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Abstract : A high performance liquid chromatography mass spectrometric method for the 

estimation of droxidopa in human plasma in positive ion mode was developed and validated 
using levodopa as internal standard (IS). Sample preparation was accomplished by solid-phase 

extraction technique. The eluted samples were chromatographed on Hypurity advance, 

4.6*50mm, 5µm (Thermo Scientific) column using a mobile phase consisting of 0.1% formic 
acid and methanol (80:20, v/v).The method was validated over a concentration range of 5.009 

ng/mL to 3020.500 ng/mL for droxidopa. This validation report provides the results of analyte 

matrix, selectivity, matrix effect, sensitivity determinations, calibration standards and quality 

control samples data, precision and accuracy data, the results of recovery, various stabilities, 
run size evaluation, concomitant drug effect and dilution integrity. 
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Introduction 

Droxidopa (l-threo-3,4-dihydroxyphenylserine) is an orally administered synthetic precursor amino acid 
converted both peripherally and centrally into norepinephrine.

[1]
NORTHERA is indicated for the treatment of 

orthostatic dizziness, lightheadedness, or the “feeling that you are about to black out” in adult patients with 

symptomatic neurogenic orthostatic hypotension (nOH) caused by primary autonomic failure (Parkinson's 

disease [PD], multiple system atrophy, and pure autonomic failure), dopamine beta-hydroxylase deficiency, and 
non-diabetic autonomic neuropathy.

[2]
 

Although droxidopa is widely used in clinical practice, the report method concerning the quantitation of 

droxidopa in human plasma is scanty. The most widely used method is a high-performance liquid 
chromatography (HPLC) with electrochemical detection 

[1,3,4]
 but this method needs a complex alumina 

extraction process and consumed large volume of biological samples. Jeon et al.
[5]

 determinate droxidopa in rat  
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serum by HPLC with fluorescence detection and this method was time-consuming for the fluorescence 

derivatization process. Gupta et al.
[6] 

developed a novel electrochemical sensor based on ZnO nanoparticle and 
ionic liquid binder for square wave voltammetric to determine droxidopa in pharmaceutical and urine samples. 

Tajik et al.
[7]

 determined droxidopa and carbidopa using a carbon nanotubes paste electrode. However, these 

two methods are not suitable for pharmacokinetic study for the cumbersome preparation of the sensor and 

electrode. In this paper, a new ultra performance liquid chromatography–tandem mass spectrometry (UPLC–
MS/MS) method was developed and validated to quantify droxidopa in human plasma. This method consumed 

only 100 L human plasma, using a simple protein precipitation extraction method as a high-throughput tool for 

pharmacokinetic study. 

An efficient bioanalytical method should rapid, simple and consume less sample volume for analysis. 

Also, it should be specific and selective to avoid possible inferences at mass transition of analyte and the 
internal standard.

 [8-28]
The reported methods were suffering from lack of sensitivity, use of more sample volume, 

longer chromatographic run time and employs non-deuterated compounds as internal standards which may 

results poor precision and accuracy values, where compensation for matrix effect is not possible.  

Materials and Method 

Materials 

 Hydrochloric acid, boric acid and acetone were procured from Fischer Scientific. Citric acid, sodium 

meta bisulphate and formic acid (AR grade) were procured from Merck Limited. Methanol (HPLC grade) was 
procured from JT Baker. Hypurity advance, 4.6*50mm, 5µm was procured from Thermo Scientific. Working 

standard of droxidopa (purity- 99.58%) was received from Clearsynth Labs Limited. Internal standard 

levopdopa (purity-99.76%) was supplied by VIVAN Life Sciences Pvt. Limited. 

Instrumentation 

Analytical separation was achieved on Liquid chromatography (Shimadzu Prominence)coupled 
withtandem mass spectrometer (AB SCIEX API 4500) and the system was operated using software Analyst 

1.6.2.Chromatographic separation was achieved using a mobile phase consisting of binary solution of 0.1% 

formic acid and methanol in the ratio of 80:20 %v/v on a reverse phase Hypurity advance, 4.6*50 mm, 5 µm 
(ThermoScientific) column with a flow rate of 1.0 mL/min. Sample cooler temperature was maintained at 10°C, 

injection volume was 15 µL and total run time was 2.0 min. 

The mass spectrometer was operated in the positive ion mode using electrospray ionization. The 
MS/MS spectra of droxidopa and levodopa produced two fragments each, called parent and product. The two 

fragments of droxidopa were at m/z 214.300 and 152.100 respectively and that of Levodopa were at 198.200 

and 152.100 respectively. The electrospray parameters used were an Ion spray voltage of 5500V, using 
temperature of 600 °C with curtain gas and collision gas flowing at 35 and 5 psi respectively. The collision 

energy was 12 V with both collision cell exit potential (CXP) and entrance potential (EP) maintained at 10 V. 

Dwell time was 200 ms. 

Droxidopa stock solution (1 mg/mL) 

 Weighed about 5 mg of droxidopa working standard and transferred to a 5 mL clean glass volumetric 

flask, dissolved in 3N hydrochloric acid and made up the volume with the same to produce a solution of 1 

mg/mL. Corrected the above concentration of droxidopa solution accounting for its potency and the actual 

amount weighed.  

 The stock solutions were diluted to suitable concentrations using a mixture of HPLC grade methanol 

and HPLC grade water (diluent) in the ratio of (40:60 v/v) for spiking into plasma to obtain calibration curve 
(CC) standards and quality control (QC) samples. For the preparation of calibration curve standards and quality 

control samples two separate stock solutions were prepared and used. All other final dilutions (system 

suitability dilutions, recovery aqueous mixture, etc.) were prepared in reconstitution solution. The CC and QC 
samples were prepared from two separate independently weighed stocks. 
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Levodopa stock solution (Internal standard) 

Weighed about 2 mg of Levodopa transferred to a 2 mL volumetric flask, dissolved in 3N hydrochloric 

acid and made up the volume with the same to produce a solution of 1 mg/mL.  The stock solution was diluted 

to suitable concentration (10 µg/mL) using diluent for internal standard dilution. 

Calibration curve standards and quality control samples 

Calibration curve standard consisting of a set of ten non-zero concentrations ranging from 5.009 ng/mL 
to 3020.500 ng/mL of droxidopa were prepared.  Prepared quality control samples consisted of concentrations 

of 5.030 ng/mL (LLOQ QC), 15.105 ng/mL (LQC), 377.624 ng/mL (MQC1), 1510.497 ng/mL (MQC2), and 

2271.425 ng/mL (HQC) for droxidopa. These samples were stored at –70±10°C until use. Twelve sets each of 
quality control samples for dilution integrity were prepared by spiking about 1.60 times (4845.706 ng/mL) and 

3.21 times (9691.412 ng/mL) highest standard concentration of droxidopa. From these, six sets each of two 

times dilution and four-time dilution was performed. 

Note: 5% of 0.2M citric acid buffer shall be add to the blank plasma (Add 50µL of 0.2M citric acid 

buffer to the 950µL of plasma) 

Sample preparation    

The samples were thawed at room temperature and vortexed to ensure complete mixing of the contents. 
250 µL of the plasma sample was transferred into pre-labelled RIA vial tubes, added 15 µL 20mM sodium 

metabisulphate solution and 25 µL of internal standard dilution (10µg/mL of levodopa) and vortexed. Then 500 

µL of water was added and vortexed.  

The sample mixture was loaded onto Orochem Alumina Basic 100 mg/1ml, cartridges that were pre-

conditioned with 1.0 mL of HPLC grade methanol followed by 1.0 mL of 0.5M boric acid solution. After 
applying the maximum pressure, the extraction cartridge was washed with 1 mL of 50% acetone solution in 

water followed by 1.0 mL of 0.01N hydrochloric acid solution and 1.0 mL of methanol. Then the samples were 

eluted with 1.0 mL of a mixture of formic acid, methanol and water (3:20:77, v/v/v). 

Results 

Method development 

Source and compound dependent parameters were optimized by infusing (5µL/min) the 100 ng/mL 

concentration of analyte and the IS separately. High intense peaks were found in positive mode than the 

negative mode. Protonated form of analyte and IS, [M+H]
+
 ion was the parent ion in the Q1 spectrum and was 

used as the precursor ion to obtain Q3 product ion spectra. The most sensitive mass transition was observed 

from m/z 214.3 to 152.1 for droxidopa and from m/z 198.2 to 152.1 for the IS. The dwell time for each 

transition was 200 ms.   

Mobile phase composition was optimized with acetonitrile and methanol in combination with acidic 

buffers ammonium formate and ammonium acetate and volatile acids namely formic acid and acetic acid. Also, 
a variety of C18 columns were tested to get symmetric peak shape with short retention time.  

Among different mobile phase combinations tested, 0.1% formic acid and methanol (80:20, v/v) gives 
symmetric peak shape and reproducible response for the analyte. Best chromatography results were obtained 

with Hypurity advance (50 x 4.6 mm, 5µm). The run time was set at 2 min with retention time of 0.7 min for 

droxidopa and the IS. Solid phase extraction (SPE) with Orochem alumina basic (100 mg/1mL) cartridges were 

used to extract the analyte from plasma, which gives neat and clear extract with minimal or no matrix effect. 
Levodopa was used as internal standard which exerts similar extraction, ionization and retention time with the 

analyte. 

 

 



Venkata Ramu Derangula et al /International Journal of ChemTech Research, 2018,11(11): 232-241. 235 

 
 

Selectivity  

Representative chromatograms of extracted blank plasma and blank plasma spiked with the IS are given 

in Fig. 1 & 2 there was no significant interference from endogenous components observed at the mass 

transitions of droxidopa and internal standard. No interference was observed at retention time of levodopa when 

ULOQ concentration of droxidopa injected. Similarly, no significant interference was observed at retention time 
of droxidopa when working concentration of levodopa injected. A representative chromatogram LLOQ samples 

was displayed in Fig. 3. 

 

Figure 1: A representative chromatogram of blank plasma sample of droxidopa 
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Figure 2: A representative chromatogram of blank plasma with internal standard sample of droxidopa 
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Figure 3: A representative chromatogram of LLOQ QC sample of droxidopa 

Sensitivity  

The lowest limit of reliable quantification for droxidopa in human plasma was set at the concentration of 

the LLOQ 5.009 ng/mL.  The precision and accuracy for droxidopa at this concentration was found to be 2.82% 
and 96.32%, respectively.  
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2.74% and 2.51%, respectively and IS normalized factor was 1.101 for LQC and 1.059 for HQC. 

Linearity  

A regression equation with a weighting factor of 1/(concentration ratio)
2
 of drug to IS concentration 

was judged to produce the best fit for the concentration-detector response relationship for droxidopa in human 

plasma.  Correlation coefficient (r) was greater than 0.99 in the concentration range of 5.009 ng/mL to 3020.500 
ng/mL for Droxidopa.  
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Precision and accuracy 

The precision of the assay was measured by the percent coefficient of variation over the concentrations 

of LLOQ QC, LQC, MQC1, MQC2, and HQC samples during the course of validation.  The accuracy of the 

assay was defined as the absolute value of the ratio of the calculated mean values of the LLOQ, low, middle and 

high quality control samples to their respective nominal values, expressed in percentage. The precision and 
accuracy data was given in Table 1. 

Table 1: Precision and accuracy data  for droxidopa.  

Quality Control 

Run 

Concentration found 

Mean±SD(ng/mL) 

Precision (%) Accuracy (%) 

Intra-day variations (n=12 at each concentration) 

LLOQ 4.9 ± 0.13 2.66% 97.50% 

LQC 15.41 ± 0.40 2.59% 102.05% 

MQC1 380.69 ± 13.06 3.43% 100.81% 

MQC2 1524.64 ± 22.39 1.47% 100.94% 

HQC 2215.49 ± 51.63 2.33% 97.54% 

Inter-day variations (n=36 at each concentration) 

LLOQ 5.16 ± 0.29 5.66% 102.49% 

LQC 14.98 ± 0.89 5.97% 99.17% 

MQC1 382.16 ± 16.98 4.44% 101.20% 

MQC2 1516.60 ± 36.86 2.43% 100.40% 

HQC 2244.15 ± 59.93 2.67% 98.80% 

Nominal concentrations of LLOQ, LQC, MQC1, MQC2 and HQC are 5.03, 15.11, 377.62, 1510.50 and 
2271.43 ng/mL, respectively 

 

Recovery  

Six sets of aqueous (non-extracted) samples of LQC, MQC2 and HQC were prepared and injected 
along with extracted samples. The extracted samples (LQC, MQC2 and HQC) of droxidopa were compared 

with the non-extracted samples of LQC, MQC2 and HQC. The internal standard response in extracted samples 

of LQC, MQC2 and HQC were compared with the response of internal standard in the entire non-extracted 
eighteen quality control sample (LQC, MQC2 and HQC). The mean overall recovery of droxidopa was 48.17% 

with a precision range of 1.51% to 7.23%. The mean recovery of internal standard levodopa was 44.32% with a 

precision ranging from 3.27% to 4.30%. 

Dilution integrity  

12 sets of dilution integrity samples were prepared by spiking 1.60 times (4845.706 ng/mL) and another 
12 sets of dilution integrity samples were prepared by spiking 3.21 times (9691.412 ng/mL) of highest standard 

concentration. Six sets of dilution integrity samples were processed by diluting them twice and four times. 

These quality control samples were analyzed along with a processed calibration curve standards (undiluted) of 
concentration range equivalent to that used for the calculation of precision and accuracy. The quality control 

sample concentrations were calculated using appropriate dilution factor.  The results demonstrate acceptable 

dilution integrity for two and four time’s dilution. A precision and accuracy results of droxidopa, for a dilution 

factor of 2 was 2.76% and 99.56%, respectively.  Similarly, for a dilution factor of 4 was 2.53% and 99.46%, 
respectively. 

Ruggedness  

One precision and accuracy batch were processed by the different analyst and analyzed using different 

column of same make, different set of solutions. Within batch precision for LLOQ QC, LQC, MQC1, MQC2, 
and HQC was 4.10%, 2.20%, 1.16%, 1.74%, and 1.32%, respectively. Within batch accuracy for LLOQ QC, 

LQC, MQC1, MQC2, and HQC was 106.48%, 100.10%, 100.40%, 102.04%, and 101.42%, respectively. 
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Stabilities  

The mean % nominal values were found to be within 15% of the predicted concentrations for the 

analyte at their LQC and HQC levels and the precision (% CV) values were within 15% (Table 2) for all the 
stability tests carried out during the entire course of method validation. All the above stability results were 

found to be within the acceptable limits during the entire validation. 

Table 2: Stability data for droxidopa.    

Stability test QC (spiked 

concentration 

ng/mL) 

Mean ± 

SD(ng/mL) 

Precision (%) Accuracy/ 

Stability (%) 

     

Process
a
 15.11 15.56 ± 0.31 2.01 103.00% 

 2271.43 2326.05 ± 11.99 0.52 102.41% 

Process
b
 15.11 15.72  0.36 0.36 101.31% 

 2271.43 2337.70  22.47 0.96 99.46% 

Bench top
c
 15.11 15.60 ± 0.77 4.96 103.29% 

 2271.43 2326.83  ± 36.49 1.57 102.44% 

Freeze thaw
d
 15.11 15.41 ± 0.25 1.59 102.01% 

 2271.43 2313.55  ± 44.20 1.91 101.85% 

Reinjection
e
 15.11 14.64 ± 0.51 3.46 96.91% 

 2271.43 2107.43  ± 28.09 1.33 92.78% 

Long-term
f
 15.11 15.43 ± 0.39 2.52 102.11% 

 2271.43 2326.02  ± 19.89 0.86 96.81% 

a: after 53 h 55 min in auto sampler at 10
°
C; b:after 5 days 17 h  at -20C; c: after 7 h 26 min at room 

temperature; d: after 3 freeze and thaw cycles; e: after 48 h 56 min of reinjection; f: at –70
°
C for 45 

days long term stability. 
 

Concomitant drug effect  

Concomitant drug effect was investigated to ensure the precision and accuracy is not compromised with 

potentially interfering concomitant medication. The effect of OTC drugs (Pantoprazole, paracetamol, ibuprofen, 
diphenhydramine, caffeine, dicyclomine and nicotine)on droxidopa analysis was tested. Six replicates of LLOQ 

QC, LQC and HQC samples were prepared in screened plasma spiked with concomitant drugs. Above quality 

control samples were processed and analyzed along with calibration curve.Within batch precision for LLOQ 
QC, LQC and HQC 4.42%, 10.03% and 1.91%, respectively. Within batch accuracy for LLOQ QC, LQC and 

HQC was 111.58%, 97.07% and 96.83%, respectively. 

Conclusion 

A simple and rapid LC–MS/MS assay method was developed and validated for the determination of 

droxidopa in human plasma. This method was fully validated as per US FDA guidelines and is well suitable for 
pharmacokinetic or bioavailability/bioequivalence application. The proposed SPE method gave consistent and 

reproducible recovery for the analyte. The total chromatographic runt time was set at 2 min, which is rapid and 

can analyze more number of samples in a day. The method can be applied for pharmacokinetic or 

bioavailability/bioequivalence studies.  
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