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Dopamine Epinephrine Norepinephrine 

pKa =  9.27 pKa =  8.9 pKa =  8.85 

 

 

 
Metanephrine  Normetanephrine 
pKa = 9.25  pKa =  9.06 

 

INTRODUCTION 

Catecholamines are hormones produced by the cells in the interior region of the 
adrenal glands.  These hormones funct ion in the control of heart rate, metabolism 
and blood pressure (1). The primary catecholamines are dopamine, norepinephrine, 
and epinephrine. Metanephrine and normetanephrine are the 3-methoxy metabolites 
of epinephrine and norepinephrine, respectively. Elevated catecholamine levels are 
commonly associated w ith stress; how ever in patients w ith pheochromocytoma or 
paragangliomas, these hormones are released into the body w ithout being triggered 
by any outside factors (2). 

Pheochromocytoma is a condit ion in w hich a neuro-endocrine tumor develops in the 
medulla of the adrenal glands. It  originates from the chromaff in cells and results in 
uncontrolled secret ion of epinephrine and other catecholamines. The classic 
symptoms of pheochromocytomas are those attributable to excess adrenaline 

https://en.wikipedia.org/wiki/Neuroendocrine_tumor
https://en.wikipedia.org/wiki/Adrenal_medulla
https://en.wikipedia.org/wiki/Adrenal_gland
https://en.wikipedia.org/wiki/Chromaffin_cell


production. Patients often experience episodes of sw eating, headache, 
hypertension and heart palpitat ions. Pheochromocytomas are rare and usually 
benign; how ever, in about 10% of cases, these tumors can be malignant (2). When 
a tumor of chromaff in cells occurs outside of the adrenal glands it  is know n as a 
paraganglioma. These tumors produce the same effects as pheochromocytomas 
and can form anyw here in the body. 

Patients w ho are thought to have a pheochromocytoma are often diagnosed 
follow ing biochemical tests that measure the levels of  catecholamines and 
metanephrines. Metanephrines are stable metabolites of catecholamines that are 
co-secreted direct ly w ith catecholamines f rom these tumors. While catecholamines 
only last a short t ime in the body before they are metabolized, metanephrines last 
much longer making them a more informative marker to indicate an abnormality (3). 
Catecholamine and metanephrine levels may be measured in either plasma or in 
urine that has been collected over a 24 hour period. Generally, plasma tests are 
preferred due to the enhanced sensit ivity of  this assay, but there is elevated risk of  
report ing false posit ives ut ilizing this matrix. The 24 hour urine test is considered to 
be much more conclusive. The criterion used to deem a sample posit ive for 
pheochromocytoma is metanephrine values tw ice the average upper limit  (1).   

By ut ilizing UCT’s CLEAN UP® CCX extract ion columns along w ith a Selectra® PFPP 
HPLC column, excellent sample clean up and analyte separat ion w as achieved. This 
w as demonstrated by the observation of good recovery for all f ive of the hormones 
analyzed.  

 

PROCEDURE 

1. Prepare Sample    
To 1 mL of urine add internal standard(s) and 100 µL of 6M HCl. 
Incubate for 20 minutes at 90ºC for 20 minutes. 
Neutralize pH w ith NaOH (~ 75 µL) and 3mL of Acetate buffer (pH ~ 7.0). 
Mix/Vortex 

  
2. Condition Column 

1 x 3 mL MeOH 
1 x 3 mL DI H2O 
1 x 3 mL Acetate Buffer (pH 7) 

 
3. Apply Sample 

Load at 1 to 2 mL/minute. 



4. Wash column 
1 x 3 mL DI H2O 
1 x 3 mL 50:50 MeOH:ACN 
Dry column under full vacuum or pressure for 10-15 minutes. 

 
5. Elute analytes  

1 x 3 mL MeOH w / 5% formic acid 
Collect eluate at 1-2 mL/ minute. 
NOTE: A 1% HCl in MeOH solut ion has been used to prevent volat ilizat ion by the 
formation of the hydrochloric salt of the drugs. 

6. Dry eluate  
Evaporate to dryness at <  40° C. 

 
7. Reconstitute 

Reconstitute sample in 100 μL of mobile phase.  

 
LC-MS/MS METHOD:  
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Instrument Agilent 1200 Binary Pump SL 
Detector AB Sciex API 4000 QTrap MS/MS 
Column UCT Selectra® PFPP column, 100 x 2.1 mm, 3 μm 
Guard Column UCT Selectra® PFPP, 10 x 2.0 mm, 3 μm 
Column Temperature 50 ° C 
Flow Rate 0.3 mL/min 
Injection Volume 10 µL 

 
Gradient Program: 
 
 
 
 
 
 
 
 
 
 

MRM Transitions 

Analyte Retention Time 
(min) Q1 Q3 

1. Norepinephrine 1.19 170.4 152.0 
2. Epinephrine 1.45 184.0 166.0 
3. Normetanephrine 1.85 166.9 135.0 
4. Dopamine 2.12 153.9 136.9 
5. Metanephrine 3.12 180.0 165.0 

Time (min) % Mobile Phase A 
(0.1% FA in w ater) 

% Mobile Phase B 
(0.1% FA in Methanol) 

0 99 1 
2 99 1 
3 0 100 
5 0 100 

5.2 99 1 
10 99 1 



RESULTS: 

 
 
DISCUSSION: 
 
The structures and pKa values of epinephrine, norepinephrine, metanephrine, 
normetanephrine and dopamine make them ideal candidates for clean-up via cat ion 
exchange solid phase extract ion (SPE). Tw o chemically dif ferent  SPE columns w ith 
various combinations of w ash and elut ion solvents w ere evaluated for the 
optimizat ion of this procedure. UCT’s benzenesulfonic acid strong cat ion exchange 
column and corresponding methodology allow ed for excellent recovery of the 
metanephrines, how ever, it  greatly reduced the recovery of the catecholamines 
regardless of the w ash/elut ion solvent combination. Previous literature suggests 
that the use of  highly basic elut ion solvents containing ammonium hydroxide lead 
to degradation of the catecholamines, w hich w as noted in the extract ion results. In 
an attempt to improve recovery, a 2% trimethylamine / 98% methanol solut ion 
w as substituted for elut ion purposes and no improvement w as noted.  
 
Subsequently, UCT’s CLEAN UP® CCX w as selected.  This is a carboxylic acid, 
w eak cat ion exchange, sorbent. It  allow ed for adequate recovery of the 
metanephrines w ithout compromising the stability of the catecholamines. Samples 
w ere loaded at pH 7, ensuring that the funct ional groups of both the analytes of 
interest and the sorbent w ere fully charged. The charged state allow ed for strong 
ionic interact ions betw een the sorbent and the catecholamines.  The ionic 
interact ion permitted the use of an extensive range of w ash solut ions. Ult imately, it  
w as determined that a D.I. H2O w ash follow ed by an acetonitrile: methanol (50:50) 
w ash best removed unw anted matrix and other endogenous interferences.  
   
For elut ion purposes, an acidic solut ion (5% formic acid in methanol) suff icient ly 
low ered the pH of the sorbent. This neutralized the carboxylic acid groups on the 
sorbent and disrupted the ionic bonds w ith the analytes of interest.  The analytes 
w ere now  able to be eff icient ly removed from the SPE column.  
 
Prior to evaporat ing to dryness, 100 µL of a 1% HCl in methanol solut ion w as 
added to the diluent to prevent volat ilizat ion of the analytes.  

Analyte 
Recovery (n= 3) 

75 ng/mL 500 ng/mL 2000 ng/mL 
Epinephrine 86% 88% 84% 

Norepinephrine 101% 91% 79% 
Metanephrine 79% 78% 63% 

Normetanephrine 49% 42% 34% 
Dopamine 97% 91% 86% 



CONCLUSIONS: 
 

1. Both catecholamine and metanephrine levels need to be monitored.  This is 
done for both the diagnosis of a patient w ith pheochromocytoma, and also 
to monitor treatment for pat ients w ho are already know n to have the 
condit ion.  
 

2. By ut ilizing UCT’s CLEAN UP® CCX extract ion columns and corresponding 
methodology, total urine catecholamine and metanephrine levels can be 
monitored simultaneously, reducing both analyst t ime and instrument t ime.  
 

3. UCT’s PFPP analyt ical column allow ed for the simultaneous separat ion of the 
extremely polar catecholamines and metanephrines. Of the various HPLC 
phases tried (pentaf luorophenylpropyl, polyaromatic, aqueous C18, and Diol) 
and condit ions attempted, the Selectra® PFPP (pentaf luorophenylpropyl) 
column w as the only one that produced acceptable baseline separat ion and 
peak shape for the quantitat ion of all analytes.  
 

4. It  is strongly recommended to use matrix-matched calibrat ion curves, w hich 
include isotopically labeled internal standards to compensate for any 
remaining matrix that  is not removed via the extract ion procedure. 
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