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Background: Effective chromatographic methods 
were developed for the determination of a 
multicomponent capsule prescribed for treating the 
common cold. Greening approaches were adopted 
as opposed to conventional methods. Objectives: 
Two novel, green chromatographic methods were 
established to quantitatively analyze the combination. 
Methods: First, an HPLC/UV method utilizing green 
solvents (water and ethanol) and acetic acid to adjust 
pH at 5 was accomplished. The stationary phase was 
a ZorbaxSB-C18 column (150 × 4.6 mm, 5 μm), and 
peaks were detected at 215 nm. The second method 
is a highly sensitive ultra-performance LC (UPLC)-
MS/MS method in which the greening approach was 
established through the reduction of the analysis  
time (2 min), decreased solvent consumption (flow 
rate 300 μL/min), and the utilization of a small volume 
of samples (injection volume 2 μL). The mixture  
was separated using a UPLC-BEH C18 column  
(50 × 2.1 mm, 1.7 μm) with an isocratic elution using 
methanol–0.1% formic acid aqueous solution  
(60+40, v/v) as mobile phase and utilizing diphen-
hydramine as an internal standard. Positive-ion 
electrospray ionization and multiple reaction 
monitoring were applied for detection. Results: 
Recovery percentages for paracetamol, pseudo-
ephedrine, and cetirizine were 101.70 ± 0.969, 100.18 
± 1.563, and 99.67 ± 1.429 for the HPLC method and 
99.18 ± 1.172, 100.03 ± 0.883, and 99.82 ± 0.912 for the 
UPLC-MS/MS method, respectively. Conclusions: The 
proposed methods efficiently analyzed paracetamol, 
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pseudoephedrine, and cetirizine in Allercet Cold® 
capsules. Validation of the proposed methods was 
in accordance with the International Conference on 
Harmonization recommendations, and statistical 
comparison with the reported method displayed 
no significant difference regarding accuracy and 
precision. Highlights: Paracetamol, pseudoephedrine, 
and cetirizine were successfully quantified using 
two chromatographic methods. The HPLC method 
developed is considered green, using water and 
ethanol as a mobile phase. The UPLC-MS/MS method 
was rapid and determined the three drugs with 
accuracy at nanogram levels.

The hectic pace of modern life has led consumers to seek 
effective medication to overcome symptoms of illness 
in the shortest possible time. Thus, pharmaceutical 

formulations are becoming more complex, including more 
components to relieve many symptoms in a single-dosage form. 
Therefore, economic, fast, and accurate analysis of such mixtures 
are needed. Allercet Cold® capsule is a ternary combination of 
paracetamol (PAR), pseudoephedrine hydrochloride (PSE), and 
cetirizine dihydrochloride (CET). It is available in the Egyptian 
market and is widely used for relieving the common cold, 
inflamed sinuses, or the flu. It also relieves sinus congestion and 
pressure, temporarily restoring free breathing through the nose.

More awareness among scientists has arisen regarding the 
harmful effects of chemicals used in analysis on health and the 
environment. As a result, a trend toward applying principles and 
concepts of green analytical chemistry are increasing every day. 
These include shortening of analysis time; decreasing quantities 
of solvents used in the analytical process; reducing or eliminating 
hazardous chemicals; using combination techniques such as 
LC-MS, which requires smaller sample volumes; and, most 
importantly, the use of green solvents (1). 
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PAR; N-(4-hydroxyphenyl) acetamide, demonstrated in 
Figure 1, possesses analgesic, antipyretic, and anti-inflammatory 
effects (2). It is a main component in various cold therapies. 
Paracetamol is an official drug included in the British 
Pharmacopoeia (BP; 3). Several manuscripts were published for 
its determination as a single drug or in more complex mixtures; 
recent ones include TLC (4), GC (5), HPLC/UV (6–8), and 
HPLC-MS/MS (9).

PSE is chemically known as [(+)-threo-a-[1-methylamino) 
ethyl] benzyl alcohol] hydrochloride, and its structure is shown 
in Figure 1 (10). It has decongestant activity, thus improving 
ventilation and nasal stuffiness. PSE was found to be official 
in the BP (3). Several methods were revealed by the literature 
for its determination, such as spectrophotometry (11, 12), TLC 
(13), GC, and HPLC/UV (14–17).

CET; (RS)-2-[2-[4-[(4-Chlorophenyl)phenylmethyl] pip-
erazin-1-yl]ethoxy]acetic acid dihydrochloride (10), as illu-
strated in Figure 1, is an antihistamine, popular for mast-cell 
stabilization. It is used for the treatment of allergies. CET is 
official in the BP (3), where its assay is described by titration. 
Several methods were reported for its quantitation, including 
chromatographic analysis (18–20).

The main aim in the presented research was to establish green 
chromatographic methods to simultaneously analyze PAR, PSE, 
and CET. Different principles were utilized in order to fulfill our 
goal. The first principle was the use of green solvents to reduce 
the use of harmful solvents, as demonstrated in the proposed 
HPLC/UV method in which we have used a mobile phase 
composed of water and ethanol adjusted to pH 5 with acetic 
acid. The second principle was using combination techniques, 
as revealed in the proposed ultra-performance LC (UPLC)-
MS/MS method, which, in addition to its high sensitivity, 
has enabled short run time, smaller sample volume, and less 
solvent consumption. It is worth noting that, hitherto, only one 
HPLC/UV (14) method was reported for the determination 
of this combination, which used solvents hazardous to the 
environment. Besides, the reported method (14) was lower in 
sensitivity when compared with our proposed UPLC-MS/MS 
method, which successfully quantified the three components at 
the nanogram level.

Experimental

Equipment

(a) HPLC/UV system.—Agilent (Agilent Technologies, 
Palo Alto, CA) 1200 series chromatographic system equipped 
with quaternary pump, Agilent 1200 autosampler, and variable 
wavelength UV-Vis detector operated at 215 nm. Agilent 
ChemStation software, version A.10.01. Agilent ZorbaxSB-C18 
(150 × 4.6 mm, 5 μm) column. For pH adjustment, a Jenway 
3505 pH-meter (Jenway, United Kingdom) was used.

Figure 1. Chemical structures of (a) paracetamol, (b) 
pseudoephedrine, and (c) cetirizine.

(b) UPLC-MS/MS system.—XEVO-TQD triple stage 
quadrupole mass spectrometer (Waters, Singapore), equipped 
with an electrospray ionization (ESI) source. The Waters 
Acquity UPLC system composed of an Acquity quaternary 
solvent manager (QSM pump) and an Acquity sample manager-
FTN (Waters) operated at room temperature. MassLynx software 
(Support ID MS1HAO1637). Acquity UPLC-BEH C18 column 
(50 × 2.1 mm, 1.7 μm) from Waters.

Chemicals and Reagents

(a) Pure materials.—PAR, PSE, and CET were kindly 
supplied by GlaxoSmithKline (Cairo, Egypt). According to 
the reported method of analysis, their purities were found to 
be 99.40 ± 0.78, 100.11 ± 0.427, and 100.02 ± 0.234 (14), 
respectively. Diphenhydramine was used as an internal 
standard (IS) and was kindly supplied by Sigma Pharmaceutical 
Industries (Steinheim, Germany).

(b) Market sample.—Ten Allercet Cold capsules from batch 
number B10518 (Global Napi Pharmaceuticals, 6th of October 
City, Egypt) were bought from a local market; each capsule is 
labeled to contain 400 mg PAR, 30 mg PSE, and 10 mg CET.

(c) Solvents.—Absolute ethanol (HPLC grade) was obtained 
from Chem-Lab (Zedelgem, Belgium), and methanol (ultra-
gradient HPLC grade) used for UPLC-MS/MS was obtained 
from J.T. Baker (Amsterdam, The Netherlands). Acetic acid and 
formic acid were obtained from Scharlau Chemicals (Barcelona, 
Spain). Double-distilled deionized water was purchased from 
Otsuka (Cairo, Egypt).

Stock Solutions

(a) HPLC/UV method.—Stock standard solutions: 1.0 mg/mL  
PAR, PSE, and CET were prepared in double-distilled 
deionized water. Working standard solutions.—0.5 mg/mL and 
0.2 mg/mL for PSE and CET, respectively, were prepared by 
further dilution from the stock solutions using double-distilled 
deionized water. 

(b) UPLC-MS/MS method.—Stock standard solutions: 
100.0 μg/mL PAR, PSE, and CET were prepared in methanol. 
Working standard solutions.—5.0 μg/mL PAR, PSE, and CET 
were prepared by further dilution from the stock solutions using 
methanol.

Chromatographic and Mass Spectrometric Conditions

(a) HPLC/UV method.—The reversed-phase HPLC 
procedure was performed at room temperature using a 
ZorbaxSB-C18 column (150 × 4.6 mm, 5 μm). A mobile 
phase of ethanol and water was used. Separation was obtained 
by gradient elution, where the ratio of ethanol to water was  
35:65 for the first 2.50 min, 85:15 until 6.50 min, and then 35:65 
until the end of the elution. Acetic acid was used to adjust the 
pH to 5.0 ± 0.1. The mobile phase was filtered before injection 
by a 0.45 μm Millipore membrane filter (Billerica, MA). A flow 
rate of 0.7 mL/min was utilized. An injection volume of 20 μL 
was used, and the signals were detected at 215 nm. The total run 
duration was about 7 min.

(b) UPLC-MS/MS method.—(1) Chromatographic 
conditions.—Chromatography was accomplished on a UPLC-
BEH C18 column (50 × 2.1 mm, 1.7 μm). The mobile phase of 
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methanol–0.1% formic acid aqueous solution (60+40, v/v) was 
used after filtration using a 0.45 μm Millipore membrane filter. 
A flow rate of 0.3 mL/min was used with an injection volume of 
2 μL. A run time of about 2 min was applied. Diphenhydramine 
was used as an IS. (2) Mass spectrometric conditions.—MS 
was performed in the positive ESI ion mode. The optimized 
parameters are cone gas flow of 15 L/h, desolvation gas flow of 
500 L/h, source temperature of 150°C, desolvation temperature 
of 400°C, cone voltage of 20 V, and capillary voltage of 3 KV. 
The multiple reaction monitoring mode was utilized to monitor 
the following transitions: PAR m/z 152.03 → 110.26, PSE 
166.11 → 148.13, CET 389.09 → 201.00, and diphenhydramine 
as the IS 255.75 → 166.15 using collision energy of 24, 10, 15, 
and 10 eV, respectively.

Procedures

(a) Construction of calibration curves.—(1) HPLC/UV 
method.—Accurately measured aliquots of PAR (0.1–6.0 mL) 
were relocated from its stock standard solution into 10 mL 
volumetric flasks. Aliquots were also accurately transferred 
from PSE (0.4–8.0 mL) and CET (0.5–5.0 mL) from their 
respective working standard solutions into 10 mL volumetric 
flasks. Water was used as a solvent to complete the volumes in 
order to prepare series of concentrations. After applying all the 
chromatographic conditions, the chromatograms were recorded 
at 215 nm. Peak area ratios (calculated relative to the area of 
standard solutions of 10.0, 20.0, and 10.0 μg/mL of PAR, PSE, 
and CET, respectively) were plotted versus their equivalent 
concentrations to establish the calibration curves. Finally, the 
regression equations were computed. The calibration curves 
were constructed in the following ranges: 10.0–600.0 μg/mL 
for PAR, 20.0–400.0 μg/mL for PSE, and 10.0–100.0 μg/mL 
for CET. (2) UPLC-MS/MS method.—Different concentrations 
were prepared by accurately transferring separate aliquots 
from PAR (40.0–2000.0 μL), PSE (12.0–800.0 μL), and 
CET (10.0–1000.0 μL) working standard solutions into three 
series of 10 mL volumetric flasks followed by the addition of 
10 ng/mL of the IS on each concentration. Finally, methanol 
was used to complete the volume. Injection volumes of 2 μL 
aliquots of each solution were injected onto the system, and 
the previously described chromatographic conditions were 
applied. The calibration curve of each drug was then obtained 
by plotting the peak area ratio of the drug to that of the IS 
versus the equivalent concentrations. Then the regression 
equation for each drug was calculated. The calibration curves 
were found to be linear in the ranges of 20.0–1000.0 ng/mL 
for PAR, 6.0–400.0 ng/mL for PSE, and 5.0–500.0 ng/mL  
for CET.

(b) Assay of laboratory-prepared mixtures.—Various 
laboratory-prepared mixtures were prepared to contain different 
ratios of PAR, PSE, and CET by precisely transferring different 
aliquots of the three drugs from their corresponding working 
standard solutions into a series of 10 mL volumetric flasks and 
mixing well, and then the volumes were completed with water 
for the HPLC/UV method and methanol for the UPLC-MS/MS 
method. The chromatographic conditions of each method were 
applied on the prepared mixtures. The concentrations of the 
drugs were calculated by utilizing the corresponding regression 
equation. Each concentration was calculated as an average of 
three experiments.

(c) Application to pharmaceutical formulation.—The 
contents of 10 Allercet Cold capsules were accurately weighted 
and mixed well. A weight equivalent to exactly one capsule was 
relocated into a beaker; the three components were extracted 
with 3 × 30 mL water for the HPLC method and methanol 
for the UPLC-MS/MS method. The combined extracts were 
sonicated for about 30 min. Filtration was performed in a  
100 mL volumetric flask, and the volume was completed 
with water to acquire a solution labeled as Stock 1 with the 
concentrations of 4000.0 μg/mL of PAR, 300.0 μg/mL of PSE, 
and 100.0 μg/mL of CET. (1) HPLC/UV method.—An aliquot 
of 1.0 mL was precisely relocated from Stock 1 into a 10 mL 
volumetric flask, and water was utilized to complete the volume 
where solutions having the concentrations 400.0 μg/mL of 
PAR, 30 μg/mL of PSE, and 10.0 μg/mL of CET were prepared.  
(2) UPLC-MS/MS method.—An aliquot of 1.0 mL was precisely 
relocated from Stock 1 into a 100 mL volumetric flask, and 
methanol was utilized to complete the volume; thus, Stock 2 
was prepared. Further, an aliquot of 2.0 mL was precisely 
relocated from Stock 2 into a 100 mL volumetric flask, and 
methanol was utilized to complete the volume where solutions 
having the concentrations 800 ng/mL of PAR, 60 ng/mL of PSE, 
and 20 ng/mL of CET were prepared.

The procedures previously described in Construction of 
calibration curves were carried out for each of the HPLC/
UV and UPLC-MS/MS methods. Then the concentration of 
each drug was calculated by substitution in the corresponding 
regression equation.

Standard addition technique was also carried out by the addition 
of different known concentrations of the pure drugs to the dosage 
form before continuing the formerly described procedures.

Results and Discussion

Method Development

HPLC/UV.—During the development of a green analytical 
method, comparison of the possible solvents is essential 
to deduce how green they are; this comparison is based on 
environment, health, and safety properties (EHS) or life 
cycle assessment combined with EHS (21). Pharmaceutical 
companies have faced the dilemma of the use of solvents for 
effective pharmaceutical analysis versus the impacts of the 
method on health and the environment. Consequently, many 
of these companies have introduced a guide summarizing the 
safety of solvents using a numerical scale.

As a solvent, ethanol was judged to be green owing to its minute 
toxicity, being derived from renewable sources, and its ease of 
disposal (1). Additionally, it possesses a low EHS score (22). 
Thus, ethanol was coded green according to GlaxoSmithKline’s 
guide, AstraZeneca’s guide, and Green Chemistry Institute 
Pharmaceutical Roundtable’s guide (21). From these points of 
view, water and ethanol were chosen to compose our mobile phase. 
However, to obtain best separation, pH adjustment was required. 
The use of buffers that could negatively affect the efficiency of 
the column was avoided, and acetic acid was selected to adjust 
the pH to 5. Both GlaxoSmithKline’s guide and AstraZeneca’s 
guide have recommended the use of acetic acid as a green 
solvent. Finally, sharp peaks were detected upon the utilization 
of a mixture of ethanol and water using acetic acid to adjust 
the pH to 5 by applying gradient elution. The reported classical 
HPLC/UV method (14) has utilized a mobile phase comprising 
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25 mM KH2PO4–methanol–acetonitrile (30+60+10, v/v/v), where 
acetonitrile is considered a hazardous solvent; thus, its use is not 
recommended (21–23). Accordingly, the ethanol–water mobile 
phase utilized in our method has successfully substituted methanol 
and acetonitrile without altering the efficiency of separation. 
Regarding the stationary phase, a ZorbaxSB-C18 column  
(150 × 4.6 mm, 5 μm) was used, whereas the reported method 
(14) used a Hypersil C18 column (250 mm × 4.6 mm, 5 μm). 
The separation on our utilized shorter column was beneficial 
because the column efficiency was increased, and on the contrary, 
the flow rate was decreased to 0.7 mL/min versus 1 mL/min for 
the reported method (14), leading to less solvent consumption 
and thus less waste production by our proposed method. Under 
the previously discussed conditions, our proposed HPLC/UV 
method has successfully separated the three drugs within 7 min 
with the retention times of 2.404, 2.811, and 6.812 min for PSE, 
PAR, and CET, respectively, as shown in Figure 2. Finally, the 
method has demonstrated good sensitivity: linearity range for 
the determination of the drugs was 10.0–600.0 μg/mL for PAR,  
20.0–400.0 μg/mL for PSE, and 10.0–100.0 μg/mL for CET.

UPLC-MS/MS.—Greening an LC-MS method based on  
the utilized solvents is a bit complicated because it has become 
generally familiar that there are a restricted number of mobile 
phases appropriate for LC-MS investigation. This is mainly 
because of the basic requirement that the utilized mobile phase 
should be volatile so that the LC-MS interface can vaporize it. 
Thus, the recommended mobile phases for LC-MS are aceto-
nitrile or methanol as the organic modifier while the additives 
used in the aqueous phase are normally 0.1–1% formic acid, 
0.1–1% acetic acid, 0.05–0.2% trifluoroacetic acid, or their 
ammonium salts (ammonium formate and ammonium acetate) 
if the use of a buffer is required. Thus, our choice for a suitable 
green mobile phase was very limited. For the organic modifier, 
methanol was used as it is less hazardous than acetonitrile 
(21–23). Additionally, the use of buffers was avoided as they 
are good source of nutrition for micro-organisms; thus, they 
support microbial growth. Additionally, volatile buffers used 
for LC-MS are more likely to change pH over time, because 
of evaporative loss. However, the use of 0.1% formic acid was 
necessary instead of acetic acid as an additive in the aqueous 
phase; although formic acid is ranked as problematic or 
hazardous in the overall ranking of the solvents, it has resulted 
in better peak shape if compared with acetic acid. Thus, our 
utilized mobile phase was methanol–0.1% formic acid aqueous 

solution (60+40, v/v). Although not all the solvents used are 
considered green, LC-MS methods offer another principle 
for greening through the utilization of a minimum amount of 
solvents, and consequently, the produced waste will be kept to a 
minimum; this was achieved by using a flow rate of 300 μL/min  
and a total run time of 2 min. The short run time was aided 
by the high percentage of methanol (60%) in the mobile phase. 
Additionally, the sample injection volume was only 2 μL.

Using the previous conditions and a UPLC-BEH C18 column 
(50.0 mm × 2.1 mm, 1.7 μm) has resulted in definite peak shape 
and good response even at the LOQ levels for the studied drugs. 
The chromatogram of the drugs is displayed in Figure 3. 

Regarding the mass spectrometric conditions, adjustment 
of the detection of both the parent and product ions was 
performed through the direct infusion of 0.50 μg/mL of  
each drug into the mass spectrometer within the range of  
100–400 m/z by applying ESI. Because PAR, PSE, and CET 
have the ability to be protonated, the positive polarity mode 
was used. The [M + H] + of PAR, PSE, CET, and the IS were 
detected on the full scan mass spectra with the masses of 152.03, 
166.11, 389.09, and 255.75 m/z, respectively. Following the 
application of suitable collision energy, significant product 
ions were produced, and the MS/MS transitions, 152.03 → 
110.26, 166.11 → 148.13, 389.09 → 201.00, and 255.75 → 

Figure 2. HPLC chromatogram showing the separation of a mixture 
composed of 100 µg/mL PSE, 300 µg/mL PAR, and 100 µg/mL CET 
using the mobile phase, water–ethanol (gradient elution, pH 5.0).

Figure 3. UPLC-MS/MS chromatogram for the separation of (a) PAR 
200 ng/mL, (b) PSE 100 ng/mL, (c) CET 100 ng/mL, and (d) 100 ng/mL 
diphenhydramine.
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166.15 for PAR, PSE, CET, and the IS, respectively, were 
monitored, as presented in Figure 4. Furthermore, the capillary 
temperature and sheath gas flow were adjusted, as both have 
a vital effect on decreasing the ion suppression and affecting 
the sensitivity.

After optimization of both the chromatographic and mass 
spectrometric conditions, the method has offered very high 
sensitivity as it quantified the drugs in the nanogram level within 
ranges as low as 40.0–1000.0 ng/mL for PAR, 6.0–400.0 ng/mL 
for PSE, and 5.0–500.0 ng/mL for CET, in contrast with 100.0–
600.0, 10.0–60.0, and 1.0–6.0 μg/mL, respectively, obtained by 
the reported method (14).

Method Validation

The developed methods were validated in regard to the ICH 
Q2 (R1) recommendation (24).

Figure 4. Product scan mass spectra of (a) PAR, (b) PSE, (c) CET, and (d) diphenhydramine.

Linearity.—The linearity of PAR, PSE, and CET was 
achieved by examining six different concentrations from the 
drugs under investigation (each concentration was repeated 
three times) using the most favorable chromatographic 
conditions in addition to the mass spectrometric parameters 
in the case of the UPLC-MS/MS method. A linear relationship 
was recognized between the peak area ratios of each drug 
versus their equivalent concentrations, where external 
standard was utilized for the HPLC method and IS was 
utilized for the UPLC-MS/MS method. The linearity ranges 
were found to be 10.0–600.0, 20.0–400.0, and 10.0–100.0 μg/mL  
for the HPLC method and 20.0–1000.0, 6.0–400.0, and 
10.0–500.0 ng/mL for the UPLC-MS/MS method for PAR, 
PSE, and CET, respectively. The values of the correlation 
coefficient, which were approaching 1, have confirmed the 
linearity of the calibration curves. Full performance data of 
the regression equations are abridged in Table 1.
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with adequate precision and accuracy. The results are shown 
in Table 1.

Robustness.—The robustness of the proposed methods was 
established through the consistency of the peak area ratios of 
the drugs with the performed intended slight changes. For the 
HPLC method, a deliberate change was done in pH 5.0 ± 0.2 
and in the percentage of ethanol ±2%. For the UPLC-MS/MS 
method, a minor change was conducted in the percentage of 
methanol ±2%, capillary temperature ±5°C, and collision energy 
±2 V. Small shifts were observed in the retention times; however, 
the peak areas were usually well maintained, proving that the 
proposed methods are robust (Table 1).

System suitability.—The system suitability parameters, which 
are retention time (tR), tailing factor (T), selectivity factor (α), 
theoretical plate count (N), height equivalent to theoretical plate 
(HETP), and resolution (Rs), were all calculated according to the 
United States Pharmacopeia (USP) guidelines (25). The results 
abridged in Table 4 obey the USP limits, hence verifying the 
good performance of the proposed methods.

Application of the proposed methods to the analysis of 
laboratory-prepared mixtures and Allercet Cold capsules.—The 
laboratory-prepared mixtures were analyzed (each mixture three 
times) using the two proposed methods, and the average recovery 
percent for each drug in the mixtures was calculated (Table 2). 
To ensure the suitability of the proposed methods for routinely 
analyzing the target drugs in their dosage form, Allercet Cold 
capsules were investigated (Table 3). The concentration of each 
drug was calculated by substitution in the equivalent regression 
equations. Also, standard addition technique was performed to 
inspect the influence of the frequently utilized excipients. As 
demonstrated in Table 3, the data obtained from the standard 
addition technique indicated good precision and accuracy, as 
was obvious from the calculated mean recovery percent and SD.

Statistical analysis.—The results obtained by the proposed 
methods and the reported one (14) were statistically compared, 

Accuracy.—Five concentrations of each drug in triplicates 
were used for assessing the accuracy using the procedures 
mentioned previously. The accuracy expressed in terms of 
mean recovery percent and SD is abridged in Table 1, where 
the obtained results ascertained that the proposed methods are 
considered to be accurate.

Precision.—The intraday and interday precision were 
evaluated via analyzing three different concentrations of the 
drugs in triplicates on the same day and on 3 successive days, 
respectively. The precision was expressed in terms of RSD %, 
as demonstrated in Table 1. Because the results showed that 
RSD % did not exceed 2% for all concentrations, the proposed 
methods could be declared as precise methods.
Specificity.—The specificity of a method is its efficiency in 

determining a certain component selectively in the presence of 
other interfering substances in a mixture or matrix. Thus, the 
specificity of the proposed methods was confirmed by examining 
both the laboratory-prepared mixtures, which consisted of 
different ratios of PAR, PSE, and CET, and their combined 
dosage form using the procedures described previously.

The chromatograms of the different mixtures and the 
dosage forms showed acceptable resolution of peaks for the 
three drugs; in addition, the data abridged in Tables 2 and 3 
were satisfactory, showing good percentage recoveries and 
SD. Besides, interference from the excipients was absent, as 
extra peaks were not detected in the chromatograms. In both 
the laboratory-prepared mixtures and the dosage form, the 
chromatogram of each drug in the sample solution was found 
to be similar to the chromatogram of the corresponding standard 
solution, which indicates that the proposed methods could be 
considered specific.

LOD and LOQ.—The LOD is defined as the lowest 
concentration of the drug that can be detected reliably but 
not essentially quantified, whereas the LOQ is considered the 
minimum concentration of the drug that could be measured 

Table 1. Regression and validation parameters of the proposed chromatographic methods for determination of PAR, PSE, 
and CET

Parameters

HPLC/UV UPLC-MS/MS

PSE PAR CET PSE PAR CET

Range 20.0–400.0 μg/mL 10.0–600.0 μg/mL 10.0–100.0 μg/mL 6.0–400.0 ng/mL 20.0–1000.0 ng/mL 5.0–500.0 ng/mL

Slope 0.0274 0.0685 0.0782 0.1854 0.0672 0.2047

Intercept 0.425 0.317 0.659 2.028 3.020 3.734

SD of slope 4.87 × 10–4 5.85 × 10–4 3.12 × 10–4 8.20 × 10–4 1.76 × 10–4 1.37 × 10–3

SD of intercept 9.20 × 10–3 1.91 × 10–2 1.63 × 10–2 2.11 × 10–2 8.15 × 10–2 3.16 × 10–2

Correlation coefficient (r) 1.0000 0.9999 1.0000 1.0000 1.0000 0.9999

Accuracy, mean ± SD 99.77 ± 1.01 101.38 ± 1.16 100.45 ± 1.19 101.08 ± 1.71 101.26 ± 1.31 100.38 ± 1.30

Repeatability, RSD %a

Intermediate precision, RSD%a
0.14
0.78

0.27
1.49

0.23
1.38

0.32
0.89

0.35
1.26

0.33
1.64

LODb 1.11 0.92 0.69 0.38 4.00 0.51

LOQc 3.36 2.79 2.08 1.14 12.13 1.54

Robustness, RSD % 1.78 0.98 1.84 0.95 0.67 1.05
a   RSDs of three concentrations in triplicate analysis, the concentrations were as follows: For HPLC: PAR (50.0, 200.0, 400.0 μg/mL), PSE (30.0, 100.0, 

300.0 μg/mL), and CET (15.0, 30.0, 50.0 μg/mL); and for UPLC-MS/MS: PAR (20.0, 100.0, 800.0 ng/mL), PSE (20.0, 100.0, 400.0 ng/mL), and CET 
(10.0, 100.0, 350.0 ng/mL).

b LOD = 3.3 × SD of intercept / slope.
c LOQ = 10 × SD of intercept / slope.
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Table 2. Analysis of laboratory-prepared mixtures by the proposed chromatographic methods

Mixture No.

HPLC/UV UPLC-MS/MS

Rec. %a Rec. %a

PAR PSE CET PAR PSE CET

1 101.66 98.50 101.43 98.32 100.17 99.38

2 100.28 99.22 99.90 97.46 100.57 101.33

3 102.95 99.40 99.98 100.21 98.68 100.57

4 101.79 102.44 99.81 98.85 100.93 99.38

5 102.51 101.78 99.85 100.44 100.58 99.08

6b 101.03 99.73 97.04 99.82 99.22 99.20

Mean ± SD 101.70 ± 0.969 100.18 ± 1.563 99.67 ± 1.429 99.18 ± 1.172 100.03 ± 0.883 99.82 ± 0.912
a Average of three determinations.
b Ratio present in dosage form.

Table 3. Application of standard addition technique to the analysis of PAR, PSE, and CET in Allercet Cold capsules using 
the proposed chromatographic methods

HPLC/UV UPLC-MS/MS

Claimed amt taken Added Rec. %a Claimed amt taken Added Rec. %a

PAR

400.0, (μg/mL) [98.39b] 50.0 101.12 800.0, (ng/mL) [100.61b] 50.0 100.96

100.0 100.15 100.0 99.86

150.0 100.90 150.0 100.29

Mean ± SD 100.72 ± 0.509 100.37 ± 0.55

PSE

30.0, (μg/mL) [99.56b] 10.0 100.00 60.0, (ng/mL) [102.24b] 5.0 100.00

30.0 98.90 40.0 98.18

150.0 99.01 150.0 99.01

Mean ± SD 99.31 ± 0.605 99.06 ± 0.911

CET

10.0, (μg/mL) [101.52b] 5.0 100.15 20.0, (ng/mL) [99.35b] 5.0 101.60

10.0 104.67 20.0 99.90

15.0 98.33 60.0 99.27

Mean ± SD 99.16 ± 0.920 100.26 ± 1.205
a Average of three experiments.
b Percentage found of the claimed amount taken.

Table 4. System suitability parameters required for testing of HPLC method

Parameter

HPLC/UV

Ref. valuea (25)PSE PAR CET

Retention time (tR) 2.404 2.811 6.812 tR > 1

Column efficiency (N) 17 999 13 483 24 132 N > 2000 Increases with 
efficiency of the separation

Height equivalent to theoretical  
plates (HETP), cm

8.33 × 10–4 1.11 × 10–3 6.22 × 10–4 The smaller the value, the 
higher the column efficiency

Selectivity factor (α) 1.33 2.32 α > 1

Tailing factor (T) 0.65 1.00 0.90 T < 2
T = 1 for symmetric peak

Resolution (Rs) 2.04 14.56 Rs > 2
a  The reference values are as stated in the USP (25).
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 (7) Ibrahim, F., El-Enany, N., El-Shaheny, R.N., & Mikhail, I.E. 
(2015) Anal. Sci. 31, 943–947. doi:10.2116/analsci.31.943

 (8) Gupta, A.K., Sahu, K., & Jain, G. (2015) Int. J. Pharm. Life Sci. 
6, 4839–4844

 (9) Mohamed, D., Hegazy, M.A., Elshahed, M.S., Toubar, S.S., & 
Helmy, M.I. (2018) Biomed. Chromatogr. doi:10.1002/bmc.4232

 (10) Moffat, A.C., Osselton, M.D., Widdop, B., & Watts, J. (2011) 
Clarke’s Analysis of Drugs and Poisons, Pharmaceutical Press, 
London, United Kingdom

 (11) Youssef, S.H., Hegazy, M.A., Mohamed, D., &  
Badawey, A.M. (2018) Chem. Cent. J. 12, 67.  
doi:10.1186/s13065-018-0436-z

 (12) Hinge, M., Patel, K., & Mahida, R. (2015) Pharm. Methods  
6, 87–93. doi:10.5530/phm.2015.6.12

 (13) Abdelrahman, M.M., Abdelaleem, E.A., Ali, N.W., & 
Emam, R.A. (2016) Eur. J. Chem. 7, 37–41. doi:10.5155/
eurjchem.7.1.37-41.1355

 (14) Sivasubramanian, L., & Lakshmi, K. (2009) Pharma Chem.  
1, 37–46

 (15) Moustafa, A.A., Hegazy, M.A., Mohamed, D., & Ali, O. 
(2018) J. Planar Chromatogr. Mod. TLC. 31, 272–279. 
doi:10.1556/1006.2018.31.4.2

 (16) Lou, H., Yuan, H., Ruan, Z., & Jiang, B. (2010) J. Chromatogr. 
B Analyt. Technol. Biomed. Life Sci. 878, 682–688. 
doi:10.1016/j.jchromb.2010.01.005

 (17) Vignaduzzo, S.E., & Kaufman, T.S. (2013) J. Liq. Chromatogr. 
Relat. Technol. 36, 2829–2843. doi:10.1080/10826076.2012.717055

 (18) Youssef, R., Khamis, E., El-Sayed, M., & Abdel Moneim, M.  
(2014) J. Planar Chromatogr. Mod. TLC 27, 58–65. 
doi:10.1556/JPC.27.2014.1.11

 (19) Ma, M., Feng, F., Sheng, Y., Cui, S., & Liu, H. (2007)  
J. Chromatogr. B Anal. Technol. Biomed. Life Sci. 846,  
105–111. doi:10.1016/j.jchromb.2006.08.026

 (20) Dewani, A., Dabhade, S., Bakal, R., Gadewar, C.,  
Chandewar, A., & Patra, S. (2015) Arabian J. Chem. 8, 
591–598. doi:10.1016/j.arabjc.2013.09.040

 (21) Prat, D., Hayler, J., & Wells, A. (2014) Green Chem. 16, 
4546–4551. doi:10.1039/c4gc01149j

 (22) Capello, C., Fischer, U., & Hungerbühler, K. (2007)  
Green Chem. 9, 927–934. doi:10.1039/b617536h

 (23) Elzanfaly, E.S., Hegazy, M.A., Saad, S.S., Salem, M.Y., &  
Abd El Fattah, L.E. (2015) J. Sep. Sci. 38, 757–763. 
doi:10.1002/jssc.201401151

 (24) International Conference on Harmonization (1997) Q2B: 
Validation of Analytical Procedures: Methodology, 62,  
US FDA, Federal Register

 (25) The United States Pharmacopeia (2014) 38, National Formulary, 
33 USP Convention Inc., Rockville, MD

and no significant difference concerning the accuracy and 
precision was observed. This was deduced from the smaller 
values of the calculated t and F rather than the theoretical ones 
(Table 5).

Conclusions

Two green chromatographic methods were developed and 
validated for the simultaneous estimation of PAR, PSE, and CET 
in Allercet Cold capsules. The HPLC/UV method successfully 
separated the three drugs with good peak resolution with the aid 
of the green solvents—ethanol and water as the mobile phase. The 
UPLC-MS/MS method was highly sensitive and proved to have 
good efficiency for the separation of the studied drugs. The utilized 
mobile phase was methanol and 0.1% formic acid aqueous solution, 
which is not completely green; however, its minor consumption 
through the low flow rate (300 μL/min) and short run time (2 min) 
led to the production of a minimum amount of waste.

The two proposed methods possessed the capability of analyzing 
the target drugs in the ratio of the dosage form 400:30:10 for PAR, 
PSE, and CET, respectively, without the requirement of standard 
spiking or sample dilution. The proposed methods are considered 
rapid methods, with a run time of about 2 min for UPLC-MS/MS 
and 6 min for HPLC/UV. The methods were validated following 
the ICH guidelines, which assured that our methods are linear, 
accurate, precise, specific, and robust. The obtained results and the 
achieved advantages of the developed methods allows them to be 
efficiently used by the quality control laboratories.
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