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1.0 Abstract: A simple reversed- phase high performance liquid chromatography  has been developed and employed for the analysis of Omeprazole  and its related substances in bulk material and commercial dosage forms. A gradient elution of filtered sample was performed on Zorbax XDB C8 (150 x 4.6), 5µ column with Glacine buffer (pH -8.8) as a mobile phase-A, Acetonitrile : Methanol (83:17) as a mobile phase-B and UV detection at 302 nm. Mobile phase was delivered at flow of 1.2 mL/min and at maintaining the column temperature at 25ºC, quantification was achieved with reference to the external standards. The active ingredient – omeprazole was successfully separated from its all related substances, including process impurities and other possible impurities of oxidation and decomposition. The excipients did not interfere with the determination of omeprazole and its related compound in commercial dosage formulations. The method was rapid, simple, accurate and reproducible. It was not only successfully employed for the assay of omeprazole in bulk material and pharmaceutical dosage forms but also for the determination of its related substances. A statistical design of experiments was used for the robustness evaluation of HPLC analysis method. All results were acceptable and confirmed that the method is suitable for its intended use.
Key words: Omeprazole, Related substances, Assay, Liquid Chromatography, Pharmaceutical dosage forms.
2.0 Introduction

Impurity profiling of active pharmaceutical ingredients (API) in both bulk material and finalized formulations is one of the most challenging tasks of pharmaceutical analytical chemists under industrial environment[1]. The presence of unwanted or in certain cases unknown chemicals, even in small amounts, may influence not only the therapeutic efficacy but also the safety of the pharmaceutical products[2]. For these reasons, all major international pharmacopoeias have established maximum allowed limits for related compounds for both bulk and formulated APIs. As per the requirements of various regulatory authorities, the 
impurity profile study of drug substances and drug 
products has to be carried out using a suitable analytical method in the final product[3, 4]. 

Omeprazole is highly effective inhibitor of gastric acid secretion used in the therapy of stomach ulcers and zollinger-ellison syndrome. The drug inhibits the H(+)-K(+)-ATPase (H(+)-K(+)-exchanging ATPase) in the proton pump of gastric parietal cells. [PubChem] [5,6]. The chemical IUPAC name of omeprazole is 6-methoxy-2-[(4-methoxy-3,5-dimethylpyridin-2-yl)methylsulfinyl]-1H-benzimidazole. Its empirical formula is C17H19N3O3S, and its structural formula is;

Fig. 1: Structure of Omeprazole in 2D and 3D[7]
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Omeprazole Mg is a white to off-white free-flowing crystalline powder with a molecular weight of 713.1.The route of synthesis of omeprazole Mg resulted six known impurities, Benzamidazole, N-Oxide, Sulphone, Des-Methoxy, CC-993 and Sulphide , which are not reported into the monographs of Indian pharmacopoeia[8] , British Pharmacopeia[9] & US pharmacopoeia[10]. The presented method suffices the quantification of all known and unknown impurities of omeprazole Mg with more accuracy and precision.


Literature search revealed that, papers on degradation of omeprazole[11], determination by UV spectrophotometry method[12], omeprazole in human plasma & urine by LC-MS-MS[13], colorimetric method[14], determination of S-omeprazole, R-omeprazole and racemic omeprazole[15] are available, but as such there is no validated method available, which reports more known and unknown impurities precisely and significantly for omeprazole, as such & in drug product. It’s validated analytical performance in terms of major parameters such as selectivity, accuracy, precision and sensitivity is adequate for the routine quality control of the purity of omeprazole containing pharmaceutical formulations. The important part of method is with help of single injection, quantification of omeprazole and its degradable impurities and process impurities. Conmen method for Assay and related substances, as well as other analytical methods, are validated to ensure they are suitable for their intended use and give accurate and reliable data. 

3.0 Experimental
3.1 Materials and reagents:
All experiment was performed using ‘A class’ volumetric glassware, pharmaceutical grade omeprazole, and Benzamidazole, N-oxide, Sulphone, Des-Methoxy, CC-993 and Sulphide. Analytical grade Glacine, was used for mobile phase preparation. Using HPLC grade methanol, acetonitrile and highly pure HPLC grade Milli Q water (Millipore, Bedford, MA, USA) mobile phase was prepared and employed. Mobile phase was filtered through 0.45µm membrane filter (millipore, Barcelona) and degassed under vacuum by filtering assembly, prior to use. The pharmaceutical preparation, declaring to contain omeprazole (20mg) with other excipients was obtained from M/s Cadila Pharmaceuticals LTD., Gujarat, India for analysis.
3.2 Chromatographic system 
The liquid chromatograph consisted of an Agilent and waters system, equipped with automatic sample injector and PDA detector. For data collection and calculation chemstation Software and M-power software was used.
Buffer preparation: 
Dissolve 3.0 gm of Glacine in 1000 mL milli-Q water. Adjust the pH 8.8 with diluted sodium hydroxide solution.
The chromatographic condition was optimized using a column Zorbax XDB C8, 150 x 4.6, 5µ. The buffer consisted as a mobile phase-A and acetonitrile: methanol (83:17) as a mobile phase-B. The mobile phase was filtered through a 0.22 µm nitrocellulose-membrane filter (Milipore, Barcelone) and degassed under vacuum prior to use. The flow rate was 1.2 mL/min with gradient program. The monitoring wavelength was 302nm and the injection volume was 10 µL with maintaining column oven temperature with 25ºC, sample temperature 10˚C, Peak area was measured and HPLC analysis was conducted at room temperature. Use combination of mix phosphate buffer pH-8.0 and acetonitrile in ratio of (90:10) as a diluent. Gradient program of mobile phase is given bellow.
	Time in minutes
	Mobile Phase-A
	Mobile Phase-B

	0
	88
	12

	20
	40
	60

	21
	88
	12

	25
	88
	12


3.3 standard, Sample and system suitability preparation
Standard preparation (Assay & RS)

Accurately weight and transfer about 25.0 mg of omeprazole   working standard in to 50 mL volumetric flask add 10 mL of dimethylformamide  to dissolve it dilute to volume up to mark with diluent. (500 mcg/mL )

Sample Preparation (Assay & RS)
Transfer 5 tablets in to 200 mL volumetric flask add about 10 mL of dimethylformamide and sonicate for five minutes and add about 150 mL of diluent and sonocate for 20 minutes, dilute to volume with diluent. Filter this solution with 0.45µ nylon filter.
System suitability solution

Transfer accurately 5 mg of each impurity into 100 mL volumetric flask dissolve and dilute with diluent. Dilute 5.0 mL of this solution to 50 mL with standard preparation.
3.4 System suitability:
Inject diluent, system suitability solution, five replicate injection of standard and check the system suitability as follows.

1) The resolution between omeprazole and omeprazole Des-Methoxy should not less than 2.0 in system suitability solution.

2) The % RSD of the area due to omeprazole in five replicate injection of standard preparation should not more than 2.0

3.5 Validation study

Specificity / Selectivity
Specificity of the method is demonstrated by preparing the solutions like mobile phase, diluent, standard, sample, placebo solution, placebo spick with API, placebo spike with impurity and degradation of drug substances & drug product.
Injected each solution on to the chromatograph equipped with photo diode array detector. Chromatograms were recorded. 
Precision: 
The precision is the parameter that expresses the closeness of agreement (degree of scatter) between a series of measurement obtained from multiple analysis of the same sample under the prescribed conditions. In our study the repeatability was evaluated as follows:

Instrumental precision (System suitability)
Check system suitability as per section No-3.4.
Method precision:

Prepared six consecutive sample preparations and injected in to chromatography system and chromatograms were recorded. 
Calculate the % drug of omeprazole with respect to the standard solutions and also calculate the % of impurities in sample preparation with respect to area of omeprazole in sample preparation. The related substances are calculated by area normalization with help of RRF of each impurity. The %RSD of six assay of sample preparation should not more then 2.0. for related substances the % RSD of all known impurities should not more than 15.0% and 20% for unknown impurities. 
Intermediate Precision:
The aim of the study consists at establishing the effect of the random events on the analytical method the intermediate precision was evaluated by analyzing a sample by different analyst in two different days with different column. 
Accuracy (recovery method):
Accuracy of a method is defined as the closeness of the measured value to the true value for the sample. The recovery method was studied at concentration levels 50%, 100% and 150% of the claimed content for Assay and for related substances the recovery method was studied at concentration levels LOQ, 50%, 100% and 150% of the claimed content, in presence of placebo for assay and related substances. Prepared three set for each concentration levels and inject in duplicate. The recovery was calculated with respect to the standard solutions.
Linearity:
The linearity study verifies that the sample solutions are in a concentration range where analyte response is linearly proportional to the concentration. This study was performed by evaluating the system and method linearity. For the system linearity for Assay, standard solutions of omeprazole at five concentration levels, from 50%, 75%, 100%, 125% and 150% of the target analyte concentration of 20 mg tablets were prepared for related substances each impurity solution of omeprazole at ten concentration levels, from LOQ, 15%, 20%, 25%, 30%, 50%, 75%, 100%, 125% and 150% of target concentration of each impurities. The concentrations were omeprazole 248, 372, 496, 620, and 744µg/mL for assay and for related substances each impurities at LOQ, 0.12, 0.16, 0.20, 0.24, 0.40, 0.60, 0.08, 0.10 and 1.20. Each level of concentration was injected in duplicate. The experimental results were graphically plotted, obtaining a calibration curve and carrying out the corresponding statistical study.
Filter paper compatibility: 

The filter paper compatibility was observed for two different filters namely 0.45 µm PVDF filter and 0.45 µm Nylon filter. A single set of sample solution was prepared and some of the portion of this solution was centrifuged, Filtered and discarded 5mL of sample solution through 0.45μm Nylon filter and 0.45µm PVDF filter. 


Filtered 10mL of sample solution through 0.45μm Nylon filter and 0.45µm PVDF filter, both were identified as 0.45µm Nylon test solution & 0.45µm PVDF test solution. Single injection of both these solutions and centrifuged solutions were injected and the chromatograms observed. Filter shall be considered as compatible if the benzimedazole, N-Oxide, sulphone, sulphide, Des-Methoxy and single unknown impurity of stored solution not deviate by more than 0.05 from 
Centrifuge solution value and the total impurities of stored solution not deviate by more than 0.10 from centrifuge solution value and omeprazole assay value of stored solution not deviate by more than 1.0% from centrifuge solution value. 

Limit of Detection & Limit of Quantification:

The detection limit of individual analytical procedure is the lowest amount of analyte in a sample which can be detected but not necessarily quantified as an exact value and quantification limit is the lowest amount of analyte in a sample which can be quantitatively determined with suitable precision and accuracy.

Limit of detection & quantification concentrations of omeprazole determined based on standard deviation of response and slope method. Performed linearity in the range of 10.0% to 150.0% of the limit concentration of Omeprazole, Benzamedazole, N-Oxide, Sulphone, Sulphide, and Des-Methoxy, considering 0.15% limit for all known impurities and 0.1 for any unknown impurities. Injected duplicate injection of each linearity solution in to chromatograph and recorded chromatogram. Linearity graph of concentration in µg/ml (X-axis) versus peak area response (Y-axis) was plotted. Calculated correlation coefficient, slope of regression line and RSD of regression line. LOD and LOQ concentrations of omeprazole and its impurities were determined on the basis of equation given below.

Limit of Detection = (3.3 X σ) / S    &    

Limit of Quantification = (10 X σ) / S

Where, σ = Residual standard deviation of regression line. S = Slope of calibration curve.

Injected six replicate injections of these LOD & LOQ concentrations and ensured the peak is detected and responses were measured.
Stability in analytical solution:
The purpose of this experiment is to demonstrate the stability of standard and sample solution used in this method at 10˚C temperature. Prepare the standard solution and sample solution as given in the methodology. Injected both the solutions standard and sample on to the chromatograph and recorded the chromatograms up to 24 hour for related substances and 54 hours for assay. Measured the peak response for the all the peaks observed in the chromatogram  and evaluated the percentage deviation in the peak response from initial for both standard and sample solution.
The results were found well within the acceptance criteria of 2.0% of deviation from initial results for assay. For related substances acceptance of established stability of solutions the total impurities of stored solution should not deviate by more than 0.10 from initial value. 

Robustness:
Prepared standard solutions of omeprazole and system suitability solution shall be prepared as per method and analyzed using different chromatographic condition as below.
(1) Change the temp of column temperature by + 5ºC (i.e. 25ºC and 35 ºC)

(2) Changed the flow rate of mobile phase + 0.1 (i.e. 1.1mL/min and 1.3 mL/min)

(3) Changed the wavelength of detector by ± 2 nm (i.e. 300nm and 304nm)

(4) Chang the pH of buffer solution by  + 0.2 unit (i.e. 8.6 and 9.0)
4.0 Results and discussion

4.1 Method development: 

The introduction of new HPLC methods for a routine quality control of pharmaceutical preparations begins with a series of preliminary investigations, which enables establishing the optimal experimental conditions and provide maximum relevant information by analyzing the experimental data. In this study, a RP-HPLC method for the determination of omeprazole assay and related substances was developed and validated. A simple sample preparation, short separation time was considered when the study started.
4.2 Observation of Validation study:
Specificity / selectivity 
From the omeprazole, it was observed that the drug eluted at a retention time of 11.0. The study of the purity of omeprazole   major responses at 11.0 min the peak showed that the five spectrums obtained at different times are within the established threshold for this peak.
No interferences with the analyte peaks due to placebo, blank, impurities and force degradation sample have been observed. On the basis of that, the method results specific for the qualitative analysis of omeprazole and its related substances.
The peak purity angle should be less than peak purity threshold or peak purity of analyte peak should not be less than 990. It’s indicating that all peaks are pure. According to the areas obtained, it can be concluded that all are stable in these conditions. The purity factor for the drug assures that there is no co elution of other peaks. Therefore, the method is specific and suitable for routine work.
Precision

Instrumental precision (System suitability) 

Injected diluents, system suitability solution and five replicate injections of standard preparation and observations are mentioned in the following table.
       Table 1: System suitability observation
	Sr. No of Injection
	Area of omeprazole

	Injection-1
	10071745

	Injection-2
	10076030

	Injection-3
	10078078

	Injection-4
	10064839

	Injection-5
	10061860

	Mean
	10070510.4

	SD
	7004.52

	%RSD
	0.1

	Resolution between Des-Methoxy:3.0


Method precision:
In this study, a RSD of 0.1% was observed, by injecting six sets of sample solution. %RSD for percentage assay and related substances results of six sample preparation should not more than 1.0% for assay and for related substances  %RSD for percentage impurities of six sample preparation should be not more than 15.0% for all known impurities, and not more than 20% for unknown maximum impurity. The maximum % RSD of all known impurities is less than 6.0%, less than 9.0 %RSD of all individual all unknown impurities and less than 4.0 %RSD of total impurities. It is well with acceptances criteria for all the sets and method found extremely repeatable & precise for intended purpose.

Intermediate precision:
The method can be found rugged if the difference between percentage assay results of normal condition and altered condition is not more than 2.0%. Calculated the percentage assay and related substances of each sample and demonstrated the precision by evaluating percentage relative standard deviation of assay results, for which % RSD observed was 0.8% and the difference observed between two conditions was 0.3%. Comparison of this results complied the mentioned criteria and method found very much rugged for analysis. For related substances the method can be found rugged if the difference between results of normal condition and altered condition is within acceptance limit. Calculated the all known impurities, unknown single & total impurities for normal & altered conditions of each sample and demonstrated the precision by evaluating percentage relative standard deviation of results, for which % RSD observed was below 15%. Comparison of this results complied the mentioned criteria and method found rugged for quality control purpose.
Accuracy by recovery:
Accuracy of a method is defined as the closeness of the measured value to the true value for the sample. Accuracy has been performed in the range of LOQ to 150.0% (LOQ, 50.0%, 100.0%, and 150.0%) of target concentration of omeprazole considering limit 0.1% (limit of individual unknown impurity) and 0.15% of (limit of all known impurities) for related substances. The results obtained for the accuracy study in the samples ranging a Omeprazole concentration between 0.250, 0.500 and 0.750 mg/mL and being the 100% corresponding to 0.500 mg/mL. (n=3 for 50%, 100% and 150%) indicated that the recovery percent was between 99.6 and 101.2% of recovery.
% recovery for the range 50.0% to 150.0% of target concentration has found within the acceptance criteria with acceptable % RSD of NMT 2.0 at each level. The recovery at each level should be 98.0% to 102.0%.  The recovery at each level of each impurity should be within 80% to 120% of target concentration. This indicates that the method is accurate for the analysis of omeprazole assay and related substances method.
Linearity:
The linearity was determined as linear regression with least square method on standard solution. Concentration levels were 50, 75, 100, 125 and 150% of the claimed analyte concentration of assay, corresponding to the range of about 250-750 mcg/mL. For related substances each impurities Concentration levels were LOQ, 15%, 20%, 25%, 30%, 50%, 75%, 100%, 125% and 150% of the claimed analyte concentration of impurities, corresponding to the range of about LOQ-1.2 mcg/mL.  The calibration curve obtained by plotting the omprazole and its impurities peak area versus the concentration of standard solution was linear in the mentioned concentration range of 50% to 150% for Assay and LOQ to 150% for related substances. For acceptance of linearity correlation coefficient of linearity curve not less than 0.9990 and Y-intercept bias should be within ±2.0% of 100% linearity response for Assay and for related substances linearity correlation coefficient of linearity curve not less than 0.990. This indicates that the method is linear up to the specified range of concentrations. Observations were recorded in the following Table 
Table No: 2 Linearity 50% to 150% of target concentration (Assay)
	Parameter
	Omeprazole

	Correlation coefficient
	0.999

	Slope
	19895

	Y- Intercept bias
	1.0


Table No: 3 Linearity Study from LOQ Conc. to 150% of target concentration (Related substances)
	Name of Impurity
	Correlation coefficient
	Y- Intercept bias

	Benzemidazole
	0.9999
	0.30

	N-Oxide
	0.9999
	0.34

	Sulphone
	1.0000
	0.27

	Sulphide
	0.9999
	0.24

	Des-Methoxy
	0.9990
	0.14

	Omeprazole
	0.9990
	0.23


Filter compatibility study:

Centrifuged solution and the filtered solution through 0.45μm Nylon filter and 0.45µm PVDF filter, was checked for the results of all known impurities, unknown single and total impurities. The all known impurities, single unknown impurity and total impurities value of filtered test preparation should not deviate by more than 0.05 from centrifuge test solution 
value and total impurities value of filtered test solutions should not deviate by more than 0.10 from centrifuge test solution value and omeprazole assay value of stored solution not deviate by more than 1.0% from centrifuge solution value.  After study, it is found that, Nylon & PVDF filter both are suitable for filtration.

Table No: 4 Filter compatibility study (Assay)
	Sample Name
	%Assay
	%Difference

	Centrifuge sample
	100.0
	Not applicable

	Sample filter with nylon 0.45µ filter
	99.8
	-0.2

	Sample filter with nylon 0.45µ filter
	99.5
	-0.5


Table No: 5 Filter compatibility study (Related substances) 
	Name of Impurity


	Centrifuge sample

Impurity By % Area
	Nylon Filter

Impurity By % Area
	%Difference against centrifuge 


	PVDF Filter

Impurity By % Area
	%Difference against centrifuge

	Unknown imp

(RRT-0.23)
	0.02
	0.01
	0.01
	0.01
	0.01

	Unknown imp

(RRT-0.35)
	0.04
	0.03
	0.01
	0.03
	0.03

	Benzamidazole
	0.02
	0.01
	0.01
	0.01
	0.01

	Unknown imp

(RRT-0.64)
	
	0.01
	0.01
	0.01
	0.01

	N-Oxide
	0.08
	0.08
	0.0
	0.08
	0.0

	Sulphone
	0.37
	0.37
	0.0
	0.32
	0.05

	Unknown imp

(RRT-0.85)
	0.09
	0.06
	0.03
	0.08
	0.01

	Total Impurity
	0.61
	0.57
	0.04
	0.55
	0.06


Limit of Detection & Limit of Quantification:

Performed the linearity for ten sets from 10%, 15%, 20%, 25%, 30%, 50%, 75%, 100%, 125% and 150% of the limit concentration of omeprazole 0.1% (limit of individual unknown impurity) and Benzimedazole, N-Oxide, Des-Methoxy, sulphone, sulphide (0.15%). The concentration of omeprazole and all impurities for each set was 10% to 150% and the responses was observed and a linear regression was checked which gave the LOD and LOQ concentration. Injected six sets at LOQ & LOD concentration was observed and in each set of LOD, the peaks were detected successfully and for LOQ the RSD was below 10%, which confirmed the acceptance.

Linearity of LOD/LOQ solutions were also proved for concentration range of 10.0% to150.0% for all impurities and omeprazole, even at the lowest concentrations, the method was found linear and correlation coefficients were more than 0.990.

Stability of analyte solution:

The solution stability was checked for sample preparation from initial to 24 hours for related substances and initial to 54 hours for assay. For related substances acceptance of established stability of solutions the total impurities of stored solution should not deviate by more than 0.10 from initial value. 

The results obtained are well within the acceptance criteria up to 24 hours at room temperature. Both standard and sample solution thus prepared can be used within this time period.

Robustness:

The quantification was carried out with minor but deliberate changes in the parameters i.e. detection wavelength, column temperature, pH of mobile phase, flow etc. of analytical methodology, and system suitability parameters e.g. resolution and %RSD were observed and found good with all the altered conditions.

Table-6: LOD, LOQ, LOQ precision of omeprazole and all impurities of omeprazole.
	Name of compound
	Slope
	σ
	LOD in ppm
	LOQ in ppm
	Precision of LOQ Conc.

(% RSD)

	Omeprazole
	18665
	337.7
	0.060
	0.18
	2.2

	Benzimedazone
	59502
	559.7
	0.020
	0.06
	2.4

	N-Oxide
	18869
	96.0
	0.016
	0.05
	4.2

	Sulphone
	18806
	62.3
	0.010
	0.03
	2.5

	Sulphide
	23087
	118.6
	0.017
	0.05
	2.5

	Des-Methoxy
	23642
	105.8
	0.015
	0.05
	1.7


Table No: 7 Specificity and force degradation

	Stability condition
	Tablets

Degradation
	Peak purity of Omeprazole
	API

Degradation
	Peak purity of Omeprazole

	Humidity condition
	15%
	999.951
	7%
	999.957

	UV
	0.69%
	999.976
	1.2%
	999.978

	Thermal
	0.46%
	999.978
	0.45%
	999.982

	Acid degradation
	19%
	999.235
	30%
	999.161

	Base hydrolysis
	0.88%
	999.975
	0.54
	999.394

	Oxidation
	39%
	999.204
	39%
	999.388

	Water Hydrolysis
	2%
	999.435
	2.5%
	999.389


	Name of compound
	RT
	RRT
	Peak purity

	Benzamidazole
	6.2
	0.56
	999.971

	N-Oxide
	7.4
	0.68
	999.903

	Sulphone
	8.08
	0.74
	999.994

	Des-Methoxy
	10.41
	0.95
	999.996

	Omeprazole
	10.93
	1.0
	999.208

	CC-993
	14.2
	1.30
	999.342

	Sulphide
	15.7
	1.44
	999.978


Table No: 8 Method precision & Intermediate precision 

	Sr. No
	Method Precision
	Intermediate precision

	Set-1
	99.8
	97.5

	Set-2
	99.9
	99.9

	Set-3
	99.8
	98.9

	Set-4
	98.0
	98.4

	Set-5
	99.6
	98.9

	Set-6
	97.6
	99.1

	Mean
	99.1
	98.8

	%RSD
	1.0
	0.8

	% difference between method precision and intermediate precision :0.3%


Table No: 9 Recovery of Omeprazole and Its all impurities.

	Sample Set
	Omeprazole Assay
	%RSD
	Benzimedazole
	%RSD
	N-Oxide
	%RSD

	LOQ-1
	102.2
	2.4
	83.4
	2.3
	85.9
	1.3

	LOQ-2
	100.1
	
	87.2
	
	87.1
	

	LOQ-3
	97.4
	
	84.7
	
	88.2
	

	50% -1
	100.9
	0.2
	82.4
	1.3
	90.3
	1.5

	50% -2
	101.1
	
	82.0
	
	90.8
	

	50% -3
	101.2
	
	84.0
	
	92.9
	

	100% -1
	100.2
	0.2
	85.2
	0.3
	96.3
	2.1

	100% -2
	99.8
	
	85.7
	
	95.3
	

	100% -3
	99.9
	
	85.2
	
	92.5
	

	150% -1
	99.7
	0.1
	84.4
	4.7
	94.2
	1.7

	150% -2
	99.8
	
	91.7
	
	97.1
	

	150% -3
	99.6
	
	91.9
	
	96.8
	


	Sample Set
	Des-Methoxy
	%RSD
	Sulphone
	%RSD
	Sulphide
	%RSD

	LOQ-1
	81.1
	1.1
	99.1
	0.8
	80.1
	1.6

	LOQ-2
	80.5
	
	97.6
	
	81.2
	

	LOQ-3
	82.3
	
	98.4
	
	82.7
	

	50% -1
	84.1
	2.0
	101.4
	2.1
	83.03
	0.1

	50% -2
	86.0
	
	103.3
	
	82.87
	

	50%-3
	87.5
	
	105.8
	
	82.86
	

	100% -1
	88.1
	1.0
	100.2
	1.7
	96.85
	0.6

	100% -2
	87.6
	
	99.4
	
	97.98
	

	100% -3
	86.4
	
	97.0
	
	97.11
	

	150% -1
	84.9
	0.3
	93.8
	1.0
	92.07
	0.2

	150% -2
	85.4
	
	93.9
	
	92.11
	

	150% -3
	85.0
	
	92.3
	
	92.34
	


Table No: 10 Solution stability of sample preparation for related Substances

	 
	Benzamidazole
	Sulphone
	N-Oxide
	UNK-(RRT-0.36)
	UNK-(RRT-0.85)
	Total impurity
	% Difference

	INITIAL
	0.02
	0.25
	0.08
	0.03
	0.05
	0.43
	 

	7 hr
	0.01
	0.27
	0.08
	0.03
	0.06
	0.45
	-0.02

	16 hr
	0.01
	0.29
	0.08
	0.03
	0.07
	0.48
	-0.05

	21 hr
	0.01
	0.30
	0.08
	0.03
	0.08
	0.50
	-0.07

	25 hr
	0.02
	0.30
	0.08
	0.03
	0.08
	0.52
	-0.09


Table No: 11 Solution stability of Standard and Sample preparation for Assay

	Time in Hours
	Area of standard solution
	% Difference
	Area of sample solution
	% Difference

	INITIAL
	10071745
	-
	10696650
	-

	7 hr
	10049421
	0.22
	10715280
	-0.17

	16 hr
	10045327
	0.26
	10677310
	0.18

	21 hr
	10070728
	0.01
	10691846
	0.04

	25 hr
	10073984
	-0.02
	10702234
	-0.05

	32 hr
	10059240
	0.12
	10698153
	-0.01

	44 hr
	10074238
	-0.02
	10729678
	-0.31

	54 hr
	10043342
	0.28
	10677789
	0.18


Table No: 12 Robustness for Assay and Related Substances

	Change parameter
	Name of compound
	%RSD of five replicate injections
	Resolution Between omeprazole and Des- Methoxy

	Wavelength:300 nm

(302nm - 2 nm)
	Omeprazole
	0.36
	3.0

	
	Benzimedazole
	0.40
	

	
	N-Oxide
	0.33
	

	
	Des-Methoxy
	0.57
	

	
	Sulphone
	0.32
	

	
	Sulphide
	0.29
	

	Wavelength:304 nm

(302nm + 2 nm)
	Omeprazole
	0.18
	3.0

	
	Benzimedazole
	0.32
	

	
	N-Oxide
	0.19
	

	
	Des-Methoxy
	0.95
	

	
	Sulphone
	0.11
	

	
	Sulphide
	0.05
	

	Column temperature 35˚C

(30˚C + 5˚C)
	Omeprazole
	0.05
	3.1

	
	Benzimedazole
	0.50
	

	
	N-Oxide
	0.31
	

	
	Des-Methoxy
	1.50
	

	
	Sulphone
	0.03
	

	
	Sulphide
	0.04
	

	Column temperature 25˚C

(30˚C - 5˚C)
	Omeprazole
	0.07
	3.2

	
	Benzimedazole
	0.38
	

	
	N-Oxide
	0.11
	

	
	Des-Methoxy
	0.23
	

	
	Sulphone
	0.08
	

	
	Sulphide
	0.04
	

	Flow 1.3 ml/min

(1.2 ml/min+ 0.1ml/min)
	Omeprazole
	0.11
	3.0

	
	Benzimedazole
	0.28
	

	
	N-Oxide
	0.16
	

	
	Des-Methoxy
	0.37
	

	
	Sulphone
	0.11
	

	
	Sulphide
	0.10
	

	Flow 1.1 ml/min

(1.2 ml/min - 0.1 ml/min)
	Omeprazole
	0.19
	3.0

	
	Benzimedazole
	1.58
	

	
	N-Oxide
	0.14
	

	
	Des-Methoxy
	0.37
	

	
	Sulphone
	0.37
	

	
	Sulphide
	0.21
	

	Buffer pH 9.0

(8.8 + 0.2)
	Omeprazole
	0.16
	2.9

	
	Benzimedazole
	0.47
	

	
	N-Oxide
	0.21
	

	
	Des-Methoxy
	0.59
	

	
	Sulphone
	0.16
	

	
	Sulphide
	0.16
	

	Buffer pH 8.6

(8.8 - 0.2)
	Omeprazole
	0.36
	2.7

	
	Benzimedazole
	0.90
	

	
	N-Oxide
	0.36
	

	
	Des-Methoxy
	0.58
	

	
	Sulphone
	0.41
	

	
	Sulphide
	0.31
	


Fig. 2: Diluent 
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Fig. 3: Resolution Solution
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Fig. 4: Placebo
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Fig. 5: Omeprazole Standard 
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	Name
	Retention Time
	Area
	% Area
	USP Tailing
	USP Plate Count

	1
	OMEPRAZOLE
	11.020
	10071745
	100.00
	0.9
	74198

	
	
	
	
	
	
	


Fig. 6: Omeprazole Benzamidazole Impurity
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Fig. 7: Omeprazole N-Oxide impurity 

[image: image8.wmf]N-OXIDE - 7.649

AU

0.00

0.10

0.20

0.30

0.40

0.50

0.60

Minutes

0.00

2.00

4.00

6.00

8.00

10.00

12.00

14.00

16.00

18.00

20.00

22.00

24.00


Fig. 8: Omeprazole Sulphone impurity
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Fig. 9: Omeprazole Des-Methoxy impurity
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Fig. 10: Omeprazole Sulphide impurity
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Fig.-11: LOQ Concentration Omeprazole and all impurity
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5.0 Conclusions 

A Assay and Related substances method with HPLC analysis for omeprazole tablets has been fully validated to meet global regulatory requirements. The methodology was evaluated for specificity, linearity, precision, accuracy and range in order to establish the suitability of the analytical method. Stability of analytical solution, filter compatibility, LOD & LOQ were also observed. Robustness of the dissolution method as well as robustness of the HPLC analysis method was evaluated using statistical experimental designs. In addition, intermediate precision as per regulatory requirements was performed and showed that there were no significant differences among the different “intermediate conditions” evaluated.

A precise and accurate method was successfully developed and validated for simultaneous determination of omeprazole and all impurities of omeprazole. The total run time is 25.0min, within which the drug and their degradation products were eventually separated. Method validation results have proved the method to be specific, precise, accurate, and robust. This method can be successfully applied for the routine analysis as well as stability study.
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