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The purpose of this study was to develop a rapid, simple and sensitive quantitation method for pseudoephedrine (PSE), paracetamol 
(PAR) and loratadine (LOR) in plasma and pharmaceuticals using liquid chromatography-tandem mass spectrometry with a 
monolithic column. Separation was achieved using a gradient composition of methanol-0.1% formic acid at a flow rate of 1.0 mL 
min-1. Mass spectral transitions were recorded in SRM mode. System validation was evaluated for precision, specificity and linearity. 
Limit of detection for pseudoephedrine, paracetamol, and loratadine were determined to be 3.14, 1.86 and 1.44 ng mL-1, respectively, 
allowing easy determination in plasma with % recovery of 93.12 to 101.56%. 
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INTRODUCTION

Antihistamines are the class of drugs prescribed to deal with the 
skin and other allergic reactions occurring due to seasonal changes. 
Sedating effects of first generation antihistamines has limit their 
use, and consequently second generation antihistamines are now 
commonly prescribed by practitioners. LOR is a second generation 
antihistamine and is one of the most prescribed of the antihistamine 
drugs.1 PSE is classified as a decongestant drug that acts as a sympa-
thomimetic agent.2 PAR is an analgesic and antipyretic drug used to 
relieve pain and fever.3,4 The combination therapies of LOR with PSE, 
and PSE with PAR, have long been prescribed to treat cold and allergic 
reactions due to seasonal changes. The quantitative determination of 
these drugs in plasma samples is of importance for pharmacokinetic 
activity and other assays of biological interest.

HPLC and liquid chromatography–tandem mass spectrometry 
(LC-MS/MS) are the most widely used analytical techniques for the 
determination of PSE, PAR and LOR in pharmaceutical and biological 
matrices. LC-MS/MS in particular, is the most popular analytical 
technique primarily because of its inherent selectivity and sensiti-
vity.5-17 The other techniques including capillary electrophoresis, 
ion-pair LC and ion mobility spectrometry have also been utilized 
for the determination of pseudoephedrine with other drugs in various 
biological and pharmaceutical samples.18-20

Evaluations of monolithic columns have shown them to be equi-
valent to commercially available particle packed columns in terms 
of high binding capacity, high flow rates with low back pressure 
leading to fast separations, higher mass transfer kinetics, and incre-
ased efficiency.21 The most important characteristic distinguishing 
monolith from particulate columns is that the former can be opera-
ted at high flow rates without compromising the system suitability 
parameters.22-24

The other parameter that limits high throughput of plasma 

samples in clinical diagnosis is the time consuming sample treatment 
procedure. The direct protein precipitation procedure is a robust, 
reliable and quick alternative for the determination of selected com-
ponents as compared to multi-step sample processing procedures like 
liquid-liquid and solid phase extraction. Many articles are available 
reporting the simultaneous determination of LOR with Des-LOR,5,6,15 
PSE with LOR7 and PSE with PAR or others9,12,16 but to the best of 
our knowledge not a single method has been reported for the multi-
-component determination of all these components in plasma and 
pharmaceutical formulations utilizing a monolithic column. 

This study was carried out with the aim of multi-component de-
termination of PSE, PAR and LOR, with chlorpheniramine (CPM) as 
an internal standard (IS), in plasma and pharmaceutical formulations 
using the LC-ESI-MS/MS technique in SRM mode. The method has 
been optimized and validated systematically for the routine analysis 
of clinical samples.

EXPERIMENTAL

Chemicals and reagents

PSE, PAR, LOR and CPM standards were obtained from various 
pharmaceuticals of Karachi, Pakistan. The purity of all the pharma-
ceutical standards was > 99%. HPLC grade methanol and formic acid 
were purchased from Merck KGaA, Darmstadt, Germany. Millipore 
quality water (conductivity below 0.1 µS generated by reverse os-
mosis) was used for this study. Mobile phase components were all 
degassed using Super Sonic X-3 sonicator before use. 

Instrumentation

LCQ Advantage Max with an ion trap mass analyzer coupled 
to a SurveyorPlus pump, SurveyorPlus photodiode detector and 
SurveyorPlus degasser of Thermo Finigan (Thermo Electron 
Corporation, San Jose, California) was used for the present study. 
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Xcalibur 2.0 SR2 software was used for data analysis. Separation was 
achieved using a Chromolith® Performance RP-18e column (100 × 
4.6 mm) by Merck KGaA, Darmstadt, Germany. Vortex mixing was 
carried out using a VM-300 vortex mixer (Gemmy Industrial Co. 
Taipei Taiwan) and centrifugations were performed on a Sigma 3-18 
K centrifuge (Sigma, Osterode am Harz, Germany). Super Sonic X-3 
sonicator was used in the current study. 

Standard and sample preparation

Standard preparation
The stock standard solutions of PSE, PAR, LOR and CPM (IS) 

were prepared in methanol at the concentration of 1.0 mg mL-1. The 
working standard solutions were prepared by diluting aliquots of 
each stock solution in methanol to obtain the required concentrations.

Sample preparation
Pharmaceutical formulations

For pharmaceutical samples, two brands of pharmaceutical tablets 
were purchased from a local pharmacy in Karachi, Pakistan. One 
tablet contained PSE 60 mg and LOR 5 mg in combination therapy 
and the other contained only PAR 400 mg. 10 tablets from each 
sample were finely ground individually and three different portions 
of PSE, LOR and PAR were taken from these for the assay analysis. 
The portions of tablets were placed in a volumetric flask and made 
up to the mark with methanol and sonicated for 10 min. The resultant 
mixture was then filtered through 0.45 µm filter paper and a volume 
of 25 µL was injected into the LC-ESI-MS/MS for further analysis. 

Plasma samples
Plasma samples were analyzed directly after deproteinization. 

Plasma samples (300 µL) and 100 µL of mixed standards (contai-
ning PSE and PAR 5 µg mL-1 and LOR 1 µg mL-1) and 100 µL IS 
(5 µg mL-1) were added. The mixture was vortex mixed for 1 min 
and 500 µL of acetonitrile were added. The mixture was vortex 
mixed again and centrifuged at 1900 g for 5 min. The supernatant 
was collected and filtered through 0.45 µm filter paper and a volume 
of 25 µL was injected into the LC-ESI-MS/MS for further analysis. 

Procedure for separation and identification

PSE, PAR and LOR were separated on a Chromolith® Performance 
RP-18e column using step gradient elution with solvent A (methanol) 
and B (0.1% formic acid). Elution started at 40% A (v/v) and was 
isocratic for 5 min and then step gradients from 40 to 80% A (v/v) 
were used for 5 min. Mobile phase A was then brought back to 40% 
A (v/v) for 2 min so as to regenerate the column conditions. The 
flow rate was 1.0 mL min-1 and total analysis time was 12 min. The 
injection volume was 25 µL and the temperature of the auto-sampler 
tray and column thermostat was set to 25 °C.

Mass spectrometric conditions were optimized individually 
for all components and were analyzed in different segments so as 
to enhance sensitivity and selectivity. The 100% of flow rate was 
transferred to the mass spectrometer and mass spectral transitions 
were as follows: ESI in positive mode with spray voltage of 4.5 kV, 
capillary temperature 225 °C, sheath and aux/sweep gas flow of 75 
and 25 arbitrary units, respectively. 

Quantitation

Quantitation of PSE, PAR and LOR in plasma samples was car-
ried out using the internal standard method while in pharmaceutical 
formulations external standard calibration was employed. An IS (100 

ng mL-1 CPM) was added to the sample preparation procedure. Seven 
point mixed standard curves of 0.078, 0.156, 0.312, 0.625, 1.25, 
2.5 and 5.0 µg mL-1 were constructed using Xcalibur QuanBrowser 
(version 2.0) software for the quantitation of selected drugs in the 
plasma samples. 

RESULTS AND DISCUSSION

Optimization of separation and identification conditions

One of the objectives of the study was to employ a monolithic 
column (i.d. 4.6 cm) for the separation of PSE, PAR and LOR using 
mass detection. To carry out the separation, methanol was used as 
mobile phase and ESI mode in MS was set which easily accommo-
dates various flow rates. Various mobile phase compositions were 
employed to separate PSE, PAR and LOR. Isocratic elution conditions 
were found to be unsuccessful in separating all components in a short 
time so the system was switched to step gradient elution mode using 
methanol and aqueous formic acid. The best separation was obtained 
using 40% (v/v) methanol and 0.1% formic acid. Initially, methanol 
content was set to 40% (v/v) and remained isocratic for 5 min then 
was switched to 80% (v/v) methanol and remained isocratic up to 
10 min. Subsequently, mobile phase was brought back to 40% me-
thanol for 2 min so as to regenerate the column conditions. The flow 
rate was 1.0 mL min-1 and total analysis time was 12 min. Once the 
separation of all the components had been achieved successfully, the 
MS parameters (spray voltage, capillary temperature and gas flows) 
were optimized. ESI was carried out in positive mode. Ionization 
of analytes is sensitive to spray voltage in ESI hence the effect was 
studied in the range 3.0 to 5.0 kV. It was observed that decreasing 
the values showed a decrease in ionization efficiency of analytes 
where the best ion intensity for all the components was achieved 
using a spray voltage of 4.5 kV. Therefore, 4.5 kV was selected as 
the optimum ionization potential. The other MS parameters for ESI 
were optimized as sheath gas and aux/sweep gas flows at 75 and 25 
arbitrary units, respectively, while capillary temperature was main-
tained at 225 °C. Mass spectral transitions were recorded in SRM 
mode at m/z 166.2 → m/z 148.0 for PSE with collision energy (CE) 
of 28, m/z 152.0 → m/z 110.0 for PAR with CE of 40, m/z 383.0 → 
m/z 337.0 for LOR with CE of 38 and m/z 275.2 → m/z 230.2 for IS 
with CE of 28 (Figure 1). 

All other optimizations were carried out at positive ionization 
using corresponding m/z for each analyte’s product ion. Figure 2 
shows all the components separated under optimized conditions and 
processed using Xcalibur software. 

Extraction recovery and matrix effect

Ion suppression or enhancement is primarily caused by endo-
genous materials present in matrix samples while using electros-
pray ionization, and its extent chiefly depends on the nature of the 
components under investigation and sample treatment procedure 
employed.25

The results obtained for PSE, PAR and LOR showed no apparent 
signal suppression when the protein precipitation sample clean-up 
procedure was adopted. Results indicate (Table 1) that the maximum 
recovery was achieved for LOR (101.56 ± 0.1%) followed by PSE 
(97.78 ± 0.3%) whereas extraction recovery for PAR was determi-
ned as (88.13 ± 0.3%). The extraction efficiency was found to be 
satisfactory, proving both consistent and reproducible. This can be 
attributed to the protein precipitation procedure used in this method 
which proved to be efficient and sufficiently simple to extract all 
components along with IS simultaneously from human plasma.
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System suitability, linearity and calibration

The system suitability was calculated by reproducibility tests of 
retention time, number of theoretical plates, capacity factor, resolution 
and selectivity factor of all compounds. Linearity was monitored 

using linear regression. The linearity range for PSE, PAR and LOR 
was found to lie between 0.03 and 10 µg mL-1 with regression coeffi-
cients of 0.992, 0.995 and 0.997, respectively. The internal standard 
calibration of PSE, PAR and LOR was constructed in the range 0.078 
to 5.0 µg mL-1 (Table 2).

Limit of detection and limit of quantitation

Standard calibration was used to construct the calibration curve 
to calculate LOD and LOQ, which can be expressed as 3.3 and 10 
times the ratio of the standard error of intercept and slope of the curve, 
respectively. Limit of detection and quantitation for PSE, PAR and 
LOR were determined as 3.14, 1.86 and 1.44 ng mL-1 and 10.47, 6.21 
and 4.81 ng mL-1, respectively (Table 2). 

 
Within-laboratory determinations

Within-laboratory determinations were analyzed by intraday and 
interday precision analysis. Intraday and interday precision analyses 
were performed at the three different concentrations of 0.625, 1.25 
and 2.5 µg mL-1 for PSE, PAR and LOR standards for 5 times a day 
and 5 consecutive days. The precision of drugs were evaluated for 
accuracy (% ) with CV (%) response in both intraday and interday 
reproducibility determinations. The accuracy (% ) of PSE, PAR and 
LOR for intraday precision data analysis was determined to be in the 
range 89.6 to 101.64% with CV (%) in the range 0.8 to 3.54. The ac-
curacy (% ) of PSE, PAR and LOR for interday precision data analysis 

Figure 1. Product ion spectra showing the pseudo-molecular ion [M+H]+ of: (a) pseudoephedrine; (b) paracetamol; (c) chlorpheniramine (internal standard) 
and (d) loratadine

Figure 2. LC-MS/MS standard chromatogram (PSE, IS and PAR and LOR 
0.1 µg mL-1)
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was determined to be in the range 88.8 to 99.8 with CV (%) in the 
range 1.21 to 5.25. The precision for PSE, PAR and LOR for both 
interday and intraday reproducibility determinations was found to be 
<6%, showing the method to be suitable for routine analysis (Table 1). 

Clinical and pharmaceutical applications 

In the current study method, plasma samples from five healthy 
volunteers were analyzed by spiking with mixed standard solutions. 
The applications in plasma samples were carried out in duplicate. 
Blank and spiked plasma samples were analyzed. Extraction recovery 
(%) of PSE, PAR and LOR in spiked plasma samples was determined 
as 97.78, 88.13 and 101.56%, respectively (Figure 3).

Pharmaceutical tablet samples were prepared as per the above-
mentioned procedure and analyzed using the currently developed 
method. The results showed good agreement of percent recovery and 

Table 1. Precision, accuracy and extraction recovery for LOR, PSE, PAR and CPM in plasma samples

Component
Nominal 

concentration 
(µg/mL)

Intra-day (n=6) Inter-day (n=6) Extract recovery 
(%) 

(n=6)
Measured concen-

tration (µg/mL)
CV 
(%)

Measured concen-
tration (µg/mL)

CV 
(%)

PSE 0.625 0.629 ± 0.02 3.18 0.621 ± 0.02 3.22 98.70 ± 0.1

1.25 1.28 ± 0.02 1.56 1.23 ± 0.04 3.25 97.78 ± 0.3

2.5 2.52 ± 0.04 1.59 2.46 ± 0.06 2.44 99.32 ± 0.2

PAR 0.625 0.565 ± 0.02 3.54 0.571 ± 0.03 5.25 88.57 ± 0.4

1.25 1.12 ± 0.03 2.68 1.11 ± 0.04 3.60 88.13 ± 0.3

2.5 2.31 ± 0.04 1.73 2.28 ± 0.06 2.63 89.32 ± 0.4

LOR 0.625 0.626 ± 0.01 1.60 0.624 ± 0.02 3.21 101.56 ± 0.1

1.25 1.25 ± 0.01 0.80 1.24 ± 0.03 2.42 100.23 ± 0.2

2.5 2.51 ± 0.03 1.20 2.49 ± 0.03 1.21 101.16 ± 0.1

IS 0.625 0.622 ± 0.02 3.22 0.623 ± 0.02 3.21 100.42 ± 0.2

1.25 1.26 ± 0.02 1.59 1.24 ± 0.03 2.42 101.15 ± 0.1

2.5 2.51 ± 0.03 1.20 2.48 ± 0.05 2.02 99.39 ± 0.2

Table 2. System suitability and validation parameters

PSE PAR LOR

Repeatability of time, tR
a 1.66 ± 0.02 1.64 ± 0.01 8.89 ± 0.01

Capacity factor 1.91 1.88 14.6

Resolution 0.5 0.38 2.97

Selectivity factor -- 0.98 2.49

Linearity 
(µg mL-1)

0.039 – 10 0.039 – 10 0.039 – 10

Limit of detection 
(ng mL-1)

3.14 1.86 1.44

Limit of quantification 
(ng mL-1)

10.47 6.21 4.81

Figure 3. LC-MS/MS chromatogram of human blank plasma (a) and spiked plasma sample (containing PSE, IS and PAR 0.5 µg mL-1 and LOR 0.1 µg mL-1) (b)
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Table 3. Assay values of PSE, PAR and LOR from pharmaceutical tablets 
(n=3)

Component
Amount 

taken 
(mg)

Amount 
recovered 

(mg)

CV 
(%)

Mean 
recovery 

(%)

PSE 7.5 7.52 ± 0.01 0.13 100.27

30 30.03 ± 0.02 0.07 100.10

60 59.07 ± 0.01 0.02 98.45

PAR 4 4.01 ± 0.02 0.50 100.25

40 40.06 ± 0.03 0.07 100.15

400 399.88 ± 0.02 0.01 99.97

LOR 1.25 1.26 ± 0.01 0.79 100.80

2.5 2.49 ± 0.03 1.20 99.60

5 5.01 ± 0.02 0.40 100.20

label claim for PSE, PAR and LOR from the manufacturer, which 
was determined to be 98.45, 99.97 and 99.60% with the CV (%) of 
0.02, 0.01 and 0.4, respectively (Table 3).

CONCLUSION

A simple, rapid and sensitive multi-component method for de-
termination of PSE, PAR and LOR using LC-ESI-MS/MS utilizing 
a monolithic column has been developed. The assay achieved good 
sensitivity and specificity for the determination of PSE, PAR and 
LOR in human plasma and pharmaceutical formulations. Interference 
caused by the endogenous compounds was successfully eliminated. 
This simple and sensitive method is suitable for the pharmacokinetic 
study of PSE, PAR and LOR in human subjects and pharmaceutical 
formulations, and can also be used as a diagnostic method in clinical 
analysis. 
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