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Objective: We developed and validated a simple, convenient and reproducible method for 
simultaneous estimation of six proton-pump inhibitors (PPIs), omeprazole (OPZ), esome-
prazole (EOPZ), lansoprazole (LPZ), pantoprazole (PPZ), rabeprazole (RPZ) and ilaprazole 
(IPZ) in pharmaceutical dosage forms by a single marker. Meanwhile, the stability of the 
cited PPIs in 0.9% sodium chloride injection stored in polypropylene syringes up to 48 hours 
for continuous infusion use was investigated.
Materials and Methods: The chromatographic separation was achieved on an 
InterSustain® C18 column (150 × 4.6 mm, 5 μm). The isocratic mobile phase made up of 
0.05 M potassium dihydrogen phosphate buffer (pH 4.0): acetonitrile (65:35, v/v) was 
pumped through the column at a temperature maintained at 30°C and a flow rate of 1.0 
mL/min. The relative retention time, UV spectral similarity and relative correction factors 
between OPZ and the other five PPIs were calculated and investigated using the quantitative 
analysis of multi-components with a single marker (QAMS) method. The stability study 
examined physical parameters, pH values and drug concentrations of the PPIs mixtures.
Results: Under these conditions, all cited PPIs were separated simultaneously at a retention 
time of 6.0, 7.3, 7.3, 9.9, 12.5 and 13.9 min for RPZ, OPZ, EOPZ, IPZ, PPZ and LPZ, 
respectively, with a total run time less than 20.0 min. Comparative analysis results indicated 
that there were no significant differences observed between the QAMS method and the 
external standard method. The percentage of initial concentration of each PPI gradually 
decreased during the storage time.
Conclusion: The proposed method, which is selective, economical and accurate, was 
applied successfully for determination of the cited PPIs in their respective pharmaceutical 
dosage forms. Admixtures of OPZ, EOPZ, PPZ, IPZ in 0.9% sodium chloride injection were 
stable for 24 hours and LPZ, RPZ in 0.9% sodium chloride injection were stable for 8 hours 
in polypropylene syringes.
Keywords: proton-pump inhibitors, quantitative analysis of multi-components with a single 
marker, relative correction factor, relative retention time, HPLC, stability

Introduction
Gastrointestinal disease is a difficult problem in today’s world with a high incidence 
including peptic ulcer, stress ulcers, Zollinger-Ellison syndrome, gastrointestinal 
hemorrhage, Helicobacter pylori infections, and gastro-esophageal reflux disease.1–4 

Proton-pump inhibitors (PPIs) have been available for more than two decades for 
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clinical use to treat gastrointestinal disease. They work by 
blocking the K+-H+- adenosine triphosphates enzyme system 
(the proton pump) and thereby inhibit gastric acid.5,6 The first 
PPI, omeprazole (OPZ), was introduced in 1989, and other 
drugs in the class now include esomeprazole (EOPZ), lanso-
prazole (LPZ), pantoprazole (PPZ), rabeprazole (RPZ) and 
ilaprazole (IPZ).7–10

OPZ is substituted benzimidazole and has the chemical 
name 5-methoxy-2- [[(4-methoxy-3, 5-dimethyl-2-pyridinyl) 
methyl] sulfinyl] −1H-benzimidazole. EOPZ is an S-enantio-
mer of omeprazole. It has been found to be superior to other 
racemic PPIs for increasing gastric pH and maintaining gas-
tric alkalization in humans. LPZ is the only PPI with no 

substitutions on the benzimidazole ring; it has the chemically 
name 2-[[[3-Methyl-4-(2, 2, 2-trifluoroethoxy)-2-pyridyl] 
-methyl] sulfinyl]-1H-benzimidaze. RPZ as the chemical 
name 2-[[4-(3- methoxypropoxy) −3-methylpyridine−2-yl] 
methylsulfinyl]-1H-benzoimidazole. PPZ is the fourth PPI 
marketed in the US and has the chemically name 5-(2, 2- 
difluoromethoxy)-2-[[(3, 4-dimethoxy-2-pyridyl) methyl] 
sulfinyl]-1H-benzimidazole. IPZ is the latest PPI and has 
the chemically name 2-4- [[methoxy−3-methylpyridin-2-yl] 
methyl]thio]-5-[1H-pyrrol-1-yl]benzoimidazole.

Literature survey revealed that there are several HPLC 
methods available for simultaneous determination of two to 
five PPIs but there seem to be no reports concerning 

Figure 1 Chemical structure of OPZ (A), EOPZ (B), PPZ (C), LPZ (D), RPZ (E) and IPZ (F).
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methods for the simultaneous determination of all six PPIs 
using HPLC in the commercial pharmaceutical 
preparations.11–27 At present, the simultaneous determina-
tion of multi-components by the external standard methods 
needs many expensive standard substances, lower selectiv-
ity, and a lot of time, thereby limiting its application. 
Quantitative analysis of multi-components by a single mar-
ker (QAMS), is an economical, convenient and environ-
mentally sound method that simultaneously determines the 
concentrations of multi-components by a single reference 
standard. The QAMS model was established to study the 
quality control of Chinese herbal medicines, chemical drugs 
and drug impurities, and has been widely applied.28–34 

Thus, the present research work was to develop an accurate 
and rapid HPLC method for the determination of the six 
PPIs by QAMS and external standard method (ESM). This 
method was successfully applied to the quality control of 
the cited PPIs in pharmaceutical formulation and evaluates 
the stability of the PPIs in 0.9% sodium chloride solution 
stored in polypropylene syringes for up to 48 hours for 
continuous infusion use.

Materials and Methods
Chemicals and Reagents
Six references of PPIs (Figure 1) and uridine were pro-
cured from the National Institute for Food and Drug 
Control (Beijing, China). All references were checked for 
purity by pharmacopeia methods which showed levels of 
95.2%, 95.0%, 99.6%, 95.8%, 99.7%, 99.8% and 99.6% 

for OPZ, EOPZ, LPZ, PPZ, RPZ, IPZ and uridine, respec-
tively. HPLC-grade acetonitrile was acquired from Tianjin 
Komio Chemical Reagent Co., Ltd. The following 
reagents were analytical grade: potassium dihydrogen 
phosphate, phosphoric acid, and triethylamine (Nanjing 
Chemical, Jiangsu, China). All aqueous solutions includ-
ing the buffer for the mobile phase were prepared with 
Milli Q (Millipore, Milford, MA, USA) grade water. 
Branded formulations of OPZ, EOPZ, LPZ, PPZ, RPZ 
and IPZ were purchased from China National 
Pharmaceutical Group Co., Ltd (Beijing, China).

Chromatographic System
The chromatographic system was Dionex Ultimate 3000 
series (USA) equipped with a quaternary solvent delivery 
system, a temperature controlled auto injector, a column 
oven, a diode array detector and SHIMADZU InterSustain 
C18 (4.6 mm × 150 mm, 5 μm) column. Chromeleon Data 
system Software (Version 7.1) was used for data proces-
sing and evaluation. The isocratic mobile phase system 
consisting of 0.05 M potassium dihydrogen phosphate 
buffer (adjusting the pH to 4.0 with 2 M phosphoric 
acid): acetonitrile (65:35, v/v) was delivered at a flow 
rate of 1.0 mL·min−1.

Standard Stock Solutions and Sample 
Preparation
Standard stock solutions of each analyte and the uridine were 
prepared separately as 20 mg in 0.9% sodium chloride 

Figure 2 Typical HPLC chromatogram for simultaneous separation of OPZ (EOPZ), LPZ, PPZ, RPZ and IPZ. Chromatographic conditions were acetonitrile 0.05 mol/L: 
potassium dihydrogen phosphate (35: 65, v/v) and the buffer pH varied. (A) pH 3.0. (B) pH 3.5. (C) pH 4.0. (D) pH 5.0. (E) pH 6.0.
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solution (except RPZ and IPZ, these being first dissolved in 
about 5 mL 0.1 M NaOH, respectively, before dilution to 
mark with 0.9% sodium chloride solution) and at 4–6 ºC. For 
the mixed working test solution was prepared by diluting the 
six standard stock solutions of PPIs as a certain concentration 
in 0.9% sodium chloride solution. For test sample solution, 
1 mL of the drug injectable solution, which contains 4 mg 
OPZ, 4 mg EOPZ, 3 mg LPZ, 4 mg PPZ, 2 mg RPZ and 4 mg 
IPZ were transferred to a 100 mL volumetric flask, diluted to 
the volume with 0.9% sodium chloride solution and vortexed 
for about 1 minute. The solution was filtered through Nylon 
0.45 µm membrane filter.

Method Validation
The method was validated as per ICH and FDA guidelines 
for specificity, linearity and range, accuracy, intra- and 
inter-day precision, and robustness. To investigate 

chromatographic selectivity and the stability of QAMS 
method, three different HPLC instruments were employed, 
including Dionex Ultimate 3000RS (Thermo Scientific, 
USA), Agilent 1260 series (Agilent Technologies, USA), 
and Shimadzu LC-20A (Shimadzu, Japan). Three models 
of chromatographic columns were employed, namely 
Agilent Zorbax Extend C18, Shimadzu HC-C18 column, 
and Kromasil C18 (150 mm × 4.6 mm, 5 um). Analysis 
was determined at the different pH value of the mobile 
phase of 3.8, 4.0, 4.2, at flow rates of 0.98 mL/min, 1.0 
mL/min and 1.02 mL/min with the column temperatures of 
29°C, 30°C and 31°C.

Establishment of the QAMS Method
UV Spectral Similarity Analysis
The mixed standard solutions were injected into HPLC 
under the above chromatographic conditions. The 

Table 1 Comparison of the Performance Characteristics of the Present Method with the Published Methods

No. Method Analytical Conditions Detection 
Wavelength 
(nm)

Runtime 
(min)

Linearity 
(µg/mL)

Remark Reference

1 HPLC Zorbax SB C18 column, 

acetonitrile, ortho- 

phosphosphoric acid, 
triethylamine

270 11 0.02–2.0 Determination of four 

PPIs in human plasma 

and applied to 
pharmacokinetic study

11

2 HPLC TRACER 120 ODS column, 
acetonitrile, potassium 

dihydrogen phosphate, 

triethylamine

302, 290, 285, 
284 for OPZ, 

PPZ, LPZ and 

RPZ

10 0.02–2.5 for OPZ, 
0.02–4 for PPZ, 

0.02–3 for LPZ and 

0.02–1.5 for RPZ

Determination of four 
PPIs in human plasma

12

3 HPLC Nova-Pak C18 column, 
potassium dihydrogen 

phosphate, triethylamine, 

acetonitrile, methanol

280 20 2–20, 2–36 and 
0.5–20 for LPZ, 

OPZ and PPZ

Determination of 
three PPIs in 

pharmaceutical dosage 

form

14

4 UPLC Waters BEH C18 column, 

acetonitrile

302, 286, 284, 

262 for OPZ 
(EOPZ), LPZ, 

RPZ and PPZ

5 0.75–200 Rapid method for the 

detection of five PPIs 
in a mixture

24

5 HPLC Phenomenex C18 column, 

methanol, acetonitrile, 

dipotassium hydrogen 
phosphate, phosphoric acid

280 10 1.0–10 for PPZ and 

RPZ, 0.75–7.5 for 

LPZ

Determination of 

three PPIs and 

domperidone in their 
combination dosage 

forms

25

6 HPLC InterSustain® C18 column, 

potassium dihydrogen 

phosphate, acetonitrile, 
phosphoric acid, 

triethylamine

275, 248, 285, 

305 for OPZ 

(EOPZ), RPZ, 
PPZ (LPZ), and 

LPZ

20 2.0–100 Determination of six 

PPIs by QAMS method 

and applied to stability 
study

Present 

work
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chromatogram map and ultraviolent spectrum were 
recorded. The original spectral, first-order spectral and 
second-order spectral similarity of the above six PPIs 
were examined. The spectral similarity analysis was done 
by the ChemStation software Version C.01.10 serves.

Computation of Relative Retention Time
The same mixed standard solutions of the six PPIs were 
tested with the above chromatographic conditions to iden-
tify the relative retention time (RRT) and the RSD %. The 
RRT is calculated by the following Equation (1).

RRT ¼ tA� t0ð Þ=ðt� t0Þ (1) 

Where tA, t0 and tR represents the relative retention time of 
analyte, urine pyrimidine and OPZ, respectively.

Computation of Relative Correction Factors
The QAMS method was applied to the quality control of 
the six PPIs by using relative correction factors (RCF) 
that were calculated based on each component, which 
was proportional to the detector within a certain range. 
OPZ was selected as the internal reference substance to 
calculate the RCFs by using Equation (2).

f ¼f s=f i¼ As�Cið Þ= Ai�Csð Þ (2) 

Where As is the peak area of internal reference substance, 
Cs is the HPLC injection concentration of internal refer-
ence substance, Ai is the peak area of component i, and Ci 

is the HPLC injection concentration of component i in the 
sample solution. From Equation (2), we can deduce 
Equation (3).

Ci¼ f�Cs�Ai=As (3) 

We can calculate the concentration of each chemical com-
ponent in the sample solution using Equation (3).

Similarity Evaluation of the QAMS and 
ESM Methods
As shown in the Section Sample Preparation, the amounts 
of individual compound in six PPIs samples were calcu-
lated by the method of QAMS and ESM. Comparative 

Table 2 Regression Equation, Correlation Coefficient (r), Linear 
Range and Detection Limit of the Six Proton-Pump Inhibitors

Compound Regression 

Equation

r (Linear 

Range) 

(μg/mL)

(Detection 

Limit) 

(μg/mL)

OPZ(EOPZ) y=5.8691x-0.5647 0.9999 2.0–100 0.12

RPZ y=4.9698x-2.7534 0.9991 2.0–100 0.08

PPZ y=5.7757x-0.0087 0.9995 2.0–100 0.06

IPZ y=5.8371x-2.5212 0.9997 2.0–100 0.10

LPZ y=6.0161x-0.6847 0.9999 2.0–100 0.06

Table 3 Precision, Stability and Recovery Test Results of the 
HPLC Method

Component Stability Recovery Precision RSD (%)

RSD/% x/% RSD/ 
%

Intra- 
Day

Inter- 
Day

OPZ 0.4 99.8 1.1 1.5 1.6
RPZ 2.0 98.4 2.2 1.4 1.5

PPZ 0.5 101.1 1.2 1.2 1.5

IPZ 1.7 100.7 0.9 0.6 1.1
LPZ 1.4 98.6 1.8 2.0 2.3

EOPZ 0.3 102.5 2.4 1.9 1.7

Table 6 2nd UV Spectra Similarity of the Six Proton-Pump 
Inhibitors

Compound OPZ 
(EOPZ)

RPZ PPZ IPZ LPZ

OPZ(EOPZ) 1.0000

RPZ 0.9313 1.0000

PPZ 0.8866 0.8256 1.0000
IPZ 0.3372 0.4079 0.6618 1.0000

LPZ 0.9710 0.9048 0.8163 0.2022 1.0000

Table 5 1st UV Spectra Similarity of the Six Proton-Pump 
Inhibitors

Compound OPZ 
(EOPZ)

RPZ PPZ IPZ LPZ

OPZ(EOPZ) 1.0000
RPZ 0.9070 1.0000

PPZ 0.9843 0.9214 1.0000

IPZ 0.7302 0.8570 0.7848 1.0000
LPZ 0.9695 0.8775 0.9367 0.6243 1.0000

Table 4 UV Spectra Similarity of the Six Proton-Pump Inhibitors

Compound OPZ 
(EOPZ)

RPZ PPZ IPZ LPZ

OPZ(EOPZ) 1.0000
RPZ 0.9832 1.0000

PPZ 0.9977 0.9870 1.0000

IPZ 0.9538 0.9672 0.9498 1.0000
LPZ 0.9949 0.9781 0.9938 0.9288 1.0000
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analysis between the QAMS with ESM method was cal-
culated according to the cosine ratio value method.32–34

Stability Study of the PPIs in Mixtures
Based upon previously published meta-analyses and evi-
dence-based guidelines on peptic ulcer, this study was 
carried out to mimic as closely as possible a projected 
routine use of the six PPI agents.6–10 Commercially avail-
able OPZ, EOPZ, LPZ, PPZ, RPZ or IPZ were mixed in 
50 mL polypropylene syringes (Jierui, Weigao Med., 
Shangdong, China) of 0.9% sodium chloride injection at 
concentrations of 1.6 mg/mL, 1.6 mg/mL, 1.2 mg/mL, 1.6 
mg/mL, 0.8 mg/mL and 0.8 mg/mL, respectively. All 
admixtures were investigated at room temperature (25 
±0.5°C) over 48 hours with light protection or light expo-
sure. The physical parameters such as color change, pre-
sence of turbidity and precipitate or changes in the pH 
values were evaluated qualitatively whenever samples 
were withdrawn. The concentrations of OPZ, EOPZ, 

LPZ, PPZ, RPZ or IPZ were determined by the above- 
described HPLC–ESM method. All concentrations ana-
lyses were conducted in triplicate and designed to measure 
the amount of drug remaining of the initial concentrations. 
Drug stability was defined as 90% remaining of the initial 
value of each drug.

Results and Discussion
Optimization of Chromatographic 
Conditions
In this study, to obtain a good separation degree, higher 
theoretical plate number, and good symmetry of chroma-
tographic peaks, different mobile phase conditions such as 
different pH values and buffering agents were investigated 
for a system adaptability test. Figure 2 shows the typical 
chromatogram for simultaneous separation of the six PPIs 
with different buffer pH. It was found that baseline separa-
tion of OPZ, EOPZ, LPZ, PPZ, RPZ and IPZ was achieved 
on InterSustain C18 column maintained at 30ºC using an 

Figure 3 The UV spectra of OPZ (EOPZ), LPZ, PPZ, RPZ and IPZ.

Table 7 Effects of Different Instruments, Columns, Column Temperatures, Flow Rates, Volume and pH on RRTs (n = 3)

Effects Factor RPZ PPZ IPZ OPZ(EOPZ) LPZ

RSD% Chromatographic Columns 2.70 3.96 2.75 – 4.75
HPLC Instruments 2.65 1.52 1.34 – 0.89

Column Temperatures 2.35 1.20 0.60 – 0.68

Flow Volume of Mobile Phase 1.14 1.07 1.01 – 2.04
Flow Rate of Mobile Phase 0.27 0.24 0.48 – 0.44

pH Value of Mobile Phase 15.48 2.34 13.72 – 3.07

χ 0.69 1.29 1.79 – 1.98
S 0.003 0.005 0.007 – 0.008

χ±3S 0.69±0.009 1.29±0.015 1.79±0.021 – 1.98±0.024
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isocratic mixture of 0.05 M potassium dihydrogen phos-
phate buffer (pH 4.0): acetonitrile (65:35, v/v) with 1.0 
mL/min flow rate. The total run time was 20 min. The 
present proposed method was compared with the reported 
method in the literature and this comparison is shown in 
Table 1. Literature survey revealed that no method is 
available for simultaneous quantification of these six 
PPIs viz. OPZ, EOPZ, LPZ, PPZ, RPZ and IPZ in dosage 
forms.

Method Validation
Linear Range
On the basis of mentioned chromatographic conditions, a 
series volume of mixed standard solutions containing all 
the reference substances was taken by volume with 1 uL, 5 
uL, 10 uL, 20 uL, 30 uL, 50 uL and then injected into 
HPLC to conduct analyses. The chromatogram was 
recorded and the reference curve was constructed by con-
sidering the concentrations of the reference solution (X) as 
abscissa and considering the peak area (Y) of the chroma-
togram as the vertical axis. The results are presented in 
Table 2, which illustrated that six reference substances of 
PPIs performed favorable linearity in their proper ranges.

Precision
The intra-day precision of this method was determined by 
injecting the mixed standard solutions of the six PPIs six 
times in one day. Inter-day precision of the method was also 
evaluated by analyzing the mixed standard solutions on 
different days (6 days). The results are presented in Table 3. 
The RSDs of the chromatographic peak area of OPZ, EOPZ, 
LPZ, PPZ, RPZ and IPZ were found to be less than 2.5%, 
which illustrated a high instrument precision and showed that 
the proposed method has favorable precision.

Stability
The same mixed standard solution was firstly placed at 
room temperature for 1, 2, 4, 6, 8, 12 hours, and then 
injected into HPLC, respectively. The stability was eval-
uated in terms of RSD calculated according to the chro-
matographic peak area of these six reference substances. 
The results (Table 2) show the sample solution has high 
stability within 12 hours at the room temperature.

Recovery
For the recovery test, three known concentrations at the levels 
of 50%, 100% and 150% of targeted concentration of the 
mixed reference standards were spiked into nine sample 
solutions. The contents of the six PPIs were determined 

from the respective chromatograms. The percentage recovery 
for the amount added was calculated. The values are given in 
Table 3. The average recovery rates of the six PPIs were in 
the range of 98.4–102.5% and RSD 0.9–2.4%, which illu-
strated that the proposed method has favorable accuracy.

Validation of the QAMS Method
Spectral Similarity
The results of the original, first-order and second-order spec-
tral similarity and the vector graph of the six PPIs are shown 
in Tables 4–6 and Figure 3. It was found that the original 
similarities of these six PPIs were close, but the first-order and 
second-order similarities of the six PPIs show more character-
istic details, which further expands the difference between the 
PPIs and improves the accuracy of the characterization.

Calculation and Stability of the RRTs
In this study, OPZ was chosen as the internal standard 
substance of the QAMS method, because OPZ is low in 
price, available in large amounts and is obtained easily, 
firstly. In addition, as the internal standard substance, it has 
great separation and its chromatographic peak has no 
interference with adjacent substances. The main problem 
of the QAMS method is how to accurately locate the 
remaining five target peaks of EOPZ, LPZ, PPZ, RPZ 

Table 9 Results of the Comparison of the Six Proton-Pump 
Inhibitors Samples

Compound The QAMS Methods The ESM Methods

Accuracy 
(%)

RSD 
(%)

Accuracy 
(%)

RSD 
(%)

OPZ 99.1 1.5 99.2 1.4
RPZ 102.8 2.2 102.3 2.5

PPZ 99.3 1.3 98.9 1.0

IPZ 98.7 0.5 99.4 1.2
LPZ 101.6 0.8 102.4 1.8

EOPZ 98.7 1.7 98.3 0.9

Table 8 Relative Correction Factor of the Six Proton-Pump 
Inhibitors

Compound Wavelength 
(nm)

RSD/ 
%

Relative Correction 
Factor

OPZ(EOPZ) 275 0.7 1.00

RPZ 248 0.3 1.18
PPZ 285 0.8 0.65

IPZ 305 0.5 0.63

LPZ 285 0.4 0.63
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and IPZ by only one single reference substance of OPZ. To 
solve this problem, the spectral similarity and RRTs were 
introduced; the two parameters could be used as the posi-
tion markers of the other five PPIs’ peaks. The robustness 
of the RRTs for the six PPIs is shown in Table 7. The 
results revealed that these influencing parameters such as 
different instruments, chromatographic column packing, 

flow rates or flow volume of the mobile phase, and column 
temperatures did not exert any considerable influence on 
the RRTs (with RSD values lower than 5.0%). However, 
the changes of pH values of the mobile phase had some 
effects on the RRTs. Thus, the spectral similarity and RRTs 
was chosen to be another position marker of the target 
peaks when the reference was unavailable.

Figure 4 Drug concentrations (mean ± SD [%]; n=3) of OPZ, EOPZ, LPZ, PPZ, RPZ and IPZ in 0.9% sodium chloride injection when packaged in polypropylene syringes, 
and with light protection or light exposure over 48 hours at 25°C.
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Calculation and Stability of the RCFs
The RCFs of the six PPIs are shown in Table 8. The results 
indicated that the values of RCFs had good repeatability in 
different experimental conditions. These results ensured 
that the HPLC-based QAMS analytical method could be 
well applied into routine analysis.

Application of Proposed Method to Six 
PPIs Injectable Samples
The amounts of individual compound in the six PPIs 
injectable samples were calculated both by the QAMS 
and ESM methods and the results are shown in Table 9. 
Comparative analysis results indicated that there were no 
remarkable differences observed between the two analyti-
cal methods, which indicated that the method established 
above was accurate and reliable.

Stability of Investigated PPIs in Mixtures
The mean concentrations over time of OPZ, EOPZ, LPZ, 
PPZ, RPZ and IPZ diluted with 0.9% sodium chloride injec-
tion and packaged in polypropylene syringes are outlined in 
Figure 4. Taking 90% stability as a limit, it clearly appears 
that OPZ, EOPZ, PPZ, and IPZ were stable for 24 hours and 
LPZ, RPZ were stable for 8 hours in polypropylene syringes 
at 25°C, respectively. The pH values of all the PPIs admix-
tures were between 9.0 and 10.5 and decreased by only about 
0.8 units during the storage period; this change was consid-
ered insignificant. There were no visible signs of particulate 
matter of OPZ, EOPZ, LPZ, PPZ, and IPZ admixtures during 
the 48 hours study period. In contrast, a minor increase in 
color intensity (to light yellow) was noted in RPZ admixtures 
kept at 25°C for 8 hours. Thereafter, the yellow color deepens 
over time. It is known that the PPIs are either imidazopyr-
idine derivatives or substituted pyridylmethylsulfinyl benzi-
midazole such as OPZ, EOPZ, LPZ, PPZ, RPZ and IPZ, etc. 
An important physical chemistry feature of PPIs is an 
instability to heat, light, and acidic media due to their special 
chemical structures.35 The rate of degradation of the investi-
gated PPIs had a direct relationship with the basicity of 
benzimidazole nitrogen of individual PPIs.36 LPZ and RPZ 
with lipophilic weak base, seems to be especially sensitive to 
such attack compared with the other members of PPIs.

Conclusion
The newly developed QAMS method is reported here for 
the first time to assess the quality of the contents of six 
PPIs simultaneously. This method proved to have good 

linearity, precision, recovery, stability and ruggedness 
and it can be used even when reference standards are 
unavailable. The established method has been successfully 
applied as part of hospital-based quality control of the six 
PPIs in their injection dosage form. In summary, the ana-
lytical method exhibited powerful potential for the quanti-
tative analysis of PPIs in other medicinal materials. On the 
basis of the results of the stability study, OPZ, EOPZ, PPZ, 
IPZ in 0.9% sodium chloride injection were stable for 24 
hours and LPZ, RPZ in 0.9% sodium chloride injection 
were stable for 8 hours in polypropylene syringes at 25°C.
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