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roach for the reduction of
consumed solvents and simultaneous quality
control analysis of several pharmaceuticals using
a fast and economic RP-HPLCmethod; a case study
for a mixture of piracetam, ketoprofen and
omeprazole drugs†

Mohamed A. Abdelgawad,*a Eglal A. Abdelaleem,b Mohammed Gamal, *b

Mohammed A. S. Abourehabc and Nessreen S. Abdelhamidb

One of the main aims of green analytical chemistry (GAC) is the reduction of solvents and chemicals

consumed. Recycling the mobile phase in chromatographic techniques provides an efficient way to

implement GAC principles. However, this is not an easy job, particularly in the case of the gradient

mode. Analysis of multi-pharmaceuticals for the same manufacturer using one mobile phase system

dramatically reduces consumed solvents, time, and cost for pharmaceuticals analysis in quality control

laboratories. This work is an attempt to reduce time, cost and effort needed for quality control analysis

of several dosage forms produced by the same manufacturer. Our novel and green RP-HPLC method is

able to separate and quantify a tertiary mixture of piracetam, ketoprofen and omeprazole produced by

the same manufacturers. The analyst can easily quantify the three drugs in the three dosage forms in

one run using the gradient elution mode of methanol and water (from 50% methanol to 85% methanol

in ten minutes) with a flow rate 1.5 mL min�1 on a non-polar C18 column. Suitable dilutions were done

for the working solution of the mixed pharmaceutical formulations prior to chromatographic analysis.

This procedure will dramatically reduce the consumed solvents and save time and money during

pharmaceutical analysis. The calibration ranges are (5–25), (5–25) and (3–20) mg mL�1 for the three

studied drugs. The International Council for Harmonization (ICH) procedures were followed in the

validation process and the results were evaluated in comparison with official HPLC methods, where no

noteworthy differences were found. The green profile of the method and pictograms of AGREE and

Green Analytical Procedure Index (GAPI) approaches proved the eco-friendly character for the studied

drugs. The simultaneous quantitative analysis for Stimulan® and Hyposec® capsules, and Ketolgin®

tablets from the Amoun Pharmaceutical Company, Egypt, can be accomplished via the novel method.

Also, Memoral® ampoules, Topfam® tablets, and Gastroloc® capsules from Sigma Pharmaceutical

Industries, Egypt, could be analyzed simultaneously. Omez® capsules and Ketogesic® tablets from the

Pharaonia Pharmaceuticals, Egypt, could be determined simultaneously too. Applying this RP-HPLC

method, a significant reduction of the total cost is assured as the required amount of solvent is

noticeably decreased when performing multi-analyses in comparison to single component analysis.
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1. Introduction

High performance liquid chromatography (HPLC) is one of the
most frequently used techniques for the determination of
drugs,1–8 natural products,9–13 foods,14–18 and important envi-
ronmental markers.19–24 Quality control analysis is a vital step to
ensure correct dosage during production, but the routine
analysis for each pharmaceutical formulation alone results in
a large amount of hazardous chemical waste. Green analytical
chemistry aims to reduce chemical consumption and prevent
RSC Adv., 2022, 12, 16301–16309 | 16301
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pollution.25–27 Green chemistry metrics were developed and
evaluated in many analytical studies for the estimation of
a method’s ‘greenness’.28–35 Therefore, our main goal in this
project is to offer a simple approach to reduce the chemicals
consumed in routine drug analysis. The selected drugs for the
analytical case study in this work are piracetam, ketoprofen and
omeprazole.

Piracetam (PIR) is 2-(2-oxopyrrolidin-1-yl) acetamide. It is
a psycho-pharmacological and nootropic medicine.36 PIR is
a cyclic compound derived from gamma aminobutyric acid
(GABA). PIR is a neuroprotective drug and used for the treat-
ment of myoclonus.36 The chemical structure for PIR is illus-
trated in Fig. 1A. Many HPLC methods have been reported for
PIR analysis in pharmaceuticals, either on its own or in addition
to impurities or other drugs.37–43

Ketoprofen (KET) is 2-(3-benzoylphenyl) propionic acid. KET
belongs is a nonsteroidal anti-inammatory drug (NSAID). The
medical uses for KET include dysmenorrhea, headaches asso-
ciated with dental pain, migraines, and postoperative pain. KET
is also commonly used for rheumatoid arthritis and osteoar-
thritis. It is also used to reduce fever.44 The chemical structure
of KET is shown in Fig. 1B. Many analytical HPLCmethods have
been recorded for the KET analysis of its formulations and
enantiomers.45–52

Omeprazole (OME) is 5-methoxy-2-[[(4-methoxy-3,5-
dimethyl-2-pyridinyl)methyl]sulnyl]-1H-benzimidazole. It
inhibits abdominal H+, K+, ATPase enzymes. OME is a potent
medication for decreasing gastric acid secretion in cases of
refractory gastroesophageal reux disease, peptic ulcers, and
Fig. 1 Chemical structure for the three investigated drugs: (A) PIR; (B)
KET; (C) OME.

16302 | RSC Adv., 2022, 12, 16301–16309
Zollinger–Ellison disease.53 The chemical structure of OME is
displayed in Fig. 1C. There are many recorded publications for
OME analysis in pharmaceuticals using HPLC methods.54–59

Several drug manufacturers have produced all three drugs or
at least two of them: Table 1 lists some examples of pharma-
ceutical formulations in Egyptian pharmacies.

The suggested fast and green RP-HPLC method could sepa-
rate and quantify the three active ingredients from the three
mixed dosage forms successfully. The aim of the presented
research is to enable the analyst to analyze more than one
dosage form or pure drug in a single run, saving time, cost and
the effort needed for analysis as well as rendering the analysis
more eco-friendly through reducing the volume of the solvents
used and the waste resulting from the analysis. The new and
green RP-HPLC method is able to separate and quantify tertiary
mixtures of piracetam, ketoprofen and omeprazole produced by
the same manufacturer.

2. Experimental
2.1. Pure samples and pharmaceutical formulations

Pure standards of piracetam, ketoprofen, and omeprazole were
provided by Amoun Pharmaceutical Company S.A.E, Egypt, with
purities of 99.85%, 99.93% and 99.79%, correspondingly.

Stimulan® capsules, batch number 184 071, containing
40 mg of piracetam; Ketolgin® tablets, batch number 182 724,
containing 50 mg of ketoprofen; and Hyposec® capsules, batch
number 170 575 containing 20 mg of omeprazole were manu-
factured by Amoun Pharmaceutical Company S.A.E, Egypt.

2.2. Solvents and chemicals

Methyl alcohol and water of HPLC purity were obtained from
Fisher Scientic, Loughborough, United Kingdom.

2.3. Working and stock standard preparations

Stock alcohol preparations of (1 mg mL�1) for PIR, KET, and
OME were prepared by dissolving 25 mg of each investigated
drug in 25 mL methyl alcohol, each in a separate container.
While working preparations (0.1 mgmL�1) were adjusted by the
dilution of 5 mL of each stock preparation to 50 mL by methyl
alcohol.

2.4. Preparation of dosage from solution (0.1 mg mL�1)

From the powdered tablets or capsules, accurate amounts of
25 mg of each drug were mixed and sonicated with 25 mL of
methanol, and ltered to obtain stock solutions containing
1 mg mL�1 of each of PIR, KET, and OME. Then, 5 mL of each
stock solution was diluted to 50 mL using methyl alcohol, to
obtain a working solution containing 0.1 mgmL�1 of each drug.

2.5. HPLC instrument

The analytical HPLC chromatographic system, Agilent brand
1260 Innity (Waldbronn, Germany), with a model G1361A
preparative pump, a model G131SD diode array detector VL,
a model G1316A thermostatically controlled column
© 2022 The Author(s). Published by the Royal Society of Chemistry
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Table 1 Examples of pharmaceutical formulations produced by Egyptian pharmacies and the main pharmaceutical active ingredients (API)

Drug manufacturer Pharmaceutical formulations Active ingredients

Amoun Pharmaceutical Company S.A.E Stimulan® capsules Piracetam
Ketolgin® tablets Ketoprofen
Hyposec® capsules Omeprazole

Sigma Pharmaceutical Industries Memoral® ampoules Piracetam
Topfam® tablets Ketoprofen
Gastroloc® capsules Omeprazole

Pharaonia Pharmaceuticals (Pharo Pharma for Pharmaceuticals) Omez® capsules Omeprazole
Ketogesic® tablets Ketoprofen
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View Article Online
compartment, and a model G2260A preparative autosampler.
The analyses were completed on an Agilent brand Zorbax
Eclipse plus C-18 stationary phase (5 mm particle size; 250 �
4.6 mm id, United States).
2.6. Chromatographic procedures, establishment of
calibration curves and application to the pharmaceutical
formulations

In 3 separate 10 mL volumetric asks, suitable dilutions with
methanol were done for each pure drug working solution to
obtain different concentrations of each pure drug. 20 mL of
each solution was injected three times for the C-18
stationary phase under a gradient elution mode of methyl
alcohol and water (from 50% methyl alcohol to 85% methyl
alcohol in 10 minutes), using 1.5 mL min�1 regular ow rate.
The PIR peaks were found at 220 nm, while those of KET and
OME were identied at 270 nm. The peak areas of all the
drugs were plotted against their concentration in mg mL�1

and the regression equations were calculated for all the
drugs.

Suitable dilutions were obtained from the working solution
of the mixed dosage forms prepared under Section 2.4, and then
treated by the same aforementioned procedures. Standard
addition techniques were applied by the estimation of spiked
samples at different concentration levels.
3. Results and discussion
3.1. Development of the chromatographic method and its
optimization

This research presents an uncomplicated, eco-friendly, reduced
cost and time saving RP-HPLC method which enables quality
control analysis with reduced sample treatment steps by the
simultaneous analysis of different drug doses from the same
manufacturer in a single run.

The novel RP-HPLC method was able to separate and
quantify the tertiary mixture of PIR, KET, and OME. It used
a gradient elution of methanol and water (from 50% methanol
to 85% methanol in ten minutes only) with 1.5 mL min�1

ow
rate on a C-18 column. The PIR peaks were found at 220 nm,
while those of KET and OME were identied at 270 nm.

Several trials were carried out to determine the optimal
parameters to achieve maximum separation in the shortest run
time using the lowest possible amount of green solvent.
© 2022 The Author(s). Published by the Royal Society of Chemistry
(a) The design of the mobile phase using green analytical
chemistry. From an eco-friendly point of view, water (H2O) is the
best green solvent, aer that is ethyl alcohol.25 Our trials
included testing different mobile phases using ethanol or
acetone with water in both elution modes (isocratic and
gradient) with changing ow rates, which resulted in poor
separations and/or long run times. The next option was trying
mobile phases containing methanol with water as methanol is
considered one of the greenest solvents. Upon using a meth-
anol/water mixture in the ratio 1 : 1, a good separation was
achieved among the three components. However OME was
retained for too long in the column. The best chromatographic
separation with suitable run time and peak shape was achieved
using a gradient elution of water and methanol where the
methanol ratio was gradually increased from 50% to 85% in
a period of 10 min. The retention times for PIR, KET, and OME
were 2.0 min, 3.6 min and 7.0 min, respectively.

(b) Wavelength selection. Different wavelengths were exam-
ined for the detection depending on the spectral characteristics
of the three studied drugs, as illustrated in ESI Fig. S1.† The UV
reference spectra for KET and OME were recorded from Clarke’s
Analysis of Drugs and Poisons book, 4th edition,60 while the UV
reference spectrum for PIR was recorded from El-Saharty’s
published paper.61 Practically, the wavelengths 220, 235, 245,
270 and 280 nm were considered, where the detector wave-
lengths of choice were 220 nm for PIR and 270 nm for KET and
OME as they provided high sensitivity and selectivity.

(c) The choice of the ow rate. Several tests were used to
select the best ow rate, including 0.8, 1.0, 1.5, 2.0 and 2.5
mL min�1. The ow rate that provided optimum separation
with a reasonable run time and minimal peak tailing was 1.5
mL min�1.
3.2. Validation procedures for the novel chromatographic
method

Experimental data for the validation were handled in line with
the ICH criteria. The HPLC method proved to have good line-
arity as revealed by the values of the correlation coefficients
which were near 1 and the low intercept values, as demon-
strated in Table 2. Precision of the method was veried through
the performance of intra-day and intermediate precision
studies. The good values in Table 2 verify the precision of the
RP-HPLC method. As per ICH procedures, detection and
quantitation limits were computed using: detection limits¼ 3.3
RSC Adv., 2022, 12, 16301–16309 | 16303
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Table 2 Items for regression equations and validation considerations
for the novel RP-HPLC method for the estimation of piracetam,
ketoprofen and omeprazole

Items PIR KET OMP

Calibration range (mg mL�1) 5–25 5–25 3–20
Slope 0.042 0.014 0.009
Intercept 0.126 0.023 0.016
Mean 99 100 101
S.D. 1 1 2
Correlation coefficient 0.9995 0.9995 0.9990
R.S.D.%a 0.435 0.543 0.346
R.S.D.%b 0.545 0.592 0.469
Detection limits (mg mL�1) 1.59 1.56 0.84
Quantitation limits (mg mL�1) 4.83 4.74 2.53

a R.S.D.%: the same-day relative standard deviation of the measured
concentrations (5, 10, and 20 mg mL�1) for each drug. b R.S.D.%: the
inter-days relative standard deviation of the measured concentrations
(5, 10, and 20 mg mL�1) for each drug.

Table 3 Results for application of the new RP-HPLC method to a mixtu
standard adding technique

Dosage form Taken active ingredient

Stimulan® capsules, B.N. 184071 PIR, 15 mg mL�1

Ketolgin® tablets, B.N. 182724 KET, 15 mg mL�1

Hyposec® capsules, B.N. 170575 OMP, 15 mg mL�1

a Average of three estimations.

Fig. 2 Chromatogram of the three simultaneously analyzed drugs (PIR,

16304 | RSC Adv., 2022, 12, 16301–16309
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� s (the standard deviation of the y-intercept of regression line)/
S (the slope of the calibration curve) and quantitation limits ¼
10 � s/S.

The accuracy was tested for the analysis of different
concentrations of the pure samples of the three drugs as dis-
played in Table 3. Furthermore, the accuracy was also veried
using the standard adding technique for the mixed dosages, as
illustrated in Table 3. The good results illustrated in Table 3
show that no interference was caused by excipients.

The HPLC method achieved good resolution among the
studied drugs as displayed in Fig. 2. The results of the system
suitability tests presented in Table 4 assure good chromato-
graphic separation. Additionally, the quantication of the three
tested drugs in the mixtures was effective.

Furthermore, the results of the novel RP-HPLC method were
compared to those obtained from reference methods for the
three drugs.43,52,55 The estimated values for both t and F were
below the theoretical values demonstrating no notable
re of the three dosages of the three studied drugs, and data using the

Found%a � SD Pure added (mg mL�1)
Pure found
recovery%

102.8 � 0.3 5 100.7
7 99.9
9 98.2
Pure found (mean � SD) 99.6 � 1.3

100.0 � 0.5 5 100.0
7 100.8
9 99.2
Pure found (mean � SD) 100.0 � 0.8

106.7 � 0.5 3 99.0
4 101.1
5 100.8
Pure found (mean � SD) 100.3 � 1.1

KET, and OME).

© 2022 The Author(s). Published by the Royal Society of Chemistry
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Table 4 Data of system suitability for the new RP-HPLC method for the concurrent determination of PIR, KET, and OMP

System suitability
parameters PIR KET OMP Reference values

Tailing factor (T) 1.10 1.00 1.09 �1
Capacity factor (K0) 0.82 2.27 5.36 1–10
Resolution factor (RS) 6.40 10.88 >1.5
Selectivity factor (a) 2.78 2.36 >1
Column efficiency (N) 1024 3318 5575 Higher values refer to more

efficient of the separation
Height equivalent to
theoretical plates HETP (cm
per plate)

0.0244 0.0075 0.0045 The column efficiency is
inversely proportional to
HETP

Table 5 Statistical comparisons between the new RP-HPLCmethod and previously reported HPLC referencemethods for the estimation of PIR,
KTP, and OME in pharmaceuticalsa

Item

PIR in Stimulan® capsules, B.N. 184071 KET in Ketolgin® tablets, B.N. 182724
OMP in Hyposec® capsules, B.N.
170575

Suggested RP-HPLC
method

Reference HPLC
methodc43

Suggested RP-
HPLC
method

Reference HPLC
methodd52

Suggested RP-
HPLC
method

Reference HPLC
methode55

Mean 102.8 103.4 100.0 100.8 106.7 106.2
SD 0.3 0.4 0.5 0.6 0.5 0.6
Variance 0.080 0.162 0.222 0.315 0.203 0.335
Student’s t-test
(2.228)b

0.013 0.038 0.125

F-value (5.050)b 0.458 0.708 0.594

a n¼ 6 for all investigated HPLCmethods. b The values for t and F are the equivalent tabulated values for p¼ 0.05. c Isocratic system of 85% aqueous
solution having 0.2 g L�1 of tri-ethylamine : 15% acetonitrile (ACN) controlled at pH 6.5 by adding phosphoric acid. The recorded rate of ow was
1.00 mL min�1 at 205.00 nm at room temperature. d Isocratic system of methyl alcohol, ACN and 1.5% sodium acetate aqueous solution
(15 : 35 : 50, by volume). The noted rate of ow was 1.00 mL min�1 at 240.00 nm. e Isocratic system of acidic phosphate buffer : ACN (35 : 65, by
volume ratio), pH ¼ 6.8 and the noted rate of the ow was 1.0 mL min�1 at 300.00 nm.

Fig. 3 AGREE pictogram and score for assessment of the RP-HPLC
method greenness for the concurrent analysis of a mixture of PIR, KET,
and OME.
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signicant differences between the novel and the reference
methods in terms of precision and accuracy as displayed in
Table 5.

3.3. Green characteristics for the new RP-HPLC method

The greenness features of the novel chromatographic method
were studied. The greenness prole is used to assess the eco-
friendly features for any investigated analytical method in
comparison to other recorded methods. It evaluates the four
criteria for the consumed solvents: they should not be persis-
tent, bio-accumulative or toxic (PBT) i.e. they are not hazardous
solvents, not corrosive (the accepted pH range is usually from 2
to 12), and the quantity of the resultant waste should be less
than 50 g per sample.34,62 During the present analysis, only
methyl alcohol was utilized with pure water. Moreover, methyl
alcohol is recorded in the second category of recommended
solvents as in the CHEM21 guide for selecting classical- and less
classical-solvents.63 Besides, the pH of the mobile phase was
approximately 7 and consequently the aqueous/methanol
mixture is described as non-hazardous and non-corrosive.
Moreover, the resulting waste for this RP-HPLC method was
about 15 mL per sample. Therefore, the suggested method
complies well with the four standards of the greenness prole.
© 2022 The Author(s). Published by the Royal Society of Chemistry
Besides, comparison between the novel RP-HPLC method and
the reference ones that quantied the studied drugs singly,
shows that the new method is more eco-friendly than the other
ones regarding run time and consumption of solvents. A
summary of the reference HPLC methods for the three drugs is
displayed in Table 5.

Additionally, the nal AGREE 30 score of 0.72 refers to the
greenness features for the new HPLC method, as illustrated in
RSC Adv., 2022, 12, 16301–16309 | 16305
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Fig. 3; a method is considered green if it scores over 0.6. Also,
the weaker green-color of the middle zone refers to the same
concept. The weakest sub-sectors in the coloured pictogram
were sector 3 and 12. Sector 3 refers to off-line procedures for
sampling while sector 12 denotes the operator safety where
methanol is highly inammable organic solvent and explosive.
The authors did their best to use ethanol but unacceptable
chromatogram was obtained. The orange color of subsection 7
is attributed to generation of 15 mL of waste per run.

Besides, the achieved GAPI pictogram28,64 for the novel RP-
HPLC method as illustrated in Fig. 4, proves that only three
subsections are red 1, 14, and 15 where sector 1 denotes off-line
analysis, segment 14 symbolized to the quantity of mobile
phase waste that exceeds ten mL per run (15 mL), and segment
15 refers to non-treatment of chemical waste as it is a gradient
elution mode. The six green subsections refer to the overall
greenness of the RP-HPLC method.

Certainly, AGREE and GAPI tools prove the achievement of
the Green Chemistry Principles. However, the energy
consumption parameter is a key point when using chromato-
graphic techniques since the environmental impact generated
can be analyzed and quantied by the so-called carbon foot-
print. It is a metric factor, expressed as kg CO2 equivalent, for
the evaluation of the negative impact of a methodology that
involves the power of the instrument, run time, and emission
factor for electricity.65,66 The carbon footprint for this afore-
mentioned method is computed by the expression provided in
ESI S1,† within the HEXAGON tool described by Ballester-
Caudet et al. in 2019.66 It equals 0.00659 kg CO2 equivalent.
The overall qualication score is 0 on the 5-point scale as the
total carbon footprint is less than 0.1. Regarding the carbon
footprint, the shorter the analysis time (in our method it is
only 8 minutes), the lower the carbon footprint score and the
greener the method.66 Also, a signicant reduction in the total
cost is assured when using this HPLC method as the required
amount of solvent is noticeably decreased when performing
the multi-analysis in comparison to the single component
analysis. Concerning the method’s sustainability with respect
to the cost, many factors are considered e.g., the overall
Fig. 4 GAPI pictogram for assessment of characteristics for the RP-
HPLC method greenness for concurrent analysis of a mixture of PIR,
KET, and OME.
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analysis time, the number of samples performed in seven days,
and equipment cost. Performing 50 samples or more per week
is considered the greenest approach. Generally, if the analysis
time is less than 10 minutes, no penalty points should be
assigned for the method. In our example the number of
analyzed samples in seven days is about 300, which means
a high green value for economic cost according to the
HEXAGON tool descriptions.66

3.4. Potential future plans

This research is the rst step in our project which depends on
selecting many pharmaceuticals formulated by more than one
common drug manufacturer, such that the research would be
benecial to several manufacturers for the conservation of time
and cost.

4. Conclusions

This research work presents a new, eco-friendly, simple and
selective RP-HPLC chromatographic method for the simulta-
neous analysis of piracetam, ketoprofen, and omeprazole in
bulk forms and in dosage form mixtures. The method provides
a time effective and reduced cost simultaneous analysis of
different dosage forms in a single run. Therefore it is recom-
mended for repetitive quality control analyses. This novel
research approach enables the analysis of more than one
dosage form or pure drug in a single run saving time, cost and
effort needed for the analysis, as well as rendering the analysis
more eco-friendly through reducing the volume of solvent used
and the resulting waste.
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