adulterated 
by the addition of sugar addition for a secondary source 
other than the agave tequilana plant and water from a 
source other than that of the 5 local regions in Mexico. The 
two dimensional isotope fingerprint of ethanol based on 
carbon and oxygen data allows the differentiation of 
authentic and commercial Tequila.  

Figure 3. Carbon and oxygen isotope fingerprints detect 
mislabeled and adulterated tequila. 

Figure 1. Oxygen isotope fingerprints detect watering of 
wine. 

Figure 2. Differentiating organic grown vegetables using 
nitrogen isotope fingerprints. 

IS HONEY NATURALLY SWEET? 
 
Honey consumption is high due to its natural, unprocessed 
properties, nutritional value and antioxidant qualities.3,13 

Consequently, market prices for honey vary providing 
opportunity for economically motivated adulteration. Honey is 
a naturally sweet substance, of which sugars are mainly 
glucose and fructose, produced by honeybees from flower 
nectar mainly of C3 plants: the carbon isotope fingerprint of 
natural honey is -22‰ to -32‰.  
  
Adulteration of natural honey by adding high fructose corn 
syrup, glucose or saccharose syrup derived from beet or cane 
(C4 plant types) is known: the carbon isotope fingerprint of 
such sugars is -8‰ to -16‰, which differs from that of natural 
honey. Adding C4 sugar to natural honey increases the 
detectable amount.3,13 
  
Honey adulteration is detected by EA-IRMS, using the carbon 
isotope fingerprint of all sugar. However, where this is not 
conclusive, Liquid Chromatography Isotope Ratio Mass 
Spectrometry, using the Thermo ScientificTM LC IsoLinkTM  
Interface for LC-IRMS, measures the carbon isotope 
fingerprint of fructose and glucose separately.  
  
Table 2 summarizes the analysis of honey using EA- and  
LC-IRMS, identifying the 4 adulterated honey products from 8 
honey samples (in bold). The combination of more negative 
carbon isotope values, fru/glu ratios and C4 sugar amount 
conclusively identify adulterated honey. 
  

Honey Glucose  
(δ13C, ‰) 

Fructose  
(δ13C, ‰) 

All sugar 
(δ13C, ‰) 

Fru/Glu 
ratio 

C4 sugar 
%  

Adultera
ted? 

1 -23.2 -22.9 -21.8 1.07 16.7 Yes 
2 -11.2 -13.9 -11.9 0.65 n.a Yes 
3 -24.9 -24.9 -24.8 1.42 0.0 No 
4 -26.5 -26.4 -25.4 0.97 0.0 No 
5 -26.1 -26.0 -25.8 4.53 1.9 Yes 
6 -25.0 -25.3 -24.3 1.62 0.0 No 
7 -25.2 -25.1 -24.2 1.16 3.4 No 
8 -25.1 -26.4 -24.8 2.17 1.5 Yes 

Table 2. Carbon isotope fingerprints detect honey 
adulteration. 

Oxygen isotope fingerprint 
changes with water addition 

-16 

-15 

-14 

-13 

-12 

-11 

-10 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

δ1
3 C

SM
O

W
 (‰

) E
th

an
ol

 

δ18OSMOW (‰) Ethanol 

Agave 
Sugar 
cane 

Agave and sugar cane 
50:50 mixes 

Tequila, 
commercial 

Sugar 
cane corn 

-15 

-10 

-5 

0 

5 

10 

15 

20 

25 

0 10 20 30 40 50 60 70 80 90 100 

δ1
8 O

 V
SM

O
W

 (‰
) 

Water added (%) 

5 

6 

7 

8 

9 

10 

11 

12 

0 1 2 3 4 

δ1
5 N

A
IR

 (‰
) 

Sample 

Synthetic fertilizer 

Organic fertilizer 

Evaluation of the Analytical Parameters for Sensitive and Robust Quantitative Analysis of Catecholamines in Human 
Plasma with LC-MS for Clinical Research Mindy Gao, Marta Kozak, Thermo Fisher Scientific,  355 River Oaks Parkway, San Jose, CA, USA

ACKNOWLEDGEMENTS (if necessary)
We would like to thank Alan Edgington from Biotage® for SPE sample preparation procedure 
recommendation.

ABSTRACT
Purpose:
• To develop a sensitive and robust LC-MS method for analysis of catecholamines (epinephrine, 
norepinephrine and dopamine) in plasma for clinical research. 
•Evaluate calibration standards prepared in solvent (with and without SPE processing) and in plasma to 
support instances where analyte-free plasma is not available. 
•Characterize method performance using RECIPE Quality Control (QC) samples and in-house prepared 
spiked donor plasma samples 

Methods: Plasma samples were processed with SPE procedure and analytes were chromatographically 
separated with 9 minutes LC method. Analytes were detected with triple quadrupole mass spectrometer 
which collected two SRM transitions per each analyte to calculate ion ratio.  

Results: 
• The limit of quantitation was 5 ng/mL for dopamine and 25 ng/mL for epinephrine and norepinephrine. 
• Method precision was better then 4.5% RSD. 
• Method accuracy ranged from 86.6-119% for lowest QC sample. 
• Matrix effects were observed only for epinephrine and  were corrected by internal standard.

INTRODUCTION
Analysis of catecholamines in plasma requires senitive and robust analytical methods that meet clinical 
reasearch requirements. Mass spectrometry has become the prefered detection technique, successfully 
relaceing the traditionally used electrochemical detector. 

MATERIALS AND METHODS
Sample Preparation
• SPE columns: Biotage® EVOLUTE® Express WCX, 10 mg, 96-well plate
• Procedure

• Mix 500 µL sample + 500 µL 10 mM NH4•CH3COO containing internal standards 
• Condition SPE plate, then load sample
• Wash 1: 500 µL of water (2 times)
• Wash 2: 500 µL of 2-propanol
• Wash 3*: 500 µL of dichloromethane
• Wash 4**: 500 µLL of 2-propanol
• Elute: 125 µL of 15% 2-propranol in 0.3% formic acid (2 x75 µL )

*:  Recommended by Alan Edgington from Biotage® after validation
**:  To rinse away dichloromethane, which is not mixable with eluent.

Liquid Chromatography 
• Analytical Column: Restek® Ultra PFP Propyl, 3 µm ,150 x 2.1 mm
• Mobile phase:  A: 0.1% Formic acid in water;  B: MethanolB: Methanol
• 9 min gradient
• Injection volume: 15 uL

Mass Spectrometry
• Detector: Thermo ScientificTM TSQ QuantivaTM triple quadrupole mass spectrometer 
• HESI ionization source
• Polarity: positive
• 2 SRM’s per each analyte to calculate ion ratio (Table 1)
• Q1 Resolution: 0.7 (FWHM);  Q3 Resolution: 1.2 (FWHM)

Table 1. SRM Transitions for Catecholamines
Analyte Ion Precursor m/z Product m/z

Norepinephrine Quantifier 152.1 77
Norepinephrine Qualifier 170.1 107
Norepinephrine-d6 Quantifier 158.1 81
Norepinephrine-d6 Qualifier 158.1 111
Epinephrine Quantifier 166.1 77
Epinephrine Qualifier 166.1 135
Ephedrine-d6 Quantifier 172.1 112
Ephedrine-d6 Qualifier 172.1 141
Dopamine Quantifier 154.1 137
Dopamine Qualifier 154.1 91
Dopamine-d4 Quantifier 158.1 141
Dopamine-d4 Qualifier 158.1 95

Data Analysis
Data were acquired and processed with Thermo Scientific™ TraceFinder™ software, version 4.1. 

Calibration Standards 
Calibration standards were prepared in house by spiking a) analyte-free plasma and b) 2-propanol:0.3% 
formic acid (15:85) (Table 2).
Note: Analyte-free plasma was prepared in-house by exposing plasma to UV light for 3 days.

Quality Control Samples: See Table 3

Table 2. Concentrations of In-House Prepared Calibrators
Analyte Cal1 Cal2 Cal3 Cal4 Cal5 Cal6 Cal7 Cal8

Concentration (pg/mL)
Epinephrine 25 50 100 250 500 1000 2500 5000

Norepinephrine 25 50 100 250 500 1000 2500 5000
Dopamine 5 10 20 50 100 200 500 1000

Table 3. Recipe® ClinCheck® plasma controls 
Analyte QC Level I QC Level II

Mean concentration/concentration range (pg/mL) 
Epinephrine 106 / 84.8-127 569 / 455-683

Norepinephrine 373 / 298-448 2173 / 173-2608
Dopamine 101 / 70.7-131 508 / 406-610

Method Performance Evaluation
Precision
Intra- and inter-assay precision of calibrators in plasma: 5 replicates in 3 batches
Intra and inter-assay precision of QC samples: 4 replicates in 3 batches

Accuracy
Analysis of QC samples: 4 replicates in 3 batches

Spike recovery
Spike plasma from 6 donors to 500 pg/mL of epinephrine and norepinephrine and 100 pg/mL of dopamine. 
Spike plasma from a single donor to 250 pg/mL of epinephrine and norepinephrine and 50 pg/mL of 
dopamine. Analyze donor plasma before and after spiking with analytes. Calculate analyte concentrations 
and % recovery. 

Matrix Effects
Spike analyte and internal standard into SPE elution solvent and SPE-processed blank plasma. 
Calculate %recovery as ratio between analyte peak area in spiked SPE eluted blank plasma and 
analyte peak area in SPE elution solvent. 

Calibration Curve Evaluation
The following calibration curves were evaluated by performing quantitative analysis of QC samples and 
calculating %recovery against vendor-provided mean concentration:
• Calibrators prepared in injection solution and not processed with SPE method
• Calibrators prepared in injection solution and processed with SPE method
• Calibrators prepared in analyte free plasma and processed with SPE method

RESULTS
Limits of quantitation  and calibration ranges met clinical research requirements and are summarized in 
Table 4.  Representative plasma calibration curves are presented at Figure 1.
Method  precision obtained for calibrators in plasma and QC samples  was better then 13.1% RSD and  
4.6% RSD respectively. Method accuracy for all calibrators and QC samples were within +/- 20%. The 
method precision data for calibration standards and QCs are presented in Table 5 and Table 6, 
respectively.  
Chromatograms of Level I and Level II QC samples are presented in Figure 2.
Method accuracy evaluated in spike recovery experiment ranged from 91.2-112%. Results are presented in 
Table 7.
Matrix effects (Table 8) were negligible for dopamine and norepinephrine. Significant matrix effects  were 
observed for epinephrine, but those were corrected by internal standard as demonstrated by method 
accuracy.
Quantitative analysis of QC samples using calibration curves prepared in solvent and prepared in plasma 
showed no difference in data accuracy.  Table 9 compares accuracy of data collected for QC samples using 
calibration curve prepared in solvent without SPE processing and plasma with SPE processing.

Table 4. Limits of quantitation and calibration ranges. 

FIGURE 1. Representative plasma calibration curves and chromatograms of  lowest 
calibration standard.

quantifier

qualifier

25 pg/mLa) Epinephrine

b) Norepinephrine
quantifier

qualifier

25 pg/mL

c) Dopamine

pg/mL %Diff
25 11.39
50 7.65

100 -5.51
250 -4.33
500 -6.40
1000 -3.22
2500 -2.10
5000 2.53

quantifier

qualifier

5 pg/mL 10 pg/mL

pg/mL %Diff
5 9.62
10 6.47
20 4.45
50 -8.26

100 -9.61
200 -3.99
500 -1.27
1000 2.61

pg/mL %Diff
25 9.99
50 2.33

100 -3.38
250 0.07
500 -9.33
1000 1.20
2500 -3.13
5000 2.25

TABLE 5. Method precision and accuracy obtained for calibration standards in 
plasma.
a) Intra-assay

FIGURE 2. Chromatograms of Level I  and Level II QC samples showing both 
quantifying and qualifying ions.
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Dopamine Epinephrine Norepinephrine

quantifier

qualifier

Level II

Analyte LOQ (pg/ml) Calibration range (pg/mL)
Epinephrine 25 25-5000

Norepinephrine 25 25-5000
Dopamine 5 5-1000

Analyte Std1 Std2 Std3 Std4 Std5 Std6 Std7 Std8

Dopamine pg/mL 5 10 20 50 100 200 500 100
%RSD 4.65-7.05 3.17-7.13 4.35-6.34 1.47-11.8 1.31-1.51 1.07-3.75 0.67-3.17 0.18-0.56 
%Rec 106-117 108-110 103-116 94.5-115 86.6-95.2 94.5-101 97.0-103 105-107

Epinephrine pg/mL 25 50 100 250 500 1000 2500 5000
%RSD 4.28-4.78 1.32-7.81 3.74-7.40 2.70-8.65 2.48-7.74 3.15-10.6 1.05-10.6 0.59-8.56 
%Rec 89.7-99.7 88.3-93.8 83.8-86.6 86.3-89.9 82.3-93.0 89.9-99.2 87.0-96.0 91.2-94.3 

Norepinephrine pg/mL 25 50 100 250 500 1000 2500 5000
%RSD 0.97-7.05 2.07-6.94 1.04-4.50 0.57-2.42 0.82-1.72 1.04-1.62 0.43-1.98 1.11-1.78 
%Rec 94.7-97.1 96.2-99.8 92.8-99.8 95.4-98.1 93.3-94.7 98.7-99.6 98.4-100 102-106

b) Inter-assay  (Table 5 (cont.))

Table 6. Method precision (a) and accuracy (b) obtained for QC samples
Analyte Precision (%RSD)

Intra-assay Inter-assay
QC Level I QC Level II QC Level I QC Level II

Dopamine <2.4 <1.5 2 2.7
Epinephrine <1.3 <1.3 3.2 4.6

Norepinephrine <2.8 <2.1 2.7 1.5

Analyte Method Accuracy (Average% Recovery)
Intra-assay Inter-assay

QC Level I QC Level II QC Level I QC Level II
Dopamine 115-119 101-108 117 104

Epinephrine 110-117 101-111 115 107
Norepinephrine 86.6-90.6 88.0-89.3 88.8 88.6

Analyte Std1 Std2 Std3 Std4 Std5 Std6 Std7 Std8

Dopamine
pg/mL 5 10 20 50 100 200 500 100
%RSD 13.1 5 5.79 10 4.10 2.51 2.02 1.27
%Rec 97.3 94.1 99.4 99.6 88.1 94.5 97.7 103

Epinephrine pg/mL 25 50 100 250 500 1000 2500 5000
%RSD 5.16 5.43 6.69 6.06 5.49 6.48 7.52 6.83
%Rec 111 103 94.5 96.3 96.3 104 100 101

Norepinephrine pg/mL 25 50 100 250 500 1000 2500 5000
%RSD 5.52 4.73 3.55 1.62 1.19 1.19 1.37 1.87
%Rec 106 103 97.9 96.7 93.2 97.8 98 102

Table 7. Spike recovery experiment results. Concentrations are in pg/mL.
Analyte Plasma  #1 #2 #3 #4 #5 #6 #7 #8

Dopamine

Blank Donor Pl. <5.00 <5.00 <5.00 <5.00 <5.00 <5.00 <5.00 <5.00
Expected After Spike 100 100 100 100 100 100 50 500
Detected After Spike 98.7 96.8 112 109 107 101 51.9 525

%Recovery 98.7 96.8 112 109 107 101 104 105

Epinephrine

Blank Donor Pl. <25.0 <25.0 <25.0 <25.0 <25.0 <25.0 <25.0 <25.0
Expected After Spike 500 500 500 500 500 500 250 2500
Detected After Spike 506 481 530 527 518 538 273 2394

%Recovery 101 96.2 106 105 104 108 109 95.8

  Nor-epinephrine          

Blank Donor Pl. <25.0 <25.0 <25.0 45.7 83.73 41.88 <25.0 <25.0
Expected After Spike 500 500 500 546 584 541.9 250 2500
Detected After Spike 483 464 489 537 559 494 275 2533

%Recovery 96.5 92.8 97.8 98.5 95.8 91.2 110 101

Table 8. Matrix Effects: Peak area recoveries in plasma versus solvent.
Peak Area Dopamine Dopamine-d4 Epinephrine Epinephrine-d4 Nor-epinephrine Nor-epinephrine-d4

Solvent

2043705 9048724 7745833 9091941 2446738 19217448
2049921 8962708 7709421 9152761 2509643 20337832
2113823 9309636 7991230 9451668 2654854 21443888
2129558 9496382 8153433 9601191 2695811 21847306

Average 2084252 9204363 7899979 9324390 2576762 20711619
% RSD 2.10% 2.65% 2.66% 2.60% 4.57% 5.71%

Plasma

1958665 8319667 1950279 2436252 2150196 16667574
1920204 8163811 1943066 2443034 2199082 16885748
1942370 8200247 1925746 2441893 2204519 17061057
1922009 8151569 1951801 2435355 2185281 16941968

Average 1935812 8208824 1942723 2439134 2184770 16889087
% RSD 0.94% 0.93% 0.61% 0.16% 1.12% 0.98%

Recovery 92.90% 89.20% 24.60% 26.20% 84.80% 81.50%

Table 9. QC conc. recoveries calculated against calibrators prepared in water or plasma. 
Analyte QC Level I QC Level II

% Recovery
Solvent curve Plasma curve Solvent curve Plasma curve

Dopamine 119-121 115-119 105-108 101-108
Epinephrine 101-107 110-117 94.6-103 101-111
Norepinephrine 87.5-91.7 86.6-90.6 89.3-90.9 88.0-89.3

CONCLUSIONS
•We demonstrated LC-MS analytical method for 
quantitation of catecholamines in plasma for clinical 
research. 
•The method is sensitive and accurate.
•Method allows for use of calibration curve prepared 
in solvent if analyte-free plasma is not available. 
•Sample preparation procedure does not require 
evaporation step to pre-concentrate samples which 
simplifies and reduce analysis cost. 
•The throughput of the 9-minute LC method can be 
doubled to 12 samples/hour by implementing the 
method on a 2-channel LC system (Thermo 
Scientific™ Transcend™ II system).
•Method performance was evaluated for 
metanephrines added to analytes list.  The obtained 
results proved that both catecholamines and
metanephrines can be analyzed with the method 

FIGURE 3.  Chromatogram of Mixed 
Catecholamines and Metanephrines
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ABSTRACT
Purpose:
• To develop a sensitive and robust LC-MS method for analysis of catecholamines (epinephrine, 
norepinephrine and dopamine) in plasma for clinical research. 
•Evaluate calibration standards prepared in solvent (with and without SPE processing) and in plasma to 
support instances where analyte-free plasma is not available. 
•Characterize method performance using RECIPE Quality Control (QC) samples and in-house prepared 
spiked donor plasma samples 

Methods: Plasma samples were processed with SPE procedure and analytes were chromatographically 
separated with 9 minutes LC method. Analytes were detected with triple quadrupole mass spectrometer 
which collected two SRM transitions per each analyte to calculate ion ratio.  

Results: 
• The limit of quantitation was 5 ng/mL for dopamine and 25 ng/mL for epinephrine and norepinephrine. 
• Method precision was better then 4.5% RSD. 
• Method accuracy ranged from 86.6-119% for lowest QC sample. 
• Matrix effects were observed only for epinephrine and  were corrected by internal standard.

INTRODUCTION
Analysis of catecholamines in plasma requires senitive and robust analytical methods that meet clinical 
reasearch requirements. Mass spectrometry has become the prefered detection technique, successfully 
relaceing the traditionally used electrochemical detector. 

MATERIALS AND METHODS
Sample Preparation
• SPE columns: Biotage® EVOLUTE® Express WCX, 10 mg, 96-well plate
• Procedure

• Mix 500 µL sample + 500 µL 10 mM NH4•CH3COO containing internal standards 
• Condition SPE plate, then load sample
• Wash 1: 500 µL of water (2 times)
• Wash 2: 500 µL of 2-propanol
• Wash 3*: 500 µL of dichloromethane
• Wash 4**: 500 µLL of 2-propanol
• Elute: 125 µL of 15% 2-propranol in 0.3% formic acid (2 x75 µL )

*:  Recommended by Alan Edgington from Biotage® after validation
**:  To rinse away dichloromethane, which is not mixable with eluent.

Liquid Chromatography 
• Analytical Column: Restek® Ultra PFP Propyl, 3 µm ,150 x 2.1 mm
• Mobile phase:  A: 0.1% Formic acid in water;  B: MethanolB: Methanol
• 9 min gradient
• Injection volume: 15 uL

Mass Spectrometry
• Detector: Thermo ScientificTM TSQ QuantivaTM triple quadrupole mass spectrometer 
• HESI ionization source
• Polarity: positive
• 2 SRM’s per each analyte to calculate ion ratio (Table 1)
• Q1 Resolution: 0.7 (FWHM);  Q3 Resolution: 1.2 (FWHM)

Table 1. SRM Transitions for Catecholamines
Analyte Ion Precursor m/z Product m/z

Norepinephrine Quantifier 152.1 77
Norepinephrine Qualifier 170.1 107
Norepinephrine-d6 Quantifier 158.1 81
Norepinephrine-d6 Qualifier 158.1 111
Epinephrine Quantifier 166.1 77
Epinephrine Qualifier 166.1 135
Ephedrine-d6 Quantifier 172.1 112
Ephedrine-d6 Qualifier 172.1 141
Dopamine Quantifier 154.1 137
Dopamine Qualifier 154.1 91
Dopamine-d4 Quantifier 158.1 141
Dopamine-d4 Qualifier 158.1 95

Data Analysis
Data were acquired and processed with Thermo Scientific™ TraceFinder™ software, version 4.1. 

Calibration Standards 
Calibration standards were prepared in house by spiking a) analyte-free plasma and b) 2-propanol:0.3% 
formic acid (15:85) (Table 2).
Note: Analyte-free plasma was prepared in-house by exposing plasma to UV light for 3 days.

Quality Control Samples: See Table 3

Table 2. Concentrations of In-House Prepared Calibrators
Analyte Cal1 Cal2 Cal3 Cal4 Cal5 Cal6 Cal7 Cal8

Concentration (pg/mL)
Epinephrine 25 50 100 250 500 1000 2500 5000

Norepinephrine 25 50 100 250 500 1000 2500 5000
Dopamine 5 10 20 50 100 200 500 1000

Table 3. Recipe® ClinCheck® plasma controls 
Analyte QC Level I QC Level II

Mean concentration/concentration range (pg/mL) 
Epinephrine 106 / 84.8-127 569 / 455-683

Norepinephrine 373 / 298-448 2173 / 173-2608
Dopamine 101 / 70.7-131 508 / 406-610

Method Performance Evaluation
Precision
Intra- and inter-assay precision of calibrators in plasma: 5 replicates in 3 batches
Intra and inter-assay precision of QC samples: 4 replicates in 3 batches

Accuracy
Analysis of QC samples: 4 replicates in 3 batches

Spike recovery
Spike plasma from 6 donors to 500 pg/mL of epinephrine and norepinephrine and 100 pg/mL of dopamine. 
Spike plasma from a single donor to 250 pg/mL of epinephrine and norepinephrine and 50 pg/mL of 
dopamine. Analyze donor plasma before and after spiking with analytes. Calculate analyte concentrations 
and % recovery. 

Matrix Effects
Spike analyte and internal standard into SPE elution solvent and SPE-processed blank plasma. 
Calculate %recovery as ratio between analyte peak area in spiked SPE eluted blank plasma and 
analyte peak area in SPE elution solvent. 

Calibration Curve Evaluation
The following calibration curves were evaluated by performing quantitative analysis of QC samples and 
calculating %recovery against vendor-provided mean concentration:
• Calibrators prepared in injection solution and not processed with SPE method
• Calibrators prepared in injection solution and processed with SPE method
• Calibrators prepared in analyte free plasma and processed with SPE method

RESULTS
Limits of quantitation  and calibration ranges met clinical research requirements and are summarized in 
Table 4.  Representative plasma calibration curves are presented at Figure 1.
Method  precision obtained for calibrators in plasma and QC samples  was better then 13.1% RSD and  
4.6% RSD respectively. Method accuracy for all calibrators and QC samples were within +/- 20%. The 
method precision data for calibration standards and QCs are presented in Table 5 and Table 6, 
respectively.  
Chromatograms of Level I and Level II QC samples are presented in Figure 2.
Method accuracy evaluated in spike recovery experiment ranged from 91.2-112%. Results are presented in 
Table 7.
Matrix effects (Table 8) were negligible for dopamine and norepinephrine. Significant matrix effects  were 
observed for epinephrine, but those were corrected by internal standard as demonstrated by method 
accuracy.
Quantitative analysis of QC samples using calibration curves prepared in solvent and prepared in plasma 
showed no difference in data accuracy.  Table 9 compares accuracy of data collected for QC samples using 
calibration curve prepared in solvent without SPE processing and plasma with SPE processing.

Table 4. Limits of quantitation and calibration ranges. 

FIGURE 1. Representative plasma calibration curves and chromatograms of  lowest 
calibration standard.

quantifier

qualifier

25 pg/mLa) Epinephrine

b) Norepinephrine
quantifier

qualifier

25 pg/mL

c) Dopamine

pg/mL %Diff
25 11.39
50 7.65

100 -5.51
250 -4.33
500 -6.40
1000 -3.22
2500 -2.10
5000 2.53

quantifier

qualifier

5 pg/mL 10 pg/mL

pg/mL %Diff
5 9.62
10 6.47
20 4.45
50 -8.26

100 -9.61
200 -3.99
500 -1.27
1000 2.61

pg/mL %Diff
25 9.99
50 2.33

100 -3.38
250 0.07
500 -9.33
1000 1.20
2500 -3.13
5000 2.25

TABLE 5. Method precision and accuracy obtained for calibration standards in 
plasma.
a) Intra-assay

FIGURE 2. Chromatograms of Level I  and Level II QC samples showing both 
quantifying and qualifying ions.
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Dopamine Epinephrine Norepinephrine

quantifier

qualifier

Level II

Analyte LOQ (pg/ml) Calibration range (pg/mL)
Epinephrine 25 25-5000

Norepinephrine 25 25-5000
Dopamine 5 5-1000

Analyte Std1 Std2 Std3 Std4 Std5 Std6 Std7 Std8

Dopamine pg/mL 5 10 20 50 100 200 500 100
%RSD 4.65-7.05 3.17-7.13 4.35-6.34 1.47-11.8 1.31-1.51 1.07-3.75 0.67-3.17 0.18-0.56 
%Rec 106-117 108-110 103-116 94.5-115 86.6-95.2 94.5-101 97.0-103 105-107

Epinephrine pg/mL 25 50 100 250 500 1000 2500 5000
%RSD 4.28-4.78 1.32-7.81 3.74-7.40 2.70-8.65 2.48-7.74 3.15-10.6 1.05-10.6 0.59-8.56 
%Rec 89.7-99.7 88.3-93.8 83.8-86.6 86.3-89.9 82.3-93.0 89.9-99.2 87.0-96.0 91.2-94.3 

Norepinephrine pg/mL 25 50 100 250 500 1000 2500 5000
%RSD 0.97-7.05 2.07-6.94 1.04-4.50 0.57-2.42 0.82-1.72 1.04-1.62 0.43-1.98 1.11-1.78 
%Rec 94.7-97.1 96.2-99.8 92.8-99.8 95.4-98.1 93.3-94.7 98.7-99.6 98.4-100 102-106

b) Inter-assay  (Table 5 (cont.))

Table 6. Method precision (a) and accuracy (b) obtained for QC samples
Analyte Precision (%RSD)

Intra-assay Inter-assay
QC Level I QC Level II QC Level I QC Level II

Dopamine <2.4 <1.5 2 2.7
Epinephrine <1.3 <1.3 3.2 4.6

Norepinephrine <2.8 <2.1 2.7 1.5

Analyte Method Accuracy (Average% Recovery)
Intra-assay Inter-assay

QC Level I QC Level II QC Level I QC Level II
Dopamine 115-119 101-108 117 104

Epinephrine 110-117 101-111 115 107
Norepinephrine 86.6-90.6 88.0-89.3 88.8 88.6

Analyte Std1 Std2 Std3 Std4 Std5 Std6 Std7 Std8

Dopamine
pg/mL 5 10 20 50 100 200 500 100
%RSD 13.1 5 5.79 10 4.10 2.51 2.02 1.27
%Rec 97.3 94.1 99.4 99.6 88.1 94.5 97.7 103

Epinephrine pg/mL 25 50 100 250 500 1000 2500 5000
%RSD 5.16 5.43 6.69 6.06 5.49 6.48 7.52 6.83
%Rec 111 103 94.5 96.3 96.3 104 100 101

Norepinephrine pg/mL 25 50 100 250 500 1000 2500 5000
%RSD 5.52 4.73 3.55 1.62 1.19 1.19 1.37 1.87
%Rec 106 103 97.9 96.7 93.2 97.8 98 102

Table 7. Spike recovery experiment results. Concentrations are in pg/mL.
Analyte Plasma  #1 #2 #3 #4 #5 #6 #7 #8

Dopamine

Blank Donor Pl. <5.00 <5.00 <5.00 <5.00 <5.00 <5.00 <5.00 <5.00
Expected After Spike 100 100 100 100 100 100 50 500
Detected After Spike 98.7 96.8 112 109 107 101 51.9 525

%Recovery 98.7 96.8 112 109 107 101 104 105

Epinephrine

Blank Donor Pl. <25.0 <25.0 <25.0 <25.0 <25.0 <25.0 <25.0 <25.0
Expected After Spike 500 500 500 500 500 500 250 2500
Detected After Spike 506 481 530 527 518 538 273 2394

%Recovery 101 96.2 106 105 104 108 109 95.8

  Nor-epinephrine          

Blank Donor Pl. <25.0 <25.0 <25.0 45.7 83.73 41.88 <25.0 <25.0
Expected After Spike 500 500 500 546 584 541.9 250 2500
Detected After Spike 483 464 489 537 559 494 275 2533

%Recovery 96.5 92.8 97.8 98.5 95.8 91.2 110 101

Table 8. Matrix Effects: Peak area recoveries in plasma versus solvent.
Peak Area Dopamine Dopamine-d4 Epinephrine Epinephrine-d4 Nor-epinephrine Nor-epinephrine-d4

Solvent

2043705 9048724 7745833 9091941 2446738 19217448
2049921 8962708 7709421 9152761 2509643 20337832
2113823 9309636 7991230 9451668 2654854 21443888
2129558 9496382 8153433 9601191 2695811 21847306

Average 2084252 9204363 7899979 9324390 2576762 20711619
% RSD 2.10% 2.65% 2.66% 2.60% 4.57% 5.71%

Plasma

1958665 8319667 1950279 2436252 2150196 16667574
1920204 8163811 1943066 2443034 2199082 16885748
1942370 8200247 1925746 2441893 2204519 17061057
1922009 8151569 1951801 2435355 2185281 16941968

Average 1935812 8208824 1942723 2439134 2184770 16889087
% RSD 0.94% 0.93% 0.61% 0.16% 1.12% 0.98%

Recovery 92.90% 89.20% 24.60% 26.20% 84.80% 81.50%

Table 9. QC conc. recoveries calculated against calibrators prepared in water or plasma. 
Analyte QC Level I QC Level II

% Recovery
Solvent curve Plasma curve Solvent curve Plasma curve

Dopamine 119-121 115-119 105-108 101-108
Epinephrine 101-107 110-117 94.6-103 101-111
Norepinephrine 87.5-91.7 86.6-90.6 89.3-90.9 88.0-89.3

CONCLUSIONS
•We demonstrated LC-MS analytical method for 
quantitation of catecholamines in plasma for clinical 
research. 
•The method is sensitive and accurate.
•Method allows for use of calibration curve prepared 
in solvent if analyte-free plasma is not available. 
•Sample preparation procedure does not require 
evaporation step to pre-concentrate samples which 
simplifies and reduce analysis cost. 
•The throughput of the 9-minute LC method can be 
doubled to 12 samples/hour by implementing the 
method on a 2-channel LC system (Thermo 
Scientific™ Transcend™ II system).
•Method performance was evaluated for 
metanephrines added to analytes list.  The obtained 
results proved that both catecholamines and
metanephrines can be analyzed with the method 

FIGURE 3.  Chromatogram of Mixed 
Catecholamines and Metanephrines
Standards.
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ABSTRACT
Purpose:
• To develop a sensitive and robust LC-MS method for analysis of catecholamines (epinephrine, 
norepinephrine and dopamine) in plasma for clinical research. 
•Evaluate calibration standards prepared in solvent (with and without SPE processing) and in plasma to 
support instances where analyte-free plasma is not available. 
•Characterize method performance using RECIPE Quality Control (QC) samples and in-house prepared 
spiked donor plasma samples 

Methods: Plasma samples were processed with SPE procedure and analytes were chromatographically 
separated with 9 minutes LC method. Analytes were detected with triple quadrupole mass spectrometer 
which collected two SRM transitions per each analyte to calculate ion ratio.  

Results: 
• The limit of quantitation was 5 ng/mL for dopamine and 25 ng/mL for epinephrine and norepinephrine. 
• Method precision was better then 4.5% RSD. 
• Method accuracy ranged from 86.6-119% for lowest QC sample. 
• Matrix effects were observed only for epinephrine and  were corrected by internal standard.

INTRODUCTION
Analysis of catecholamines in plasma requires senitive and robust analytical methods that meet clinical 
reasearch requirements. Mass spectrometry has become the prefered detection technique, successfully 
relaceing the traditionally used electrochemical detector. 

MATERIALS AND METHODS
Sample Preparation
• SPE columns: Biotage® EVOLUTE® Express WCX, 10 mg, 96-well plate
• Procedure

• Mix 500 µL sample + 500 µL 10 mM NH4•CH3COO containing internal standards 
• Condition SPE plate, then load sample
• Wash 1: 500 µL of water (2 times)
• Wash 2: 500 µL of 2-propanol
• Wash 3*: 500 µL of dichloromethane
• Wash 4**: 500 µLL of 2-propanol
• Elute: 125 µL of 15% 2-propranol in 0.3% formic acid (2 x75 µL )

*:  Recommended by Alan Edgington from Biotage® after validation
**:  To rinse away dichloromethane, which is not mixable with eluent.

Liquid Chromatography 
• Analytical Column: Restek® Ultra PFP Propyl, 3 µm ,150 x 2.1 mm
• Mobile phase:  A: 0.1% Formic acid in water;  B: MethanolB: Methanol
• 9 min gradient
• Injection volume: 15 uL

Mass Spectrometry
• Detector: Thermo ScientificTM TSQ QuantivaTM triple quadrupole mass spectrometer 
• HESI ionization source
• Polarity: positive
• 2 SRM’s per each analyte to calculate ion ratio (Table 1)
• Q1 Resolution: 0.7 (FWHM);  Q3 Resolution: 1.2 (FWHM)

Table 1. SRM Transitions for Catecholamines
Analyte Ion Precursor m/z Product m/z

Norepinephrine Quantifier 152.1 77
Norepinephrine Qualifier 170.1 107
Norepinephrine-d6 Quantifier 158.1 81
Norepinephrine-d6 Qualifier 158.1 111
Epinephrine Quantifier 166.1 77
Epinephrine Qualifier 166.1 135
Ephedrine-d6 Quantifier 172.1 112
Ephedrine-d6 Qualifier 172.1 141
Dopamine Quantifier 154.1 137
Dopamine Qualifier 154.1 91
Dopamine-d4 Quantifier 158.1 141
Dopamine-d4 Qualifier 158.1 95

Data Analysis
Data were acquired and processed with Thermo Scientific™ TraceFinder™ software, version 4.1. 

Calibration Standards 
Calibration standards were prepared in house by spiking a) analyte-free plasma and b) 2-propanol:0.3% 
formic acid (15:85) (Table 2).
Note: Analyte-free plasma was prepared in-house by exposing plasma to UV light for 3 days.

Quality Control Samples: See Table 3

Table 2. Concentrations of In-House Prepared Calibrators
Analyte Cal1 Cal2 Cal3 Cal4 Cal5 Cal6 Cal7 Cal8

Concentration (pg/mL)
Epinephrine 25 50 100 250 500 1000 2500 5000

Norepinephrine 25 50 100 250 500 1000 2500 5000
Dopamine 5 10 20 50 100 200 500 1000

Table 3. Recipe® ClinCheck® plasma controls 
Analyte QC Level I QC Level II

Mean concentration/concentration range (pg/mL) 
Epinephrine 106 / 84.8-127 569 / 455-683

Norepinephrine 373 / 298-448 2173 / 173-2608
Dopamine 101 / 70.7-131 508 / 406-610

Method Performance Evaluation
Precision
Intra- and inter-assay precision of calibrators in plasma: 5 replicates in 3 batches
Intra and inter-assay precision of QC samples: 4 replicates in 3 batches

Accuracy
Analysis of QC samples: 4 replicates in 3 batches

Spike recovery
Spike plasma from 6 donors to 500 pg/mL of epinephrine and norepinephrine and 100 pg/mL of dopamine. 
Spike plasma from a single donor to 250 pg/mL of epinephrine and norepinephrine and 50 pg/mL of 
dopamine. Analyze donor plasma before and after spiking with analytes. Calculate analyte concentrations 
and % recovery. 

Matrix Effects
Spike analyte and internal standard into SPE elution solvent and SPE-processed blank plasma. 
Calculate %recovery as ratio between analyte peak area in spiked SPE eluted blank plasma and 
analyte peak area in SPE elution solvent. 

Calibration Curve Evaluation
The following calibration curves were evaluated by performing quantitative analysis of QC samples and 
calculating %recovery against vendor-provided mean concentration:
• Calibrators prepared in injection solution and not processed with SPE method
• Calibrators prepared in injection solution and processed with SPE method
• Calibrators prepared in analyte free plasma and processed with SPE method

RESULTS
Limits of quantitation  and calibration ranges met clinical research requirements and are summarized in 
Table 4.  Representative plasma calibration curves are presented at Figure 1.
Method  precision obtained for calibrators in plasma and QC samples  was better then 13.1% RSD and  
4.6% RSD respectively. Method accuracy for all calibrators and QC samples were within +/- 20%. The 
method precision data for calibration standards and QCs are presented in Table 5 and Table 6, 
respectively.  
Chromatograms of Level I and Level II QC samples are presented in Figure 2.
Method accuracy evaluated in spike recovery experiment ranged from 91.2-112%. Results are presented in 
Table 7.
Matrix effects (Table 8) were negligible for dopamine and norepinephrine. Significant matrix effects  were 
observed for epinephrine, but those were corrected by internal standard as demonstrated by method 
accuracy.
Quantitative analysis of QC samples using calibration curves prepared in solvent and prepared in plasma 
showed no difference in data accuracy.  Table 9 compares accuracy of data collected for QC samples using 
calibration curve prepared in solvent without SPE processing and plasma with SPE processing.

Table 4. Limits of quantitation and calibration ranges. 

FIGURE 1. Representative plasma calibration curves and chromatograms of  lowest 
calibration standard.
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b) Norepinephrine
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c) Dopamine

pg/mL %Diff
25 11.39
50 7.65

100 -5.51
250 -4.33
500 -6.40
1000 -3.22
2500 -2.10
5000 2.53
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pg/mL %Diff
5 9.62
10 6.47
20 4.45
50 -8.26

100 -9.61
200 -3.99
500 -1.27
1000 2.61

pg/mL %Diff
25 9.99
50 2.33

100 -3.38
250 0.07
500 -9.33
1000 1.20
2500 -3.13
5000 2.25

TABLE 5. Method precision and accuracy obtained for calibration standards in 
plasma.
a) Intra-assay

FIGURE 2. Chromatograms of Level I  and Level II QC samples showing both 
quantifying and qualifying ions.
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Dopamine Epinephrine Norepinephrine

quantifier

qualifier

Level II

Analyte LOQ (pg/ml) Calibration range (pg/mL)
Epinephrine 25 25-5000

Norepinephrine 25 25-5000
Dopamine 5 5-1000

Analyte Std1 Std2 Std3 Std4 Std5 Std6 Std7 Std8

Dopamine pg/mL 5 10 20 50 100 200 500 100
%RSD 4.65-7.05 3.17-7.13 4.35-6.34 1.47-11.8 1.31-1.51 1.07-3.75 0.67-3.17 0.18-0.56 
%Rec 106-117 108-110 103-116 94.5-115 86.6-95.2 94.5-101 97.0-103 105-107

Epinephrine pg/mL 25 50 100 250 500 1000 2500 5000
%RSD 4.28-4.78 1.32-7.81 3.74-7.40 2.70-8.65 2.48-7.74 3.15-10.6 1.05-10.6 0.59-8.56 
%Rec 89.7-99.7 88.3-93.8 83.8-86.6 86.3-89.9 82.3-93.0 89.9-99.2 87.0-96.0 91.2-94.3 

Norepinephrine pg/mL 25 50 100 250 500 1000 2500 5000
%RSD 0.97-7.05 2.07-6.94 1.04-4.50 0.57-2.42 0.82-1.72 1.04-1.62 0.43-1.98 1.11-1.78 
%Rec 94.7-97.1 96.2-99.8 92.8-99.8 95.4-98.1 93.3-94.7 98.7-99.6 98.4-100 102-106

b) Inter-assay  (Table 5 (cont.))

Table 6. Method precision (a) and accuracy (b) obtained for QC samples
Analyte Precision (%RSD)

Intra-assay Inter-assay
QC Level I QC Level II QC Level I QC Level II

Dopamine <2.4 <1.5 2 2.7
Epinephrine <1.3 <1.3 3.2 4.6

Norepinephrine <2.8 <2.1 2.7 1.5

Analyte Method Accuracy (Average% Recovery)
Intra-assay Inter-assay

QC Level I QC Level II QC Level I QC Level II
Dopamine 115-119 101-108 117 104

Epinephrine 110-117 101-111 115 107
Norepinephrine 86.6-90.6 88.0-89.3 88.8 88.6

Analyte Std1 Std2 Std3 Std4 Std5 Std6 Std7 Std8

Dopamine
pg/mL 5 10 20 50 100 200 500 100
%RSD 13.1 5 5.79 10 4.10 2.51 2.02 1.27
%Rec 97.3 94.1 99.4 99.6 88.1 94.5 97.7 103

Epinephrine pg/mL 25 50 100 250 500 1000 2500 5000
%RSD 5.16 5.43 6.69 6.06 5.49 6.48 7.52 6.83
%Rec 111 103 94.5 96.3 96.3 104 100 101

Norepinephrine pg/mL 25 50 100 250 500 1000 2500 5000
%RSD 5.52 4.73 3.55 1.62 1.19 1.19 1.37 1.87
%Rec 106 103 97.9 96.7 93.2 97.8 98 102

Table 7. Spike recovery experiment results. Concentrations are in pg/mL.
Analyte Plasma  #1 #2 #3 #4 #5 #6 #7 #8

Dopamine

Blank Donor Pl. <5.00 <5.00 <5.00 <5.00 <5.00 <5.00 <5.00 <5.00
Expected After Spike 100 100 100 100 100 100 50 500
Detected After Spike 98.7 96.8 112 109 107 101 51.9 525

%Recovery 98.7 96.8 112 109 107 101 104 105

Epinephrine

Blank Donor Pl. <25.0 <25.0 <25.0 <25.0 <25.0 <25.0 <25.0 <25.0
Expected After Spike 500 500 500 500 500 500 250 2500
Detected After Spike 506 481 530 527 518 538 273 2394

%Recovery 101 96.2 106 105 104 108 109 95.8

  Nor-epinephrine          

Blank Donor Pl. <25.0 <25.0 <25.0 45.7 83.73 41.88 <25.0 <25.0
Expected After Spike 500 500 500 546 584 541.9 250 2500
Detected After Spike 483 464 489 537 559 494 275 2533

%Recovery 96.5 92.8 97.8 98.5 95.8 91.2 110 101

Table 8. Matrix Effects: Peak area recoveries in plasma versus solvent.
Peak Area Dopamine Dopamine-d4 Epinephrine Epinephrine-d4 Nor-epinephrine Nor-epinephrine-d4

Solvent

2043705 9048724 7745833 9091941 2446738 19217448
2049921 8962708 7709421 9152761 2509643 20337832
2113823 9309636 7991230 9451668 2654854 21443888
2129558 9496382 8153433 9601191 2695811 21847306

Average 2084252 9204363 7899979 9324390 2576762 20711619
% RSD 2.10% 2.65% 2.66% 2.60% 4.57% 5.71%

Plasma

1958665 8319667 1950279 2436252 2150196 16667574
1920204 8163811 1943066 2443034 2199082 16885748
1942370 8200247 1925746 2441893 2204519 17061057
1922009 8151569 1951801 2435355 2185281 16941968

Average 1935812 8208824 1942723 2439134 2184770 16889087
% RSD 0.94% 0.93% 0.61% 0.16% 1.12% 0.98%

Recovery 92.90% 89.20% 24.60% 26.20% 84.80% 81.50%

Table 9. QC conc. recoveries calculated against calibrators prepared in water or plasma. 
Analyte QC Level I QC Level II

% Recovery
Solvent curve Plasma curve Solvent curve Plasma curve

Dopamine 119-121 115-119 105-108 101-108
Epinephrine 101-107 110-117 94.6-103 101-111
Norepinephrine 87.5-91.7 86.6-90.6 89.3-90.9 88.0-89.3

CONCLUSIONS
•We demonstrated LC-MS analytical method for 
quantitation of catecholamines in plasma for clinical 
research. 
•The method is sensitive and accurate.
•Method allows for use of calibration curve prepared 
in solvent if analyte-free plasma is not available. 
•Sample preparation procedure does not require 
evaporation step to pre-concentrate samples which 
simplifies and reduce analysis cost. 
•The throughput of the 9-minute LC method can be 
doubled to 12 samples/hour by implementing the 
method on a 2-channel LC system (Thermo 
Scientific™ Transcend™ II system).
•Method performance was evaluated for 
metanephrines added to analytes list.  The obtained 
results proved that both catecholamines and
metanephrines can be analyzed with the method 

FIGURE 3.  Chromatogram of Mixed 
Catecholamines and Metanephrines
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ABSTRACT
Purpose:
• To develop a sensitive and robust LC-MS method for analysis of catecholamines (epinephrine, 
norepinephrine and dopamine) in plasma for clinical research. 
•Evaluate calibration standards prepared in solvent (with and without SPE processing) and in plasma to 
support instances where analyte-free plasma is not available. 
•Characterize method performance using RECIPE Quality Control (QC) samples and in-house prepared 
spiked donor plasma samples 

Methods: Plasma samples were processed with SPE procedure and analytes were chromatographically 
separated with 9 minutes LC method. Analytes were detected with triple quadrupole mass spectrometer 
which collected two SRM transitions per each analyte to calculate ion ratio.  

Results: 
• The limit of quantitation was 5 ng/mL for dopamine and 25 ng/mL for epinephrine and norepinephrine. 
• Method precision was better then 4.5% RSD. 
• Method accuracy ranged from 86.6-119% for lowest QC sample. 
• Matrix effects were observed only for epinephrine and  were corrected by internal standard.

INTRODUCTION
Analysis of catecholamines in plasma requires senitive and robust analytical methods that meet clinical 
reasearch requirements. Mass spectrometry has become the prefered detection technique, successfully 
relaceing the traditionally used electrochemical detector. 

MATERIALS AND METHODS
Sample Preparation
• SPE columns: Biotage® EVOLUTE® Express WCX, 10 mg, 96-well plate
• Procedure

• Mix 500 µL sample + 500 µL 10 mM NH4•CH3COO containing internal standards 
• Condition SPE plate, then load sample
• Wash 1: 500 µL of water (2 times)
• Wash 2: 500 µL of 2-propanol
• Wash 3*: 500 µL of dichloromethane
• Wash 4**: 500 µLL of 2-propanol
• Elute: 125 µL of 15% 2-propranol in 0.3% formic acid (2 x75 µL )

*:  Recommended by Alan Edgington from Biotage® after validation
**:  To rinse away dichloromethane, which is not mixable with eluent.

Liquid Chromatography 
• Analytical Column: Restek® Ultra PFP Propyl, 3 µm ,150 x 2.1 mm
• Mobile phase:  A: 0.1% Formic acid in water;  B: MethanolB: Methanol
• 9 min gradient
• Injection volume: 15 uL

Mass Spectrometry
• Detector: Thermo ScientificTM TSQ QuantivaTM triple quadrupole mass spectrometer 
• HESI ionization source
• Polarity: positive
• 2 SRM’s per each analyte to calculate ion ratio (Table 1)
• Q1 Resolution: 0.7 (FWHM);  Q3 Resolution: 1.2 (FWHM)

Table 1. SRM Transitions for Catecholamines
Analyte Ion Precursor m/z Product m/z

Norepinephrine Quantifier 152.1 77
Norepinephrine Qualifier 170.1 107
Norepinephrine-d6 Quantifier 158.1 81
Norepinephrine-d6 Qualifier 158.1 111
Epinephrine Quantifier 166.1 77
Epinephrine Qualifier 166.1 135
Ephedrine-d6 Quantifier 172.1 112
Ephedrine-d6 Qualifier 172.1 141
Dopamine Quantifier 154.1 137
Dopamine Qualifier 154.1 91
Dopamine-d4 Quantifier 158.1 141
Dopamine-d4 Qualifier 158.1 95

Data Analysis
Data were acquired and processed with Thermo Scientific™ TraceFinder™ software, version 4.1. 

Calibration Standards 
Calibration standards were prepared in house by spiking a) analyte-free plasma and b) 2-propanol:0.3% 
formic acid (15:85) (Table 2).
Note: Analyte-free plasma was prepared in-house by exposing plasma to UV light for 3 days.

Quality Control Samples: See Table 3

Table 2. Concentrations of In-House Prepared Calibrators
Analyte Cal1 Cal2 Cal3 Cal4 Cal5 Cal6 Cal7 Cal8

Concentration (pg/mL)
Epinephrine 25 50 100 250 500 1000 2500 5000

Norepinephrine 25 50 100 250 500 1000 2500 5000
Dopamine 5 10 20 50 100 200 500 1000

Table 3. Recipe® ClinCheck® plasma controls 
Analyte QC Level I QC Level II

Mean concentration/concentration range (pg/mL) 
Epinephrine 106 / 84.8-127 569 / 455-683

Norepinephrine 373 / 298-448 2173 / 173-2608
Dopamine 101 / 70.7-131 508 / 406-610

Method Performance Evaluation
Precision
Intra- and inter-assay precision of calibrators in plasma: 5 replicates in 3 batches
Intra and inter-assay precision of QC samples: 4 replicates in 3 batches

Accuracy
Analysis of QC samples: 4 replicates in 3 batches

Spike recovery
Spike plasma from 6 donors to 500 pg/mL of epinephrine and norepinephrine and 100 pg/mL of dopamine. 
Spike plasma from a single donor to 250 pg/mL of epinephrine and norepinephrine and 50 pg/mL of 
dopamine. Analyze donor plasma before and after spiking with analytes. Calculate analyte concentrations 
and % recovery. 

Matrix Effects
Spike analyte and internal standard into SPE elution solvent and SPE-processed blank plasma. 
Calculate %recovery as ratio between analyte peak area in spiked SPE eluted blank plasma and 
analyte peak area in SPE elution solvent. 

Calibration Curve Evaluation
The following calibration curves were evaluated by performing quantitative analysis of QC samples and 
calculating %recovery against vendor-provided mean concentration:
• Calibrators prepared in injection solution and not processed with SPE method
• Calibrators prepared in injection solution and processed with SPE method
• Calibrators prepared in analyte free plasma and processed with SPE method

RESULTS
Limits of quantitation  and calibration ranges met clinical research requirements and are summarized in 
Table 4.  Representative plasma calibration curves are presented at Figure 1.
Method  precision obtained for calibrators in plasma and QC samples  was better then 13.1% RSD and  
4.6% RSD respectively. Method accuracy for all calibrators and QC samples were within +/- 20%. The 
method precision data for calibration standards and QCs are presented in Table 5 and Table 6, 
respectively.  
Chromatograms of Level I and Level II QC samples are presented in Figure 2.
Method accuracy evaluated in spike recovery experiment ranged from 91.2-112%. Results are presented in 
Table 7.
Matrix effects (Table 8) were negligible for dopamine and norepinephrine. Significant matrix effects  were 
observed for epinephrine, but those were corrected by internal standard as demonstrated by method 
accuracy.
Quantitative analysis of QC samples using calibration curves prepared in solvent and prepared in plasma 
showed no difference in data accuracy.  Table 9 compares accuracy of data collected for QC samples using 
calibration curve prepared in solvent without SPE processing and plasma with SPE processing.

Table 4. Limits of quantitation and calibration ranges. 

FIGURE 1. Representative plasma calibration curves and chromatograms of  lowest 
calibration standard.
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pg/mL %Diff
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250 -4.33
500 -6.40
1000 -3.22
2500 -2.10
5000 2.53

quantifier

qualifier

5 pg/mL 10 pg/mL

pg/mL %Diff
5 9.62
10 6.47
20 4.45
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pg/mL %Diff
25 9.99
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TABLE 5. Method precision and accuracy obtained for calibration standards in 
plasma.
a) Intra-assay

FIGURE 2. Chromatograms of Level I  and Level II QC samples showing both 
quantifying and qualifying ions.
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Dopamine Epinephrine Norepinephrine

quantifier

qualifier

Level II

Analyte LOQ (pg/ml) Calibration range (pg/mL)
Epinephrine 25 25-5000

Norepinephrine 25 25-5000
Dopamine 5 5-1000

Analyte Std1 Std2 Std3 Std4 Std5 Std6 Std7 Std8

Dopamine pg/mL 5 10 20 50 100 200 500 100
%RSD 4.65-7.05 3.17-7.13 4.35-6.34 1.47-11.8 1.31-1.51 1.07-3.75 0.67-3.17 0.18-0.56 
%Rec 106-117 108-110 103-116 94.5-115 86.6-95.2 94.5-101 97.0-103 105-107

Epinephrine pg/mL 25 50 100 250 500 1000 2500 5000
%RSD 4.28-4.78 1.32-7.81 3.74-7.40 2.70-8.65 2.48-7.74 3.15-10.6 1.05-10.6 0.59-8.56 
%Rec 89.7-99.7 88.3-93.8 83.8-86.6 86.3-89.9 82.3-93.0 89.9-99.2 87.0-96.0 91.2-94.3 

Norepinephrine pg/mL 25 50 100 250 500 1000 2500 5000
%RSD 0.97-7.05 2.07-6.94 1.04-4.50 0.57-2.42 0.82-1.72 1.04-1.62 0.43-1.98 1.11-1.78 
%Rec 94.7-97.1 96.2-99.8 92.8-99.8 95.4-98.1 93.3-94.7 98.7-99.6 98.4-100 102-106

b) Inter-assay  (Table 5 (cont.))

Table 6. Method precision (a) and accuracy (b) obtained for QC samples
Analyte Precision (%RSD)

Intra-assay Inter-assay
QC Level I QC Level II QC Level I QC Level II

Dopamine <2.4 <1.5 2 2.7
Epinephrine <1.3 <1.3 3.2 4.6

Norepinephrine <2.8 <2.1 2.7 1.5

Analyte Method Accuracy (Average% Recovery)
Intra-assay Inter-assay

QC Level I QC Level II QC Level I QC Level II
Dopamine 115-119 101-108 117 104

Epinephrine 110-117 101-111 115 107
Norepinephrine 86.6-90.6 88.0-89.3 88.8 88.6

Analyte Std1 Std2 Std3 Std4 Std5 Std6 Std7 Std8

Dopamine
pg/mL 5 10 20 50 100 200 500 100
%RSD 13.1 5 5.79 10 4.10 2.51 2.02 1.27
%Rec 97.3 94.1 99.4 99.6 88.1 94.5 97.7 103

Epinephrine pg/mL 25 50 100 250 500 1000 2500 5000
%RSD 5.16 5.43 6.69 6.06 5.49 6.48 7.52 6.83
%Rec 111 103 94.5 96.3 96.3 104 100 101

Norepinephrine pg/mL 25 50 100 250 500 1000 2500 5000
%RSD 5.52 4.73 3.55 1.62 1.19 1.19 1.37 1.87
%Rec 106 103 97.9 96.7 93.2 97.8 98 102

Table 7. Spike recovery experiment results. Concentrations are in pg/mL.
Analyte Plasma  #1 #2 #3 #4 #5 #6 #7 #8

Dopamine

Blank Donor Pl. <5.00 <5.00 <5.00 <5.00 <5.00 <5.00 <5.00 <5.00
Expected After Spike 100 100 100 100 100 100 50 500
Detected After Spike 98.7 96.8 112 109 107 101 51.9 525

%Recovery 98.7 96.8 112 109 107 101 104 105

Epinephrine

Blank Donor Pl. <25.0 <25.0 <25.0 <25.0 <25.0 <25.0 <25.0 <25.0
Expected After Spike 500 500 500 500 500 500 250 2500
Detected After Spike 506 481 530 527 518 538 273 2394

%Recovery 101 96.2 106 105 104 108 109 95.8

  Nor-epinephrine          

Blank Donor Pl. <25.0 <25.0 <25.0 45.7 83.73 41.88 <25.0 <25.0
Expected After Spike 500 500 500 546 584 541.9 250 2500
Detected After Spike 483 464 489 537 559 494 275 2533

%Recovery 96.5 92.8 97.8 98.5 95.8 91.2 110 101

Table 8. Matrix Effects: Peak area recoveries in plasma versus solvent.
Peak Area Dopamine Dopamine-d4 Epinephrine Epinephrine-d4 Nor-epinephrine Nor-epinephrine-d4

Solvent

2043705 9048724 7745833 9091941 2446738 19217448
2049921 8962708 7709421 9152761 2509643 20337832
2113823 9309636 7991230 9451668 2654854 21443888
2129558 9496382 8153433 9601191 2695811 21847306

Average 2084252 9204363 7899979 9324390 2576762 20711619
% RSD 2.10% 2.65% 2.66% 2.60% 4.57% 5.71%

Plasma

1958665 8319667 1950279 2436252 2150196 16667574
1920204 8163811 1943066 2443034 2199082 16885748
1942370 8200247 1925746 2441893 2204519 17061057
1922009 8151569 1951801 2435355 2185281 16941968

Average 1935812 8208824 1942723 2439134 2184770 16889087
% RSD 0.94% 0.93% 0.61% 0.16% 1.12% 0.98%

Recovery 92.90% 89.20% 24.60% 26.20% 84.80% 81.50%

Table 9. QC conc. recoveries calculated against calibrators prepared in water or plasma. 
Analyte QC Level I QC Level II

% Recovery
Solvent curve Plasma curve Solvent curve Plasma curve

Dopamine 119-121 115-119 105-108 101-108
Epinephrine 101-107 110-117 94.6-103 101-111
Norepinephrine 87.5-91.7 86.6-90.6 89.3-90.9 88.0-89.3

CONCLUSIONS
•We demonstrated LC-MS analytical method for 
quantitation of catecholamines in plasma for clinical 
research. 
•The method is sensitive and accurate.
•Method allows for use of calibration curve prepared 
in solvent if analyte-free plasma is not available. 
•Sample preparation procedure does not require 
evaporation step to pre-concentrate samples which 
simplifies and reduce analysis cost. 
•The throughput of the 9-minute LC method can be 
doubled to 12 samples/hour by implementing the 
method on a 2-channel LC system (Thermo 
Scientific™ Transcend™ II system).
•Method performance was evaluated for 
metanephrines added to analytes list.  The obtained 
results proved that both catecholamines and
metanephrines can be analyzed with the method 

FIGURE 3.  Chromatogram of Mixed 
Catecholamines and Metanephrines
Standards.
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