
Article Not peer-reviewed version

Plasma-Free Metanephrine and

Normetanephrine Quantification for

Clinical Applications Validated by

Combining Solid-Phase Extraction and

HPLC-MS/MS

Hyebin Choi , Jisook Yim , Jiwon Yun , Jong Kwon Lee , Keun Ju Kim , Minjeong Nam , Myung Hyun Nam ,

Yunjung Cho , Seung Gyu Yun *

Posted Date: 12 August 2025

doi: 10.20944/preprints202508.0768.v1

Keywords: metanephrine; normetanephrine; LC-MS/MS; solid-phase extraction; pheochromocytoma;

bioanalytical method validation; plasma analysis

Preprints.org is a free multidisciplinary platform providing preprint service

that is dedicated to making early versions of research outputs permanently

available and citable. Preprints posted at Preprints.org appear in Web of

Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0

license, which permit the free download, distribution, and reuse, provided that the author

and preprint are cited in any reuse.

https://sciprofiles.com/profile/4661154
https://sciprofiles.com/profile/2396191
https://sciprofiles.com/profile/1982649
https://sciprofiles.com/profile/3184217
https://sciprofiles.com/profile/3198735
https://sciprofiles.com/profile/3372582


 

 

Article 

Plasma-Free Metanephrine and Normetanephrine  

Quantification for Clinical Applications Validated by  

Combining Solid-Phase Extraction and  

HPLC-MS/MS 

Hyebin Choi, Jisook Yim, Jiwon Yun, Jong Kwon Lee, Keun Ju Kim, Minjeong Nam, Myung 

Hyun Nam, Yunjung Cho and Seung Gyu Yun * 

Department of Laboratory Medicine, Korea University Anam Hospital, Seoul, Republic of Korea 

* Correspondence: koryun@korea.ac.kr 

Abstract 

Plasma-free metanephrines are considered the most sensitive and specific biochemical markers for 

the diagnosis of catecholamine-secreting tumors, such as pheochromocytoma and paraganglioma. In 

this study, we developed and validated a liquid chromatography–tandem mass spectrometry 

method for quantifying metanephrine and normetanephrine in human plasma, using solid-phase 

extraction with a weak cation-exchange mechanism. The method was validated according to the FDA 

Bioanalytical Method Validation Guidance and CLSI guideline C50-A. The method showed excellent 

linearity over concentration ranges of 0.11–13.92 nmol/L for metanephrine and 0.14–26.43 nmol/L for 

normetanephrine, with correlation coefficients greater than 0.999. The accuracy, precision, and lower 

limit of quantification met the acceptance criteria. Matrix effect evaluation revealed a process 

efficiency of 121% for metanephrine at the lowest concentration, slightly exceeding the acceptable 

range of 100 ± 15%. This was likely because of matrix-induced ion enhancement or variability in 

extraction efficiency. However, all other concentrations were within acceptable limits. Overall, this 

method demonstrated high sensitivity, specificity, and reproducibility, making it suitable for routine 

clinical use. Minor deviations at low concentrations do not compromise the reliability of the method, 

however, suggest that future optimization, such as matrix-matched calibration, can further improve 

performance. 

Keywords: metanephrine; normetanephrine; LC-MS/MS; solid-phase extraction; 

pheochromocytoma; bioanalytical method validation; plasma analysis 

 

1. Introduction 

Metanephrine and normetanephrine are catecholamines secreted by the adrenal medulla [1,2]. 

Metanephrines are synthesized from L-tyrosine [3]. Tyrosine hydroxylase converts L-tyrosine into 

dihydroxyphenylalanine (DOPA), which is then converted to dopamine by DOPA decarboxylase [4]. 

Dopamine is converted to norepinephrine and epinephrine, which are then converted to 

metanephrine by catechol-O-methyltransferase. 

Some adrenal gland tumors produce large amounts of catecholamines, which are broken down 

to produce metanephrines. The most common adrenal gland tumors are pheochromocytomas and 

neuroblastomas. Pheochromocytomas are paragangliomas that arise within the adrenal gland [5], 

whereas neuroblastoma starts in cells called neuroblasts and occurs in the adrenal glands primarily 

during childhood [6].  

Pheochromocytomas are primarily diagnosed through biochemical screening. First, plasma-free 

and urinary metanephrine levels are measured. Using epinephrine as a screening marker is less 

sensitive than using metanephrine [7,8]. Analysis of urinary metanephrines is also less sensitive and 
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require patients to collect 24-h urine samples [9,10]. Therefore, measurement of plasma-free 

metanephrine levels is preferred for diagnosing pheochromocytomas [11,12]. If these levels are less 

than three times the upper limit of the normal range, a clonidine suppression test is considered [13]. 

If the result is more than three times the upper limit of the normal range, a tumor is highly suspected; 

in this case, tumor characterization is performed using radiological imaging such as computed 

tomography and magnetic resonance imaging [14]. 

Metanephrines are present at low concentrations in plasma, however, can be concentrated in 

plasma samples using solid-phase extraction (SPE) [15]. SPE can be used to purify and concentrate 

analytes based on their physical and chemical properties. In this study, metanephrines were 

concentrated using weak cation-exchange SPE because of their weakly acidic nature. Subsequently, 

liquid chromatography and tandem mass spectrometry (LC-MS/MS) was performed to detect 

metanephrines [16]. LC-MS/MS offers greater sensitivity, specificity, and speed than conventional 

methods such as electrochemical and fluorometric detection [17–19]. In this study, we validated a 

method for diagnosing pheochromocytomas by detecting metanephrines using SPE and LC-MS/MS. 

2. Results 

2.1. Accuracy 

Accuracies for metanephrine and normetanephrine were 96.3–101.5 % and 95.7–98.1 %, 

respectively (Table 1). Accuracy was evaluated at three concentration levels using FDA Bioanalytical 

Method Validation Guidance (±15 %; ±20 % at LLOQ) and CLSI C50-A criteria. 

Table 1. Accuracy of plasma metanephrine and normetanephrine determined by SPE-LC-MS/MS. 

SD, standard deviation. 

2.2. Precision 

The precision was evaluated in two ways, within-run and between-run tests. In the within-run 

test, identical samples were analyzed for 20 d. The accuracies were 96.5–99.8% and the coefficients of 

variation (CVs) were 1.4–4.2% satisfying the acceptance criteria. In the between-run test, identical 

samples were analyzed twice per day, with a time gap of at least 4 h between for five days. The 

accuracies were 93.1–100.7% and CVs were 1.7–7.0% which also satisfied the acceptance criteria (Table 

2). 

Table 2. Within-run and between-run precision of plasma metanephrine and normetanephrine measurements. 

Analyte 

Nominal 

concentration 

(mg/L) 

Mean SD 
Accuracy 

(%) 

Metanephrine 0.30 0.30 0.01 101.5 

 0.93 0.90 0.02 96.5 

 4.94 4.76 0.06 96.3 

Normetanephrine 0.67 0.65 0.02 98.1 

 1.50 1.44 0.06 96.2 

  8.26 7.91 0.20 95.7 

Analyte 

Nominal 

concentration 

(mg/L) 

Within run (n = 20)   Between run (n = 5) 

Mean 
CV  

(%) 
SD 

Accuracy 

(%) 
  Mean 

CV  

(%) 
SD 

Accuracy 

(%) 

Metanephrine 0.30 0.30 1.4  0.00 99.8   0.30 1.7  0.01 100.7 
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CV, coefficient of variation; SD, standard deviation. 

2.3. Linearity 

The concentration ranges used to validate linearity were 0.11–13.92 nmol/L for metanephrine 

and 0.14–26.43 nmol/L for normetanephrine. The recovery rate at each level was less than 15%. The 

regression equations for metanephrine were y = 0.9956x + 0.0067 (R2 = 0.9995) and y = 1.0027x + 0.0103 

(R2 = 0.9995) (Figure 1). All R2 values were greater than 0.95, thus satisfying the acceptance criteria. 

 

Figure 1. Validation of linearity. A, Metanephrine. B, Normetanephrine. 

2.4. Carryover 

An F-test was conducted prior to the t-test. The p-values of the F-tests were less than 0.5, 

demonstrating that the low 1 and 3 groups had equal variance. Homoscedastic t-tests were 

performed. The p-values of the t-tests were less than 0.05. No statistically significant difference was 

observed between the two groups (Table 3).  

Table 3. Result of carryover test of metanephrine and normetanephrine. 

Analyte 

Low 1 

(n = 10) 

Low 3 

(n = 10) 
F test 

p-value 

t-test 

p-value 
Mean SD Mean SD 

Metanephrine 0.31  0.03  0.30  0.03  0.34 0.29 

Normetanephrine 0.69  0.13  0.62  0.04  0.45 0.07 

SD, standard deviation. 

2.5. Lower Limit of Quantification  

The lower limit of quantification (LLOQ) was determined by analyzing the diluted control 

samples. The expected concentrations were 0.061–0.307 nmol/L for metanephrine and 0.108–0.541 

nmol/L for normetanephrines. The lowest concentration that satisfied an accuracy within 100 ± 15% 

and CV% of less than 20% was determined. In determined to be 0.123 and 0.432 nmol/L for 

metanephrine and normetanephrine, respectively.  

  

 4.94 4.77 1.4  0.07 96.5  4.77 1.5  0.07 96.5 

Normetanephrine 0.67 0.66 4.2  0.03 98.0  0.62 7.0  0.04 93.1 

  8.26 8.13 1.8  0.15 98.4   7.95 3.0  0.24 96.3 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 12 August 2025 doi:10.20944/preprints202508.0768.v1

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202508.0768.v1
http://creativecommons.org/licenses/by/4.0/


 4 of 11 

 

Table 4. Lower Limit of Quantification (LLOQ) for Plasma Metanephrine and Normetanephrine Determined by 

SPE–LC-MS/MS. 

Analyte 

Expected 

concentration 

(nmol/L) 

Average 

concentration 

(nmol/L, n = 5)  

CV 

(%) 

Accuracy 

(%) 

Metanephrine 0.307 0.301 3.9 98.1  

 0.245 0.247 2.8 100.7  

 0.184 0.185 2.9 100.4  

 0.123 0.126 5.5 102.8  

 0.061 0.072 7.3 118.1  

Normetanephrine 0.541 0.502 10.9 92.8  

 0.432 0.409 11.0 94.6  

 0.324 0.272 6.4 84.0  

 0.216 0.150 37.1 69.6  

  0.108 0.072 27.1 66.8  

CV, coefficient of variation. 

2.6. Ion Suppression 

The matrix effect, recovery, and process efficiency were verified by comparing samples spiked 

with the drug and internal standard (IS) before (sample A) and after (sample C) SPE, and the drug 

and IS spiked with 90% acetonitrile (sample B). The results are presented in Table 5. The peak areas 

of the samples were normalized to the IS peak area. The normalized results are listed in Table 5. All 

three tests were performed within 100 ± 15%. The IS-normalized recovery rates were 86–112% and 

98–112% for the IS-normalized matrix effect and 92–121% for the IS-normalized process efficiency at 

all metanephrine concentrations. The lowest metanephrine concentration was 15%. 

Table 5. Matrix effect, recovery, and process efficiency for metanephrine and normetanephrine (samples A–C). 

Sample A was pretreated with plasma samples spiked with the analytes and IS. Sample B consisted of 90% ACN 

spiked with the analytes and IS. Sample C was spiked with analytes and IS pretreated with analyte-free plasma. 

ACN, acetonitrile; IS, internal standard. 

  

Analyte 

Analyte 

concentrat

ion 

(nmol/L) 

Recove

ry 

Matr

ix 

Fact

or 

Proces

s 

efficien

cy 

IS-

normalized 

Recovery 

Is-

normalized 

Matrix 

Factor 

Is-

normalized 

Process 

efficiency 

A/C 

(%) 

C/B 

(%) 

A/B 

(%) 

(Aanalytes/Canal

ytes)/ 

(AIS/CIS) (%) 

(Canalytes/Banal

ytes)/ 

(CIS/BIS) (%) 

(Aanalytes/Banal

ytes)/ 

(AIS/BIS) (%) 

Metanephrin

e 
0.6 122% 94% 11% 108% 112% 121% 

 1.3 122% 88% 12% 107% 102% 110% 

 2.5 116% 97% 11% 111% 101% 112% 

Normetanep

hrine 
1.3 170% 58% 2% 86% 106% 92% 

 2.5 140% 91% 3% 101% 111% 111% 

  5.0 129% 89% 4% 112% 98% 110% 
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3. Discussion 

Plasma-free metanephrines are recognized as sensitive and specific biochemical markers for the 

screening of catecholamine-secreting tumors, specifically pheochromocytomas and paragangliomas, 

and outperform urinary epinephrine, norepinephrine, and vanillylmandelic acid in terms of 

diagnostic accuracy. Consequently, the Endocrine Society guidelines recommend plasma-free 

metanephrines or urinary fractionated metanephrines measured using LC–MS/MS as the first-line 

screening test, provided that critical pre-analytical factors, supine collection, EDTA anticoagulation, 

prompt cooling, and strict drug exclusion are controlled [20]. In this context, our SPE–LC–MS/MS 

method was designed to exceed clinical expectations. Validation data confirmed that it achieved sub-

nanomolar limits of quantification, excellent linearity, and robust accuracy and precision across 

clinically relevant ranges.  

The sub-nanomolar limits of quantification achieved using our method (0.07 nmol/L for 

metanephrine and 0.11 nmol/L for normetanephrine) are comparable to those reported in similar LC–

MS/MS applications [21–23]. These sensitivity levels exceed the analytical requirements for clinical 

diagnosis, where plasma metanephrine concentrations typically range from 0.3–2.5 nmol/L in healthy 

individuals [2]. The excellent linearity (R² > 0.999), robust accuracy, and precision across validated 

ranges confirmed the suitability of the method for quantitative analysis, which was consistent with 

the validation criteria established in previous LC–MS/MS metanephrine assays [23,24].  

In this study, a weak cation exchange approach was employed for SPE, which allowed the 

metanephrines to be retained on the SPE cartridge and eluted in a smaller volume than that of the 

original plasma sample. This concentration step enhances the detectability of analytes using LC-

MS/MS, offering superior sensitivity and selectivity compared to traditional methods such as 

electrochemical or fluorometric detection. The concentration step in SPE addresses key analytical 

challenges in plasma metanephrine measurements [25].  

To evaluate the matrix effect, process efficiency was assessed by comparing the analyte response 

in the plasma spiked before extraction (sample A) with that in the neat solution (sample B). At the 

lowest concentration, metanephrine showed a process efficiency of 121%, exceeding the acceptable 

range of 100 ± –15%. This may be attributed to matrix-induced ion enhancement, which tends to be 

more prominent at lower analyte concentrations [26]. In addition, the variability in the SPE recovery 

at low concentrations may have contributed to the elevated response. Because sample A underwent 

SPE with the analyte present in the plasma, whereas sample B lacked matrix components, differences 

in ionization efficiency or recovery could explain this discrepancy.  

Previous studies reported similar matrix effects in plasma metanephrine analyses. The 

magnitude of matrix effects can vary depending on the sample preparation method, with SPE 

typically providing better matrix cleanup than simple protein precipitation [27]. However, complete 

elimination of matrix effects remains challenging, particularly at low analyte concentrations, where 

the signal-to-noise ratio is most vulnerable to matrix interference [28,29]. 

The clinical significance of our findings must be interpreted in the broader context of diagnostic 

performance. Although the elevated process efficiency at low concentrations represents a deviation 

from the ideal analytical conditions, the method maintained acceptable accuracy and precision across 

all tested concentrations. This result suggests that the matrix effect, although present, did not 

compromise the quantitative reliability of the assay within a clinically relevant concentration range. 

Several limitations should be acknowledged when interpreting our results. First, the elevated 

process efficiency at low metanephrine concentrations represents a deviation from ideal analytical 

conditions, which may introduce systematic bias in measurements near the LLOQ. Although the 

clinical impact appears minimal, given the maintained accuracy and precision, this finding suggests 

that the method can be further optimized. 

Matrix-effect evaluation is limited to pooled plasma, an approach that masks the biological 

heterogeneity encountered in clinical specimens, and therefore may underestimate ion suppression 

or enhancement arising from patient-specific factors such as co-medications [30]. Individual samples 

can exhibit variable matrix interference. Additionally, certain drugs, including tricyclic 
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antidepressants, sympathomimetics, and proton pump inhibitors, alter endogenous metanephrine 

concentrations or confound their measurements. Future validation studies should extend matrix 

effect and interference testing to a broad range of patient samples representative of diverse 

pharmacological and pathological backgrounds to strengthen the analytical robustness and clinical 

applicability of the method.  

This study did not include a clinical performance evaluation to compare our method with 

established diagnostic criteria or alternative analytical approaches. Although our analytical 

validation confirmed the technical adequacy of this method, a direct correlation with diagnostic 

outcomes would provide stronger evidence of its clinical utility. 

Despite these limitations, the method showed acceptable process efficiency at all tested 

concentrations (86–121 % across 0.6–5.0 nmol L⁻¹). The accuracy and precision criteria were 

consistently met across the calibration range, thereby supporting the overall robustness and 

reliability of the method. Even if small deviation was present, further optimization, such as using 

matrix-matched calibration standards or improving the extraction protocol, may help reduce 

variability and increase reproducibility in future applications.  

4. Materials and Methods 

4.1. Chemicals and Reagents 

High-performance liquid chromatography (HPLC)-grade water, acetonitrile, and methanol (J.T. 

Baker, Philipsburg, NJ, USA) were used for all experimental processes and solutions in LC. LC-MS-

grade formic acid (Optima, Waltham, MA, USA) and ammonium formate (Supelco, Bellefonte, PA, 

USA) were used as additives in the mobile phase solutions. D,L-metanephrine hydrochloride (≥98%, 

HPLC, Sigma-Aldrich. St. Louis, MO, USA) and D,L-normetanephrine hydrochloride (≥98%, Sigma-

Aldrich) were used in this experiment. Plasma calibration standards, controls, IS, and the tuning mix 

were obtained from ChromSystems (Munich, Germany). Plasma calibration standards and controls 

were rehydrated with HPLC-grade water according to the manufacturer’s instructions. 

4.2. Sample Preparation 

The plasma calibration and control samples were stored at 4 °C. After rehydration and 

aliquoting, calibration and control samples were stored at -40 °C until use. The IS were also stored at 

-40 ℃. Patient plasma was collected from EDTA whole blood samples, centrifuged at 2,300 × g for 10 

min, and stored at 4 °C until use.  

4.3. SPE 

Metanephrines can be extracted using SPE with weak cation exchange. Strata-X solid-phase 

extraction chromatography (Phenomenex, Torrance, CA, USA) was performed. The SPE system was 

conditioned with methanol (1 mL) and equilibrated with 1 mL of water. Plasma samples were 

prepared for loading, diluted with 0.1% formic acid in water, and centrifuged at 15,000 ×g for 10 min. 

Next, 1 mL of the diluted sample was added. During the washing step, 1 mL of methanol and 1 mL 

of water were added sequentially. Finally, 5% formic acid in acetonitrile was used for elution. The 

eluted samples were dried under nitrogen gas at 40 °C for 1 h and then reconstituted in a solution 

with the same composition as the initial LC solution. 

4.4. Analytical Procedure 

The analytical instrument used was a Sciex Exion liquid chromatograph combined with a Sciex 

QTAP5500 mass spectrometer (AB SCIEX, Framingham, MA, USA). The analytical column used in 

this experiment was an Acquity UPLC BEH Amide column with a 1.7 μm C18 sorbent (Waters, 

Milford, MA, USA). Its reversed-phase C18 stationary phase, coupled with ultra-HPLC, allows for 

efficient separation and detection of metanephrine. The temperature of the column oven was 
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maintained at 60 ℃. The mobile phase for LC was 20 mM ammonium formate in 0.1% formic acid 

(solution A) and 100% methanol (solution B). The total flow rate was 0.5 mL/min. The equilibration 

and initial conditions for LC were 90% solution B. During the analysis, the concentration of solution 

B was maintained at 90% for 1 min, and then a linear gradient was applied from 90% to 65% for 1.5 

min. It was decreased to 40% after 1 min. The concentration of solution B was returned to 90% for 

equilibration and stabilization before the next run. The run time was 5 min. 

For MS analysis, electrospray ionization was used as the ion source, and collision-induced 

dissociation occurred in the Q2 collision cell. Only positive polarity was used to analyze the 

metanephrines. The multiple reaction monitoring method was used to analyze known analytes 

because of its ability to evaluate multiple ions in one run. The multiple reaction monitoring 

conditions, including ion transitions of the precursor and product ions, retention time, declustering 

potential, collision energy, and collision cell exit potential, are listed in Table 6. The parameters for 

the mass spectrometer were curtain gas, 45.0 psi; collision gas, medium; ion spray voltage, 2,500.0 V; 

temperature, 600.0 °C; ion source gas 1, 50.0 psi, gas 2, 55.0 psi; entrance potential, 10.0 V. A 

MultiQuant MD 3.0.2 (AB SCIEX) was used to quantify the metanephrines. 

Table 6. Parameters of metanephrines for multiple reaction monitoring. 

Analyte 
Precursor 

ion (m/z) 

Product 

ion (m/z) 

RT 

(min) 

 
DP (V) CE (V) 

CXP 

(V) 

Metanephrine 180.036 148.2 2.16  136 23 10 

Metanephrine2 180.036 165.2 2.16  136 30 10 

IS_Metanephrine 183.051 151.2 2.16  141 23 8 

Normetanephrine 166.100 134.1 2.68  100 26 7 

Normetanephrine2 166.100 106.2 2.68  100 31 8 

IS_Normetanephrine 169.400 137.2 2.68  100 26 7 

RT, retention time. DP: declustering potential. CE, collision energy. CXP: Collision cell exit potential. 

4.5. Method Validation 

The laboratory-developed test followed the Bioanalytical Method Validation Guidance for 

Industry (FDA, Docket number FAD-2013-D-1020, 2018) and Clinical and Laboratory Standards 

Institute guideline C50-A. The validation methods were partially modified [31,32]. 

4.5.1. Accuracy 

Control samples (mass check-free metanephrine plasma controls, ChromSystems) were used to 

investigate the accuracy. Three concentration levels (0.30, 0.93, 4.94 mg L⁻¹) of plasma controls were 

analysed (n = 20) to determine accuracy (% bias). Average values and biases were calculated to 

determine accuracy. The passing criterion was a bias of less than 15%, with the lowest level of bias 

being less than 20%. 

4.5.2. Precision 

Low- and high-level control samples were used. To evaluate within-run precision, Low (0.30 mg 

L⁻¹) and high (4.94 mg L⁻¹) concentration controls were measured for 20 d. To examine between-run 

precision, two levels of control samples were measured in the morning and afternoon (time interval 

of more than 4 h) for 5 d. The accuracy of both evaluations was within 100 ± –15%. The CV was set to 

less than 20%. 

4.5.3. Linearity 

Calibration standards (6PLUS1®  Multilevel Plasma Calibrator Set Free Metanephrines, 

ChromSystems) were used to evaluate linearity. The six calibration standards were tested five times. 
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The average of five results was calculated and compared with the target value according to the 

standard concentration in the data sheet. The coefficient of determination (R2) of the regression was 

greater than 0.95. The recovery percentage was within 100 ± –15%. 

4.5.4. Carryover 

Low and high concentrations of control samples were used to evaluate carryover (residual 

analyte detected in a subsequent blank or low-concentration sample). Carryover was examined by 

consecutively measuring three high-concentration control samples and three low-concentration 

control samples, which was repeated 10 times. To evaluate carryover, ten results of the first measured 

low concentration (low 1) control samples and last measured low concentration control samples (low 

3) were statistically analyzed. F-tests were conducted for both groups (low 1 and 3). If the F-test 

results indicated equal variances in these groups, an equal-variance t-test was performed. A p-value 

of less than 0.05 indicated no difference between the two groups or no carryover. 

4.5.5. LLOQ 

The lowest concentration in the control was used to determine the LLOQ. Expected 

concentrations were dictated by serial 1 : 2 dilutions of the manufacturer’s lowest calibrator. The 

expected concentrations were 0.307–0.061 nmol/L for metanephrines and 0.541–0.108 nmol/L for 

normetanephrine. Each diluted sample was analyzed five times. The average of the five results was 

statistically analyzed and the accuracy was calculated. The accuracy should be within 100 ± 15% with 

a CV% of less than 20%. The lowest concentration that satisfied these two conditions was considered 

the LLOQ of the analyte. 

4.5.6. Ion Suppression 

The matrix effects of the metanephrine detection methods, including SPE, were evaluated by 

comparing drug spiking before and after sample preparation. Concentrations of 0.6, 1.3, 2.5 nmol/L 

for metanephrine and 1.3, 2.5, 5.0 nmol/L for normetanephrines were prepared. Three types of 

samples were prepared: samples spiked with the drug and IS before SPE (sample A), drug- and IS-

spiked reconstitution solution without SPE (sample B), and samples spiked with the drug and IS after 

SPE before drying with nitrogen gas (sample C).  

The results were calculated based on the peak areas. The matrix factor was evaluated by 

comparing samples B and C, with the difference being whether the matrix was plasma. Recovery was 

evaluated by comparing differences in spiking timing. Spiking of the drug and IS before (sample A) 

and after (sample C) SPE allowed for recovery from the SPE procedure. Process efficiency was 

evaluated by comparing samples A and B. IS were used to normalize the peak area. Normalized 

results were calculated using the same procedure employed for routine clinical-specimen reporting. 

The results were within the range of 100 ± 15%. Sample A = plasma + analyte/IS (pre-SPE); Sample B 

= 90 % acetonitrile + analyte/IS (no matrix); Sample C = plasma (post-SPE) spiked after extraction.  

5. Conclusions 

We established and validated a sensitive and reliable LC-MS/MS method for quantifying 

metamachine and normetanephrine in human plasma. The method met all major bioanalytical 

validation criteria and was suitable for routine clinical use in the screening of catecholamine-secreting 

tumors. The minor variability observed at low concentrations did not compromise the overall 

performance of the method, and the technique offers significant advantages over traditional detection 

methods in terms of speed, accuracy, and diagnostic applicability. 
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Abbreviations 

The following abbreviations are used in this manuscript: 

CV Coefficient of variation 

DOPA Dihydroxyphenylalanine 

HPLC High-performance liquid chromatography 

IS Internal standard 

LC-MS/MS Liquid chromatography and tandem mass spectrometry 

LLOQ Lower limit of quantification 

SPE  Solid-phase extraction 
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