
Figure 1.  Dopamine LLOQ (20pg/mL) Sample Figure 2.  Dopamine Control Blank Sample
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Figure 4.  Dopamine Internal Standard (Dopamine-D4) 
Chromatogram

Figure 3.  Dopamine ULOQ (1000 pg/mL) Sample
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A Sensitive Assay for the Determination of Dopamine in Acidified Human Plasma 

Control plasma used for calibration samples and QCs are acidified in the same manner. Dopamine is endogenous to plasma, however commercial 
lots that have been stored untreated prior to acidifying tend to have lower concentrations of dopamine. For this assay, commercial K2-EDTA 
plasma lots were screened to select those having very low or undetectable levels of dopamine prior to acidifying, in order to avoid blank 
subtraction procedures sometimes used for endogenous compounds.

Results:
Examples of chromatography for each analyte are presented in figures 1 through 4. The ion transition for dopamine in free base form provided 
limited sensitivity by LC-MS (LLOQ in the low ng/mL range). Using the mass transitions of the propionyl derivatives on a Sciex 5000 instrument 
yielded approximately a 10 to 20-fold improvement in sensitivity. Preliminary screening of various human plasma collections suggested baseline 
endogenous levels of dopamine would be low, in the range of 5 to 30 pg/mL. Changing the ion transition setting by utilizing a larger derivative 
proved beneficial to sensitivity to where background noise was reduced and the detection limit improved.

Representative Chromatograms:

Validation Data:
Extraction recovery for dopamine was found to range from 80% to 92%. The matrix factor (relative response in the presence of extracted 
matrix) was measured to be 0.9 to 1.0. 

Precision and accuracy were tested using quality control samples prepared in acidified K2-EDTA human plasma. Intra-day and inter-day results 
were found to be very good for such a sensitive assay. Precision and accuracy data for dopamine are given below. 

Stability testing was performed using quality control samples at the 
low (60 pg/mL) and high (800 pg/mL) concentrations. All stability 
results were found to be acceptable under normal handling conditions, 
as long as the samples were acidified as described earlier. The stability 
testing results are given below.

Matrix effects in plasma were tested by fortifying six different lots of acidified K2-EDTA plasma with a dopamine standard solution. These 
samples were then analyzed according to the method. Each found value was compared to the calculated concentration after fortification. 
Accuracy was found to be maintained across all tested lots of plasma. These results are presented below.

Conclusion:
Dopamine is an important endogenous compound for neurological/physiological health. The relative abundance of dopamine can be a useful 
biomarker for certain therapeutic applications. The low molecular weight, endogenous presence, and relatively low target concentrations of 
dopamine make a quantitative method challenging in biological fluids. This validated method is sensitive, accurate, and robust. Derivatization 
is necessary to achieve improved sensitivity when using mass spec detection. 
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Introduction: 
Dopamine is a catecholamine neurotransmitter and neurohormone, responsible for conducting signals in the central nervous system, the 
sympathetic nervous system, and affecting certain glands in the endocrine system. Dopamine is responsible for many physiological functions 
affecting behavior, mood, and involuntary action. Dopamine in plasma is an indicator of sympathetic nervous system activity, correlating with 
vasoconstriction, increased heart rate, elevation of blood pressure and other stress related conditions. 

In general, catechols are extremely sensitive to oxidation, requiring acid 
pretreatment of samples in order to improve stability. In addition, the 
catecholamine neurotransmitters are of low molecular weight and are very 
polar compounds, making them extremely difficult to measure by traditional 
bioanalytical means (HPLC, LC-MS). Presented here is a very sensitive 
method for the determination of dopamine in acid stabilized K2-EDTA human 
plasma.

Methodology:  

Calibration Range 20 to 1000 pg/mL

Sample Extraction

Sample volume 0.250 mL

Internal standard solution 
added 10 µL of Dopamine-D4 (20 ng/mL)

Reagent added 0.350 mL 0.1 N HCl solution

SPE
96-Well Strata SCX (Phenomenex, 100 mg)

Preconditioned with acetonitrile, HCl solution

Wash 0.4 mL HCl solution
2 × 0.4 mL acetonitrile

Derivatize/Elute

0.2 mL propionic anhydride
2 × 0.4 mL elution solution
(acetonitrile/propionic anhydride/pyridine)
Heat @ 60°C for 30 minutes

Evaporate Under nitrogen, 65°C for 60 minutes

Reconstitute 0.2 mL water/acetonitrile (9:1)

LC Analysis

Column (temp.) Phenomenex Kinetex C18 1.7µ,
100 × 2.1 mm (60°C)

Mobile phase A Water/formic acid/ ammonium hydroxide 
(1000:2.0:0.4)

Mobile phase B Acetonitrile/methanol/formic acid/ammonium 
hydroxide (500:500:2.0:0.4)

Gradient conditions 30% to 40% solvent B over 5.5 minutes, linear 
gradient, 0.5 mL/min

Injection volume 10 µL

MS-MS

Instrument Sciex 5000

Ion transitions 322 → 137 Dopamine
326 → 141 Dopamine-D4

Acidified Plasma:
Plasma samples for the determination of dopamine require acidification at collection. Whole blood is collected using appropriately sized vessels 
containing K2-EDTA.  The plasma is acidified by adding 0.0500 mL of a 2.4N hydrochloric acid solution to each 1.00 mL of plasma sample.  
The processed samples are stored frozen in appropriately labeled polypropylene tubes.
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Dopamine Precision and Accuracy
Curve No. LLOQ

(20 pg/mL)
Low

(60 pg/mL)
Mid

(200 pg/mL)
High

(800 pg/mL)
Dilution 

(5000 pg/mL)

1

20.2 57 198 793 4620
28.4 55.6 205 801 4550
22 57.3 201 800 4760

19.5 57.3 202 789 4750
27.1 58.2 228 803 4920
23.3 56.3 197 819 4830

Intrarun Mean 23.4 57 205 801 4740
Intrarun SD 3.64 0.901 11.5 10.4 135

Intrarun %CV 15.6 1.6 5.6 1.3 2.8
Intrarun %Bias 17.0 -5.0 2.5 0.1 -5.2

n 6 6 6 6 6

2

18.6 59.1 188 846
20.1 58.7 182 768
18.8 57.1 213 852
19.1 60.8 194 861
19 57.1 191 812

19.4 58.9 192 816
Intrarun Mean 19.2 58.6 194 826

Intrarun SD 0.532 1.39 10.4 34.9
Intrarun %CV 2.8 2.4 5.4 4.2

Intrarun %Bias -4.0 -2.3 -3.0 3.3
n 6 6 6 6

3

18.6 55.3 20 896
22.1 55 206 791
21.9 54.1 196 799
22 53.5 201 777

20.4 52.4 199 801
24.1 56.5 194 788

Intrarun Mean 21.5 54.5 200 809
Intrarun SD 1.85 1.45 4.6 43.6

Intrarun %CV 8.6 2.7 2.3 5.4
Intrarun %Bias 7.5 -9.2 0.0 1.1

n 6 6 6 6
Mean Concentration 

Found (ng/mL) 21.4 56.7 200 812 4740

Inter-run SD 2.86 2.12 10 32.7 135
Inter-run %CV 13.4 3.7 5 4 2.8

Inter-run %Bias 7 -5.5 0 1.5 -5.2
n 18 18 18 18 6

Dopamine Stability
High Stability 
( 800 pg/mL) % Bias Low Stability 

(60.0 pg/mL) % Bias

24 hrs @ RT 771 -3.6 54.2 -9.7

765 -4.4 55.0 -8.3

740 -7.5 56.5 -5.8

5 cycle freeze/thaw 813 1.6 56.8 -5.3

795 -0.6 56.3 -6.2

821 2.6 - -

172 hrs extract stab. 809 1.1 56.9 -5.2

806 0.8 57.9 -3.5

827 3.4 57.2 -4.7

9 days storage @ -20°C 801 0.1 52.4 -12.7

777 -2.9 53.5 -10.8

799 -0.1 54.1 -9.8

791 -1.1 55.0 -8.3

896 12.3 55.3 -7.8

788 -1.5 56.5 -5.8

Dopamine Matrix Effect on Quantitation
Acidified 
K2-EDTA 

Plasma Lot

Amount Added 
(pg/mL)

Total Amount Found 
(pg/mL) % Bias

1 150 149 -0.7
2 150 142 -5.3
3 150 145 -3.3
4 150 143 -4.7
5 150 148 -1.3
6 150 136 -9.3


