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INTRODUCTION:
STABILITY INDICATING METHOD (SIM)
According to FDA guideline, a stability indicating method is defined as a validated analytical procedure
that accurate and precisely measure active ingredients (drug substance or drug product) free from process
impurities, excipients and degradation products. The main objective of stability indicating method is to
monitor results during stability studies in order to guarantee safety, efficacy and quality. A stability
indicating method is an analytical procedure used to quantitate the decrease in the amount of the active
pharmaceutical ingredient (API) in drug product due to degradation. According to an FDA guidance
document, a stability-indicating method is a validated quantitative analytical procedure that can be used
to detect how the stability of the drug substances and drug products changes with time. A stabilityindicating method accurately measures the changes in active ingredients concentration without
interference from other degradation products, impurities and excipients. Stress testing is carried out to
demonstrate specificity of the developed method to measure the changes in concentration of drug
substance when little information is available about potential degradation product. The development of a
suitable stability indicating method provides a background for the pre-formulation studies, stability
studies and the development of proper storage requirements.
Overview of regulatory guidance
The ICH guidelines that are applicable to forced degradation studies are




ICH Q1A – Stability testing of new drug substances and products.
ICH Q1B – Photo stability testing of new drug substances and products.
ICH Q2B – Validation of analytical procedures: methodology.

ICH Q1A: gives recommended conditions for performing forced degradation studies on drug substances
and drug products. The recommendations are to examine the effects of temperature (above that for
accelerated testing, i.e., >50°C, humidity (≥ 75% relative humidity), oxidation and photolysis. Testing in
solution should also be performed across a wide pH range either as a solution or suspension. These
samples are then used to develop a stability-indicating method.
ICH Q1B: gives recommended approaches to assessing the photo stability of drug substances and drug
products. Photo stability testing can be performed on the solid or in solution/suspension. These samples
are then used to develop stability-indicating method.
Types of stability studies
There are three types of stability studies, which give an idea about the stability of drugs.
A. Long term stability studies
B. Accelerated stability studies and
C. Intermediate testing
A. Long term stability testing (Real Time Testing): The length of the studies and the storage
conditions should be sufficient to cover storage, shipment and subsequent use. Temperature sensitive
drug substances should be stored under an alternative lower temperature condition, which will then
become the designated long term testing storage temperature. Storage for long term testing- 25°C ± 2°C/
60 % RH ± 5 % RH, minimum time period for submission 12 months.
B. Accelerated stability testing: To introduce new products into the market or for making material
changes in the process, formula, or container closure system of existing products one cannot wait until all
the needed stability data at room temperature are generated. These studies are designed to increase the
rate of chemical degradation or physical change of an active drug substance or drug product by using
exaggerated storage conditions as part of the formal, definitive storage program. Results from accelerated
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testing studies are not always indicative of physical change. Storage condition for accelerated testing
40°C ± 2°C/ 75 % RH ± 5 % RH, minimum time period for submission 6 months.
C. Intermediate testing: Intermediate studies are conducted at 30°C/65% RH and designed to
moderately increase the rate of chemical degradation or physical changes for a drug substance intended to
be stored long term at 25°C. Generally these studies are conducted when the accelerated studies for
general case (40°C/75 % RH) failed to meet the acceptance criteria.
Development of stability indicating method: There are three components necessary for developing a
stability indicating method: sample generation, method development and method validation. 1. Sample
generation For generating samples for stability indicating method the API is force degraded at conditions
more severe than accelerated degradation conditions. It involves degradation of drug at hydrolytic,
oxidative, photolytic and thermal conditions. The forced degradation of API in solid state and solution
form is carried out with an aim to generate degradation products which are likely to be formed in realistic
storage conditions. This sample is then used to develop an SIM 2.
Method development before starting the method development, various physiochemical properties like
pKa value, log P, solubility and absorption maximum of the drug must be known. Log P and solubility
helps select mobile phase and sample solvent while pKa value helps determine the pH of the mobile
phase. Reverse phase column is a preferred choice to start the separation of sample components as the
degradation is carried out in aqueous solution. Methanol, water and acetonitrile can be used as mobile
phase in various ratios for the initial stages of separation. Selection between methanol and acetonitrile for
organic phase is based on the solubility of the analyte. Initially the water: organic phase ratio can be kept
at 50:50 and suitable modifications can be made as trials proceed to obtain a good separation of peaks.
Latter buffer can be added if it is required to obtain better peak separation and peak symmetry. Variation
in column temperature affects the selectivity of the method as analytes respond differently to temperature
changes. A temperature in the range of 30-40 °C is suitable to obtain good reproducibility. It is better to
push the drug peak further in chromatogram as it results in separation of all degradation products. Also a
sufficient run time after the drug peak is to be allowed to obtain the degradants peak eluting after the drug
peak. During the method development it may happen that the drug peak may hide an impurity or
degradants peak that co-elutes with the drug. This requires peak purity analysis which determines the
specificity of the method. Direct analysis can be done on line by using photo diode array (PDA)
detection. PDA provides information of the homogeneity of the spectral peak but it is not applicable for
the degradants that have the similar UV spectrum to the drug. Indirect method involves change in
chromatographic conditions like mobile phase ratio, column, etc. which will affect the peak separation.
The spectrum of altered chromatographic condition is then compared with original spectra. If the
degradant peaks and area percentage of the drug peak remain same, then it can be confirmed that the drug
peak is homogeneous. The degradant that co-elutes with the drug would be acceptable if it is not found to
be formed in accelerated and long term storage conditions. The method is then optimized for separating
closely eluting peaks by changing flow rate, injection volume, column type and mobile phase ratio.
Forced degradation studies/ Stress testing:
Forced degradation studies are also known as stress testing, stress studies, stress decomposition studies,
forced decomposition studies, etc. Forced degradation is a process that involves degradation of drug
products and drug substances at conditions more severe than accelerated conditions and thus generates
degradation products that can be studied to determine the stability of the molecule. Stress testing of the
drug substance can help to identify the likely degradation products, which can in turn help to establish the
degradation pathways and the intrinsic stability of the molecule and validate the stability indicating
power of the analytical procedures used. The nature of the stress testing will depend on the individual
drug substance and the type of drug product involved. Knowledge of the stability of molecule helps in
selecting proper formulation and package as well as providing proper storage conditions and shelf life,
which is essential for regulatory documentation.
Stress testing is likely to be carried out on a single batch of the drug substance. It should include the
effect of temperatures, humidity where appropriate, oxidation and photolysis on the drug substance. The
testing should also evaluate the susceptibility of the drug substance to hydrolysis across a wide range of
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pH values when in solution or suspension. Photostability testing should be an integral part of stress
testing. Examining degradation products under stress conditions is useful in establishing degradation
pathways and developing and validating suitable analytical procedures.
Conditions for degradation
1. Hydrolytic condition
Hydrolysis is one of the most common degradation chemical reactions over wide range of pH.
Hydrolysis is a solvolytic process in which drug reacts with water to yield breakdown products of
different chemical compositions. Water either as a solvent or as moisture in the air comes in
contact with pharmaceutical dosage forms is responsible for degradation of the drugs.
Procedure for conducting hydrolytic degradation
Conduct the following forced degradation studies to obtain degraded samples wherever
degradation possible from about 1% to 30%. For acid stress reflux with 0.1 N HCl at 60°C for 30
minutes. For base stress reflux with 0.1 N NaOH at 60°C for 30 minutes. For water stress reflux
with water at 60°C for 30 minutes. Stress agent can be changed to achieve degradation if
necessary. Co-solvent can be used to dissolve and extract the drug, where necessary.
Oxidation degradation:
Hydrogen peroxide is widely used for oxidation of drug substances in forced degradation studies
but other oxidizing agents such as metal ions, oxygen, and radical initiators (e.g.
azobisisobutyronitrile, AIBN) can also be used. Selection of an oxidizing agent, its concentration,
and conditions depends on the drug substance. It is reported that subjecting the solutions to 3-30%
hydrogen per oxide at neutral pH and room temperature for seven days or upto a maximum 20%
degradation could potentially generate relevant degradation products. The mechanism of oxidative
degradation of drug substance involves an electron transfer mechanism to form reactive anions
and cations. Amines, sulphides and phenols are susceptible to electron transfer oxidation to give
N-oxides, hydroxylamine, sulphones and sulphoxide. The functional group with labile hydrogen
like benzylic carbon, allylic carbon, and tertiary carbon or α – positions with respect to hetro atom
is susceptible to oxidation to form hydroperoxides, hydroxide or ketone.
Procedure for conducting oxidative degradation
Conduct the following forced degradation studies to obtain degraded samples wherever
degradation possible from about 1% to 30%. For oxidation stresses treat with 1% H2O2 at less
than 30°C for 30 min. The oxidative stress testing is initially carried out in 3% H2O2 at room
temperature for 6 hr and it can be increased/decreased to achieve sufficient degradation. Stress
agent can be changed to achieve degradation if necessary. Co-solvent can be used to dissolve and
extract the drug, where necessary.
Photolytic degradation
Photolytic degradation is carried out by exposing the drug substance (in solid as well as in the
solution form) or drug product to a combination of visible and UV light. The rate of photo
degradation depends upon the intensity of incident light and quantity of light absorbed by the drug
molecule. The most commonly accepted wavelength of light is in the range of 300-800 nm to
cause the photolytic degradation. The photolytic degradation can occur through non-oxidative or
oxidative photolytic reaction. The non-oxidative photolytic reaction include isomerization,
dimerization, cyclization, rearrangements, decarboxylation and hemolytic cleavage of X-C hetero
bonds, N-alkyl bond (dealkylation and deamination), SO2- C bonds etc. and while oxidative
photolytic reaction occur through either singlet oxygen (1O2) or triplet oxygen (3O2) mechanism.
The singlet oxygen reacts with the unsaturated bonds, such as alkenes, dienes, polynuclear
aromatic hydrocarbon to form photoxidative degradation products whereas triplet oxygen react
with free radical of the drug molecule, which than react with a triplet oxygen molecule to form
peroxide. Hence, light can also act as a catalyst to oxidation reactions.
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Procedure for conducting photolytic degradation
Conduct the following forced degradation studies to obtain degraded samples wherever
degradation possible from about 1% to 30%. Expose the tablet powder contents of capsule to
ultraviolet up to minimum of 200 watts hour/m2 and minimum of 1.2 million lux hour for visible
light and photo stability chamber. If photo stability chamber is not available, expose the tablet
powder/content of capsule to intense ultraviolet radiation (both at longer and shorter wavelengths)
up to minimum of 7 days in UV cabinet.
Thermal degradation
In general, rate of a reaction increase with increase in temperature. Hence, the drugs are
susceptible to degradation at higher temperature. Many APIs are sensitive to heat or tropical
temperatures. For example, vitamins, peptides, etc. Thermal degradation involves different
reactions like pyrolysis, hydrolysis, decarboxylation, isomerization, rearrangement and
polymerization. Effect of temperature on thermal degradation of a substance is studied through
Arrhenius equation: K= Ae-Ea/RT where k is specific reaction rate, A is frequency factor, Ea is
energy of activation, R is gas constant (1.987 cal/ deg mole) and T is absolute temperature.
Thermal degradation study is carried out at 40˚C to 80˚C. The most widely accepted temperature
is 70˚C at low and high humidity for 1-2 months. High temperature (>80˚C) may not produce
predictive degradation pathway. The use of high-temperatures in predictive degradation studies
assumes that the drug molecule will follow the same pathway of decomposition at all
temperatures. This assumption may not hold true for all drug molecules, and therefore great care
must be taken in using the extreme temperatures easily accessible in a sealed-vessel microwave
experiment for predictive degradation studies.
Procedure for conducting thermal degradation
Conduct the following forced degradation studies to obtain degraded samples wherever
degradation possible from about 1% to 30%. Preferably, the following stress conditions are
recommended for specificity study, however stress condition can be decided based on
experimental data or physical properties of the analyte based on literature. If melting point of API
is less than 150°C, stress at 105°C or 40°C less than melting point whichever is higher. If melting
point of API is more than 150°C, stress at the nearest melting point and at 105°C.
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Objectives of Study:
The main contemporary goal of stability indicating methods is to provide information about
condition for stress testing so as to establish the stability of drug substances and product.
Chemical stability of pharmaceutical molecules is a matter of great concern as it affects the safety
and efficacy of the drug product. The FDA and ICH guidance states the requirement of stability
testing data to understand how the quality of a drug substance and drug product changes with time
under the influence of various environmental factors. Knowledge of the stability of molecule
helps in selecting proper formulation and package as well as providing proper storage conditions
and shelf life, which is essential for regulatory documentation. Forced degradation is a process
that involves degradation of drug products and drug substances at conditions more severe than
accelerated conditions and thus generates degradation products that can be studied to determine
the stability of the molecule. The ICH guideline states that stress testing is intended to identify the
likely degradation products which further helps in determination of the intrinsic stability of the
molecule, establishing degradation pathways and to validate the stability indicating procedures
used.
Literature survey revealed that several methods including UV spectroscopy, High Performance
Liquid Chromatographic (HPLC) and High Performance Thin Layer Chromatographic (HPTLC)
methods have been reported for determination of selected drugs in single ingredient dosage form
or in combination with other drugs. In the reported method stress conditions is not applied to pure
drug and pharmaceutical dosage form. To the best of our knowledge, no stability indicating
HPTLC method has been reported so far for the estimation of the selected drugs in pharmaceutical
dosage forms.
The Objectives of this study:
1. To develop a simple, precise, accurate, and economic stability indicating assay methods for
determination of selected drugs

in bulk and in Pharmaceutical dosage forms

by UV-

Spectroscopy, FTIR, HPTLC and RP-HPLC.
2.

To validate developed methods as per ICH guidelines.
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Plan of Work
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Procurement of pure drug samples and marketed dosage form formulation.
 Estimation of selected drugs in bulk and in their dosage form by UV-spectroscopy/FTIR,
HPTLC and HPLC.
 Analysis of drug/standard laboratory mixture.
 Analysis of marketed formulation.
 Recovery studies.
 Validation of proposed method.
Stress condition
a) Acid hydrolysis
b) Base hydrolysis
c) Neutral hydrolysis
d) Oxidative degradation
e) Photolytic degradation
f) Thermal degradation
Compilation of data
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Following Drugs and drug Combination were selected for study
1. AMOXICILLIN TRIHYDRATE AND METRONIDAZOLE
2.

AMOXICILLIN TRIHYDRATE AND CLOXACILLIN SODIUM

3. SIMVASTATIN
4. CARBAMAZEPINE
5. LAFUTIDINE AND DOMPERIDONE
6. LAMIVUDINE AND ZIDOVUDINE
7. HYDROCHLOROTHIAZIDE
8. PHENYLEPHRINE HCl AND BROMHEXINE HCl
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STABILITY INDICATING RP-HPLC METHOD DEVELOPMENT AND VALIDATION FOR
SIMULTANEOUS
ESTIMATION
OF
AMOXICILLIN
TRIHYDRATE
AND
METRONIDAZOLE IN BULK AND IN-HOUSE TABLET
Abstract
A stability indicating reverse phase high performance liquid chromatography method has been developed
for simultaneous estimation of amoxicillin trihydrate and metronidazole in bulk and in-house tablet. The
stability indicating capability of the method was proven by subjecting the drugs to stress conditions such
as acid, base, neutral hydrolysis, oxidative, photolytic and thermal degradation and resolution of the
degradation products formed therein. Chromatographic separation was performed on C18 column (250
mm x 4.6 mm, 5 µm), with mobile phase comprising of water, acetonitrile and methanol in the ratio of
70:20:10 (v/v/v), at the flow rate 1.4 ml/min. The detection was carried out at 237.3 nm. The UV-visible
detector was used for stress studies. The retention times of amoxicillin trihydrate and metronidazole were
found to be 8.689 and 12.718 minutes respectively with a run time of 15 minutes. Linearity of amoxicillin
trihydrate and metronidazole was found in the range of 20-100 µg/ml and 16-80 µg/ml respectively. The
proposed method showed good accuracy and precision with % RSD less than 2. LOD and LOQ values
were 0.0322 µg/ml and 0.0977 µg/ml for AMT and 0.0804 µg/ml and 0.2435 µg/ml for MET
respectively.
Keywords: Amoxicillin trihydrate, metronidazole, RP-HPLC, stability indicating assay method,
validation.
Introduction
Amoxicillin trihydrate is a broad spectrum semi-synthetic amino penicillin antibiotic. It is effective
against a wide range of infections caused by wide range of Gram- negative bacteria and Gram- positive
bacteria in both human and animals. Amoxicillin trihydrate is bactericidal against susceptible microorganisms through the inhibition of biosynthesis of cell wall mucopeptide during bacterial multiplication.
This results in inhibition of bacterial cell synthesis and ultimately death due to lysis of bacteria [1].
Chemically
amoxicillin
trihydrate
(figure
1)
is
(2S,5R,6R)-6-[(R)-(-)-2-Amino-2-(phydroxyphenyl)acetamido]-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo(3.2.0.) heptane-2-carboxylic acid
trihydrate [2]. Metronidazole is a prodrug that acts as antibiotic, antiprotozoal, amoebicidal, bactericidal
and trichomonicidal. Metronidazole is converted in anaerobic organisms by the redox enzyme pyruvateferredoxin oxidoreductase. The nitro group of metronidazole is chemically reduced by ferredoxin (or a
ferredoxin-linked metabolic process) and the products are responsible for disrupting the DNA helical
structure, thus inhibiting nucleic acid synthesis [3]. Chemically metronidazole (figure 1) is 2-(-2-methyl5-nitro-1-H-Imidazole-1-yl)-ethanol [4]. The combination is used in the treatment of infection of gum
and dental cavities, brain infection, lung infection, bones infection, stomach infection, blood infection
and other conditions [5].
Various spectrophotometric [6-14], HPLC [15-21], HPTLC [22-23] and stability indicating HPLC
[24] methods are reported in the literature for the estimation of amoxicillin trihydrate and metronidazole
individually and in combination with other drugs. According to literature survey no stability indicating
RP-HPLC has yet been reported for simultaneous estimation of amoxicillin trihydrate and metronidazole
in combination by using water: acetonitrile: methanol (70:20:10 v/v/v) mobile phase. The present work
described the stability indicating RP-HPLC method for simultaneous estimation of amoxicillin trihydrate
and metronidazole in bulk and in in-house tablet. Due to unavailability of tablet containing amoxicillin
trihydrate and metronidazole in local Indian market, in-house tablets were prepared via direct
compression technique using commonly used excipients containing 250 mg of amoxicillin trihydrate and
200 mg of metronidazole.
Materials and method
Pharmaceutically pure sample of amoxicillin trihydrate and metronidazole was obtained from Aarati
drugs ltd. Tarapur as gift samples. All other chemicals (water, acetonitrile, methanol) used in the analysis
were HPLC grade.
Instrumentation
Chromatographic separation was performed on HPLC system (model Shimadzu SCL – 10), C 18 column
(250mm × 4.6mm; 5 µm), UV Detector, equipped with a solvent delivery pump, sample injector and
column thermostats. Lab solution (version 1.25) software was applied for data collecting and processing.
Mobile phase: water: acetonitrile: methanol in the ratio of 70:20:10 (v/v/v).
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Selection of analytical wavelength
Accurately weighed 10 mg AMT and MET were transferred into 100 ml volumetric flasks separately and
dissolved in mobile phase. This solution was sonicated for 20 minute and volume was made up to mark
with mobile phase. Pipetted out 2 ml of stock solution and diluted to 10 ml to get a concentration of 20
µg/ml of AMT and MET. Both the solutions were scanned in the spectrum mode over the range of 200400 nm. The overlain spectra showed iso-absorptive point at 237.3 nm and this wavelength was selected
for further detection (figure 2).
Preparation of standard solution
Accurately weighed 100 mg of AMT and 80 mg of MET working standard was transferred into 100 ml
volumetric flask and dissolved in mobile phase. This solution was sonicated for 20 minute, then volume
was made up to mark with mobile phase to get concentration of 1000 µg/ml for AMT and 800 µg/ml for
MET. From the standard stock solution, mixed standard solution was prepared to contain 20 µg/ml of
AMT and 16 µg/ml of MET. Representative chromatogram of mixed standard of AMT and MET is
shown in figure 3.
Optimized chromatographic conditions
Mobile phase
: Water: ACN: Methanol (70:20:10 v/v/v)
Column
: C18 column
Detector wavelength : 237.3 nm
Injection volume
: 20 µl
Flow rate
: 1.4 ml /min
Run time
: 15 minutes
System Suitability test
System suitability testing is used to verify that the resolution and reproducibility of the system are
adequate for the analysis to be performed, mixed standard solution of AMT and MET was injected into
HPLC system and their system suitability parameters were recorded. Results of system suitability test are
shown in table 1.
Validation of the method
Method was validated according to ICH guidelines for linearity, accuracy, precision, LOD, LOQ,
robustness and specificity.
Linearity
Linearity was studied by preparing standard solution at different concentration levels. Standard stock
solution of AMT and MET was further diluted to get concentration in the range of 20-100 µg/ml for
AMT and 16-80 µg/ml for MET. Each dilution of both the drugs was injected into the HPLC system and
peak areas were determined. Standard calibration curves were constructed by plotting peak areas versus
concentrations of drug and the regression equations were calculated (figure 4). Observations for linearity
are tabulated in table 2.
Accuracy:
The accuracy of the proposed method was assessed by recovery studies at three different levels i.e. 80%,
100%, 120%. The recovery studies were carried out by adding a known amount of standard drug to preanalyzed sample. The resulting solutions were then reanalyzed by proposed method. Whole analysis
procedure was repeated to find out the recovery of the added drug sample. This recovery analysis was
repeated at three replicate of three concentrations levels. The results from study of accuracy are reported
in table 3.
Precision:
Precision of an analytical method is usually expressed as the standard deviation or relative standard
deviation (coefficient of variation). The precision was determined at different parameter like
repeatability, intermediate precision (intra-day, inter-day). Repeatability was determined by analyzing
AMT (100 µg/ml) and MET (80 µg/ml) three times. Intraday precision was determined by analyzing
same concentration of solution for three times within the day and Interday precision was determined daily
for three days. Then % RSD was calculated and it was within limit (less than 2 %). Results of precision
are reported in table 4.
Robustness:
The robustness of the method was determined as a measure of the analytical method capability to be
unaffected by small variations in method parameters and the different variants such as variation in flow
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rate by ± 0.2 ml/minute; variation in wavelength by ± 2 nm were selected. At these changed conditions,
the standard and sample solutions were injected. The system suitability was evaluated in each varied
condition. Robustness parameters are presented in table 5.
Limit of detection (LOD) and Limit of quantification (LOQ):
LOD is the lowest concentration of analyte in sample that can be detected but not necessarily quantified.
LOQ is the lowest concentration of analyte in sample that can be quantitatively determined with precision
and accuracy. Results of LOD and LOQ are given in table 6.
LOD and LOQ was calculated from linear curve using following formulae
LOD = 3.3 σ/slope, LOQ = 10 σ/slope
(Where σ = the standard deviation of the response and S = Slope of calibration curve).
Specificity:
Specificity was checked for the interference of impurities in the analysis of blank solution and injecting
sample solution under optimized chromatographic conditions to demonstrate separation of both
amoxicillin trihydrate and metronidazole from impurities.
Analysis of in-house tablet
Due to unavailability of tablet containing amoxicillin trihydrate and metronidazole in local Indian market,
in-house tablets were prepared via direct compression technique using commonly used excipients
containing 250 mg of amoxicillin trihydrate and 200 mg of metronidazole.
Twenty tablets were taken and their average weight was determined, crushed to fine powder; powder
equal to 50 mg of AMT and 40 mg MET was taken in 100 ml volumetric flask. Then 80 ml of mobile
phase was added and the flask was sonicated for about 20 minute to solubilize the drug present in tablet,
after that solution was filtered through Whatman filter paper No. 41. The filtrate was collected and the
volume was made up to the mark with mobile phase. Further dilution was done in 10 ml volumetric flask
to get final concentration of 20 µg/ml of AMT and 16 µg/ml of MET. The standard and sample solution
was injected into HPLC system and peak areas were measured. Typical chromatogram of AMT and MET
in in-house tablet is shown in figure 5.
The content of AMT and MET was calculated by using following formula.
Amount of drug (mg) = At/As x Ds/Dt x Ws/Wt x A
……... (i)
% Estimation = At/As x Ws/Wt x Avg. wt (A)/Label claim x 100 ……… (ii)
Where,
At = Area count for sample solution
As = Area count for standard solution
Ds = Dilution factor for standard
Dt = Dilution factor for sample
Ws = Weight of standard (mg)
Wt = Weight of sample (mg)
A = Average weight of mixture
Results of in-house tablet analysis are given in table 7.
Forced degradation studies
To further confirm the stability indicating nature of the analytical method, amoxicillin trihydrate and
metronidazole were subjected to stress testing as ICH recommended test conditions.
Acid hydrolysis:
Accurately weighed 20 mg of AMT and MET was transferred to 100 ml volumetric flask, to it 10 ml 0.1
N HCl was added. This flask was heated on water bath at 60°C for 3 hrs. Solution was cooled and
neutralized with 0.1 N NaOH and volume was made up to mark with mobile phase. This solution was
diluted with mobile phase to get concentration of 20 µg/ml of AMT and 16 µg/ml of MET. A 20 µl
solution was injected into HPLC system and analyzed under chromatographic analysis condition.
Base hydrolysis:
Accurately weighed 20 mg of AMT and MET was transferred to 100 ml volumetric flask, to it 10 ml 0.1
N NaOH was added. This flask was heated on water bath at 60°C for 3 hrs. Solution was cooled and
neutralized with 0.1 N HCl and volume was made up to mark with mobile phase. This solution was
diluted with mobile phase to get concentration of 20 µg/ml of AMT and 16 µg/ml of MET. A 20 µl
solution was injected into HPLC system and analyzed under chromatographic analysis condition.
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Neutral hydrolysis:
Accurately weighed 20 mg of AMT and MET was transferred to 100 ml volumetric flask, to it 50 ml
water was added. This flask was refluxed for 3 hrs at 60°C. Solution was cooled and volume was made
up to mark with mobile phase. This solution was diluted with mobile phase to get concentration of 20
µg/ml of AMT and 16 µg/ml of MET. A 20 µl solution was injected into HPLC system and analyzed
under chromatographic analysis condition.
Oxidative degradation:
Accurately weighed 20 mg of AMT and MET was transferred to 100 ml volumetric flask, to it 10 ml 3%
H2O2 was added. This flask was refluxed for 3 hrs at 60°C. Solution was cooled and volume was made up
to mark with mobile phase. This solution was diluted with mobile phase to get concentration of 20 µg/ml
of AMT and 16 µg/ml of MET. A 20 µl solution was injected into HPLC system and analyzed under
chromatographic analysis condition.
Photolytic degradation:
Pure drugs were exposed to UV radiations for 12 hrs. The samples after exposure to light were diluted
with mobile phase to get concentration of 20 µg/ml of AMT and 16 µg/ml of MET. A 20 µl solution was
injected into HPLC system and analyzed under chromatographic analysis condition.
Thermal degradation:
Thermal degradation was carried out by exposing pure drugs to dry heat at 80°C for 2 hrs. The samples
after exposure to heat were diluted with mobile phase to get concentration of 20 µg/ml of AMT and 16
µg/ml of MET. A 20 µl solution was injected into HPLC system and analyzed under chromatographic
analysis condition.
Chromatograms obtained under various degradation conditions are shown in figure 6. Summary
of forced degradation data is given in table 8.
Result and discussion
The solutions of AMT and MET working standards were injected into HPLC system and run in different
solvent systems as mobile phases. Several mobile phases in different proportions were tried and finally
water: acetonitrile: methanol (70:20:10 v/v/v) was selected as an appropriate mobile phase which gave
good resolution and acceptable peak parameters for both AMT and MET. Retention time of AMT and
MET were 8.689 min and 12.718 min respectively. System suitability parameters were evaluated, which
were within acceptance criteria. From the standard stock solution further dilutions of AMT and MET
were done using mobile phase and scanned over the range of 200-400 nm and the spectra were overlain.
It was observed that at 237.3 nm and therefore it was selected as detection wavelength. The linear
relationship was observed between the peak area and concentration over the range of 20-100 µg/ml for
AMT and 16-80 µg/ml for MET with correlation coefficients (r2) values 0.995 for AMT and 0.996 for
MET. The accuracy of the method was confirmed by recovery studies at three different levels of addition
(80%, 100%, 120%). The mean percentage recovery for AMT and MET was found to be 98.23%,
98.37%, 98.44% and 98.49%, 99.03%, 99.38% respectively, which are well within the limit and hence
the method was found to be accurate. Precision was carried out as repeatability and intermediate
precision. It was determined at three concentration levels with three replicates at each level. For all three
concentration levels % RSD obtained was less than 2 % for both drugs. LOD and LOQ values for AMT
was found to be 0.0322µg/ml and 0.0977µg/ml and for MET 0.0804 µg/ml and 0.2435 µg/ml
respectively. Robustness studies were carried out after deliberate alterations of flow rate and wavelength.
It was observed that the small changes in these operational parameters, did not lead to much changes of
retention times of peak of interest. The % assay was found to be 98.34% and 98.98% for AMT and MET
respectively. The % degradation of AMT in acid, base, neutral hydrolysis, oxidation, photolytic and
thermal condition was 5.40%, 7.71%, 5.38%, 25.39%, 5.31% and 29.2% respectively. The % degradation
of MET was 3.61%, 9.95%, 2.51%, 25.76%, 2.46%, and 28.42%.
Conclusion
The developed RP-HPLC analytical method is found to be simple, specific, accurate and stability
indicating. Hence it can be used for routine quality control analysis as well as stability studies of
pharmaceutical dosage forms. The degradation behavior of AMT and MET was determined by subjecting
them in various stress conditions and no attempt was made to identify the degradation product.
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(a) Amoxicillin trihydrate
Figure 1: Chemical structure of analyzed substances

(b) Metronidazole

Iso-absorptive
point at 237.3

Figure 2: Overlain spectra of AMT and MET

Figure 3: Chromatogram of AMT and MET standard
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(a) Amoxicillin trihydrate

(b) Metronidazole

Figure 4: Calibration curves of linearity

Figure 5: Chromatogram of AMT and MET in in-house tablet

(a) Acid hydrolysis

(c) Neutral hydrolysis

(b) Base hydrolysis

(d) Oxidative degradation
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(e) Photolytic degradation
Figure 6: Chromatograms of forced degradation

(f) Thermal degradation

Table 1: Results of system suitability test
Parameters
Amoxicillin trihydrate
Linearity range (µg/ml)
20 - 100 µg/ml
Retention time (min)
8.689
Peak area
228879
Theoretical plates
2149.28
Asymmetry
1.121
Tailing factor
1.061
Resolution
4.605
Sr.
No.
1
2
3
4
5

Table 2: Result of Linearity
Amoxicillin trihydrate
Conc. (µg/ml)
Peak area
20
46558
40
92115
60
149470
80
195929
100
232792

Table 3: Result of Accuracy
Recovery Amount added*
level (%) AMT
MET
80
40
32
100
50
40
120
60
48
*Average of three determination

MET

Metronidazole
Conc. (µg/ml)
20
40
60
80
100

Amount recovered*
AMT
MET
39.296
31.517
49.193
39.61
59.06
47.7

Table 4: Summary of precision data
Parameters
Conc. (µg/ml) % Recovery*
AMT

Metronidazole
16 - 80 µg/ml
12.718
138159
2588
1.133
1.067

AMT

Repeatability 100
80
98.34
Intraday
100
80
98.45
Interday
100
80
98.71
*Average of three determination

Peak area
27941
55667
89933
114742
139556

% Recovery*
AMT
98.23
98.37
98.44

S.D.

MET
98.49
99.03
99.38

% RSD

MET

AMT

MET

AMT

MET

98.98
98.55
98.92

0.0404
0.127
0.37

0.486
0.176
0.5403

0.0411
0.129
0.3748

0.491
0.178
0.5462
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Table 5: Observation data for Robustness
Sr. No.
Parameter
Condition
1

Flow rate

2

Wavelength

1.2 min/ml
1.4 min/ml
235 nm
237 nm

Table 6: Result of LOD and LOQ
Drug
LOD (µg/ml)
Amoxicillin
0.0322
Metronidazole
0.0804

LOQ (µg/ml)
0.0977
0.2435

Table 7: Analysis of synthetic mixture
Drug
Label claim (mg)
Amoxicillin trihydrate
250 mg
Metronidazole
200 mg
* Average of three determination
Sr.
No
1
2
3
4
5
6

Table 8: Result of forced degradation
Condition
% degradation
Acid hydrolysis
Base hydrolysis
Neutral hydrolysis
Oxidative degradation
Photolytic degradation
Thermal degradation

Retention Time (min)
AMT
MET
9.765
13.013
8.689
12.718
8.691
12.719
8.689
12.718

Amount found (mg)*
245.8 mg
197.5

Assay (%)*
98.34
98.98

% assay

AMT

MET

AMT

MET

5.40
7.71
5.38
25.39
5.31
29.2

3.61
9.95
2.51
25.76
2.46
28.42

94.60
92.29
94.62
70.8
94.69
70.8

96.39
90.05
97.49
80.31
97.54
71.58
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DEVELOPMENT
AND
VALIDATION
OF
STABILITY
INDICATING
UV
SPECTROPHOTOMETRIC METHOD FOR SIMULTANEOUS ESTIMATION OF
AMOXICILLIN TRIHYDRATE AND METRONIDAZOLE IN BULK AND IN-HOUSE TABLET
Abstract
Stability indicating UV spectrophotometric methods for simultaneous estimation of amoxicillin trihydrate
and metronidazole in bulk and in-house tablet has been developed by two methods. First method is
simultaneous equation based on measurement of absorbance at 230 nm and 310 nm as two wavelengths
selected for quantification of amoxicillin trihydrate and metronidazole. The second method is absorbance
ratio based on the measurement of absorbance at iso-absorptive point at 237.3 nm and 310 nm as second
wavelength selected as for quantification. Both methods obeyed Beer-Lambert’s law in the concentration
range of 15-90 µg/ml for amoxicillin trihydrate and 5-30 µg/ml for metronidazole with correlation
coefficient (r2) values 0.999 for amoxicillin trihydrate and 0.998 for metronidazole in method-I, whereas
0.998 for amoxicillin trihydrate and 0.998 for metronidazole in method-II. Both methods showed good
accuracy and precision with % RSD less than 2. LOD and LOQ values were 0.349 µg/ml and 1.06 µg/ml
for amoxicillin trihydrate and 0.215 µg/ml and 0.652 µg/ml for metronidazole in method-I, whereas 0.558
µg/ml and 1.689 µg/ml for amoxicillin trihydrate and 0.215 µg/ml and 0.652 µg/ml for metronidazole in
method-II respectively. The % assay was found to be 99.85% and 99.86% in method-I, whereas 99.63%
and 99.86% in method-II for amoxicillin trihydrate and metronidazole respectively. Stress degradation
was studied in different acidic, basic, neutral, oxidative, photolytic and thermal condition.
Key words: Amoxicillin trihydrate, metronidazole, UV spectroscopy, simultaneous equation, absorbance
ratio, stability indicating assay method, validation.
Introduction
Amoxicillin trihydrate is a broad spectrum semi-synthetic amino penicillin antibiotic. It is effective
against a wide range of infections caused by wide range of Gram- negative bacteria and Gram- positive
bacteria in both human and animals. Amoxicillin trihydrate is bactericidal against susceptible microorganisms through the inhibition of biosynthesis of cell wall mucopeptide during bacterial multiplication.
This results in inhibition of bacterial cell synthesis and ultimately death due to lysis of bacteria [1].
Chemically
amoxicillin
trihydrate
(figure
1)
is
(2S,5R,6R)-6-[(R)-2-amino-2-(4hydroxyphenyl)acetamido]-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0.] heptane-2-carboxylic acid
trihydrate [2], Metronidazole is a prodrug that acts as antibiotic, antiprotozoal, amoebicidal, bactericidal
and trichomonicidal. Metronidazole is converted in anaerobic organisms by the redox enzyme pyruvateferredoxin oxidoreductase. The nitro group of metronidazole is chemically reduced by ferredoxin (or a
ferredoxin-linked metabolic process) and the products are responsible for disrupting the DNA helical
structure, thus inhibiting nucleic acid synthesis [3]. Chemically metronidazole (figure 1) is 2-(-2-methyl5-nitro-1-H-Imidazole-1-yl)-ethanol [4]. The combination is used in the treatment of infection of gum
and dental cavities, brain infection, lung infection, bones infection, stomach infection, blood infection
and other conditions [5].

(a) Amoxicillin trihydrate
(b) Metronidazole
Figure 1: Chemical structure of analyzed substances
Various spectrophotometric [6-14], HPLC [15-21], HPTLC [22-23] and stability indicating HPLC [24]
methods are reported in the literature for the estimation of amoxicillin trihydrate and metronidazole
individually and in combination with other drugs. According to literature survey no stability indicating
UV spectrophotometric method has yet been reported for simultaneous estimation of amoxicillin
trihydrate and metronidazole in combination by using methanol as solvent. The present work described
two stability indicating UV spectrophotometric methods for the simultaneous estimation of amoxicillin
trihydrate and metronidazole by simultaneous equation and absorbance ratio method.
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Material and method
Pharmaceutically pure sample of amoxicillin trihydrate and metronidazole was obtained from Aarati
drugs ltd. Tarapur as gift samples. All other chemicals used in the analysis were Analytical grade.
Instrumentation
A double beam UV-visible spectrophotometer (Shimadzu) model UV-1800 PC was used. The software
employed was UV probe. The spectrum was recorded over range 200-400 nm against solvent in 1 cm
quarts cells. Electronic analytical balance (Anamed) model AA-2200, Ultrasonicator (HMG India) was
used.
Preparation of standard stock solution
Accurately weighed 10 mg of AMT and MET were transferred into 100 ml volumetric flasks separately
and dissolved in methanol, then volume was made up to 100 ml with methanol to get a concentration of
100 µg/ml for both drugs.
Determination of absorption maxima and iso -absorptive point
Working standard solution was obtained by dilution of respective stock solution with methanol. Stock
solutions (2 ml) were diluted to 10 ml to get a concentration of 20 µg/ml for AMT and MET. Both the
solutions were scanned in the spectrum mode over the range of 200-400 nm against methanol as blank
and the overlain spectra of the two were recorded. AMT showed an absorbance peak at 230 nm, whereas
MET shows an absorbance peak at 310 nm. The overlain spectra also showed iso-absorptive point at
237.3 nm (Figure 2). Due to difference in absorbance maxima and having no interference with each other
so both drugs can be simultaneously estimated by simultaneous equation method (method-I) and
absorbance ratio method (method-II).
MET at
310 nm
AMT at
230 nm

Figure 2: Overlain spectra of AMT and MET
Method I (Simultaneous equation method)
Two wavelengths selected for the method were 230 nm and 310 nm that are absorption maxima of AMT
and MET respectively in methanol. The stock solutions of both the drugs were further diluted separately
with methanol to get a series of standard solutions of 15-90 µg/ml for AMT and 5-30 µg/ml for MET.
The absorbances were measured at the selected wavelengths and absorptivities (A 1%, 1 cm) for both the
drugs were determined as mean of five independent determinations. Concentrations in the sample were
obtained by using following equations.
Cx = (A2ay1-A1ay2)/ (ax2ay1-ax1ay2) ………. (i)
Cy = (A1ax2-A2ax1)/ (ax2ay1-ax1ay2) ……… (ii)
Where A1 and A2 are absorbance of mixture at 230 nm and 310 nm respectively, ax1 and ax2 are
absorptivities of AMT at λ1 and λ2 respectively and ay1 and ay2 are absorptivities of MET at λ1 and λ2
respectively. Cx and Cy are concentration of AMT and MET respectively.
Method II (Absorbance ratio method)
From the overlain spectrum of AMT and MET, two wavelengths were selected one at 237.3 nm which is
the iso-absorptive point for both the drugs and the other at 310 nm which is λmax of MET. The
absorbances of the sample solutions are prepared in a similar manner as in the previous method, were
measured and the absorbance ratio values for both the drugs at selected wavelengths were also calculated.
The method employs Q-values and the concentrations of drugs in sample solution were determined by
using the following formula,
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Cx = Qm-Qy/ Qx-Qy X A/ax1…………(iii)
Cy = Qm-Qx/ Qy-Qx X A/ay1…………(iv)

Where,
Qm = Absorbance ratio of sample at 310 nm & 237.3 nm
Qx = Ratio of absorptivity of AMT at 310 nm & 237.3 nm
Qy = Ratio of absorptivity of MET at 310 nm & 237.3 nm
A = Absorbance of sample at iso-absorptive point
ax1 & ay1 = Absorptivity of AMT & MET at isoabsorptive point.
Validation of the method
Method was validated according to ICH guidelines for linearity, accuracy, precision, LOD and LOQ.
Linearity:
Linearity was studied by preparing standard solution at different concentration levels. Standard stock
solution of AMT and MET was further diluted to get concentration in the range of 15-90 µg/ml for AMT
and 5-30 µg/ml for MET. The resultant absorbances of the solutions were measured at 230 nm, 237.3 nm
and 310 nm against methanol as blank. The calibration curves were constructed by plotting absorbances
versus concentrations of the drug and the regression equations were calculated (figure 3). These results
shown there was an excellent correlation between absorbance and analyte concentration. Linearity
parameters are tabulated in table 1.

(a) Amoxicillin trihydrate at 230 nm

(b) Amoxicillin trihydrate at 237.3 nm

(c) Metronidazole at 310 nm
Figure 3: Calibration curves of linearity
Table 1: Parameters of linearity study
Parameters
Method - I
Method – II
AMT
MET
AMT
MET
Wavelength range (nm)
230 nm
310 nm
237.3 nm
310 nm
Linearity range (µg/ml)
15–90 µg/ml
5–30 µg/ml
15–90 µg/ml
5–30 µg/ml
Regression Coefficient (r2)
0.999
0.998
0.998
0.998
Slope (m)
0.025x
0.063x
0.018x
0.063x
Accuracy:
The accuracy of the proposed methods was assessed by recovery studies at three different levels i.e. 80%,
100%, 120%. The recovery studies were carried out by adding known amount of standard drug to preanalyzed sample. The resulting solutions were then re-analyzed by proposed methods. Whole analysis
procedure was repeated to find out the recovery of the added drug sample. This recovery analysis was
repeated at three replicate of three concentrations levels. The results of accuracy study are reported in
table 2.
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Table 2: Result of accuracy
Recovery Amount
% Recovery*
% RSD*
level (%) added (mg)
Method - I
Method - II
Method – I
Method – II
AMT MET AMT MET AMT MET AMT MET AMT MET
80
8
6.4
99.56 99.54 99.37 99.53 0.186 0.212 0.377 0.191
100
10
8
99.91 99.99 100.1 99.98 0.187 0.171 0.265 0.158
120
12
9.6
100.3 100.4 100.3 100.4 0.139 0.080 0.216 0.064
*Average of three determination
Precision
Precision of an analytical method is usually expressed as the standard deviation or relative standard
deviation (coefficient of variation). The precision was determined at different parameter like
repeatability, intermediate precision (intra-day precision, inter-day). Repeatability was determined by
analyzing AMT (30 µg/ml) and MET (24 µg/ml) for three times. Intraday precision was determined by
analyzing same concentration of solution for three times within the day and Interday precision was
determined daily for three days. Then % RSD was calculated and it was within limit (less than 2 %). The
results of precision are reported in table 3.
Table 3: Result of precision
Conc. (µg/ml)
% RSD
Parameters
Method-I
Method-II
AMT
MET
AMT
MET
AMT
MET
Repeatability 30
24
0.2648
0.1867
0.265
0.187
Intraday
30
24
0.444
0.4036
0.0928
0.1998
Interday
30
24
1.243
0.578
0.492
0.605
Limit of detection (LOD) and Limit of quantification (LOQ)
LOD is the lowest concentration of analyte in a sample that can be detected but not necessarily
quantified. LOQ is the lowest concentration of analyte in the sample that can be quantitatively
determined with precision and accuracy. Results of LOD and LOQ are given in table 4.
LOD and LOQ was calculated from linear curve using following formulae
LOD = 3.3 σ/Slope,
LOQ = 10 σ/Slope
(Where σ = the standard deviation of the response and S = Slope of calibration curve)
Table 4: Result of LOD and LOQ
Drug
Method - I
Method – II
LOD (µg/ml) LOQ (µg/ml) LOD (µg/ml) LOQ µg/ml
Amoxicillin trihydrate
0.349
1.06
0.558
1.689
Metronidazole
0.215
0.652
0.215
0.652
Analysis of in-house tablet
Due to unavailability of tablet containing amoxicillin trihydrate and metronidazole in local Indian market,
in-house tablet was prepared via direct compression technique using commonly used excipients
containing 250 mg of amoxicillin trihydrate and 200 mg of metronidazole.
Twenty tablets were taken and their average weight was determined, crushed to fine powder; powder
equal to 50 mg of AMT and 40 mg of MET was taken in 100 ml volumetric flask. Then 80 ml of
methanol was added and the flask was sonicated for about 10 min to solubilize the drug present in tablet,
after that drug solution was filtered through Whatman filter paper No. 41. The filtrate was collected and
volume was made up to the mark with methanol. Further dilution was done in 10 ml volumetric flask to
get final concentration of 30 µg/ml of AMT and 24 µg/ml of MET. Absorbance of sample solution was
measured at 230 nm, 237.3 nm and 310 nm. Concentrations of both drugs were obtained from equation.
Results of in-house tablet analysis are given in table 5.
Table 5: Analysis of in-house tablet
Sr. No.
Drug
Conc. (µg/ml)
Amount found*
% label claim* S.D.
Method 1 AMT
30 µg/ml
29.96 µg/ml
99.8
0.087
MET
24 µg/ml
23.98 µg/ml
99.86
0.238
Method 2 AMT
30 µg/ml
29.92 µg/ml
99.63
0.22
MET
24 µg/ml
23.97 µg/ml
99.86
0.244
* Average of three determinations
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Forced degradation studies
To further confirm the stability indicating nature of the analytical method, amoxicillin trihydrate and
metronidazole were subjected to stress testing as per ICH recommended test conditions.
Acid Hydrolysis:
Accurately weighed 10 mg of AMT and MET was transferred to 100 ml volumetric flask, to it 10 ml 0.1
N HCl was added. This flask was heated on water bath at 60°C for 3 hrs. Solution was cooled and
neutralized with 0.1 N NaOH and volume was made up to mark with methanol. This solution was further
diluted with methanol to get 30 µg/ml of AMT and 24 µg/ml of MET and absorbance was measured at
230 nm, 237.3 nm and 310 nm. Finally absorbance of sample was compared with standard absorbance
and percent degradation was calculated.
Base hydrolysis:
Accurately weighed 10 mg of AMT and MET was transferred to 100 ml volumetric flask, to it 10 ml 0.1
N NaOH was added. This flask was heated on water bath at 60°C for 3 hrs. Solution was cooled and
neutralized with 0.1 N HCl and volume was made up to mark with methanol. This solution was further
diluted with methanol to get 30 µg/ml of AMT and 24 µg/ml of MET and absorbance was measured at
230 nm, 237.3 nm and 310 nm. Finally absorbance of sample was compared with standard absorbance
and percent degradation was calculated.
Neutral hydrolysis:
Accurately weighed 10 mg of AMT and MET was transferred to 100 ml volumetric flask, to it 50 ml
water was added. This flask was refluxed for 3 hrs at 60°C. Solution was cooled and volume was made
up to mark with methanol. This solution was further diluted with methanol to get 30 µg/ml of AMT and
24 µg/ml of MET. Absorbance was measured at 230 nm, 237.3 nm and 310 nm. Finally absorbance of
sample was compared with standard absorbance and percent degradation was calculated.
Oxidative degradation:
Accurately weighed 10 mg of AMT and MET was transferred to 100 ml volumetric flask, to it 10 ml 3%
H2O2 was added. This flask was refluxed for 3 hrs at 60°C. Solution was cooled and volume was made
upto mark with methanol. This solution was further diluted with methanol to get 30 µg/ml of AMT and
24 µg/ml of MET. Absorbance was measured at 230 nm, 237.3 nm and 310 nm. Finally absorbance of
sample was compared with standard absorbance and percent degradation was calculated.
Photolytic degradation:
Pure drugs were exposed to UV radiations for 12 hrs. The sample after exposure to light was diluted with
methanol to get 30 µg/ml of AMT and 24 µg/ml of MET. Absorbance was measured at 230 nm, 237.3 nm
and 310 nm. Finally absorbance of sample was compared with standard absorbance and percent
degradation was calculated.
Thermal degradation:
Thermal degradation was carried out by exposing pure drugs to dry heat at 80°C for 2 hrs. The sample
after exposure to heat was diluted with methanol to get 30 µg/ml of AMT and 24 µg/ml of MET.
Absorbance was measured at 230 nm, 237.3 nm and 310 nm. Finally absorbance of sample was compared
with standard absorbance and percent degradation was calculated.
Summary of forced degradation study data is given in table 6 and 7.
Table 6: Forced degradation data (Simultaneous equation)
Sr.
Condition
% degradation
% assay
No.
AMT
MET
AMT
MET
1
2
3
4
5
6

Acid hydrolysis
Base hydrolysis
Neutral hydrolysis
Oxidative hydrolysis
Photolytic degradation
Thermal degradation

6.76
7.43
8.75
6.9
4.51
8.49

9.67
7.1
5.44
10.42
3.32
12.54

93.24
92.57
91.25
93.1
95.49
91.51

90.33
92.90
94.56
89.58
96.68
87.46
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Table 7: Forced degradation data (Absorbance ratio)
Sr. Condition
% degradation
No. (absorbance ratio)
AMT
MET

% assay
AMT

MET

1
2
3
4
5
6

88.97
86.35
89.53
93.27
97.76
91.78

90.33
92.90
94.56
89.58
96.68
87.46

Acid hydrolysis
Base hydrolysis
Neutral hydrolysis
Oxidative degradation
Photolytic degradation
Thermal degradation

11.03
13.65
10.47
6.73
2.24
8.22

9.67
7.1
5.44
10.42
3.32
12.54

Result and discussion
As both the drugs are soluble in methanol estimation was carried out in methanol as solvent. The overlain
spectra of AMT and MET exhibited λmax at 230 nm and 310 nm for AMT and MET respectively and
iso-absorptive point were observed at 237.3 nm. The linear relationship was observed between
absorbance and concentration over the range of 15-90 µg/ml for AMT and 5-30 µg/ml for MET with
correlation coefficients (r2) values 0.999 for AMT and 0.998 for MET in method-I, whereas 0.998 for
AMT and 0.998 for MET in method-II. The accuracy of the method was confirmed by recovery studies at
three different levels of addition (80%, 100%, and 120%). Both the methods of estimation showed good
recoveries close to 100% and % coefficient of variation was less than 2%. The results of the recovery
studies performed indicate the methods to be accurate. Precision was carried out as repeatability and
intermediate precision. It was determined at three concentration levels with three replicates at each level.
For all three concentration levels % RSD obtained was less than 2 % for both drugs. In method-I, the
LOD, LOQ values for AMT was found to be 0.349 µg/ml and 1.06 µg/ml and for MET 0.215 µg/ml and
0.652 µg/ml respectively; in method–II, 0.558 and 1.689 µg/ml for AMT and 0.215 µg/ml and 0.652
µg/ml for MET respectively. The % assay was found to be 99.85% and 99.86% in method-I, whereas
99.63% and 99.86% in method-II for AMT and MET respectively. The % degradation of AMT in acid,
base, neutral, oxidative, photolytic and thermal condition was 6.76%, 7.43%, 8.75%, 6.9%, 4.51%,
8.49%, and of MET was 9.67%, 7.1%, 5.44%, 10.42%, 3.32%, 12.54% respectively in method-I; whereas
the % degradation of AMT was 11.03%, 13.65%, 10.47%, 6.73%, 2.24%, 8.22%, and of MET was
9.67%, 7.1%, 5.44%, 10.42%, 3.32%, 12.54% respectively in method-II.
Conclusion
Both the developed analytical methods are simple, specific, accurate and stability indicating. Hence it can
be used for routine quality control analysis as well as stability studies of pharmaceutical dosage forms.
The degradation behavior of AMT and MET was determined by subjecting them in various stress
conditions and no attempt was made to identify the degradation product.
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DEVELOPMENT AND VALIDATION OF STABILITY INDICATING ASSAY METHOD FOR
SIMULTANEOUS ESTIMATION OF AMOXICILLIN TRIHYDRATE AND CLOXACILLIN
SODIUM IN PHARMACEUTICAL DOSAGE FORM BY USING RP-HPLC
Abstract
A simple, accurate, precise, sensitive and stability indicating reverse phase high performance liquid
chromatography method has been developed for simultaneous determination of amoxicillin trihydrate and
cloxacillin sodium in bulk and in combined capsule dosage form. Chromatographic separation was
performed on C18 column, with mobile phase consist of water, acetonitrile, and methanol in the ratio of
70:20:10 (v/v/v), at flow rate 1.4 ml/min. Quantification of both drugs was achieved at UV detector at
238.8 nm. The retention time of amoxicillin trihydrate and cloxacillin sodium was found to be 8.240 and
14.036 minute respectively with run time 20 minutes. Amoxicillin trihydrate and cloxacillin sodium
followed the linearity in concentration range 20-100 µg/ml for both with correlation coefficient (r 2)
values 0.998 for amoxicillin trihydrate and 0.998 for cloxacillin sodium. The proposed method was
validated according to ICH guidelines in terms of linearity, accuracy, precision, LOD and LOQ.
Percentage assay was found to be 98.92 % and 99.61 % for amoxicillin trihydrate and cloxacillin sodium
respectively. In precision % RSD was found to be < 2% for both. The percentage recovery was found in
range 99.18 %-99.42 %. The LOD and LOQ values were within limit. The degradation studies carried
under condition of acid, base, neutral, oxidative, photolysis, thermal degradation.
Keywords: Amoxicillin trihydrate, cloxacillin sodium, RP-HPLC, validation, stability indicating assay
method.
Introduction
Amoxicillin trihydrate (AMO) is a broad spectrum semi-synthetic antibiotic. It is effective against a wide
range of infections caused by wide range of Gram-negative bacteria and Gram-positive bacteria in human
and animals. It acts by inhibiting synthesis of bacterial cell wall. Chemically AMO is (2S, 5R, 6R)-6{[2R)-2-Amino-2-(4-hydroxyphenyl) acetyl]amino}-3,3-dimethyl-7-oxo-4-thia-1-azabicycloheptane-2carboxylic acid [1].
Cloxacillin sodium (CLO) is semi synthetic antibiotic used against staphylococci that produce betalactamase. It is less active against pnG sensitive organisms. Chemically CLO (2S, 5R, 6R)-{[3-(2chlorophenyl)-5-methyl-oxazole-4-carbonyl] amino}-3, 3-dimethyl-7-oxo-4-thia-1-azabicyclo [3.2.0]
heptane-2-carboxylic acid [2]. Structure of AMO and CLO are shown in figure 1.
According to literature survey AMO and CLO was estimated by UV [3-11], RP-HPLC [12-21] , HPTLC
[22], and stability indicating HPLC [23] in combination, but no stability indicating RP-HPLC method has
been reported for simultaneous estimation of AMO and CLO in combination by using water: acetonitrile:
methanol (70:20:10) as mobile phase. Present work described the stability indicating HPLC method for
simultaneous estimation of AMO and CLO in bulk and dosage form.
Materials and method
Instrumentation and reagents:
Chromatographic separation was performed on HPLC-system (model Shimadzu SCL- 10) C 18 column
(250 mm x 4.6 mm, 5 µm) UV Detector, equipped with a solvent delivery pump, sample injector and
column thermostats. Lab solution (Version 1.25) software was applied for data collecting and processing.
Water, acetonitrile, and methanol used were of HPLC grade. Pure drug sample of AMO and CLO was
procured from Macleods Ltd., Daman.
Chromatographic condition
Mobile phase

: Water: acetonitrile: methanol (70:20:10 v/v/v)

Column

: C18 column
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Detector wavelength

: 238.8 nm

Injection volume

: 20 µl

Flow rate

: 1.4 ml/min

Run time

: 20 minutes

Selection of detection of Wavelength
Accurately weighed 10 mg AMO and CLO were transferred into 100 ml volumetric flask separately,
dissolved in mobile phase, sonicated and filtered through Whatman filter paper No. 41 and volume was
made up to the mark with mobile phase. Pipette out 2 ml of this stock solution and diluted to 10 ml to get
a concentration of 20 µg/ml of AMO and CLO each. The λ max was determined on Shimadzu UV-visible
spectrophotometer (Shimadzu model UV-1800) in the range 200-400 nm. The overlain spectra showed
iso-absorptive point at 238.8 nm was selected as wavelength. The overlain spectra of AMO and CLO are
shown in figure 2.
Preparation of standard solution
Standard solution was prepared by transferring 50 mg of AMO and 50 mg of CLO in 50 ml of volumetric
flask separately and dissolved in mobile phase. It was sonicated for 20 min to dissolve completely, and
then volume was made up to the mark with mobile phase to get concentration 1000 µg/ml for both. From
the above stock solution pipette out 1 ml and transferred to 10 ml volumetric flask and volume was made
up with mobile phase and 20 µl was injected into HPLC system to develop the chromatogram. Typical
chromatogram of AMO and CLO standard is shown in figure 3.
System Suitability test
System suitability was performed by injecting standard solution and determines the various parameters
such as theoretical plates, tailing factor, resolution. Results are shown in table 1.
Method Validation
Method was validated as per ICH guidelines
Linearity
Linearity was performed at five different concentration (20, 40, 60, 80, 100 µg/ml) for both AMO and
CLO. Standard calibration curve was plotted between peak area against concentration of drug shown in
figure 4 and results of linearity are shown in table 2.
Accuracy
The accuracy of the proposed method was performed by recovery studies at three different levels (80%,
100%, and 120%) of concentration by adding a known amount of standard drug to pre-analyzed sample.
Each determination was repeated three times at each level and injected into HPLC system. Results of
accuracy are shown in table 3.
Precision
Precision of an analytical method is usually expressed as the standard deviation or relative standard
deviation. The precision was determined at different parameter like repeatability, intermediate precision
(intra-day, inter-day). Repeatability was determined by analyzing AMO (100 µg/ml) CLO (100 µg/ml)
three times. Intraday precision was determined by analyzing same concentration of solution for three
times within day and Interday precision was determined daily for three days. Then % RSD was calculated
and it was within limit (less than 2%). Results of precision are shown in table 4.
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Limit of detection (LOD) and Limit of quantification (LOQ)
LOD is the lowest concentration of analyte in sample that can be detected but not necessarily quantified.
LOQ is the lowest concentration of analyte in sample that can be quantitatively determined with precision
and accuracy. Results of LOD and LOQ are given in table 5.
LOD and LOQ was calculated by using following formulae
LOD = 3.3 σ/slope,

LOQ = 10 σ/slope

(Where σ = the standard deviation of the response and S = slope of calibration curve) Robustness
The robustness was performed by assaying test solutions after slight but deliberate change in analytical
conditions. The study was performed by changing the flow rate, temperature and wavelength. Results of
robustness study are shown in table 6.
Analysis of Marketed formulation
Twenty capsules weighed, average weight was determined, crushed to a fine powder and mixed
thoroughly. Accurately weighed powder equivalent to 50 mg of AMO and 50 mg of CLO was transferred
into 50 ml of volumetric flask and dissolved in mobile phase. This was sonicated for 20 minutes, and then
volume was made up to mark with mobile phase. Further dilution was done with mobile phase to get final
concentration of 100 µg/ml of AMO and 100 µg/ml of CLO. The standard and sample solution was
injected into HPLC system to develop the chromatogram. Typical chromatogram of AMO and CLO is
shown in figure 5.
The content of AMO and CLO was calculated by using following formula.
Amount of drug (mg) = At/As x Ds/Dt x Ws/Wt x A ………….….. (i)
% Estimation = At/As x Ws/Wt x Avg.wt (A)/Lable claim x 100 ….…. (ii)
Where,
At = Area count for sample solution
As = Area count for standard solution
Ds = Dilution factor for standard
Dt = Dilution factor for sample
Ws = Weight of standard (mg)
Wt = Weight of sample (mg)
A = Average weight of capsule
Result are shown in table 7.
Forced Degradation Study:
Stress degradation studies were performed to check the stability of the AMO and CLO on different
conditions. The stress conditions for degradation study involved acid, base, neutral, oxidative, thermal,
and photolytic degradation.
Acid degradation:
Accurately weighed 20 mg of AMO and CLO was transferred to 100 ml volumetric flask, to it 20 ml
mobile phase and 10 ml 0.1 N HCl was added. This flask was heated on water bath at 60 ̊ C for 4.30
hours. Solution was cooled and neutralized with 0.1 NaOH and volume was made up to mark with mobile
phase, finally this solution was diluted with mobile phase to get concentration 20 µg/ml of AMO and 20
µg/ml of CLO. A 20 µl solution was injected into HPLC system and analyzed under chromatographic
condition.
Base Degradation:
Accurately weighed 20 mg of AMO and CLO was transferred to 100 ml volumetric flask, to it 20 ml
mobile phase and10 ml 0.1 N NaOH was added. This flask was heated on water bath at 60 ̊ C for 4.30
hours. Solution was cooled and neutralized with 0.1 N HCl and volume was made up to mark with
mobile phase. Finally this solution was diluted with mobile phase to get concentration 20 µg/ml of AMO
and 20 µg/ml of CLO. A 20 µl solution was injected into HPLC system and analyzed under
chromatographic condition.
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Oxidative degradation:
Accurately weighed 20 mg of AMO and CLO was transferred to 100 ml volumetric flask, to it 20 ml
mobile phase and 10 ml 3% H2O2 was added. This flask was refluxed for 4 hours. Solution was cooled
and volume was made up to mark with mobile phase, finally this solution was diluted with mobile phase
to get concentration 20 µg/ml of AMO and 20 µg/ml of CLO. A 20 µl solution was injected into HPLC
system and analyzed under chromatographic condition.
Photolytic degradation:
Pure drugs were exposed to UV radiations for 12 hours. The sample after exposure to light were
accurately weighed 20 mg of AMO and CLO was transferred to 100 ml volumetric flasks diluted with
mobile phase to get concentration 20 µg/ml of AMO and 20 µg/ml of CLO. A 20 µl solution was
injected into HPLC system and analyzed under chromatographic condition.
Thermal degradation:
Thermal degradation was carried out by exposing pure drugs to dry heat at 80 ̊ C for 2 hours. The samples
after exposure to heat were accurately weighed 20 mg of AMO and CLO, transferred to 100 ml
volumetric flasks diluted with mobile phase to get AMO 20 µg/ml and CLO 20 µg/ml. A 20 µl solution
was injected into HPLC system and analyzed under chromatographic condition.
Neutral hydrolysis:
Accurately weighed 20 mg of AMO and CLO was transferred to 100 ml volumetric flask; to it 50 ml
water was added. This flask was refluxed for 4 hours at 60 ̊ C, Solutions was cooled and volume was
made up to mark with mobile phase. Finally this solution was diluted with mobile phase to get 20 µg /ml
AMO and 20 µg/ml of CLO. A 20 µl solution was injected into HPLC system and analyzed under
chromatographic condition.
Chromatogram obtained under various degradation conditions are shown in figure 6. Results of forced
degradation studies are shown in table 8.
Result and discussion
Several mobile phase composition were tried to resolve the peak of AMO and CLO. The mobile phase
water: acetonitrile: methanol (70:20:10) was found ideal to resolve the peak of AMO and CLO. The
proposed method was found to be linear in concentration range of 20-100 µg/ml for both. Retention time
of AMO and CLO were 8.240 and 14.036 min respectively. Percentage assay was found to be 98.92 and
99.61 for AMO and CLO. System suitability parameters were evaluated, which were within acceptance
criteria. The accuracy of the method was confirmed by recovery studies at three different level 80%,
100%, 120%, In precision % RSD was found to be < 2% for AMO and CLO. The forced degradation
showed AMO and CLO undergo degradation in acidic, basic, oxidative, photolytic, thermal, neutral,
condition and percentage degradation was found to be 7.48, 8.77, 7.1, 18.39, 4.23, 8.22, for AMO and
9.34, 11.05, 8.83, 17.43, 8.27, 12, for CLO.
Conclusion
The developed HPLC method is found to be simple, specific, accurate and stability indicating. Hence it
can be used for routine quality control analysis as well as stability studies of pharmaceutical dosage
forms. The degradation of AMO and CLO was determined by subjecting them in various stress condition.
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Fig. 1: Chemical structure of AMO and CLO.

Fig.2: Overlay spectra of AMO and CLO

Fig. 3: Chromatogram of standard solution

Fig. 4: Standard Calibration curve
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Fig. 5: Chromatogram of AMO and CLO in marketed formulation

a. Acid hydrolysis

c.Oxidative degradation

e. Thermal degradation
Fig. 6: Forced degradation

b. Base hydrolysis

d. Photolytic degradation

f. Neutral degradation
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Table 1: Result of system suitability test
Parameters
Amoxicillin trihydrate
Retention time (min)
8.240
Peak area
303855
Theoretical plates/meter
2216
Tailing factor
1.5
Asymmetry
1.4
Resolution
6.1

Cloxacillin sodium
14.036
540700
3149
1.25
1.5

Table No 2: Observation for standard curve
Sr. No.
1
2
3
4
5

Amoxicillin
conc. (µg /ml)
20
40
60
80
100

Peak area
61771
126548
179185
248074
303855

Table 3: Result of Accuracy
Recovery
% Recovery*
level
Amount added(mg)
(%)
AMO
CLO
80
40
40
100
50
50
120
60
50
*Average of three determination

Cloxacillin
Conc. (µg /ml)
20
40
60
80
100

Amount Recovered (mg)
AMO
CLO
39.67
39.8
49.79
49.71
59.83
59.65

Peak area
112084
226168
329952
448336
540700

% RSD
AMO
0.141
0.333
0.430

CLO
0.411
0.536
0.165

Table 4: Result of precision
Parameters
Precision
(% RSD)*

Repeatability
Intraday
Inter-day
*Average of three determination

(% RSD)
AMO
0.425
0.433
0.425

CLO
0.210
0.827
0.210

Table 5: Result of LOD and LOQ
Drug
LOD
Amoxicillin
0.103
Cloxacillin
0.082

LOQ
0.310
0.247

Table 6: Result of Ruggedness
Sr.No

Parameter

Condition

Retention time (min)

1

Flow rate

2

Wavelength

1.2 min/ml
1.4 min/ml
236 nm
238.8 nm

AMO
9334
8.240
8.242
8.240

CLO
13.887
14.036
14.036
14.036
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Table 7: Analysis of Marketed Formulation
Injection
Label claim (mg)
Amoxicillin trihydrate
250 mg
Cloxacillin sodium
200 mg
*Average of three determination

Assay (%)*
98.92
99.61

Table 8: Result of Forced Degradation study
% Degradation

% Assay

Acid hydrolysis

AMOX
7.48

CLOX
9.34

AMOX
92.52

CLOX
90.66

02.

Base hydrolysis

8.77

11.05

91.23

88.95

03.

Oxidative degradation

7.71

8.33

92.29

91.67

04.

Photo degradation

18.39

17.43

81.61

82.57

05.

Thermal degradation

4.23

8.27

95.77

91.73

06.

Neutral degradation

8.22

12

91.78

88

Sr.
No.

Condition

01.
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STABILITY INDICATING ASSAYS METHOD FOR SIMULTANEOUS ESTIMATION OF
AMOXICILLIN TRIHYDRATE AND CLOXACILLIN SODIUM IN COMBINED CAPSULE
DOSAGE FORM BY UV VIS SPECTROPHOTOMETRIC METHOD
Abstract
Two simple, accurate, rapid, precise, and economical methods were developed and validated for the
estimation of amoxicillin trihydrate and cloxacillin sodium in capsule dosage form. Method A is
simultaneous equation method, wherein wavelengths selected for amoxicillin trihydrate is 246.4 nm, and
cloxacillin sodium is 217 nm. Mehod B is absorbance ratio method wherein wavelength selected for
isobestic point 238.8 nm. In both methods Amoxicillin trihydrate and Cloxacillin sodium followed the
linearity concentration range 5-30 µg/ml for both. Standard calibration curve for amoxicillin trihydrate
and cloxacillin sodium with correlation coefficient (r2) value is 0.999 for amoxicillin trihydrate and
0.995 for cloxacillin sodium in method A, whereas 0.998 for amoxicillin trihydrate and 0.996 for
cloxacillin sodium in method B. The proposed methods were validated according to ICH guidelines in
terms of linearity, accuracy, precision, LOD and LOQ. Percentage assay was found in the range 99.66100.22. In precision % RSD was found to be < 2% for both. The mean percentage recovery was found to
be in the range 98.35-100.43. LOD and LOQ values found to < 2. Degradation studies were carried under
condition of acid, base, neutral hydrolysis, oxidative, photolysis, and thermal degradation.
Key words: Amoxicillin trihydrate, cloxacillin sodium, simultaneous equation method, absorbance ratio
method, UV spectroscopy, stability indicating assay method, validation.
Introduction:
Amoxicillin trihydrate (AMO) is a broad spectrum semi-synthetic anntibiotic. It is effective against a
wide range of Gram-negative bacteria and Gram positive bacteria. It acts by inhibiting synthesis of
bacterial cell wall. Chemically AMO (2S,5R,6R)-6-{[2R)-2-Amino-2-(4-hydroxyphenyl)acetyl]amino}3,3-dimethyl-7-oxo-4-thia-1-azabicycloheptane-2-carboxylic acid [1,2].
Cloxacillin sodium (CLO) is semisynthetic antibiotic used against staphylococci that produce betalactamase. It is less active against pnG sensitive organism. Chemically CLO (2S,5R,6R)-{[3-(2chlorophenyl)-5-methyl-oxazole-4-carbonyl]amino}-3,3-dimethyl-7-oxo-4-thia-1azabicyclo[3.2.0]heptane-2-carboxylic acid [2]. Structure of AMO and CLO are shown in figure 1.
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Fig. 1: Chemical structure of AMO and CLO.
According to literature survey combination of AMO and CLO estimated by UV [3-12], RP-HPLC [13-21],
HPTLC [22], and stability indicating HPLC [23] method. But not any stability indicating UV method for
combination of AMO and CLO by using 0.1N NaoH as solvent. Present work described two stability
indicating UV spectrophotometric methods for simultaneous estimation of AMO and CLO by
simultaneous equation and absorbance ratio method.
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Materials and Method:
Instrumentation and Reagent:
Double beam UV-visible spectrophotometer (Shimadzu, model UV-1800) was used for wavelength
determination having two matched quartz cell with 1 cm path length. Weighing electronic balance
(Shimadzu Model No AA2200) and Ultrasonicator (HMG india) were used. Pharmaceutically pure
sample of amoxicillin trihydrate and cloxacillin sodium was procured from Macleods Ltd Daman.
Sodium hydroxide (0.1N NaOH) 4 gm of sodium hydroxide was dissolved in distilled water and made up
to 1000 ml.
Preparation of standard Stock Solution:
AMO and CLO equivalent to 10 mg of each were weighed separately and dissolved in 0.1 N NaOH, and
then volume was made up to 100 ml volumetric flask to get concentration 100 µg/ml.
Determination of λ max:
The working standard solutions of these drugs were obtained by dilution of the stock solution with 0.1 N
NaOH. 1 ml of stock solution was diluted to 10 ml to get a concentration of 10 µg/ml of AMO and CLO.
Both the solutions were scanned in the range 200-400 nm. AMO showed an absorbance peak at 246.4
nm. Whereas CLO show an absorbance peak at 217 nm. The overlain spectra show iso-absorptive point
at 238.8 nm. Shown in figure 2.

Fig. 2: Overlay spectrum of AMO and CLO.
Method A- Simultaneous equation method:
For each drug, dilutions were done to obtained 10 µg/ml of AMO and 10 µg/ml for CLO from standard
stock solution using 0.1 N NaOH and were scanned separately in the UV range from 200-400 nm.
Represent the overlain spectrum of both the drugs. The wavelengths of AMO and CLO for simultaneous
equation were 246.4 nm and 217 nm respectively.
Working standard solutions (100µg/ml) of both the drug were diluted to prepare solutions having
concentrations 5, 10, 15, 20, 25, 30µg/ml of both AMO and CLO. All the solutions were measured at
both the wavelengths and calibration curve were constructed. The absorbances were measured at selected
wavelengths and absorptivities (A 1%, 1 cm) for both drugs at both wavelengths were determined as
mean of 5 independent determinations. Concentration in the sample were obtained by using fallowing
equationCx= A2ay1-A1ay2/ax2ay1-ax1ay2………. (I)
Cy= A1ax2-A2ax1/ ax2ay1-ax1ay2……… (II)
Where, A1 and A2 are absorbance of mixture at 246.4 nm and 217 nm respectively, ax1 and ax2 are
absorptivities of AMO at 246.4 nm and 217 nm. Ay1 and ay2 are the absorptivities of CLO at 246.2 nm
and 217 nm respectively. Cx and Cy are concentrations of AMO and CLO.

42 | P a g e

School of Pharmacy, SRTM University, Nanded

Method B (Absorbance ratio or Q-analysis method):
Absorbance ratio method uses the ratio of absorbances at two selected wavelengths, one which is an
isoabsorptive point and other being the λ-max of one of the two components. From the overlay spectra of
two drugs, AMO and CLO show an isoasorptive point at 238.8 nm. The second wavelength is used 217
nm, which is λ-max of CLO.
Working standard solution was prepared in 0.1 N NaOH and absorbance at isoabsorptive wavelength at
238.8 nm and 217 nm (λ-max of CLO). Solution having the concentration 5, 10, 15, 20, 25, 30 ug/ml for
both AMO and CLO. All the solutions were measured at selected wavelength and calibration curve was
constructed.
The concentration of two drugs in the mixture can be calculated by using fallowing equation
Cx = Qm-Qy/ Qx-Qy × A/ax1……(III)
Cy = Qm-Qx/ Qy-Qx× A/ay1…….(IV)
Where,
Qm= Absorbance ratio of sample at 217 nm & 238.8 nm
Qx= Ratio of absorptivity of AMO at 217 nm & 238.8 nm
Qy= Ratio of absorptivity of CLO at 217 nm & 238.8 nm
A= Absorbance of mixture at isoabsorptive wavelength
ax1 & ax2 = Absorptivity of AMO and CLO at isoabsorptive point
Method Validation:
Method was validated according to ICH guidelines.
Linearity:
The linearity was determined at different concentration of AMO and CLO. For both methods,
concentration range was found to be 5-30 µg/ml for AMO and 5-30 µg/ml for CLO. Standard calibration
curve was plotted between absorbance against concentration of drug shown in figure 3 and linearity data
for AMO and CLO shown in table 1. Results of linearity are shown in table 2.

a) Amoxicillin at 246.4 nm

b) Cloxacillin at 217 nm

c) Amoxicillin at 238.8 nm
Fig. 3: Calibration curve
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Table 1: Linearity data for AMO and CLO (5-30 ug/ml) and (5-30 ug/ml)

AMO
Concentration
(ug/ml)
5
10
15
20
25
30

AMO
Wavelength
246.4 nm
0.179
0.355
0.537
0.715
0.875
1.085

CLO
Concentration
(ug/ml)
5
10
15
20
25
30

CLO
Wavelength
217 nm
0.202
0.463
0.675
0.968
1.168
1.362

Table 2: Result of Linearity
Parameters

Method – A
AMO
246.4nm
5 – 30 µg/ml
0.999
0.035

Wavelength range (nm)
Linearity range(ug/ml)
Regression coefficient(r2)
Slope(m)

CLO
217nm
5 – 30 µg/ml
0.996
0.046

Method – B
AMO
246.4nm
5 – 30 µg/ml
0.999
0.029

CLO
217nm
5 – 30 µg/ml
0.997
0.020

Accuracy:
The accuracy of proposed method, recovery studies were carried out at three different levels (80%, 100%,
120%) of concentration by adding a known amount of standard drug to preanalysed sample. Percent
recovery for AMO and CLO, by both method was found in the range, each determination was repeated at
three time at each level.Result of accuracy are shown in table 3.
Table 3: Result of accuracy
Recovery
(%)

level % Recovery*
Method –A
AMO
80%
0.274
100%
0.349
120%
0.380
*Average of three determination.

CLO
0.255
0.337
0.409

Method- B
AMO
0.117
0.584
0.213

CLO
0.617
0.145
0.406

Precision:
The precision of an analytical method is usually expressed as standard deviation or relative standard
deviation. Intra-day precision was performed by capsule assay at different time intervals on same day.
Inter-day precision was performed by capsule assay at three different days. Results of precision are
shown in table 4.
Table 4: Result of precision
Parameters

Conc.(µg/ml)

AMO
Repeatability 10
Intraday
10
Interday
10

CLO
10
10
10

% RSD*
Method -A
AMO
0.336
0.703
1.011

CLO
0.788
1.04
1.190

Method –B
AMO
0.726
0.933
1.510

CLO
0.535
1.011
1.027
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*Average of three determination
Limit of detection (LOD) and Limit of quantification (LOQ):
LOD is the lowest concentration of analyte in a sample that can be detected but not necessarily quantified
LOQ is the lowest concentration of analyte in the sample that can be quantitatively determined with
precision and accuracy.
LOD and LOQ was calculated from linear curve using following formulas
LOD = 3.3σ/Slope,

LOQ = 10σ/Slope

(Where σ = the standard deviation of the response and S = Slope of calibration curve). Results are shown
in table 5.
Table 5: Result of LOD and LOQ
Parameters
LOD
LOQ

Method – A
AMO
246.4 nm
0.216
0.657

CLO
217nm
0.086
0.260

Method – B
AMO
238.8 nm
1.32
0.402

CLO
217nm
0.160
0.487

Analysis of Marketed formulation:
Twenty tablets were weighed, average weight was determined, crush to a fine powder and mix
thoroughly. Accurately weigh tablet powder quantity equivalent to 100 mg of AMO and 100 mg of CLO
was transferred in 100 ml volumetric flask. Powder was diluted with 0.1 N NaoH and shaken for 5 min
and volume was adjusted with 0.1 N NaOH to get concentration of 1mg/ml of CLO and AMO. This
solution was filtered through Whatman filter paper No.41. From this filtrate dilution was done with 0.1 N
NaOH to get the final concentration of 10µg/ml of AMO and 10µg/ml of CLO. The absorbance of sample
solution was measured at 246.4 nm, 217 nm,and 238.8 nm in 1 cm cell against blank. Results of marketed
formulation are shown in table 6.
Table 6: Result of Marketed formulation
Sr. No
Method A

Drug
Conc. (ug/ml)
AMO
10 ug/ml
CLO
10 ug/ml
Method B
AMO
10 ug/ml
CLO
10 ug/ml
*Average of three determination

Amount found*
9.98
9.99
9.90
10.02

% label claim*
99.66
99.94
98.99
100.22

S.D
0.335
0.788
0.726
0.535

Force degradation studies:
Acid hydrolysis:
Accurately weighed 10 mg of AMO and CLO was transferred to 100 ml volumetric flask, to it 10 ml 0.1
N HCl was added. This flask was heated on water bath at 60 ̊ C for 4.30 hours, solution were cooled and
neutralized with 0.1 NaOH and volume was made up to mark 100 ml, finally these solution was diluted
with 0.1 NaOH to get concentration 10 µg/ml of AMO and 10 µg/ml of CLO and absorbance was
measured at 246.4 nm and 217 nm for AMO and CLO, respectively. Finally absorbance of sample was
compared with standard absorbance and percent degradation was calculated.
Base hydrolysis:
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Accurately weighed 10 mg of AMO and CLO, transferred to 100 ml volumetric flask, to it 10 ml of 0.1 N
NaOH was added. This flask was heated on water bath at 60 ̊ C for 4.30 hours. Solution were cooled and
neutralized with 0.1 N HCl and volume was made up to mark 100 ml, finally these solutions was diluted
with 0.1 N NaOH to get concentration 10 µg/ml of AMO and 10 µg/ml of CLO and absorbance was
measured at 246.4 nm and 217 nm for AMO and CLO respectively. Finally absorbance of sample was
compared with standard absorbance and percent degradation was calculated.
Neutral hydrolysis:
Accurately weighed 10 mg of AMO and CLO was transferred to 100 ml volumetric flask, to it 50 ml
water, refluxed for 4.30 hours at 60 ̊ C, Solutions were cooled and volume was made up to mark 100 ml,
finally these solution were diluted with 0.1 N NaOH to get 10 µg/ml AMO and 10 µg/ml of CLO and
absorbance was measured at 246.4 nm and 217 nm for AMO and CLO respectively. Finally absorbance
of sample was compared with standard absorbance and percent degradation was calculated.
Oxidative degradation:
Accurately weighed 10 mg of AMO and CLO was transferred to 100 ml volumetric flask; to it 10 ml of
3% H2O2 was added. This flask was refluxed for 4.30 hours. Solution were cooled and was added
volumes up to 100 ml with 0.1 N NaOH, finally these solutions were diluted 0.1 N NaOH get 10 µg/ml of
AMO and 10 µg/ml of CLO and absorbance was measured at 246.4 nm and 217 nm for AMO and CLO
respectively. Finally absorbance of sample was compared with standard absorbance and percent
degradation was calculated.
Photolytic degradation:
Pure drugs were exposed to UV radiations for 12 hours. The sample after exposure to light were
accurately weighed 10 mg of AMO and CLO, transferred to 100 ml volumetric flasks diluted with 0.1 N
NaOH to get AMO 10 µg/ml and CLO 10 µg/ml and absorbance was measured at 246.4 nm and 217 nm
for AMO and CLO respectively. Finally absorbance of sample was compared with standard absorbance
and percent degradation was calculated.
Thermal degradation:
Thermal degradation was carried out by exposing pure drugs to dry heat at 80 ̊ C for 4.30 hours. The
samples after exposure to heat were accurately weighed 10 mg of AMO and CLO, transferred to 100 ml
volumetric flasks diluted with 0.1 N NaOH to get AMO 10 µg/ml and CLO 10 µg/ml and absorbance was
measured at 246.4 nm and 217 nm respectively. Finally absorbance of sample was compared with
standard absorbance and percent degradation was calculated.
Result of degradation studies are shown in table No.7
Table 7: Forced Degradation study: by Simultaneous equation Method
% Degradation

% Assay

Acid hydrolysis

AMO
23.1

CLO
10.16

AMO
76.90

CLO
89.84

02.

Base hydrolysis

20.85

7.13

79.15

92.87

03.

Neutral hydrolysis

25.64

19.23

74.36

80.77

04.

Oxidative degradation

8.46

24.41

91.54

75.59

05.

Photolytic degradation

28.74

20.52

71.26

79.48

06.

Thermal degradation

10.99

32.4

89.01

67.60

Sr. No.

Condition

01.
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Result and Discussion:
The validated stability indicating spectrophotometric method for simultaneous estimation of AMO and
CLO in capsule dosage form has been developed using 0.1 N NaOH as solvent. The proposed method for
the simultaneous estimation of AMO and CLO in combined capsule dosage form was found to be simple,
accurate, economical, rapid. From the overlay spectra λ max of AMO 246.4 nm and λ max of CLO 217
nm respectively .and iso-absorptive point observed at 238.8 nm. In both the method linearity for detector
response was observed in concentration range 5-30 µg/ml for both AMO and CLO respectively. Standard
calibration curve for AMO and CLO with correlation coefficient (r2) value in the range of 0.999 for
AMO and 0.995 for CLO in method A, whereas 0.998 for AMO and 0.996 for CLO in method B. percent
assay was found to be 99.66 % and 99.94 % for AMO and CLO in method A, whereas 98.99% and
100.22% for AMO and CLO respectively in method B. In precision % RSD was found to be < 2% .The
accuracy of the method was confirmed by recovery studies at three different levels i.e. 80%, 100%.
120%. The forced degradation showed AMO and CLO undergo degradation in acidic, basic, neutral,
photolytic, oxidative, thermal condition and percentage degradation was found to be for 23.1, 20.85,
25..64, 8.46,28.74,10.99, AMO and 10.16, 7.13, 19.23, 24.41, 20.52, 32.4, for CLO.
Conclusion:
The validated stability indicating spectroscopic method were found to be simple, accurate, precise, rapid,
selective for the concurrent estimation of drug AMO and CLO simultaneously in combined capsule
dosage form. The methods were determine validation parameter including Linearity, Accuracy, Precision.
Since the developed method used for simultaneous estimation of AMO and CLO in pharmaceutical
application.
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DEVELOPMENT AND VALIDATION OF STABILITY INDICATING RP-HPLC METHOD
FOR THE ESTIMATION OF SIMVASTATIN IN BULK AND TABLET DOSAGE FORM
ABSTRACT
A reverse phase high performance liquid chromatography (RP-HPLC) method for the estimation of
simvastatin in bulk and tablet dosage form was developed using C18 Column (250×4.5mm), with
phosphate buffer (pH 4.5) and acetonitrile (75:25 v/v) as mobile phase. The optimum wavelength
detection and quantitation was 238 nm using an ultra-violate detector and flow rate was 1 ml/min. The
retention time was found to be 15.87 min. Simvastatin was subjected to stress test conditions like
oxidation, photolysis, alkaline and acid hydrolysis and thermal degradation. The amount of drug
remaining after degradation study was observed 97.09, 94.19, 95.51, 94.96 and 95.95 % in acidic,
alkaline, photo degradation, oxidative and thermal degradation respectively. The method was validated
for parameter such as linearity, precision, accuracy, range, specificity and robustness as per ICH
guideline. The limit of detection and limit of quantification was found to be 4.33 and 21.67 µg/ml
respectively. The parentage recovery was found to be 100.39 %.The linearity was established in the range
of 50-150 µg/ml with r2 0.993.
Keywords: Simvastatin, Stability indicating assay method, RP-HPLC, Validation.
INTRODUCTION
Simvastatin is chemically (1S,3R,7S,8S,8aR)-1,2,3,7,8, 8a-Hexahydro-3, 7-dimethyl-8-{2-[(2R,4R)tetrahydro-4-hydroxy- 6-oxo-2H-pyran-2-yl] ethyl}-1-naphthyl-2,2-dimethyl butyrate 1 show in figure 1.
It is a hypolipidemic drug used to control elevated cholesterol, or hypercholesterolemia.
HO

O

O
O
CH3
O
H
H3C

CH3

H3C

CH3

Figure 1: Structure of simvastatin
Literature survey revealed that several methods including UV spectroscopy 2-8 high-performance liquid
chromatography (HPLC) 1,9-10, Liquid chromatography/mass spectrometry, (LC/MS) 11-13, and gas
chromatography/mass spectrometry (GC/MS) 14 for the determination of simvastatin in single ingredient
dosage form or in combination with other drugs. To the best of our knowledge, no stability indicating RPHPLC method has been reported so far for the estimation of the simvastatin in tablet dosage form by
using phosphate buffer (pH 4.5) and acetonitrile (75:25 v/v) mobile phase. So the present work was
aimed at development and validation of a simple, accurate and precise stability indicating RP-HPLC
method for quantification of simvastatin in bulk and tablet dosage form.
MATERIALS & METHODS
Pure simvastatin was procured as a gift sample from IPCA laboratory, Mumbai India. The marketed
pharmaceutical tablet dosage form of simvastatin SIMVAS 10 by Micro Labs, India was purchased from
local market, and used within its shelf life period. Acetonitrile, methanol and water was used in the
method development of HPLC-grade. 0.1 N HCl, 0.1 N (NaOH), 30% H2O2 prepared in lab. Buffer
materials and all other chemicals were of AR grade was purchased from Merck Specialties Private
Limited.
The chromatographic system model SHIMADZU SCL-10 VP equipped with UV-Visible detector
controlled by LC solution (version 1.25) software and column enable C18 (250×4.5mm) was used as a
stationary phase.
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Chromatographic conditions
The chromatographic conditions were performed using following:
Mobile phase: Acetonitrile: phosphate buffer (pH4.5) (25:75 v/v)
Run time: 20 min
Wavelength of scanning: 238 nm
Diluent: Mixture of 400 ml phosphate buffer (pH 4.5) and 600 ml acetonitrile in the ratio of 40:60% v/v
was taken.
Preparation of standard solution
A standard solution was prepared by transferring 50 mg of simvastatin in 100 ml of volumetric flask. To
it diluent was added and sonicated for 20 min to dissolve completely, and then volume was made up to
the mark with diluent to get concentration 1000 µg/ml. It was filtered through Whatman filter paper No.
41. It was further diluted to get concentration of 10 µg/ml.
Selection of mobile phase and chromatographic conditions
Trials were carried out using different solvent combinations including methanol, water, acetonitrile in
various proportions. Acetonitrile : phosphate buffer 25:75 v/v (pH: 4.5 adjusted with O-phosphoric acid)
was selected as optimum mobile phase with in a run time of 20 min and filtered by a millipore vacuum
filter system equipped with 0.45 µm high vacuum filter, which gave resolution and sharp peak for the
drug. Other chromatographic conditions like run length, sample injection volume, flow rate, detection
wavelength, was optimized to give Rt and symmetrical peak shape for the drug.
Selection of detection wavelength
The standard solution was scanned over the range of 200-400 nm and the spectrum was obtained.
Analysis of marketed formulation
Twenty tablets (SIMVAS 10 labelled to contain 10 mg of simvastatin) were weighed accurately, average
weight was determined and finely powdered. A quantity of powder equivalent to 10 mg of simvastatin
was weighed and transferred to a 200 ml volumetric flask to it 140 ml of diluent was added and sonicated
for 30 min with intermediate shaking. It was diluted up to the mark with diluent. It was further diluted to
get concentration of 10 µg/ml of simvastatin. The analytical procedure was repeated six times for the
powder sample.
VALIDATION PARAMETERS
The HPLC method was validated on accuracy, precision, LOD, LOQ, linearity, range and robustness as
per ICH guidelines 17.
Accuracy
To check the accuracy of proposed method was determined by performing recovery studies by standard
addition method in which pre-analyzed sample of tablet powder was taken and known amount of pure
was added at three different levels (80%, 100% and 120%) and the % recovery of simvastatin ranging
from 98.70 to 102.6 % was calculated.
Precisions
This parameter was evaluated by carrying out six independent test samples. RSD (%) of six assay values
obtained which was calculated. The system precision and method precision was carried out by analysing
the sample in different days. The RSD (%) values for method precision and system precision where less
than 2% indicating high degree of precision of developed method.
Linearity and range
Five different concentrations ranging from 50, 75,100, 125 and 150 µg/ml of simvastatin was prepared in
100 ml volumetric flask. The peak areas of those solutions were measured at 238 nm.
Specificity
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This method was carried out by injecting the working standard, blank and stressed samples into the
chromatograph to check the co-elution; at the retention time of simvastatin peak.
Limit of Detection
The limit of detection (LOD) for simvastatin was determined from standard deviation of the response and
slope of the curve by using equation 1.
LOD= σ/S X 3.3 - - - - - - - - - (1)
Limit of Quantitation
Limit of quantitation (LOQ) for simvastatin was determined from standard deviation of the response and
the slope of curve by using equation 2.
LOQ= σ/S X 5- - - - - - - - - (2)
Robustness
Robustness was carried out by changed in chromatographic conditions such as changed in wavelength of
detection (±2nm), flow rate (±0.1ml/min), pH (±0.5) & acetonitrile content in mobile phase (±2%).
System suitability parameters
The system suitability test parameters was carried out to evaluate resolution and reproducibility of the
system for the performed analysis, using five replicate injections of reference solution containing 100
μg/ml of simvastatin. The parameters like resolution, retention time, theoretical plates and tailing factor
were measured.
Forced degradation studies
To evaluate forced degradation studies and the stability indicating properties of the developed RP-HPLC
method were carried out in accordance with the ICH guidelines16. The drug substance, placebos and
finished products of simvastatin were exposed to acidic, basic, oxidative, thermal and photolytic stress
conditions17.
All solutions used in forced degradation studies were prepared by weighing drug substances, drug
product and placebos followed by dissolving in small volume of buffer (4.5) before further diluting with
diluent , distilled water, 0.1 N HCl, 0.1 N NaOH and H2O2. Photolytic stress condition was carried out
on UV exposure for 24 hrs.
Acid degradation
Accurately weighed 10 mg of simvastatin was transfer to 100 ml volumetric flask; to it 10 ml of 0.1 N
HCl solutions was added. This flask was heated on water bath at 600 C for 3 hrs. Solution was cooled and
neutralized with 0.1 N (sodium hydroxide) NaOH and volume was adjusted with mobile phase to get 10
µg/ml of simvastatin, filtered through Whatman filter paper No. 41 and measured at 238 nm.
Base Degradation
Accurately weighed 10 mg of simvastatin was transfer to 100 ml volumetric flask; to it 10 ml of 0.1 N
NaOH solutions was added. This flask was heated on water bath at 600 C for 3 hrs. Solution was cooled
and neutralized with 0.1 N HCl and volume was adjusted with mobile phase to get 10 µg /ml of
simvastatin, filtered through Whatman filter paper No. 41 and measured at 238 nm.
Oxidative degradation
Accurately weighed 10 mg of simvastatin was transfer to 100 ml volumetric flask; to it 10 ml of 30%
H2O2 solutions was added. This flask was heated on water bath at 600 C for 3 hrs. Solution was cooled
and volume was adjusted with mobile phase to get 10 µg/ml of simvastatin, filtered through Whatman
filter paper No. 41 and measured at 238 nm.
Photo degradation
Pure drug was exposed to UV radiation for 12 hrs. The sample after exposure to light was diluted with
mobile phase to get 10 µg/ml of simvastatin. Absorbance was measured at 238 nm.
Thermal degradation
Thermal degradation was carried out by exposing pure drugs to dry at 800 C ± RH 70, for 3 hrs. The
sample after exposure to heat was diluted with mobile phase to get 10 µg/ml of simvastatin. Absorbance
was measured 238 nm.
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RESULTS AND DISCUSSION
It was observed that the drug showed considerable absorbance at 238 nm. The retention time was found
to be 15.87 ±0.03 min. The chromatogram is shown in figure 2.

Figure 2: Chromatogram of the standard simvastatin (Rt=15.878)
The mobile phase containing water and acetonitrile 75:25 (v/v) was selected because it could resolve the
peaks of simvastatin (Rt = 15.87± 0.03), quantification was achieved with UV detected at 238 nm on the
basis of peak area.
The proposed method was also evaluated by the assay of commercially available tablet formulation
containing 10 mg of simvastatin. The % drug content (mean ±S.D.) was found to be 100.70±0.85. The
results are shown in table 1. It was observed that excipients present in formulation did not interfere with
peak of simvastatin as shown in figure 3 and calibration curve is shown in figure 4.
Table 1: Result of marketed formulation
Label claim 10mg
Amount found (mg) % assay
10.12
101.30
1
10.14
101.20
2
9.85
99.70
3
10.03
100.70
Mean
0.16
0.86
SD
1.5
0.85
RSD

Figure 3: Chromatogram of the Marketed sample solution of simvastatin

Figure 4: Calibration curve for simvastatin
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The developed method was found to be accurate as the percentage recoveries at three levels 80%, 100%
and 120% respectively which were found to be within the limits. The result of recovery studies are shown
in table 2.

Table 2: Result of recovery studies
Actual
amt.
added (mg)

Sample
80%-Rec-1
80%-Rec-2
80%-Rec-3
100%-Rec-1
100%-Rec-2
100%-Rec-3
120%-Rec-1
120%-Rec-2
120%-Rec-3
mean
*Rec = Recovery sample

10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00
10.00

Amt.
Recovered
(mg)
9.87
9.89
9.95
10.05
10.26
10.23
9.95
9.98
10.19

% recovery
98.70
98.90
99.7
100.5
102.6
102.3
99.57
99.38
101.9
100.39 ±1.51

For precision and intermediate precision % simvastatin were within 2.0% thus it confirm good precision
of the analytical method development. The results of precision studies are shown in table 3 and 4.
Table 3: Result of system Precision
Area Counts (µv/sec)
173250
1
171243
2
172384
3
171342
4
173165
5
174143
6
172587
Mean
1048.2
SD
RSD
0.085

Injections

Sample
MP-1
MP-2
MP-3
MP-4
MP-5
MP-6

Table 4: Result of method precision
Simvastatin Mean Simvastatin
Area Counts
Assay(mg)
%Assay
(µv/sec)
173243
173156
173422
173323
174143
173265
Mean
SD
RSD

10.03
10.13
10.07
10.12
10.08
10.21
10.10
0.07
0.76

100.30
101.30
100.70
101.20
100.80
102.10
101.06
0.62
0.61
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*MP = Method precision sample
Linear response was observed in the concentration range 50-150 µg/ml with correlation coefficient r 2 of
0.9937 a typical calibration curve has the regression equation of y = 85.66x + 164414. The LOD and
LOQ of simvastatin were found to be 4.33 µg/ml and 21.67 µg/ml respectively. The results of LOD and
LOQ are shown in table 5. The results of specific studies are shown in table 6.
Table 5: Result of LOD AND LOQ for simvastatin
Name of the drug
LOD µg/ml
LOQ µg/ml
4.33
21.67
Simvastatin
Injection
Standard
Sample

Table 6: Result of specificity studies
Retention time Area
(min)
simvastatin
15.878
173262
simvastatin
15.877
173260

Name

Resolution
12.21
12.21

Robustness of the method was performed by making deliberate changes in flow rate, wavelength, pH and
mobile phase ratio and by calculated % RSD values it was found within acceptance criteria of 2.0 %. The
results of robustness are shown in table 7. The results of system suitability are shown in table 8.
Table 7: Results of Robustness
Simvastatin
Sr. No. Parameter
Variation
Rt (min)
1
Flow Rate (ml/min)
1.1
15.87
0.9
15.75
2
Mobile Phase Ratio (v/v)85:15
15.26
25:75
15.72
3
pH
4.0
15.43
5.0
15.62
4
Wave length (nm)
236
15.56
240
15.53
*Rt = retention time
Sr. No.
1
2
3
4

% Assay
98.66
101.9
97.21
99.9
101.1
101.7
100.0
99.9

Table 8: Result of system Suitability
System suitability parameters
Simvastatin
Retention time
15.87
Resolution
12.20
No. of theoretical plates
1790
Tailing factor
0.49

The forced degradation studies were carried out in acidic, alkaline hydrolysis, oxidation, thermal and
photolytic stress. The peaks of the degradation components were well resolved. In acid degradation
studies drug showed 2.91 % of degradation, in base degradation study 5.01 % of degradation, in oxidative
degradation 5.03 % of degradation, in photo degradation study 4.49 % of degradation and in thermal
degradation 4.05 % of degradation was observed. The peaks of degradation studies are shown in figure
5a-5e respectively. The summary of forced degradation studies are shown in table 9.
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(a) Acid degradation

(b) Base degradation

( c ) Oxidation degradation

(d) Photolytic degradation

(e) Thermal degradation
Figure 5: Result of forced Degradation study
Table 9: Result of forced Degradation study
Sr. No. Condition
% Degradation
1
Acid hydrolysis
2.91
2
Base hydrolysis
5.01
3
Oxidative degradation
5.03
4
Photo degradation
4.49
5
Thermal degradation
4.05

% Assay
97.09
94.19
94.96
95.51
95.95

CONCLUSION
The developed RP-HPLC method is simple, accurate, precise, specific and stability indicating one and the
developed method could effectively separate the simvastatin from degrade product; therefore can be used
as stability indicating.
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VALIDATED STABILITY INDICATING HPTLC METHOD DEVELOPMENT FOR
ESTIMATION OF CARBAMAZEPINE AS BULK DRUG AND IN PHARMACEUTICAL
DOSAGE FORM
ABSTRACT
A HPTLC method for the estimation of Carbamazepine (CARB) was developed using pre-coated silica
gel G60 F254 plates with ethyl acetate: methanol (8.6: 1.4 v/v) as mobile phase. The optimum wavelength
for detection and quantitation was 285 nm. The retention factor was found to be 0.25 ± 0.03. CARB was
subjected to stress test conditions like acid, alkali, oxidative, neutral hydrolytic, dry heat and photo
degradation. Amount of drug remaining after degradation study was observed 90.14, 86.26, 92.86, 90.50,
88.40 and 93.07 % in acidic, alkaline, oxidative, neutral, dry heat and photo degradation condition
respectively. The method was validated for parameter such as linearity, precision, accuracy, range,
specificity and robustness. Limit of detection and limit of quantification was found to be 8.17 ng and
24.77 ng respectively. This HPTLC method is sensitive, less time consuming than other chromatographic
procedures.
Key words: Carbamazepine, HPTLC, stability indicating, validation, stress degradation.
INTRODUCTION
Carbamazepine1 (Tegretol) is white or yellowish-white crystalline powder and chemically identified as
5H-dibenz [b, f] azepine-5-carboxamide structure is shown in figure 1. It is soluble in dichloromethane,
slightly soluble in ethanol (95%) and acetone. It is insoluble in water and ether. It is an anticonvulsant
drug and used in the treatment of epilepsy2, 3.
Literature survey revealed that several methods including UV spectroscopy, High Performance Liquid
Chromatographic (HPLC) and High Performance Thin Layer Chromatographic (HPTLC) methods have
been reported for determination of CARB in single ingredient dosage form or in combination with other
drugs4-9. In the reported HPTLC9 method stress conditions is not applied to pure drug and pharmaceutical
dosage form. To the best of our knowledge, no stability indicating HPTLC method has been reported so
far for the estimation of the CARB in tablet dosage form by using ethyl acetate: methanol (8.6: 1.4 v/v)
mobile phase. So the present work was aimed at development and validation of a simple, accurate and
precise stability indicating HPTLC method for quantification of CARB bulk drug and in tablet dosage
form.
MATERIALS & METHODS
Carbamazepine was obtained as a gift samples from Wockhardt Limited, Aurangabad. Methanol AR
Grade, ethyl acetate AR Grade, 1 N HCl, 1 N Sodium hydroxide (NaOH) prepared in lab, 30 % H 2O2 was
purchased from Merck Specialties Private Limited,
Camag HPTLC system, Camag Linomat V sample applicator, Camag TLC Scanner 3, Win CATS
software Version- 1.4.2, Pre-coated silica Gel 60F254 Merck TLC plates, and Hamilton syringe of 100 μl.
HPTLC method and chromatographic conditions:
TLC plates were pre-washed with methanol. Activation was done in oven at 105ºC for 20 min. The plates
were allowed to cool at room temperature. The chromatographic estimations were performed using
following:
Mobile phase: Ethyl acetate: Methanol (8.6: 1.4 v/v)
Chamber saturation time: 20 min
Wavelength of scanning: 285 nm
Preparation of Standard stock solutions:
Standard stock solution of CARB was prepared by dissolving 10 mg of drug in 10 ml of methanol to get
concentration of 1000 µg/ml from which 0.5 ml was further diluted with methanol to get the final
concentration 50 ng/µl.
Selection of mobile phase and chromatographic conditions:
Trials were carried out using different solvent combinations including chloroform: methanol, methanol:
ethyl acetate, benzene: methanol: triethylamine, toluene: methanol in various proportions. Ethyl acetate:
methanol (8.6: 1.4, v/v) was selected as optimum mobile phase with chamber saturation time 20 min,
which gave good resolution and sharp peak for the drug. Other chromatographic conditions like run
length, sample application volume, sample application positions, distance between tracks, detection
wavelength, were optimized to give reproducible Rf value and symmetrical peak shape for the drug.
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Selection of Detection Wavelength:
The standard stock solution was scanned over the range of 200 - 400 nm and the spectra was obtained.
Checking Resolution of the drug:
Four µl volume of standard stock solution of CARB (50 ng/µl) was applied by on HPTLC plate (precoated silica Gel 60F254 Merck TLC plate) using 100 µl syringe, using Linomat 5 sample applicator. The
development chamber was saturated with mobile phase for 20 min. The spotted plate was placed in the
saturated chamber and developed up to 80 mm distance. The plate was dried with the help of hair dryer.
The plate was scanned over 85 mm distance at 285 nm.
Analysis of Tablet formulation
Twenty tablets (Tegretol labeled to contain 100 mg of CARB) were weighed accurately; average weight
was determined and finely powdered. A quantity of powder equivalent to 10 mg of CARB was weighed
and transferred to a 10 ml volumetric flask containing approximately 5 ml methanol. The solution was
sonicated for 15 min and diluted to make up the volume with methanol. The solution was filtered using
Whatman paper no. 41 and 0.5 ml of the above solution was further diluted with methanol to obtain the
concentration 50 ng/µl. Two micro- liter of this solution was applied on pre-coated silica Gel 60F254
Merck TLC plate to concentration of 100 ng/band. After chromatographic development the peak areas of
the bands were measured at 285 nm and the amount of drug in sample was determined from the
calibration plot. The analytical procedure was repeated six times for the powder sample.
Stress degradation studies of CARB:
Stress degradation studies 10 were carried under condition of acid, base, neutral hydrolysis, oxidation,
photolytic and dry heat in order to check the ability of the proposed method to separate the drug and their
degradation products. Dry heat degradation was carried out in solid state.
Acid degradation
0.5 ml of standard solution of CARB (1000 μg/ml) was mixed with 1 ml of 1N HCl and 8 ml of
methanol. The solution was refluxed at 60°C for 6 hrs and 5 µl volume of this solution was applied on
TLC plate to get concentration of 250 ng/band.
Base degradation
0.5 ml of standard solution of CARB (1000 μg/ml) was mixed with 1 ml of 1 N Sodium Hydroxide
(NaOH) and 8 ml of methanol. The solution was refluxed at 60°C for 6 hrs and 5 µl volume of this
solution was applied on TLC plate to get concentration of 250 ng/band.
Neutral hydrolytic degradation
0.5 ml of standard solution of CARB (1000 μg/ml) was mixed with 1 ml of water and 8 ml of methanol.
The solution was refluxed at 60°C for 12 hrs and 5 µl volume of this solution was applied on TLC plate
to get concentration of 250 ng/band.
Oxidative degradation
0.5 ml of standard solution (1000 μg/ml) was mixed with 1 ml of 30 % Hydrogen Peroxide and 8 ml of
methanol. The solution was refluxed at 60°C for 6 hrs and 5 µl volume of this solution was applied on
TLC plate to get concentration of 250 ng/band.
Dry heat degradation
Dry heat studies were performed by keeping CARB bulk drug sample in a oven at 600 C for a 12 hrs.
Sample was withdrawn; dissolved in methanol and diluted appropriately to get concentration of 50 µg/ml
and 5 µl volumes was applied on TLC plate to get concentration 250 ng/band. The resulting solution was
applied on TLC plate and analyzed under optimized chromatographic conditions.
Photo-degradation studies
Photolytic studies were also carried out by exposure of pure CARB to UV light up to 200 watt
hours/square meter for period of 12 hrs. Sample was withdrawn; dissolved in methanol and diluted
appropriately to get concentration of 50 µg/ml and 5 µl volumes was applied on TLC plate to get
concentration 250 ng/band. The resulting solution was applied on TLC plate and analyzed under
optimized chromatographic conditions.
Analytical Method Validation11
Linearity and range
The standard stock solution of CARB (50 ng/µl) was applied on HPTLC plate in range of 1, 2, 3, 4, 5 and
6 µl with the help of CAMAG 100 µl sample syringe, Linomat 5 sample applicator to obtain final
concentration 50-300 ng/band. The plate was developed and scanned under above established
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chromatographic conditions. Each standard in six replicates was analyzed and peak areas were recorded.
Calibration curve of peak area Vs concentration was prepared.
Precision
The precision of the method was studied by intra-day and inter-day variation. For Intraday studies, 3
replicates of three different concentrations (150, 200, 250 ng/band) were analyzed in a day and
percentage RSD was calculated. For the inter day variation studies, 3 replicates of different
concentrations were analyzed on three consecutive days and percentage RSD was calculated.
Accuracy
To check the accuracy of the method, recovery studies were carried out by spotting a mixture of standard
drug solution to pre-analyzed sample solution at three different levels 80, 100 and 120 %. Basic
concentration of sample chosen was 100 ng /band. The areas were noted after development of plate. The
drug concentration was calculated by using regression equation.
Limit of Detection and Limit of Quantification
The quantification limit (LOQ) and detection limit (LOD) were calculated using the following Eqns
LOQ=10σ/s and
LOD=3.3σ/s,
Where σ is the standard deviation of intercept and s is the slope of the calibration graph.
Specificity
The specificity of the method was ascertained by peak purity profiling studies. The peak purity values
were found to be more than 0.995, indicating the no interference of any other peak of degradation product
or impurity.
Robustness
The robustness of the method was studied, during method development, by small but deliberate variations
in mobile phase composition and wavelength. One factor at a time was changed at a concentration level
of 300 ng/band, to study the effect on the peak area of the drug.
RESULTS AND DISCUSSION
It was observed that the drug showed considerable absorbance at 285 nm. The UV spectrum of the drug is
shown in figure 2.
The retention factor of CARB was found to be 0.25±0.03. Representative densitogram of standard
solution of CARB is shown in figure 3.
In acid degradation studies drug showed 9.86 % of degradation with additional degradation peak at Rf
0.36 show in figure 4. In base degradation studies 13.74 % of degradation was observed for drug with
degradation product at Rf 0.40 show in figure 5. In neutral hydrolysis, 90.50 % of CARB was recovered
with appearance of degradation product at Rf 0.22 show in figure 6. In the oxidative condition 7.14 %
degradation was observed for drug without appearance of product of degradation as figure 7 shows single
peak of CARB. In dry heat degradation studies drug showed 11.60 % of degradation with additional
product at Rf 0.46 show in figure 8. In photo-degradation studies after exposing to UV light, 6.93 % of
degradation was observed. The peak area was found to be reduced without appearance of degradation
product show in figure 9. The summery of forced degradation is shown in table 2.
Linear response was observed in the concentration range 50-300 ng/band with high correlation
coefficient. The proposed method was also evaluated by the assay of commercially available tablet
formulation containing 100 mg of CARB. The % drug content (Mean ± S.D.) was found to be
99.72±1.44. The results obtained are shown in table 1. Calibration curve is shown in figure 10. For Intraday, the % RSD was found to be in the range of 0.72-1.13. For Inter-day, the % RSD was found to be in
the range of 0.68-0.1.54. The results obtained for Intraday and Inter day variations are shown in table 3.
The percentage mean recovery was found to be 100.19±0.89. The results obtained are shown in table 4.
The LOD of CARB was found to be 8.17 ng/band and the LOQ was found to be 24.77 ng/band. It was
observed that excipients present in formulation did not interfere with peaks of CARB (Rf, 0.26±0.03) as
shown in figure 11. Robustness of the method checked after deliberate alterations of the analytical
parameters showed that areas of peaks of interest remained unaffected by small changes of the
operational parameters (% R.S.D. < 2). The results obtained for robustness of method are shown in table
5.
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CONCLUSION
The developed HPTLC method is simple, accurate, precise, specific and stability indicating one. The
method can be used to determine the purity of CARB drug by detecting the relative impurities. As the
method could effectively separate the CARB from the degradation products; therefore, it can be used as
stability indicating one.
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Fig. 1: Chemical structure of Carbamazepine
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Fig. 2: UV Spectra of CARB (10 µg/ml)

Fig. 3: Representative densitogram of standard solution of CARB (200 ng/band, Rf = 0.25 ± 0.03)

Fig. 4: Representative densitogram after acid degradation with degradation product D1
(Rf = 0.36)
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Fig. 5: Representative densitogram after base degradation with degradation product D2 (Rf = 0.40)

Fig. 6: Representative densitogram after neutral hydrolytic degradation with degradation product
D3 (Rf = 0.40)

Fig. 7: Representative densitogram obtained after treatment with peroxide
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Fig. 8: Representative densitogram after dry heat degradation with degradation peak D4 (Rf =
0.46)

Fig. 9: Representative densitogram after exposing to UV light

Fig. 10: Calibration curve for CARB
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Fig. 11: Densitogram of Marketed Sample (100 ng/band, Rf = 0.26 ± 0.03)
Table 1: Analysis of Tablet Formulation
Drug
Amount
taken
(ng/band)
CARB
100
* Average of six determinations

Amount
found
(ng/band)
99.72

% Drug S.D.*
content

%
R.S.D.*

99.72

1.44

Table 2: Data of Forced Degradation Studies
Stress conditions
CARB
%
Assay
active
substance
Acid/ 1 N HCl/Reflux at 60ºC for 6 90.14
hrs
Alkali/1N NaOH/ Reflux at 60ºC for 86.26
4 hrs
Oxidative /30 % H2O2 / Reflux at 92.86
60ºC for 4 hrs
Neutral/H2O/ Reflux at 60ºC for 12 90.50
hrs
Dry heat/ 60ºC/ 12 hrs
88.40
Photolysis

93.07

1.44

of % Degradation Rf values of
degraded
products
9.86
0.36
13.74

0.40

7.14

---

9.50

0.22

11.60

0.46

6.93

---
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Table 3: Summary of Validation Parameter
Parameters
HPTLC
Linearity
50-300ng/band
LOD
8.17ng/band
LOQ
24.77ng/band
80ng/band
% Recovery (±% RSD*)
100.06±0.82
100ng/band
100.55±1.25
120ng/band
99.98±0.62
Inter-day precision
Precision (±% RSD*)
150
1.13
200
0.72
250
0.86
Intra-day precision
150
1.54
200
0.68
250
0.95
LOD and LOQ represent the limit of detection and limit of quantification
*RSD is relative standard deviation for three observations
Table 4: Results of Recovery Studies
Amount
taken
Drug
(ng/band)

CARB

100
100
100

Amount
added
(ng/band)
80
100
120

Total
amount
found
(ng/band)
180.12
201.11
219.97

%
S.D.*
Recovery
100.06
100.55
99.98

0.82
1.25
0.62

*

Average of three determinations

Table 5: Results of Robustness Study
Sr.
No.

Parameters

Variation

1.

Mobile phase composition

± 2 % methanol

2.

Wavelength

± 1 nm

% R.S.D.*

0.21
0.62

*mean of three observations
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DEVELOPMENT AND VALIDATION OF STABILITY INDICATING ASSAY HPLC METHOD
FOR THE ESTIMATION OF LAFUTIDINE AND DOMPERIDONE IN CAPSULE DOSAGE
FORM
Abstract:
A simple, sensitive, precise and specific high performance liquid chromatography method was developed
and validated for the determination of Lafutidine and Domperidone in Lafutidine and Domperidone
sustained release capsule. The separation was carried out by using a mobile phase consisting Acetonitrile:
pH 6.5 phosphate buffer in ratio of 30:70. The column used was Xterra 250mm X 4.6mm, 5µ with flow
rate 1 ml/min using UV detection at 276 nm. The retention time of Lafutidine and Domperidone were
found to be 7.0 and 15.5 min respectively. Degradation study of Lafutidine and Domperidone in its
capsule form was conducted under condition of hydrolysis, oxidation, thermal and photolysis, The results
of analysis were validated statistically and by recovery studies (mean recovery = 99.94). The result of
study showed that the proposed method is simple, rapid, precise and accurate, which is useful for the
routine determination of Lafutidine and Domperidone in pharmaceutical dosage form.
Keywords: Lafutidine, Domperidone, Method development, Validation, Forced degradation.
1.0 Introduction:
Lafutidine is 2-[(2-furylmethyl)sulfinyl]-N-((2Z)-4-{[4-(piperidin-1-ylmethyl)pyridin-2-yl]oxy}but-2en-1-yl)acetamide (fig.1). It is a gastroprotective and antiulcer drug, which selectively block H2
receptors. Physical properties are white crystalline powder, soluble in methanol and freely soluble in
glacial acetic acid, stable under ordinary condition.
Domperidone is 5-chloro-1-(1-[3-(2-oxo-2,3-dihydro-1Hbenzo[d]imidazol1yl)propyl piperidin-4-yl)1H-benzo[d]imidazol2(3H)-one (fig.2). It is an antiemetic drug, which selectively block CTZ receptors.
Physical properties are white crystalline powder, soluble in 0.1N HCl. This paper describes validated
HPLC method for estimation of Lafutidine and Domperidone, a mobile phase consisting Acetonitrile: pH
6.5 phosphate buffer in ratio of 30:70. The column used was Xterra 250mm X 4.6mm, 5µ with flow rate
1 ml/min using UV detection at 276 nm.

Fig 1: Lafutidine

Fig 2: Domperidone

2.0 Materials and Method:
2.1 Equipments:
HPLC equipped with pump, injector and PDA detector Waters 2695, 2996, HPLC equipped with pump,
injector and UV detector, Waters 2695, 2487, HPLC equipped with pump, injector and UV detector,
Agilent 1200 series, Balance-Sartorius, Mettler Toledo, Photo stability chamber-Newtronic, OvenTechno Instrument
2.2 Materials:
Lafutidine standard (Alkem), Capsules were procured from FR&D department. Disodium hydrogen
phosphate dehydrate (Merck) Acetonitrile (Merck) Orthophosphoric acid(Merck),MilliQ water,
Hydrochloricacid(Merck), Sodium hydroxide(Merck), Column Xterra 250mmX4.6mm,5µ.
2.3 Preparation of 0.01 M Disodium hydrogen phosphate dihydrate buffer pH 6.5:
Dissolve 4.45 gm Disodium hydrogen phosphate dihydrate in to 1000 ml water, mix and adjust pH 6.5
with orthophosphoric acid, Filter through 0.45µ nylon filter, mix and degas.
2.4 Preparation of mobile phase:
Mix above Buffer and Acetonitrile in the ratio of 70:30, mixed and degassed.Use suitable High
Performance Liquid Chromatography equipped with following:
Column: Xterra 250mm X 4.6mm, 5µ.
Flow rate: 1.0 ml/min
Wavelength: 276nm
Injection volume: 1µl
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Column oven temperature: 30ºC
Sample compartment temp: 25ºC
Run time: 30 minutes
Diluent: Mobile phase
2.5 Preparation of standard Solution:
Weigh accurately about 20 mg of Lafutidine working standard and 60mg of Domperidone working
standard transfer into a 100ml volumetric flask, add 70ml of methanol, sonicate to dissolve and make up
the volume with methanol. Further dilute 5ml to 50ml with mobile phase.
2.6 Preparation of Sample solution:
Weigh and transfer the content of 20 capsules and powder the content. Weigh accurately quantity of
powder containing the equivalent of about 30 mg of Domperidone into a 100 ml volumetric flask. Add
70ml of methanol sonicate for 15 minutes with intermittent shaking and make up the volume with
methanol. Filter through 0.45μ Nylon membrane filter or 0.45μ PVDF membrane filter. Further dilute
5ml to 25 ml mobile phase.
2.7. Procedure:
Wash the column and equilibrate with mobile phase. Separately inject equal volumes (20µl) of the
Standard preparation (Five replicate injections) and assay preparation (Duplicate injection) into the
chromatograph. The System suitability parameters should be met. From the peak responses, calculate the
content of Lafutidine and Domperidone in the sample.
The retention time of Lafutidine peak and Domperidone peak is about 7.0 minutes and 14.5 minutes
respectively.
2.8 Evaluation of system suitability:
From standard solution:
1) The % RSD for the peak areas of Lafutidine and Domperidone from five replicate injections should
not be more than 2.0.
2) The tailing factor for Lafutidine and Domperidone should be not more than 2.0.
3.0 Validation Method:
3.1 Linearity:
The linearity of Lafutidine and Domperidone was performed using standard solution in the range of 14.74
mcg/mL to 27.37 mcg/mL of Lafutidine and 41.79mcg/mL to 77.60 mcg/mL of Domperidone(about
30% - 150% of test concentration). A graph was plotted with concentration (in mcg/ml) on x-axis and
peak areas of Lafutidine and Domperidone on y-axis. Slope, y-intercept, correlation coefficient (r-value)
and residual sum of squares (RSS) were determined fig 3. The results are tabulated in table 1 and 2:

Spike level in %

Table 1: Concentration of Lafutidine in mcg/ml
Concentration of Lafutidine in mcg/ml
Peak areas

70

14.74

170.74

80

16.84

196.24

90

18.95

219.67

100

21.05

244.18

110

23.16

269.34

120

25.26

294.71

130

27.37

320.09

Slope

11.79

y-intercept

-3.11

r-value

0.99993

RSS

2.375757143
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Table 2: Concentration of Domperidone in mcg/ml
Spike level in %
70
80
Concentration of Domperidone in mcg/ml
90
41.79
100
59.70
110
65.67
120
71.64
130
77.60
Slope
25.27
y-intercept
-3.11
r-value
0.99993
RSS
2.375757143

Peak areas
1039.28
1195.35
1337.49
1487.39
1639.28
1793.47
1948.07

3.2 Accuracy:
Placebo spiked with the known amount of 100% and 130% of test concentration as Lafutidine and
Domperidone. The amount of Lafutidine and Domperidone was quantified as per the test method. The
percentage recovery was calculated from the amount found and actual amount added. The results are
tabulated in table 3 and 4.

Level
no/Spike
level in %
Level – 1
(70%)
Level – 2
(100%)
Level – 3
(130%)

Table: 3: Recovery study of Domperidone
Actual
Amount
of Actual Amount of %Recover
Domperidone
added in Domperidone found in y
mg
mg
20.43
20.06
98.19
20.40
20.34
99.71

%RSD
0.78

20.50

20.34

99.22

30.73

30.94

100.68

30.77
30.79
39.58

31.14
30.87
39.85

101.20
100.26
100.68

0.47

39.64

40.30

101.66

0.49

39.69

40.19

101.26

Over all Mean

100.32

Over all SD
Over all % RSD

1.109
1.11
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Table: 3: Recovery study of Lafutidine
Actual Amount Actual Amount of %Recovery
Level no/Spike level of
Lafutidine lafutidine found in
in %
added in mg
mg
Level – 1
(70%)
Level – 2
(100%)
Level – 3
(130%)

69.552
69.552

68.184
68.553

98.03
98.56

69.552
99.360
99.360
99.360
129.169
129.169
129.169
Over all Mean

68.644
100.579
101.279
100.271
128.195
129.638
129.749

98.69
101.23
101.93
100.92
99.25
100.36
100.45
99.94

Over all SD
Over all % RSD

%RSD
0.36

0.51
0.67

1.351
1.35

Linearity Curve of Domperidone
2500.00
y = 25.273x - 17.231
2000.00

Area

1500.00

1000.00

500.00

0.00
0.00

20.00

40.00

60.00

80.00

100.00

mcg/ml

Fig. 3: Linearity of Domperidone
Linearity Curve of Lafutidine
350.00
y = 11.79x - 3.1106

300.00
250.00
Area

200.00
150.00
100.00
50.00
0.00
10.00

15.00

20.00
mcg/ml

25.00

30.00

Fig..4: Linearity of Lafutidine
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3.3 Robustness:
Robustness of the method was verified by deliberately varying the following instrumental conditions:
By changing the flow rate by  10%, By changing the temperature by  5°C, By changing the wavelength
by  2nm, By changing the organic content by  2% (absolute), By changing the pH of buffer in mobile
phase by 0.1 units. The results are tabulated in table 5&6.
I
+(nm)

II
-(nm)

Table-5: Robustness Data for Lafutidine
III
IV
V
VI
VII
+(ml/min) +(pH) -(pH) +(ºC)
(ml/min)

VIII
-(ºC)

IX
+(org)

X
-(org)

1

95.83

96.60

95.11

95.94

98.67

95.26

97.44

97.60

100.40

99.90

2

97.14

99.90

94.89

95.96

98.62

95.06

97.86

98.27

100.26

100.40

3

97.22

97.93

95.09

95.73

99.63

95.03

97.53

97.78

101.58

101.47

1.04

1.14

0.72

1.03

1.09

0.40

0.52

1.89

1.83

S.
No.

Over all
0.54
%RSD

Table-6: Robustness Data for Domperidone
S.No.

I
+(nm)

II
-(nm)

III
+(ml/mi
n)

IV
-(ml/
min)

V
+(pH)

VI
-(pH)

VII
+(ºC)

VIII
-(ºC)

IX
+(org)

X
-(org)

1

100.38

100.4
6

99.02

99.55

100.41

97.42

101.61

101.61

102.47

101.76

2

102.08

101.7
1

98.72

99.82

100.35

97.40

101.99

102.21

102.00

102.11

3

100.59 99.75

98.94

99.70

101.34

96.87

101.93

101.94

103.68

103.30

1.00

0.62

0.37

1.83

0.56

0.61

1.05

0.90

Over all
0.53
%RSD

0.56

Fig. 4: HPLC Chromatogram of standard
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4.0 Forced degradation:
Forced degradation study was carried out by treating the sample under the following conditions. (Table 4
and Fig 5-9)
a) Degradation by hydrochloric acid (Acid treated sample)
Sample was treated with 5ml of 1N Hydrochloric acid and kept on water bath at 60°C for 20 minutes.
Treated sample solution was analyzed as per the test method.
b) Degradation by sodium hydroxide (Base treated sample)
Sample was treated with 5ml of 1N Sodium hydroxide and kept on water bath at 60°c for 15 minutes.
Treated sample solution was analyzed as per the test method.
c) Degradation by hydrogen peroxide (Peroxide treated sample)
Sample was treated with 5ml of 50% Hydrogen peroxide solution and kept on water bath at 60°c for 5
minutes. Treated sample solution was analyzed as per the test method.
d) Degradation by thermal (Heat treated sample)
Sample was kept in oven at 105°C for about 30 hrs. Treated sample was analyzed as per the test method.
e) Degradation by UV –Visible light (UV-visible treated sample)
Sample was exposed to UV light of about 200 watt hours/square meter and to visible light for about 1.2
million lux hours in photo stability chamber. Treated sample was analyzed as per the test method.
Table 7: Forced degradation (Lafutidine )
Condition
Untreated Sample
Acid-Treated Sample
Base-Treated Sample
Peroxide-Treated Sample
Heat-Treated Sample
UV-visible Treated sample

% Assay
97.14
94.20
92.92
94.32
93.99
96.24

% Degradation
3.03
4.34
2.90
3.24
0.93

Table 8: Forced degradation (Domperidone)
Condition
% Assay
% Degradation
Acid-Treated Sample
Base-Treated Sample
Peroxide-Treated Sample
Heat-Treated Sample
UV-visible Treated sample

99.77
98.50
98.46
98.06
99.66

1.06
2.32
2.36
2.76
1.17

Table 9: Summary of system suitability
%RSD

Name of Experiment

Tailing
factor

System and Method precision,Filter paper

1.1

0.23

Recovery

1.1

0.18

Ruggedness

1.1

0.15

Forced degradation (UV)

1.1

0.33

Specificity

1.1

0.33
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Table 10: Summary of system suitability
Tailing factor
%RSD
Name of Experiment
System and Method precision,filter paper
Recovery
Ruggedness
Forced degradation (UV)
Specificity

1.1
1.1
1.1
1.2
1.1

0.13
0.24
0.38
0.27
0.27

Fig 5: Purity plot of control sample (Lafutidine)

Fig 6 : Purity plot of control sample (Domperidone)

Fig 7: HPLC Chromatogram of acid treated sample
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Fig 8: HPLC Chromatogram of base treated sample

Fig 9: HPLC Chromatogram of peroxide treated sample

Fig 10: HPLC Chromatogram of heat treated sample

Fig 11: HPLC Chromatogram of UV visible treated sample
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Fig 12: HPLC Chromatogram of blank

Fig 13: HPLC Chromatogram of placebo
5.0 Result and Discussion:
In order to develop an effective method for the analysis of the drugs in pharmaceutical formulations,
preliminary tests were performed in order to select adequate and optimum conditions. Parameters such as
detection of wavelength, ideal mobile phase and their proportions, optimum pH and concentration of
standard solution were studied. The method developed with Column Xterra 250mm X 4.6mm, 5µ using
flow rate: 1.0 ml/min, wavelength 276 nm at room temperature. The linearity of Lafutidine and domperidone
was performed using standard solution in the range of 14.74 mcg/mL to 27.37 mcg/mL and 41.79 mcg/mL
to 77.60 mcg/mL respectively (about 30% - 160% of test concentration).
6.0 Conclusion:
The HPLC method for the assay of Lafutidine and Domperidone in Lafutidine (10mg IR) and Domperidone
(10mg IR + 20mg SR) capsule was found to be simple, precise, accurate, rapid and validated. The mobile
phase is simple to prepare and economical. The sample recoveries in formulation were in good agreement
with their label claim. Hence it can be easily and conveniently adopted for routine analysis of Lafutidine and
Domperidone in capsule.
7.0 Acknowledgement:
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form.
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VALIDATED GRADIENT STABILITY INDICATING HPLC METHOD FOR LAMIVUDINE AND
ZIDOVUDINE AND RELATED SUBSTANCES IN BULK DRUG AND NOVEL TABLET DOSAGE
FORM
Abstract:A new stability indicating reverse HPLC assay method was developed for lamivudine and zidovudine
with related substances in bulk and dosage form and validated as per ICH (Q2) R1 guidelines for
specificity, relative retention factor, linearity, precision, accuracy and robustness. The
chromatographic separation of Lamivudine and zidovudine with specified impurities as per USP of
thymine, thymidine, zidovudine related compound B, salicylic acid and Lamivudine diastereomer
impurity achieved with C18(250 mm X 4.6 mm) column on shimadzu LC-2010AHT chromatograph.
The separation was carried out using mobile phase containing methanol, water, acetonitrile with
ammonium acetate in linear gradient programme. The column used was YMC,Pack ODS A,(250mm
4.6mm) with flow rate 0.7 ml /min at detection 270 nm with run time 65 min. The retentation time of
Lamivudine was 31.45 while it is of Zidovudine was found 53.42. From degradation studies it was
concluded that lamivudine and zidovudine were well separated from all process impurities and
samples are relatively stable in acid, base, humidity, thermal and uv stress condition. Hence the
method is suitable for its intended use, i.e. to determine the % impurities in Lamivudine 150 mg and
Zidovudine 300 mg tablets.
Keywords- Lamivudine, Zidovudine, related substance, Rp-HPLC, Stability indicating
Introduction
Anti retroviral drugs in combination are separated and analyzed in presence of their related substance with
reverse HPLC method. Lamivudine, 2R (cis)-4-amino-l-(2-hydroxymethyl-l, 3oxathiolan-5-yl)-(lH)pyrimidin-2-one is an anti HIV drug, act by inhibiting the action of HIV-I reverse transcriptase, via DNA
chain termination after incorporation of nucleotide analogue. Zidovudine, 1-[(2R, 4S, 5S)-4-Azido-5(Hydroxy methyl) Oxolan-2-yl]-5-methylpyrimidine-2, 4-dione is also anti HIV drug and acts by inhibiting
the action of reverse transcriptase, the enzyme that HIV uses to make a DNA copy of its RNA.
It is recommended by ICH that all routine impurities at or above 0.1% level, should be identified through
appropriate analytical methods. Extensive research survey reveals that there is no rapid stability -indicating
HPLC method for identification and determination of related substances and quantitation of Lamivudine and
Zidovudine in bulk drug and pharmaceutical dosage form. The purpose of research work is to develop
reliable and rapid method for determination of lamivudine and zidovudine with related substances in bulk
and dosage form. Hence a simple, accurate and specific stability indicating assay method was developed for
Lamivudine and Zidovudine in combination and all impurities along with method validation as per ICH
norms. The stability tests were applied to both bulk and dosage form.

2R (cis)-4-amino-l-(2-hydroxymethyl-l, 3oxathiolan-5-yl)-(lH)-pyrimidin-2-one; Lamivudine
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1-[(2R, 4S, 5S)-4-Azido-5-(Hydroxy methyl) Oxolan-2-yl]-5-methylpyrimidine-2, 4-dione; Zidovudine

5-methyl-1H-pyrimidine-2, 4-dione; thymine

1-[(2R, 4S, 5R)-4-hydroxy-5-(hydroxymethyl) oxolan-2-yl]-5-methylpyrimidine-2, 4-dione; Thymidine

Zidovudine related compound C

Lamivudine diastreomer
Fig 1: Chemical structures of Lamivudine and Zidovudine and their related substances
EXPERIMENTAL WORK
Drug and Reference Standards used:
The qualified samples of Lamivudine and Zidovudine samples were provided by Astrix Lab.Ltd. While
tablet dosage form containing 150mg of Lamivudine and 300mg of zidovudine were gifted from Macleod's
Ltd, Mumbai. Following authenticated samples of impurities like salicylic acid, carboxylic acid , lamivudine
distereomer, stavudine, zidovudine impurity B, thymine and thymidine were obtained from Astrix Lab.Ltd.,
Lancaster, Sisco research labs Pvt Ltd. Analytical chemicals and solvents used were obtained from Ranbaxy
Fine Chemicals Limited,(Delhi, India) and S.D. Fine Chemicals Ltd and Qualigens Chemicals Ltd.,
Mumbai.
Chromatography apparatus and conditions:
The chromatograph consisted of Waters 2695 gradient system with auto sampler and column oven, 2487
dual absorbance detector and LC-2010 AHT auto injector with SPD-M 10-AVP-PDA Detector. Stability
study was done with help of Humidity cum photo stability chamber of Thermo Lab, India.
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Method Development
Selection of Chromatographic Conditions:
The selection of HPLC method depends upon the nature of the sample, pKa, its molecular weight and
solubility. The drug selected in the present study was polar in nature therefore; RP-HPLC method was
selected for the initial separations because of its simplicity and suitability. The chromatographic conditions
optimized by different means (using different columns, different buffers and different organic phases) Early
work was performed with different brands of C8 and C18 columns as stationary phase and various
combinations of buffered organic phases. The flow rate of mobile phase was varied within 0.5-1.5mL/min.
Wavelength for monitoring eluent was selected by scanning standard solution of drug within range of 200400 nm using double beam UV-visible spectrophotometer (Shimadzu 1800, Japan)
All noted measurements were performed with an injection volume of 10 μl and UV detection at 270 nm of
samples dissolved in a diluents. Mobile phase consisted of mobile phase A- Ammonium acetate (pH-4)
buffer, B-Methanol, C-Acetonitrile.
Preparation of Buffer:
Dissolved 1.92 g of ammonium acetate in 1000 ml of water, mixed. Adjust pH to 4.0 ± 0.05 at 25 oC with
glacial acetic acid, mixed and filtered the solution through 0.45 μm nylon filter paper.
Preparation of Solutions:
On lines with official procedure impurity stock solutions of thymine and lamivudine stock solutions (1.5
μg/ml) were prepared in diluents.
Standard stock solution of Lamivudine (1.25 μg/ml) and Zidovudine (2.5 μg/ml) in diluent was prepared.
Sample Preparation:
An amount of tablet powder equivalent to about 50mg was transferred in 200 ml of volumetric flask, added
about 100 ml of diluent and sonicated for15 min. with intermittent swirling, allowed equilibration at room
temperature, further diluted to make up volume, filtered solution through 0.45μm nylon filter paper.
VALIDATION OF DEVELOPED RP-HPLC RS METHOD
(Multicomponent Tablet Formulations)
Developed RP-HPLC RS method for multicomponent formulations was validated by ICH guidelines Q2
(R1) for RS of an active drug component(s) in formulation.
Specificity:
The specificity of the HPLC method was determined by complete separation of Lamivudine, Zidovudineine
in presence of their degradation products along with other parameters like retention time, capacity factor,
tailing factor and asymmetric factor etc.
Impurity solutions for specificity study
Each impurity thymidine, Zidovudine impurity B, carboxylic acid, salicylic acid, Lamivudine diastereomer,
stavudine were weighed accurately about 10 mg and transferred each in individual volumetric flask and
added about 70 ml of diluents and sonicated to dissolve. Each solution was allowed equilibration to room
temperature. Volume was made up to 100 ml with diluents and further diluted 10 ml of this solution to 100
ml with diluents and mixed.
Thymine (Zidovudine Related compound C) solution
Diluted 7 ml stock solution A to 100 ml with diluent and mixed.
Lamivudine and Zidovudine solution
Weighed accurately about 30.0 mg of Lamivudine and 60 mg of zidovudine working standard and
transferred to volumetric flask of 100ml separately; added about 70 ml of diluent in each and sonicated to
dissolve and allowed equilibration to room temperature, made up volume with diluents. Further diluted 5.0
ml of each solution to 50 ml with diluent and mixed.
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Chromatography Procedure
Injected the blank solution, placebo solution and recorded the response.
Injected the standard solution six times and recorded the response.
System suitability criteria
The resolution between Thymine and Lamivudine peaks was not less than 2.0. The relative standard
deviation of the areas due to Thymine, Lamivudine and Zidovudine peak in six replicate injections of the
standard solution was not more than 5.0 %. Inject the sample solution and record the response and calculated
the % individual impurity and total impurities.
Interference study
The blank, placebo solution, known impurity solution, standard solution and sample solution were prepared
and injected as described in the method.
Limit of detection and Quantitation
To determine LOD and LOQ, a series of solutions were prepared by quantitative dilution of stock solution of
Thymine, Lamivudine and Zidovudine standard to obtain solution at 3%, 6 %, 9 %, 12 %, 15 % and 18 % of
the specification limit of Thymine and at 5 %, 10 %, 15 %, 20 %, 25 %, and 30 % of the specification limit
of Lamivudine and Zidovudine. This corresponded to a concentration range of 0.375 ppm to 2.250 ppm of
Thymine (Specification limit 2.5 % i.e. 12.5 ppm), a concentration range of 0.025 ppm to 0.150 ppm of
Lamivudine and 0.050 ppm to 0.300 ppm of Zidovudine (Individual unknown impurity specification limit
0.20 % i. e. 0.50 ppm of Lamivudine and 1.0 ppm of Zidovudine). The area reproducibility at LOQ level
was determined by injecting six replicates.
Linearity
Linearity solutions were prepared by quantitative dilutions of stock solution of Thymine, Lamivudine and
Zidovudine standards to obtain solution at LOQ, 50%, 80%, 90%, 100%, 110%, 120% and 150% of the
specification limit of Thymine, Lamivudine and Zidovudine. This corresponded to a concentration range of
0.05 ppm to 18.75 ppm of Thymine (Specification limit 2.5 % i. e. 12.5 ppm), a concentration range of
0.025 ppm to 0.75 ppm of Lamivudine and 0.050 ppm to 1.50 ppm of Zidovudine ( Individual impurity
specification limit 0.20 % i. e. 0.50 ppm of Lamivudine and 1.0 ppm of Zidovudine).
Each solution was injected in duplicate and areas were recorded, the mean area and corrected area were
calculated.
Precision
System Precision
Standard solutions were prepared and peak responses measured in six replicates. The mean and relative
standard deviation was calculated.
Standard stock solution
Weighed 12.50 mg of Lamivudine working standard and 25.00 mg of Zidovudine working standard and
transferred in to 250 ml volumetric flask; added about 170 ml of mobile phase and sonicated to dissolve with
intermittent swirling, allowed equilibration to room temperature and diluted to volume with mobile phase
and mix.
Repeatability
The analysis was carried out as described in the methodology section on six sample prepared from the same
homogeneous tablet blend of Lamivudine150 mg and Zidovudine300 mg tablets and the % impurities were
determined. The mean, relative standard deviation and 95 % confidence interval of the results were
calculated.
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Intermediate Precision
The analysis was carried out as described in the repeatability exercise. A different analyst carried out this
analysis on a different day, using a different HPLC and different lot of column.
Accuracy / Recovery
Recovery solutions were prepared by spiking the stock solution of Thymine, Lamivudine and Zidovudine
working standard to the placebo powder in triplicate, to obtain solutions at LOQ, 50 %, 100 %, 150 % of the
specification limits. The % recovery of Thymine, Lamivudine and Zidovudine was calculated for each of the
recovery solutions, along with the mean recovery for each concentration level of the accuracy study.
Robustness
The HPLC analysis was carried out as described in methodology and by making the following alterations in
the chromatographic conditions.




Change in flow rate ( 0.8 ml/min, 1.2 ml/min )
Change in the column oven temperature ( 20oC, 30oC )
Change in mobile phase composition ( Buffer 80 : Methanol 20, Buffer 84 : Mathanol 16)

The % impurities were calculated for each set of analysis. The absolute difference in the results obtained in
robustness study and repeatability study sample-1 was also calculated. From the slope values obtained in the
linearity study, the RRF for impurity with respect that of Lamivudine was calculated.
STABILITY INDICATING METHOD FOR RELATED SUBSTANCES
Photolytic degradation
Tablet powder was exposed in the photo stability chamber, as per ICH guideline.
Accurately 255.01 mg of exposed sample was weighed and transferred to a 200 ml volumetric flask. About
170 ml of mobile phase was added and sonicated for about 15 minutes to dissolve, with intermittent shaking,
made up to the volume with mobile phase and mixed. This solution was filtered through 0.45 μm nylon filter
and first 3 ml of filtrate was discarded.
Thermal and humidity degradation
Sample was exposed at 40C/75% RH for 24 hours. Accurately 255.56mg of exposed sample was weighed
and transferred to a 200 ml volumetric flask. About 170 ml of mobile phase was added and sonicated for
about 15 minutes to dissolve, with intermittent shaking, made up to the volume with mobile phase and
mixed. This solution was filtered through 0.45 μm nylon filter and first 3 ml of filtrate was discarded.
Thermal Degradation
Tablet powder was heated at 80C for 24 hours in oven and allowed to cool. Accurately 256.50 mg of
exposed sample was weighed and transferred to a 200 ml volumetric flask. About 170 ml of mobile phase
was added and sonicated for about 15 minute to dissolve, with intermittent shaking, made up to volume with
mobile phase and mixed. This solution was filtered through 0.45 μm nylon filter and first 3 ml of filtrate was
discarded.
Oxidative degradation
254.80 mg tablet powder was accurately weighed and transferred in to a 200 ml volumetric flask. About 20
ml mobile phase was added and sonicated for about 15 minutes to dissolve, with intermittent shaking. 5 ml
of 3.0 % H2O2 solution was added and kept at room temperature for 90 minutes. Volume was made up with
mobile phase and mixed. This solution was filtered through 0.45 μm nylon filter and first 3 ml of filtrate was
discarded. This solution was analyzed on HPLC as described in the methodology.
Acid degradation
255.14 mg tablets powder was accurately weighed and transferred in to a 200 ml volumetric flask. About 20
ml mobile phase was added and sonicated for about 15 minutes to dissolve, with intermittent shaking. 5 ml
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of 5M HCL solution was added and kept at 80oC for 30 minutes on a water bath. The solution was allowed
to cool to room temperature. 5ml of 5M NaOH solution was added for neutralization and volume made up
with mobile phase and mixed. This solution was filtered through 0.45 μm nylon filter and first 3 ml of
filtrate was discarded. This solution was analyzed on HPLC as described in the methodology.
Base degradation
255.43 mg tablets powder was accurately weighed and transferred in to a 200 ml volumetric flask. About 20
ml mobile phase was added and sonicated for about 15 minutes to dissolve, with intermittent shaking. 5 ml
of 0.5 M NaOH solution was added and kept at 80o C for 30 minutes on water bath. The solution was
allowed to cool to room temperature. 5 ml of 0.5 M HCl solution was added for neutralisation and the
volume made up with mobile phase and mixed. This solution was filtered through 0.45 μm nylon filter and
first 3 ml of filtrate was discarded. This solution was analyzed on HPLC as described in the methodology.
Results and discussion
Development of stability indicating chromatographic method
The method which is thought to be developed was envisaged to be capable of eluting wide range of
compounds of different polarities, with excellent efficiency and sufficient band spacing.
Mobile phase consisted of three components as A- Ammonium acetate (pH-4) buffer, B-Methanol, CAcetonitrile. Optimum separation conditions were obtained as per following gradient programme.
Table 1: Final Gradient Program
Time

Mobile phase A

Mobile phase B Mobile phase C

(min)

(% v/v)

(% v/v)

(% v/v)

0

95

5

0

15

15

30

95

70

5

30

30

45

70

45

45

70

45

50

0

50

50

0

50

65

95

5

0

65

80

0

5

95

30
0

30

0
0

0
95

0

0

0

100

100
5

100

0

Related substances Method Validation
Specificity: Interference study
Table 2: Individual retention time of solutions for specificity study
Name of Solution

Retention Time (min.)

Blank

No interference

Placebo

No interference

85 | P a g e

School of Pharmacy, SRTM University, Nanded

Impurities
of
Lamivudine

Carboxylic acid

13.75

Lamivudine Diastereomer

30.68

Salicylic acid

44.88

Thymine (Zidovudine
compound C)

Impurities
of
Zidovudine

related

20.36

Thymidine

32.52

Zidovudine Impurity B

56.95

Thymine in standard

20.36

Lamivudine in standard

31.46

Zidovudine in standard

53.42

Thymine in sample

20.35

Lamivudine in sample

31.45

Zidovudine in sample

53.40

Figure 2: Blank Chromatogram for Specificity study

86 | P a g e

School of Pharmacy, SRTM University, Nanded

Figure 3: Spike solution chromatogram for Specificity study

Figure 4: Sample solution

Figure 5: Standard solution
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Table 3: LOD & LOQ results for Thymine
Level (%)

Concn (ppm)

Mean Area

Corrected Area

3

0.375

25.85475

25.68353

6

0.750

51.88889

51.54525

9

1.125

78.02288

77.50617

12

1.500

103.81843

103.13089

15

1.875

130.15072

129.28879

18

2.250

156.05994

155.02643

Residual standard deviation

0.11729

Slope

68.94052
Actual

Proposed

Limit of Detection(%)

0.006

0.006

Limit of Quantitation (%)

0.017

0.050

Table 4: LOD & LOQ results for Lamivudine
Level (%)

Concn(ppm)

Mean area

Corrected Area

5

0.025

1.14597

1.15173

10

0.050

2.41805

2.43020

15

0.075

3.58427

3.60228

20

0.100

4.75871

4.78262

25

0.125

6.00438

6.03455

30

0.150

7.16764

7.20366

Residual standard deviation

0.02884

Slope

48.18434
Actual

Proposed

Limit of Detection (%)

0.002

0.002

Limit of Quantitation (%)

0.006

0.025

Table 5: LOD & LOQ results for Zidovudine
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Level (%)

Concn (ppm)

Mean area

Corrected Area

5

0.050

1.92301

1.93267

10

0.100

4.35217

4.37404

15

0.150

6.10954

6.14024

20

0.200

8.31432

8.35610

25

0.250

10.23417

10.28560

30

0.300

12.48155

12.54427

Residual standard deviation

0.13816

Slope

41.65766
Actual

Proposed

Limit of Detection (%)

0.011

0.011

Limit of Quantitation (%)

0.033

0.050

Table 6: Linearity results for Lamivudine
Level

Concentration (ppm)

Mean area

Corrected area

At LOQ

0.025

1.18563

1.19541

50 %

0.25

12.29843

12.39991

80 %

0.40

19.93425

20.09874

90 %

0.45

22.40187

22.58672

100 %

0.50

25.01051

25.21688

110 %

0.55

27.55085

27.77819

120 %

0.60

32.51521

32.78351

150 %

0.75

37.47532

37.78455

Slope

51.76595

Y-Intercept

-0.32888

Correlation Coefficient

0.99717

Residual sum of squares

5.28561

Range: LOQ to 150 % of specification limit (i.e. 0.025 ppm to 0.75 ppm)
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Fig.6: Linearity Curve of Lamivudine

Table 7: Linearity results for Zidovudine
Level

Concentration (ppm)

Mean area

Corrected area

At LOQ

0.05

2.00623

2.01631

50 %

0.50

20.35904

20.46135

80 %

0.80

32.69705

32.86136

90 %

0.90

36.57738

36.76119

100 %

1.00

41.10375

41.31030

110 %

1.10

44.99515

45.22126

120 %

1.20

53.04439

53.31094

150 %

1.50

61.52336

61.83252

Slope

42.16187

Y-Intercept

-0.43324

Correlation Coefficient

0.99748

Residual sum of squares

12.48008

Range: LOQ to 150 % of specification limit (i.e. 0.05 ppm to 1.50 ppm)
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Fig.7: Linearity Curve of Zidovudine

Precision
Table 8: Results of Repeatability
Sample
No.

Sample
Wt(mg)

1

Thymine Imp.

Imp. at RRT 0.66

Imp. at RRT 0.82

Area

% Imp.

Area

% Imp.

Area

% Imp.

255.54

5.93921

0.02

5.73993

0.02

5.97883

0.02

2

255.91

5.95450

0.02

5.63588

0.02

6.15407

0.02

3

256.09

5.85522

0.02

5.63737

0.02

5.65044

0.02

4

255.74

5.82837

0.02

5.36784

0.02

5.81308

0.02

5

255.61

5.96466

0.02

5.74422

0.02

5.79735

0.02

6

256.20

5.92153

0.02

5.70906

0.02

6.13689

0.02

Mean

0.02

0.02

0.02

% RSD

0.00

0.00

0.00

95 % c.i (±)

0.00

0.00

0.00

Imp. At RRT 0.94

Imp. at RRT 2.04

Total

Sample

Sample
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No.

Wt(mg)

1

Imp.

Area

% Imp.

Area

% Imp.

255.54

12.79055

0.04

20.25043

0.06

0.16

2

255.91

12.79928

0.04

21.08920

0.06

0.16

3

256.09

12.67143

0.04

21.20702

0.06

0.16

4

255.74

12.83444

0.04

19.58674

0.06

0.16

5

255.61

12.83966

0.04

21.49441

0.07

0.17

6

256.20

12.29083

0.04

19.13984

0.06

0.16

Mean

0.04

0.06

0.16

% RSD

0.00

6.80

2.55

95 % CI(±)

0.00

0.00

0.00

Table 9: Results of Intermediate Precision
Sample
No.

Sample
Wt(mg)

1

Thymine Imp.

Imp. at RRT 0.66

Imp. at RRT 0.82

Area

% Imp.

Area

% Imp.

Area

% Imp.

255.68

6326

0.02

6590

0.02

5966

0.02

2

256.11

6403

0.02

6983

0.02

6008

0.02

3

256.21

6380

0.02

6661

0.02

6406

0.02

4

255.98

6421

0.02

6909

0.02

6234

0.02

5

255.84

6463

0.02

6565

0.02

6079

0.02

6

256.14

6539

0.02

6559

0.02

5843

0.02

Mean

0.02

0.02

0.02

% RSD

0.00

0.00

0.00

95 % c.i (±)

0.00

0.00

0.00

Imp. At RRT 0.94

Imp. at RRT 2.04

Total

Sample
No.

Sample
Wt(mg)

Area

% Imp.

Area

% Imp.

Imp.
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1

255.68

14764

0.05

19732

0.06

0.17

2

256.11

14954

0.05

19775

0.06

0.17

3

256.21

15473

0.05

16610

0.05

0.16

4

255.98

15029

0.05

22924

0.07

0.18

5

255.84

15488

0.05

18395

0.06

0.17

6

256.14

15614

0.05

22385

0.07

0.18

Mean

0.05

0.06

0.17

% RSD

0.00

12.55

4.43

95 % CI(±)

0.00

0.01

0.01

Table 10: Summary of the results obtained in the accuracy
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LOQ Level
Range (%)

50 % Level
%

Range (%)

100 % Level
%

Range (%)

Max. Mean Min.

150 % Level
Range (%)

%

Min. Max. Mean

Min.

Thymine

92.0

92.0

92.0

104.4 105.0 104.6 103.5 104.1 103.8 102.4 102.7 102.6

Comp. A

96.0

100.0

98.7

99.8

100.6

100.1 100.4 101.0 100.6

99.8

100.4 100.1

Comp. B

88.0

94.0

91.3

96.0

96.6

96.2

96.5

97.1

96.1

Max. Mean

%

97.6

Min.

96.8

Max. Mean

96.8

Table 11: Robustness Result for Total Impurities
Absolute difference

Altered condition

% Impurity

Unaltered (Repeatability sample -1)

0.16

-

Flow rate 0.8ml/min

0.15

0.01

Flow rate 1.2ml/min

0.13

0.03

Column oven temp. 20ºC

0.15

0.01

Column oven temp. 30ºC

0.13

0.03

Mobile Phase (Buffer 80 : Methanol 20)

0.15

0.01

Mobile Phase (Buffer 84 : Methanol 16)

0.14

0.02

(w.r.t. unaltered)

Table 12: Resolution between Thymine and Lamivudine
Altered condition

Resolution

Unaltered (Repeatability)

4.060

Flow rate 0.8ml/min

4.156

Flow rate 1.2ml/min

4.045

Column oven temp. 20ºC

4.493

Column oven temp. 30ºC

3.741

Mobile Phase (Buffer 80 : Methanol 20)

3.217

Mobile Phase (Buffer 84 : Methanol 16)

5.026

Forced degradation study of Related Substances
Photolytic degradation
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Figure 8: Chromatogram of Photolytic sample
Table 13: Result for Photolytic degradation
Condition

% Degradation

Peak Purity

Compd. A

Compd. B

Compd. A

Compd. B Thymine

Initial

-

-

999.590

999.617

999.15

Exposed to an overall
illumination of not less
than 1.2 million lux
hours

No
degradation

4.58

999.567

999.503

999.351

Thermal and Humidity degradation

Figure 9: Chromatogram of Thermal and Humidity sample
Table 14: Result for Thermal and Humidity degradation
Condition

% Degradation
Compd. A Compd. B

Peak purity
Compd. A Compd. B

Thymine
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Initial
Exposed at 40ºC/ 75
% RH for 24 hours.

-

-

999.590

999.617

999.115

No degradation

999.543

999.699

999.322

Thermal Degradation

Figure 10: Chromatogram of Thermal sample
Table 15: Result for Thermal degradation
Condition
Initial
Heated at 80ºC for 24
hours

% Degradation
Compd. A Compd. B
No degradation

Peak purity
Compd. A Compd. B
999.590
999.617
999.521

999.710

Thymine
999.115
998.799

Oxidative Degradation

Figure 11: Chromatogram of Oxidative sample

Table 16: Result for Oxidative degradation
Condition

% Degradation
Compd. A
Compd. B

Compd. A

Peak purity
Compd. B

Thymine
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Initial
Treated with 5.0 ml of
3.0% H2O2 solution
and kept at room
temperature for 90
minutes.

-

-

999.590

999.617

999.115

8.14

No
degradation

999.400

999.739

998.879

Peak purity
Compd. A Compd. B
999.590
999.617
999.811
999.562

Thymine
999.115
998.596

Figure 12: Chromatogram of Acid sample
Table 17: Result for Acid degradation
Condition
Initial
Treated with 5.0 ml of
5 M HCl solution and
kept at 80ºC for 30
minutes on water bath.

% Degradation
Compd. A Compd. B
No degradation

Figure 13: Chromatogram of Base sample
Table 18: Result for Base degradation
Condition

% Degradation

Peak purity
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Initial
Treated with 5.0 ml of
0.5 M NaOH solution
and kept at 80ºC for 30
minutes on water bath.

Compd. A

Compd. B

Compd. A

Compd. B

Thymine

-

-

999.590

999.617

999.115

999.396

999.608

998.222

No degradation
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HYDROCHLOROTHIAZIDE
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A STABILITY INDICATING VALIDATED METHOD FOR THE QUANTITATION OF
HYDROCHLOROTHIAZIDE BY USING DIFFUSE REFLECTANCE INFRARED FOURIER
TRANSFORM SPECTROSCOPY IN BULK AND TABLET DOSAGE FORM
Abstract:
A quantitative method using diffuse reflectance infrared fourier transform spectroscopy (DRIFTS) was
developed and validated for the estimation of hydrochlorothiazide (HCTZ) in its tablet dosage form. The
solid-state samples were, prepared by dilution in dry potassium bromide and were analyzed by FTIR
spectrophotometer with DRIFT sampling technique. A linear relationship for the sulphone peak area
centered on 1151 cm−1 was observed in the range of 1-6 % w/w with good correlation coefficient of 0.999.
The percent recovery of hydrochlorothiazide in marketed tablet dosage form was in the range of 100 ±
0.3071. The present reported method is precise, reproducible, and eco-friendly. Diffuse reflectance infrared
Fourier transform spectroscopy (DRIFTS) may have a potential as an alternative method for qualitative and
quantitative analysis of hydrochlorothiazide in bulk drugs and tablet dosage forms.
Keywords: Hydrochlorothiazide, FTIR, Validation, Tablet, Infrared spectroscopy, Stability indicating
method.
Introduction:
Fourier transform infrared spectroscopy (FTIRS) is a widely explored technique in the pharmaceuticals and
drug research for the identification of compounds, impurities, and determination of functional groups in
qualitative analysis. Traditionally, FTIR analysis is carried out by transmission measurement technique
using the transparent pallets of sample with halide salts. Quantification of some pharmaceutical agents has
been reported in the literature using FTIR spectroscopy either by measuring the transmission of analyte in
potassium bromide or in chloroform. Chemically hydrochlorothiazide is 6-Chloro-1, 1-dioxo-3, 4-dihydro2H-1, 2, 4-benzothiadiazine-7-sulfonamide (Figure 1)1. Hydrochlorothiazide is a thiazide diuretic decreases
the reabsorption of electrolytes from the renal tubules by inhibiting the sodium-chloride symporter in the
distal convoluted tubule (DCT) and finally decreases the osmotic gradient and water reabsorption
throughout the nephron. It increases excretion of water and electrolyte together with metallic element,
potassium, chloride, and metals. It has been used in the treatment of many disorders as well as swelling,
hypertension, diabetes insipidus, and hyperparathyroidism2. In Literature survey various methods have been
reported Like UV, HPLC for estimation of hydrochlorothiazide in single and in combined dosage form3-11
but no single method is reported on FTIR for quantification of hydrochlorothiazide in bulk and tablet dosage
form. Hence an attempt has been made to develop FTIR method for the estimation of hydrochlorothazide in
bulk and in tablet dosage form.

Figure 1: Chemical structure of Hydrochlorothiazide
Materials and Methods
Chemicals and Reagents
Standard sample of hydrochlorothiazide was obtained as gift sample from Ipca Laboratory Ltd., Mumbai,
India. Potassium bromide (IR grade) was obtained from Merk Specialties Pvt. Ltd. Mumbai, India.
FTIR Instrumentation
The FTIR analyses were carried out on FTIR – spectrophotometer - A213747, (Shimadzu, Japan). FTIR
spectra were recorded in the wavenumber range between 4000-400 cm−1, averaging 45 scans per sample
using a nominal resolution of 8 cm−1employing background spectrum of potassium bromide. The
IResolution PC software was used for collection and analysis of the data.
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Preparation of working standard
Accurately weighed hydrochlorothiazide (10 mg) was mixed with 990 mg of KBr as diluent and further
diluted to make a concentration of 1 % w/w of hydrochlorothiazide.
Selection of analytical wave number
Working standard (1 % w/w) of pure drug, i.e. hydrochlorothiazide was scanned in the IR range of 4000-400
cm-1 with resolution of 8 and 45 scans. Wave number (Intensity) parameter is selected for pure drug in such
a way that one can select wave number in a range. Functional group selected for hydrochlorothiazide is
O=S=O (sulphone) and wave number found in range of 1132-1159 cm-1. IR spectrum of
hydrochlorothiazide is shown in Figure 2.

Figure 2: FT-IR spectrum of hydrochlorothiazide
Calibration Curve
Appropriate quantity of hydrochlorothiazide was diluted with potassium bromide to get around 1000 mg and
triturated to ensure sample homogeneity and calibration curves were prepared for six different
hydrochlorothiazide concentrations in the range of 1–6 % w/w. Each calibration standard was analyzed in
the replicates of six. Area under curve (AUC) corresponding to the sulphone peak around 1132–1159 cm1was used for the quantification and the average of six measurements was used to obtain the calibration
curve. All the statistical calculations and calibration curve plotting were carried out using IResolution PC
software for Windows-XP. Calibration curve is shown in Figure 3.

Figure 3: Calibration curve of Hydrochlorothiazide
Method Validation
The developed method was validated as per literature available and ICH guidelines12-14 by studying the
following method validation parameters.
Linearity study
Pure drug sample of hydrochlorothiazide was diluted with KBr to get concentration ranging from 1-6 %
w/w. Peak area of these dilutions were measured in the range of 1132-1159 cm-1 using KBr as blank. Plot of
peak area versus concentration were found to be linear. The linearity of proposed method was found to be in
between 1-6 % w/w for hydrochlorothiazide shown in following Table 1 and Figure 3.
Table 1: Linearity study data of hydrochlorothiazide
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Sr. No.

Concentration ( % w/w)

Peak area (1132-1159cm-1)

1.

1

28.01

2.

2

30.01

3.

3

32.25

4.

4

34.093

5.

5

36.328

6.

6

38.321

Table 2: Optical characteristics of hydrochlorothiazide by FTIR Spectrometry
Parameters
HCTZ
Wave number (cm-1)

1151 cm-1

Linearity range (% w/w)

1-6 %

Limit of detection (% w/w)

0.006

Limit of quantitation (% w/w)

0.018

Slope

2.0295

Intercept

26.021

Regression coefficient (R2)

0.999

Figure 4: Linearity spectrums of hydrochlorothiazide (1-6 % w/w)
Precision
The precision of the method was evaluated by inter-day and intraday variation studies. In intraday studies,
working dilutions of sample were analyzed triplicate in a day and percentage relative standard deviation (%
RSD) was calculated. In the inter-day variation studies, working dilutions of sample were analyzed on three
consecutive days and percentage relative standard deviation (% RSD) was calculated shown in Table 3.
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Table 3: Precision data for method validation of HCTZ
Sr. No.
Interval of Time
Concentration (% w/w)
% Recovery
I
1
99.93
II
Intra-day
1
100.64
III
1
100
Mean*
99.97
SD
0.647
%RSD
0.648
I
1
99.93
II
Inter-day
1
100.03
III
1
99.69
Mean*
99.42
SD
0.655
%RSD
0.653
* Indicates average of six determinations
Accuracy
The accuracy of the developed method evaluated by standard addition method with recovery of pure drug at
3 different quantities (80, 100 and 120 % w/w). To the preanalysed tablet powder of hydrochlorothiazide,
the known amount of hydrochlorothiazide studied. Powder corresponds to 80, 100 and 120 % w/w of label
claim was added.
Recovery study was performed by 80, 100 and 120 % w/w of working standard to a preanalysed sample and
the final diluted solutions prepared in such a way that their concentrations should be in linearity range and
percentage amount recovered calculated accordingly. The sample was mixed thoroughly and analysed by
making appropriately 1 % w/w dilutions with potassium bromide powder in three replicates. Peak area of
this mixture was measured in the range of 1132-1159 cm-1 using KBr as blank for background.
Table 4: Recovery study data for method validation of HCTZ
Level of
Amount present
Added
Amount recovered
% Recovery
Recovery
(mg)
concentration(mg)
(mg)
80%
100%
120%

12.5
10
22.46
12.5
10
22.47
12.5
10
22.56
12.5
12.5
24.97
12.5
12.5
25.12
12.5
12.5
24.90
12.5
15
27.90
12.5
15
27.74
12.5
15
27.41
Table 5: Statistical validation of recovery study data
SD
% Mean Recovery*

Level of
Recovery
80%
100.1
100%
100 100.09
120%
* Indicates average of six determinations

0.241
0.458
0.791

99.83
99.88
100.2
99.88
100.5
99.61
99.41
100.9
99.68
%RSD
0.243
0.459
0.793

Detection Limit and Quantitation Limit
These include visual evaluation, signal to noise ratio and the use of standard deviation of the response and
the slope of the calibration curve. In the present study, the LOD and LOQ were based on the third approach
and were calculated according to the 3.3 σ/S and 10 σ/S criterions respectively. Where, σ is the standard
deviation of the γ-intercepts of the regression lines and S is the slope of the calibration curve.
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Name of the drug
HCTZ

Table 6: LOD & LOQ
LOD (% w/w)
0.006

LOQ (% w/w)
0.018

Analysis of marketed tablet formulation
Accurately weighed 20 tablets (i.e. Aquazide) and average weight were determined. Powder weight
equivalent to 12.5 mg of hydrochlorothiazide was taken and mixed with KBr and further diluted to 1 % w/w
concentration. Peak of these dilutions were measured in the range of 1132-1159 cm-1 using KBr as blank.
Table 7: Analysis of marketed tablet formulation (Aquazide)
Sr. No.
Label claim
Amount found
% of Label claim
(mg/tab)
(mg/tab)
1.
12.5
12.48
99.87
2.
12.5
12.43
99.47
3.
12.5
12.51
100.60
4.
12.5
12.54
100.03
5.
12.5
12.52
100.20
6.
12.5
12.49
99.98
Mean*
100
SD
0.3072
%RSD
0.3071
* Indicates average of six determinations
Interaction Study of Excipients with drug:
Three tablets of marketed formulation was used and crushed to fine powder and transferred to volumetric
flask. To it sufficient quantity of methanol was added and sonicate for 15 min. Then filtered and the cake
was dried and scan in FTIR. The FTIR peak of excipient is shown in Figure 5 and an overlain FTIR
spectrum of pure drug and excipient is shown in Figure 6.

Figure 5: FTIR spectra for tablet excipient of Aquazide

Figure 6: Overlain of FTIR spectra of tablet excipient with pure API Hydrochlorothiazide
Forced degradation study
Specificity of the method was determined by calculating percent amount of possible degradation products
produced during the forced degradation study. The stress conditions applied for degradation study involved
thermal (80ºC) and UV photolysis (365 nm) and degradation in sunlight.
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Photolytic degradation
Pure drug hydrochlorothiazide was exposed to UV radiations for 3 h and sample was withdrawn at interval
of 30 min. The sample after exposure to light was diluted with KBr to get (1% w/w). Wave number was
measured in the range of 1132-1159 cm-1 using KBr as blank for background. Finally peak area of sample
was compared with standard peak area and then percent degradation and percent assay were calculated
(Figure 7).
Thermal degradation
Thermal degradation was carried out by exposing pure drug hydrochlorothiazide to dry heat at 80ºC for 3 h
Sample was withdrawn at interval of 30 min. The sample after exposure to heat was diluted or mixed with
KBr to get hydrochlorothiazide (1 % w/w). Wave number was measured in the range of 1132-1159 cm-1.
Finally peak area of sample was compared with standard peak area and then percent degradation and percent
assay were calculated (Figure 8).
Degradation in Sunlight
Sunlight degradation is performed by exposing the pure drug hydrochlorothiazide to sunlight in open space
for 3 h Sample was withdrawn at interval of 30 min. The sample after exposure to sunlight was diluted or
mixed with KBr to get hydrochlorothiazide (1 % w/w). Wave number was measured in the range of 11321159 cm-1. Finally peak area of sample was compared with standard peak area and percent degradation and
percent assay were calculated (Figure 9).

Figure 7: Photolytic degradation of hydrochlorothiazide by FTIR Spectrophotometry

Figure 8: Thermal degradation of hydrochlorothiazide by FTIR Spectrophotometry

Figure 9: Sunlight degradation of hydrochlorothiazide by FTIR Spectrophotometry
Table 8: Forced degradation study data for hydrochlorothiazide by FTIR method
Sr. no.
Stress Condition
% Degradation % Assay
1.
Photolytic degradation
20.02
79.97
In UV chamber 120 min for HCTZ
2.
Thermal degradation at 800C
24.71
75.28
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3.

HCTZ for 240 min.
Sun Light HCTZ for 120 min.

22.24

77.75

Results and Discussion
Diffuse reflectance measurement of powdered samples typically results in relatively long path a length that
increases the interaction of the infrared light with the sample. Concentrated samples may have absorbance
values beyond the dynamic range of an instrument resulting in higher noise. In order to obtain the
absorbance in the linear range, samples need to be diluted with non-absorbing, diffusely reflecting salts such
as potassium bromide. The low-intensity absorbance bands arising from hydrochlorothiazide were not much
affected by dilution in dry potassium bromide; therefore, in the present study we have used dry potassium
bromide as the diluent. The most prominent absorbance band corresponding to the sulphone group centered
in the range of 1132–1159 cm−1 for the diluted samples of hydrochlorothiazide in dry potassium bromide
was within the 2.0 absorbance units. The transmittance spectra for the diluted hydrochlorothiazide samples
of various concentrations, shown in Figure 2.
The area under curve (AUC) for the peak centered in the range of 1132–1159 cm−1 was used for the
preparation of calibration curve as shown in Figure 3. The calibration curve was described by the equation
y= a + bx. Where, y represents peak area and x represents concentration of hydrochlorothiazide. The
calibration curve with good linearity was established ranging from 1 to 6 % w/w hydrochlorothiazide in
potassium bromide. The corresponding linear regression equation was y = 26.025 + 2.0295x and the
correlation coefficient for calibration curve were 0.999 (Figure 3 and Table 1 and 2). The precision and
accuracy were expressed by coefficient of variation (% RSD). The relative standard deviation (RSD) for
intra-day and interday analysis of hydrochlorothiazide was found to be 0.648 and 0.653 respectively. The
accuracy and reproducibility is evident from the data as results are close to 100 % and the value of standard
deviation and % R.S.D. were found to be < 2%; shows the high precision of the method. In proposed method
precision was studied as repeatability (% RSD<2) and inter and intra-day variations (% RSD<2) for drug;
shows the high precision of the method (Table 3).
The accuracy of the assay method was evaluated with the recovery of pure drug from excipients at three
different levels (80%, 100%, and 120%w/w of label claim) by standard addition method and the recovery
data summarized in above Table 4-5. The proposed validated method was applied for the quantification of
hydrochlorothiazide in tablet dosage form. The marketed tablet formulation i.e. Aquazide was analyzed
using the developed method and the results of analysis are shown in Table 7. The average recovery of
hydrochlorothiazide in marketed formulation was 100 %w/w of label claim and the %RSD value was
0.3071. The % recovery of label claim was in good agreement. The stress degradation studies showed that
hydrochlorothiazide undergoes degradation in sunlight, photolytic and thermal condition (Table 8).
Interaction of tablet excipients was studied and found that there is no interference of excipients with drug in
FTIR ranges (Figure 5 and 6).
Conclusion
Traditionally, FTIR spectroscopy is employed for the qualitative analysis of pharmaceuticals; however, with
advent in sampling techniques, DRIFT spectroscopy may serve as useful technique for qualitative and
quantitative analysis of solid-state pharmaceuticals. In the present paper, we report the development and
validation of eco-friendly stability indicating DRIFTS method for the quantification of solid-state
hydrochlorothiazide and its successful application to pharmaceuticals. The proposed method was found to be
precise, accurate, and suitable for analysis of hydrochlorothiazide as bulk drug and in pharmaceutical
formulation. Thus, the developed method has the advantage of being solvent free, eco-friendly, cost
effective and involving relatively simple sample preparation. The developed validated method, can be useful
for the routine quality control analysis of hydrochlorothiazide in pharmaceuticals industries with desired
precision and accuracy.
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FORCE DEGRADED UV-SPECTROPHOTOMETER METHOD FOR SIMULTANEOUS
DETERMINATION OF PHENYLEPHRINE HCl AND BROMHEXINE HCl IN COMBINED
TABLET DOSAGE FORM
A B S T R AC T
A novel simple rapid accurate precise UV spectrophotometric method for simultaneous estimation of
bromhexine hydrochloride (BRH) and phenylephrine hydrochloride (PHE) in combine tablet dosage form
have been developed. BRH shows absorbance maxima at 246 nm and PHE shows 272 nm in distilled water
after sonication for 20 min. Beer`s law was obeyed at the range of 4-24 µg/ml and 5-30 µg/ml by BRH and
PHE respectively. The method was validated as per ICH guidelines. The validation study data was found to
be statistically significant as all the statistical parameters are within the acceptance range (% RSD < 2.0 and
S.D. < 2.0) for both accuracy and precision. The force degradation study was carried as per ICH guidelines
and both the drugs undergo degradation in acid, base and photolytic condition. The proposed method can be
successfully applied for the routine analysis of commercial marked formulation.
Keywords: Simultaneous equation method, Validation, ICH guidelines, Force degradation studies.
1. INTRODUCTION
Phenylephrine hydrochloride (PHE) is chemically identified as 3-[1-Hydroxy-2-(methylamino) ethyl]
phenol hydrochloride (fig.1) and used as selective for α1-receptor and having minimal cardiac simulator
property here it is used for nasal decongestion in oral preparation. Bromhexine hydrochloride (BRH) is
chemically identified as 2-Amino-3, 5-dibromobenzyl- (cyclohexyl) methylamine hydrochloride (fig.2). It is
as an alkaloid derivative of adhatoda vasica used as potent mucolytic it act by depolymerizing of
mucoplysaccharide and releasing lysosome enzyme network of in tenacious spectrum(1). Literature survey
revealed that there is no UV method reported for the development and validation of stability indicating assay
method for simultaneous estimation of PHE and BRH in combined tablet dosage form (2-4). Present work is
an attempt to develop simple, precise, accurate and economic UV Spectrophotometric method for
simultaneous determination of PHE and BRH in its combine solid tablet dosage form.

Figure 1: Phenylephrine hydrochloride
Figure 2: Bromhexine hydrochloride
2. EXPERIMETAL
Material and Methods:
Instrumentation:
Double beam UV-visible spectrophotometer (SHIMADZU, UV-1800) with matched quartz cell, Ultrasonic
Bath: (HMG India: CD-4820), HPLC grade water system: Millipore. Analytical weighing balance: Anamed;
Model AA-2200.
Chemicals and reagent:
Working Standard / Drug Samples was obtained as a sample from Bidwei Chemicals Nanded, Maharashtra,
India and formulation SOLVIN (Phenylephrine hydrochloride - 10mg and Bromhexine Hydrochloride 8mg) IPCA Laboratories Limited, is purchased from market.
Preparation of standard stock solution (100μg/ml):
Accurately weighed 10mg of BRH and PHE and transfer into two separate 100ml volumetric flasks and
make up the volume with distilled water. The stock solution was sonicated for 20min.
Selection of analytical wavelength:
By using above concentration solution absorption spectra were taken for both the drugs. BRH and PHE
show maximum absorption at 246 nm and 272 nm. From the overlain spectra of both the drugs wavelength
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selected for quantification were 246 nm for BRH and 272 nm for PHE. The absorption spectra obtained for
BRH is shown in fig.3 and absorption spectra obtained for PHE shown in fig. 4.

Figure 3: Absorption spectra of BRH
Figure 4: Absorption spectra of PHE
Selection of analytical concentration range and linearity study:
From the stock solution of BRH and PHE with subsequent dilution by distilled water respectively 4, 8, 12,
16, 20, 24μg/ml and 5, 10, 15, 20, 25, 30μg/ml concentration solutions of BRH and PHE were prepared. The
calibration curves were plotted for these concentrations against absorbance value obtained at respective λ
max.
3. DEVELOPMENT OF METHOD
Absorbances of both the drugs were taken on selected 246 and 272 nm wavelength respectively. The
absorptivity values are determined of both the drugs on both respective wavelengths. The concentration of
drugs in sample solution is determined by following formula.
At 246 nm A1= ax1 CB+ ay1 CP……………………. (1)
At 272 nm A2= ax2CB+ ay2 CP…………………… (2)
Where, CB, CP, is the concentration of BRH and PHE respectively. A1 and A2 are absorbance's of sample
solutions on 246 and 272 nm respectively, ax1 and ax2 are absorptivity values of BRH at 246 and 272 nm
accordingly, ay1 and ay2 are absorptivity values of PHE at 246 and 272nm. As shown in figure 5.

Figure 5: Overlay spectra of BRH and PHE
Estimation of tablet dosage form (marketed formulation):
Accurately weighed 20 tablets of marketed formulation Solvin manufactured by IPCA. Mumbai and average
weight was found to be 152.6mg. Then these tablets were crushed to fine powder and from this 152.6mg of
powder weighed containing equivalent to 8mg of BRH and 10mg of PHE. It has been transferred into 100ml
of volumetric flak and volume is made up by distilled water up to the mark. This mixture is sonicated for
about 20 minutes and filtered through Whatman filter paper No. 41. From this sample solution by further
dilution technique 8μg/ml and 10μg/ml concentrations of BRH and PHE obtained respectively. The results
found are mentioned in table 1.
Table 1: Overlay spectra of BRH and PHE
Drug Label claim (mg) Amount found (mg)* % Found* SD %RSD
BRH
8
7.95
99.37
1.2025 1.21.1
PHE
10
9.94
99.40
0.7558 0.7603
*Indicates average of six determinations
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4. EVALUATION OF ANALYTICAL METHOD
Linearity:
The linearity study is performed by preparing standard solution concentrations of BRH 4-24μg/ml and PHE
5-30μg/ml respectively. The calibration graph is plotted for each concentration verses absorbance of BRH
and PHE separately. The results are shown in table 2, fig 6 and fig 7.
Table 2: Standard calibration data for BRH and PHE
BRH
PHE
Conc.
Absorbance
Conc. Absorbance
( µg/ml)
(246 nm)
(µg/ml)
(272 nm)
4
0.1394
5
0.0553
8
0.2868
10
0.1005
12
0.4039
15
0.1554
16
0.5574
20
0.2068
20
0.6634
25
0.2628
24
0.8226
30
0.3140

Figure 6: overlay spectra of BRH at 246 nm

Figure 7: overlay spectra of PHE at 272 nm

Figure 8: Calibration curve of BRH
Figure 9: Calibration curve of PHE
Precision:
The precision of the method was evaluated by inter-day and intraday variation studies. In intraday studies,
working solutions of standard and sample were analyzed triplicate in a day and percentage relative standard
deviation (% RSD) was calculated. In the interday variation studies, working solution of standard and
sample were analyzed on two consecutive days and percentage relative standard deviation (% RSD) was
calculated as shown in table 3.
Table 3: Data for intra-day and inter-day precision
Drug
Intra-day precision
Inter-day precision
% Found* SD %RSD % Found* SD %RSD
BRH 101.64 0.7038 0.6924
101.71
0.4038 1.3802
PHE
100.33 0.2886 0.2876
100.46
0.4509 0.4488
*Indicates average of three determinations
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Accuracy (recovery study):
To ascertain the accuracy of the proposed methods, recovery studies were carried at three different levels
(80%, 100% and 120%) as per ICH guidelines. The percent recovery for BRH and PHE was found to be in
range as shown in table 4.
Table 4: Results of recovery study
Amount
Amount
Amount found %Recovery*
Drug present (mg) added (mg) (mg)*
SD
% RSD
BRH 8
6.4
14.47
100.4
0.5889 0.5865
8
8
15.73
98.31
0.3410 0.3468
8
9.6
17.68
100.45
0.3060 0.3046
PHE 10
8
17.96
99.77
1.5010 1.5044
10
10
20.02
100.10
1.4573 1.4558
10
12
22.02
100.09
1.4720 1.4706
* Indicates average of three determinations
Limit of Detection (LOD) and Limit of Quantification (LOQ):
The LOD and LOQ of BRH and PHE were determined by using standard deviation of the response and
calibration curve slope approach as defined in International Conference on Harmonization (ICH) guideline.
The LOD and LOQ were found to be as in table 5.
Table 5: Limit of Detection (LOD) and Limit of Quantification (LOQ)
Drug
LOD (µg/ml)
LOQ (µg/ml)
BRH
0.5628
1.7056
PHE
0.9049
2.7422
Forced degradation studies:
Force degradation studies carried out as per ICH guidelines to check the stability property of method.
Various stress condition is applied on BRH and PHE were shown in table 6.
Acid hydrolysis:
Sample stock solution (10ml) of BRH and PHE 8μg/ml and 10μg/ml were taken respectively and 10ml of
0.1N HCl was added in 100ml of volumetric flask and the volumetric flask was kept at room temperature.
After 6 hours, solution was neutralized and diluted with distilled water up to 100ml and absorbance is
measured at 246nm and 272nm respectively.
Base hydrolysis:
Sample stock solution (10ml) of BRH and PHE 8μg/ml and 10μg/ml of were taken respectively and 10ml of
0.1N NaOH was added in 100ml of volumetric flask and the volumetric flask was kept at room temperature.
After 6 hours, solution was neutralized and diluted with distilled water up to 100ml and absorbance is
measured at 246nm and 272nm respectively.
Neutral hydrolysis:
Sample stock solution (10ml) of BRH and PHE containing 8μg/ml and 10μg/ml were taken respectively and
10ml of distilled water was added in 100ml of volumetric flask and the volumetric flask was kept at room
temperature. After 6 hours, solution was diluted with distilled water up to 100ml and absorbance is
measured at 246nm and 272nm respectively.
Oxidative degradation:
Sample stock solution (10ml) of mixture of BRH and PHE containing 8μg/ml and 10μg/ml of were taken
respectively and 10ml of 3% H2O2 was added in 100ml of volumetric flask and the volumetric flask was
kept at room temperature. After 6 hours, solution was diluted with distilled water up to 100ml and
absorbance is measured at 246nm and 272nm respectively.
Photolytic degradation:
Powdered sample was taken in a petriplate and exposed to UV light of 365nm in UV chamber for 6 hrs.
Weight of the sample equivalent to 8mg and 10mg BHR and PHE was diluted with distilled water up to
required concentration. From this solution, dilution was done to achieve the appropriate concentration and
absorbance is measured at 246nm and 272nm respectively.
Thermal degradation:
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Powdered sample was taken in a petriplate and exposed to a temperature of 70°C for 6 hours in an oven.
Eight of the sample equivalent to 8mg BRH and 10mg PHE diluted with distilled water up to 10ml. From
this solution, dilution was done to achieve the appropriate concentration and absorbance is measured at
246nm and 272nm respectively.
Table 6: Force degradation study data
Degradation condition % Degradation % Assay
BRH PHE BRH PHE
Acid hydrolysis
13.42 41.07 86.58 58.93
Base hydrolysis
24.21 48.50 75.79 51.50
Neutral hydrolysis
0.49
99.51 100
Oxidative degradation 6.47 2.58 93.52 97.42
Photolytic degradation 29.76 12.94 70.24 87.06
Thermal degradation 5.62 10.25 94.38 89.75
5. RESULT AND DISCUSSION
As both the drugs are soluble in methanol and water, estimation was carried out in water as solvent. The
λmax for detection of BRH and PHE were selected as 246nm and 272nm respectively. Absorbance of both
the drugs were found to be additive at both wavelengths. BRH and PHE solutions individually follow BeerLambert's law over concentration range 4-24µg/ml and 5-30µg/ml respectively at selected wavelengths, with
r2 = 0.997 for BRH and r2=0.999 for PHE. Solvin marketed tablet manufactured by IPCA laboratories
Pharmaceuticals Pvt. Ltd. Mumbai analyzed has yielded quite concurrent result. The % assay of BRH was
found to be 99.37% with %R.S.D. 1.2101 and % assay of PHE was found to be 99.40% with %R.S.D.
0.7603. The % assay of both drugs in tablet formulation was found within acceptable limit. Recovery studies
were performed by adding a known amount of standard drug to pre-analyzed samples and contents were
preanalyzed by proposed method. The selected drugs BRH and PHE were estimated by using simultaneous
estimation method as per ICH guidelines. The method was validated for all validation parameters as per ICH
guidelines. Limit of detection was found to be 0.5628μg/ml for BRH and 0.9049μg/ml for PHE. Limit of
Quantification was found to be 1.7056μg/ml for BRH and 2.7422μg/ml PHE. The %RSD for intraday and
inter-day precision was within limit. The method has been validated in assay of tablet dosage forms. The
accuracy of the method was validated by recovery studies and was found to be significant and it is within
specification limits, with % recovery 100.45- 98.31 % for BRH and 100.10-99.77% for PHE.
The forced degradation studies of drugs were carried out by exposing to acid hydrolysis, base hydrolysis,
and neutral hydrolysis, and oxidation, photolytic and thermal condition. The degradation on acid hydrolysis
was found to be 13.42% and 41.07% for BRH and PHE respectively. The degradation on base hydrolysis
was found to be 24.21% and 48.50% for BRH and PHE respectively. The degradation on neutral hydrolysis
was found to be 0.49% of BRH only. The degradation on oxidation by using H2O2 was found to be 6.47%
and 2.58% for BRH and PHE respectively. The thermal degradation was found to be 5.62% and 10.25 % for
BRH and PHE respectively. The photolytic degradation was found to be 29.76% and 12.94% for BRH and
PHE respectively.
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DEVELOPMENT AND VALIDATION OF STABILITY INDICATING RP-HPLC ASSAY
METHOD FOR SIMULTANEOUS ESTIMATION OF PREGABALIN AND MECOBALAMIN IN
BULK AND CAPSULE DOSAGE FORM
ABSTRACT
A stability indicating RP-HPLC assay method was developed and validated for the simultaneousestimation
of pregabalin and mecobalamin in bulk and capsule dosage form, validated according to ICH guidelines.
The proposed method is simple, accurate, precise and economic developed and validated using Agilent
technologies 1260 infinity II series RP-HPLC with DAD detector and Column Agilent 5-HC-C 18 columnin
isocratic mode, using mobile phase Water: Acetonitrile: Methanol (60:20:20 V/V/V). The detection was
carried out at flow rate of 1.2 mL/min with detection wavelength at 227 nm. The retention time of
pregabalin and mecobalamin were 2.00 min and 6.827 min respectively with a run time of 10 min. The LOD
was 2.23 µg/mL and 0.2043 µg/mL and LOQ was 9.78 µg/mL and 0.6191 µg/mL for pregabalin and
mecobalamin respectively. The degradation behavior of the pregabalin and mecobalamin were studied by
subjecting to acid, alkaline, neutral, oxidative, photolytic and thermal conditions.
Keywords: Pregabalin, Mecobalamin, Stability indicating assay method, RP-HPLC.
INTRODUCTION
Pregabalin (PRG), (3S)-3-(aminomethyl)-5-methylhexanoic acid (Fig.1) is a fundamental analogue of γamino butyric acid [1]. It is a white to off-white in color and crystalline solid in nature. It is soluble in water
and both basic and acidic solution. It is antiepileptic drug mainly used in neuropathic pain.Its molecular
weight is 159.229 g/mol and molecular formula C8H17NO2 [2].
PRG is anticonvulsant drug used for neuropathic pain and as an adjunct therapy for partial seizures. PRG
binds with high affinity to the alpha 2-delta site (an auxiliary subunit of voltage-gated calcium channels) in
central nervous system tissues.PRG is a structural derivative of inhibitory neurotransmitter gammaaminobutyric acid (GABA), it does not bind directly to GABA or benzodiazepine receptors [3].
Mecobalamin (MCA) also called as cobalamin, a form of vitamin B12, used in treatment of megaloplastic
anemia, diabetic neuropathy and peripheral neuropathy. Its molecular formula is C63H91CoN13O14P [4]. MCA
structurally is Carbanide; cobalt (3+); [5-(5,6-dimethylbenzimidazol-1-yl) -4-hydroxy-2 (hydroxymethyl)
oxolan-3-yl] 1-[3-[(4Z,9Z,14Z) 2,13,18-tris (2-amino-2-oxoethyl) 7,12,17 tris (3amino-3-oxopropyl)
3,5,8,8,13,15,18,19-octamethyl 2,7,12,17 tetrahydro 1H corrin 21-id-3-yl] propanoylamino] propan-2-yl
phosphate. It is a dark red crystals or an amorphous or crystalline red color powder. It is soluble in alcohol
and water [5]. Its molecular weight is 1344.405 g/mol.
MCA stimulates reticulocytes, thus playing important role in hematopoiesis in that, together with folic acid,
it is involved in formation of deoxyribonucleotides from ribonucleotides [6]. The chemical structure of MCA
is show in Fig. 2.
The literature survey revealed that HPLC [7-16], HPTLC [17] and stability indicating HPLC methodsseparated
for the estimation of PRG and MCA individually and in combination with other drugs. According to
literature survey no stability indicating RP-HPLC method has yet been reported for simultaneous estimation
of PRGand MCA in combination by using Water: Acetonitrile: Methanol (60:20:20 V/V/V) mobile phase.
The present work described stability indicating RP-HPLC methods for the simultaneous estimation of PRG
and MCA in combine capsule dosage form.
MATERIAL AND METHOD
Pharmaceutically pure sample or working standard / drug sample of pregabalin and mecobalamin was
obtained as a gift sample from Zim Laboratories Ltd Pharmaceutical Company in Kalameshwar, Nagpur.
The marketed formulation- PREGASTAR M 75mg Capsule 10s (Pregabalin 75mg + Mecobalamin 750mcg)
Lupin Limited is available in market purchased and used for work.All other chemicals used in the analysis
were HPLC grade purchase from local market.
Instrumentation
Chromatographic separation was performed on revers phase high performance liquid chromatography (RPHPLC) system model Agilent Technologies 1260 Infinity II series, Agilent 5-HC- C 18 column (250mm ×
4.6mm; 5 µm),DAD Detector, equipped with a solvent delivery pump, sample injector and column
117 | P a g e

School of Pharmacy, SRTM University, Nanded

thermostats. Open lab solution software was applied for data collecting and processing.Electronic analytical
balance (Anamed) model AA-2200, Ultrasonicator (HMG India) was used.
Chromatographic condition
Mobile phase
: Water: Acetonitrile: Methanol (60:20:20 V/V/V)
Column
: Agilent 5-HC- C18 column (250 mm × 4.6 mm, 5µm)
Detector wavelength : 227nm
Injection volume
: 20 µl
Flow rate
: 1.2 mL/min
Run time
: 10 min
Preparation of mobile phase
The HPLC grade water, acetonitrile and methanol were used for preparation of mobile phase. In the ratio 60
parts of water, 20 parts of acetonitrile and 20 parts of methanol (60:20:20 V/V/V) and sonicated for 20 min.
Preparation of standard stock solution
The sample equivalent to 100 mg of PRG and 1 mg of MCA were weighed separately, transferred into 100
mL volumetric flask and dissolved in mobile phase. Then volume was made up to 100 mL with mobile
phase to get a concentration of 1000 µg/mL for PRG and 10 µg/mL of MCA.
Selection of wavelength for simultaneous estimation:
The working standard solutions of these drugs were obtained by dilution of the above stock solution with
mobile phase. 1 ml of above stock solutionwas diluted to 10 mL to get a concentration of 100 µg/mL of
PRG and 1 µg/mL of MCA use as mobile phase. Both the solutions were scanned in the range 200-400 nm
against mobile phase use as blank.
Preparation of standard solution
Accurately weighed 100 mg of PRG and 10 mg of MCA working standard was transferred into 100 mL
volumetric flask and dissolved in mobile phase. This solution was sonicated for 20 minute and then volume
was made up to mark with mobile phase to get concentration of 1000µg/ml for PRGand 100 µg/ml for
MCA. From the standard stock solution, mixed standard solution was prepared to contain 100 µg/mL of
PRG and 1 µg/mL of MCA. A 20 µl of solution was injected in HPLC system to develop the chromatogram.
System Suitability test
System suitability was performed by injecting standard solution and determines the various parameters such
as theoretical plates, tailing factor, resolution, peak area and asymmetry.
Preparation of calibration curve
The standard stock solution is used for preparation of different dilution. The preparation of calibration curve
mainly the standard stock solution was further diluted to get concentration in the range of 25-125 µg/mL for
PRG and 1-5 µg/mL for MCA were prepared by dilution in mobile phase. Each dilution of both the drugs
was injected into the HPLC system and peak areas were determined. Standard calibration curves were
constructed by plotting peak areas versus concentrations of drug and the regression equations were
calculated.
Method Validation
Method was validated as per ICH guidelines
Linearity:
The linearity of the proposed HPLC method was evaluated by analyzing a set of different concentrations of
PRG and MCA. The linearity was determined at 5 different standard concentrations of PRG and MCA. The
linearity range for PRG and MCA were found to be 25-125 µg/mL and 1-5 µg/mL respectively. Each
dilution of both the drugs was injected into the HPLC system and peak areas were determined. Standard
calibration curve was plotted between peak area against concentration of drug and the regression equations
were calculated.
Accuracy:
Accuracy expresses the closeness of agreement between the value which is accepted either as a conventional
true value or an accepted reference value and the value found. The recovery studies were carried out at 3
different concentration levels (80 %, 100 % and 120 %) by adding a known amount of standard to
preanalysed sample. Percent recovery for PRG and MCA was found in range, each determination was
repeated at three times at each level.
Precision:
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Precision is usually expressed as the standard deviation or relative standard deviation (coefficient of
variation).Precision are determine three replicate of each sample. In repeatability study the 1 µg/mL of PRG
and 100 µg/mL of MCA concentration sample were injected. The precision was the method verified by
repeatability and by intermediate precision. In intermediate precision the sample was injected by time
interval. Mainly interday precision and intraday precision was performed.
Limit of detection (LOD) and Limit of quantification (LOQ):
The limit of detection represents the concentration of analyte that would yield signal to noise ratios of 3 and
the limit of quantification represents the concentration of analyte that would yield signal to noise ratios 10.
LOD is the lowest concentration of analyte in a sample that can be detected but not necessarily quantified.
LOQ is the lowest concentration of analyte in the sample that can be quantitatively determined with
precision and accuracy.
LOD and LOQ was calculated from linear curve using following formulas
LOD = 3.3σ/Slope,
LOQ = 10σ/Slope
(Where σ = the standard deviation of the response and S = Slope of calibration curve).
Robustness
The robustness was performed by assaying test solutions after slight but deliberate change in analytical
conditions. The study was performed by changing the flow rate, temperature and wavelength.
Specificity:
Specificity was checked for the interference of impurities in the analysis of blank solution and injecting
sample solution under optimized chromatographic conditions to demonstrate separation of both PRG and
MCA from impurities.
Analysis of Marketed formulation:
Twenty capsules were taken, weighed and average weight was determined. The powder equivalent to
average weight was taken contain 75 mg PRG and 0.75 mg MCA, in 100 ml volumetric flask. It was
dissolved in mobile phase and sonicated for 20 min. then the volume was made up to the mark with mobile
phase. The sample was filtered with Whatman filter paper No. 41. Finally this solution was diluted with
mobile phase to get concentration 100 µg/mL of PRG and 1 µg/mL of MCA. The standard and sample
solution was injected into HPLC system and peak areas were measured.
The content of PRG and MCA was calculated by using following formula.
Amount of drug (mg) = At/As x Ds/Dt x Ws/Wt x A
……... (i)
% Estimation = At/As x Ws/Wt x Avg. wt (A)/Label claim x 100 ……… (ii)
Where,
At = Area count for sample solution
As = Area count for standard solution
Ds = Dilution factor for standard
Dt = Dilution factor for sample
Ws = Weight of standard (mg)
Wt = Weight of sample (mg)
A = Average weight of mixture
Force degradation studies:
Acid hydrolysis:
The accurately weighed 10 mg of PRG and 1 mg of MCA were transferred in 100 mL volumetric flask and
dissolved in 10 mL solvent. Then 10 mL 0.1N HCl was added and shaken well and refluxed for 1 h at 80 oC.
The sample was cooled at room temperature and neutralized with 0.1N NaOH. And volume was made up to
the mark with mobile phase, get concentration 100 µg/mL of PRG and 1 µg/mL of MCA. A 20 µl solution
was injected into HPLC system and analyzed under chromatographic analysis condition.
Base hydrolysis:
The accurately weighed 10 mg of PRG and 1 mg of MCA were transferred in 100 mL volumetric flask and
dissolved in 10 mL solvent. Then 10 mL 0.1N NaOH was added and shaken well, and refluxed for 1 h at 80
o
C, the sample was cooled at room temperature and neutralized with 0.1 N HCl. And volume was made up
to the mark with mobile phase, get concentration 100 µg/mL of PRG and 1 µg/mL of MCA. A 20 µl
solution was injected into HPLC system and analyzed under chromatographic analysis condition.
Neutral hydrolysis:
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The accurately weighed 10 mg of PRG and 1 mg of MCA were transferred in 100 mL volumetric flask and
dissolved in 10 mL water. Refluxed for 1 h at 80 oC, the sample was cooled at room temperature and volume
was made up to the mark with mobile phase, get concentration 100 µg/mL of PRG and 1 µg/mL of MCA. A
20 µl solution was injected into HPLC system and analyzed under chromatographic analysis condition.
Photolytic degradation:
Pure drug exposed under UV light for 12 h. After exposure, the drug accurately weighs 10 mg of PRG and 1
mg of MCA were transferred into 100 mL volumetric flask. The volume was made up to the mark with
mobile phase, get concentration 100 µg/mL of PRG and 1 µg/mL of MCA. A 20 µl solution was injected
into HPLC system and analyzed under chromatographic analysis condition.
Oxidative degradation:
The accurately weighed 10 mg of PRG and 1 mg of MCA were transferred in 100 mL volumetric flask and
dissolved in 10 mL solvent. Then 10 ml of 3 % hydrogen peroxide was added, and shaken well and refluxed
for 1 h at 80 oC. The sample was cooled at room temperature and volume was made up to mark with mobile
phase, get concentration 100 µg/mL of PRG and 1 µg/mL of MCA. A 20 µl solution was injected into
HPLC system and analyzed under chromatographic analysis condition.
Thermal degradation:
Thermal degradation was carried out by exposing both pure drugs to dry heat at 80 °C for 2 h. The samples
after exposure to heat were diluted with mobile phase to get concentration of 100 µg/mL of PRG and 1
µg/mL of MCA. A 20 µl solution was injected into HPLC system and analyzed under chromatographic
analysis condition.
The pure drug was transferred into the petri dish and take under the sunlight for 6 hrs. From this accurately
weighed 100 mg PRG and 1 mg MCA were transferred in 100 mL volumetric flask and volume was made
up to the mark with mobile phase, get concentration 100 µg/mL of PRG and 1 µg/mL of MCA. A 20 µl
solution was injected into HPLC system and analyzed under chromatographic analysis condition.
RESULT AND DISCUSSION
Stability indicating reverse phase high performance liquid chromatographic assay method for simultaneous
estimation of PRG and MCA in bulk and capsule dosage form was developed and validated. The proposed
method is simple, accurate and precise validated according to ICH guidelines. The method was developed
using Water: Acetonitrile: Methanol (60:20:20 V/V/V) as a mobile phase.
Selection of wavelength:
The overlain spectra of PRG and MCA show iso-absorptive point at 227 nm and this wavelength selected
for further detection. The overlain spectrum was shown in Fig. 3.
Preparation of standard solution:
From the standard stock solution, mixed standard solution was prepared containing 100 µg/mL of PRG and
1 µg/mL of MCA. A 20 µl above solution was injected in HPLC system to develop the chromatogram. The
retention time for PRG and MCA were 2.000 and 6.829 min respectively, with run time 10 min was
observed in chromatogram. Representative chromatogram of mixed standard of PRG and MCA is shown in
Fig. 4.
System Suitability test
The system suitability parameter was evaluated which were found to be within acceptance criteria. Results
are shown in Table I.
Preparation of calibration curve
The linear range between 25-125 µg/mL for PRG and 1-5 µg/mL for MCA was observed. Standard
calibration curve was plotted between peak area against concentration of drug shown in Fig. 5 and Fig. 6 for
PRG and MCA respectively and the regression equation were calculated.
Method Validation
Linearity:
The linear relationship was observed between the peak area and concentration over the range of 25-125
µg/mL and 1-5 µg/mL for PRG and MCA respectively with correlation coefficient (r 2) value 0.999 and
0.999 for PRG and MCA respectively. The standard curve was observed for PRG in Fig. 5 and MCA in Fig.
6 respectively. Observations for linearity are tabulated in Table II.
Accuracy:
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The accuracy study performed at different addition levels i.e. 80 %, 100 % and 120 %. The mean percentage
recovery for PRG was found to be 99.83 %, 99.86 % and 99.86 %. The mean percentage recovery MCA was
found to be 99.82 %, 99.90 % and 99.88 %, which was fond to be within the limit and hence the method was
found to be accurate. Results for recovery study are shown in Table III.
Precision:
In precision study the % RSD was found to be less than 2, indicate that the given method was precise. The
results of precision are shown in Table IV.
Limit of detection (LOD) and Limit of quantification (LOQ):
The LOD was found to be 3.23 µg/mL and 0.2043 µg/mL was established for PRG and MCA respectively.
The LOQ value was found to be 9.7881 µg/mL and 0.6191 µg/mL for PRG and MCA respectively. Results
of LOD and LOQ are shown in Table V.
Robustness
Robustness studies were carried out after deliberate alterations of flow rate and wavelength. It was observed
that the small changes in these operational parameters, did not lead to much changes of retention times of
peak of interest. Results of robustness study are shown in Table VI.
Analysis of Marketed formulation:
The standard and sample solution was injected into HPLC system and peak areas were measured. Typical
chromatogram of PRG and MCA in capsule is shown in Fig. 7. The percent assay was found to be 99.87 %
and 99.82 % for PRG and MCA respectively. Results of capsule analysis are given in Table VII.
Overview of Force degradation studies:
The drugs are subjected to various conditions like acid hydrolysis, base hydrolysis, neutral hydrolysis,
oxidative degradation, photolytic degradation, and thermal degradation. The chromatogram for PRG and
MCA, after being subjecting to different degradation conditions was compared with the standard.
In acid condition, the percent degradation was found to be 3.5 % and 4.22 % for PRG and MCA
respectively. Chromatogram of PRG and MCA in acid condition is shown in Fig.8.
In base condition, the percent degradation was found to be 4.0 % and 7.2 % for PRG and MCA respectively.
Chromatogram of PRG and MCA in base condition is shown in Fig. 9.
In neutral condition, the percent degradation was found to be 0.99 % and 1.5 % for PRG and MCA
respectively. Chromatogram of PRG and MCA in neutral condition is shown in Fig. 10.
In oxidative condition, the percent degradation was found to be 9.9 % and 15.89 % for PRG and MCA
respectively. Chromatogram of PRG and MCA in oxidative condition is shown in Fig. 11.
In photolytic condition, the percent degradation was found to be 8.85 % and 9.22 % for PRG and MCA
respectively. Chromatogram of PRG and MCA in photolytic condition is shown in Fig. 12.
In thermal condition, the percent degradation was found to be 13.34 % and 23.75 % for PRG and MCA
respectively. Under the sunlight percent degradation was found to be 9.99 % and 19.89 % for PRG and
MCA respectively. Chromatogram of PRG and MCA in thermal condition and under sunlight is shown in
Fig. 13 and Fig. 14 respectively.
Results of forced degradation data of PRG and MCA are mentioned in Table VIII.
CONCLUSION
The present developed RP-HPLC method was found to be simple, accurate, precise, rapid, and selective for
the simultaneous estimation of PRG and MCA in combined capsule dosage form.The degradation behavior
of PRG and MCA were determined by subjecting them in various stress conditions and noattempt was made
to identify the degradation product. The method can be used for the stability studies of both drugs in quality
condition as well as in lab.
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Fig. 1: Chemical structure of Pregabalin
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Fig. 2: Chemical structure of Mecobalamin

Isobestic point
227nm

Fig. 3: Overlain spectra of PRG and MCA in Mobile phase

Fig. 4: Typical chromatogram of PRG and MCA standard
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Fig. 5: Calibration curve of PRG

Fig. 6: Calibration curve of MCA

Fig. 7: Chromatogram of PRG and MCA in capsule
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Fig. 8: Chromatogram of PRG and MCA in acid condition

Fig. 9: Chromatogram of PRG and MCA in base condition

Fig. 10: Chromatogram of PRG and MCA in neutral condition
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Fig. 11: Chromatogram of PRG and MCA in photolytic condition

Fig. 12: Chromatogram of PRG and MCA in oxidative condition

Fig. 13: Chromatogram of PRG and MCA in thermal condition
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Fig. 14: Chromatogram of PRG and MCA in thermal condition under sun light
Table I: Result of System suitability test
Sr. No.

Parameters

Pregabalin

Mecobalamin

1.

Linearity range (µg/mL)

25-125 µg/mL

1-5 µg/mL

2.

Retention time (Min.) ± CV

2.000 ± 0.05

6.827 ± 0.029

3.

Peak area ± CV

668620 ± 0.0002

508991 ± 0.0001

4.

Asymmetry ± CV

0.993 ± 0.82

1.129 ± 0.26

5.

Tailing factor (T) ± CV

0.986 ± 0.56

1.026 ± 0.84

6.

Theoretical plates ± CV

3243.33 ± 0.25

3439.37 ± 0.08

7.

Resolution

4.826

Table II: Observations for calibration curve
Sr.
No.

Pregabalin
Conc. (µg/mL)

Peak area

Conc. (µg/mL)

Peak area

1

25

167101

1

508485

2

50

321249

2

609153

3

75

501361

3

723107

4

100

668759

4

835129

5

125

835820

5

998189

Mecobalamin

Table III: Result of Accuracy
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Drug

PRG

MCA

Level of %
recovery

Amount
present

Amount
added

Amount
recovered*

%
Recovery*

S.D.

C.V.

80 %

75

60

59.86

99.83

0.04

0.04

100 %

75

75

74.89

99.86

0.03

0.03

120 %

75

90

89.87

99.86

0.03

0.03

80 %

0.75

0.6

0.5989

99.82

0.07

0.07

100 %

0.75

0.75

0.7492

99.90

0.025

0.025

120 %

0.75

0.9

0.8989

99.88

0.03

0.03

*Average of three determination
Table IV: Analysis of precision
Parameters

Conc. (µg/mL)

% Recovery

S.D.

% RSD

PRG

MCA

PRG

MCA

PRG

MCA

PRG

MCA

Repeatability 100

1

99.77

99.87

0.05

0.04

0.051

0.043

Intraday

100

1

99.88

99.75

0.02

0.11

0.02

0.116

Interday

100

1

99.75

99.82

0.07

0.06

0.076

0.062

*Average of three determination
Table V: Result of LOD and LOQ
Drug

LOD (µg/mL)

LOQ (µg/mL)

Pregabalin

3.23

9.7881

Mecobalamin

0.2043

0.6191

Table VI: Observation data for Robustness
Sr.
No.

Parameter

1

Flow Rate

2

Wavelength

Condition

Retention time (min)
PRG

MCA

1.2 min/mL

2.000

6.982

1.4 min/mL

1.999

6.822

227 nm

1.993

6.911

229 nm

1.996

6.923

Table VII: Analysis of marketed formulation
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Drug

Label claim (mg)

Amount found (mg)*

Assay (%)*

Pregabalin

75

74.90

99.87

Mecobalamin

0.75

0.7486

99.82

* Average of three determination
Table VIII: Result of force degradation
Sr.
No.

Condition

1

% Degradation

% Assay

PRG

MCA

PRG

MCA

Acid condition

3.5

4.22

96.50

95.78

2

Base condition

4.0

7.2

96.00

92.80

3

Neutral condition

0.99

1.5

99.01

98.50

4

Oxidative condition

9.9

15.89

90.10

84.11

5

Photolytic condition

8.85

9.22

91.15

90.78

6

Thermal condition

13.34

23.75

86.66

76.25

7

Under sunlight

9.99

19.89

90.01

80.11

STABILITY INDICATING ASSAYS METHOD FOR SIMULTANEOUS ESTIMATION OF
PREGABALIN AND MECOBALAMIN IN COMBINED CAPSULE DOSAGE FORM BY
ABSORBANCE RATIO UV SPECTROPHOTOMETRIC METHOD
Abstract
A new UV spectrophotometric absorption ratio method was developed and validated with force degradation
study for simultaneous estimation of pregabalin and mecobalamin in pharmaceutical capsule dosage form.
The proposed method is simple, precise, accurate and economic developed and validated according to ICH
guidelines. The wavelength (λmax) for detection of pregabalin and mecobalamin were selected as 227 nm
(isobestic point) and 351 nm respectively. The linearity range between 15-90 µg/mL and 0.1-0.9 µg/mL
obeys Beer-Lambert’s law with correlation coefficient 0.999 and 0.999 for pregabalin and mecobalamin
respectively. The LOD value was 1.845 µg/mL and 0.0166 µg/mL and LOQ value was 6.151 µg/mL and
0.0503 µg/mL for pregabalin and mecobalamin respectively. The % assay was found to be 99.65±0.81 % for
pregabalin and 99.43±0.66 % for mecobalamin in bulk dosage form. The degradation behavior of the
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pregabalin and mecobalamin were studied by subjecting to an acid, alkaline, neutral, oxidative, photolytic
and thermal condition.
Keywords: UV spectrophotometry, Pregabalin, Mecobalamin, Force degradation study, Absorption ratio
method.
INTRODUCTION
Pregabalin (PRG), (3S)-3-(aminomethyl)-5-methylhexanoic acid (Fig. 1) it is a fundamental analogue of γamino butyric acid [1]. It is a white to off-white crystalline solid in color. It is freely soluble in water and
both basic and acidic solution. It is antiepileptic drug mainly used in neuropathic pain. Its molecular weight
is 159.229 g/mol and molecular formula C8H17NO2 [2].
OH

O

CH3

H2N
CH3

Fig. 1: Chemical structure of Pregabalin
Pregabalin is anticonvulsant drug used for neuropathic pain and as an adjunct therapy for partial seizures.
Pregabalin binds with high affinity to the alpha2-delta site (an auxiliary subunit of voltage-gated calcium
channels) in central nervous system tissues. Pregabalin is a structural derivative of inhibitory
neurotransmitter gamma-aminobutyric acid (GABA), it does not bind directly to GABA or benzodiazepine
receptors [3].
Mecobalamin (MCA) also called as cobalamin, a form of vitamin B12, used in treatment of megaloplastic
anemia, diabetic neuropathy and peripheral neuropathy. Its molecular formula is C63H91CoN13O14P [4]. MCA
structurally is Carbanide; cobalt (3+); [5-(5,6-dimethylbenzimidazol-1-yl) -4-hydroxy-2 (hydroxymethyl)
oxolan-3-yl] 1-[3-[(4Z,9Z,14Z) 2,13,18-tris (2-amino-2-oxoethyl) 7,12,17 tris (3amino-3-oxopropyl)
3,5,8,8,13,15,18,19-octamethyl 2,7,12,17 tetrahydro 1H corrin 21-id-3-yl] propanoylamino] propan-2-yl
phosphate. It is a dark red crystals or an amorphous or crystalline red color powder. It is soluble in alcohol
and water [5]. Its molecular weight is 1344.405 g/mol.
Mecobalamin stimulates reticulocytes, thus playing important role in hematopoiesis in that, together with
folic acid, it is involved in formation of deoxyribonucleotides from ribonucleotides [6]. The chemical
structure of mecobalamin is show in Fig. 2.
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Fig. 2: Chemical structure of Mecobalamin
The literature survey revealed that HPLC [7-17], HPTLC [18], UV [19-20] and stability indicating HPLC methods
reported for the estimation of pregabalin and mecobalamin individually and in combination with other
drugs. According to literature survey no stability indicating UV spectrophotometric method has yet been
reported for simultaneous estimation of pregabalin and mecobalamin in combination by using 0.1N HCl as
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solvent. The present work described stability indicating UV spectrophotometric methods for the
simultaneous estimate on of pregabalin and mecobalamin by absorbance ratio method.
MATERIAL AND METHOD
Pharmaceutically pure sample or working standard / drug sample of pregabalin and mecobalamin was
obtained as a gift sample from Zim Laboratories Ltd Pharmaceutical Company in Kalameshwar, Nagpur.
The marketed formulation- PREGASTAR M 75mg Capsule 10s (Pregabalin 75 mg + Mecobalamin 750
mcg) Lupin Limited is available in market purchased and used for work. All other chemicals used in the
analysis were Analytical grade.
Instrumentation
A double beam UV-visible spectrophotometer (Shimadzu) model UV-1800 PC was used for the
determination of wavelength of both drugs. The software employed was UV probe. The spectrum was
recorded over range 200-400 nm against solvent in 1 cm quarts cells. Electronic analytical balance
(Anamed) model AA-2200, Ultrasonicator (HMG India) was used.
Preparation of standard stock solution
The sample equivalent to 10 mg of PRG and 1 mg of MCA are weighed separately, transferred into 100 mL
volumetric flask and dissolve in 0.1N HCl. Then volume was made up to100 mL with same solvent to get a
concentration of 100 µg/mL of PRG and 10 µg/mL of MCA.
Determination of absorption maxima and selection of suitable wavelength
The working standard solutions of these drugs were obtained by dilution of the above stock solution with
0.1N HCl. 1 mL of above stock solution was diluted to 10 mL to get a concentration of 10 µg/mL of PRG
and 1 µg/mL of MCA use as same solvent. Both the solutions were scanned in the range 200-400 nm against
0.1N HCl use as blank.
Preparation of calibration curve
The standard stock solution is used for preparation of different dilution. The preparation of calibration curve
mainly uses linearity range between 15-90 µg/mL for PRG and 0.1-0.9 µg/mL for MCA were prepared in
0.1N HCl. The absorbance of solution is measured at 227 nm and 351 nm for PRG and MCA respectively,
used 0.1N HCl as blank. The calibration curve was plotted for these concentration verses absorbance value
obtained at respective wavelength.
Experimental
Method: Absorbance ratio or Q-analysis method
Q-Absorbance method uses the ratio of absorbance at two selected wavelengths one at isoabsorptive point
and other being the absorbance maxima of one of the two drug. PRG and MCA have absorption maxima at
210 nm and 351 nm respectively and isoabsorptive point 227 nm. The wavelength was selected for analysis
was 227 nm and 351 nm for the estimation of PRG and MCA respectively.
The concentration of two drugs in the mixture can be calculated by using following equation I and II.
Cx = Qm-Qy/ Qx-Qy × A/ax1.…… (I)
Cy = Qm-Qx/ Qy-Qx× A/ay1….…. (II)
Were,
Cx = Concentration of PRG in gm/100mL
Cy = Concentration of MCA in 100 gm/mL
Qm = Absorbance ratio of sample at 227 nm & 351 nm
Qx = Ratio of absorptivity of PRG at 227 nm & 351 nm
Qy= Ratio of absorptivity of MCA at 227 nm & 351 nm
A= Absorbance of mixture at isoabsorptive wavelength
ax1 & ax2 = Absorptivity of PRG and MCA at isoabsorptive point
Method Validation:
Method was validated according to ICH guidelines.
Linearity: The linearity was determined at 6 different standard concentrations of PRG and MCA. The
linearity range for PRG and MCA were found to be 15-90 µg/mL and 0.15-0.9 µg/mL respectively.
Standard calibration curve was plotted between absorbance against concentration of drug. Linearity was
assessed in the terms of slope, intercept and regression coefficient for both drugs.
Accuracy: Accuracy expresses the closeness of agreement between the value which is accepted either as a
conventional true value or an accepted reference value and the value found. The recovery studies were
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carried out at 3 different concentration levels (80 %, 100 % and 120 %) by adding a known amount of
standard to preanalysed sample. Percent recovery for PRG and MCA was found in range, each
determination was repeated at three times at each level.
Precision: Precision is usually expressed as the standard deviation or relative standard deviation (coefficient
of variation). Precision are determine three replicate of each sample. In repeatability study the 15 µg/mL of
PRG and 0.15 µg/mL of MCA concentration sample are scan repeated. In intermediate precision the sample
was performed by time interval. Mainly interday precision and intraday precision was performed.
Limit of detection (LOD) and Limit of quantification (LOQ): LOD is the lowest concentration of analyte
in a sample that can be detected but not necessarily quantified LOQ is the lowest concentration of analyte in
the sample that can be quantitatively determined with precision and accuracy.
LOD and LOQ was calculated from linear curve using following formulas
LOD = 3.3σ/Slope,
LOQ = 10σ/Slope
(Where σ = the standard deviation of the response and S = Slope of calibration curve).
Analysis of Marketed formulation: Twenty capsule of marketed formulation was taken, weighed and
average weight was determined. The powder equivalent to average weight was taken contain 75 mg PRG
and 0.75 mg MCA, in 100 ml volumetric flask. Dissolve in 0.1N HCl and sonicated for 15 min then make up
the volume up to the mark with same solvent. Then filter the sample with Whatman filter paper No. 41.
Finally dilution was done to get final concentration containing 15 µg/mL of PRG and 0.15 µg/mL of MCA
use 0.1 N HCl.
Force degradation studies:
Acid hydrolysis: The accurately weighed 10 mg of PRG and 1 mg of MCA transfer in 100 mL volumetric
flask and dissolve in 10 mL solvent. Then add 10 mL 0.1N HCl shake well and reflux for 1 h at 80 oC, cool
the sample at room temperature and neutralize with 0.1N NaOH. Shake the sample and make up the volume
up to the mark, to get final concentration 15 µg/mL of PRG and 0.15 µg/mL of MCA. Finally absorbance of
sample was compared with standard absorbance and percent degradation was calculated.
Base hydrolysis: The accurately weighed 10 mg of PRG and 1 mg of MCA transferred in 100 mL
volumetric flask and dissolve in 10 mL solvent. Then add 10 mL 0.1N NaOH shake well, and reflux for 1 h
at 80 oC. Cool the sample at room temperature and neutralize with 0.1 N HCl. Then make up the volume up
to the mark, to get final concentration 15 µg/mL of PRG and 0.15 µg/mL of MCA. Finally absorbance of
sample was compared with standard absorbance and percent degradation was calculated.
Neutral hydrolysis: The accurately weighed 10 mg of PRG and 1 mg of MCA transferred in 100 mL
volumetric flask and dissolve in 10 mL water. Reflux for 1 h at 80 oC, cool the sample at room temperature
and make up the volume up to the mark, to get final concentration 15 µg/mL of PRG and 0.15 µg/mL of
MCA. Finally absorbance of sample was compared with standard absorbance and percent degradation was
calculated.
Photolytic degradation: Pure drug exposed under UV light for 12 h. After exposure, the drug accurately
weighs 10 mg of PRG and 1 mg of MCA transferred into 100 mL volumetric flask. The volume make up to
the mark, to get final concentration 15 µg/mL of PRG and 0.15 µg/mL of MCA. Finally absorbance of
sample was compared with standard absorbance and percent degradation was calculated.
Oxidative degradation: The accurately weighed 10 mg of PRG and 1 mg of MCA transferred in 100 mL
volumetric flask and dissolve in 10 mL solvent. Then add 10 mL of 3 % hydrogen peroxide, and shake well.
Reflux for 1 h at 80 oC. Cool the sample at room temperature and make up the volume up to the mark, to get
final concentration 15 µg/mL of PRG and 0.15 µg/mL of MCA. Finally absorbance of sample was compared
with standard absorbance and percent degradation was calculated.
Thermal degradation: Thermal degradation was carried out by exposing both pure drugs to dry heat at 80
°C for 2 h. After exposure accurately weigh 10 mg of PRG and 1 mg of MCA transferred in 100 mL
volumetric flask and make up the volume up to the mark, to get final concentration 15 µg/mL of PRG and
0.15 µg/mL of MCA. Finally absorbance of sample was compared with standard absorbance and percent
degradation was calculated.
RESULT AND DISCUSSION
A stability indicating UV spectrophotometric absorption ratio method was developed and validated for
simultaneous estimation of pregabalin and mecobalamin in pharmaceutical capsule dosage form. The
132 | P a g e

School of Pharmacy, SRTM University, Nanded

proposed method is simple, precise, accurate and economic developed and validated according to ICH
guidelines. The given method solvent was used 0.1 N HCl.
The spectra of PRG and MCA show an absorbance peak at 210 nm and 351 nm of PRG and MCA
respectively. The overlain spectra show iso-absorptive point at 227 nm. The wavelength (λmax) for
detection of pregabalin and mecobalamin were selected as 227nm (isobestic point) and 351 nm respectively.
The overlain spectrum is shown in Fig. 3.
Pregabalin
210 nm

Isobestic point
227 nm

Mecobalamin
351 nm

Fig. 3: Overlain spectra of PRG and MCA in 0.1N HCl
The linear range between 15-90 µg/mL for PRG and 0.15-0.9 µg/mL for MCA was observed. Standard
calibration curve was plotted between absorbance against concentration of drug shown in Fig. 4 and Fig. 5
for PRG and MCA respectively and the regression equation were calculated. The optical characteristics and
other parameter are shown in Table 1.

Fig. 4: Calibration curve of PRG

Sr. No.

Fig. 5: Calibration curve of MCA
Table 1: Optical characteristics and other parameters
Parameters
PRG

MCA
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1

Wavelength range (nm)

227 nm

351 nm

2

Linearity range (µg/mL)

15-90 µg/mL

0.15-0.9 µg/mL

3

Regression coefficient (r2)

0.9996

0.9997

4

Slope (m)

0.0033

1.3491

5

Regression equation (y = mx + c)

Y = 0.0033x-0.0031

Y= 1.3491x-0.0028

6

LOD

1.845

0.01662

7

LOQ

6.151

0.05036

The linear relationship was observed between the absorbance and concentration over the range of 15-90
µg/mL and 0.15-0.9 µg/mL for PRG and MCA respectively obeys Beer-Lambert’s law with correlation
coefficient (r2) value 0.999 and 0.999 for PRG and MCA respectively. The standard curve was observed for
PRG in Fig. 4 and MCA in Fig. 5 respectively. Observations for linearity are tabulated in Table 2.
Table 2: Standard linearity data for PRG and MCA
Sr.
PRG
MCA
No.
Conc. (µg/mL) Abs. at 227 nm Conc. (µg/mL)
Abs. at 351 nm
1

15

0.048

0.15

0.208

2

30

0.095

0.3

0.399

3

45

0.142

0.45

0.609

4

60

0.192

0.6

0.801

5

75

0.241

0.75

1.001

6

90

0.294

0.9

1.220

The accuracy study performs at different addition levels like 80 %, 100 % and 120 %. The mean percentage
recovery for PRG was found to be 99.92 %, 102.93 %, 102.70 % and MCA was found to be 99.87 %,
100.33 %, 101.77 % respectively, which are well within the limit and hence the method was found to be
accurate. Results for recovery study are shown in Table 3.
Table 3: Result for recovery study
Drug
Levels of Amount Amount Amount
%
S.D.
C.V.
%
present
added
recovered* Recovery*
recovery (mg)
(mg)
(mg)

PRG

80 %

75

60

59.95

99.92

1.4747

1.4759

100 %

75

75

77.2

102.93

0.7490

0.7276

120 %

75

90

92.44

102.70

0.4356

0.4242

80 %

0.75

0.6

0.5992

99.87

0.1682

0.1684
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100 %

0.75

0.75

0.7526

100.33

1.3567

1.3522

120 %

0.75

0.9

0.9133

101.77

1.7267

1.6966

MCA

*Average of three determination.
In precision study the % RSD was found to be less than 2, indicate that the given method was precise. The
results of precision are shown in Table 4.
Table 4: Result of precision analysis
Parameters Concentration
% Estimation*
S.D.
C.V.
(µg/mL)
PRG
MCA
PRG
MCA
PRG
MCA
PRG
MCA
Repeatability 15

0.15

99.25

100.30

0.6963 0.8607

0.7015

0.8781

Interday

15

0.15

102.36

101.46

0.5106 0.8162

0.4989

0.8045

Intraday

15

0.15

102.24

101.86

0.8249 1.5850

0.8069

1.5560

*Average of three determination.
The LOD was 1.845 µg/mL and 0.0166 µg/mL was established for PRG and MCA respectively. The LOQ
value was 6.151 µg/mL and 0.0503 µg/mL for PRG and MCA respectively. Results are shown in Table 1.
The % assay was found to be 99.65 ± 0.81 % for PRG and 99.43 ± 0.66 % for MCA in bulk dosage form.
The result of % assay is shown in Table 5.
Table 5: Result for analysis of marketed formulation
Sr. Drug
Concentration Amount
% Label S.D.
C.V.
No.
(µg/mL)
found*
claim*
1
PRG
15 µg/mL
74.73
99.65
1.0959
1.1019
2

MCA

0.15 µg/mL

0.7457

99.43

0.6638

0.6676

*Average of three determination
The drugs are subjected to various condition like acid hydrolysis, base hydrolysis, neutral hydrolysis,
oxidative degradation, photolytic degradation, and thermal degradation. The absorbance for PRG and MCA,
after being subjecting to different degradation conditions was compared with the standard. In acid condition
the percent degradation was found to be 3 % and 4.29 % for PRG and MCA respectively. In base condition
the percent degradation was found to be 3.44 % and 6.8 % for PRG and MCA respectively. In neutral
condition the percent degradation was found to be 0.77 % and 0.49 % for PRG and MCA respectively. In
oxidative condition the percent degradation was found to be 9.34 % and 7.77 % for PRG and MCA
respectively. In photolytic condition the percent degradation was found to be 10 % and 19.91 % for PRG
and MCA respectively. In thermal condition the percent degradation was found to be 16.55 % and 22.18 %
for PRG and MCA respectively.
Results of forced degradation data of PRG and MCA are mentioned in Table 6.
Table 6: Result of Forced Degradation study
Sr.
Condition
% Degradation
% Assay
No.
PRG
MCA
PRG
MCA
1

Acid condition

3

4.29

97.00

95.71

2

Base condition

3.44

6.8

96.56

93.20
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3

Neutral condition

0.77

0.49

99.23

99.51

4

Photolytic condition

10

19.91

90.00

80.09

5

Oxidative condition

9.34

7.77

90.66

92.23

6

Thermal condition

16.55

22.18

83.45

77.18

CONCLUSION
The validated stability indicating spectroscopic methods were found to be simple, accurate, precise, rapid,
and selective for the simultaneous estimation of PRG and MCA in combined capsule dosage form. The
degradation behavior of PRG and MCA was determined by subjecting them in various stress conditions and
no attempt was made to identify the degradation product.
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DEVELOPMENT AND VALIDATION OF STABILITY INDICATING RP-HPLC METHOD FOR
SIMULTENEOUS ESTIMATION PRAZIQUANTEL AND ALBENDAZOLE IN BULK AND
TABLET DOSAGE FORM
Abstract
The Reverse Phase High Performance liquid chromatography with stability indicating assay method for
simultaneous estimation of praziquantel and albendazole were developed and validated in bulk and tablet
dosage form. The chromatographic separation was done on the Agilent technology C 18 column (250 mm x
4.6 mm; 5 μg in size) used as stationary phase. Quantification was performed on mobile phase Acetonitrile:
Methanol: Water in the ratio of 30:30:40 V/V/V. The flow rate was 1.2 ml/min and measurable wavelength
at 225 nm. The retention time was reported as average in three ratios was found to be 1.893 min for
praziquantel and 6.873 min for albendazole respectively. The injection volume was 20 μl. The linearity
range was 2-12 μg/ml for praziquantel and 4-24 μg/ml for albendazole and the correlation coefficient (r 2)
0.999 and 0.999 respectively. The method was validated with simple, accurate, precise, specific, selectivity
in considered ranges. The force degradation were studied by this parameter acid, base, neutral, oxidative,
photolytic and thermal condition percent degradation was calculated. The developed method was calculated
estimations or all parameter in acceptable ranges.
Keyword: RP-HPLC, Force degradation study, Praziquantel and Albendazole.
INTRODUCTION
The albendazole chemical name methyl N-[6-(propylsulfanyl)-1,3-benzodiazole-2-yl], chemical structure
show in figure 1, molecular formula C12H15N3O2 and molecular weight is 265.31 g/mol. ALB shows
mechanism as degenerative alteration in intestinal cell worms binding to colchicines sensitivity site of
tubulin, thus the inhibiting polymerization in microtubule. It degenerative change in endoplasmic reticulum
and decreased production of adenosine triphosphate (ATP). [1]
The praziquantel chemical name is 2-(cyclohexanecarbonyl)-3,6,7,11-b tetrahydro-1H-pyrazino[2,1-a]
isoquanolin-4-one, chemical structure show in figure 2, molecular formula C 19H24N2O2, molecular weight
312.413 g/mol. PRZ mechanism shows the severe spasm and paralysis of worm muscles. The paralysis is
accompanied and caused by rapid Ca2+ influx inside the schistosome. Its morphologically alteration
increased exposure schistosome antigens at the parasite surface. [2]
The PRZ and ALB combination drug therapy is use as broad spectrum anhelmethic category drugs which
use for as commonly in veterinary medicine. The PRZ and ALB characterized as both was soluble in
alcoholic solvent. The both drugs are soluble in methanol and ALB practically insoluble in water but PRZ
freely soluble in water. So we select as solvent methanol for method development. Physically appearance of
ALB is white amorphous powder in nature and PRZ in white fine powder in nature of bitter in taste
respectively. [3]
From the literature survey was found that various analytical methods like UV-Spectroscopy, [4-7] stability
indicating UV-Spectroscopy[8-10], HPLC[11-13], stability indicating RP-HPLC[14-16] and HPTLC[17] method
for simultaneous estimation of praziquantel and albendazole in single, synthetic mixture and combination
with other drugs reported. According to literature survey was not reported stability indication RP-HPLC
method for simultaneous estimation of praziquantel and albendazole in bulk and tablet dosage form by using
the Acetonitrile: Methanol: Water (30:30:40) V/V/V mobile phase. The present work was represented the
stability indicating RP-HPLC method for simultaneous estimation praziquantel and albendazole in tablet
dosage form.
MATERIAL AND METHOD:
Chemicals and Reagents:
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Praziquantel and albendazole pure drug were collected from Cipla Pvt. Ltd. Mumbai as gift sample.
Acetonitrile (HPLC grade), Methanol (HPLC grade), HCl, NaOH, Hydrogen peroxide, DMSO, Acetone
(HPLC grade) and HPLC grade water was purchased in local market.
Instrumentation:
Assembly of RP-HPLC system was model Agilent Technology 1260 infinity II series, Agilent 5-HC- C 18
column (250 mm x 4.6 mm; 5 μg), DAD detector, equipped with a solvent delivery pump, sample injector
and column thermostats was used. Open lab solution software was used to data collection and processing.
Electronic weighing balance (Anamed) model AA-2200, Ultrasonicator (HMG India) was used.
Chromatographic condition:
Mobile phase

: Acetonitrile: Methanol: Water (30:30:40) V/V/V

Column

: Agilent 5-HC-C18 column (250mm x 4.6 mm, 5 μm)

Detector wavelength : 225 nm
Injection volume

: 20 μl

Flow rate

: 1.2 ml/min

Run time

: 10 min

Preparation of standard stock solution:
The PRZ and ALB were accurately weight 10 mg of pure drugs separately in 100 ml of volumetric flask.
The drug was dissolved in methanol and this solution was sonicated for 20 min. the volume was made up to
mark with methanol to get final concentration 100 μg/ml of RRZ and ALB for each.
Determination of absorption maximum:
From the above standard stock solution was taken 1 ml standard stock in 10 ml volumetric flask and
separately the volume was made upto the mark get concentration 10 µg/ml of PRZ and ALB separately.
Both drugs solution were scanned in uv-visible range 200 nm - 400 nm against methanol as blank. The
overlain spectrum was show iso-absorptive at 266 nm and 225 nm as reference [4] this wavelength was
selected for further method. The overlain spectra show in figure 3.
Preparation of standard solution:
The pure drugs was weighed accurately 10 mg of PRZ and 10 mg of ALB separately transferred in 100 ml
of volumetric flask and dissolved in methanol and sonicated for 20 min and make up the volume up to mark
used methanol. The prepared are standard mixture stock was 100 μg/ml of PRZ and ALB separately. From
the prepared stock solution was used for made further concentration 10 μg/ml of PRZ and 60 μg/ml of ALB
and the sample were run in HPLC. The standard mixed chromatogram shows in figure 4.
System suitability test:
The system suitability parameter was performed by injecting the standard mixed sample and determined.
The parameter and their results show in table no. 1.
Preparation of calibration curve:
The standard stock solution was used for preparation of linear concentration of PRZ and ALB respectively.
From the stock solution Pipetted out the sample and make was serial dilution in methanol 2-12 μg/ml for
PRZ and 4-24 μg/ml for ALB. Each dilution of both drugs was injected in HPLC system and peak area was
determined. The standard calibration curve was plotted by peak area verses concentration and calculated the
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regression equation. The correlation coefficient (r2) was found to be 0.999 and 0.999 for PRZ (figure 5) and
ALB (figure 6) respectively.
Validation of method:
Method was validated as per ICH guideline [18].
Linearity:
The linearity range was measured at 6 different concentrations of PRZ and ALB. The linearity ranges of
PRZ and ALB of concentration range comes 2-12 μg/ml and 4-24 µg/ml respectively. Each dilution of both
drugs was injected into HPLC system and peak area was determined. The calibration curve was plotted by
peak area verses concentration of drugs shows in figure 5 and figure 6 for PRZ and ALB and regression
equation was calculated. The results show in table 2.
Accuracy:
Accuracy expresses the closeness of agreement between the value which is accepted either as a conventional
true value or an accepted reference value found as acceptable ranges. In mean recovery study were
performed three different concentration ranges as 80%, 100% and 120% was maintained by standard known
sample. The percent recovery for PRZ and ALB was calculated. The results show in table 3.
Precision:
Precision express that the standard deviation or relative standard deviation (coefficient of variation). The
precision are determined was three different parameter such as repeatability, intraday precision and Interday
precision was performed in specified time. The results are shows in table 4.
Limit of detection (LOD) and Limit of quantitation (LOQ):
LOD express as lowest amount of analyte in sample the can be estimated but not quantified, LOQ express as
the lowest concentration of analyte in sample that can be quantitatively determined by precision and
accuracy.
LOD and LOQ calculated by following formula.
LOD = 3.3σ/S
LOQ = 10σ/S
Where, σ = the standard deviation of the response
S = slope of calibration curve
The results show in table 5.
Robustness:
The robustness is assaying test solution after slight but deliberate change in analytical conditions. The study
was performed by changing the flow rate, temperature and wavelength. The results show in table 6.
Analysis of tablet formulation:
A weighed 20 tablet was separately and the average weight of tablet was calculated. The equivalent weight
of tablet powder was containing 10 mg of PRZ and 60 mg of ALB were transferred it into 100 ml of
volumetric flask and dissolved in methanol with 20 min of sonicated and the volume was make up to mark.
Filtered the sample through Whatman filer paper no. 41 and it was further diluted to get concentration
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10μg/ml of PRZ and 60μg/ml of ALB respectively. The sample was injected in HPLC system and peak area
was measured. A chromatogram of PRZ and ALB tablet shows in figure 7.
The content of PRZ and ALB was calculated by using following formula.
A……. (i)
….….. (ii)
Where,
At = Area count for sample solution
As = Area count for standard solution
Ds = Dilution factor for standard
Dt = Dilution factor for sample
Ws = Weight of standard (mg)
Wt = Weight of sample (mg)
A = Average weight of mixture
The results of tablet formulation in table 7.
Force degradation studies [19-21]:
Acid hydrolysis:
Weighed accurately 10 mg of PRZ and 60 mg of ALB were transferred in 100 ml of volumetric flask and
dissolved in 10 ml of solvent. Then 10 ml of diluted 0.1 N HCl was added and refluxed for 3 hrs at 60º C,
the solution was cooled and neutralized with 0.1 N NaOH. Volume was made up to the mark with solvent
and sonicated. Make further concentration 10 μg/ml of PRZ and 60 μg/ml of ALB using solvent. The sample
was injected into HPLC system measured the peak area and calculated the percent degradation. The
chromatogram shows in figure 8.
Alkaline hydrolysis:
Weighed accurately 10 mg of PRZ and 60 mg of ALB were transferred in 100 ml of volumetric flask and
dissolved in 10 ml of solvent. Then 10 ml of diluted 0.1 N NaOH was added and refluxed for 3 hrs at 60ºC,
the solution was cooled and neutralized with 0.1 N HCl mixed well and made up the volume up to mark
with solvent and sonicated. Make further concentration 10 μg/ml of PRZ and 60 μg/ml of ALB using solvent
and the sample was injected in HPLC system and measured peak area and calculated the percent
degradation. The chromatogram show in figure 9.
Neutral hydrolysis:
Weighed accurately 10 mg of PRZ and 60 mg of ALB were transferred in 100 ml of volumetric flask and
dissolved in 10 ml of methanol. Then 10 ml of water was added and refluxed for 3 hrs at 60ºC the solution
was cooled and made up the volume upto mark with solvent and sonicated. Make further concentration 10
μg/ml of PRZ and 60 μg/ml of ALB using solvent. The sample was injected in HPLC system and measured
the peak area of sample and calculated the percent degradation. The chromatogram show in figure 10.
Photolytic hydrolysis:
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The pure drugs was exposed under UV light 12 hrs after exposed the weighed accurately 10 mg of PRZ and
60 mg of ALB were transferred in 100 ml of volumetric flask and dissolved and small amount of solvent and
sonicated for 20 min and the volume was made upto mark with solvent. It was diluted to get concentration
10 μg/ml of PRZ and 60 μg/ml of ALB using solvent and the sample was injected in HPLC system
measured the peak area and calculated the percent degradation. The chromatogram was show in figure 11.
Oxidative hydrolysis:
Weighed accurately 10 mg of PRZ and 60 mg of ALB were transferred in 100 ml of volumetric flask and
dissolved in 10 ml of methanol. Then 10 ml 3% of hydrogen peroxide was added and refluxed for 30 min
the sample was cooled and the volume was made upto mark with solvent. It was further diluted to get
concentration 10 μg/ml of PRZ and 60 μg/ml of ALB using solvent and the sample was injected in HPLC
measured the peak area and calculated percent degradation. The chromatogram shows in figure 12.
Thermal hydrolysis:
The pure drugs was exposed in dry heat for 12 hrs after exposed weighed accurately 10 mg of PRZ and 60
mg of ALB were transferred 100 ml of volumetric flask dissolved and small amount solvent and sonicated
for 20 min and the volume was made upto mark with solvent. It further diluted to get concentration 10 μg/ml
of PRZ and 60 μg/ml of ALB using solvent and the sample was injected in HPLC and measured peak area.
Calculate the percent degradation and chromatogram shows in figure 13.
RESULTS AND DISCUSSION:
The present work was stability indicating RP-HPLC method for simultaneous estimation of praziquantel and
albendazole in bulk and tablet dosage form was developed and validated. The performed method was
simple, precise, accurate and economic developed and validated as per ICH guideline. The method was
developed on the mobile phase acetonitrile: methanol: water (30:30:40) v/v/v. The retention time was found
to be 1.893 min for PRZ and 6.873 min for ALB respectively and run time was 10 min in flow rate 1.2
ml/min. The system suitability parameter was determined and value in acceptable in ranges. The linearity
range was found to be 2-12 μg/ml for PRZ and 4-24 μg/ml for ALB and calibration curve was draw peak
area verses concentration. The correlation coefficient (r2) value 0.999 for PRZ and 0.999 for ALB
respectively. The accuracy study was performed in three different level 80%, 100% and 120%. The mean
percent recovery of PRZ and ALB was found to be 99.73%, 99.71% and 99.76% and 99.67%, 99.67% and
99.62% respectively, they are found in limit the method was found to be accurate. The precision study mean
% RSD was found to be less than 2, indicated that the method was precise. The LOD was found to be 0.1486
μg/ml and 0.7051 μg/ml for PRZ and ALB respectively. The LOQ was found to be 0.4505 μg/ml and 2.1369
μg/ml for PRZ and ALB respectively. The percent assay was found to be 99.68 % for PRZ and 99.73 % for
ALB respectively. The percent degradation was performed in acid, base , neutral, oxidative, photolytic and
thermal conditions was found to be 10.91%, 22.88%, 9.31%,5.89%, 3.29%, and 2.31% for PRZ and 3%,
9.31%, 8.52%, 3.69%, 2.32% and 6.59% for ALB respectively.
Conclusion:
The validated stability indicating RP-HPLC method was simple, accurate, precise, specified and selective
for simultaneous estimation of praziquantel and albendazole in bulk and tablet dosage form. The force
degradation study of praziquantel and albendazole was tested on different conditions and determined the
degradation of product.
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Figure 2: Structure of Albendazole
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Praziquantel

Iso-absorptive point

Albendazole

Figure 3: Overlain spectra of PRZ and ALB

Figure 4: Typical chromatogram of PRZ and ALB standard

Figure 5: Standard curve of PRZ
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Figure 6: Standard curve of ALB

Figure 7: Typical chromatogram of PRZ and ALB in tablet

Figure 8: Chromatogram of PRZ and ALB in acid condition

Figure 9: Chromatogram of PRZ and ALB in base condition
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Figure 10: Chromatogram of PRZ and ALB in neutral condition

Figure 11: Chromatogram of PRZ and ALB in oxidative condition

Figure 12: Chromatogram of PRZ and ALB in photolytic condition

Figure 13: Chromatogram of PRZ and ALB in thermal condition
Table 1: Results of system suitability test
Parameter

PRZ

ALB

Linearity range (μg/ml)

2-12μg/ml

4-24μg/ml

Retention Time (min) ±%CV

1.896 ± 0.2174

6.872 ± 0.052
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Peak area ± % CV

157145 ± 0.00063

1473722 ± 0.0063

Asymmetry ± % CV

1.324 ± 0.3773

1.018 ± 0.2598

Tailing Factor (T) ± % CV

1.224 ± 0.3743

0.992 ± 0.4834

Theoretical Plate ± % CV

3384.03 ± 0.3559

3474.02 ± 0.1519

Resolution

4.982 ± 0.0815

Table 2: Observations for Calibration Curve
Sr. No.

PRZ

ALB

Conc. (µg/ml)

Peak area

Conc. (µg/ml)

Peak area

1

2

154146

4

1473721

2

4

306395

8

2747446

3

6

459438

12

4321169

4

8

609536

16

5694884

5

10

769320

20

7168605

Table 3: Results of Accuracy
Drug

PRZ

ALB

Level of
%
recovery

Amount
present

Amount
Amount
%
added recovered* Recovery*

80 %

10

8

7.97

100 %

10

10

120 %

10

80 %

S.D.

C.V.

99.73

01464

0.1467

9.96

99.71

0.0851

0.0853

12

11.95

99.76

0.1301

0.1304

60

48

47.85

99.66

0.0784

0.0757

100 %

60

60

59.75

99.67

0.1757

0.1764

120 %

60

72

71.61

99.62

0.1403

0.1408

*Average of three determination
Table 4: Analysis of Precision
Parameters

Conc. (µg/ml)

% Recovery*

S.D.

PRZ

ALB

PRZ

ALB

PRZ

ALB

Repeatability

2

12

99.61

99.85

0.3411

0.16

Intraday

2

12

99.78

99.53

0.1334

0.1185

Interday

2

12

99.77

99.60

0.1264

0.1367
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*Average of three determination
Table 5: Results of LOD and LOQ
Drug

LOD (µg/ml)

LOQ (µg/ml)

Praziquantel

0.1486

0.7051

Albendazole

0.4505

2.1369

Table 6: Results of Robustness studies
Sr. No

Parameter

1

Flow rate

2

Wavelength

Condition

Retention Time (min)
PRZ

ALB

1.2 min/ml

1.939

6.873

1.0 min/ml

1.901

5.899

225 nm

1.939

6.873

223 nm

1.982

6.851

Table 7: Analysis of tablet formulation
Drug

Label claim
equivalent wt (mg)

Amount found
(mg)*

Assay (%)*

Praziquantel

10

9.96

99.68

Albendazole

60

59.75

99.73

*Average of three determination
Table 8: Results of Force Degradation
Sr.
No.

Condition

1

% Degradation

% Assay

PRG

MCA

PRG

MCA

Acid hydrolysis

3.5

4.22

96.50

95.78

2

Base hydrolysis

4.0

7.2

96.00

92.80

3

Neutral hydrolysis

0.99

1.5

99.10

98.50

4

Oxidative degradation

9.9

15.89

90.10

84.11

5

Photolytic degradation

8.85

9.22

91.15

90.78

6

Thermal degradation

13.34

23.75

86.66

76.25
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DEVELOPMENT AND VALIDATION OF STABILITY INDICATING UV SPECTROSCOPIC QABSORBANCE RATIO METHOD FOR SIMULTANEOUS ESTIMATION OF PRAZIQUANTEL
AND ALBENDAZOLE IN BULK AND TABLET DOSAGE FORM
Abstract
A simple, rapid, accurate, precise and stability indicating assay method by UV-Spectroscopy (Q- absorbance
ratio) method was developed and validated for simultaneous estimation of praziquantel and albendazole
tablet formulation. The praziquantel and albendazole were soluble in methanol that shows the maximum
absorbance at 225 nm and 294 nm respectively. The overlay spectra were obtained at 266 nm as isoabsorptive point. The Beer-Lambert’s law obtained by concentration ranges at 2-12 μg/ml and 4-24 µg/ml
correlation coefficients 0.998 and 0.999 for praziquantel and albendazole respectively. The performed
method was validated as per ICH guidelines with given parameter as accuracy, precision, specificity,
linearity, roughness, LOD and LOQ the value in acceptable ranges. The force degradation study of
praziquantel and albendazole were studied by this parameter acid, base, neutral, oxidative, photolytic and
thermal condition percent degradation was calculated. The method statistical analysis of pure drugs and
formulation are in considerable ranges.
Keywords: - UV spectrophotometer, Albendazole, Praziquantel, Q-Absorbance Ratio, Force degradation
study.
INTRODUCTION
The praziquantel and albendazole tablet combination are use as broad spectrum helmethic category drugs
which use mostly in veterinary purposed. ALB chemical name methyl N-[6-(propylsulfanyl)-1,3benzodiazole-2-yl], chemical structure show in figure no. 1, molecular formula C12H15N3O2S and its
molecular weight is 265.331 g/mol. PRZ chemical name is 2-(cyclohexanecarbonyl)-3,6,7,11-b tetrahydro1H-pyrazino[2,1-a] isoquinolin-4-one, chemical structure show in figure no. 2, molecular formula
C19H24N2O2, molecular weight 312.413 g/mol.[1]
O
N
N
O

Figure No.1: Structure of Praziquantel
O
H3C

S

H
N

CH3
NH

O

N

Figure No. 2: Structure of Albendazole
The ALB and PRZ both drugs are soluble in methanol or alcoholic solvent, ALB practically insoluble in
water but praziquantel are freely soluble in water. PRZ drugs are white amorphous powder in nature and
PRZ in white fine powder nature or bitter in taste. [2]
PRZ works on severe spasms and paralysis of the worms muscles. The paralysis is accompanied and caused
by rapid Ca2+ influx inside the schistosome. Its morphological alteration increased exposure schistosome
antigens at the parasite surface.
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ALB causes degenerative alteration in the intestinal cell worms binding to colchicines-sensitivity site of
tubulin, thus the inhibiting polymerization in microtubule. It degenerate changes in endoplasmic reticulum
and decreased production of adenosine triphosphate (ATP). [3]
From the literature survey it was found that various analytical methods like UV-Spectrophotometry [4-6],
stability indicating UV spectroscopy [7-11] (simultaneous equation) in other drugs combination and single and
also HPLC [9] and stability indicating RP-HPLC method [12-16] for simultaneous estimation of praziquantel
and albendazole in synthetic mixture[15] and combination with other drugs are reported. According to
literature survey stability indicating UV – spectroscopic Q- absorbance ratio method for simultaneous
estimation of praziquantel and albendazole is not reported. Yet, the present works was validated and develop
UV spectroscopy Q absorbance ratio method for simultaneous estimation of PRZ and ALB in bulk and
tablet dosage.
The developed method was confirmed by ICH guideline for the simultaneous estimation of praziquantel and
albendazole in bulk and tablet dosage form.
MATERIAL AND METHODS:
Chemicals and Reagents:
The praziquantel and albendazole reference standard drug were collected from Cipla Pvt. Ltd. Mumbai as
gift sample. Methanol AR grade, NaOH, HCl and Hydrogen peroxide was purchased in local market.
Instrumentation
A double beam UV- visible spectrophotometer (Shimadzu) model UV- 1800 PC was used for the
determination of wavelength for both drugs. The UV probe software was used for analysis in spectrum mode
was recorded in range between 200-400 nm against methanol as solvent in 1 cm quarts cells. Electronic
analytical balance (Anamed) model AA-2200, Ultrasonicator (HMG India) was used.
Preparation of standard stock solution
The PRZ and ALB were accurately weight 10 mg of pure drugs separately in 100 ml of volumetric flask.
The drug was dissolved in methanol and this solution was sonicated for 20 min. then made up the volume up
to mark with methanol to get final concentration 100 μg/ml of RRZ and ALB for each.
Determination of absorption maxima
From the above standard stock solution was taken 1 ml standard stock in 10 ml volumetric flask and
separately the volume was made upto the mark get concentration 10 µg/ml of PRZ and ALB separately.
Both drugs solution were scanned in uv-visible range 200 nm - 400 nm against methanol as blank.
Preparation of standard curve
From the above working standard solution was use for serial dilution. The preparation of standard curve also
known as linearity ranges between 2-12 µg/ml for praziquantel and 4-24 μg/ml for albendazole dilution was
prepared in methanol. The standard curve was plotted by concentration verses absorbance the value in
acceptable range in respective wavelength.
Q- Absorbance ratio method
The UV- spectroscopic (Q-absorbance ratio method) was developed at two selected wavelength one is the
iso-absorptive point and second is maximum absorbance of one of two drugs. The praziquantel and
albendazole were maximum absorbance at 294 nm and 266 nm as an iso-absorptive point. This wavelength
selected was used to develop method for the estimation of PRZ and ALB.
The estimation of mixture drugs was calculated by using following equation 1 and 2.
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Cx = Qm-Qy/Qx-Qy ×A/ ax1…………. (1)
Cy = Qm-Qx/Qy-Qx ×A/ ay1…………. (2)
Where,
Cx = Concentration of PRZ in gm/100 ml.
Cy = Concentration of ALB in gm/ml.
Qm = Absorbance of sample at 266 nm and 294 nm.
Qx = Ratio of absorptivity of PRZ at 266 nm and 294 nm.
Qy = Ratio of absorptivity of ALB at 266 nm and 294 nm.
A = Absorbance of mixture at iso- absorptive wavelength.
ax1 & ax2 = Absorptivity of PRZ and ALB at iso- absorptive point.
Method validation:
The developed method was validated by ICH guidelines. [17]
Linearity:
The linearity range was measured at 6 different concentrations of PRZ and ALB. The linearity ranges of
PRZ and ALB of concentration range comes 2-12 μg/ml and 4-24 µg/ml respectively. Calibration curve was
plotted by concentration verses absorbance of sample and linearity asses the slope, intercept and regression
coefficient for both drugs.
Accuracy:
Accuracy expresses the closeness of agreement between the value which is accepted either as a conventional
true value or an accepted reference value found as acceptable ranges. In recovery study were performed
three different concentration ranges as 80%, 100% and 120% was maintained by standard known sample.
The percent recovery for PRZ and ALB was calculated.
Precision:
Precision is usually expressed as the standard deviation or relative standard deviation (coefficient of
variation). Precision are determine three replicate of each sample. In repeatability study the same
concentration sample are scan repeated. In intermediate precision the sample was performed by time
interval. Mainly interday precision and intraday precision was performed.
Limit of detection (LOD) and Limit of quantification (LOQ):
LOD is the lowest amount of analyte in a sample that can be estimated but not necessarily quantified LOQ is
the lowest concentration of analyte in the sample that can be quantitatively determined with precision and
accuracy.
OLD and LOQ calculated was following formula
LOD = 3.3σ/slope,
LOQ = 10σ/slope.
Where,

σ = The standard deviation of the response
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S = Slope of calibration curve.
Analysis of Tablet:
Taken 20 tablets were weighed and average weight of tablet was calculated. The equivalent weight of tablet
powder containing 10 mg of PRZ and 60 mg of ALB was transferred in 100 ml volumetric flask and
dissolved in methanol with 20 min sonicated and the volume was made up to mark with methanol. The
sample was filtered by Whatman filter paper no. 41 and it was further diluted to get concentration 2 μg/ml of
PRZ and 12 µg/ml of ALB with methanol.
Force degradation study: [18, 19]
Acid degradation:
Weighed accurately 10 mg of PRZ and 60 mg of ALB were transferred in 100 ml of volumetric flask and
dissolved in 10 ml solvent. Then 10 ml of diluted 0.1 N HCl was added and refluxed for 3 hrs at 60 º C, the
sample was cooled and neutralized with 0.1 N NaOH volume was made upto the mark with solvent and
sonicated. Make a further concentration 2 μg/ml of PRZ and 12 µg/ml of ALB to used solvent and measured
absorbance. The percent degradation was calculated and compared with standard.
Base degradation:
Weighed accurately 10 mg of PRZ and 60 mg of ALB were transferred in 100 ml of volumetric flask and
dissolved in 10 ml of solvent by sonication. Then 10 ml of 0.1 N NaOH was added and refluxed for 3 hrs at
60ºC the sample was cooled and neutralized with 0.1 N HCl volume made up to the mark with solvent and
sonicated. Made a concentration 2 μg/ml of PRZ and 12 µg/ml of ALB by using solvent and measured
absorbance at selected wavelength. The percent degradation was calculated and compared with standard.
Neutral degradation:
Weighed accurately 10 mg of PRZ and 60 mg of ALB were transferred in 100 ml of volumetric flask and
dissolved in 10 ml of solvent. Then 10 ml of water was added and refluxed for 3 hrs at 60 ºC and the sample
was cooled and made up the volume upto mark with solvent and sonicated. Make further concentration 2
μg/ml of PRZ and 12 µg/ml of ALB by using solvent and measured absorbance at selected wavelength. The
percent degradation was calculated and compared with standard.
Photolytic degradation:
Pure drug was exposed under UV light for 12 hrs, after exposed the drug accurately weighed 10 mg of PRZ
and 60 mg of ALB were transferred in 100 ml of volumetric flask and added small amount of solvent and
sonicated for 20 min and the volume was made up to it was diluted to get concentration of 2 μg/ml of PRZ
and 12 μg/ml of ALB by using solvent and measured absorbance. Calculated was percent degradation and
compared with standard.
Oxidative degradation:
Weight accurately 10 mg of PRZ and 60 mg of ALB were transferred in 100 ml of volumetric flask and
dissolved in 10 ml of solvent by sonicate for 20 min. Then 10 ml of 3% hydrogen peroxide was added and
refluxed at 60ºC for 30 min the sample was cooled and the volume was made up to mark with solvent it was
further diluted to get final concentration 2 μg/ml of PRZ and 12 μg/ml of ALB and measured absorbance at
selected wavelength. Finally percent degradation was calculated and compared with standard.
Thermal degradation:
The pure drugs was exposed dry heat for 12 hrs after exposure of drugs weight accurately 10 mg of PRZ and
60 mg of ALB were transferred in 100 ml of volumetric flask dissolved in solvent and sonicated for 20 min
and the volume was made up to mark with solvent. It was further diluted to get final concentration of sample
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2 μg/ml of PRZ and 12 μg/ml of ALB and measured absorbance. The percent degradation was calculated
and compared with standard.
RESULTS AND DISCUSSION:
The aim of present work was develop and validate stability indicating UV- spectroscopy (Q-absorbance ratio
method) for simultaneous estimation of PRZ and ALB in bulk and tablet formulation. The performed
method was simple, precise, accurate and economic developed and validated by ICH guidelines and in given
method was methanol was used as solvent.
The PRZ and ALB were shown in maximum absorbance at 225 nm and 294 nm respectively. The overlain
spectra show iso-absorptive point at 266 nm. For the method selected wavelength for detection of PRZ and
ALB as 266 nm as iso-absorptive point and 294 nm as respectively. The overlain spectrum is shown in
figure 3.
Praziquantel at 225 nm

Iso-absorptive at 266 nm
Albendazole at 294 nm

Figure No. 3: Overlain spectra of PRZ and ALB
The calibration curve was plotted on linearity ranges 2-12 μg/ml for PRZ and 4-24 μg/ml for ALB. The
graph plotted by concentration verses absorbance it’s shown in figures no 4 and 5 for PRZ and ALB
respectively and regression equation was calculated. The optical parameters are shown in table no. 1.

Figure No. 4: Standard calibration curve of PRZ
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Figure No. 5: Standard calibration curve of ALB
Table No. 1: Optical characters and other parameters
Sr.
No.

Parameters

PRZ

ALB

1

Wavelength Range (nm)

266

294

2

Linearity ranges (μg/ml)

2-12

4-24

3

Regression coefficient (r2)

0.998

0.999

4

Slope (m)

0.0017

0.0456

5

Regression equation (y= mx+c)

Y= 0.0017x+0.0014

Y=0.0456x+0.0813

6

LOD

0.52033

0.7886

7

LOQ

1.5767

2.3898

The beer-lamberts law obeys linearity ranges 2-12 μg/ml and 4-24 μg/ml for PRZ and ALB respectively.
The coefficient of correlation was found (r2) value was 0.998 for PRZ and 0.999 for ALB.
The accuracy study was performed in three different concentration ranges i.e., 80%, 100% and 120%. The
mean percent recovery was calculated for PRZ was found to be 100.8%, 96.66% and 98.14% and the mean
percent recovery for ALB was found to be 99.61%, 101.33% and 100.81% respectively. The value was
found within limit the method is accurate considered. The results are shows in given table no. 2. The
precision study % RSD was found to be less than 2 and results are shows in table no. 3. The LOD was
0.7886 μg/ml and LOQ was 2.3898 μg/ml for established ALB and the LOD was 0.5203 μg/ml and LOQ
was 1.5767 μg/ml for PRZ respectively. The results are show in table no. 1.
Table No. 2: Results for recovery study
Drug

PRZ

Level of % Amt.
present
recovery
(mg)

Amt.

Amt.
recovered
(mg)*

%
recovery*

S. D

C.V

80%

10

8

8.08

100.8

1.7785

1.7708

100%

10

10

9.70

96.66

1.9002

1.9320

120%

10

12

11.48

98.14

1.3272

1.3323

added
(mg)
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ALB

80%

60

48

47.81

99.61

0.6258

0.6254

100%

60

60

59.97

101.33

0.5830

0.5786

120%

60

72

72.26

100.81

0.4370

0.4342

*Average of three determination.
Table No. 3: Results of precision study
Parameter

Conc. (μg/ml)

% Estimation*

S. D.

C. V.

PRZ

ALB

PRZ

ALB

PRZ

Repeatability

2

12

99.20

100.48 1.8671 0.4611 1.8821 0.4588

Interday

2

12

99.3

99.95

0.6630 0.3055 0.6672 0.3056

Intraday

2

12

100.09

99.90

1.0469 1.459

ALB

PRZ

ALB

0.3424 0.3427

*Average of three determination.
The Analysis of tablet formulation results are reported in table no.4.
Table No. 4: Result for Analysis of tablet
Sr.
No.

Drug

% label S. D.
claim*

C. V.

(μg/ml)

Amt.
found
(g/100ml)*

1

PRZ

2

0.0001941

99.20

1.8671

0.4821

2

ALB

12

0.001209

100.05

1.8821

0.4797

Conc.

*Average of three determination.
The degradation study of PRZ and ALB were studied at different condition such as acid, base, neutral,
photolytic, thermal and oxidative in condition the percent degradation was found as 9.98, 20.55, 9.32, 5.68,
4.01, 2.30 for PRZ and 2.99, 9.35, 7.56, 5.63, 2.35, 5.96 for ALB. The results are reported in table no. 5.
Table No. 5: Results of Force Degradation study
Sr. Parameter
No.

% Degradation

% Assay

PRZ

ALB

PRZ

ALB

1

Acid degradation

9.98

2.99

89.22

97.51

2

Base degradation

20.55

9.35

78.65

91.15

3

Neutral degradation

9.32

7.56

89.88

92.94

4

Photolytic degradation

4.01

2.35

95.19

98.15

5

Oxidative degradation

5.68

5.63

93.52

93.98

6

Thermal degradation

2.30

5.96

96.9

94.54

Conclusion:
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The validated stability indicating assay method by UV-Spectroscopic method was found to be simple,
accurate, precise, rapid and sensitive for the simultaneous estimation of PRZ and ALB in bulk and tablet
dosage form. The stress testing of PRZ and ALB was calculated by subjecting in various conditions and
determined the attempt degradation product.
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DEVELOPMENT AND VALIDATION OF STABILITY INDICATING RP-HPLC
METHOD FOR SIMULTANEOUS ESTIMATION OF DULOXETINE AND
METHYLCOBALAMIN IN BULK AND CAPSULE DOSAGE FORM
ABSTRACT
A stability indicating reverse phase high performance liquid chromatography method has been developed for
simultaneous estimation of duloxetine and methylcobalaminin bulk and capsule dosage form. The stability
indicating capability of the method was proven by subjecting the drugs to stress conditions such as acid,
base, thermal degradation, photolytic, oxidative and neutral resolution of the degradation products formed
therein. Chromatographic separation was performed on Phenomenex Luna C 18, 100A, column (250 mm x
4.6 mm, 5 µm), with mobile phaseacetonitrile: Phosphate Buffer having pH-3.4 (55:45 v/v) at the flow rate 1
ml/min. The detection was carried out at 330 nm. The UV-visible detector was used for analysis. The
retention times of duloxetine and methylcobalaminwere found to be 2.264 & 3.129 minutes respectively
with a run time of 6 minutes. Linearity of duloxetine and methylcobalaminwas found in the range of 0-14
µg/ml and 0-30 µg/ml respectively. The proposed method showed good accuracy and precision with % RSD
less than 2. LOD and LOQ values were 0.09µg/ml and 0.029µg/ml for Duloxetine and 0.1µg/ml and
0.3µg/ml for Methylcobalamin respectively.
Keywords: Duloxetine hydrochloride, Methylcobalamin, RP-HPLC, Stability indicating assay method,
Validation.
INTRODUCTION
Duloxetine (DUL) is (3S)-N-Methyl-3-naphthalen-1-yloxy-3-thiophen-2-ylpropan-1-amine). DUL is a
potent inhibitor of neuronal serotonin and norepinephrine reuptake and a less Potent inhibitor of dopamine
reuptake. DUL has no significant affinity for dopaminergic, adrenergic, cholinergic, histaminergic, opioid,
glutamate, and GAB receptors. The antidepressant and pain inhibitory actions of DUL are believed to be
related to its potentiation of serotonergic and noradrenergic activity in the CNS. The mechanism of action of
DUL in SUI has not been determined, but is thought to be associated with the potentiation of serotonin and
norepinephrine activity in the spinal cord, which increases urethral closure forces and there by reduces
involuntary urine loss [1].
Methylcobalamin
(MET)
MeCbl;Co(alpha)-[(alpha)-(5,6-Dimethyl
benzimidazolyl)]-Co(beta)methylcobamide. MET stimulates reticulocytes, thus playing important role in hematopoiesis in that together
with folic acid, it is involved in formation of deoxyribonucleotides from ribonucleotides. Vitamin B12 is
converted to Coenzyme B12 in tissues, and as such is essential for conversion of methylmalonate to
succinate and synthesis of methionine from homocysteine, a reaction which also requires folate .Vitamin
B12also may be involved in maintaining sulfhydryl (SH) groups in the reduced form required by many SHactivated enzyme systems. Through these reactions, vitamin B12 is associated with fat and carbohydrate
metabolism and protein synthesis DUL and MET combination in the market used for treatment of
antidepressant [1].
According to literature survey stability indicating RP-HPLC[2-3], UPLC[4-5], HPTLC[6], Ultra-Violet
Spectrophotometry[7-9] was performed. But not any stability indicating RP-HPLC method for simultaneous
estimation of Duloxetine & Methylcobalamin by using ACN: Phosphate buffer PH 3.4 (55:45 v/v). So here
an attempt has been made to develop simple, accurate, sensitive, rapid and economic method for stability
indicating simultaneous estimation of DUL and MET in combined dosage form by using RP-HPLC method.
The proposed method was validated according to ICH guidelines.
MATERIALS AND METHODS:
Materials:
Pure API of DUL and MET were obtained as gift sample from ZIM Laboratories Limited, Nagpur
Maharashtra, India. HPLC grade Doubled distilled water, Methanol (HPLC), Acetonitrile(HPLC), Dipotassium hydrogen orthophosphate, Potassium di-hydrogen orthophosphate, Sodium hydroxide,
Hydrochloric acid, Hydrogen Peroxide. Parches by Sd fine-Chemical’s ltd; Mumbai.
Instrument:
High performance liquid chromatography equipped with auto sampler. Temperature ambient column
Phenomenex Luna C18 (250mmx4.6mm;5m), HPLC with Empower 2 software with UV-visible detector,
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Ultra Sonicator (WENSAR WUC-2L), Thermal oven. Vacuum filtration kit, UVspectrophotometer (ELICO
SL-159) PH meter, PH analyser (ELICO), Electronic balance (SHIMADZU ATY-224)
Selection of mobile phase:
Different solvents were selected for developing chromatographic characteristics of drugs. The selection was
made after assessing the solubility of drug in different solvents and on the basis of parameters like both
drugs should show solubility in the solvent used and both drugs should obey linearity over an appropriate
range of analytical concentrations. After taking above factors into consideration, acetonitrile: Phosphate
Buffer having pH-3.4 (55:45 v/v) was selected as a solvent for preparation of stock solution.
Selection of λ max:
Each Standard drug solution was scanned between the range 200-400nm in 1 cm cell against blank. After
examining the overlay spectrum, two drugs have different λ max and both the drugs showed the absorbance
at each other’s λ max.DUL andMET showed absorbance maxima at 289nmand 356nm respectively in
methanol. The overlay spectrum showed λ max of both drugs and also isoabsorptive points at 330nm.
Preparation of phosphate buffer 3.4:
Weighed 6.8 grams of KH2PO4 was taken into a 1000ml beaker, dissolved and diluted to 1000ml with
HPLC water, adjusted the pH to 3.4 by ortho-phosphoric acid.
Preparation of mobile phase:
The mobile phase can be prepared by taking acetonitrile: Phosphate Buffer and maintained pH-3.4 with
diluted ortho-phosphoric acid (55:45). The resulted mobile phase was filtered through 0.45 m membrane
filter and degassed under ultrasonic bath. The final obtained mobile phase was pumped through the selected
column and maintained at a flow rate of 1.0 ml/min.
Preparation of stock solution of DUL and MET:
Weighed accurately 10mg of each standard DUL and MET were prepared in ratio of 1:1 transferred into
clean & dry 100 ml volumetric flask. Then 20 ml of mobile phase was added and sonicated for 20min. The
final volume was made up to the mark with mobile phase. The resultant solution was filtered through a 0.45
m membrane filter. The final solution contained about 100 μg/ml of DUL and MET respectively. From the
above resulting solution several working standard solutions were prepared by using serial dilutions.
Preparation of sample mixture of DUL and MET
1 ml of stock solution (100ppm) was pipetted out into 10 ml volumetric flask and volume was made up to
the mark with the mobile phase. The final solution was filtered through a 0.45 m efficient membrane filter
and degassed under ultrasonic bath. The resulted solution was injected into the HPLC system.
Optimization of Mobile Phase and Chromatographic Conditions
The various HPLC chromatographic conditions are used to fin the optimum chromatographic condition for
best elution of drugs in the mixture.
Mobile phase: Acetonitrile: Phosphate buffer pH 3.4 (55:45)
Wavelength: 330 nm
Flow rate: 1.0 ml/ min.
Injection Volume: 20µl
Run time: 6 min.
Column: Phenomenex Luna C18, 100A, 5m, 250mmx4.6mm i.d.
System Suitability:
System suitability was used to verify that the resolution and reproducibility of the system are adequate for
the analysis to be performed, mixed standard solution of DUL and MET was injected into HPLC system and
their system suitability parameters were recorded.
Validation of the method [10-13]:
Method was validated according to ICH guidelines for linearity, accuracy, precision, LOD, LOQ, robustness
and specificity.
Linearity and Range:
Linearity was studied by preparing standard solutions at different concentration levels. the linearity range for
DUL was found to be 0-14 µg/ml and for MET was found to be 0-30 µg/ml. Standard solutions of drugs
containing DUL and MET was prepared and observed calibration curve of DUL & MET concentration
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against peak area the observation for linearity showed in table 1 and regression values were shown in table
2.
Accuracy:
The accuracy of the proposed method was assessed by recovery studies at three different levels i.e. 80%,
100% and 120%. The recovery studies were carried out by adding a known amount of standard drug to preanalyzed sample. The resulting solutions were then reanalyzed by proposed method. Whole analysis
procedure was repeated to find out the recovery of the added drug sample. This recovery analysis was
repeated at three replicate of three concentrations levels. The results from study of accuracy are reported in
table 3.
Precision
The precision of the analytical developed method was studied by analysis of multiple sampling of
homogeneous (same) sample. The precision expressed as standard deviation (SD) or relative standard
deviation (% RSD). The precision of the method can be analyzed by the intermediate precision. It includes
the intra-day and inter-day variation.Results of precision are reported in table 4.
Repeatability
The precision of each method was achieved separately from the peak areas obtained by actual estimation of
5 injections of fixed homogenous sample concentrations of DUL & MET and % relative standard deviation
for the DUL and MET.Readabilitywas shown in table 5.
Robustness:
Influence of small changes in chromatographic conditions such as change in flow rate ( 0.1ml/min),
Temperature (20C), Wavelength of detection (2nm) & acetonitrile content in mobile phase (2%) studied
to determine the robustness of the method are also in favour of ( % RSD < 2%) the developed RP-HPLC
method for the analysis of MET and DUL, The Robustness shown in table 6.
Limit of Detection and Limit of Quantitation:
The limit of detection and limit of quantitation were calculated from the standard deviation and slope.
The detection limit expressed as,
3.3 σ
LOD
=
s
And, The Quantitation limit expressed as,
10 σ
LOQ = S
σ = standard deviation of standard
S = Slope of calibration curve
Analysis of capsule Dosage Form:
Twenty capsules (Dulane M 20 Dosage form contains DUL & MET 20 mg & 1.5 mg) were taken and the
I.P. method was followed to determine the average weight. Finally the weighed tablets are powdered and
triturated well by using mortar and pestle. A quantity of powder which is equivalent to the 100mg of drugs
were transferred to a clean and dry 100ml of volumetric flask and add 70 ml of mobile phase and the
resulted solution was sonicated for 20 minutes, then the final volume was make up to the mark with the
mobile phase. The final solution was filtered through a selected membrane filter (0.45 µm) and in order to
sonicated to degas the mobile phase (solvent system). From this above stock solution (1 ml) was transferred
to five different 10 ml volumetric flasks and volume was made up to 10 ml with same solvent system
(mobile phase). The prepared solutions were injected in five replicates into the HPLC system and the
observations were recorded. A duplicate injection (blank solution) of the standard solution also injected into
the HPLC system and the chromatograms and peak areas were recorded and calculated.Typical
chromatogram of DUL and MET in analysis of tablet is shown in table 7.
The content of DUL and MET was calculated by using following formula.
Amount of drug (mg) = At/As x Ds/Dt x Ws/Wt x A
……... (i)
% Estimation = At/As x Ws/Wt x Avg. wt (A)/Label claim x 100 ……… (ii)
Where,
At = Area count for sample solution
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As = Area count for standard solution
Ds = Dilution factor for standard
Dt = Dilution factor for sample
Ws = Weight of standard (mg)
Wt = Weight of sample (mg)
A = Average weight of mixture
Degradation studies:
Degradation studies were carried out as per ICH guidelines. The sample solutions were subjected to acidic,
basic, peroxide, water and light
Acid hydrolysis:
An accurately weighed 10 mg of both pure drugs was transferred to a clean & dry 100 ml volumetric flask.
To which 0.1N Hydrochloric acid was added & make up to the mark & kept for 24 hrs. From that 1 ml was
taken in to a 10 ml volumetric flask then add of 0.1 N NaOH to neutralization and volume make up to the
mark with mobile phase, then injected into the HPLC system against a blank.
Basic hydrolysis:
An accurately weighed 10 mg of both pure drugs was transferred to a clean & dry 100 ml volumetric flask.
To which 0.1N Sodium hydroxide was added & make up to the mark & kept for 24 hrs. from that 1 ml was
taken in to a 10 ml volumetric flask then add 0.1 N HCL to neutralize them and volume make up to the
mark with mobile phase, then injected into the HPLC system against a blank.
Thermal degradation:
Accurately weighed 15 mg of both pure drugs were transferred to a clean & dry Petridis. It was kept in
thermal oven at 50 0C then weight accurately 10 mg of drugs and add in to 100 ml of volumetric flask and
make up to the mark with the mobile phase. After that take 1ml into 10ml volumetric flask to make
conc.10µg/ml thenfinally injected into the HPLC system against a blank of mobile phase (after all optimized
chromatographic conditions).
Photolytic degradation:
Approximately 15 mg of both pure drugs was taken in a clean & dry Petridis. It was kept in a UV cabinet at
254 nm wavelength for 24 hours without interruption. Accurately weighed 10 mg of the UV exposed drug
was transferred to a clean & dry 100 ml volumetric flask and make up to the mark with the mobile phase
after that take 1ml into 10ml volumetric flask to make conc.10µg/ml by adding mobile phase up to the mark
then injected into the HPLC system against a blank of mobile phase.
Oxidation with (3%) H2O2:
Accurately weighed 10 mg of both pure drugs was taken in a clean & dry 100 ml. volumetric flask. 30 ml. of
3% H2O2 and a little methanol was added to it to make it soluble & then kept as such in dark for 24 hours.
Final volume was made up to the mark make final conc. 10µg/ml by adding mobile phase then sample was
injected into the HPLC system.
Neutral degradation:
Weight accurately 10 mg of both pure drugs were transferred in 100 ml of volumetric flask and dissolved in
10 ml of water was added and it kept at room temperature for 24 hrs. And makeup the volume upto mark by
mobile phase make final conc.10µg/mlthen inject into the system. The percent degradation was calculated
and compared with standard
Result and discussion
The solutions of DUL and MET working standards were injected into HPLC system and run in different
solvent systems as mobile phases. Several mobile phases in different proportions were tried and finally
acetonitrile: Phosphate Buffer having pH-3.4 (55:45 v/v) was selected as an appropriate mobile phase which
gave good resolution and acceptable peak parameters for both DUL and MET. Retention time of DUL and
MET were 2.264 and 3.129 min respectively. System suitability parameters were evaluated, which were
within acceptance criteria. From the standard stock solution further dilutions of DUL and MET were done
using mobile phase and scanned over the range of 200-400 nm and the spectra were overlain. It was
observed that at 330 nm and therefore it was selected as detection wavelength. The linear relationship was
observed between the peak area and concentration over the range of 0-14 µg/ml for DUL and 0-30 µg/ml for
MET with correlation coefficients (r2) values 0.9997 for AMT and 0.9992 for MET. The accuracy of the
method was confirmed by recovery studies at three different levels of addition (80%, 100% and 120%). The
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mean percentage recovery for DUL and MET was found to be 98.62%, 99.93%, 101.3% and 99.97%,
100.79%, 101.62% respectively, which are well within the limit and hence the method was found to be
accurate. Precision was carried out as repeatability and intermediate precision. It was determined at three
concentration levels with three replicates at each level. For all three concentration levels % RSD obtained
was less than 2 % for both drugs. LOD and LOQ values for DUL was found to be 0.09µg/ml and 0.29µg/ml
and for MET 0.1µg/ml and 0.3µg/ml respectively. Robustness studies were carried out after deliberate
alterations of flow rate and wavelength. It was observed that the small changes in these operational
parameters, did not lead to much changes of retention times of peak of interest. The % assay was found to be
99.87% and 99.76% for DUL and MET respectively. The % degradation of DUL in acid, base, thermal,
oxidation, photolytic and neutral hydrolysis condition was 20.48%, 25.63%, 19.92%, 18.38%, 13.22% and
21.34% respectively. The % degradation of MET was 27.34%, 30.18%, 13.12%, 30.52%, 18.12%, and
27.13% the degradation was found as per ICH guideline.
CONCLUSION
The proposed method was validated as per International Conference on Harmonization (ICH
Q2B) Guidelines, and found to be applicable for routine quality control analysis for the simultaneous
estimation of Duloxetine hydrochloride and Methylcobalamin. And stabilized under Q1A(R2) guidelines of
stability tasting. The results of linearity, precision, accuracy and specificity, proved to be within the limits.
The proposed method is highly sensitive, reproducible, reliable, rapid and specific.
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Fig-1 Structure of DUL (a) and MET (b)

Fig-2: The chromatogram obtained after optimized condition DUL (2.264 min) and MET (3.129 min)

Fig-3: calibration curve of DUL
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Fig-4: calibration curve of MET

Fig-5: Chromatogram of acid hydrolysis of DUL and MET

Fig-6: Chromatogram of base hydrolysis of DUL and MET

Fig-7: Chromatogram showing thermal degradation of DUL and MET

Fig-8: Chromatogram showing oxidative degradation of DUL and MET
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Fig-9: Chromatogram showing photolytic degradation.

Fig-10: Chromatogram showing neutral degradation
Table1: Linearity data for DUL and MET
CONC.
DUL AUC
CONC.
MET AUC
(µg/ml)
(n=5)
(µg/ml)
(n=5)
0

0

0

0

6

2281962

10

567458

8

3053421

15

865310

10

3837632

20

1174123

12

4673649

25

1500209

14

5462556

30

1806775

Table 2: Linear regression analysis of calibration curves with their respective absorptivity values.
Parameter
DUL
MET
289
356
ʎ max(nm)
Beer’s
law
limit
0-14
0-30
(μg/ml)
y=39036x-3482
y=60481x-2237
Regression equation
39036
60481
Slope
34828
22371
Intercept
Correlation
0.999
0.999
Coefficient(r2)
2.264
3.129
Retention time
3061716
925851
Peak Area
3154
3635
Theoretical Plates
1.02
1.25
Tailing Factor
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Table 3: Recovery of DUL and MET.
Level of % Amount
Recovery
Added

Total amount
%Recovery*
Recovered

Drug

DUL

MET

DUL

MET

DUL

MET

80%

8

16

8.039

15.99

98.62±1.34 99.97±0.21

100%

10

20

9.86

19.99

99.93±0.89 100.79±0.13

120%

12

24

12.11

24.33

101.3±0.14 101.62±0.82

*Average of three determination
Table 4: Results of intra-assay & inter-assay
Observed Conc. Of
method

DUL and MET (µg/ml) by the proposed

Conc.
Of
*
(API) (µg/ml) Intra-Day

Inter-Day*

Mean (n=6)

% RSD

Mean (n=6)

% RSD

DUL

MET

DUL

MET

DUL

MET

DUL

MET

DUL

MET

8

8

8.09

7.97

0.97

0.27

8.03

8.09

0.96

0.59

10

10

10.05

10.14

0.45

1.29

10.04

9.95

0.47

0.64

12

12

11.98

12.08

0.37

0.61

11.90

11.94

0.12

0.26

Table 5: Repeatability of DUL and MET
Concentration
of DUL + Rt of DUL
MET in ppm

Peak area of
Rt of MET
DUL

Peak area of
MET

10 +10
10 +10

2.264
2.246

3303800
3349883

3.132
3.132

951802
958267

10 +10
10 +10
10 +10
AVG*

2.264
2.246
2.280
2.26

3353514
3384162
3390496
3356371

3.129
3.113
3.113
3.1238

954481
952151
952308
953801.8

S.D.

0.014353

34463.10324

0.009935

2709.017

% RSD
0.635075
*Average of five determination

1.026796598

312.38

0.284023
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Table 6: Result of Method Robustness Test
Change in parameter

% RSD

Flow (1.1 ml/min)

1.05

Flow (0.9 ml/min)

0.67

Temperature (270C)

0.58

Temperature (230C)

0.61

Wavelength of Detection (332 nm)

0.38

Wavelength of detection (328 nm)

0.17

Table 7: Analysis of capsule Formulation
Labelled amount Mean (SD) amount
Brand name
Mean ( SD)
of Drug (mg)
(mg) found by the
of tablets
Assay (n = 6)
DUL/MET
proposed method (n=6)
Dulane-M 20
from
Sun
20/1.5
Pharmaceutical
Industries Ltd.

19.68
(0.05)

(0.08)/1.46 99.85(0.48)
/99.75(0.12)

Table 8: Result of forced degradation
Stress condition

Time
(hours)

Acid
Hydrolysis
24
(0.1N HCl)
Basic
Hydrolysis
24
(0.1 N NaOH)
Thermal Degradation
24
(50 0C)

Assay
of
active Assay of degraded
Mass
substance
products
(%)
DUL
MET
DUL
MET
79.52

72.66

20.48

27.34

100.00

74.37

69.82

25.63

30.18

100.00

80.08

86.88

19.92

13.12

100.00

24

81.62

69.48

18.38

30.52

100.00

Photolytic

24

86.78

81.88

13.22

18.12

100.00

Neutral Degradation

24

78.66

72.87

21.34

27.13

100.00

3%
peroxide

Hydrogen

Balance
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DEVELOPMENT AND VALIDATION OF STABILITY INDICATING UV SPECTROSCOPIC
METHOD
FOR
SIMULTANEOUS
ESTIMATION
OF
DULOXETINE
AND
METHYLCOBALAMIN IN BULK AND CAPSULE DOSAGE FORM
Abstract
A simple, accurate and precise stability indicating UV spectroscopic method was developed for the
simultaneous estimation of Duloxetine and Methylcobalamin. The overlay spectra of Duloxetine and
Methylcobalamin exhibit λ max of 289 nm and 356 nm in 0.1N naoh respectively. The drugs obeyed the
Beer’s law in the range of 10-60μg/ml Duloxetine and 1.5-9μg/ml and Methylcobalamin with correlation
coefficients of 0.998 and 0.999 respectively. The results of analysis were validated by recovery studies. The
proposed method showed good accuracy and precision with % RSD less than 2. LOD and LOQ were found
to be 0.0619μg/ml, and 0.187μg/ml for Duloxetine and 0.0925μg/ml and 0.280μg/ml for Methylcobalamin
respectively. The force degradation study of Duloxetine and Methylcobalamin were studied by this
parameter acid, base, thermal, oxidative, photolytic, and neutral condition.the method analysis of pure drugs
and formulation in considerable ranges. Stability studies are performed according to ICH guideline.
Keywords: Duloxetine hydrochloride, Methylcobalamin, Simultaneous Equation Method. Force
degradation study.
INTRODUCTION
Duloxetine (DUL) is (3S)-N-Methyl-3-naphthalen-1-yloxy-3-thiophen-2-ylpropan-1-amine). DUL is a
potent inhibitor of neuronal serotonin and norepinephrine reuptake and a less Potent inhibitor of dopamine
reuptake. DUL has no significant affinity for dopaminergic, adrenergic, cholinergic, histaminergic, opioid,
glutamate, and GAB receptors. The antidepressant and pain inhibitory actions of duloxetine are believed to
be related to its potentiation of serotonergic and noradrenergic activity in the CNS. The mechanism of action
of DUL in SUI has not been determined, but is thought to be associated with the potentiation of serotonin
and norepinephrine activity in the spinal cord, which increases urethral closure forces and there by reduces
involuntary urine loss [1].
Methylcobalamin (MET) is MeCbl Co(alpha)-[(alpha)-(5,6-Dimethyl benzimidazolyl)]-Co(beta)
methylcobamide. It is a cobalmine and it is a form of Vitamin B12. MET stimulates reticulocytes, thus
playing important role in hematopoiesis in that together with folic acid, it is involved in formation of
deoxyribonucleotides from ribonucleotides. Vitamin B12 is converted to Coenzyme B12 in tissues, and as
such is essential for conversion of methylmalonate to succinate and synthesis of methionine from
homocysteine, a reaction which also requires folate .Vitamin B12also may be involved in maintaining
sulfhydryl (SH) groups in the reduced form required by many SH-activated enzyme systems. Through these
reactions, vitamin B12is associated with fat and carbohydrate metabolism and protein synthesis. On those
two drugs combination. DUL and MET combination in the market used for treatment of antidepressant [1].
According to literature survey RP-HPLC& stability indicating UPLC method development and validation
for simultaneous estimation of Duloxetine and Methylcobalamin in combined dosage form [2-3]and
Simultaneous estimation of Duloxetine and Methylcobalamin in combined dosage form by Ultra-Violet
Spectrophotometry[4].was performed but not a single method is reported for its stability indicating
simultaneous estimation. So here an attempt has been made to develop simple, accurate, sensitive, rapid and
economic method for stability indicating simultaneous estimation of DUL and MET in combined dosage
form using UV –Visible spectroscopy. The proposed method was validated according to ICH guidelines.
MATERIALS AND METHODS:
Materials:
Pure API of Duloxetine and Methylcobalamin were obtained as gift sample from ZIM Laboratories Limited,
Nagpur Maharashtra, India. Sample used was DulaneM20capsule manufactured by Sun Pharma
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Laboratories Ltd, east Sikkim, containing 1.5 mg of Methylcobalamin and 20 mg of Duloxetine. 0.1N NaOH
was used as solvent. NaOH, HCL, H2O2 used in the analysis were HPLC grade.
Instrument:
A Shimadzu model UV-1800 double beam UV-Visible spectrophotometer attached with computer operated
software UV probe 2.0 with spectral width of 2 nm, with a pair of 1 cm matched quartz cells was used to
measure absorbance of the resulting solutions. Analytical weighing balance (AA-2200), digital and Oscar
ultrasonic bath (Ultrasonic Cleaner Micro clean 103) were used during the study.
Selection of mobile phase:
Different solvents were selected for developing spectral characteristics of drugs. The selection was made
after assessing the solubility of drug in different solvents and on the basis of parameters like the ideal
properties of the solvent to be used in UV-visible spectrophotometry includesboth drugs should show
solubility in the solvent used and both drugs should obey linearity over an appropriate range of analytical
concentrations.
After taking above factors into consideration, 0.1N NaOH was selected as a solvent for preparation of stock
solution.
Selection of λ max:
Each Standard drug solution was scanned between the range 200-400nm in 1 cm cell against blank. After
examining the overlay spectrum, two drugs have different λ max and both the drugs showed the absorbance
at each other’s λ maxDUL and MET showed absorbance maxima at 289nm(fig.2)and 356nm(fig.3)
respectively. The overlay spectrum showed λ max of both drugs and also isoabsorptive points at
330nm.(fig.4)
Preparation of mobile phase:
For 0.1 N NaOH: weight accurately 4 gm. of NaOH and dissolved it into the 1000 ml purified water and
sonicated for 20 min.
Preparation of standard solutions of Duloxetine hydrochloride and Methylcobalamin: Accurately
weighed quantity 10 mg of DUL and 3 mg of MET was transferred to two different 100.0 ml volumetric
flasks. Each drug was dissolved in 20 ml of 0.1N NaOH and then sonicated for 20 minutes. Later the volume
was made up to the mark with same to make 100 ppm concentration of DUL and 30 ppm of MET. The
working standard solution was prepared by diluting 1 ml in to 10 ml with 0.1N NaOH for DUL and 0.5ml
with 0.1N NaOH to obtain obtained 10μg/ml of DULO and 1.5μg/ml of MET. These solutions were
separately scanned.
Preparation of mixed standard stock:
Different mixtures of the two drugs were prepared by diluting different volumes of DUL and MET with
0.1N NaOH. The concentrations of the DUL and MET were determined by measuring the absorbance of the
prepared mixtures at 289 nm and 356 nm. From these absorbance values, the concentrations of DUL and
MET were determined using simultaneous equation method.
A2 aY1 - A1 aY2
CX=

aX2 aY1 -aX1 aY2

(1)

A1 aX2 - A2 aX1
CY=

aX2 aY1 - aX1 aY2

(2)
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Where,
A1 and A2: Absorbance’s of mixture at 291 nm and 350 nm respectively.
aX1 and aX2 : Absorptivity of DULO at λ1 and λ2respectively.
aY1and aY2: Absorptivity’s of MC at λ1 and λ2 respectively.
Cx and Cy: Concentrations of DULO and MC respectively.
ANALYTICAL METHOD VALIDATION [5]:
The method was validated according to ICH Q2B guidelines for validation of analytical procedures in order
to determine the linearity, sensitivity, precision and accuracy for the analyte and Q1B guidelines for stability
testing.
Linearity:
Linearity was studied by preparing standard solutions at different concentration levels. the linearity range for
DUL was found to be 10-60 μg/ml and for MET was found to be 1.5-9 μg/ml. Standard solutions of drugs
containing DUL and MET was prepared and scanned for absorbance at 289 nm and 356 nm respectively.
Calibration curve data shown in table 1 and regration data shown in table 2.
Accuracy:
The accuracy of the proposed method was assessed by recovery studies at three different levels i.e.
80%,100% and 120%. The recovery studies were carried out by adding a known amount of standard drug to
pre-analyzed sample. The resulting solutions were then reanalyzed by proposed method. Whole analysis
procedure was repeated to find out the recovery of the added drug sample. This recovery analysis was
repeated at three replicate of three concentrations levels and %RSD was found to be less than 2. The results
from study of accuracy are reported in table 3.
Precision:
Precision was studied to find out intra and inter-day variations in the test method of DUL and MET
calibration curves prepared in medium were run in triplicate in same day and for three days of six replicate
of same conc. %RSD were calculated which is less than 2 % which is conformed according to ICH norms.
The result of precision study shown in table 4
Repeatability:
Repeatability of analytical method is the precision of the procedure when repeated by same analyst under the
same operating conditions (same reagents, equipment’s, settings and laboratory) over a short interval of
time. The standard solutions were prepared and absorbance was measured. The absorbance of the same
concentration solution was measured and standard deviation was calculated and repeatability shown in table
5.
Robustness:
Robustness is the measure of its capacity to remain unaffected by small, but deliberate variations in method
conditions and its indications of the reliability of the method. A method is robust, if it is unaffected by small
changes in operating conditions to determine the robustness of method, the experimental conditions were
deliberately altered the % assay and % RSD. Robustness was shown in table 6.
Limit of Detection and Limit of Quantitation:
The limit of detection and limit of quantitation were calculated from the standard deviation and slope.
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The detection limit expressed as,
3.3 σ
LOD

=

s

And, The Quantitation limit expressed as,
10 σ
LOQ

=

S

σ = standard deviation of standard
S = Slope of calibration curve
Analysis of capsule formulation
Twenty capsules were weighed accurately; the average weight was determined and then triturated to a fine
powder. A quantity equivalent to 20 mg of DUL and 1.5 mg of MET was weighed and transferred to a 100
ml volumetric flask. The content was shaken with 20 ml of 0.1N NaOH to dissolve the capsule powder and
the volume was made up to 100 ml with 0.1N NaOH and filtered through Whatmann filter paper no. 41 to
give the stock solution containing 200 μg/ml of DUL and 15 μg/ml of MTH. Various dilutions of the capsule
stock solutions were scanned and the absorbance of these solutions was measure at 289 nm and 356 nm
respectively. The analysis procedure was repeated three times.
Degradation studies
Degradation studies were carried out as per ICH guidelines. The sample solutions were subjected to acidic,
basic, peroxide, water and light
Acid degradation:
Weight accurately 40 mg of DUL and 3 mg of MET were transferred in 100 ml of volumetric flask and
dissolved in 10 ml solvent by sonication. Then 10 ml of diluted 0.1 N HCL was added andtake it at room
temperature for 24 hrs. The sample neutralized by 0.1 N NaOH volume was make upto the mark with
solvent and make a final concentration 40 μg/ml of DUL and 3 µg/ml of MET measured absorbance. The
percent degradation was calculated and compared with standard.
Base degradation:
Weight accurately 40 mg of DUL and 3 mg of MET were transferred in 100 ml of volumetric flask and
dissolved in 10 ml of solvent by sonication. Then 10 ml of 0.1 N NaOH was added and takes it at room
temperature for 24 hrs.Then sample was neutralized with 0.1 N HCL volume makeup to the mark with
solvent. Make a final concentration 40 μg/ml of DUL and 3 µg/ml of MET and measured absorbance at
selected wavelength. The percent degradation was calculated and compared with standard.
Thermal degradation:
The pure drug was exposed in sunlight for 24 hrs. after exposure of drugs weight accurately 40 mg of DUL
and 3 mg of MET were transferred in 100 ml of volumetric flask dissolved in solvent and sonicated it and
make up the volume with solvent. Make final concentration of sample 40 μg/ml of DUL and 3 μg/ml of
MET and measured absorbance. The percent degradation was calculated and compared with standard.
Oxidative degradation:
Weight accurately 40 mg of DUL and 3 mg of MET were transferred in 100 ml of volumetric flask and
dissolved in 10 ml of solvent by sonication. Then 10 ml of 3% hydrogen peroxide was added and then it
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kept at room temperature for 24 hrs. The sample was cooled and makeup the volume with solvent. Make
final concentration 40 μg/ml of DUL and 3 μg/ml of MET and measured absorbance at selected wavelength.
Finally percent degradation was calculated and compared with standard
Photolytic degradation:
Pure drug was exposed under UV light for 24hrs., after exposure the drug accurately weight 40 mg of DUL
and 3 mg of MET were transferred in 100 ml of volumetric flask added small amount of solvent and
sonicated it for 10 min and makeup the volume by solvent. Finally make final concentration 40 μg/ml of
DUL and 3 μg/ml ofMET and measured absorbance. Calculated was percent degradation and compared with
standard.
Neutral degradation:
Weight accurately 40 mg of DUL and 3 mg of MET were transferred in 100 ml of volumetric flask and
dissolved in 10 ml of solvent by sonication. Then 10 ml of water was added and it kept at room temperature
for 24 hrs.andmakeup the volume upto mark with solvent. Make final concentration 40 μg/ml of DUL and 3
µg/ml of MET and measured absorbance at selected wavelength. The percent degradation was calculated
and compared with standard.
RESULT AND DISCUSSION
The overlay spectra of DUL and MET exhibit λ max of 289 nm and 356 nm for DUL and MET respectively
which are quite distinctly separated from each other. Additionally one isoabsorptive point was observed at
330 nm. Linearity was determined at different concentration. DUL and MET were showed linearity in the
concentration range of 10-60μg/ml and 1.5-9 μg/ml with correlation coefficient of 0.998 and 0.999
respectively. The accuracy of the method was confirmed by recovery studies at three different levels of
standard additions; recovery was found to be100%,99.80% and 99.98% for DUL and 99.97%,100.66% and
100% for MET respectively, justifies the accuracy of method. Result of analysis of formulation showed %
relative standard deviation values in the range which indicates good repeatability of the method. The
reproducibility of sample was expressed in terms of ±SD and % RSD. The results i.e. % RSD < 2 signifies
the precision of the method. Limit of detection (LOD) and Limit of quantitation (LOQ) were determined by
standard deviation of response and slope of calibration curve. LOD and LOQ were found to be 0.0619μg/ml
and 0.187μg/ml for DUL and 0.0925μg/ml and 0.280μg/ml for MET respectively. The%degradation of DUL
inacid, base, thermal, oxidative, photolytic and neutral degradationwas found16.67%, 35.84%, 21.74%,
16.25%, 15.84% and 19.16% respectively. And the % degradation of MET was found26.09%, 39.02%,
15.83%, 43.48%, 17.02%, and 30.43%.The degradation found as per ICH guidelines.
CONCLUSION
The proposed method was validated as per International Conference on Harmonization (ICH Q2B)
Guidelines, and found to be applicable for routine quality control analysis for the simultaneous estimation of
Duloxetine hydrochloride and Methylcobalamin.and stabilized under Q1A (R2) guidelines of stability
tasting. The results of linearity, precision, accuracy and specificity, proved to be within the limits. The
proposed method is highly sensitive, reproducible, reliable, rapid and specific.
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Fig: 1. Structure of DUL (a) and MET (b)
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Fig: 2. UV spectra of standard

Duloxetine
Fig: 3.UV spectra of standard Methylcobalamin

Fig: 4.Overlain spectrum of the DUL and MET
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Fig 5: Calibration curve of DUL

Fig 6: Calibration curve of MET

Fig 7: Acidic degradation.

Fig 8: basic degradation.
178 | P a g e

School of Pharmacy, SRTM University, Nanded

Fig 9: Thermal degradation

Fig 10: Oxidative degradation.

Fig 11: Photolytic degradation.

Fig 12: Neutral degradation
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Table 1: Linearity data of DUL and MET
Concentratio Absorbance
Concentration
Absorbance
n(μg/ml)
DUL at (289nm) (μg/ml)
MET at (356nm)
10
0.154
1.5
0.057
20
0.256
3
0.127
30
0.373
4.5
0.195
40
0.481
6
0.269
50
0.565
7.5
0.349
60
0.670
9
0.422
Table 2: Linear regression analysis data of calibration curves
Parameter
DUL
MET
289
356
ʎ max(nm)
10-60
1.5-9
Beer’s law limit (μg/ml)
Molar
absorptivity
26.31
78.12
(lit/mole/cm)
Y=0.0103+0.055 y=0.0489+0.02
Regression equation
0.0103
0.0489
Slope
0.0550
0.0200
Intercept
0.998
0.999
Correlation Coefficient(r2)
Table 3: Recovery study data
Level of
Total
Amount
%
amount
%Recovery
Added
Recovery
Recovered
Drug
DUL MET DUL MET DUL
MET
80%
16
1.20 20
1.49 100±0.251
99.97±0.665
100%
20
1.50 19.96 1.51 99.80±0.456 100.66±0.115
120%
24
1.80 19.90 1.50 99.98±0.261 100±0.135
*Average of three determination
Table 4: Result of Intermediate precision study
Drug

DUL

MET

Parameter

Inter-day
precision

Intra-day
precision

Mean*

100.39

100.91

SD

0.002608

0.003141

%RSD

0.01030

0.01282

Mean*

100.87

100.29

SD

0.001871

0.00360093

%RSD

0.03401

0.06924

*Average of three determination
Table 5: Results of repeatability

Drug

Label
claim % Label claim
%R.S.D.
(mg/tab)
estimated*
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DUL

20

100.71

0.4566

MET

1.5

99.92

0.3312

*Average of three determination
Table 6: Results of robustness
Drug

% Label claim
Label
claim
estimated
%R.S.D.
(mg/tab)

DUL

20

100.78

0.1540

MET

1.5

99.80

0.6681

Table 7: Results of analysis of capsule formulation
Drug

Label
Claim(mg)

Amount
Found(mg)

%R. S. D.

%
Recovery*

DUL

20

19.96

0.93

99.80

MET

1.5

1.51

1

100.66

*Average of three determination
Table 8: Result of forced degradation
Stress condition

Time
(hours)

Acid
Hydrolysis
24
(0.1N HCl)
Basic
Hydrolysis
24
(0.1 N NaOH)

Assay of active Assay of degraded
Mass Balance
substance(%)
products(%)
(%)
DUL
MET
DUL
MET
83.33

73.91

16.67

26.09

100.00

64.16

60.80

35.84

39.02

100.00

Thermal Degradation 24

78.26

84.16

21.74

15.83

100.00

3%
peroxide

24

83.75

56.52

16.25

43.48

100.00

Photolytic

24

84.16

82.60

15.84

17.02

100.00

Neutral Degradation

24

80.83

69.56

19.16

30.43

100.00

Hydrogen
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DEVELOPMENT AND VALIDATION OF STABILITY INDICATING HPLC METHOD FOR
ESTIMATION OF ISONIAZID IN BULK AND TABLET DOSAGE FORM
ABSTRACT
The aim of present study is to develop simple, sensitive, accurate, rapid and precise reverse phase High
Performance Liquid Chromatography (RP-HPLC) method for estimation of isoniazid in bulk drug and
pharmaceutical dosage forms. The chromatographic separation was achieved on Neosphere C18
(150×4.6mm, i.d.3µ) column. The Analytical method was developed by using mobile phase consisting of
0.010 M potassium dihydrogen orthophosphate: methanol (85:15 v/v). The flow rate and detection
wavelength was 1ml/min and 253 nm respectively. The retention time was 2.975±0.054min. The response of
the drug was found to be linear in the range of 15-90 µg/ml (r2>0.999). Isoniazid was subjected to acid,
alkali, neutral, dry heat, photostability and oxidative degradation. The LOD and LOQ were 0.671 and 2.033
µg/ml respectively. There was no interference of any degradants and excipients in determination of drugs in
marketed formulation and it could effectively separate the drug from its degradation products and it can be
successfully employed for routine analysis.
Keywords: Isoniazid, Stability indicating, Degradation, Validation and RP-HPLC.
INTRODUCTION [1, 2, 3]
Isoniazid (INH) chemically is an isonicotinic acid hydrazide. It is an antibacterial agent used primarily as a
tuberculostic. It blocks the synthesis of mycolic acid, major components of the bacterial cell wall. The
structure of INH is given in figure 1 & molecular formula is C6H7N3O and its molecular weight is 137.142
g/mol. The INH is a white crystalline powder it have solubility in water. It is practically insoluble in
benzene and ether, solubility in chloroform is 1 %, in boiling alcohol 10 %.
H
N

O

NH2

N

Figure 1: Structure of Isoniazid
INH is a prodrug and must be activated by bacterial catalase–peroxidase enzyme in mycobacterium
tuberculosis called Kat G. Kat G catalyses the formation of isonicotinic acyl radical, which spontaneously
couples with NADH to form the nicotinoyl-NAD adduct. This complex tightly binds to the enyol-acyl
carrier protein reductase known as Inh A, thereby blocking the natural enyol – AcpM substrate and the
action of fatty acid synthase. This process inhibits the synthesis of mycolic acids, which are required
components of mycobacterial cell wall. A range of radicals are produced by Kat G activation of INH,
including nitric oxide, which has also been shown to be important in the action of another antimycobacterial
prodrug pretomanid. INH is bactericidal to rapidly dividing mycobacterial but it bacteriostatic if the bacteria
are slowly growing. It inhibits the cytochrome p-450 and hence as a source of free radical. INH is a mild
monoamine oxidase inhibitor.
According to literature survey several methods are reported on INH like RP-HPLC [4-10] UV spectroscopy [1116]
, HPTLC [17-18], Mass spectroscopy [19], Tritrimetry [20-21], Polarography [22], Coulometry [23] and
fluorimetry [24]. This paper describes the validation of RP-HPLC method for the assay of INH as bulk and
pharmaceutical dosage form. The method was validated as per ICH guidelines.
MATERIALS AND METHODS:
Instrument used
The HPLC system used for study was JASCO HPLC System equipped with pump (Model PU 2080 Plus),
Rheodyne sample injector of 50µl capacity, PDA detector (MD 2080) operated with Browin-PDA software
(version 1.5)
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Chemicals
Active pharmaceutical ingredient of INH was obtained from Lupin ltd. Aurangabad as a gift sample.
Solonex tablet manufactured by (Macleoids Pharmaceuticals) labled to contain 300 mg INH was obtained
from local pharmacy. HCL, NaOH, H2O2, Water, Orthophosphate, Methanol (HPLC grade) was purchased
from local pharmacy.
Preparation of standard solution
Standard stock solution of INH was prepared by dissolving 30 mg of drug in 100 ml of methanol to get
working standard solution having concentration of 300 µg/ml.
Determination of absorption maxima
Three ml of the standard stock solution was further diluted using methanol to get concentration of 30 µg/ml.
This solution was scanned in UV –Visible range 200-400 nm against distilled water as blank. And the drug
shows considerable absorbance at 253 nm which was chosen as detection wavelength.
Chromatographic conditions
The chromatographic column used was neosphere C18 (150×4.6 mm, i.d.3µ). Mobile phase used was 0.010
M Potassium dihydrogen orthophosphate: Methanol (85:15 v/v) the detection wavelength was 253 nm, the
flow rate was 1ml/min and the injection volume 50 µl.
System sutability test
The system sutability was assessed by injecting standard solution in to chromatographic system containing
60 µg/ml concentrations. The parameters and their results are shown in table 1.
Table 1: Results of system suitability test
Parameters

Isoniazid

Detection wavelength (nm)

253

Linearity range (μg/ml)

15-90

Correlation coefficient (r2)

0.999

Linear regression Equationa (y = mx + c)
Intercept (c)

-11230

Slope (m)

31752

Retention time

2.965±0.051

Peak area

1899762

Throtical plates

2371.7

Asymmetry

2.25

Preparation of calibration curve
The standard stock solution was used for preparation of linear concentration of INH. Aliquots of 0.5-3 ml
from stock solution of INH were transferred in a series of 10 ml volumetric flask and volume was made up
to the mark with methanol. Six replicates per concentration were injected and chromatograms were
recorded. The peak area of drug was recorded and calibration curve was plotted of peak area against
concentration of drugs. Linear response was observed in the concentration range of 15-90 µg/ml. The
correlation coefficient was found to be 0.999 for INH
Validation of method [25]
Method was validated as per ICH guideline
Linearity: Aliquots of 0.5- 3.0 ml from stock solution of INH (300 µg/ml) were transferred in a series of 10
ml volumetric flasks and the volume was made up to the mark with the methanol. Six replicates per
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concentration were injected and chromatograms were recorded. The peak area of drug was recorded and
calibration curve was plotted of peak area against concentration of drug. Linear response was observed in
the concentration range of 15-90 μg/ml. The results obtained are shown in table 2. An excellent correlation
exists between peak area and concentration of drug within the concentration range indicated above.
Calibration curve for INH was shown in figure 2.

Figure 2: Calibration curve of Isoniazid
Table 2: Observations for Calibration Curve
Sr. No.
Concentration (μg/ml) Mean Peak Area
1

15

442976

2

30

985504

3

45

1390140

4

60

1900756

5

75

2372629

6

90

2842557

Accuracy: Accuracy expresses the closeness of agreement between the value which is accepted either as a
conventional true value or an accepted reference value found in acceptable ranges. In mean recovery, study
were performed at three different concentration ranges as 80%, 100% and 120% is maintained by standard
known sample. The percent recovery for INH was calculated. The results are shown in table 3.
Table 3: Results of Accuracy
Level of Amount Amount Amount %
%
%
taken
added
found
Recovery R.S.D.
recovery
(μg/ml)
(μg/ml) (μg/ml)
50

30

15

45.07

100.16

0.25

100
150

30
30

30
45

59.85
74.39

99.75
99.18

0.35
0.99

Precision: Precision express that the standard deviation or relative standard deviation (coefficient of
variation). The precision were determined at three different parameter such as repeatability, intraday
precision and interday precision was performed in specified time. The results are shown in table 4.
Table 4: Analysis of Precision
Intra-day precision
Concentration
(µg/ml)

Average Area

S.D.

%
R.S.D.*
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45

1407056

0.78

0.79

60
75

1893218
2359959

0.30
0.57

0.30
0.57

Inter-day precision
45

1406691

1.21

1.22

60

1888267

0.43

0.43

75

2354050

0.54

0.54

*n = 3
Limit of detection (LOD) and Limit of quantitation (LOQ): LOD express as lowest amount of analyte in
sample the can be estimated but not quantified, LOQ express as the lowest concentration of analyte in
sample that can be quantitatively determined by precision and accuracy. This can be calculated by following
formula.
LOD = 3.3σ/S
LOQ = 10σ/S
Where,
σ = the standard deviation of the response
S = slope of calibration curve
The results are shown in table 5.
Table 5: Results of LOD and LOQ
Drug
LOD (µg/ml)
LOQ (µg/ml)
Isoniazid

0.671

2.033

Robustness: Robustness of the developed method was determined by small but deliberate changes in
chromatographic conditions such as flow rate ( 1 ml/min) and mobile phase composition ( 2% methanol).
No marked change in chromatogram as well as peak areas of drug which demonstrated robust nature of the
developed method. Results of robustness study are presented in table 6.
Table 6: Results of Robustness studies
Drug
% R.S.D.* Found For Robustness Study
Used
Flow Rate (1 ml/min)
Wavelength (253nm)
+1
-1
+1
-1
0.53
0.27
0.60
0.79
Isoniazid
*
Average of three determinations
Analysis of tablet formulation: Twenty tablets were weighed accurately; the average weight was
determined and then ground to a fine powder. Powder equivalent to 30 mg of INH was weighed; transferred
to a 100 ml volumetric flask containing about 60 ml of methanol and sonicated for 15 min. Then volume
was made up to the mark with the water; filtered through whatman filter paper no. 41. From this solution 1
ml was taken and transferred to 10 ml volumetric flask, and volume was made up to the mark using
methanol to get solution having concentration 30 μg/ml and was injected and chromatogram was obtained.
The injections were repeated six times and the peak areas were recorded. The amount of drug present in
sample was estimated form the calibration curve. The % drug content was found to be 99.10±1.58. The
results obtained are shown in table 7.
Table 7: Analysis of tablet formulation
Drug
Label Claim Concentration
Conc. recovered % Drug %
(mg/tablet)
injected (μg/ml) (μg/ml)
content R.S.D.*
Isoniazid 300

30

29.73

99.10

1.59

Force degradation studies [26, 27]
Acid hydrolysis: Hydrochloric acid (0.1 N, 1 ml) was added to 2 ml stock solution (300 µg/ ml) of INH in
10 ml volumetric flask. Then the mixture was refluxed at 800 C for 1 hr and neutralized with sodium
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hydroxide solution and diluted with solvent to obtain final concentration 60 µg/ml. Then injected in
stabilized chromatographic conditions. Representative chromatogram for acid treated INH was depicted in
figure 3.

Figure 3: Acid hydrolysis for INH (D1, RT =4.932 min)
Alkaline hydrolysis: Sodium hydroxide (0.1 N, 1 ml) was added to 2 ml stock solution (300 µg /ml) of INH
in 10 ml volumetric flask. Then the mixture was refluxed at 80˚ C for 1 hr and neutralized with hydrochloric
acid and diluted with solvent to obtain final concentration 60 µg/ml. Then injected in stabilized
chromatographic conditions. Chromatogram for alkali treated INH was depicted in figure 4.

Figure 4: Base hydrolysis for INH
Neutral hydrolysis: Distilled water (1 ml) was added to 2 ml stock solution (300 µg/ml) of INH in 10 ml
volumetric flask. The mixture was refluxed at 80˚ C for 1 hr and diluted with solvent to obtain final
concentration 60 µg/ml. Then injected into HPLC system and analyzed under stabilized chromatographic
conditions and the chromatogram for INH are shown in figure 5.

Figure 5: Neutral hydrolysis for INH
Oxidative degradation
Hydrogen peroxide (3 %, 1 ml) was added to 2 ml stock solution (300 µg/ ml) of INH in 10 ml volumetric
flask. The mixture was refluxed at 80˚ C for 1 hr and diluted with solvent to obtain final concentration 60
µg/ml. Then injected into HPLC system and analyzed under stabilized chromatographic conditions and the
chromatogram for INH was shown in figure 6.
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Figure 6: Oxidative degradation for INH
Dry heat degradation: Susceptibility to dry heat was studied by exposing the solid drug to 80º C for a
period of 8 hrs. The sample was withdrawn at appropriate times, dissolved in solvent and diluted with
solvent to get 60 µg/ml as final concentration. The resulting solution was then injected in stabilized
chromatographic conditions. Decrease in the peak area of drug as compared to control sample indicated
degradation of drug under thermal stress condition. About 8.84% degradation exhibited by INH without
formation of degradation product and the chromatogram was depicted in figure 7.

Figure 7: Photolytic degradation for INH
Photolytic degradation: The study was performed by spreading the drug substance in petridish as thin film
and kept in photostability chamber equipped with ultraviolet light (200 watt h sequre /meter) for 24 hrs.
Suitable control was kept in dark for comparison for the same period. Sample was weighed, diluted with
solvent to obtain concentration 60 µg /ml and then was injected in stabilized chromatographic conditions.
The drug was found to undergo photolysis with 11.67% degradation with decrease in the peak area. No
additional degradation peak was observed. Chromatogram of INH was depicted in figure 8.

Figure 8: Thermal degradation for INH
RESULTS AND DISCUSSION:
The stability indicating RP-HPLC method for simultaneous estimation of INH in bulk and tablet dosage
form was developed and validated. The performed method was simple, precise, accurate and economic, and
validated as per ICH guideline. The method was developed by using mobile phase 0.01 M pottasium
dihydrogen orthophosphate:methanol (85:15) v/v. The retention time was found to be 2.975±0.054 min for
INH and flow rate 1 ml/min. The system suitability parameter was determined and values are in acceptable
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ranges. The linearity range was found to be 15 -90 μg/ml for INH and calibration curve was plotted as peak
area verses concentration. The correlation coefficient (r2) value for INH was 0.999. The accuracy study was
performed in three different level 80%, 100% and 120%. The mean percent recovery of INH was found to
be 100.16%, 99.75% and 99.18% respectively and they were found in limit the method was found to be
accurate. The precision study mean % RSD was found to be less than 2, indicated that the method was
precise. The LOD was found to be 0.671 μg/ml. The LOQ was found to be 2.033 μg/ml for INH. The
percent assay was found to be 99.10 % for INH. The percent degradation was performed in acid, base ,
neutral, oxidative, photolytic and thermal conditions was found to be 16.24 13.04 %, 11.32 %, 20.49%,
11.67%, and 8.84% for INH. The results are shown in table 8.
Table 8: Results of Force Degradation Study
Sr.
Mode of degradation % Recovery of % degradation
No.
active substance
1.

Acid (1 N HCl)

83.76

16.24

2.

Alkali (0.1 N NaOH)

86.96

13.04

3.

Neutral (H2O)

88.68

11.32

3.

Oxidation (3 % H2O2)

79.51

20.49

4.

Dry heat

91.16

8.84

5.

Photolysis

88.33

11.67

CONCLUSION
The developed and validated stability indicating RP-HPLC method for determination of INH in tablet
dosage form was found to be simple, precise, selective and accurate. The stress degradation studies
demonstrated susceptibility of the drug to acid, base, neutral hydrolysis, oxidative, thermal and photolytic
stress conditions. The degradation products produced during the stability study were well separated from the
pure drug signifying the specificity of developed procedure. All the analyzed validation parameters showed
acceptable data with satisfactory correlation co-efficient and lower % RSD. The developed method can be
utilized by industry for quantitative estimation of drug as bulk and in tablet dosage form.
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DEVELOPMENT AND VALIDATION OF STABILITY INDICATING UV SPECTROSCOPIC
METHOD FOR ESTIMATION OF ISONIAZID IN BULK AND TABLET DOSAGE FORM
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ABSTRACT
A simple, rapid, accurate, precise and stability indicating assay method by UV spectroscopy was developed
and validated for estimation of isoniazid in bulk and tablet formulation. The Isoniazid was soluble in water
that shows the maximum absorbance at 262.6 nm respectively. The Beer-Lambert’s law obtained by
concentration ranges at 5-30 µg/ml. A correlation coefficients was 0.999. The performed method was
validated a per ICH guidelines with given parameters as accuracy, precision, specificity, linearity,
roughdness, LOD and LOQ value in acceptable ranges. The force degradation study of Isoniazid were
studied by this parameter acid, base, neutral, oxidative, photolytic and thermal condition, percent
degradation was calculated. The method statistical analysis of pure drugs and formulation are in
considerable ranges.
Keywords:- UV spectrophotometer, Isoniazid and Force degradation study.
INTRODUCTION
Isoniazid (INH) is an antibacterial agent used primarily as tuberculosis. It is an isonicotinic acid hydrazide,
IUPAC name is Pyridine-4-Carbohydrazide, chemical structure is shown in figure 1, molecular formula
C6H7N3O and its molecular weight is 137.142 g/mol. The INH is white crystaline powder it have solubility
in water. It is practically insoluble in benzene and ether, solubility in chloroform is 1 %, in boiling alcohol
10 %. INH is prodrug and must be activated by bacterial catalase –peroxidase enzyme in mycobacterium
tuberculosis called Kat G. Kat G catalyses the formation of isonicotinic acyl radical, which spontaneously
couples with NADH to form the nicotinoyl-NAD adduct. This complex tightly binds with the enyol-acyl
carrier protein reductase known as Inh A, thereby blocking the natural enyol –AcpM substrate and the action
of fatty acid synthase. This process inhibits the synthesis of mycolic acids, which is required component of
mycobacterial cell wall. A range of radicals are produced by Kat G activation of INH , including nitric
oxide, which has also been shown to be important in the action of another antibacterial prodrug pretomanid.
INH is bactericidal to rapidly dividing mycobacterial but it bacteriostatic if the bacteria are slowly growing.
It inhibits the cytochrome p-450 and hence as a source of free radical. INH is a mild monoamino oxidase
inhibitor. According to literature survey several methods are reported on INH like RP-HPLC [3-9], UV
spectroscopy [10-15], HPTLC [16-17], Mass spectroscopy [18], Tritrimetry [19-20], Polarography [21], Colometry [22]
and Fluorimetry [23]. Stability indicating UV spectroscopic method for estimation of INH by using water was
not reported. The developed method was confirmed by ICH guideline for estimation of INH in bulk and
tablet dosage form.
H
N

O

NH2

N

Figure 1: Structure of Isoniazid
MATERIAL AND METHOD:
Chemicals and Reagents:
The INH reference standard drug was collected from Lupin ltd. Aurangabad as a gift sample. Water, NaOH,
HCL and Hydrogen peroxide was purchased from local market.
Instrumentation
A double beam UV- visible spectrophotometer (Shimadzu) model UV- 1800 PC was used for the
determination of wavelength for drug. The UV probe software was used for analysis in spectrum mode was
recorded in range between 200-400 nm against distiled water as solvent in 1 cm quarts cells. Electronic
analytical balance (Anamed) model AA-2200, ultrasonicator (HMG India) was used.
Preparation of standard stock solution
The pure drug of INH was accurately weigh 10 mg and transferred in 100 ml volumetric flask. The drug was
dissolved in distilled water and this solution was sonicated for 20 min. Then the volume was made up to the
mark with water to get the final concentration 100 µg/ ml of INH.
Determination of absorption maxima
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From the above stock solution the 1 ml of solution was taken and was transferred into 10 ml volumetric
flask and the volume was made up to the mark with distilled water to get the final concentration 10 µg/ml.
This solution was scanned in UV– visible range 200-400 nm against distilled water as blank.
Preparation of standard curve
The calibration curve was obtained with six concentration of standard solution (5-30 µg/ml). The standard
curve was plotted by concentration verses absorbance value in acceptable range in respective wavelength.
Method validation:
The developed method was validated by ICH guidelines. [24]
Linearity:
The linearity range was measured at 6 different concentrations of INH. The linearity ranges of INH 5-30
µg/ml. Calibration curve was plotted by concentration verses absorbance of sample and linearity asses the
slope, intercept and regression coefficient for drug.
Accuracy:
Accuracy expresses the closeness of agreement between the value which was accepted either as a
conventional true value or an accepted reference value found as acceptable ranges. In recovery, study were
performed at three different concentration ranges as 80 %, 100 %, 120 % was maintained by standard
known sample. The percent recovery for INH was calculated.
Precision:
Precision was usually expressed as the standard deviation or relative standard deviation (coefficient of
variation). Precision were determined by three replicate of each sample. In repeatability study the same
concentration sample are scan repeated. In intermediate precision the sample was performed by time
interval. Mainly interday precision and intraday precision was performed.
Limit of detection (LOD) and Limit of quantification (LOQ)
LOD was the lowest amount of analyte in a sample that can be estimated but not necessarily quantified LOQ
was the lowest concentration of analyte in the sample that can be quantitatively determined with precision
and accuracy.
This were calculated by using following formula
LOD = 3.3σ/slope,
LOQ = 10σ/slope.
Where, σ = The standard deviation of the response
S = Slope of calibration curve.
Analysis of tablet
Twenty tablets of INH were weighed and average weight of tablet was calculated. The weight of tablet
powder equivalent to 100 mg was taken in 100 ml of volumetric flask to it added distilled water and
sonicated for 20 min and volume was made with distilled water. The sample was filtered by whatman filter
paper no. 41 and made further concentration to get 10 µg/ml of INH with distilled water.
Force degradation study [25, 26]
Acid degradation
Weigh accurately 10 mg of INH was transferred in 100 ml of volumetric flask and dissolved in 10 ml
solvent. Then 10 ml of diluted 0.1 N HCL was added and refluxed at 80 0 C for 1 hr, the sample was cooled
and neutralized with 0.1 N NaOH, volume was made up to the mark with solvent and sonicated .The further
concentration of INH was made using solvent to get 10 µg/ml and absorbance was measured. The percent
degradation was calculated and compared with standard.
Base degradation
Weigh accurately 10 mg of INH was transferred in 100 ml of volumetric flask and dissolved in 10 ml of
solvent. Then 10 ml of diluted 0.1N NaOH was added and refluxed at 80 0 C for 1 hr, the sample was cooled
and neutralized with 0.1 N HCL, volume was made up to the mark with solvent and sonicated. The further
concentration of INH was made using solvent to get 10 µg/ml and absorbance was measured. The percent
degradation was calculated and compared with standard.
Neutral degradation
Weigh accurately 10 mg of INH was transferred in 100 ml of volumetric flask and dissolved in 10 ml of
solvent. Then 10 ml of water was added and refluxed at 80 0 C for 1 hr, the sample was cooled and the
volume was made up to the mark with solvent and sonicated. The further concentration of INH was made
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using solvent to get 10 µg/ml and absorbance was measured. The percent degradation was calculated and
compared with standard.
Photolytic degradation
Pure drug was exposed under UV light for 12 hrs, after exposed the drug, weigh accurately 10 mg of INH
was transferred in 100 ml of volumetric flask and 10 ml of solvent was added and sonicated it for 20 min
and made up the volume by solvent. Further concentration of INH was made using solvent to get 10 µg/ml
and absorbance was measured. Percent degradation was calculated and compared with standard.
Oxidative degradation
Weigh accurately 10 mg of INH and was transferred in 100 ml of volumetric flask and dissolved in 10 ml of
solvent and sonicated. Then 10 ml of 3 % hydrogen peroxide was added and refluxed at 80 0 C for 1 hr the
sample was cooled and made up the volume with solvent Further concentration of INH was made using
solvent to get 10 µg/ml and absorbance was measured. Percent degradation was calculated and compared
with standard.
Thermal degradation
The pure drug was exposed to dry heat at 80 0 C for 8 hrs after exposure of drug, weigh accurately 10 mg of
INH was transferred in 100 ml of volumetric flask dissolved in 10 ml solvent and sonicated it and made up
the volume with solvent. Further concentration of INH was made using solvent to get 10 µg/ml and
measured absorbance at selected wavelength. The percent degradation was calculated and compared with
solvent.
RESULTS AND DISCUSSION:
Stability indicating UV spectroscopy for estimation of INH in bulk and tablet formulation was developed
and validated by ICH guidelines. The performed method was simple, precise, accurate and economic and in
given method distilled water was used as solvent.
The INH was shown maximum absorbance at 262.6 nm. The calibration curve was plotted on linearity
ranges 5-30 µg/ml for INH. The graph plotted by concentration verses absorbance it’s shown in figure 2 and
regression equation was calculated. The optical parameters are shown in table 1.

Sr.
No.
1
2
3
4
5
6
7

Figure 2: Calibration curve of Isoniazid
Table 1: Optical character and other parameter
Parameters
INH
Wavelength Range (nm)
262.6
Linearity ranges (μg/ml)
5-15
2
Regression coefficient (r )
0.999
Slope (m)
0.061x
Regression
equation
(y= Y= 0.061x+0.042
mx+c)
LOD
0.6240
LOQ
2.0800
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The linearity range of Beer-Lambert’s law was 5-30 µg/ml for INH. The coefficient of correlation (ɼ2) was
found to be 0.999 for INH. The standard linearity data is shown in table 2.
Table 2: Standard linearity data for INH
Sr. Conc.
Abs. of INH
No. μg/ml
at 262.6 nm
1
5
0.348
2

10

0.66

3

15

0.992

4

20

1.263

5

25

1.59

6

30

1.90

The accuracy study was performed in three different concentration ranges i.e., 80 %, 100 %, 120 %. The
mean percent recovery was calculated for INH was found to be 98.1, 98.5 and 99.25 respectively. The value
was found within limit the method was accurate considered. The results are shown in given table 3. The
precision study % RSD was found to be less than 2 and results are shown in table 4. The LOD and LOQ was
0.62 and 2.08 µg/ml respectively for established INH. The Analysis of tablet formulation % drug content
was found to be 99.15±0.7.
Table 3: Results of recovery study
Drug Level of Amt.
Amt.
Amt.
%
S. D
C.V
%
present added recovered recovery*
recovery (mg)
(mg)
(mg)*
80%
10
8
7.84
98.1
1.48
1.50
INH 100%
10
10
9.89
98.95
0.454
0.458
120%
10
12
11.90
99.25
0.360
0.62
*Average of three determination
Table 4: Results of precision study
Parameter
Conc %
S. D.
C. V.
.
Estima
(μg/
tion*
ml)
INH
INH
INH
INH
Repeatability 10
99.25 0.05
0.05
Interday
10
99.25 0.05
0.05
Intraday
10
99.22 0.0574 0.0578
*Average of three determination.
The degradation study for INH was studied at different condition such as acid, base, neutral, photolytic,
thermal and oxidative, the percent degradation was found as 25.76, 7.28, 29.3, 15.1 and 5.46 respectively.
The results are reported in table 5.
Table 5: Results of force degradation study
Sr. Parameter
%
% Assay
No.
Degradation
INH
INH
1
Acid degradation
25.76
74.24
2

Base degradation

7.28

92.72

3

Neutral degradation

29.3

70.7

4

Photolytic degradation

14.9

85.1
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5

Oxidative degradation

5.46

94.54

6

Thermal degradation

15.1

115.1

Conclusion
The validated stability indicating assay method by UV spectroscopic method was found to be simple,
accurate, precise, rapid and sensitive for estimation of INH in bulk and tablet dosage form. The stress testing
of INH was calculated by subjecting in various conditions and determined the attempt degradation product.
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