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ABSTRACT

A simple, precise, and accurate, isocratic, rever&P-HPLC stability indicating method was developedi a
validated for determination of Nabumetone (Naphtigétic acid derivative).sbcratic RP-HPLC separation was
achieved orinert Sil ODS 3V (5, 25 cmx 4.6 mm, i.d.) columsing mobile phase consisted of 0.47 g of tetrdbuty
ammonium hydroxide sulphate (TBAH) dissolved in01®0 of a mixture of acetonitrile, water and trigamine
(290:710:1, v/v) adjusted with phosphoric acid td f.5. Forced degradation studies were performadbalk
sample of Nabumetone using acid (2.0 N hydrochladi), base (1 N sodium hydroxide), oxidation 3.0
hydrogen peroxide), Dry heat (105°C) and Wet hegfrddation (70°C reflux). Good resolution betwelea peaks
corresponds to degradation products. The calibmatiourves of Nabumetone showed good linearity in the
concentration range 2 —100 pg/ml with UV detec{289 nm). The correlation coefficients were bettem 0.999.
With limit of detection and quantification 0.29 ad@7 g /ml, respectively. The method has theisgquaccuracy,
selectivity, sensitivity and precision to assayrddgtion products resulting from the stress studiigsnot interfere
with assay is thus stability-indicating.

Keywords: Stability indicating method, Nabumetone, Recov&@ngdies, Tetra butyl ammonium hydroxide sulphate
(TBAH), stress studies.

INTRODUCTION

Nabumetone 4-(6-methoxynaphthalen-2-yl) butan-2-aeea nonsteroidal anti-inflammatory drug (NSAIDJ
naphtylalkanone class, structure as shown in éigur The drug has proved to be effective in thattnent of
rheumatoid arthritis, osteoarthritis and acute gifsue injuries. Nabumetone is a prodrug which engdes
extensive first pass metabolism to 6-methoxy-2-ttaghacetic acid (6-MNA), the major circulating mbtdite; 6-
MNA is largely responsible for the therapeutic edfiy of nabumetone [1, 2, 3].
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Figure 1: Structure of Nabumetone

A literature survey revealed different analyticathrods for nabumetone in human plasma and detetioninaf the
active metabolite of nabumetone in biological flulsy heavy atom-induced room temperature phosptenes [4],
simultaneous determination of COX-2 inhibitors imapmaceuticals dosage form [5], in human plasméidoyd
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chromatography-atmospheric pressure chemical iboirgandem mass spectrometry [6], by micellar—iitzdal
room temperature phosphorescence [7], by high-pagoce liquid chromatography with photodiode areay
mass spectrometric detection [8]. To our knowledge, validated stability-indicating HPLC method ftire
determination of Nabumetone in bulk drug has beponted in the literature.

According to current good manufacturing practi@sgdrugs must be tested with a stability-indicgtassay method
before release. Stress testing of the drug substeac help identify the likely degradation produethich can in

turn help establish the degradation pathways aadrttiinsic stability of the molecule and validdtes stability-

indicating power of the analytical procedures usHte nature of the stress testing will depend @nitidividual

drug substance and the type of drug product inebl@onsidering the susceptibility of Nabumetonearndhriety

of conditions, it was felt that a HPLC method ofabsis that separates the drug from the degradatioducts

formed under ICH suggested conditions (hydrolysigdation and thermal stress) would be of genantdrest.

These studies provide valuable information on drugherent stability and help in the validation afalytical

methods to be used in stability studies. Attempisewnade to develop a suitable single stabilitycatthg HP-LC

method [9] that can be used to determine the blstdstances and also the assay of bulk samphdalfmetone.
The International Conference on Harmonization (I@dideline Q1A (R2) for parent drug stability testisuggests
that stress testing on the drug substance shoufgttiermed to establish stability characteristiod #0 support the
suitability of the proposed analytical method [1],1

MATERIALS AND METHODS

Material

The reference standard of Nabumetone (Nabumetoms) abtained as gift sample from Ipca laboratory. Al
chemicals used were of HPLC grade of Merck. Patassilihydrogen phosphate, Triethylamine and Ortho-
phosphoric acid, Tetra butyl ammonium hydroxidegpbkate (TBAH) as having HPLC grade of Merck Limitedre
used for chromatographic procedure. Mili-Q Wateswaed to prepare solutions. Tablet dosage fornufaetured

by Ipca laboratory; NILTIS was used. Each tablettaming 500 mg of Nabumetone.

Instrumentation:
A SHIMDZU AHT HPLC system consisting of PV-980 pung975 UV-Visible detector was used. The peakewer
qguantified by means of PC based Class-VP software.

Chromatographic conditions:

The chromatographic separation was performed 228 mperature on reverse phase Inert Sil ODS 3V 25
cmx 4.6 mm, i.d.) column. The mobile phase condiste0.47 g of TBAH dissolved in 1000 ml of a misguof
acetonitrile, water and triethylamine (290:710:M)\adjusted with phosphoric acid to pH 6.5. Thpasation was
carried out at detector wavelength 239 nm, flowe @t1.5 ml/minute with retention time of 7.00 mirhe injection
volume of standard & sample solutions was 5pl.

Preparation of Standard and Sample Solution

The standard stock solutions of Nabumetone (Nabumegt(100 png/ml) was prepared by dissolving appatgr
amounts of drug compounds in acetonitrile. Wheilinathe preparation of sample solution, quantitypofvdered
tablet equivalent to 10 mg of Nabumetone was welgired dissolved in acetonitrile. It was furthemutdid in order
to get solution having concentration 50 pug/ml afgdr

Forced degradation studies

To determine whether the analytical method wasilgtamdicating, Naphthyl acetic acid derivatiyBlabumetone)
active pharmaceutical ingredient (API) powder watressed under various conditions to conduct fodszptadation
studies. Intentional degradation was attemptedress conditions of acidic hydrolysis (using 2 N Ili@lkaline
hydrolysis (using 1N NaOH), oxidative degradatiasifg 3.0% H O,) and dry and wet thermal treatment (heated
at 105 °C and 70°C with reflux condition respediivé\fter completion of the degradation processks,solutions
were neutralized and diluted with mobile phase.resdt degradation conditions were decided on thés lids
tolerable pH range of the column. Resolution betwdeug and its degradants peak should be more 1tfan
Attempt was made to decompose 10-30% of the drugposing drug to stress conditions and then milder
conditions were used. This was done to reduceirie af degradation. The tolerable pH range of colusn2.5-8.5
therefore higher alkaline stress conditions cabeatised.

Acidic degradation
Drug was subjected to acidic condition to achidegradation from 10 — 30%. 60 mg drug was dissoinegD ml
of methanol and 60 ml of 4 N hydrochloric acid wedded, so normality of acid become 2 N. Here react
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solution needs to be neutralized before injectmgpiHPLC system to prevent damage to chromatograygumn,
dilution were carried out with acetonitrile to haueal concentration of sample as 60 ppm. Initiabjution of drug
in acidic medium was kept at ambient temperatute, safficient degradation was not achieved so natress
condition in form of reflux was given for differetiime interval and sample was analyzed.

Alkaline degradation

Drug was subjected to alkaline condition to achidegradation from 10 — 30%. 60 mg of drug was diesmn
mixture of 60 ml of methanol and 60 ml 2 N sodiuyditoxide, so normality of solution became 1 N. Hexaction
solution needs to be neutralized before injectmgpiHPLC system to prevent damage to chromatograjghumn,
dilution were carried out with acetonitrile to hafieal concentration of sample as 60 ppm. Solutidrdrug in
alkaline medium was kept at ambient temperaturmpBawas analyzed at different time interval.

Oxidative degradation

Drug was exposed to oxidizing medium, hydrogen xidi solution. Attempt was taken to achieve degiada
between 10.0 — 30.0 %. 60 mg of drug was dissalvé&d ml of methanol and 60 ml of 6% hydrogen patexvere
added. Here reaction solution needs to be newdliefore injecting in to HPLC system to preventndge to
chromatographic column ,dilution were carried outhwacetonitrile to have final concentration of gdenas 60

Thermal stress studies

Dry heat

1 gm Drug was transferred to crucible and kepti@noat 105°C for 8 hr and sample was prepared and subjected to
analysis. It was found that degradation was less 0 % so heating time was increased, dilutiorewearried out
with acetonitrile to have final concentration ofrgde as 60 ppm.

Wet heat
60 mg drug was diluted with 60 ml of water andueéld for 18 hr and sample were prepared at regutlenrval and
subjected to HPLC, dilution were carried out witletnitrile to have final concentration of sampdes@ppm.

RESULTS AND DISCUSSION

Optimization of analytical conditions:

Different columns containing octyl, octadecyl, pileand base deactivated silane stationary phase wied for
separation and resolution. The Inertsil base destetil silane column became more advantageous beesther
columns. Individual drug solution was injected imumn, both elution pattern and resolution patensestudied
as a function of pH, as a function of mobile phesmponent and their ratio. To develop a suitablenh&@hod for
estimation of nabumetone in formulations, differemtbile phases were employed to achieve the besiratton
from degradant peaks. The selected and optimizealenphase was ACN: Buffer: TEA (29:71:0.1) and ditions
optimized were: flow rate (1.5 ml/minute), detect@velength (239 nm). Run time was 7 min. Hereptbaks were
separated and showed better resolution, theorgilaté count and asymmetry was found as 1.09 fdouN#one.
The proposed chromatographic conditions were fapgmtopriate for the quantitative determinationhef drugs.

Results of forced degradation studies

Acidic degradation of Nabumetone was performedd#oacetonitrile and 0. 1 N HCI at room temperaaget is
insoluble in hydrochloric acid. Hydrolytic degraidet of Nabumetone was observed to be very slowlessl thus
higher forced condition were tried to acceleratgrddation process. Then further degradation cawigdin the
mixture of acetonitrile and hydrochloric solutioaving strength of 2 N HCI with reflux at 70°C. Drggt degraded
into three degradants (RT of 2.85, 2.63, 1.30 raig approximately 40% of drug was degraded in 18hrase of
alkaline degradation process was carried out fonrs& ambient temperature in 1 N NaoH and gaverha@r and
one minor degradants peak (RT of 2.85, 2.00, 1.28).nApproximately 45% of drug was degraded in 52
hr.Progress of degradation cannot be judged, herexidative degradation nabumetone is very labde t
experimental condition and degradant peak furthretergo degradation thus continuously degradanth@hges.
Initially (RT of 1.47 then change to 1.58, furtieb8 and 2.85 and finally 1.58 min) and approxinya38% of drug
was degraded in 12 hr. Thermal degradation wasedaout as dry heat and wet heat. Dry heat shownmoim
degradation among all forced condition, as 12 %rafy was degraded in 16 hr with one principle deana peak as
2.85 min RT. While wet heat shows 25% degradati@¢him18 hr with one principle degradant peak &&52min
RT. Degradants concentrations increase as timepassl the degraded products were well resolvex e parent
drug as shown in figure 2 for chromatogram andrégifor % degradation vs. time in hr.
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The order of stability for Nabumetone was founcbo HO, < wet heat <alkali <acid <dry heat. Developed RP-
HPLC method is able to separate all degradantsiysex from all stress condition from drug peak dégotution of
more than 1.5 min. Analytical data for periodic lexation are given in Table 2.
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Figure 2. Chromatogram showing: (a) sharp peak abptimize condition (b) acidic hydrolysis (2 N), atL8 hr reflux at 70 °C (c) alkaline
hydrolysis (1N), at 52 hr (d) oxidative degradation3% H202 at 12 hr, (e) Thermal heat degradation a@ér 16 hr in oven at 105 °C, (f)
Wet heat degradation after 18 hr refluxed
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Figure 3. Graphs showing % degradation vs time:&) acidic degradation (b) alkaline degradation (cPxidative degradation (d)

Reflux degradation (e) Thermal degradation

Table 2 Analytical data for periodic evaluation ofvarious stress degradation conditions

18 hr reflux 40.08 % 2.63,1.30
12 hr reflux 37.62 % 2.85,2.63,1.29
Acidic degradation, 2 N HCI (reflux at 70°C) 8 hr reflux 22.45 % 2.85,2.63,1.30
4 hr reflux 6.44 % 2.84,2.63
2 hr reflux 1.39% 2.85,2.63,1.30
52 45.67 % 2.85,2.00, 1.30
38 hr 38.57 % 2.85,2.00, 1.30
Alkaline degradation, 1 N NaOH 28 hr 26.23 % 2.00, 1.30
At ambient temperature 16 hr 19.85 % 2.85, 2.63, 1.30
6 hr 6.57 % 2.85,1.29
2 hr 0.60 % 2.85,1.29
12 hr 28.04 % 1.58
Oxidative degradation 3% hydrogen peroxide 8 hr 15.57 % 1.58, 2.85
At ambient temperature 4 hr 7.43 % 1.58
2 hr 4.10 % 1.47
16 hr 11.87 % 2.85
Dry heat degradation (at 105°C) 6 hr 4.72% 2.85
3hr 1.46 % 285,251
18 hr 23.67 % 2.85
Wet heat degradation 9 hr 14.72 % 2.85
6 hr 743 % 2.85
3hr 317 % 2.85

Method validation [11]:

System suitability:

The system suitability of the method was studiedletermine the reproducibility of the chromatogiapystem
and column performance was acceptable for the detranalytical application. Four parameters i.ecigion of
peak area of five replicate injections, retentiomet of eluted drugs, number of theoretical platsymmetry factor
and resolution between two peak of analytes weatuated. The results are shown in Table 1.

Table 1: Results of system suitability study

Resolution
15.72

Retention time | Relative Retention time
5.12 min 3.37

Theoreticaplates | Assymetry factor
3759.43 1.27

Linearity:

The Linearity of analytical method is its abilitp tobtain test results, which are directly propavéibto the
concentration of analyte in the test sample. Thedrity of the assay method was established bygting test
samples in the range of 2-100 ug/ml. Each solutias injected twice into HPLC and the average atezaah
concentration was calculated. The regression asalyas carried out from graph of peak area Vs Catnaon;
correlation co-efficient and Y- Intercept of ploasvalso evaluated. Linear regression equationcanctlation
coefficient was found to be y = 18388 X +51580 ard0.9992 for Nabumetone, where 'y’ is area oflpaad ‘X’
is the concentration of drug solution.

Accuracy:

The accuracy study was performed by spiking placsito known quantity of API. The accuracy of teséthod
was demonstrated by preparing recovery sampldgdevel of 80%, 100%, and 120% of target concéntraThe
recovery samples were prepared in triplicate ahdacel. The above samples were injected and theeptage
recovery for amount added, were estimated. Theigioecof recovery at each level was determined dapputing
the relative standard deviation of triplicate reexgvresults. The result for accuracy is shown ibl@a, indicating
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good accuracy of the method for determination afydr

Table 3: Results of Accuracy Study

Amount
Drug Preanalysed Amount recovered* | % recovery* | % RSD
conc. (g/ml) | spiked* (mg) (mg)
40.02 40 79.84 99.80
Nabumetone 40.02 50 89.86 99.84 0.85
40.02 60 100.26 100.26

*Average of three experiments

Precision:

Precision was determined by two ways; by Systentigicn and Intermediate precision. System precisi@as
demonstrated by making five replicate injectionsstdndard solution. The peak area of analyte fopticate
injections was recorded. The %RSD for the analgigkpmrea of these replicate injections was evaludtee results
of System precision is shown in Table 4, indicatihgt an acceptable precision was achieved forméatation of
drug, as revealed by RSD < 2.0%. The intermedia¢eigion of test method was demonstrated by cayrpint
precision study at three concentration level a468000%, 120% (i.e 40, 50, 60ug/ml). Intermediatcision study
includes intra-day and inter-day analysis. Theltestmmary of intermediate precision is shown ifl€sb.

Table 4: Results of precision studyResults of systeprecision

Nabumetone
Injection No. | Standardesponse

1 974264
2 986901
3 985347
4 978454
5 971262
Average 979245
SD 6800.97

% RSD 0.69

Table 5: Result of Intermediate Precision

Conc. (g/ml) | Intra-day (n=3) | % RSD | Inter-day (n=3) | % RSD
40 40.31 £0.475 1.17 40.82 + 0.358 0.87
50 50.23 £0.271 0.54 50.28 + 0.426 0.74
60 60.90 + 0.427 0.70 60.98 + 0.522 0.93

Robustness:
Robustness of the test method was demonstratediyirgy out system suitability under normal coraig and
each of the altered conditions as follows.

Flow rate was changed by -10% and +10%; Organicehatio of mobile phase was changed by -5% and +5%
absolute; Mobile phase pH was changed by -0.02+&n@R2, temperature changed by 5 °c. The result saniwf
robustness study are summarised in Table 6, reslitiates that the method is robust for determamatif drug.

Limit of detection and limit of quantification:
Limit of detection and limit of quantification wastablished based on the residual standard devietghod. LOD
and LOQ were found to be 0.29 pg/ml and 0.89 pégmiirug.

Specificity:
Specificity was carried as interference from plaxefirst only placebo and then injecting synthetigxture
containing placebo and API's as tablet ratio.
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Table 6: Result Summary of Robustness Study

Condition rzsllijce?tfe Tailing | Theoretical
replic: Factor plates
injection

Normal 0.06 1.09 11057
Flow rate

1.3 mil/min 0.17 1.1 11326
Flow rate

1.7 ml/min 0.08 1.03 10865
Mobile phase

(28:72:0.1) 0.09 1.02 10798
Mobile phase

(32:68:0.1) 0.86 1.13 11162
Mobile phase

pH -0.02 0.42 1.09 11236
Mobile phase

pH +0.02 0.31 117 11023
Temp 20 °c 0.12 1.21 11204
Temp 30 °c 0.99 1.01 10962

CONCLUSION

The data demonstrate that the RP-HPLC method we lhiwveloped showed acceptable linearity, spegfficit

accuracy, precision and robustness in the condamtreange of 2-100 pg/ml for Nabumetone as perdog@irement

of ICH guidelines.In this study, stability of drug was establishedaading to ICH-recommended stress conditions.
There was no interference of any degradants opiexts in the determinatioim conclusion, the proposed method

could be routinely used for the analysis of drugharmaceutical dosage form.
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