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Abstract

 

 
 

A spectrophotometric method has been proposed to determine the proton pump inhibitors 

omeprazole and pantoprazole sodium in both pure and pharmacological forms, such as injections, 

capsules, and tablets. The method relied on the reaction of the above drugs with tropaeoline OO 

dye, forming ion association complexes, which are measured at 410 nm after extraction 

by chloroform. The method followed Beer's law over the concentration range of 0.5-14 and 0.5–

13 μg/mL and with molar absorptivity values of 1.72x10–5 and 1.83x10–5 L mol–1 cm–1 for 

omeprazole and pantoprazole sodium, respectively. The method had good accuracy and precision, 

with the recovery % ranging between 98.84 and 101.02% and the relative standard deviation less 

than 0.66%. The method was successfully applied to pharmaceutical preparations of the studied 

drug compounds from different origins, and its results were in good agreement with the original 

content of the pharmaceutical preparations and free from interferences by excipients. 
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1. Introduction 
Both omeprazole (OPZ) and pantoprazole (PPZ) are 

proton pump inhibitors (PPIs) that reduce the production of 

gastric acid by permanently inhibiting the H+/K+ ATPase 

enzyme in the parietal cells of the stomach. Because of this, they 

work well for conditions including GERD, peptic ulcer disease, 

and Zollinger-Ellison syndrome that are linked to acid reflux 

(Strand et al., 2017). They are the mainstay treatment for disorders 

related to abnormal excessive secretion of acids within the 

stomach (Malfertheiner et al., 2017). These medications 

effectively treat digestive disorders (Chomisteková et al., 2017). 

OPZ inhibits CYP2C19, reducing the activation of drugs like 

clopidogrel, which can impair antiplatelet efficacy, whereas PPZ 

has minimal CYP inhibition, posing a lower risk of drug 

interactions (Furuta et al., 2010). They have recently been used as 

an anti-inflammatory agent to protect the gastric mucosa 

(Alkahtania et al., 2018). OPZ is chemically called 5-Methoxy-2-

[[(4-methoxy-3,5-dimethylpyridin-2-yl) methyl] sulfonyl]-1H-

benzimidazole (Fig. 1a). It is in the form of a white powder that 

is slightly soluble in water. PPZ is chemically called sodium 5-

(difluoromethoxy)-2-[[(3,4-dimethoxy-2-pyridinyl)methyl] 

sulfinyl] 1H-benzimidazole sesquihydrate (Fig. 1b). It is a white 

powder, highly soluble in water and ethanol (British 

Pharmacopoeia, 2013). 

 

Figure 1. Chemical structure of (a) Omeprazole and 

(b) Pantoprazole sodium sesquihydrate. 

Source: Elaborated by the authors. 

Different analytical techniques were described for 

determining OPZ and PPZ, including fluorometry (Elmansi et al., 

2024; Othman and Al-Sabha, 2022), chromatography (Ahmad et 

al., 2022; Gawad et al., 2022; Joshi and Nerkar, 2020; Noubarani 

et al., 2021), voltammetry (Khashaba et al., 2019; Nigović and 

Hocevar, 2013; Shahrokhian et al., 2015), and flow injection 

analysis (Al-Momani and Rababah, 2017). 

Various methods and different reagents have been 

described for the spectrophotometric determination of OPZ and 

PPZ. These include potassium iodate as an oxidizing agent 

(Nassar et al., 2017), 9-fluorenylmethyl chloroform (Alamin and 

Elbashir, 2019), 1,10-phenanthroline (Ayesha, 2021), 

bromothymol blue, methyl orange, and picric acid (Ali et al., 

2017), and wool fast blue (Swamy, 2018), which were applied for 

the determination of OPZ. 2,3-Dichloro-5,6-dicyano-1,4-

benzoquinone (DDQ) and iodine (Moustafa, 2000), iron (III) 

(Salama et al., 2003), sodium hydroxide (Madhukara et al., 2015), 

cerium IV in the presence of ferrous and thiocyanate ions (Devi et 

al., 2011), and bromocresol green (Reddy et al., 2014) reagents 

were used for the determination of PPZ. However, most of these 

methods are either insufficiently sensitive, tedious or needed of 

highly sophisticated instruments. 

1.1. Analytical applications of tropaeoline OO dye 

Tropaeoline OO dye, also called acid orange 5, is a 

monosodium salt, an acidic azo dye with an orange color (Fig. 2), 

(Pach et al., 2022): 

 

Figure 2. Chemical structure of tropaeoline OO. 

Source: Elaborated by the authors. 

It was used in the spectrophotometric estimation of some 

pharmaceutical compounds based on the formation of ion pairs, 

such as bromhexine (Rao et al., 2005), lansoprazole (Aydoğmuş, 

2006), trimethoprim (Alarfaj et al., 2007), and tiapridal (Alarfaj et 

al., 2012). 

Given the importance of OMP and PPZ drugs from a 

therapeutic and pharmaceutical point of view. However, ion pair 

extractive spectrophotometry has drawn much interest in 

quantitatively determining several pharmaceutical compounds 

because extractive spectrophotometric approaches are well-liked 

for their sensitivity, selectivity, and cost-effectiveness in drug 

determination. Therefore, the proposed study aims to expand the 

application of tropaeoline OO dye in estimating the above 

pharmaceutical compounds, depending on the extraction of ion-

pair complexes. 

1.2. Study objective 

Ion pair extractive spectrophotometry has drawn much 

interest in quantitatively determining several pharmaceutical 

compounds because extractive spectrophotometric approaches 

are well-liked for their sensitivity, selectivity, and cost-

effectiveness in drug determination. Therefore, the proposed 

study aims to expand the application of tropaeoline OO dye in 

estimating the above pharmaceutical compounds, depending on 

the extraction of ion-pair complexes. 

2. Materials and methods 
2.1. Devices 

Measurements were carried out and absorption spectra 

obtained using a Shimadzu UV-1800 PC double-beam 

spectrometer, supplied with 1 cm thick glass cells. Weighing was 

carried out using a KERN ABS-Germany sensitive balance. 

Heating was carried out using a BS-11 water bath from Lab 

Companion-Korea. The pH was measured using a Jenway 

3510 PH meter connected to an electrode supplied by the same 

company. Dissolution operations were performed using a Power 

Sonic 405 Ultrasonic Cleaner instrument from Lab Tech-Korea. 

https://doi.org/10.26850/1678-4618.eq.v51.2026.e1644
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2.2. Materials 

All chemicals of high purity were used, provided by Erba 

Lachewa TEDIA and Fluka companies, and drugs were supplied 

by SDI. OPZ and PPZ sodium solutions with a 100 μg/mL 

concentration were prepared by dissolving 0.01 g of each drug in 

its pure form in 100 mL of distilled water. The volumetric flasks 

were subjected to an ultrasonic shaking apparatus for five minutes 

to fully achieve dissolution. The solutions were stable when kept 

in the refrigerator. An acetic acid solution was prepared at a 

concentration of 2.0 mol/L by diluting 11.3 mL of concentrated 

acid (17.7 mol/L) with distilled water in a 100 mL 

volumetric flask. A 100 μg/mL concentration of tropaeoline 

OO dye (TP-OO) solution was prepared by dissolving 0.01 g of 

dye in 100 mL of distilled water and was stored in an opaque 

container in a refrigerator. 

2.3. Recommended procedure 

Into two series of 50 mL separating funnels, 1.5 mL of 

100 μg/mL TP-OO dye was added, followed by the addition of 

1.0 and 1.5 mL of acetic acid solution (2 mol/L), and increasing 

amounts (mL) of 100 μg/mL of OPZ and PPZ solution 

individually to cover the concentration ranges of 0.5-14 μg/mL 

and 0.5-13 μg/mL, respectively. The volume was made to 10 mL 

with distilled water. Then, 7 mL of chloroform, as an extract 

solvent, was added and left for 10 min to complete the extraction. 

The chloroform layers were measured at 410 nm against a 

chloroform blank for both drugs. 

2.4. Analysis of injection, capsules and tablets 
formulations 

The powder contents of three vials of OPZ and PPZ (each 

vial containing 40 μg of pure drug), five capsules of OPZ (each 

capsule containing 40 μg of pure drug), and five tablets of PPZ 

(each tablet containing 40 μg of pure drug) were mixed well, then 

carefully weighed for the equivalent of one vial, one capsule, and 

one tablet; after that, the contents were dissolved in distilled 

water, the volume was completed to 100 mL in a volumetric flask, 

and shaken in an ultrasonic shaker to complete dissolution. The 

solutions were filtered to obtain 400 μg/mL of the above drugs. 

Then, a solution of 100 μg/mL for each was prepared by dilution, 

and different volumes containing 3, 5, and 12 μg/mL for OPZ and 

3, 5, and 10 μg/mL for PPZ were treated according to the 

recommended procedure. 

3. Results and discussion 
3.1. Preliminary study and absorption spectrum 

In an acidic medium OPZ, and PPZ combine with TP-OO 

dye to produce chloroform-soluble ion association complexes. 

Absorption maxima for both complexes are 410 nm (Fig. 3). 

3.2. Optimization of conditions 

To obtain the highest sensitivity of the proposed method, 

all parameters were fixed, and adjusting each one separately, the 

effects of several factors, including acid and buffer solution, 

extraction solvent, dye concentration, temperature, and time, 

were examined and adjusted, using 10 mL volumetric flasks and 

a concentration of 10 µg/mL of each of OMP and PPZ. 

 

Figure 3. Absorption of the TP-OO complexes with 10µg/mL for 

each of (a) OPZ and (b) PPZ versus reagent blank, and (c) blank 

versus chloroform in an acidic medium. 

Source: Elaborated by the authors. 

3.2.1. Effect of acid and buffer solutions 

It was observed that the formation of ion-pair complexes 

through the interaction of the studied drugs with the TP-OO dye, 

but the sensitivity of these complexes increased in the presence of 

acid. Therefore, the effect of different acids on the method 

sensitivity was studied (Fig. 4). It was found that acetic acid at a 

concentration of 2 mol/L and a volume of 1 mL and 1.5 mL for 

OPZ and PPZ, respectively, gave high sensitivity. However, 

buffer solutions including acetate and phthalate buffers, at pH 2.5, 

2.8, and 3, were examined and found decreasing in their 

absorbance, so they were excluded. 

 

Figure 4. Effect of acid on the absorbance of OPZ and PPZ. 

Source: Elaborated by the authors. 

3.2.2. Effect of the extraction solvent 

Among the several organic solvents examined 

(dichloromethane, chloroform, diethyl ether, carbon 

tetrachloride), chloroform was chosen for this experiment due to 

its ability to extract the dye-drug ion-pair complexes from the 

aqueous phase selectively and quantitatively (Fig. 5). Different 

volumes of chloroform were studied for the extraction of the 

complexes, and it was found that 7 mL was the optimal amount 

for quantitative extraction of the complexes. Shaking time ranging 

from 1 to 5 min did not alter the absorbance; hence, 2 min were 

chosen. The effect of extraction standing time was studied, and it 

was found that 10 min is the optimal period. 

https://doi.org/10.26850/1678-4618.eq.v51.2026.e1644
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Figure 5. Effect of extraction solvent on complex adsorption. 

Source: Elaborated by the authors. 

3.2.3. Effect of TP-OO dye concentration 

The effects of adding increasing amounts (0.5-2 mL) of 

TP-OO dye, at a concentration of 100 μg/mL, on the absorption 

of the ion-pair complexes formed were studied. It was found that 

the volume of 1.5 mL of dye was optimal and was recommended 

in this method (Fig. 6). 

 

Figure 6. Effect of TP-OO concentration on the absorbance of 

complexes. 

Source: Elaborated by the authors. 

3.2.4. Effect of temperature, time, and stability of ion-
pair complexes 

To obtain the optimal temperature and time at which the 

drug-TP-OO complexes gave high sensitivity, different 

temperatures (23, 30, and 40 °C) and different periods were 

examined. It was found that the laboratory temperature (23 °C) 

was the best, as it gave the maximum absorption of the complexes 

after 10 min and remained stable for at least 2 h (Fig. 7). In 

contrast, a higher temperature reduces absorbance due, maybe, to 

their destruction. 

3.2.5. Effect of the additional sequences 

Different additional sequences for selecting the most 

suitable one for maximum absorbance have been examined. As 

seen in Fig. 8, the sequence (TP-OO + CH3COOH + Drug) was 

the optimal one, and any change in the addition sequence 

negatively affects absorption. 

 

 

 

Figure 7. Effect of temperature, time and stability of OPZ (a) and 

PPZ (b) complexes with TP-OO dye. 

Source: Elaborated by the authors. 

 

Figure 8. Effect of the addition sequence. 

Source: Elaborated by the authors. 

3.3. Calibration graphs and linearity 

Calibration graphs were created by plotting the 

absorbance against various drug concentrations under the 

experimental conditions described in the recommended 

procedure, (Fig. 9). As the results cited in Table 1 show, the 

method obeyed Beer’s law in the ranges of 0.5-14 and 

0.5-13 μg/mL for OMP and PPZ, respectively, with high 

determination coefficients. The molar absorptivity values indicate 

that the method is sensitive. The accuracy (average recovery %) 

and relative standard deviation (RSD) for analyzing three 

replicates of varying concentrations for each medication 

demonstrate that the procedure is accurate and precise. The 

detection limit (LOD) and quantitation limit (LOQ) (Valcarcel, 

2000) were determined using Eqs. 1 and 2: 

LOD= 3.3σ/s (1) 

LOQ = 10 σ/s (2) 

where s is the calibration curve's slope and σ is the standard 

deviation of the absorption of the lowest concentration on the 

calibration graph. 

https://doi.org/10.26850/1678-4618.eq.v51.2026.e1644
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Figure 9. Calibration plot of (a) OPZ and (b) PPZ. 

Source: Elaborated by the authors. 

Table 1. Analytical parameters for the proposed method. 

PPZ OPZ Parameter 

0.5 - 13 0.5 - 14 Linearity range (µg/mL) 

1×104 2×104 Molar absorptivity (L mol-1 cm-1) 

0.043 0.017 Sandell' sensitivity (ng/cm2) 

0.021 0.032 LOD (µg/mL) 

0.063 0.097 LOQ (µg/mL) 

0.1613 0.1551 Intercept 

0.0234 0.0581 Slope 

0.9982 0.9982 Correlation coefficient (R2) 

Source: Elaborated by the authors. 

3.4. Effect of excipients 

To prove the efficiency of the proposed method and its 

success in estimating pharmaceutical compounds and to ensure 

that they are free from the interference of additives and excipients, 

the standard addition method was applied to estimate drugs in 

their pharmaceutical preparations. The results shown in Figs. 10 

and 11, and Table 2 (see subitem 3.7) indicate that the method is 

free from interference of excipients added to pharmaceutical 

preparations. 

 
(a) (b) (c) 

Figure 10. Standard addition plots for OPZ in its pharmaceutical preparations: (a) German origin, (b) Swiss origin, (c) Indian origin. 

Source: Elaborated by the authors. 

 
(a) (b) (c) 

Figure 11. Standard addition plots for PPZ in its pharmaceutical preparations: (a) Romani. origin, (b) Canadian origin, (c) Jordanian origin. 

Source: Elaborated by the authors. 
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3.5. Stoichiometry and stability constant of the ion-
pair complexes 

The composition and stability constants of the drug-TP 

OO complexes were determined by applying Job’s continuous 

variation and mole ratio methods (Valcarcel, 2000). For both 

methods, the results demonstrated that the ion-pair complexes are 

formed in a 1:1 (drug:TP-OO) ratio (Fig. 12). 

 

Figure 12. Continuous variations (a) and mole ratio (b) methods 

for OPZ and PPZ complexes with TP-OO dye. 

Source: Elaborated by the authors. 

The stability constant values of these complexes were 

calculated according to Eq. 3. 

Kst=
1−∝

 ∝2  𝐶   (3) 

where Kst is the stability constant, α is the degree of dissociation, 

and c is the concentration of complex. 

The Kst values were found to be 2.19×106 and 

3.19×106 L mol–1 for OPZ and PPZ, respectively, indicating the 

high stability of the complexes. 

3.6. Suggested mechanism 

The suggested method is based on the formation of an 

extractable ion-pair complexes between TP-OO and the 

medications under study. These complexes may be formed by an 

electrostatic attraction between the sulfite anion of the dye and the 

most basic core in drug molecules (the amino group) in an acidic 

medium (Walash et al., 2011). By applying Job's and mole ratio 

methods, it was found that the complexes were formed in a1:1 

ratio (TP-OO: medication). Scheme 1 illustrates the suggested 

reaction mechanism. 

 

Scheme 1. Proposed mechanism for the reaction of OPZ and PPZ 

with TP-OO dye. 

Source: Elaborated by the authors. 

3.7. Analysis of OPZ and PPZ in pharmaceutical 
formulations 

The proposed method was successfully applied in 

estimating the studied drugs in their pharmaceutical preparations 

as injections, capsules, and tablets, manufactured from different 

origins. The results obtained agreed with the original content in 

all commercial preparations (Table 2). The student t-test revealed 

the method is accurate. 

3.8. Comparison of the proposed method with 
literature 

The proposed method for determining OPZ and PPZ 

medications has been compared to previously disclosed 

spectrophotometric methods in the literature. The new method 

was distinguished by its greater sensitivity than some 

spectrophotometric methods indicated in Table 3. This procedure 

is easy and applicable to different pharmaceutical preparations. 

  

https://doi.org/10.26850/1678-4618.eq.v51.2026.e1644
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Table 2. Application of the proposed method to pharmaceutical preparations. 

Pharmaceutical 

preparation 

Certified 

value 

Amount present 

(µg/mL) 

Amount found 

(µg/mL) 

Recovery* 

(%) 

Average 

Recovery (%) 

Average amount 

found (mg) 
t-test** 

Standard addition 

procedure (mg) 

OPZ 

Gasec capsules 

(Switzerland) 
40 mg 

3 2.99 99.66 
101.72 40.69 0.93 40.53 5 5.07 101.4 

10 10.41 104.1 

Omeprazole capsules 

(India) 
40 mg 

3 2.98 96.33 
99.28 39.71 2.75 40.00 5 4.90 98 

10 10.35 103.5 

Omeprazole stada 

Vial (Germany) 
40 mg 

3 2.99 99.66 
100.62 40.25 2.05 40.39 5 4.90 98 

10 10.42 104.2 

PPZ 

Panzol coted/tablets 

(Canada) 
40 mg 

3 2.98 96.33 

99.58 39.98 0.61 40.09 5 5.02 100.4 
10 10.2 102 

Pantop coted/tablets 

(Jordan) 
40 mg 

3 2.98 96.33 

99.31 39.72 1.05 40.49 5 4.98 99.6 
10 10.2 102 

Pantorom Vial 

(Romania) 
40 mg 

3 3.02 100.66 

101.89 40.75 1.04 41.41 5 5.11 102.2 
10 10.28 102.8 

Note: *Average of four determinations; **Theoretical value = 3.62 
Source: Elaborated by the authors. 

Table 3. Comparison between the proposed and literature methods. 

Analytical parameters OPZ PPZ 

Reference Present method 
Alamin and 

Elbashir (2019) 
Ali et al., (2017) Present method Salama et al., (2003) Reddy et al., (2014) 

Reagent TP-OO FmCl* Picric acid TP-OO iron (III) BCG** 

Methodology ion association derivatization Charge transfer complex ion association Metal chelate ion association 

λ max (nm) 410 217 373 410 455 420 

Temp. (C˚) R.T 60 R.T 23 60 R.T 

Linearity (µg/mL) 0.5-14 2-12 10-80 0.5 -13 30-300 5-25 

Molar absorptivity 
(L mol–1 cm–1) 

2.01×104 2.889 × 104 4.033 × 103 1.93×104 – – 

LOD 0.032 0.364 0.107 0.021 – – 

LOQ 0.097 1.214 0.324 0.063 12.17 – 

Recovery (%) 100.06 96.4 99.8-101.6 100.4 100.6 99.9-100.2 

RSD ≤ 0.40 ≤ 2.86 ≤ 1.91 ≤0.55 1.52 < 2 

Application capsules, vial Tablet Tablet Tablets, vial – Tablet 

Note: *9-Fluorenylmethyl chloroformate; **Bromocresol green. 
Source: Elaborated by the authors. 

4. Conclusions 
A simple, sensitive, accurate, and precise extractive 

spectrophotometric method has been proposed to estimate OPZ 

and PPZ in their pure and pharmaceutical forms. The method 

depends on the ion-pair complex formation reaction between the 

drugs and TP-OO dye. The standard addition method was applied 

and proved to be free of interference from excipients present in 

pharmaceutical formulations. The method can be used in routine 

control analysis. 

Authors’ contribution 
Conceptualization: Theia'a Najim Al-Sabha; Data curation: Zaid Abdul 

kareem Alsherefe; Formal Analysis: Theia'a Najim Al-Sabha; Funding 

acquisition: Not applicable; Investigation: Theia'a Najim Al-Sabha; 

Methodology: Theia'a Najim Al-Sabha; Project administration: Zaid 

Abdul kareem Alsherefe; Resources: Not applicable; Software: Not 

applicable; Supervision: Theia'a Najim Al-Sabha; Validation: Theia'a 

Najim Al-Sabha; Visualization: Theia’a Najim Al-Sabha; Writing – 

original draft: Zaid Abdul kareem Alsherefe; Writing – review & 

editing: Theia'a Najim Al-Sabha. 

Conflict of interest 
The authors declare that there is no conflict of interest. 

Data availability statement 
All data sets were generated or analyzed in the current study. 

Artificial Intelligence usage statement 
The authors declare that they did not use Artificial Intelligence tools at 

any stage of the preparation, correction, or evaluation of this work, 

including graphical abstract preparation. 

Funding 
Not applicable. 

Acknowledgments 
The authors would like to extend our sincere thanks to the University of 

Mosul for using its laboratories to complete the research and to Al-Noor 

University for moral support. 

https://doi.org/10.26850/1678-4618.eq.v51.2026.e1644
https://doi.org/10.26850/1678-4618.eq.v51.2026.e1644


Original Articles in Chemistry and Related Areas https://doi.org/10.26850/1678-4618.eq.v51.2026.e1644 
 
 

 
 
Eclet. Quim. 51 | e-1644, 2026 ISSN 1678-4618 page 8/8 

References 
Ahmad, R.; Hailat, M.; Zakaraya, Z.; Al Meanazel, O.; Dayyih, W. A. 

Development and Validation of an HPLC method for the determination of 

meloxicam and pantoprazole in a Combined Formulation. Analytica. 2022, 3, 

161-177. https://doi.org/10.3390/analytica3020012 

Alamin, I. A.; Elbashir, A. A. A new study on omeprazole spectrophotometric 

determination using 9-fluorenylmethyl chloroformate as derivatizating agent. 

J. Anal. Pharm. Res. 2019, 8, 38-43. http://doi.10.15406/japlr.2019.08.00309 

Alarfaj, N. A.; Altamimi, S. A.; Almarshady, L. Z. Spectrophotometric 

determination of trimethoprim in pure form and pharmaceutical preparations 

using tropeolin OO and 2,3-dicloro-5,6-dicyano-p-benzoquinone. Biosciences, 

Biotechnology Research Asia. 2007, 4 (2), 463-470. 

Alarfaj, N. A.; Mostafa, A. A.; Alghamdi, Z. A. Complexometric-

spectrophotometric determination of cisapride and tiapride in their 

formulations. Asian J. Chem. 2012, 24, 5507-5510. 

Ali, S. N.; Sultana, N.; Qayoom, A.; Arayne, M. S. Synthesis and 

spectrophotometric study of omeprazole charge transfer complexes with 

bromothymol blue, methyl orange and picric acid. Mor. J. Chem. 2017, 5, 1-5. 

https://doi.org/10.48317/IMIST.PRSM/morjchem-v5i1.6551 

Alkahtania, S. A.; Mahmoud, A. M.; Al-Rub, S. A. Novel analytical study for 

the charge-transfer reactions of omeprazole with 2, 3-dichloro-naphthoquinone 

and 2, 3, 5, 6-tetrabromo- 1, 4-benzoquinone: application for the development 

of micro well assay of omeprazole. J. Adv. Chem. 2018, 15, 6099-6115. 

https://doi.org/10.24297/jac.v15i1.7003 

Al-Momani, I. F.; Rababah, M. H. Automated flow injection 

spectrophotometric determination of the proton pump inhibitor omeprazole in 

pharmaceutical formulations. Int. J. Pharm. Chem. 2017, 3, 52-55. 

https://doi.org/10.11648/j.ijpc.20170304.11 

Aydoğmuş, Z. Spectrophotometric methods for the determination of 

lansoprazole in capsules.  Acta Pharm. Sci. 2006, 48, 45-54. 

Ayesha, S. 1,10-Phenanthroline as reagent for the spectrophotometric 

determination of nanoamounts of certain antiulcer drugs in pharmaceutical 

formulations. Int. J. Sci. Res. 2021, 10, 842-845. 

https://doi.org/10.21275/SR21916233729 

British Pharmacopoeia. CD-ROM, system simulation, The Stationery Office 

Ltd., London, 2013. 

Chomisteková, Z.; Culková, E.; Bellová, R.; Melicherčíková, D.; Durdiak, J.; 

Timko, J.; Rievaj, M.; Tomčík, P. Oxidation and reduction of omeprazole on 

boron-doped diamond electrode: mechanistic, kinetic and sensing performance 

studies. Sensors and Actuators B: Chemical. 2017, 241, 1194-1202. 

https://doi.org/10.1016/j.snb.2016.10.014 

Devi, O. Z.; Kanakapura, B.; Revanasiddappa, H. D.; Vinay, K. B. Titrimetric 

and spectrophotometric assay of pantoprazole in pharmaceuticals using 

cerium(IV) sulphate as oxidimetric agent. J. Anal. Chem. 2011, 66, 490-495. 

https://doi.org/10.1134/S1061934811050133 

Elmansi, H.; Orbano, A.; Mashkour, M.; Abo Shamiya, H.; Belal, F. 

Determination of omeprazole via fluorescence-quenching methodology; 

application to content uniformity testing. Luminescence. 2024, 39, e4682. 

https://doi.org/10.1002/bio.4682 

Furuta, T.; Iwaki, T.; Umemura, K. Influences of different proton pump 

inhibitors on the anti-platelet function of clopidogrel in relation to CYP2C19 

genotypes. Br. J. Clin. Pharmacol. 2010, 70, 383–392. 

https://doi.org/10.1111/j.1365-2125.2010.03717.x 

Gawad, D. A.; Elnaggar, M. M.; Belal, T. S. Multi-analyte HPLC–DAD 

Method for Concurrent Analysis of Six Antimicrobials and Three Proton 

Pump Inhibitors Frequently used in Management of Helicobacter pylori 

Infection: Application to Simulated Intestinal Fluid Samples. Chromatographia. 

2022, 85, 617-628. https://doi.org/10.1007/s10337-022-04168-6 

Joshi, A. A.; Nerkar, P. P. Determination of proton pump inhibitors by 

spectrophotometric, chromatographic and by hyphenated techniques: A 

Review.  Crit. Rev. Anal. Chem. 2020, 51, 527-548. 

https://doi.org/10.1080/10408347.2020.1750339 

 

Khashaba, P. Y.; Ali, H. R. H.; El-Wekil. M. M. Square wave stripping 

voltammetric determination of pantoprazole in rabbit plasma using surfactant-

based pencil graphite electrode. J. Anal. Chem. 2019, 74, 609-616. 

https://doi.org/10.1134/S106193481906008X 

Madhukara, B. M.; Babu, C. J. G.; Mani, T. T. Validated Derivative 

Spectrophotometric Estimation of Pantoprazole in Bulk and Tablet Dosage 

form.  Int. J. Adv. Res. 2015, 3, 366-370. 

Malfertheiner, P.; Kandulski, A.; Venerito, M. Proton-pump inhibitors: 

understanding the complications and risks.  Nat. Rev. Gastroenterol. Hepatol. 

2017, 14, 697-710. https://doi.org/10.1038/nrgastro.2017.117 

Moustafa, A A. Spectrophotometric methods for the determination of 

lansoprazole and pantoprazole sodium sesquihydrate.  J. Pharm. Biomed. Anal. 

2000, 22, 45-58. https://doi.org/10.1016/S0731-7085(99)00275-7 

Nassar, M. Y.; El-Shahat, M. F.; Khalil, S. M.; El-Moety, E. A. Optimization 

and validation of spectrophotometric and potentiometric methods for 

determination of lansoprazole and omeprazole in pure and capsules. Ind. J. 

Pharm. Sci. 2017, 79, 420-430. https://doi.org/10.4172/pharmaceutical-

sciences.1000245 

Nigović, B.; Hocevar, S. B. Square-wave voltammetric determination of 

pantoprazole using ex situ plated antimony-film electrode. Electrochimica Acta. 

2013, 109, 818-822. https://doi.org/10.1016/j.electacta.2013.07.173 

Noubarani, M.; Keyhanfar, F.; Motevalian, M.; Mahmoudian, M. Improved 

HPLC method for determination of four PPIs, omeprazole, pantoprazole, 

lansoprazole and rabeprazole in human plasma. J. Pharm. Pharm. Sci. 2010, 13, 

1-10. https://doi.org/10.18433/J3GP4Q 

Othman, I. K.; Al-Sabha, T. N. Determination of Omeprazole, Esomeprazole 

and Pantoprazole by Quenching the fluorescence of Eosin Y. Int. Res. J. Pure 

Appl. Chem. 2022, 23, 28-39. https://doi.org/10.9734/irjpac/2022/v23i230458 

Pach, A.; Podborska, A.; Csapo, E.; Luty-Błocho, M. Tropaeolin OO as a 

chemical sensor for a trace amount of Pd(II) ions determination. Molecules. 

2022, 27, 4511. http://doi.org/10.3390/molecules27144511 

Rao, S. V.; Rao, I. N.; Reddy, T.; Sastry, C. S. P. Assay of bromhexine 

hydrochloride in pharmaceutical formulations by extraction 

spectrophotometry. Ind. J. Chem. Techn. 2005, 12, 170-174. 

http://nopr.niscpr.res.in/handle/123456789/8632 

Reddy, M. P.; Reddy, G. R.; Reddy, N. R. A simple spectrophotometric 

determination of pantoprazole in pharmaceutical formulations. Chem. Sci. 

Trans. 2014, 3, 209-212. http://doi.10.7598/cst2014.701 

Salama, F.; El-Abasawy, N.; Abdel-Razeq, S. A.; Ismail, M. M. F.; Fouad, M. 

M. Validation of the spectrophotometric determination of omeprazole and 

pantoprazole sodium via their metal chelates. J Pharm Biomed Anal. 2003, 33 

(3), 411-421. https://doi.org/10.1016/S0731-7085(03)00233-4 

Shahrokhian, S.; Ghalkhani, M.; Bayat, M.; Bidkorbeh, F. G. Voltammetric 

Behavior and Determination of Trace Amounts of Omeprazole Using an Edge-

plane Pyrolytic Graphite Electrode. Iran J. Pharm. Res. 2015, 14, 465-471. 

Strand, D. S.; Kim; D; Peura D. A. 25 Years of proton pump inhibitors: A 

comprehensive review. Gut and Liver. 2017, 11, 27–37. 

https://doi.org/10.5009/gnl15502 

Swamy, M. New spectrophotometric determination of esomeprazole in bulk 

and pharmaceutical dosage form using wool fast blue. J. Drug Deliv. Ther. 2018, 

8, 320-322. https://doi.org/10.22270/jddt.v8i4.1802 

Valcarcel, M. Principles of Analytical Chemistry: A textbook, Springer 67, Berlin, 

2000. http://doi.org/10.1007/978-3-642-57157-2 

Walash, M. I.; Belal, F. F.; Eid, M. I.; Mohamed, S. A. E. Spectrophotometric 

determination of tizanidine and orphenadrine via ion pair complex formation 

using eosin Y. Chem. Cent. J. 2011, 5, 1-9. https://doi.org/10.1186/1752-153X-

5-60 

 

https://doi.org/10.26850/1678-4618.eq.v51.2026.e1644
https://doi.org/10.26850/1678-4618.eq.v51.2026.e1644
https://doi.org/10.3390/analytica3020012
http://doi.10.15406/japlr.2019.08.00309
https://doi.org/10.48317/IMIST.PRSM/morjchem-v5i1.6551
https://doi.org/10.24297/jac.v15i1.7003
https://doi.org/10.11648/j.ijpc.20170304.11
https://doi.org/10.21275/SR21916233729
https://doi.org/10.1016/j.snb.2016.10.014
https://doi.org/10.1134/S1061934811050133
https://doi.org/10.1002/bio.4682
https://doi.org/10.1111/j.1365-2125.2010.03717.x
https://doi.org/10.1007/s10337-022-04168-6
https://doi.org/10.1080/10408347.2020.1750339
https://doi.org/10.1134/S106193481906008X
https://doi.org/10.1038/nrgastro.2017.117
https://doi.org/10.1016/S0731-7085(99)00275-7
https://doi.org/10.4172/pharmaceutical-sciences.1000245
https://doi.org/10.4172/pharmaceutical-sciences.1000245
https://doi.org/10.1016/j.electacta.2013.07.173
https://doi.org/10.18433/J3GP4Q
https://doi.org/10.9734/irjpac/2022/v23i230458
http://doi.org/10.3390/molecules27144511
http://nopr.niscpr.res.in/handle/123456789/8632
http://doi.10.7598/cst2014.701
https://doi.org/10.1016/S0731-7085(03)00233-4
https://doi.org/10.5009/gnl15502
https://doi.org/10.22270/jddt.v8i4.1802
http://doi.org/10.1007/978-3-642-57157-2
https://doi.org/10.1186/1752-153X-5-60
https://doi.org/10.1186/1752-153X-5-60

