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A. Title of the thesis and Abstract

Title: “Development and Validation of Analytical Methods for the Estimation of drugs

used in the Treatment of Arthritis”

Abstract

Present research investigation deals with the development of analytical methods and their validation

of drugs used in the treatment of arthritis. Four combinations i.e. 1) Diclofenac potassium and

Febuxostat 2) Febuxostat and Ketorolac tromethamine 3) Febuxostat and Naproxen 4) Ibuprofen and

Tramadol hydrochloride have been chosen for analytical study by stability indicting RP-HPLC and/or

UV spectrophotometric methods.

Two UV spectrophotometric methods viz .simultaneous equation method and first order derivative

method and stability indicating RP-HPLC method have been developed and validated for

combination (1) and (3). These methods (two UV and one stability RP-HPLC) of these two

combinations were compared statistically by one-way ANOVA study with students’t-test. Simple,

accurate, precise, robust and reproducible stability indicating RP-HPLC method has been conducted

for combined dosage form (2) and (4). Stability of all four pharmaceutical dosage forms was assessed

in various degradation conditions like hydrolysis (acid- alkali), oxidation, thermal and photolytic

conditions.

DoE (Design of Experiments) technique, an integral part of QbD has been applied to check the effect

of different variables on acid degradation pattern of both the drugs via Full Factorial Design (FFD) –

23(three factors at two levels) and kinetic study was also carried out to obtain degradation rate

constant, half-life (t0.5), shelf life (t0.9), activation energy (Ea) and Arrhenius energy factor for both the

drugs of combination (1). Moreover, same degraded samples were spiked into LC-MS/MS for

analytical study. CCD (Central Composite Design) has been instigated on robustness study for

simultaneous estimation of ibuprofen and tramadol hydrochloride. 33 (three factors at three levels)

CCD has been planned to evaluate the effect of pH, flow rate and mobile phase composition on

resolution, RT and asymmetric factor of both the drugs.

The calibration plots of all developed methods were linear over the selected concentration range with

a correlation coefficient value nearer 0.999. % assay values and % recoveries of drug of combined

dosage forms were obtained within the limit specified in ICH guidelines i.e. 98-102%. One-way

ANOVA study suggested stability indicating RP-HPLC method is more accurate and precise than UV

spectrophotometric methods for combination 1 and 3. Results of stability studies in different
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conditions for combined dosage forms indicated all the drugs were susceptible to hydrolysis (acidic

and alkaline) whereas comparatively stable towards other degradation conditions.

All the developed methods were able to detect and/or separate the drugs from their potential related

substances. Hence, the proposed methods were found to be simple, sensitive, economical, precise and

robust and can be applicable to the routine analysis of the selected combinations.

Keywords

UV spectrophotometric methods, stability indicating RP-HPLC, QbD, DoE, Kinetic study, ANOVA,

Validation

B. Brief description on the state of the art of the research topic:

Analytical Method Development [1-3]:

Method development usually requires selecting the method requirements and deciding on what type

of instrumentation to utilize and why to utilize. The development of any new or improved method

usually tailors existing approaches and instrumentation to the current analyte as well as to the final

needs or requirements of it.

Need for Analytical Method Development:

 Any official method is not reported in IP, BP and USP for estimation of drug or combination

of drugs.

 Due to patent regulations, a systemic analytical method may not be available for the drug and

drug combinations in the literature

 Analytical methods may not be available for the drug in the form of a formulation due to the

interference caused by the formulation excipient.

 Bio analytical methods for the quantitation of the drug may not be available.

 Reported analytical procedures may require expensive reagents and solvents. It may also

involve cumbersome extraction and separation procedures and these may not be reliable.

ANALYTICAL METHOD VALIDATION [4-5]

Principle purpose of the method validation is to ensure that a selected analytical method will give

reproducible and reliable results that are adequate for the intended purpose. Validation of analytical

method is to be done according to ICH guidelines
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Various validation parameters are; accuracy, precision (repeatability, intermediate precision and

reproducibility), linearity and range, limit of detection (LOD)/ limit of quantitation (LOQ),

robustness, specificity.

STRESS TESTING [6-8]

According to a FDA guidance document, a stability-indicating method is “A validated quantitative

analytical procedure that can detect the changes with time in the pertinent properties of the drug

substance and drug product. It measures the active ingredients without interference from degradation

products, process impurities, excipients or other potential impurities.”

Stability testing represents an often overlooked area by many pharmaceutical and biotechnology

organizations. The purpose of stability testing is to provide evidence regarding the quality of a drug

substance or drug product and how each may vary with time under the influence of a variety of

environmental factors such as temperature, humidity, light etc. and to establish both a retest period

for the drug substance and a shelf life of drug product.

According to ICH and FDA, stress testing fulfills 3 main purposes:

I. To provide a stability assessment of the drug substance or the drug product.

II. To elucidate the possible degradation pathway of the drug substance or API in drug Product.

III. To investigate the stability indicating power of the analytical procedure applied for the drug

substance and drug product.

For  new drug products or drug products containing more than one active ingredient or  determination

of drug and its metabolites, development of analytical method (Spectrophotometric, High

performance liquid chromatography (HPLC) & High performance thin layer chromatography

(HPTLC)), LC-MS, LC-MS/MS) is essential. The official test methods that result from these

processes are used by quality control laboratories to ensure the identity, purity, potency, and

performance of drug products.

Pathology and management of rheumatoid arthritis (RA) has evolved significantly over last two

decades. Since the 1990's it was known that irreversible joint damage occurred early in the disease

and hence early use of DMARDs was recommended [9]. Despite the available knowledge managing

patients of rheumatoid arthritis was always a challenge. The textbook criteria for diagnosing the

disease hardly seemed helpful in identifying early disease [10]. The use of sequential monotherapy

resulted in relatively poor remission rates [11]. The evaluation of patients was mainly focused on

musculoskeletal manifestations and so other systemic complications which were often missed [12].

The last decade has seen radical change in every domain of management of RA.
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Non-Steroidal Anti Inflammatory Drugs (NSAIDs) are most frequently and commonly used to

combat with the joint problems associated with Arthritis. Considering all the aspects of arthritis

treatment, extensive literature review was carried out on the drugs (alone and in combination with

other drugs) used in the treatment of arthritis [13-34]. Four combinations i.e. 1. Diclofenac potassium

and Febuxostat 2) Febuxostat and Ketorolac tromethamine 3) Febuxostat and Naproxen and 4)

Ibuprofen and Tramadol hydrochloride were selected for analytic method development by UV &

stability RP-HPLC; QbD based statistical analysis, ANOVA study and degradation product analysis

by LC-MS/MS.

C. Definition of the problem:

Literature review revealed few analytical methods i.e., RP-HPLC, stability indicating RP-HPLC and

UV spectrophotometric for an individual drug and in combination with other drugs. Besides these,

few methods were reported for these combinations also. However, they are not adequate to monitor a

change in chemical properties over the time under various stressed conditions and the effects of

critical parameters on drug response and to demonstrate the degradation pattern of the drugs in their

combined dosage forms. Moreover, use of novel techniques (QbD) and sophisticated instrumentation

(LC-MS/MS) is lacking.

D. Objective and Scope of work:

Based on extensive literature review, attempt has been made:

1. To develop simple, accurate, precise, economical, sensitive and robust analytical methods by

using UV, RP-HPLC that could separate drug from its potential related substances.

2. To conduct forced degradation study under various stressed conditions like hydrolysis (acid-

alkali), oxidation, thermal and photolysis.

3. To validate developed methods as per ICH guidelines which ensure optimum method

performance over the life cycle of the drugs used in the treatment of arthritis.

4. Implementation of a QbD approach by using DoE techniques to measure the effect of critical

factors on drugs response.

5. Qualitative analysis of forced degradation products of Diclofenac potassium and Febuxostat

by LC-MS/MS.

Scope of research work

Present research work involves development and validation of analytical methods i.e., stability

indicating RP-HPLC and UV spectrophotometric methods, statistical analysis by QbD and ANOVA.



6

Conducted analytical study suggests following possible research outcomes:

1. Degradation products identification could be done by LC-MS/MS and their structural

elucidation with novel techniques i.e. IR, NMR and MS can be possible.

2. Stability indicating RP-HPLC method can be extended in biological fluids for bio analysis of

drugs combination, their degradation behavior in different biological medium, BA/BE studies.

3. QbD based refinement of method can be done.

E. Original contribution by the thesis

Whole analytical studies conducted have not yet been reported. Thus, thesis will provide a scientific

database for further development of sound research with sophisticated instrumentation and novel

techniques.

F. Methodology of Research, Results/Comparison

Four Pharmaceutical combinations have been selected for analytical study.

1) Diclofenac potassium and Febuxostat 2) Febuxostat and Ketorolac tromethamine

3) Febuxostat and Naproxen 4) Ibuprofen and Tramadol hydrochloride

Detailed methodology and results comparison of methods for those combinations are described as

below;

1. DICLOFENAC POTASSIUM (DP) AND FEBUXOSTAT (FB)

UV spectrophotometric methods: Selection of detection wavelength

20 µg/mL solution of each drug viz. DP and FB was prepared in 0.1 N NaOH. Then

solutions were scanned between 200-400 nm against distilled water as a reagent blank and

λmax  selected for DP and FB were 276 nm and 314 nm, respectively. Later on the λmax

were confirmed by linearity study.

1.1. Simultaneous Equation Method:

1.1.1. Preparation of standard of DP

50 µg/ mL of standard solution of DP was prepared in 0.1 N NaOH. This solution was

further diluted with distilled water in order to prepare standard solutions of 2, 3, 4, 5, 6

and 7 µg/ mL of DP.

1.1.2. Calibration curve preparation and absorptivity determination for DP

The above solutions were scanned in UV and their absorbance was measured at 276

nm and 314 nm respectively and linearity study was carried out. The regression

coefficient and absorptivity values of DP were measured.

1.1.3. Preparation of standard of FB
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100 µg/ mL of standard solution of FB was prepared in 0.1 N NaOH solution. This

solution was further diluted with distilled water in order to prepare standard solutions

of 4, 8, 12, 16, 20 and 24 µg/ mL of FB.

1.1.4. Calibration curve preparation and absorptivity determination for FB

The above solutions were scanned in UV and their absorbance was measured at 276

and 314 nm respectively and linearity study was carried out. The regression coefficient

and absorptivity values of FB were measured.

1.1.5. Application of simultaneous equation method on tablet formulation of DP

and FB.

20 tablets were accurately weighed and quantity equivalent to 100 mg of DP and 40

mg of FB dissolved in 100 mL of 0.1N NaOH. 10 mL of above solution was diluted

up to 100 mL with distilled water. Sonication was done for 10 mins. It was mixed and

filtered the resulting solution with Whatman filter paper. 1.5 mL of resulting solution

was taken and diluted to 10 mL with distilled water. The absorbance of the resulting

solution was measured at λ1 276 nm and λ2 314nm and calculate the content by

simultaneous equations

Cx = (A2 aY1 – A1 aY2) / (aY1 aX2 - aY2 aX1)

Cy = (A1 aX2 - A2 aX1) / (aY1 aX2 - aY2 aX1)

The absorptivity of DP at 276 and 314, aX1 = .0292 and aX2 = 0.0021 respectively.

The absorptivity of FB at 276 and 314, aY1 = 0. 0156 and aY2= 0.0641 respectively

The absorbance of the diluted sample at 276 and 314, A1 and A2 was found to be

1.768 & 0.8994 respectively.

1.2. 1st Order Derivative Method:

1.2.1. Selection of detection wavelength and calibration curve preparations for

DP and FB

All absorption spectra recorded for simultaneous equation method were converted into

1st order derivative form. They were traced with smoothing factor (Δλ) =2 and scaling

factor 10. Derivative spectra of DP and FB were overlaid and the Zero crossing point

of DP and FB were measured. The calibration plots were constructed and linearity was

performed.

1.2.2. Application of 1st order derivative method for simultaneous estimation DP

and FB in sample mixture.
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Standard solution of mixture was prepared by the same procedure explained in section

1.1.5. The absorbance of the resulting solution was measured at λ1 260.77 nm for the

determination of DP and λ2 275.96 nm for FB and calculate the content by the straight

line equation, Y=mX+C, where; Y= absorbance value, m=slope and C= intercept.

Both m and C values were taken from straight line equation of calibration curve.

1.3.Stability indicating RP-HPLC:

1.3.1. Preparation of standard solutions of DP and FB:

100 µg/mL of solution was prepared for each-DP and FB in methanol. These

solutions were further diluted to get a series of concentrations for DP (25-65

µg/mL) and for FB (10-26 µg/mL). 293 nm wavelength was selected for

detection from the overlain spectra of DP (45 µg/mL) and FB (18 µg/mL).

1.3.2. Assay procedure for tablet formulation of DP and FB.

Twenty tablets were crushed and powder equivalent to 100 mg of DP and 40

mg of FB was weighed and was transferred to 100 mL of volumetric flask.

Methanol was used as a diluent and volume was made up to the mark to get a

sample solution of 1000 µg/mL of DP and 400 µg/mL of FB. 0.45 mL was

pipetted out and diluted up to 10 mL to get final concentration of DP (45

µg/mL) and FB (18 µg/mL). This solution was spiked into the system and

chromatogram was recorded.

1.3.3. Finally optimized chromatographic conditions for method development:

Parameters Conditions
Stationary phase Agilent eclipus C18 column, 250×4.6mm,

5 µm particle size
Mobile phase Ammonium acetate Buffer: Acetonitrile (47:53),

pH=4 adjusted with ortho phosphoric acid
Pump mode Isocratic
Flow rate (mL/min) 0.9 mL/min
Run time (min) 20
Volume of injection (µm) 20
Detection wavelength (nm) 293
Retention time (min) 12.01in for DP  and 7.61 min for FB

1.3.4. Forced degradation study
Working solutions of DP (45 µg/mL) and FB (18 µg/mL) were used for the study of various
validation parameter and stability study of both the drugs in different forced degradation conditions.
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Type
of

degradation

Degradation conditions

Acidic 0.1 N HCl, 30 minutes at RT
Alkaline 0.1 N NaOH, 30 minutes at RT

Oxidative 3 mL 3% H2O2, 2 hours at 60°C
Thermal 500mg tablet powder was heated in oven at 70ºC

for 24 hrs
Photolytic UV radiation for 24 hours

1.1.FFD and kinetic study on acid degradation of DP and FB:

1.1.1. FFD (Full Factorial Design)

 Three critical factors i.e. concentration of HCl (0.05 M & 0.5 M), time (15 minutes &

60 minutes), temperature (25°C & 60°C) were identified and their lower level (-1) and

higher level (+1) values were selected for Full Factorial Design.

 Stat-Ease, inc., Design-Expert ®, version 7.0.0. software was used for FFD analysis.

 All these data were entered in design setup given for 23 full factorial design and then

analyze the statistical results.

 Based on the available results, optimization was done via numerical settings to get a

set of optimum conditions which would give maximum degradation of DP closer to

FB.

 From these suggested optimum conditions, any two conditions were randomly selected

and exercise was performed again to find out % error.

1.1.2. Acid degradation kinetic study:

 Acid degradation kinetic study of both the drugs was performed using 0.12 N HCl

concentration at various temperatures (293K, 313K,333K and 353K– 20°C, 40°C,

60°C and 80°C, respectively) up to 10 hrs (0,2,4,6,8,10) and Log % drug remaining Vs

Time was plotted to check the order of reaction.

 Degradation constant (K), half-life (t0.5), shelf life (t0.9) and activation energy Ea were

calculated for each line. Further obtained data were applied on Arrhenius equation for

Arrhenius frequency factor (A), activation energy Ea, degradation rate constant (K),

half-life (t0.5 ) and shelf life (t0.9) at RT by plotting graph of Log k Vs. 1/TX1000.

 Slope of the equation was used for the calculation using LogK=Log A-Ea/2.303 RT,

where R= gas constant (1.987 k/cal. mol)

1.2. Quality analysis of degraded impurity by LC-MS/MS
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Degradation samples of DP and FB were spiked into LC-MS/MS for degraded product

peak identifications. Though area was drastically decreased after degradation, there

were no separate peaks identified for degradation products along with API.

RESULTS:

1. All the three methods (two UV and one stability RP-HPLC) were validated as

per ICH guidelines and validation parameters were obtained in specified limits.

% recovery values and assay readings were found to be between 98-102%.

Moreover, stability study indicated both the drugs were more susceptible to

acid hydrolysis and most stable to alkali hydrolysis.

2. 23FFD suggested the chosen model was significant as p-values (0.0280 for DP

and 0.0053 for FB) obtained by ANOVA analysis were less than 0.1000. As

per perturbation plot, pareto chart (t-value and Bonferroni values for individual

factor and 2 FI) and 3D surface plots, concentration of HCl was the most

critical factor responsible for acid degradation.

3. Straight line (linear response) obtained by kinetic study was shown the

degradation of both the drugs was followed FIRST ORDER KINETIC.

2. FEBUXOSTAT (FB) AND KETOROLAC TROMETHAMINE (KT)

2.1.Stability indicating RP-HPLC
2.1.1. Preparation of standard solutions and working solutions of FB and KT:

Standard solutions of FB (400 µg/mL) and KT (150 µg/mL) were prepared in

methanol. These solutions were further diluted up to 10 ml to get a series of

concentrations for FB (50-150 µg/mL) and for KT (18.75-56.25 µg/mL) which

were used as working standards. 321 nm wavelength was selected for detection

from the overlain spectra of FB (100 µg/mL) and KT (37.5 µg/mL).

2.1.2. Assay procedure for tablet formulation of FB and KT.

Twenty tablets were crushed and quantity equivalent to 40 mg of FB and 15

mg of KT was transferred to 100 mL of volumetric flask. Volume was made up

to the mark with diluent, methanol. 2.5 ml of sample solution was taken and

diluted up to 10 mL to get final concentration of FB (100 µg/mL) and KT (37.5

µg/mL). This solution was spiked into the system and chromatogram was

recorded.
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2.1.3. Finally optimized chromatographic conditions for method development:

Parameters Conditions
Stationary phase Agilent eclipus C18 column, 250×4.6mm,

5 µm particle size
Mobile phase Buffer(KH

2
PO

4
): Acetonitrile (60:40)

pH=4 adjusted with ortho phosphoric acid
Pump mode Isocratic
Flow rate (mL/min) 1 mL/min
Run time (min) 15
Volume of injection (µm) 20
Detection wavelength (nm) 321
Retention time (min) 7.533 min for FB and 3.797 min for KT

2.1.4. Forced degradation study

Working solutions of FB (100 µg/mL) and KT (37.5 µg/mL) were used for the study of various

validation parameter and stability study of both the drugs in different forced degradation conditions.

Type
of

degradation

Degradation condition & time

Acidic 1 N HCl, reflux 2hours
Alkaline 1 N NaOH, 30 minutes at RT

Oxidative 3 mL 3% w/v H2O2, 8 hours
Thermal 500mg tablet powder was heated in oven at 105ºC

for 3 hrs
Photolytic UV radiation for 21 hours

RESULTS:

Developed stability indicating method was validated as per ICH guidelines and validation parameters

were obtained in specified limits. % recovery values and assay readings were found to be between

98-102%. Moreover, stability study indicated FB and KT, both were more susceptible to acid &

alkali hydrolysis whereas stable to oxidation.

3. FEBUXOSTAT AND NAPROXEN:

UV spectrophotometric methods: Selection of detection wavelength

10 µg/mL solution of each drug viz. Febuxostat (FB) and Naproxen (NP) was prepared in methanol

and were scanned between 200-400 nm against methanol as a reagent blank. The λmax selected for

Febuxostat and Naproxen were 314 nm and 271 nm, respectively. Later on the λmax were confirmed

by linearity study.
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3.1.Simultaneous equation method
3.1.1. Preparation of standard of FB

100 µg/ mL of standard solution of FB was prepared in methanol. It was

further diluted with diluent in order to get working standards of 2, 3, 4, 5, 6

and 7 µg/mL of FB.

3.1.2. Calibration curve preparation and absorptivity determination for FB

The above solutions were scanned in UV and their absorbance was measured

at 314 and 271 nm respectively and linearity study was carried out. The

regression coefficient and absorptivity values were measured for FB.

3.1.3. Preparation of standard of NP

125 µg/mL of standard solution of NP was prepared in methanol. It was further

diluted with diluent-methanol in order to get working standards of 12.5, 18.75,

25, 31.25, 37.5 and 43.75 µg/mL of NP.

3.1.4. Calibration curve preparation and absorptivity determination for NP

The above solutions were scanned in UV and their absorbance was measured

at 314 nm and 271 nm respectively and linearity study was performed. The

regression coefficient and absorptivity of NP was measured.

3.1.5. Application of simultaneous equation on synthetic mixture of FB and NP

Quantities equivalent to 40 mg of FB and 250 mg of NP were taken into 100

mL volumetric flask. Methanol was added to dissolve the content and volume

was made up to the mark to get 400 µg/mL of FB and 2500 µg/mL of NP. 10

ml of solution was pipetted out from the stock solution and diluted upto 100

mL to have 40 µg/mL of FB and 250 µg/mL of NP. 1 mL of this solution was

further diluted and measured at λ1 314 and λ2 276 nm. Calculate the content

present in label by simultaneous equations.

3.2. First Order Derivative Method:
3.2.1. Determination of wavelength (ZCP-Zero Crossing Point)

Linearity range for FB was found to be 2-7 µg/mL and for NP was 12.5-43.75

µg/mL. All absorption spectra were converted into 1st derivative form. They

were traced with smoothing factor (Δλ) =4 and scaling factor 10. Derivative

spectra of FB and NP were overlaid and ZCP of FB was found to be 314.28

nm which is suitable wavelength for determination of NP. ZCP of NP was

found to be 297.30 nm which is suitable wavelength for determination of FB.
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Calibration curves were plotted on above mentioned range of concentrations

for both the drugs and regression coefficient of FB was found 0.9985 at 297.30

nm and of NP was found 0.9992 at 314.28 nm.

3.2.2. Application of 1st Order Derivative Method on synthetic mixture of FB

and NP

Standard solutions and working solutions containing of FB and NP were

prepared as per the procedure given in section 3.1.5. Working solution of 1 mL

was taken in to 10 mL volumetric flask and volume was made upto the mark to

get 4 µg/mL of FB & 25 µg/mL of NP. Absorbance of it was measured at

297.30 nm for the determination of FB and at 314.28 for the determination of

NP. These values were put in to straight line equations of calibration curves

and % assay was calculated for the proposed method.

3.3.Stability indicating RP-HPLC:

3.3.1. Preparation of standard solutions and working solutions of FB & NP:

100 µg/mL of standard solution was prepared for each-FB and NP in methanol.

Both the solutions (0.6,0.8,1.0,1.2,1.4 mL of FB and

0.375,0.500,0.625,0.750,0.875 mL of NP) were further diluted up to 10 ml to

get a series of concentrations for FB (6-14 µg/mL) and for NP(37.5-87.5

µg/mL) which were used as working standards. 288 nm wavelength was

selected for detection from the overlain spectra of FB (10 µg/mL) and NP

(62.5 µg/mL).

3.3.2. Assay procedure of FB & NP on synthetic mixture

Quantities equivalent to 40 mg of FB and 250 mg of NP was transferred to 100

mL of volumetric flask. Methanol was added to dissolve the content and

volume was made up to the mark. Further, 10 mL of standard solution was

taken and dilute up to 100 mL to obtained working solution of 40 µg/mL of FB

and 250 µg/mL of NP. 2.5 ml of sample solution was pipetted out and diluted

up to 10 mL to get final concentration of FB (10 µg/mL) and NP (62.5 µg/mL).

This solution was spiked into the system and chromatogram was recorded.

3.3.3. Finally optimized chromatographic conditions for method development:

Parameters Conditions
Stationary phase Agilent eclipus C18 column, 250×4.6mm,

5 µm particle size
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Mobile phase Methanol: Acetonitrile : KH
2
PO

4

Buffer(35:20:45) pH=5 adjusted with 10 M
KOH

Pump mode Isocratic
Flow rate (mL/min) 0.9 mL/min
Run time (min) 20
Volume of injection (µm) 20
Detection wavelength (nm) 288
Retention time (min) 7.525 min for FB and 5.034 min for NP

3.3.4. Forced degradation study

Working solutions of FB (10 µg/mL) and NP (62.5 µg/mL) were used for the study of various

validation parameter and stability study of both the drugs in different forced degradation conditions.

Type
of

degradation

Degradation condition & time

Acidic 1 N HCl, 1hour at RT
Alkaline 1 N NaOH, 30 minutes at RT

Oxidative 3 mL 30% w/v H2O2, 1 hour at 60°C
Thermal Working solution was kept in oven at 80ºC for 3

hours
Photolytic UV radiation for 24 hours

RESULTS:

All the three developed (two UV and one stability RP-HPLC) methods were validated as per ICH

guidelines. The obtained validation parameters were in specified limits. % recovery values and assay

readings were found to be between 98-102%. Moreover, stability study indicated that FB was more

susceptible to alkali hydrolysis and NP was unstable to acid hydrolysis, whereas both were stable to

other stressed conditions.

4. IBUPROFEN (IBU)  AND TRAMADOL HYDROCHLORIDE (TRM)

4.1.Stability indicating RP-HPLC method:
4.1.1. Preparation of standard solution and selection of detection wavelength

1000 µg/mL of IBU and 100 µg/mL TRM standard solution were prepared in

mobile phase [buffer (0.05M phosphate buffer): methanol, pH=5 (30:70%)].

Working standards of Ibuprofen (48μg/ml) and Tramadol Hydrochloride

(6μg/ml) were prepared by diluting 0.48 mL and 0.6 mL in to 10 mL of
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diluent, respectively. These solutions were scanned separately in the range of

200-400nm and 215 nm wavelength was selected for analytical study.

4.1.2. Assay procedure of tablet formulation of IBU and TRM.

Twenty tablets were crushed and powder equivalent to 40 mg of IBU and 5 mg

of TRM was taken into 100 mL of volumetric flask. Mobile phase was used as

a diluent and volume was made up to the mark to obtain 400 µg/mL of IBU

and 50 µg/mL of TRM. Sample solutions were taken in different aliquots (0.4,

0.8, 1.2, 1.6, 2.0, 2.4 mL) and were diluted with mobile phase to get a series of

different concentration range for IBU and TRM (2+16, 4+32, 6+48, 8+64,

10+80, 12+96 µg/mL). Working solution of 48 µg/mL of IBU and 6 µg/mL of

TRM was spiked in to system and chromatogram was recorded to calculate the

% content present in the sample mixture.

4.1.3. Finally optimized chromatographic conditions for method development:

Parameters Conditions
Stationary phase Intercil C18

(150mm X 4.6 mm i.d., 5 μm particle size)
Mobile phase Buffer (0.05 M phosphate buffer) :Methanol

(pH-5, adjusted with 1%  o-phosphoric acid)
(30:70 v/v)

Pump mode Isocratic
Flow rate (mL/min) 1 mL/min
Run time (min) 10
Volume of injection (µm) 20
Detection wavelength (nm) 215
Retention time (min) 3.770 min for IBU and 2.543 min for TRM

4.1.4. Forced degradation study

Working solutions of IBU (48 µg/mL) and TRM (6 µg/mL) were used for the study of various

validation parameter and stability study of both the drugs in different elevated forced degradation

conditions.

Type
of

degradation

Degradation condition & time

Acidic 1 N HCl, 3hour at 60°C
Alkaline 1 N NaOH, 3hour at 60°C

Oxidative 2 mL 20% w/v H2O2, 3hour at 60°C
Thermal 500 mg powder was kept in oven at 100ºC for 24

hours
Photolytic UV radiation for 24 hours
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4.1.5. CCD on robustness study of IBU and TRM

Central Composite Design (CCD) was designed at 3 levels (-1, 0, +1) with

three critical factors (33) i. e. pH of mobile phase, flow rate, mobile phase

composition and effect of them were evaluated on final responses of RT of

both the drugs, resolution and asymmetric factors of both the drugs.

RESULTS:

Developed stability indicating method was validated as per ICH guidelines and validation parameters

were obtained in specified limits. % recovery values and assay readings were found to be between

98-102%. Moreover, stability study in elevated conditions were indicated that IBU and TRM were

unstable to thermal degradation and whereas less susceptible to hydrolytic conditions.

G. Achievement with respect to objectives

1. Total 8 simple, accurate, precise, economical, sensitive and robust analytical methods

(two UV methods and one stability RP-HPLC method for combination 1 and 3, one

stability RP-HPLC method for combination 2 & 4) have been developed that could

separate drug from its potential related substances.

2. All the developed methods have been validated as per ICH guidelines. The obtained

results of each validation parameter was within the standard limit which ensures optimum

method performance over the life cycle of the drugs used in the treatment of arthritis.

Statistical comparison (one way ANOVA/ paired t-test) of methods indicated RP-HPLC

methods were more precise and accurate as compared to UV spectrophotometric methods.

3. FFD on acid degradation of FB and DP was indicated concentration of HCl was the most

critical factor responsible for acid degradation Experimental trials were extended up to

acid degradation kinetic profile to get degradation rate constant, half-life, shelf life and

activation energy for both drugs.

4. CCD was applied on robustness study for combination 4. Study suggested pH was the

critical factor to influence the value of RT. It was also indicated the effect of other factors

like flow rate and mobile phase composition on resolution & asymmetric factor.

H. Conclusion

Analytical study was suggested that all the developed methods were found to be accurate, precise,

economical and robust. Results of validation parameters obtained for each method was mentioned

below:
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1) Analysis of tablet formulation was found 100.09% and 100.07% for DP and 99.85% and

99.88 % for FB for UV spectrophotometric method 1 and method 2, respectively. % assay of

DP and FB were obtained 100.37 and 101.11 for stability indicating RP-HPLC method.The

obtained validation parameters for all the methods were within the limits (98-102 %) specified

in the ICH guidelines Q2 (R1). ANOVA (students’t-test) study suggested RP-HPLC method

is more precise and selective than UV spectrophotometric methods. Stability study of both the

drugs showed maximum degradation of them in acidic conditions whereas stable towards

other conditions.

Moreover, FFD study on acid degradation of DP and FB shown concentration of HCl is the

most critical factor for responsible for degradation. Both the drugs follow first order kinetic.

LC-MS/MS analysis of degraded samples had shown only API peaks.

2) Stability indicating RP-HPLC method was developed for FB and KT and the obtained %

assay results for FB and KT were 100.39 and 100.24, respectively. The results of forced

degradation study indicated both the drugs were more susceptible to hydrolysis (Acidic and

alkaline.

3) Analysis of validation parameters for two UV spectrophotometric and stability indicating RP-

HPLC method was suggested all three methods were accurate, precise, robust and sensitive.

% assay results were within 98-102%. Forced degradation study of FB and NP in various

degradation conditions showed NP was more degraded in acidic condition whereas FB in

alkaline condition. RP-HPLC method is more accurate and precise than UV methods as per

ANOVA (students’t-test) study.

4) % assay of stability indicating RP-HPLC method for IBU and TRM were 99.85 and 99.99.

CCD method on robustness study showed all three factors i.e. pH, flow rate and mobile phase

compositions were critical to influence the responses like RT, resolution and asymmetric

factor. The obtained results suggested the range selected for each level must be minimized.
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