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ABSTRACT 

A novel stability-indicating reverse phase liquid chromatographic method was developed for the determination of Rabeprazole impurities in 
Rabeprazole tablet formulations. One unknown impurity was isolated and characterized by using MS and NMR, which was formed in the formulated 
drug stability study. Rabeprazole was subjected to the stress conditions like oxidative, acid, base, hydrolytic, thermal and photolytic degradation. 
Chromatographic separation was achieved on HPLC in gradient elution mode by QbD-approach. The eluted compounds were monitored at 280 nm. 
All the impurities and degradation products were well resolved from the main peak, proving the stability-indicating power of the method. On the 
basis of spectral data, the unknown impurity was characterized as 1-(1H -Benzimidazol-2-yl)-4-(3-methoxypropoxy)-3-methylpyridinium-2-
carboxylate. The developed method was validated as per International Conference on Harmonization (ICH) guidelines with respect to specificity, 
limit of detection, limit of quantification, precision, linearity, accuracy, robustness and ruggedness 
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INTRODUCTION 

Rabeprazole sodium [RAB],  chemically known as 2-[[(4-(3-
methoxypropoxy)-3-methyl-2-pyridinyl)methyl]sulfinyl]-1H-
benzimidazole sodium salt [1-4], is a proton pump inhibitor and 
used to treat gastroesophageal reflux disease (GERD), a condition in 
which backward flow of acid from the stomach causes heartburn and 
possible injury of the esophagus (the tube that connects the throat 
and stomach), it heals esophagus, and prevent further damage to the 
esophagus. RAB is also used to treat Zollinger-Ellison syndrome and 
ulcers (sores in the lining of the stomach or intestine) and is used in 
combination with other medications to eliminate Helicobacter 
pylori, a bacteria that causes ulcers [5]. The molecule structure is 
shown in Figure 1. 

In general, solid active pharmaceutical ingredients (APIs) are 
formulated with excipients as tablets or capsules.  Since the active 
ingredient is interacting with the excipients and the formulated 
product is stored at different conditions, the study of stability of APIs 
is critical in the drug development process.  Many factors can affect 
the stability of a pharmaceutical product, some of them include the 
stability of the active ingredient, the manufacturing process, the 
environmental conditions (such as heat, light and moisture during 
storage), as well as some chemical reactions such as oxidation, 
reduction and hydrolysis that might occur [6]. RAB has been 
reported in literature as thermal, acidic and photo sensitive [7], as 
the RAB is sensitive to acid pharmaceutical dosage form is 
manufactured as enteric coated tablets [8-12]. 
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Figure 1: Structure of Rabeprazole 

 
To estimate the purity of the drug in the formulations the analytical 
method should separate all the degradants and process related 
impurities from the excipients used in the formulation. In the 
literature, limited LC methods (LC- MS, HPLC, ELSD, NMR, 
Preparative HPLC, TLC and ESI-MS/MS) [13-22] were reported for 
the determination of RAB in pharmaceutical preparations. Few of 
the degradant and other impurities of RAB reported in the literature 
[23-26]. During stability study, it was observed that one unknown 
impurity is increasing to the level of 0.5% and merging with other 
unknown impurity when analyzed using UPLC method [25].  
 
Hence it was decided to separate all the possible degradants and 
known impurities of RAB from the placebo peaks by QbD approach 
[27, 28]. RAB is having total 9 impurities as per literature. In the 
present work the author separated all the literature and degradant 
impurities from the placebo peaks in the tablets. One degradant 
impurity was observed during the stability study of drug product 
(12M), identified and characterized using LC-MS, NMR and HRMS 
study. The degradant impurity was named as impurity 5. The 
plausible route for the formation of impurity 5 is shown in Figure 2. 
In the present work author separated all the 10 impurities (Figure 3) 
from the excipients and degradant impurities during the stability 
study by QbD approach and validated the method as per ICH 
guidelines [29]. 

MATERIALS AND METHODS 

Equipment 

The Waters HPLC system (Waters, Milford, USA) used consists of a 
pump, auto sampler and a PDA detector. The output signal was 
monitored and processed using empower-2 software. Cintex digital 
water bath was used for hydrolysis studies. Photo stability studies 
were carried out in a photo stability chamber (Sanyo, Leicestershire, 
UK). Thermal stability studies were performed in a dry air oven 
(Cintex, Mumbai, India). 

Chemicals and Reagents 

The purity of all chemicals was above 98%. RAB tablets, standards of 
RAB and its ten impurities namely impurity A, B, C, D, E, 1, 2, 3, 4 and 
5 were supplied by Dr. Reddy’s laboratories limited, Hyderabad, 
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India. Potassium dihydrogen ortho phosphate, dipotassium 
hydrogen phosphate, triethyl amine, diethyl amine and ortho-
phosphoric acid were purchased from Merck, Darmstadt, Germany. 
Acetonitrile and methanol were procured from J.T. Baker limited. 
High purity water was prepared by using Millipore MilliQ Plus water 
purification system (Millipore, Milford, MA, USA).  

Experimental 

Chromatographic conditions 

The method was developed using Inertsustine, 250 x 4.6mm, 5 µm 
column with mobile phase containing a gradient mixture of solvent 
A and B. Mixed phosphate buffer of 0.018M di potassium hydrogen 
phosphate and 0.005M potassium dihydrogen ortho phosphate 
(after addition of 1 ml triethyl amine pH adjusted to 7.6 with diluted 

ortho-phosphoric acid) and acetonitrile in the ratio 95:5, v/v; was 
used as solvent A. Water and acetonitrile in the ratio 20:80, v/v; was 
used as solvent B. The HPLC system operated at a flow rate of 1.0 
mL/min and the column oven temperature was maintained at 40°C. 
The injection volume was 20 μl. UV detection was carried out at 280 
nm and data acquisition time of 90 min. The gradient program 
(T/%B) was set as 0/7.5, 10/7.5, 25/20, 35/30, 55/50, 65/60, 
75/60, 78/7.5 and 90/7.5.  

Preparation of stock solutions 

A stock solution of RAB (500 µg/mL) was prepared by dissolving an 
appropriate amount of the drug in diluent. Working solution 
containing 1 µg/mL was prepared from this stock solution for the 
determination of impurities.  Individual stock solutions of all the 
impurities were prepared in diluent and used for method validation. 

 

Figure 2: Route of formation of impurity 5 

 
Impurity Name Chemical Name Chemical Structure 

Impurity A 2-[[[4-(3-Methoxypropoxy)-3-methyl-2-
pyridinyl-1-oxide]methyl]sulphinyl]-1H-
benzimidazole 

 

Impurity B 2-[[[4-Methoxy-3-methyl-2-
pyridinyl]methyl]-sulphinyl-1H-
benzimidazole 

 
Impurity C 2-[[[4-Chloro-3-methyl-2-

pyridinyl]methyl]sulphinyl]-1H-
benzimidazole 

 

Impurity D 2-[[[4-(3-Methoxypropoxy)-3-methyl-2-
pyridinyl]methyl]sulphonyl]-1H-
benzimidazole 
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Impurity E 2-[[[4-(3-Methoxy propoxy)-3-methyl-2-
pyridinyl]methyl]thio]-1H-benzimidazole 

 
Impurity 1 4-(1H -Benzimidazol-2-yloxy)-3-

methylpicolinic acid 

 
Impurity 2 2-Amino-1H-benzimidazole 

 
Impurity 3 1H-Benzimidazol-2-ol 

 
Impurity 4 2-Benzimidazolethiol 

 

Impurity 5 1-(1H -Benzimidazol-2-yl)-4-(3-
methoxypropoxy)-3-methylpyridinium-2-
carboxylate 

 

Figure 3: Structures of Rabeprazole impurities 

Preparation of sample solution 

20 tablets were taken and crushed to a fine powder .Transferred 
tablet powder equivalent to 50 mg of RAB into a 100 mL volumetric 
flask. Added 70 mL of diluent and sonicated for 30 minutes with 
intermediate shaking (maintain the sonicator temperature between 
10°C - 15°C). Allow the flask to cool down to the room temperature 
and then make up the volume with diluent (500 μg/mL). The 
resulting solution was analyzed by HPLC. 

Design of Experiments 

The experimental design along with statistical analysis of data 
was performed by Design-Expert 8.0 software, Full Version (Stat 
Ease Stat-Ease, Inc., Minneapolis, MN, USA). An experimental 
design is an experimental set-up to simultaneously evaluate several 
factors at a given numbers of levels in a predefined number of 
experiments. Several types of experimental designs (Two level full 
factorial, two level fractional factorial, Placket-Burman, mixed level 
designs) are available and these designs allow the simultaneous 
examination of qualitative, quantitative and mixture related factors. 
A two level full factorial design is selected for the present study to 
determine the main effects and all interactions between the factors, 
leading 2f experiments to be performed. 

Isolation of impurity 5 by preparative HPLC 

Enriching of Impurity 5 

Tablet powder equivalent to 1000 mg of RAB was refluxed with 30 
ml of water at 50°C for 2 hours. 40 mg/mL solution was prepared 
and injected into the liquid chromatography. Observed degradation 
was 10.75% 

Preparative Isolation 

Preparative HPLC was performed using a reversed phase X-Bridge 
C18, 250x21.2 mm, 5µm column on Agilent Preparative HPLC 

system. Mobile phase-A consist of water and Mobile phase-B consist 
of acetonitrile. Preparative HPLC was carried out at a flow rate of 10 
mL/min, column oven temperature maintained at ambient and 
Rheodyne injector used for injecting the samples into 
chromatographic system. Gradient programme for impurity 5 is as 
follows: (T/%B, 0/7, 10/7, 11/85, 21/85, 22.5/7, 25/7).  

Peak cut criteria for the isolated impurity was set based on the peak 
retention time. Fractions > 98 % purity were pooled together and 
concentrated by rotavapour to remove solvents, then lyophilized 
using freeze drying to obtain a pure compound with more than 98 % 
purity. 

LC–MS conditions 

LC–MS/MS system (Agilent 1200 series liquid chromatograph 
coupled with Applied Biosystems 4000 Q Trap triple quadrupole 
mass spectrometer with Analyst 1.4 software, MDSSCIEX, USA) was 
used for identification of degradant formed during forced 
degradation studies. Inert Sustine (250 mm × 4.6 mm), 5 µm particle 
size column was used for the analysis. Ammonium acetate buffer 
0.02 M (pH adjusted to 7.6 with Ammonia solution) & Acetonitrile in 
the ratio 95:5, v/v; was used as solvent A and water & Acetonitrile in 
the ratio 20:80, v/v; was used as solvent B. Injection volume was 20 
μl, flow rate was 1.0 mL/min and column oven temperature 
maintained at 40°C. UV detection was carried out at 280 nm and 
data acquisition time was 90 min. The gradient program (T/%B) 
was set as 0/7.5, 10/7.5, 25/20, 35/30, 55/50, 65/60, 75/60, 78/7.5 
and 90/7.5. The analysis was performed in positive electro-
spray/positive ionization mode, the ion source voltage was 5000 V, 
and the source temperature was 450°C. GS1 and GS2 were optimized 
to 30 and 35 psi, respectively. The curtain gas flow was 20 psi. 

1H NMR 

The 1H NMR data of Impurity 5 was recorded in DMSO-d6 at 400 
MHz on Varian Mercury plus 400 MHz spectrometer. The chemical 
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shift values were reported on δ scale in ppm with respect to TMS 
(0.00ppm) as internal standard. 

Method Validation 

Specificity, precision, linearity, LOD-LOQ, Accuracy, Robustness and 
Solution stability parameters were verified as part of method 
validation. 

Specificity 

Specificity is the ability of the method to measure the analyte 
response in the presence of its potential impurities. The specificity of 
the LC method for RAB was carried out in the presence of its 
impurities namely impurity A, B, C, D, E, 1, 2, 3, 4 and 5. Stress 
studies were performed for RAB tablets to provide an indication of 
the stability-indicating property and specificity of the proposed 
method. Intentional degradation was attempted with a stress 
condition of Photolytic (1.2 Million Lux hours followed by 200 Watt 
hours), thermal (105◦ C, 2 hour 30 minutes), acid (0.1N HCl, 60 ºC, 5 
minutes), base (0.1N NaOH, 60 ºC, 30 minutes), water hydrolysis (50 
ºC, 30 minutes), Humidity (90% RH, 7 days) and oxidation (3.0% 
H2O2, 60 ºC, 30 minutes) to evaluate the ability of the proposed 
method to separate RAB from its degradation products. Peak purity 
for the RAB peak was evaluated by using PDA detector in all stressed 
samples.  

Precision 

The precision of the method verified by repeatability by injecting six 
individual preparations of RAB tablets spiked with 0.20% of its 10 
impurities (0.20% of impurities with respect to 0.5 mg/ml of RAB). 
%RSD of each impurity from six preparations was calculated. The 
same experiment was evaluated by using different instrument, 
different column and different analyst on different day as part of 
intermediate precision. 

 Limits of detection (LOD) and quantification (LOQ) 

LOD and LOQ for impurities A, B, C, D, E, 1, 2, 3, 4 and 5 were 
determined at a signal-to-noise ratio of 3:1 and 10:1, respectively, by 
injecting a series of dilute solutions with known concentrations. 
Precision study was also carried out at LOQ level by injecting six 
individual preparations of impurities and % RSD was calculated. 

 Linearity 

Linearity test solutions for the method were prepared by diluting 
stock solution to the required concentrations. The solutions were 
prepared at six concentration levels from LOQ to 500% of the 
specification level. 

 Accuracy 

Accuracy of the method was evaluated in triplicate using 
concentration levels LOQ, 50%, 100%, 200%, 400% and 500% of the 
specification level on RAB tablets. Standard addition and recovery 
experiments were conducted on real sample to determine accuracy 
of the impurities method. The percentage of recoveries for all 10 
RAB impurities and RAB were calculated. 

Robustness 

To determine the robustness of the developed method, experimental 
conditions were deliberately altered and the resolution between 
RAB & its impurities and tailing factor for RAB were recorded. The 
flow rate of the mobile phase was 1.0 ml/min, to study the effect of 
flow rate on the resolution; flow rate was changed by 0.2 units i.e., 
from 0.8 to 1.2 ml/min. The effect of the column temperature on 
resolution was studied at 35 and 45°C instead of 40°C. The effect of 
the pH on resolution was studied by varying pH by ±0.2 units while 
other mobile phase components were held constant. 

Solution stability  

Solution stability of RAB and its impurities in the impurities method 
was carried out by leaving spiked sample solutions in tightly capped 
volumetric flasks for 24h at room temperature and in refrigerator. 

Content of impurities A, B, C, D, E, 1, 2, 3, 4 and 5 were determined 
for every 1h interval up to the study period.  

RESULTS AND DISCUSSION 

Initial method development  

The main objective of the chromatographic method was to separate 
all the impurities of RAB, from each other and from the placebo 
peaks. A blend solution prepared from the tablets containing 500 
µg/mL of RAB and spiked with 1 µg/mL (0.20%) of each impurity 
dissolved in diluent and used for method development. A placebo 
solution was prepared as per test preparation and used to identify 
the placebo peaks. Before starting the development impurity mix, 
placebo and degradation samples were analyzed by using UPLC 
method; it was observed that placebo peaks and impurity peaks 
were well separated. But when 12M stability samples were analyzed, 
one unknown impurity was crossing 0.5% limit and peak shape was 
not sharp. Later it was observed that this unknown peak contains 
two peaks. Method development was initiated to separate these two 
peaks by changing parameters like pH, polarity, flow and different 
columns on UPLC; but separation was not achieved. Later it was 
decided to work on HPLC by selecting Inertsustine, 250 x 4.6mm, 5 
µm column with mobile phase containing a gradient mixture of 
solvent A and B. Mixed phosphate buffer of 0.018M dipotassium 
hydrogen phosphate and 0.005M potassium dihydrogen ortho 
phosphate (after addition of 1 ml triethyl amine pH adjusted to 7.6 
with diluted ortho-phosphoric acid) and acetonitrile in the ratio 
95:5, v/v; was used as solvent A. Water and acetonitrile in the ratio 
20:80, v/v; was used as solvent B.  Flow rate was 1.0 mL/min and 
the column oven temperature was maintained at 40°C. The injection 
volume was 20 μl and UV detection was carried out at 280 nm. 
Separation was achieved with the gradient program (T/%B) : 0/7.5, 
10/7.5, 25/20, 35/30, 55/50, 65/60, 75/60, 78/7.5 and 90/7.5. 
After this initial optimization, method was subjected to Design of 
Experiments to study the variables which can influence the 
resolution between the impurities.  

Method Optimization by Design of Experiments 

Based on the initial method development pH of the buffer, flow rate, 
organic phase composition in mobile phase B and column 
temperature were selected as critical parameters. Evaluating all of 
these parameters with a full factorial design would involve 24 = 16 
trials. Total 21 runs including five runs at centre points were 
performed. In all the experiments RS1 (Resolution between impurity 
C & RAB), RS

2 (Resolution between impurity C & D) and Rs3 

(Resolution between Impurity 2 & 5) were monitored.  

The results (Table 1) after completion of the 21 experiments were 
analyzed through Design Expert ®software. The effect on the three 
dependent variables with the independent variables was explained 
by using Pareto chart (Figures 4, 5 & 6). The resolution between 
Rabeprazole and Impurity C (RS1) was majorly affected by flow rate, 
pH of the buffer, organic phase composition followed by mixed 
interaction of pH of the buffer, column temperature and organic 
phase composition. The resolution between impurity C & D was 
affected by mixed interaction of all the variables. The resolution 
between impurity 2 & 5 was affected by Flow rate, Organic phase 
composition followed by mixed interactions. Design space graph was 
shown in Figure 7. The definition for design space of a LC method 
can be “multidimensional combination and interaction of mobile 
phase variables (pH of the buffer and organic phase composition) 
and chromatographic parameters (Flow rate and column 
temperature) that have been demonstrated to provide assurance of 
result obtained with the method”. The yellow region in Design space 
graph indicates the responses are in acceptable range and the grey 
region shows the responses are below the desired level. The initial 
method development parameters were lying in middle of the design 
space; hence the initial developed method was finalized and 
performed method validation.  

The overlay chromatogram of placebo and spiked sample was shown 
in Figure 8 representing no interference of placebo peaks with the 
known and unknown impurities of RAB. Also it clearly shows 
excellent separation between each pair of compounds. 
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Figure 4: Pareto Chart for resolution between impurity C and Rabeprazole 
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Figure 5: Pareto Chart for resolution between impurity C and impurity D 

Method Validation 

Specificity 

RAB was found to degrade significantly in acid stress, peroxide 
stress and in water stress; and mild degradation was observed in 
thermal stress and base stress; and no degradation observed in 
photolytic (light) stress and humidity stress. The typical 
chromatogram of acid and water stressed samples were shown in 
Figures 10 & 11. It is interesting to note that all the peaks due to 
degradation were well resolved from the peaks of RAB and its 
impurities. Photodiode array detector was employed to check and 
ensure the homogeneity and purity of RAB peak in all the stressed 
sample solutions. Assay studies were carried out for stress samples  

 

against RAB qualified working standard. The mass balance (% assay 
+ % Total impurities) results were presented in Table 2. The purity 
and assay of RAB was unaffected by the presence of its impurities 
and degradation products and thus confirms the stability-indicating 
power of the method. 

Precision  

The %RSD for the % of each individual impurity in method precision 
study was within 4.2. Results for set-2 precision (Intermediate 
precision) was within 3.1%. These results demonstrate that the 
method is precise (Table 3). 
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Design-Expert® Software
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Figure 6: Pareto Chart for resolution between impurity 2 and impurity 5 
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Figure 7: Overlay plot of design of experiments 

Table1: Design of experiments data 

Run  Factor 1      
(A: Buffer 

pH) 

Factor 2      (B: 
Flow Rate in 
mL/min) 

Factor 3      (C: 
Organic Phase 
Composition in mL) 

Factor 1      
(D: Column 
Temp °C) 

Response 1 
(Res between 
Imp C & D)  

Response 2 (Res 
between Imp C 
& Rab) 

Response 3 
(Res between 
Imp 2 & 5) 

1 7.40 1.25 90.00 30.00 2.9 1.3 2.9 
2 7.60 1.00 80.00 40.00 2.5 1.6 3.5 
3 7.40 0.75 70.00 50.00 2.9 1.9 4.1 

4 7.80 1.25 70.00 30.00 2.7 1.5 3.7 
5 7.80 0.75 70.00 30.00 2.9 2.3 4.2 
6 7.80 0.75 90.00 50.00 2.6 1.8 3.6 
7 7.80 0.75 70.00 50.00 4.4 2.1 4.1 
8 7.60 1.00 80.00 40.00 2.3 1.7 3.5 
9 7.80 0.75 90.00 30.00 2.6 2.1 3.7 

10 7.40 1.25 70.00 30.00 2.9 1.3 3.4 
11 7.80 1.25 70.00 50.00 2.6 1.7 3.5 
12 7.40 0.75 90.00 50.00 2.6 2.1 3.9 
13 7.40 1.25 90.00 50.00 2.6 1.4 3.4 
14 7.60 1.00 80.00 40.00 2.9 1.8 3.5 
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15 7.40 1.25 70.00 50.00 2.6 1.5 3.7 
16 7.60 1.00 80.00 40.00 2.5 1.8 3.5 
17 7.40 0.75 90.00 30.00 2.7 1.7 4.1 

18 7.80 1.25 90.00 50.00 2.6 1.4 3.0 
19 7.60 1.00 80.00 40.00 2.7 1.9 3.5 
20 7.80 1.25 90.00 30.00 2.8 1.4 3.1 

 

Structural Elucidation of Impurity 

The ESI mass spectrum of RAB Impurity 5 displayed protonated 
molecular ion at m/z = 341, which corresponds to the molecular 
formula C18H19N3O4, HRMS data (Figure 9) confirms the molecular  

 

formula of RAB impurity 5. Also NMR spectrum confirms the same 
structure. 

Based on MS and NMR data the structure of Impurity 5 was 
characterized as 1-(1H -Benzimidazol-2-yl)-4-(3-methoxypropoxy)-
3-methylpyridinium-2-carboxylate. 

 

 

Figure 8: Overlaid Chromatogram of Rabeprazole placebo and spiked test preparation 

Limits of detection and quantification  

The determined limit of detection, limit of quantification and 
precision at LOQ values for RAB and its 10 impurities were reported 
in Table 3. The RSD for peak areas of RAB and its related 10 
impurities at limit of quantification level were within 10.0%. 

Linearity  

Linear calibration plot for the related substance method was 
obtained over the calibration ranges tested, i.e. LOQ to 500% of the 
specification level. The correlation coefficient obtained was greater 
than 0.997 for all the components. The slope and y-intercept values 
were   also   provided in Table 3, which confirmed good linearity  

between peak areas and concentration. 

 Accuracy  

Recovery of impurities from drug substances in spiked studies 
ranged from 87.4-112.9% at six different levels. The % recovery 
values for impurities and RAB were presented in Table 4. 

Robustness  

In all the deliberate varied chromatographic conditions (flow rate, 
column temperature, buffer pH and composition of organic solvent), 
the resolution between all pairs of compounds was greater than 1.5 
and tailing factor for RAB and its impurities was less than 2.0.  

Table 4: Accuracy data 

Compound % Recovery at each level 
LOQ 50% 100% 200% 400% 500% 

Impurity A 101.2 95.7 100.6 100.8 98.6 99.4 
Impurity B 108.0 102.2 101.1 103.3 96.2 97.8 
Impurity C 103.8 105.1 105.0 104.0 93.9 95.3 
Impurity D 93.6 107.5 105.4 102.2 95.2 97.0 
Impurity E 102.0 109.7 92.3 112.9 92.7 93.7 
Impurity 1 104.9 96.2 100.7 100.3 111.4 87.4 
Impurity 2 104.9 95.5 100.6 100.1 99.0 99.2 
Impurity 3 108.1 111.4 105.8 107.0 100.8 101.5 
Impurity 4 93.6 109.7 106.9 104.8 92.8 94.6 
Impurity 5 92.9 96.6 96.4 90.6 93.9 90.8 
Rabeprazole 95.6 101.1 105.6 104.3 103.9 104.2 
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Figure 9: HRMS spectrum of impurity 5 

Table: 3. LOD, LOQ, regression and precision data 
 

Compound LOD 
(%) 

LOQ 
(%) 

Regression equation (y)       Precision 
(%RSD) 

Set-1 

Precision 
(%RSD) 

Set-2 
Slope 

(b) 
Intercept 

(a) 
Correlation 
coefficient 

Impurity A 0.002 0.005 63401.66 721.40 1.000 0.7 0.3 
Impurity B 0.002 0.007 44798.77 1200.23 0.999 1.2 2.1 
Impurity C 0.002 0.006 52872.41 1184.67 0.997 1.7 3.1 
Impurity D 0.002 0.008 40552.21 751.87 0.999 0.9 2.2 
Impurity E 0.004 0.011 47446.58 672.38 0.999 1.2 1.2 
Impurity 1 0.002 0.006 46566.55 3291.62 1.000 1.3 1.0 
Impurity 2 0.002 0.006 74816.40 353.99 0.999 0.8 1.1 
Impurity 3 0.002 0.007 61070.58 236.40 0.999 1.1 1.4 
Impurity 4 0.002 0.005 91841.63 127.25 1.000 0.8 0.9 
Impurity 5 0.005 0.014 23499.45 950.18 1.000 4.2 2.4 
Rabeprazole 0.002 0.007 39971.59 953.65 1.000 1.5 1.3 

 

Solution stability  

Significant changes were observed in the content of 10 impurities 
during solution stability experiments. The solution stability 
experiment data confirms that the sample needs to be injected 
freshly every time. 

CONCLUSION 

One degradant impurity of RAB was isolated, identified and 
characterized using HPLC (HPLC and Preparative HPLC), MS and 
NMR techniques, as 1-(1H -Benzimidazol-2-yl)-4-(3-
methoxypropoxy)-3-methylpyridinium-2-carboxylate. The simple 
gradient reversed phase LC method was developed for quantitative 
analysis of RAB and its 10 impurities in RAB tablets by QbD 
Approach was found to be precise, accurate, linear, robust and 
specific. Satisfactory results were obtained from validation of the 
method. The method was stability-indicating and can be used for 
routine analysis of production samples and to check the stability of 
samples of RAB formulations. 
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