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Abstract

:

A multicomponent pharmaceutical that contains loratadine, paracetamol, and pseudoephedrine was quantified using HPLC-PDA. The three analytes were well-separated and quantified in the dosage form on a C-18 column using a gradient mobile phase. A quality by design strategy was followed to achieve the challenging separation. Screening and optimization steps were carried out to investigate the effect of many factors on the studied responses with a minimum number of runs. The ANOVA of the factorial model showed that % acetonitrile (factor A), flow rate (factor B), and pH (factor C) were significant. The detection of the analytes’ peaks was carried out using a PDA detector at 248nm for loratadine and paracetamol, and 214 nm for pseudoephedrine. The second method was SPE-HPLC-MS, where the three analytes and desloratadine, the active metabolite of loratadine, were quantified in spiked plasma and urine, using betamethasone valerate as an internal standard. The recovery of the analytes from body fluids was above 96%, and the LOQ was below 0.5 ng/mL. The validation of the developed HPLC-PDA method was achieved as per ICH guidelines, whereas the HPLC-MS method was validated according to FDA guidelines for bioanalytical method validation. The results were compared with the reported method, and no significant differences were found.
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1. Introduction


A multicomponent that contains loratadine, paracetamol, and pseudoephedrine is used to treat cases of the common cold and allergic rhinitis. Loratadine is a selective antagonist of histamine H1 receptors [1]. The metabolism of loratadine produces the active metabolite, desloratadine [2]. Desloratadine is an antihistamine that is used to treat the symptoms of allergies, such as sneezing and watery eyes. Paracetamol is an antipyretic and analgesic that is used to manage fever and as an alternative to aspirin, which sometimes cause irritation to the stomach [3]. Pseudoephedrine is a decongestant that constricts blood vessels and is used for relief from nasal congestion [4].



During a literature survey, deficiencies in the reported methods for determination of this multicomponent were noticed. In 2012, Abro K. published a paper on LC–tandem mass spectrometric determination of loratadine, paracetamol, and pseudoephedrine in plasma using chlorpheniramine as an internal standard and monolithic column [5]. The reported paper succeeded in the separation and determination of the analytes in about 10 min, which is considered a very long run time for pharmacokinetic studies, which need the analysis of large number of samples. Additionally, the reported paper does not take into consideration the analysis of the pharmacologically active desloratadine. Farid N.F. published a paper in 2016 on HPTLC determination of loratadine, paracetamol, and pseudoephedrine in tablets and plasma [6]. Additionally, this reported paper does not take into consideration the analysis of the pharmacologically active desloratadine, and no internal standard was used. Other reported chromatographic methods for determination of loratadine and/or paracetamol with other combinations in binary or ternary mixtures can be found in the literature [5,6,7,8,9,10,11].



Quality by design (QbD) was used recently for the RP-HPLC determination of multicomponent pharmaceuticals. This includes screening of all the expected factors that may affect the studied responses, followed by optimization of the significant factors to obtain the most optimum responses [12,13,14,15,16].



In the present study, determination of loratadine, paracetamol, and pseudoephedrine in a tablet dosage form was attempted on a C18 column using HPLC-PDA. The separation of the analytes was challenging due to the overlapping of paracetamol and pseudoephedrine peaks. This may have been due to similar reactivity towards the stationary phase as the log p of both analytes was very close [17]. Several trials were carried out by changing One Factor At a Time (OFAT) to separate the mixture, but every time the two analytes overlapped. For full resolution, many trials are needed; however, this process is very time-consuming and require large amounts of solvents, which are expensive. For this reason, the quality by design (QbD) approach was exploited to gain an improved understanding of the effect of the factors on separation efficiency [18]. FDA cGMP and the International Conference on Harmonization (ICH) guidelines Q8(R2) introduced QbD in the twenty-first century [19,20].



The HPLC-PDA method was validated as per ICH guidelines, while the SPE-HPLC-MS method was validated as per FDA guidelines for bioanalytical method validation.



The aim of this work was to determine the ternary mixture of loratadine, paracetamol, and pseudoephedrine in tablets using the QbD strategy for the first time and to determinate the quaternary mixture of loratadine, its active metabolite desloratadine, paracetamol, and pseudoephedrine using SPE-HPLC-MS in biological fluids for the first time.




2. Materials and Methods


2.1. Material and Reagents


Loratadine, desloratadine, paracetamol, pseudoephedrine, and betamethasone valerate were obtained from (Sigma-Aldrich, Darmstadt, Germany). Standards’ purity was higher than 98.5%. Figure 1 shows the chemical structures of the analyzed compounds. Trimed® Flu tablets labeled as containing 5 mg of loratadine, 500 mg of paracetamol, and 120 mg of pseudoephedrine (MINAPHARM) were obtained from the Egyptian market. MS-grade acetonitrile and formic acid were purchased from (Sigma-Aldrich, Darmstadt-Germany). Deionized water was used throughout the work and is indicated by the word “water”. Potassium dihydrogen phosphate was provided by (Al- Nasr Company for Pharmaceutical chemicals, Qalyubia- Egypt). Human blank plasma was obtained from The Holding Company for Biological products and Vaccines (VACSERA, Cairo, Egypt). Human urine samples were provided by volunteers.




2.2. Instrument


A Shimadzu LC-2040C 3D PLUS nexera–i equipped with a PDA detector (LC-2030/2040 PDA), LC-2040 pump, and four-line degasser and coupled with triple-quadrupole MS 8040 (Kyoto, Japan) was used for separation. An Inertsil C-18 (150 × 4.6 mm, 5µ) analytical column was utilized for the separation. Data acquisition was carried out with LabSolutions software, where statistical analysis was performed using Design-Expert® 11 software.




2.3. Procedures


2.3.1. Preparation of Standard Solutions and Working Solutions


A total of 100 mg of loratadine, desloratadine, paracetamol, pseudoephedrine, and betamethasone valerate (IS) was weighed and transferred separately to 100 mL volumetric flasks. Then, this was dissolved in 20 mL of acetonitrile, and distilled water was added until the flask was filled up to the mark to prepare stock solutions. Standard working solutions with a concentration of 200 µg/mL were prepared for the HPLC-PDA method and 500 ng/mL for the SPE-HPLC-MS method by dilution with the starting mobile phase. Each analyte was prepared in blank plasma and urine as the quality control (QC) sample at three levels: low (LQC), medium (MQC), and high (HQC), with concentrations of 1.00 ng/mL, 100 ng/mL, and 400 ng/mL, respectively.




2.3.2. Sample Preparation for SPE-HPLC-MS


Plasma samples were stored at −80 °C and thawed immediately before spiking, and urine samples were stored in the fridge. Extraction of the analytes and IS from plasma and urine samples was carried out using solid-phase extraction (SPE). C18 cartridge (200 mg/3cc) was employed for the extraction. The cartridge was conditioned with 3 mL of acetonitrile and 3 mL of water. Then, 5 mL of the plasma or urine sample was passed through the cartridge with a flow rate of 1 mL/min. Washing of the cartridge was performed by passing 5% acetonitrile in water through the cartridge. Then, the cartridge was dried under vacuum for 5 min, and the elution of the analytes and internal standard was achieved using 3 mL of acetonitrile at a flow rate of 0.5 mL/min. The resultant extract was dried till dryness under vacuum and then reconstituted in the mobile phase for LC-MS analysis.




2.3.3. Chromatographic Conditions


An Inertsil C-18 (150 × 4.6 mm, 5µ) analytical column was utilized as a stationary phase.



For HPLC-PDA


Gradient elution of the mobile phase was used to to shorten the run time of the analysis, gradient elution was used.



The employed mobile phases were: phase A: acetonitrile; phase B: 20 Mm potassium phosphate buffer, pH 5.5. The gradient was as follows: 50% phase B with a flow rate of 1.1 mL/min for 2 min, then decreased linearly to 30% B from 2 min to 3 min. Then, the gradient went back to the original conditions from 3 min to 4 min.



The detection of the analytes’ peaks was performed using a PDA detector at 248 nm for loratadine and paracetamol, and 214 nm for pseudoephedrine. Column temperature was kept at 40 °C.




For SPE-HPLC-MS


Full determination of the compounds was carried out using isocratic elution mode. The employed mobile phases were: phase A: 0.2% formic acid in acetonitrile; phase B: 0.2% formic acid. The mobile phase ratio was 70% phase A: 30% phase B with a flow rate of 1.2 mL/min. The LC was connected to triple-quadrupole MS 8040 equipped with an ESI interface working at 4.5 kV positive ionization mode, and DL and heat block temperatures of 250 °C and 400 °C, respectively, were applied. Nebulizing and drying nitrogen gas flow rates were 3 L/min and 15 L/min, respectively. The analytical run time was 3.5 min, and the full scan covered the mass range from m/z 100 to 1000.





2.3.4. Validation


Linearity and Range


For HPLC-PDA, different concentrations of the analytes were prepared by diluting the standard working solution of each analyte with the starting mobile phase. The prepared concentrations were 0.5–50 μg/mL loratadine, 50–150 μg/mL paracetamol, and 20–100 μg/mL pseudoephedrine. A total of 10 μL of each concentration was injected three times into the HPLC system. Calibration curves were plotted between the peak area against the concentration.



For SPE-HPLC-MS, human plasma and urine samples were spiked with standard solution of each analyte to reach concentrations from 0.50 to 500 ng/mL. Then, 100 μL of the internal standard was added to each calibration standard. The samples were extracted as explained earlier, and then 10 μL of each concentration was chromatographed, and the mean relative peak area of each parent ion to that of the internal standard was plotted against the corresponding concentration.




Accuracy


For HPLC-PDA, six different concentrations of each analyte were injected three times to calculate the recovery percentage from the obtained regression equation.



For SPE-HPLC-MS, spiked samples were analyzed at four levels, LLQC, LQC, MQC, and HQC. Then, the RSD% was calculated.




Precision Repeatability


For HPLC-PDA, the relative standard deviation was calculated by injecting three different concentrations of each analyte in the same day.



For SPE-HPLC-MS, spiked samples were analyzed three times in the same day at four levels, LLQC, LQC, MQC, and HQC. Then, the RSD% was calculated.




Intermediate Precision


For HPLC-PDA, the relative standard deviation was calculated by injecting three different concentrations of each analyte in three different days.



For SPE-HPLC-MS, spiked samples were analyzed three times in three consecutive days at four levels, LLQC, LQC, MQC, and HQC. Then, the RSD% was calculated.




Limit of Quantitation (LOQ) and Limit of Detection (LOD)


According to ICH recommendations [21], the signal-to-noise ratio was used to determine the LOQ and LOD in chromatographic methods. A signal-to-noise ratio of 3:1 is generally considered acceptable for estimating the detection limit, whereas a ratio of 10:1 is used to estimate the quantitation limit.




Robustness


The robustness of an analytical procedure is a measure of its capacity to remain unaffected by small but deliberate variations in method parameters and provides an indication of its reliability during normal usage. Robustness was tested by making deliberate changes in starting acetonitrile %, mobile phase pH, column temperature, and flow rate.




Recovery and Matrix Effect


Recovery % calculation was carried out to test for extraction efficiency of the developed method. This was achieved by comparing the relative peak area of spiked samples before extraction with that spiked after extraction at the three quality control levels. The matrix effect test was performed to assess the effect of the matrix on the quantification of the studied analytes by the developed method. This was achieved by comparing he relative peak area of spiked samples after extraction with that of the standard solution.




Selectivity


Three different batches of blank human plasma and urine were extracted and analyzed to test method selectivity.




Stability


The stability of the analytes was checked during method development. Long-term stability, bench-top, and stock solution stability, autosampler, and freeze–thaw stability of the analytes were checked using three replicates of a low concentration and high-concentration QC samples. Long-term stability was assessed by analyzing the QC samples kept in a refrigerator at 4 °C for 7 days. Bench-top stability was assessed by analyzing the samples left on the bench at room temperature for six hours. Stock solution stability was assessed by analyzing the QC samples of each analyte three times in the solution state. Autosampler stability was checked by assessing the stability of the analytes under the conditions of the autosampler for four hours. Freeze and thaw stability was assessed by freezing and thawing the analytes in the matrix studied for three cycles. The recovery % was compared to freshly prepared QC solutions.





2.3.5. Application to Pharmaceutical Formulation


To quantify the content of the analytes in Trimed® Flu tablets, 10 tablets were crushed and then blended. Then, 50 mL of acetonitrile was added to extract the analytes. Then, the contents were stirred for 20 min. Filtration was carried out with a 0.45 µm Whatman filter. Washing of the filter paper was performed three times, each time with 10 mL of acetonitrile. Then, water was added to the solution until the flask was filled up to the mark. To reach the linearity range, dilutions were made. Then, the above-mentioned procedure was applied for analysis of the contents, and the recoveries were calculated.






3. Results and Discussion


During the literature survey, a very limited number of reported methods were found for the determination of loratadine in its ternary mixture [5,6,7,8,9,10,11]. However, to our knowledge, there are no reported chromatographic methods for the separation and quantification of the quaternary mixture loratadine, its active metabolite desloratadine, paracetamol, and pseudoephedrine. This is due to the very similar interaction of the mentioned analytes with the different stationary phases. In the present study, determination of loratadine, paracetamol, and pseudoephedrine in a tablet dosage form was attempted on C18 column using HPLC-PDA. The separation of the analytes was challenging due to the overlapping of paracetamol and pseudoephedrine peaks.



Additionally, the determination of the mixture with the pharmacologically active desloratadine in human plasma and urine was studied using SPE-HPLC-MS. Betamethasone valerate was used as an internal standard for the mass spectrometry method.



To achieve our goal, a QbD approach was used to separate the analytes over a minimum number of trials. Most of the published chromatographic methods use OFAT to develop a chromatographic method that can separate the tested mixture with an acceptable resolution. However, OFAT requires a large number of experiments, and it does not enable the full understanding of the main and interaction effects of the studied factors. Response surface study with a central composite design was applied to optimize the studied factors. The produced random 12 runs for the screening step and the other 20 runs for the optimization step are presented in the electronic supplementary material, Table S1.



3.1. Screening Step


Irregular fractional two-level factorial design was implemented for the screening of all the factors and how they could affect the studied responses: resolution between each analyte and the next one and run time (Rt). Two levels for each factor were used: % acetonitrile at 30% and 70%, flow rate at 0.5 mL/min and 2 mL/min, pH 3 and 7, and oven temperature at 25 and 40 °C. The total number of runs for the screening step was 12, as presented in the electronic supplementary material, Table S1. The factors were studied through a factorial study type using a two-level factorial design type. The process order of the developed screening model was main effects only and the type was a factorial model. The significance level to assess the effect of the model terms was alpha = 0.05. The ANOVA for the selected factorial model showed that only three factors were significant. The three factors were % acetonitrile (factor A), flow rate (factor B), and pH (factor C). The remaining factor (oven temperature) was a statistically insignificant factor, as presented in Table 1. Pareto charts which indicate the significant factors for each response are presented in the electronic supplementary material, Figure S1.




3.2. Optimization Step


Only the significant factors from the screening step were further studied for optimization. The study type was a response surface, and the design type was a central composite. The process order of the developed optimization model was quadratic, and the model type was polynomial. For optimization, 20 runs were carried out, as presented in the electronic supplementary material, Table S1. The factors were studied at five different levels. ANOVA results are shown in Table 1. Results show that the quadratic model was suggested for all the responses. The relationship between the different responses (y) and the significant factors (x) is shown in the following equation:


y = a ± b1 (x1) ± b2 (x2) ± b3 (x3) ± b4 x12 ± b5 x22 ± b6 x32








where x1, x2, and x3 are the studied factors acetonitrile %, flow rate, and pH, respectively.



Figure S2 in the electronic supplementary material represents the perturbation charts explaining the effect of significant factors on the responses.



The surface plot and the contour plot are shown in Figure 2, revealing the relationship between the factors and the studied responses.



The numerical optimization tool of the software was utilized to optimize the responses. The desirability criteria for R1 (resolution between pseudoephedrine and paracetamol) and R2 (resolution between paracetamol and loratadine) was set to the maximum, whereas it was set to the minimum for run time. The optimization tool suggested that 50% acetonitrile, pH 5.5, and 1.1 mL/min flow rate were the optimum conditions, reaching a desirability of 0.849.



In the graphical optimization, the setting was as follows: R1 and R2 were set at 2 as the lower acceptable limit, and 10 min was set as the maximum run time. The overlay plot shows the optimum conditions, as shown in Figure 3. Yellow indicates sweet-spot areas, whereas gray was assigned to areas that do not fit in the model.



Loratadine was the reason for the long run time. So, gradient elution was used to shorten the run time. The gradient mobile phase was as follows:



The employed mobile phases were phase A: acetonitrile; phase B: potassium phosphate buffer, pH 5.5. The gradient was as follows: 50% phase B was used with a flow rate of 1.1 mL/min for 2 min, which was then decreased linearly to 30% B from 2 min to 3 min. Then, the gradient went back to the original conditions from 3 min to 4 min.



The chromatogram for separation of the analytes is shown in Figure 4. System suitability parameters are shown in Table 2.



Validation of the proposed method was carried out as per ICH guidelines [21] regarding linearity, accuracy, precision, LOD and LOQ, and robustness. All the parameters were within the acceptable limits. Calibration curves are represented in Figure S3 in the electronic supplementary material. Validation parameters and results of the marketed dosage form are shown in Table 3, whereas robustness results are represented in Table S2 in the electronic supplementary material.




3.3. SPE-HPLC-MS


To our knowledge, there are no reported HPLC-MS methods for determination of loratadine, its active metabolite desloratadine, paracetamol, and pseudoephedrine in human plasma and urine. So, the present study represents the first method for determination of the mixture in biological fluids by LC-MS.



The very high sensitivity and selectivity of HPLC-MS makes it the technique of choice for determination of drugs and metabolites in biological body fluids. The separation of the four analytes and the IS was attempted using several mobile phase compositions and ratios. The optimum separation was obtained using a mobile phase composed of: phase A: 0.2% formic acid in acetonitrile; and phase B: 0.2% formic acid. The mobile phase ratio was 70% phase A: 30% phase B with a flow rate of 1.2 mL/min. The run time was about 3.5 min. Determination of the analytes and the internal standard was carried out under positive ionization mode. Selected ion monitoring (SIM) was used for the detection and quantification of the analytes where the protonated parent ions [M + H]+ of loratadine, desloratadine, paracetamol, pseudoephedrine, and betamethasone valerate (IS) were detected and determined at m/z 383.2, 311.2, 152.1, 166.15, and 477.2, respectively. The full MS scan and SIM chromatograms showing the retention times of the analyzed drugs are shown in Figure 5.



Validation of the HPLC-MS method was carried out as per FDA guidelines for bioanalytical method validation regarding linearity, accuracy, precision, stability, recovery, and matrix effects [22]. Calibration curves are represented in Figure S4 in the electronic supplementary material.



Extraction of the analytes from human plasma and urine was performed using solid phase extraction, where the recovery % for all the analytes was above 96 %. Selectivity of the method was tested by extracting and analyzing three different batches of blank human plasma and urine, where no interference from endogenous substances was detected at the m/z and retention times of the analytes.



The sensitivity of the method was tested via calculating LOQ and LOD. The lowest concentration that could be quantified for all the analytes was 0.5 ng/mL for all analytes where RSD did not exceed 20%.



Validation parameters of the developed method are shown in Table 4 and Table 5 and stability results are shown in Table 6.




3.4. Statistical Comparisons


Accuracy results for each analyte as obtained using the developed HPLC-PDA method were compared with the results obtained by applying the reported HPTLC method [6]. No significant differences were found between the two methods, as presented in the electronic supplementary material, Table 7.





4. Conclusions


The combination of loratadine, paracetamol, and pseudoephedrine could be separated with sufficient accuracy using a conventional C18 column. Achieving full resolution of the mixture was challenging due to the similar interaction of the analytes towards the stationary phases. So, a QbD approach was exploited to assess the main and interaction effects of the studied factors with the least number of runs and develop a multivariate chromatographic method that could separate all the analytes with sufficient resolution and in a reasonable run time. Gradient elution was utilized to shorten the run time of the analysis. Additionally, loratadine, its active metabolite desloratadine, paracetamol, and pseudoephedrine were determined for the first time in human plasma and urine using the SPE-HPLC-MS method with perfect recovery and accuracy. The developed HPLC-PDA method could be used in quality control laboratories for separation of the mixtures, while the SPE-HPLC-MS method could be used in pharmacokinetic studies to detect and quantify the mentioned drugs in biological body fluids.
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Figure 1. Chemical structures of (a) loratadine, (b) desloratadine, (c) paracetamol, (d) pseudoephedrine, and (e) betamethasone valerate (IS). 
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Figure 2. Selected surface and contour plots for the interaction effect of factors on certain responses. 
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Figure 3. Overlay plot of the responses for the interaction of two factors, showing the sweet spot colored in yellow. 
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Figure 4. Chromatogram for full separation of the analytes using the gradient HPLC method. 
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Figure 5. Full MS scan (top) and SIM chromatograms (bottom) of each of the analyzed drugs. 






Figure 5. Full MS scan (top) and SIM chromatograms (bottom) of each of the analyzed drugs.



[image: Separations 09 00217 g005]







[image: Table] 





Table 1. ANOVA and regression parameters of the fractional factorial design and central composite design (the insignificant interaction effects are not presented).






Table 1. ANOVA and regression parameters of the fractional factorial design and central composite design (the insignificant interaction effects are not presented).





	
Screening






	
Item

	
R1

	
R2

	
Run Time




	
F

	
p Value

	
F

	
p Value

	
F

	
p Value




	
ACN%

	
16.88

	
0.0063

	
-

	
-

	
-

	
-




	
Flow Rate

	
31.4

	
0.0014

	
-

	
-

	
11.92

	
0.0136




	
pH

	
1259.3

	
˂0.0001

	
196.1

	
<0.0001

	
10.5

	
0.0177




	
Temp.

	
-

	
-

	
-

	
-

	
-

	
-




	
Adjusted R2

	
0.9924

	

	
0.9525

	

	
0.6978

	




	
Optimization




	
Item

	
R1

	
R2

	
Run Time




	
Coefficient

	
p Value

	
Coefficient

	
p Value

	
Coefficient

	
p Value




	
Intercept

	
22.2143

	

	
94.6109

	

	
156.7841

	




	
A-Aceto

	
−0.0437

	
0.6886

	
−0.1770

	
0.8297

	
−0.7643

	
0.0029




	
B-Flow Rate

	
−1.3337

	
0.1476

	
−6.1339

	
0.4134

	
−72.6409

	
˂0.0001




	
C-pH

	
−6.7633

	
0.0002

	
−26.2381

	
0.3750

	
−26.1682

	
0.6546




	
A2

	
0.0006

	
0.3526

	
0.0024

	
0.1465

	
0.0034

	
0.4067




	
B2

	
0.8464

	
0.1738

	
3.1658

	
0.0426

	
22.8906

	
˂0.0001




	
C2

	
0.6535

	
0.0011

	
2.188

	
˂0.0001

	
2.1871

	
0.0342




	
Model

	
Quadratic

	
0.0041

	
Quadratic

	
0.0018

	
Quadratic

	
˂0.0001








Bold values indicate that the independent factor had a significant effect on the selected response.
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Table 2. System suitability parameters of the developed HPLC-PDA method.
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Drug

	
Parameters

	
C18 Column 150 × 4.6 mm






	
pseudoephedrine

	
Retention time (min)

	
1.10




	
NTP *

	
775.00




	
HETP (µm) **

	
193.55




	
Resolution ***

	
2.80




	
Symmetry factor

	
1.10




	
paracetamol

	
Retention time (min)

	
1.80




	
NTP

	
2378.00




	
HETP (µm)

	
63.08




	
Resolution ***

	
9.20




	
Symmetry factor

	
1.20




	
loratadine

	
Retention time (min)

	
3.40




	
NTP

	
8317.44




	
HETP (µm)

	
18.03




	
Resolution

	
ـــــــــــــــ




	
Symmetry factor

	
1.20








* Number of theoretical plates, ** Height equivalent to theoretical plates and *** Resolution relative to the next peak.
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Table 3. Validation parameters and assay of pharmaceutical formulation using the proposed method.
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	Parameter
	Pseudoephedrine
	Paracetamol
	Loratadine





	Range µg/mL
	20–100
	50–150
	0.5–50



	Regression equation
	y = 0.2541x + 0.1851
	y = 0.3217x + 0.0351
	y = 0.1428x + 0.1024



	Correlation coefficient (r)
	0.9999
	0.9998
	0.9998



	Accuracy a
	99.26 ± 0.74
	100.41 ± 0.968
	100.58 ± 1.622



	Repeatability b
	99.35 ± 1.269
	99.18 ± 1.225
	98.85 ± 1.177



	RSD%
	1.277
	1.235
	1.191



	Intermediate precision c
	98.37 ± 1.417
	99.06 ± 1.832
	99.36 ± 1.781



	RSD%
	1.440
	1.063
	1.792



	LOQ (µg/mL)
	1.0
	1.0
	0.5



	LOD (µg/mL)
	0.33
	0.33
	0.16



	Recovery of pharmaceutical preparation d
	99.25 ± 1.449
	99.81 ± 1.085
	99.16 ± 1.532







a: Six concentrations of each analyte covering the range (25, 35, 50, 60, 75, and 95 µg/mL) for pseudoephedrine, (55, 70, 90, 120, 135, and 145 µg/mL) for paracetamol, and (1, 5, 15, 25, 35, and 45 µg/mL) for loratadine; b: Intra-day (n = 3), average of three concentrations (30, 40, and 80 µg/mL) for pseudoephedrine, (60, 100, and 140 µg/mL) for paracetamol, and (2, 20, and 40 µg/mL) for loratadine, repeated 3 times within the same day; c: Inter-day (n = 3), average of three concentrations (30, 40, and 80 µg/mL) for pseudoephedrine, (60, 100, and 140 µg/mL) for paracetamol, and (2, 20, and 40 µg/mL) for loratadine, repeated 3 times over three consecutive days, d: Trimed® Flu tablets labeled as containing 5 mg of loratadine, 500 mg of paracetamol, and 120 mg of pseudoephedrine.
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Table 4. Validation parameters of the SPE-HPC-MS method in plasma samples.
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Parameter

	
Pseudoephedrine

	
Paracetamol

	
Loratadine

	
Desloratadine




	
Plasma






	

	
LLQC

	
LQC

	
MQC

	
HQC

	
LLQC

	
LQC

	
MQC

	
HQC

	
LLQC

	
LQC

	
MQC

	
HQC

	
LLQC

	
LQC

	
MQC

	
HQC




	
0.5 ng/mL

	
1ng/mL

	
100 ng/mL

	
400 ng/mL

	
0.5 ng/mL

	
1 ng/mL

	
100 ng/mL

	
400 ng/mL

	
0.5 ng/mL

	
1 ng/mL

	
100 ng/mL

	
400 ng/mL

	
0.5 ng/mL

	
1 ng/mL

	
100 ng/mL

	
400 ng/mL




	
Range

	
0.5–500 ng/mL




	
Repeatability

	
92.57

	
105.4

	
102.8

	
103.5

	
99.26

	
110.8

	
103.5

	
102.8

	
98.47

	
104.4

	
103.7

	
98.71

	
103.8

	
95.81

	
102.4

	
105.7




	
RSD%

	
12.6

	
7.15

	
6.27

	
3.81

	
2.48

	
9.34

	
5.87

	
6.88

	
1.28

	
5.38

	
4.77

	
2.82

	
1.42

	
8.67

	
5.81

	
3.47




	
Intermediate precision

	
93.72

	
108.3

	
104.2

	
102.6

	
98.69

	
96.37

	
102.8

	
99.47

	
101.2

	
104.7

	
102.0

	
99.41

	
99.71

	
103.3

	
101.6

	
99.37




	
RSD%

	
13.17

	
8.27

	
4.62

	
5.28

	
2.81

	
5.61

	
7.28

	
5.22

	
1.87

	
2.71

	
2.64

	
3.42

	
1.22

	
3.84

	
2.28

	
3.47




	
Recovery %

	
97.56

	
96.20

	
96.41

	
97.28

	
98.15

	
97.14

	
97.52

	
96.18

	
96.38

	
97.61

	
96.82

	
97.31

	
98.31

	
96.10

	
96.47

	
97.52




	
Matrix effect

	
98.98

	
99.72

	
101.5

	
99.47

	
100.8

	
100.6

	
101.8

	
98.94

	
99.61

	
98.26

	
98.68

	
101.7

	
100.3

	
99.71

	
98.91

	
101.5
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Table 5. Validation parameters of the SPE-HPC-MS method in urine samples.
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Parameter

	
Pseudoephedrine

	
Paracetamol

	
Loratadine

	
Desloratadine




	
Urine






	

	
LLQC

	
LQC

	
MQC

	
HQC

	
LLQC

	
LQC

	
MQC

	
HQC

	
LLQC

	
LQC

	
MQC

	
HQC

	
LLQC

	
LQC

	
MQC

	
HQC




	
0.5 ng/mL

	
1 ng/mL

	
100 ng/mL

	
400 ng/mL

	
0.5 ng/mL

	
1 ng/mL

	
100 ng/mL

	
400 ng/mL

	
0.5 ng/mL

	
1 ng/mL

	
100 ng/mL

	
400 ng/mL

	
0.5 ng/mL

	
1 ng/mL

	
100 ng/mL

	
400 ng/mL




	
Range

	
0.5–500 ng/mL




	
Repeatability

	
105.4

	
101.2

	
98.78

	
98.12

	
101.8

	
100.8

	
99.72

	
101.83

	
95.42

	
99.67

	
101.8

	
101.4

	
94.72

	
101.7

	
99.18

	
98.64




	
RSD%

	
1.23

	
1.83

	
2.71

	
1.99

	
1.67

	
4.21

	
2.17

	
1.82

	
8.67

	
2.63

	
1.72

	
1.83

	
5.61

	
2.21

	
1.84

	
1.33




	
Intermediate precision

	
101.4

	
99.22

	
100.7

	
102.9

	
99.67

	
103.9

	
99.28

	
98.27

	
93.55

	
102.7

	
98.24

	
101.4

	
95.19

	
102.6

	
100.7

	
105.3




	
RSD%

	
2.41

	
2.62

	
1.82

	
2.43

	
4.11

	
2.82

	
3.23

	
1.47

	
10.28

	
2.88

	
1.71

	
1.62

	
11.78

	
2.16

	
1.27

	
1.82




	
Recovery %

	
102.3

	
99.40

	
99.17

	
98.83

	
101.6

	
99.42

	
98.68

	
99.71

	
103.3

	
98.67

	
99.81

	
99.48

	
97.38

	
98.46

	
99.33

	
98.86




	
Matrix effect

	
99.18

	
99.81

	
100.5

	
101.8

	
99.62

	
101.6

	
100.8

	
99.18

	
101.2

	
99.80

	
101.5

	
101.7

	
99.71

	
102.4

	
99.67

	
101.5
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Table 6. Stability of the analytes in different conditions.
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Drug

	
Pseudoephedrine

	
Paracetamol

	
Loratadine

	
Desloratadine




	
Matrix

	
Plasma

	
Urine

	
Plasma

	
Urine

	
Plasma

	
Urine

	
Plasma

	
Urine






	
Conc.

	
LQC

	
HQC

	
LQC

	
HQC

	
LQC

	
HQC

	
LQC

	
HQC

	
LQC

	
HQC

	
LQC

	
HQC

	
LQC

	
HQC

	
LQC

	
HQC




	
1 ng/mL

	
400 ng/mL

	
1 ng/mL

	
400 ng/mL

	
1 ng/mL

	
400 ng/mL

	
1 ng/mL

	
400 ng/mL

	
1 ng/mL

	
400 ng/mL

	
1 ng/mL

	
400 ng/mL

	
1 ng/mL

	
400 ng/mL

	
1 ng/mL

	
400 ng/mL




	
Bench-Top (Mean Recovery % ± RSD)

	
98.62

	
97.51

	
97.64

	
101.3

	
99.38

	
102.5

	
102.7

	
100.4

	
97.38

	
101.8

	
96.48

	
100.7

	
102.6

	
98.36

	
96.38

	
102.4




	
1.21

	
1.86

	
1.17

	
1.83

	
0.82

	
1.63

	
1.47

	
0.92

	
1.63

	
1.21

	
0.87

	
0.63

	
1.29

	
1.48

	
1.39

	
0.83




	
Long Term (Mean Recovery % ± RSD)

	
96.66

	
97.58

	
102.5

	
100.5

	
102.9

	
99.62

	
101.7

	
98.67

	
98.38

	
102.7

	
101.5

	
99.57

	
100.9

	
101.5

	
101.5

	
99.64




	
1.53

	
1.68

	
1.34

	
1.82

	
1.67

	
1.39

	
1.27

	
1.56

	
1.92

	
1.86

	
0.86

	
1.53

	
0.73

	
0.53

	
1.46

	
0.93




	
Stock Solution (Mean Recovery % ± RSD)

	
102.6

	
101.8

	
97.58

	
101.7

	
100.7

	
102.8

	
99.81

	
101.3

	
103.4

	
98.61

	
100.8

	
102.4

	
98.75

	
99.41

	
101.7

	
102.2




	
0.83

	
1.28

	
1.62

	
0.96

	
1.38

	
0.83

	
1.63

	
0.86

	
0.72

	
1.47

	
1.53

	
0.88

	
1.62

	
1.82

	
1.69

	
1.45




	
Autosampler (Mean Recovery % ± RSD)

	
100.6

	
99.67

	
99.42

	
101.2

	
100.6

	
101.2

	
99.89

	
99.36

	
100.6

	
101.3

	
98.94

	
99.87

	
100.5

	
101.2

	
100.6

	
99.45




	
1.53

	
1.29

	
1.27

	
1.83

	
1.56

	
1.48

	
1.37

	
0.86

	
0.91

	
1.15

	
1.38

	
1.29

	
1.99

	
0.82

	
0.63

	
1.18




	
Freeze–Thaw (Mean Recovery % ± RSD)

	
102.4

	
97.38

	
96.48

	
102.4

	
101.8

	
97.68

	
99.38

	
101.5

	
102.5

	
96.38

	
101.9

	
102.6

	
102.8

	
97.53

	
101.7

	
96.43




	
1.83

	
1.92

	
2.01

	
1.56

	
1.38

	
2.12

	
1.56

	
1.78

	
1.83

	
2.13

	
1.58

	
1.63

	
1.47

	
2.15

	
1.66

	
1.89
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Table 7. Statistical comparison of the results obtained using the proposed method and the reported method for the analysis of the analytes in bulk powder.
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Column

	
Drug

	
Mean

	
S.D

	
N

	
Variance

	
Student’s t Test (2.23) a

	
F Test (5.05) a






	
C-18

	
pseudoephedrine

	
99.26

	
0.740

	
6

	
0.548

	
0.033

	
3.078




	
paracetamol

	
100.41

	
0.968

	
6

	
0.937

	
1.073

	
1.963




	
loratadine

	
100.58

	
1.622

	
6

	
2.631

	
0.081

	
1.461




	
Reported Method *

	
pseudoephedrine

	
99.24

	
1.299

	
6

	
1.687

	
ــــــــــــــــــ

	
ــــــــــــــــــ




	
paracetamol

	
99.68

	
1.356

	
6

	
1.839

	
ــــــــــــــــــ

	
ــــــــــــــــــ




	
loratadine

	
100.51

	
1.342

	
6

	
1.801

	
ــــــــــــــــــ

	
ــــــــــــــــــ








a The values in parenthesis are the corresponding theoretical values of t and F at p = 0.05; * Reported method [6], the proposed chromatographic method was developed using HPTLC aluminum plates precoated with silica gel 60 F254 using acetone–hexane–ammonia (4:5:0.1, by volume) as a developing system followed by densitometric measurement at 254 nm and 208 nm.
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