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ABSTRACT

A simple, precise and accurate stability indicating ultra-performaceliquid
chromatography (UPLC) method was developed and validated for the
simulataneous quantitative determination of Famotidine and Ibuprofen in
the presence of degradation products. The separation achieved on Acquity
UPL C columnwith simple gradient method. The mobile phaseA containsa
mixture of pH 6.0 sodium acetate buffer and methanol in theratio of 80:20
(v/v) and mabile phase B contains a mixture of pH 6.0 sodium acetate
buffer and Mehtanol in the ratio of 30:70 (v/v). The peakswere monitored
at 260 nm wavelength. This method was validated for accuracy, precision,
linearity, and robustness. The method was also found to be stability indi-
cating. Famotidine was found to degrade significantly in oxidative, acid
and base stress conditions. The degradation products were well resolved
from main peak of Famotidine and Ibuprofen, thus proved the stability
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INTRODUCTION

Famotidine (FAM), 3-(((2-((aminoiminomethyl)
amino)-4-thiazolyl)methyl)thio)-N’-(aminosulfonyl)
propanimidamide, isapotent,competetiveand revers-
ibleinhibitor of histamineaction a theH2 receptor. Itis
used for the treatment of duodenal and gastric ulcers.
Theempirica formulaof FamotidineisCH,.N.O.S,
anditsmolecular weight is337.43. Famotidineisavail-
ablein 20 mgand 40 mg for oral administration™.

Ibuprofen (IBU) ((2RS)-2-[4-(2-Methyl propyl)
phenyl]propanoic acid), isanonsteroidd anti-inflam-
matory drug, whichisavailablein 400 mg, 600 mg, and
800 mgtabletsfor oral administration. It isindicated
for relief of thesignsand symptomsof rheumatoid ar-

thritisand osteoarthritis, for relief of mild to moderate
pain and a so indicated for the treatment of primary
dysmenorrhea. Theempirical formulaof Ibuprofenis
CH,,O, anditsmolecular weight is 206.291.
U.S.Food and Drug Administration has approved
Duexis(Ibuprofen/Famotidine), anove tablet formula:
tion contai ning afixed-dose combination of Ibuprofen
(800 mg) and Famotidine (26.6 mg) [Figure 1] in 2011.
In combination Ibuprofen treats the symptoms of ar-
thritis, Famotidine helpsreducetherisk of ulcersinthe
stomach or intestinesthat can be caused by long-term
useof ibuprofent?. Sofar, few liquid chromatography
procedures have been described for theindividual de-
termination of Ibuprofen and Famotiding®!2. These
procedureswere devel oped to estimateeither Ibuprofen
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or Famotidineindividudly fromformulation or plasma
Whereas no single method has been reported to esti-
matesmultaneoudy fromformulaion. Theavailablein-
dividua methodsdoes not solvethe shorter develop-
ment timefor generic drug companies. Henceit isnec-
essary to devel op asimultaneous, rapid, accurate and
validated method for the determination of FAM and
IBU from combined dosageform.
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(b) Chemical structer of ibuprofen
Figurel: Chemical structuresof famotidineand ibupr ofen

Ultraperformanceliquid chromatography (UPLC)
isaadvanced techniqueinliquid chromatography, which
enablessignificant reduction in separation timeand sol -
vent consumption. Literatureindicatesthat UPLC sys-
temalowsabout ninefold decreaseinanadysistimeas
compared to the conventiona HPLC system using S5um
particlesizeanaytical columnsand about threefold
decreasein analys stimein comparison with 3um par-
ticlesizeanalytical columnswithout compromiseon
overall separation.

EXPERIMENTAL

Apparatus

Acquity UPLCTM system (Waters, Milford, USA)
used consisting of abinary solvent manager, asample
manager and a UV detector. The output signal was
monitored and processed using empower software,
water bath equipped with MV controller (Julabo,
Seel bach, Germany) was used for hydrolysisstudies.
Photo stability studieswere carried out in aphoto sta-
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bility chamber (Sanyo, Lei cestershire, UK). Thermal
stability studies were performed in adry air oven
(MACK Pharmatech, Hyderabad, India).

Reagentsand chemicals

Ibuprofen and Famotidinetabletswerereceived
from formulation devel opment department of Dr.
Reddy’s laboratories limited, Hyderabad, India. So-
dium acetate trihydrate, Triethylamine, glacia acetic
acid, Methanol for HPLC were purchased from
Merck, Darmstadt, Germany and water used was
obtained by using Millipore MilliQ Pluswater purifi-
cation system.

UPL C conditions

The Separation was achieved on Acquity UPLC
BEH Shield C-18,2100mm x 2.1 mmand 1.7 um par-
ticlesize, usng gradient flow program. The buffer used
for mobile phase and diluent was 0.05 M sodium ac-
etate buffer and 2 ml of Triethyl aminein 1000 ml of
MilliQ water and adjusted the pH to 6.0 with Glacid
acetic acid. Mobile phase A wasamixtureof pH 6.0
buffer and Methanol in the ratio of 80: 20(v/v); re-
spectively and the mobile phase B containsamixture
of pH 6.0 Buffer and Methanol in theratio of 30:70
(V/Vv), respectively. Theflow rate of mobile phasewas
set as 0.35 mLmin-1. The UPLC gradient program
was set as: time (min)/% solution B: 0.01/15,1.2/
100,2.5/100,3.0/15 and 4.0/15. The column tempera
ture was maintained at 30°C and the detector was
monitored at awavel ength 260 nm. Theinjection vol-
umewas1.0uL.

Sandard solutions

A standard sol ution containing 3200 pg/ml of IBU
and 106 pg/ml of FAM was prepared by dissolving
IBU and FAM indiluent (60:40(v/v) pH 6.0 Sodium
acetate buffer and M ethanol).

Analysisof formulation

Twenty tabletseach containing 800 mg of IBU and
26.6 mg of FAM wereweighed to determinethe aver-
ageweight and powdered in amortar with pestle. A
quantity of powder equivaent to 26.6 mgof FAM and
800 mg of IBU wereweighed and transferred into a
250 ml volumetricflask, added 175 ml of diluent and
sonicated for 30 minuteswith intermediate shakingand
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then made up to volumewith diluent. Filtered through
0.45pm nylon membrane filter by discarding first few
mL filtratesandinjected into the UPLC.

System suitability criteria

Relativestandard deviation for pesk areasof FAM
and IBU for fiveinjections of standard should not be
morethan 2.0% and tailing should not be morethan
2.0for both FAM and IBU.

For ced degradation studies

In order to establish whether the ana ytical method
and the assay were stability-indicating, FAM and IBU
tablet powder was stressed under various conditions
to conduct forced degradation studies.

Oxidation

Solutionsfor usein oxidation studieswere prepared
in 10% H202 and exposed to 60°C for 30 minutes.

Acid degradation

Solutionsfor acid degradation studieswere pre-
paredin 2M hydrochloric acid and exposed to 60°C
for 30 minutes.

Alkali degradation

Solutionsfor akali degradation studieswere pre-
pared in methanol and 2M sodium hydroxide and ex-
posed to 60°C for 30 minutes.

Temperature stress

Temperature Degradation study was performed by
exposing thedrug content at 105°C for 6 hours.

Photo stability

Sunlight study was performed by exposing thedrug
content for sunlight over aperiod of ten days.

RESULTSAND DISCUSSION

UPL C method development and optimization

Generic manufacturersdo not incur thecost of drug
discovery. Sometimes, reverseengineeringisusedto
devel op bioequivalent versionsto existing drugs*®.
Before starting the devel opment to separatethe FAM
and IBU athorough literature search wasdone. Both
IBU and FAM tabletsareofficid in USPwith different
chromatographic conditions, columnand diluent. InUSP
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monograph IBU was analyzed by using pH 3.0
chloroacetic acid asbuffer for mobilephase, FAM was
analyzed by using pH 6.0 Sodium acetate trihydrate
buffer alongwith Triethyl amineinthemobile phase.
IBU isacidicdrugwith pka4.6 and FAM isaweakly
basic drug with pka7.1. Based onthe molecular prop-
ertiesof both IBU and FAM, pH 6.0 Sodium acetate
trihydrate buffer with triethyl aminewas choosed for
mobile phased ongwith Methanol intheratio of 80:20
(v/v). Initid method development trialsperformed to
separate both FAM and IBU using isocratic flow
method, but IBU waseluting at around 15 minutesand
not asymmetrical peak. So gradient trid sperformed to
reducetherun timeand for better peak shapeof IBU.
Both FAM and IBU standardsinjectedin different sta-
tionary phaseslike C18, C8 and BEH shieddld RP 18. In
all the columnsthetailing factor for FAM islessthan
1.5, buttalingfactor of IBU ismorethan 1.8in C8 and
fronting was observed in C18 column. The embedded
polar group into thebonded phaseligandin BEH shidld
RP 18 column [Figure 2] helped to reducethetailing
factor of IBU lessthan 1.5. Themethod was optimized
to separate maj or degradation productsformed under
different stressconditions. Themaintarget of thechro-
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Figure2: Embedded polar group in acquity BEH shield RP
18 column

matographic method isto separate closely el uting deg-
radation products, mainly the degradantsformed dur-
ing degradation of FAM. Theresol ution between the
peak at 1.059 RT and FAM was 1.9 in acid degrada-
tion, between FAM and peak at 1.244 RT was 1.7 in
base degradation. FAM is sengitiveto acid, base and
peroxide degradation conditionsand IBU washighly
stable and not degrading in all the degradation condi-
tions. Both FAM and IBU were eutingwithin4 min-
utes of time with mobile phase A 80:20(v/v) and B
30:70 (v/v) of pH 6.0 buffer and methanol ratio. The
ratio wasfindized after confirmingthegood separation
inbetween FAM and IBU dong with degradation prod-
ucts[Figure3].
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Standard Chromatogram on BEH Shield RP 18
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(f) Chromatogram in acquity C8 column
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(g) Chromatogram in acquity C18 column

Figure 3: (a) Sandard chromatogram on BEH shield RP 18; (b) Acid degr adation chromatogram ; (c) Basedegradation
chromatogr am; (d) Oxidative degr adation chromatogr am;(e) Chromatogr am with I socr atic method; (f) Chromatogram on
Acquity C8column;(g) Chromatogram on Acquity C18 column

Validation

Method vaidation was performed asper ICH guid-
ance*1 for simultaneous determination of FAM and
IBU intheformulations.

System suitability

To egtablish sysem suitability Sandard solutionwas
injected fivetimesand thechromatographi c parameters
likerelative standard deviation for replicateinjections
of FAM and IBU, thetailing factor for both FAM and
IBU peakswere evaluated. Therelative standard de-
viationfor fivereplicateinjectionsof both FAM and IBU

wasfoundto belessthan 2.0% and thetailing factor for
both FAM and IBU peakswere lessthan 2.0. There-
ultsmeet thesystem suitability criteria
Precision

Precision of the assay was investigated with re-
spect to both repestibilty and reproducibility. Repest-
ability wasperformed by injecting six replicate samples
with the concentration of 3200 pg/ml of IBU and 106
ug/ml of FAM respectively. The % RSD values for

FAM and IBU were 0.6 and 0.8. Different analyst
from the samelaboratory evaluated theintermediate

— a%a['yttaa[’ CHEMISTRY

Au Tudian Yournal



74 Validated stability indicating UPLC method for the simultaneous determination

ACAIJ, 12(2) 2013

Full Peaper ==

TABLE 1: Precision, % assay of six samples

FAM IBU
99.2 100.5
98.8 101.2
100.6 Mean: 99.5 102.0 Mean: 101.0
98.6 % RSD: 0.7 100.0 % RSD: 0.6
100.1 101.0
99.6 101.5

precision of the method. Thiswas performed by as-
sayingthesix samplesof FAM and IBU tabletsagainst
qualified reference standard. The percentage assays
of six sampleswere calculated. Theresults are sum-
marizedinTABLE 1.

Accuracy

Theaccuracy of an andytica method expressesthe
nearness between thereference valueand found va ue.

TABLE 2: Resultsof accuracy (% recovery)

Spiked  Amount Amount %
level added recovered r ecovery
(%,n=3) (ng/ml)  (ng/mL)
50 53 52.8 99.6
FAM 100 106 105.2 99.2
150 159 156 98.1
50 1600 1585 99.1
IBU 100 3200 3195 99.8
150 4800 4765 99.3

Theaccuracy of themethod wasevduated intriplicate
at threeconcentration levels, i.e. 50%, 100% and 150%
of target test concentration (106 ug mL* of FAM, 3200
pgmL? of IBU intablets Theresultsobtained areshown
inTABLE 2.

Linearity
Thecalibration curvesplotted for FAM and IBU
werelinear over the concentration range of 53-159 pg/

TABLE 3: Peak purity resultsof FAM and |1BU

Purity Purity

co?lt(;?t?zn angle threshold  Furiyflag
FAM IBU FAM IBU FAM IBU

Acid stress 0.521 0.062 0.806 0562 NO NO
Base stress 0.235 0359 0.715 0.921 NO NO
Peroxide stress 0.533 0.210 0649 0295 NO NO
Heat stress 0.062 0404 0.258 0554 NO NO
Light stress 0421 0285 0.951 0.826 NO NO

ml for FAM and 1600-4800 pg/ml for IBU. Peak ar-
easwere plotted against concentrations and cal cul ated
corrdation coefficient fromtheresultant curve. The Cor-
relation coefficient values of FAM and IBU are 0.999
& 0.998.

LODandLOQ

TheLOQisthelevel abovewhich quantitativere-
sultsmay be obtai ned with aspecified degree of confi-
dence; LOD isthelowest concentration level that can
be determined to be satistically different from ablank.
TheLOQ that produced therequisite precision and ac-
curacy wasfoundto be 15 pg/ml for FAM and 3pg/ml
for IBU, respectively. The LOD for both FAM and
IBU were found to be 6 pg/ml and 1ug/ml, respec-
tivey.

Selectivity

Theresultsof stresstesting studiesindicated ahigh
degree of selectivity of thismethod for FAM and IBU.
Photodiode array detection was used asan evidence
to provethesalectivity of themethod, and to evaluate
the homogeneity of thedrug peaks. Typica chromato-
grams obtained following the assay of sample and
stressed samplesare shown in Figure 2. Thereisno
degradation observed for IBU, FAM issensitiveto
Acid, Base and Peroxide. FAM degraded up to 40
% inboth Acid and Base degradation conditions, all
the degraded peaks were well separated with both
FAM and IBU. Peak purity was evaluated for all deg-
radation conditions and found both FAM and IBU
peaks are homogenous. Theresults are summarized
inTABLE 3.

Robustness

Indl thedeiberate varied chromatographic condi-
tions(Flow rate, column temperature and composition
of organic solvent), no significant difference observed
insystemsuitability.

CONCLUSION

A smple, rapid, accurateand precisestability indi-
cating UPL C anal ytical method has been devel oped
and validated for theroutineanaysisof FAM and IBU
intablet dosageform. Theresults of stresstesting un-
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dertaken according to theinternational conference of
harmonization (ICH) guiddinesreved that themethod
hastheability to separatethesedrugsfromtheir degra-
dation products. Method validation results proved the
methodisprecise, sdective, accurate, linear, robust and
dability indicating.
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