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Abstract: Simple, green and accurate UV spectrophotometric methods were established aiming for
simultaneous estimation of aspirin and esomeprazole without prior separation. These methods are zero order
absorption, ratio subtraction, mean centering and absorbance subtraction. In zero order method esomeprazole
was measured at 302.0 nm at which aspirin has no absorbance while aspirin was determined by a ratio
subtraction at 225.0 nm after deduction of overlapping caused by esomeprazole. In mean centering, the mean
centered values were estimated at 228.0 nm and 262.0 nm for aspirin and esomeprazole respectively. In
absorbance subtraction method the two drugs intersect at isoabsorptive point at 237.0 nm and esomeprazole
spectrum is further prolonged where aspirin has no absorbance. The isoabsorptive point can be used for their
determination using calculated factor called absorbance factor. These methods are effective for estimation of
aspirin and esomeprazole in dosage form. Moreover, the greenness of the suggested methods was evaluated
demonstrating minimum hazardous effect on the environment.
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1. INTRODUCTION

Aspirin (ASP) is 2-Acetyloxybenzoic acid. It is more recent articles were spectrophotometric 3,

a colorless or white crystals. It is soluble in water, ~ spectrofluorometric ~ **2,  electrochemical ~ **,
ethanol, chloroform and ether; it is also soluble in ~ densitometric '*** and HPLC methods .
acetates and citrates solutions, with decomposition, Esomeprazole (ESZ) is 5-Methoxy-2-[(S)-[(4-
in alkali hydroxides and carbonates solutions *. Itis ~ methoxy-3, 5-dimethyl2-pyridyl) methyl] sulfinyl]
a member of NSAID with analgesic, anti- benzimidazole. It is soluble in organic solvents such
inflammatory and antipyretic properties. It hinders  as ethanol, DMSO and dimethyl formamide (DMF).
the enzyme cyclooxygenase causing direct inhibition It is very slightly soluble in water *. Esomeprazole
of the biosynthesis of prostaglandins and inhibits the H+/K+-adenosine triphosphatase enzyme
thromboxane from arachidonic acid. It is also used in leading to reduction of gastric acid secretion . It
the initial treatment of angina pectoris and is used in the management of peptic ulcer and
myocardial infarction as well as in the avoidance of ~ NSAID-associated ulcer, in gastro-esophageal reflux

cardiovascular events at risk patients 2 Numerous ~ and the Zollinger-Ellison syndrome 2. Numerous
methods have been established for the analysis of ~ analytical methods for determining ESZ have been
ASP especially in mixture with other drugs. The developed either alone, or in mixture with other
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drugs in pharmaceuticals and in biological fluids 2"
28, Limited methods were published for the
simultaneous estimation of ASP and ESZ as
spectrophotometric 2°, HPTLC *°, UPLC 3! and
HPLC methods 32.

Green analytical chemistry was announced to
minimize the hazardous of procedures on workers
and the environment. It has gained an excessive
interest between chemists focused on making their
procedures environmentally friendly 3. Green
chemistry is used as it confirms consumption of safe,
less toxic solvents and the use of small quantities of
reagents 3. Therefore, this study was concentrated on
the establishment of eco-friendly, simple, fast,
economic and delicate methods for analysis of
aspirin and esomeprazole in dosage form. The
greenness of the established methods as well as the
reported one was evaluated to demonstrate the effect
of the established methods on the environment.
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Figurel. Chemical structure of aspirin (A) and
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esomeprazole (B).

2. METHODS
2.1. Instruments
Shimadzu UV-Visible 1650

Spectrophotometer, (Tokyo, Japan), linked to UV
probe program with two matched 1 cm path-length
quartz cell.

2.2. Pure samples

Pure ASP as gift samples (B.N.ER00003) was
obtained from Nile Company for Pharmaceutical and

Chemical Industries, Cairo, Egypt. Its purity was
99.83% by application of the reported method °.

Pure ESZ sodium (B.N. 202510110001) was
friendly provided from Chemipharm Pharmaceutical
Industries, Giza; Egypt. The purity was 100.14%by
using the reported method %.

2.3. Laboratory prepared capsules

Laboratory prepared Co-formulated capsule
Axanum3, were prepared in the laboratory as
follows: ASP and ESZ were finely ground separately
and an quantity of the fine powder equal to 81.0 mg
of ASP and 20.0 mg of ESZ were mixed together
with sucrose (13.7 mg), magnesium stearate (1.0mg)
and hydroxypropylcellulose (3.3mg) in hard gelatin
capsule.

2.4. Chemicals and reagents
Ethanol (Sigma-Aldrich).

2.5. Standard solutions

Stock solutions of ASP and ESZ (1mg/mL)
were made in ethanol by dissolving 100 mg of ASP
or ESZ in 25 mL ethanol and completed to 100 mL.
Working standard solutions of ASP or ESZ (100ug/
mL) were prepared by dilution with ethanol.

2.6. Procedures

2.6.1. Spectral characteristics

The spectra of ASP and ESZ exhibit one way of
overlapping with isoabsorptive point at 237.0 nm,
this overlapping interferes with direct estimation of
ASP in combination with ESZ while the spectrum of
ESZ is more extended and can be determined at 302.0
nm at which ASP has no absorbance. The
isoabsorptive point can be wused for their
determination using calculated factor called
absorbance factor Figure (2).

2.6.2. Construction of calibration curves

Volumes of standard ASP or ESZ solution
(100 pg /mL) equivalent to definite range were
transferred accurately into two distinct sequences of
10-mL volumetric flasks and completed with
ethanol. The UV absorption spectra of the prepared
solutions were scanned from 200.0-400.0 nm using
ethanol as a blank and saved.

-Zero-order absorption
The spectra of ESZ were assessed at 302.0 nm. A
linear calibration curve was produced between the
absorbance at 302.0 nm and the equivalent
concentration of ESZ then the regression equation
was computed.
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Figure 2. Zero order spectra of (A): Aspirin (8 ug/ mL), (B): Esomeprazole (8 pg/ mL) and (C):

Mixture of Aspirin and Esomeprazole 4 pg/ mL for each in ethanol.

-Ratio subtraction

The laboratory prepared spectra of mixture of ASP
and ESZ were divided by 20 pg/mL of ESZ
(extended drug). The response value at 302.0 nm in
the ratio spectra was subtracted from each ratio
spectrum, after that the obtained spectra were
multiplied by 20 ug/mL of ESZ spectrum. The
response measured at 225.0 nm was corresponding
to ASP.

-Mean centering method

The absorption spectra of each drug were divided
by that of (20pg/mL) of the other drug to obtain the
ratio spectra, the ratio spectra of ASP (from 210.0 to
280.0 nm) or ESZ (from 200.0 to 280.0 nm) were
mean centered then ASP was measured at 228.0 nm
while ESZ at 262.0 nm.

Absorbance subtraction method

The absorbance of ASP at 237.0 nm (Aiso) Was
recorded and a calibration graph of the absorbance
versus the drug concentration was created. The
absorbance values of ESZ at 237.0 nm and 302.0 nm
were recorded and the absorbance factor was
calculated [Azsz.o/ Asozo]. The absorbance of ESZ at
237.0 nm in mixture with ASP was obtained by
multiplying the absorbance of the mixture at 302.0
nm by the absorbance factor. Finally the absorbance
of ASP at 237.0 nm was obtained by subtraction of
ESZ absorbance at this wavelength from the

absorbance of the mixture and the concentration
ofach drug was determined from the regression
equation at 237.0 nm.

-Analysis of laboratory prepared mixture

Into a set of 10- mL volumetric flaks, different
volumes of ASP and ESZ within linearity range were
transferred from standard solutions (100 pg /mL),
then analyzed by the proposed spectrophotometric
method as previously mentioned. The concentration
of each drug was obtained from the resultant
regression equation.

-Application to laboratory prepared capsules

An exact amount of ingredients of ten of
laboratory prepared capsules equivalent to 40.5mg of
ASP and 10 mg of ESZ were dissolved in 30 mL
ethanol, stirred for 30 min. and completed to 100 mL
with ethanol then filtered to get concentration of
405pg/mL for ASP or 100 pg/mL for ESZ
respectively then the proposed methods as previously
mentioned were followed. The concentrations of
ASP and ESZ were obtained from the regression
equation. The standard addition technique was
applied to confirm the validity of the proposed
methods where fixed volume of the prepared capsule
solution equivalent to (8.1) pug/mL of ASP or (2)
pg/mL of ESZ were mixed with different volumes of
the pure of each drug then the concentrations of ASP
and ESZ were obtained from the regression equation.
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3. RESULTS

The purpose of this study is to develop new validated
green UV- spectroscopic methods for analysis of
ASP and ESZ mixture in pure form and in laboratory
prepared capsules.

3.1. Method validation
The suggested spectrophotometric methods were
validated in consistent with the ICH guidelines %,

3.1.1. Linearity

Linear relationships were attained by the suggested
methods using different concentrations of drugs. The
obtained response was plotted against concentration.
Beer's law was obeyed in the range of 2-24 ug/mL
for ASP in all studied methods. ESZ linearity range
was found to be 2-24 for zero order and ratio
subtraction methods, 2-12 for mean centering and 2-
20 for absorbance subtraction method. The
regression data were in Tablel.

3.1.2. Limits of detection and quantitation
LOD and LOQ were estimated using these equations:
LOD=3306/S
LOQ=10c/S
Where o is the residual standard deviation of a
regression line and S is the slope of the calibration
curve. The values were summarized in Table 1. The
minor values of LOD and LOQ display respectable
sensitivity.

3.1.3. Accuracy and precision

Accuracy and precision were calculated using three
different concentrations of ASP or ESZ in pure form
(8.1, 12.15 and 16.2 pg/mL) or (2, 3 and 4 pug/mL),
each in triplicate, in one day (intra-day) and in three
successive days (inter-day), then the accuracy (R%)
and precision (RSD%) were calculated. The good
%R, recorded in Table 1, confirm excellent
accuracy.

3.1.4. Robustness

It was checked by repeating each method with minor
variations in the wavelength at which the analysis
was done (£0.2 nm). The response stayed relatively
unchanged, approving robustness of the procedure.
RSD % did not exceed 1.34, 1.56 and 1.02 for ASP
for ratio subtraction, mean centering and absorbance
subtraction methods respectively and1.24, 1.78 and
1.12 for ESZ for zero order absorption, mean
centering and absorbance subtraction methods
respectively confirming robustness of the method.

3.1.5. Selectivity

The established methods were applied to different
mixtures of ASP and ESZ where good recoveries
were obtained Table 2.

3.1.6. Analysis of laboratory prepared capsule
The developed procedures were used for estimation
of ASP and ESZ in laboratory prepared capsule .The
obtained results were in good agreement, indicating
no interfering from other ingredients. Table3.
Moreover, the standard addition technique was
applied to approve the validity of the proposed
methods. Table4. The obtained results were
statistically compared with a reported method 2. It
was appeared that no essential differences by
applying t-test and F-test at 95% confidence level *°.
Finally the established methods showed better
sensitivity than the reported spectrophotometric
method 2.1t could measure concentrations 2 pg/mL
for ASP or ESZ.

4. DISCUSSION

4.1. Zero order absorption 37

The zero-order absorption spectrum of ESZ at 302.0
nm showed no interference from ASP, which
allowed for direct estimation of ESZ at this
wavelength.

4.2 Ratio Spectra methods

The selection of the divisor was of extreme
significance, so various concentrations of divisor
were used (4, 8, 10, 14, 18 and 20 pg/mL); the most
appropriate one was (20 ug/mL), as it showed
excellent results consistent with selectivity and
sensitivity; Figure 3, 4.

4.2.1. Ratio subtraction %

ASP and ESZ mixtures absorption spectra were
divided by ESZ (20 pg/mL) spectrum to develop the
ratio spectra; Figure 5 the response in plateau region
at 302 nm were subtracted; Figure 6, the obtained
spectra were multiplied by ESZ spectrum (20
pg/mL); Figure 7 to obtain the final spectra. The
response at 225.0 nm in the obtained spectra is
relative to ASP concentration lacking overlapping
from ESZ.

4.2.2. Mean centering method %

Stored ratio spectra of the ASP and ESZ were mean
centered. The obtained results at 228.0 nm are
relative to the concentrations of the ASP lacking
overlapping from ESZ (divisor); Figure 8 whereas
values at 262.0 nm were used for ESZ analysis;
Figure 9.
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Table 1. Assay parameters for the determination of ASP and ESZ by the proposed UV spectrophotometric

methods

Parameters

Zero order

Ratio
subtraction

Mean centering

Absorbance subtraction

ESZ

ASP

ASP

ESZ

ASP

ESZ

Wavelength (nm)

302.0

225.0

228.0

262.0

237.

Linearity range (ug/ mL)

2-24

2-24

2-24

2-12

2-24

Regression parameters
- Slopez (Sy)

- Intercept +(Sx)

- SD of residual (Syx)
-Correlation  coefficient

()

0.0459+0.0002

-0.0178+0.003
0.004
0.9999

0.0536+ 0.001
-0.0081+ 0.008
0.010
0.9994

0.0284+ 0.0003
0.0003+ 0.004
0.005
0.9994

0.1182+ 0.001
-0.1525+ 0.008
0.008
0.9997

0.0344+0.0004
-0.0302+0.006
0.006
0.9993

0.0353+0.0003

-0.0376+0.003
0.004
0.9997

LOD (ug/ mL)

0.29

0.62

0.58

0.22

0.58

0.37

LOQ (ug/mL)

0.87

1.87

1.76

0.68

1.74

1.13

Accuracy (% recovery)

98.34

99.14

100.13

100.54

99.51

100.67

Precision (%RSD)
- Repeatability*
- Intermediate
precision®*

0.79
1.22

0.97
1.41

0.85
1.52

1.03
1.84

4.000

2.000

1.000

Peak amplitude

. 2.000

Z.000

Peak amplitude

1.000

0.000

Figure 3. Ratio spectra of ASP at various concentrations (2, 4, 8,
12, 16, 20, 24 pg/mL) using (20 pg/mL) of ESZ as divisor and

ethanol as blank.
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Figure 4. Ratio spectra of ESZ at various concentrations (2, 4, 6, 8,10,
12 pg/mL) using (20 pg/mL) of ASP as divisor and ethanol as blank.
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Figure 6. Ratio spectra of laboratory prepared mixture of ASP and Figure 7. Final spectra of laboratory prepared mixture of ASP

ESZ after subtraction of ESZ at 302.0 nm. S L
and ESZ after multiplication by the divisor spectrum.
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Figure 8. Mean centering of the ratio spectra of ASP at various concentrations (2, 4, 8, 12, 16, 20
and 24 pg/mL) using 20 ug/mL of ESZ as a divisor.
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Figure 9. Mean centering of the ratio spectra of ESZ at various concentrations (2, 4, 6, 8, 10 and 12
ug/mL) using 20 ug/mL of ASP as a divisor.

25
https://aijpms.journals.ekb.eg/



Fouad et al, Azhar Int J Pharm Med Sci 2024; Vol 4 (1):20-31.

4.2.3. Absorbance subtraction method #°

The absorbance factor (Azs7.0/Asn0) for ESZ
was calculated by measuring different concentrations
and taking the average value. The absorbance of ESZ
at 237.0 nm in mixture with ASP can be obtained by
multiplying its absorbance at 302.0 nm by the
absorbance factor. The absorbance of ASP at 237.0
nm can be obtained by subtraction of the absorbance
of ESZ at 237.0 nm from that of the mixture at the
same wavelength; Figure 2. The regression
equations at isoabsorptive point 237.0 nm can be
used for estimation of the drugs concentration.

4.3. Evaluation of greenness of the methods

Green Analytical Procedure Index (GABI) is a
novel tool for the assessment of the greenness of the
whole method.

GAI
Siaphe Reagests snd
eI (ompioands vied

Sample collecin, presen dlion
ad thonage

Lo bl

|ty e

Proposed methods.

Iastrameatation

GAPI assessment characterizes each step of the
procedure®, The developed methods were evaluated
for greenness together with a reported method,
applying GAPI tool, Figure 10, which showed
the excellent green of the suggested methods.
Furthermore, the analytical Eco-scale was applied.
The score obtained by deducting penalty points from
the base of 100 points is the result of the analytical
Eco-scale*'. After calculation, the proposed methods
score is 95 as presented in Table 5 proving that the
proposed method is an excellent green method of
analysis. It is established from these evaluation tools
that the established methods are greener than the
reported method demonstrating minimum hazardous
effect on the environment.

GAPI
Sample Reageats and

compounds used

preparation

. : Instrumentation
Sample collection, preservation
and storage

General method

Quantification
O

Reported method 2°.

Figure 10. The green assessment profile for the proposed methods in comparison with the reported method,

using the GAPI tool.
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Table 2. Determination of ASP and ESZ in laboratory prepared mixtures by the proposed UV - spectrophotometric methods

Zero order Ratio subtraction Mean centering Absorbance subtraction

Found Found Found Found conc. Recovery

Conc. of
ASP

(ng/mL)

0,
Found conc Recovery % of | Found conc. Recovery

conc. of Recovery % conc. of Recovery % of conc. of Recovery % of of % of ESZ of ASP ' ASP (of I/ESIZJ) % of ESZ
ng/m

Conc. of ESZ

ESZ(pg/ of ESZ ASP ASP ASP ASP ESZ(pg/mL) (ng/mL)
mL) (pg/mL) (pg/mL) ne

8.1 2.03 101.52 8.01 100.18 7.98 98.54 1.97 98.66 8.05 99.42 2.05 102.51
12.15 3.04 101.37 12.24 100.74 12.08 99.47 3.01 100.45 12.17 100.19 3.04 101.46

16.2 4.07 101.83 15.98 98.64 15.96 98.56 4.05 101.30 16.11 99.47 3.91 97.82
20.25 4.94 98.82 20.21 99.82 20.31 100.30 4.96 99.26 20.23 99.91 4.94 98.85
4 4.02 100.50 4.01 100.25 3.97 99.26 4.04 101.02 4.02 100.59 3.99 99.81
Mean% 100.81+1.22 99.93+0.79 99.23+0.73 100.14 99.92+ 100.09+
+SD +1.38 0.49 1.90

Table 3. Results obtained by the proposed methods compared with a reported method for determination of ASP and ESZ in pharmaceutical preparations.

Ratio : : Reported method
Zero order subtraction Mean centering Absorbance subtraction

Parameters method method method method

ESZ ASP ESZ ASP ESZ

Linearity 20-50 5-30

range 2-20

(g/mL)
n

Mean %
SD
Variance
Student’s t-
test

F -value

Figures in parenthesis are the theoretical t- and F- values at p = 0.05.

- Reported method involved the use of first derivative of the ratio spectra by measurements of the amplitudes at 221.0 nm for ASP and 291.0 nm for ESZ, respectively using methanol as
solvent.
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Table 4: Application of standard addition technique for the simultaneous determination of ASP and ESZ by the proposed UV spectrophotometric methods

Preparation

Zero order

Ratio subtraction

Mean centering

Absorbance subtraction

ESZ

ASP

ASP

ESZ

ASP ESZ

Laboratory
prepared
capsules

Claimed
taken
(ng/mL)

Added
conc.

(ng/mL)

Claime
d taken
(ng/mL)

Added
conc.

(ng/mL)

Recovery % of
added

Recovery % of
added

Recovery % of

added

Recovery % of

added

Recovery % of
added

Recovery % of added

Mean%+ SD

100.49+ 0.68

100.01 = 0.62

101.13+1.20

100.10+1.68

100.31+1.65 100.48+1.44
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Table 5: Eco-scale penalty points “° for comparing between the proposed methods and the reported method

Proposed methods Reported method (%)

Reagents PPs Reagents PPs

Ethanol 0 Water 0

Methanol 6

Instrument 0 0

Occupational hazards 0 0

Waste 5 5

Total PPs 25 211

Eco-Scale 95 89

Excellent green
analysis
5. CONCLUSIONS

2. Sweetman SC. Martindale the complete drug
It can be concluded that the proposed reference, 37" ed. The Pharmaceutical Press,

spectrophotometric methods for the simultaneous
determination of ASP and ESZ in bulk or in their
combination are green, simple, accurate, fast,
economic and do not require initial pretreatment
steps. The greenness evaluation of the methods was
applied, demonstrating the highest greenness of the
developed methods. Consequently, these methods
were efficiently performed for assessment and
regular quality control analysis of ASP and ESZ with
minimum sample preparation.

Funding: The authors didn’t obtain any funding.

Conflict of interest: The authors declare that there
are no conflicts of interest.

Ethics statement: N A

Author contribution: Authors MF and NR are the
supervision of the work designed the study and the
protocol. Author AH finished the experimental study
and statistical analysis, wrote the first draft and
managed literature searches. All authors agreed the
final manuscript.

Acknowledgments: NA

List of abbreviations: ASP: Aspirin, ESZ:
Esomeprazole, GAPI: Green Analytical Procedure
Index, ICH: International Conference on
Harmonization, LOD: Limit of Detection, LOQ:
Limit of Quantification, RSD: Relative Standard
Deviation, SD: Standard Deviation, UV: Ultraviolet

REFERENCES

1. The United States Pharmacopoeia 34, the
National Formulary 29; the US Pharmacopoeial
Convention: Rockville, MD, USA, (2011).

London, UK (2011).

3. Saadat A, Pourbasheer E, Morsali S, Aalizadeh
R. Simultaneous spectrophotometric
determination of aspirin and dipyridamole in
pharmaceutical ~ formulations  using  the
multivariate calibration methods. Curr Pharm
Anal. (2018); 14(4): 419-5.

4. Palur K, Koganti B, Archakam SC,
Chenchugari S, Nagireddy B, Devabhaktuni
MB. Simultaneous estimation of atorvastatin and
aspirin in bulk and capsule dosage form by
chemometric  assisted  spectrophotometric
methods. J Young Pharm. (2016); 8(4):424-9.

5. Khristi AP, Mardia R, Suhagia B. UV
Spectrophotometric method development and
validation of first derivative method for
simultaneous estimation of sildenafil citrate and
aspirin in bulk and tablet dosage form; J Indo
American J Pharma Res. (2015);5(9): 2837-43.

6. EI-Din M S, Eid M, Zeid AM. Simultaneous
determination of methocarbamol and aspirin
binary mixture in their combined tablets by
derivative and ratio derivative
spectrophotometry. Anal Methods. (2015);
7(13): 5674-81.

7. Khan H, Bandewar SS, Zameeruddin M,
Bharkad VB. Spectroscopic determination of
aspirin and omeprazole by absorbance ratio and
multicomponent mode method. Int J Pharm Sci
Nanotech. (2017); 10: 3900-5.

8. Patta S, Afreen S, Tappa S, Nagarajan C,
GnanaPrakash K. Simultaneous estimation of
aspirin and omeprazole (yosprala) in bulk by UV

29
https://aijpms.journals.ekb.eg/



Fouad et al, Azhar Int J Pharm Med Sci 2024; Vol 4 (1):20-31.

spectroscopy; J Drug Deliv Ther. (2017); 7(3):
87-91.

9. Maher MH, Ragab AAM, El-Kimary El.
Chemometrics  assisted  spectrofluorimetric
determination of two co-administered drugs of
major interaction, methotrexate and aspirin, in
human urine following acid induced hydrolysis;
Combi Chem High Throughput screen. (2015);
18(8):723-34.

10. Elmansi H, Mohamed SAEA, Fathy ME.
Simultaneous determination of metoclopramide
and aspirin by spectrofluorimetric technique:
application to pharmaceutical formulations and
human plasma. Anal Methods. (2016);
8(6):1281-92.

11. Fahelelboom K M, El-Shabrawy Y.
Simultaneous determination of dipyridamole
and acetylsalicylic acid in pharmaceuticals and
biological fluids by synchronous and first
derivative synchronous fluorimetry. J Pharm
Sci Res. (2019); 11(8): 2949-55.

12. Wei X, Zhou Z, Hao T, Xu Y, Li H , Lu K.
Specific recognition and fluorescent
determination of aspirin by using core-shell
CdTe quantum  dot-imprinted  polymers.
Microchim Acta, (2015); 182: 1527-34.

13.Yigit A, Yardim Y, Celebi M, Levent A,
Sentiirk Z. Graphene/Nafion composite film
modified glassy carbon electrode for
simultaneous determination of paracetamol,
aspirin and caffeine in  pharmaceutical
formulations. Talanta. (2016); 158: 21-29.

14.Shahin M. Application of TLC densitometric
method for simultaneous determination of
aspirin and omeprazole in pharmaceutical
preparation. Innoriginal Int J Sci. (2018); 5(4):
47-50.

15.El-Ragehy NA, Hassan NY. Tantawy M A,
Abdelkawy M. Simultaneous determination of
aspirin, dipyridamole and two of their related
impurities in capsules by validated TLC-
densitometric and HPLC methods. J Chromatogr
Sci, (2016); 54(7): 1120-8.

16.Zeng B, Gu Y, Nguyen K, Sherma J.
Development  of  quantitative  HPTLC-
densitometry methods following a model
process for transfer of TLC screening methods

for  pharmaceutical products  containing
moxifloxacin  HCl ,ofloxacin, amoxicillin
trihydrate, acetylsalicylic acid+ acetaminophen+
caffeine, nimesulide, irbesartan, and
pantoprazole. J Liqg Chromatogr Relat Tech.
(2019); 42(9-10), 324-9.

17.Londhe S, Deshmukh R, Mulgund S, Jain K.
Development and validation of a reversed-phase
HPLC method for simultaneous determination of
aspirin, atorvastatin calcium and clopidogrel
bisulphate in capsules. Indian J Pharm Sci.
(2011); 73(1):23-9.

18. Patel KG, Patel AT, Shah PA, Gandhi TR.
Multivariate optimization for simultaneous
determination of aspirin and simvastatin by
reverse phase liquid chromatographic method
using AQbD approach. Bull Fac Pharm Cairo
Univ. (2017); 55(2); 293-301.

19. Patel VB, Patel AD, Shah DA. Stability
indicating liquid chromatographic method for
simultaneous determination of aspirin and
omeprazole. Curr Drug Discov Tech. (2018);
15(4): 351-60.

20. Patel NS, Damahe DP, Luhar SV, Narkhede
SB. Stability indicating RP-HPLC method
development and validation for simultaneous
estimation of aspirin and isosorbide mononitrate
in pharmaceutical dosage form. The Pharma
Innov J. (2018); 7(4): 217-34.

21. Attimarad M, Alkadham A, Almosawi
MH,Venugopala KN. Development of rapid and
validated RP-HPLC method for concurrent
quantification of rosuvastatin and aspirin form
solid dosage form. Indian J Pharm Educ Res.
(2018); 52(1): 151-8.

22.Kamal AH, Marie AA, Hammad SF. Stability
indicating RP-HPLC method for simultaneous
determination of omeprazole and aspirin in the
presence of salicylic acid as degradation product.
Microchem J. (2020); 152: 104350.

23.El-Yazbi FA, Amin OA, El-Kimary ElI,
Khamis EF, Younis SE. Simultaneous
determination of methocarbamol and aspirin in
presence of their pharmacopeial-related
substances in combined tablets using novel
HPLC-DAD method. Drug Dev Ind Pharm.
(2019); 45(2): 265-72.

30
https://aijpms.journals.ekb.eg/



Simultaneous Determination of Aspirin and Esomeprazole

24, Moffat AC, Osselton MD, Widdop B, Galichet
LY. Clarke’s Analysis of Drugs and Poisons in
Pharmaceuticals, Body Fluids and Postmortem
Material, 4th ed., Pharmaceutical Press, London,
(2011).

25.Scott LJ, Dunn CJ, Mallarkey G, Sharpe M
.Esomeprazole: a review of its use in
management of acid-related disorders; Drugs J.
(2002); 62(10):1503- 38.

26.Sachs G, Shin J, Howden C. The clinical
pharmacology of proton pump inhibitors;
Aliment. Pharmacol. Ther. (2006); 23(2):2-8.

27.El-Kimary E I, Ragab MAA. Recent analytical

methodologies for the determination of
omeprazole and/or its  active  isomer
esomeprazole in different matrices: A Critical
Review. Crit Rev Anal Chem. (2022); 52
(1):106-30.

28. Joshi AA, Nerkar PP. Determination of
proton pump inhibitors by spectrophotometric,
chromatographic and by hyphenated techniques:
A Review. Crit Rev Anal Chem. (2021);
51(6):527-48.

29.Patel BA, Doshi JA, Parmar SJ. Captain A.
Spectrophotometric simultaneous determination
of aspirin and esomeprazole magnesium in
synthetic mixture by ratio derivative method.
World J Pharm Res. (2015); 4(6):1637-49.

30.Patel B, Parmar S, Doshi, J, Captain AD.
Development and validation of HPTLC method
for simultaneous estimation of esomeprazole
magnesium and aspirin in bulk and synthetic
mixture. Inter J Pharm Res Schol (2014); 3(1):
236-42.

31.Reddy YRK, Reddy S, Reddy MRP, Khagga
M. Rapid simultaneous determination of aspirin
and esomeprozole magnesium in combined
tablets by validated ultra-performance liquid
chromatographic method. J Chem Pharm Res.
(2013); 5(4):181-7.

32.Reddy PS, Hotha KK, Sait S. Complexity in
estimation of esomeprazole and its related
impurities’ stability in various stress conditions
in low-dose aspirin and esomeprazole
magnesium capsules. Sci Pharm. (2013); 81(2):
475-92.

33.Plotka-Wasylka, J, A new tool for the
evaluation of the analytical procedure: Green
Analytical Procedure Index. Talanta. (2018);
181: 204-9.

34. https://www.medicine-online.org/en/quality-
products/1715-axanum-81-mg-20-mg-30-
capsules-.html. Accessed July 2020.

35. International Conference on Harmonization
(ICH), Technical Requirements for the
Registration of Pharmaceutical for Human Use,
Validation of Analytical Procedures; Text and
methodology Q2 (R1), Geneva, 1, (2005).

36.Miller JC, Miller JN. Statistics and
Chemometrics for Analytical Chemistry, 5th ed.
Pearson Education Limited, Harlow, (2005).

37.Mohamed A O, Ramadan NK, Shawky SE,
Salem MY. Simultaneous determination of
oxyclozanide and levamisole by
spectrophotometric  and  chromatographic
methods. J App Pharm Sci. (2014); 4(9):36-45.

38.Mahmoud Sh A, EL-Kosasy AM, Fouad FA.
Simultaneous resolution of febuxostat and
diclofenac potassium in pure form and in their
multi-ingredient formula. Azhar Int J Pharm
Med Sci. (2021); 1 (3): 75-83.

39.Abdallah OM, Rashed NS, EI-Olemy A,
Hosam Eldin Al. UV spectrophotometric
determination of paracetamol in presence of
drotaverine hydrochloride. J Adv Pharm Res.
(2017); 1 (2): 89-95.

40.Sebaiy MM, Mattar AA. Absorbance

Subtraction method  for  simultaneous
determination of paracetamol and orphenadrine
citrate in their combined pharmaceutical dosage
forms. Biomed J Sci & Tech Res. (2020);
25(2):18987-91.

41. Gatuszka, A, Konieczka P, Migaszewski ZM,

Namiesnik J. Analytical eco-scale for assessing
the greenness of analytical procedures. TrAC
Trends in Analytical Chemistry. (2012); 37:
61-72.

31
https://aijpms.journals.ekb.eg/



	10dc35c890164a3d819359ed7b66d1191f9fc755f98335c3385d7da0f36e0c90.pdf
	179eb9e103bd435b1e47ddb7f1475e1455b89d0d3d86883a7a1c4f92e6130e49.pdf
	10dc35c890164a3d819359ed7b66d1191f9fc755f98335c3385d7da0f36e0c90.pdf

