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ABSTRACT KEYWORDS
An isocratic reverse phase liquid chromatography method has been Torsemide;
developed for quantitative determination of Torsemide and Spironol actone Spironolactone;
along withtheir related compounds using a150 X 4.6 mm, 5p. Hypersil BDS Canrenone;

Related substances;
Simultaneous determination.

C8 column with a mobile phase composition of buffer pH 5.0: methanol in
equal quanitites. Theflow ratewas 1.0 mL min *and wavel ength was set at
260 nm. Resolution between torsemide and its impurity, and that due to
Spironolactone and its impurity canrenone was more than 2.0 and 3.0
respectively. The method was validated for selectivity, linearity, accuracy,
precision, limit of detection and limit of quantitation. Impuritiesof torsemide
and spironolactone gave linear response. For the assay study torsemide
and spironolactone showed linear response. The stress studies showed
that the method was specific, selective to study torsemide, spironolactone
and impurityl, impurity 2, impurity 3 of torsemide and impurity 4 of
spironolactone. The peak purity of analyte showed that unknown
degradation products formed during stress studies did not interfere with
the determination of all the studied analytes. The mass balance for assay
was achieved for torsemide and spironolactone.
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INTRODUCTION

Spironolactone, 7a-(acetylsulfanyl)-3’,4’-
dihydrospiro [androst-4-ene-17,2°(5’H)-furan]-3,5’-
dione (SL) isasynthetic steroid that actsasacompeti-
tiveantagonist to ddosterone used clinically in condi-
tions such as congestive heart failure, hepatic ascites,
primary al dosteronisms and essential hypertension.
Torsemide, 1-(1-Methylethyl)-3-[[4-[ (3-methyl phenyl)

amino] pyridin-3-yl]sulphonyl]urea(TD) isapyridine-
sulfonyl ureatypeloop diuretic mainly used inthe man-
agement of edemaassoci ated with congestiveheart fail-
ure. Itisalso used at low dosesfor the management of
hypertenson.

The combination product of SL and TD isused for
thetreatment of congestive heart failure. Pharmaceuiti-
ca impuritiesarethe unwanted chemicalsthat remain
with theAPIsor develop during formulation, or upon


mailto:pradnyapmhatre@yahoo.co.in

ACAIJ, 13(8) 2013

Pradnya.A.Karbhari et al.

291

degradation of both APl and formulated APIsto medi-
cines. The presence of these unwanted chemicalseven
inamal amountsmight influencetheefficacy and sefety
of pharmaceutical products. Determinations of drug
impurity and drug degradation products arevery im-
portant from both pharmacol ogical and toxicol ogical
perspectives. The aim of the present study isto de-
velop agtahility indicating method for the determination
of SL, TD adongwith related compounds. Inthispaper
we describe validation of an assay and related sub-
stances method for accurate quantitation of TD and SL
and their four related compounds (Imp 1: 1-ethyl-3-
[[4-[(3-methylphenyl)amino]pyridin-3-
yl]sulphonyl]urea; Imp 2: 4-[(3-
methyl phenyl)amino] pyridine-3-sul phonamide; imp 3:
1-butyl-3-[[4-[ (3-methyl phenyl)amino] pyridin-3-
yl]sulphonyl]urea; imp 4: 17-hydroxy-3-oxo-17a
pregna-4,6-diene-21-carboxylic acid gammarl actone)
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1-(1-Methylethyl)-3-[[4-[(3-methylphenyl)amino]pyridin-3-
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CHs
Impurity 3 (imp 3)

1-butyl-3-[[4-[(3-methylphenyl)amino]pyridin-3-
yl]sulphonyl]urea.
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intablet dosageform. Figure 1

Many methods have been reported for determina-
tionof SL and TD aongwith other diureticsfor screen-
ing of drugsin various matrices by variousanal ytical
techniqueslikein human urineby HPLC*3, LC-ESI-
MS4,and GC-M S after extractivemethylation®, fast
LC-MS/M S and in bovine milk by UPLC-tandem
mass spectrometryt, using micellar mobile phases®d.

For SL andimpurities, agpectrophotometric method
isreported by partial least squareregression*®, HPLC
and TLC methods arereported for SL and itsdegra-
dation product™ and its metabolites in human
plasmd>13, Literaturereview showed solubilizationand
stability of SL solution studied in s-cyclodextrin de-
rivatives’¥ and Impuritiesof SL areisolated and stud-
ied®>¢, For SL aHPLC method isreported for deter-
mination from formulation™. SL and chlorthdidonein
combination isreported by HPLCl8.,
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Impurity 2 (imp 2)
4-[(3-methylphenyl)amino]pyridine-3-sulphonamide
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CH;
Impurity 1 (imp 1)
l-ethyl-3-[[4-[(3-methylphenyl)amino]pyridin-3-
yl]sulphonyl]urea
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“CH3
Spironolactone (SL)

7a-(acetylsulfanyl)-3’,4’-dihydrospiro
17,2°(5’H)-furan]-3,5’-dione

[androst-4-ene-

o

Impurity 4 —Canrenone (imp 4)

17-hydroxy-3-oxo-17a-pregna-4,6-diene-21-carboxylic acid
gamma-lactone

Figurel:Chemical structureof Torsemide, impurity 1, impurity 2, impurity 3, spironolatoneand impurity 4

SL issmultaneoudy determined with triamterene,
furosemideand hydrochlorothiazide by HPLC*9 SL is
determined fromatablet formulaionincombinaionwith
hydrochlorothiazidg?. Many methodsareavailablefor
determination of TD and metabolitesby HPLC areus-
ing Cyano columni?Y, acyclodextrin assisted capillary
el ectrophoretic method??, capillary €l ectrophoresis
with diodearray detection, inhuman urineusing elec-
trochemical detection’, in plasmd®29, in plasmaand
urine by solid phase extraction?”! andin human plasma
using monoalithic column?,

TD informulationisdetermined by spectrometry!.
Compendial methodsby HPLC areavailablefor both
TD and SL individualy®™. However to the best of our
knowledge no stability indicating LC method hasbeen
developed for simultaneous determination of related
substances and assay of TD and SL from formulation.

EXPERIMENTAL

Chemicalsand reagents

Working standard of TD (99.4 %) purity and SL
(99.3 %) purity and impurity standardswere obtained
from Ipcalaboratories, Mumbai, India. Marketed for-
mulation Dylor plus 10 containing 10 mg TD and 50
mg SL were purchased from local market and used for
thestudy. L C grademethanal, triethylamineand ortho-
phosphoric acid were procured from Merck Mumbai,
India. High purity dei onized water was obtained from

Hnalytical CHEMISTRY o

MilliporeMilli Q pluswater purificationsysem (Milford,
USA).

I nstrumentation

The L C system used were PDA 2996, Watersand
equipped with quaternary gradient pumpswith auto
sampler and auto injector (Alliance 2695, Waters,
Milford, MA, USA) connected with aphoto diode ar-
ray detector (PDA 2996, Waters, Milford, MA, USA)
controlled with Empower software (Waters).

Chromatographic Conditions

The separation wasachieved on Hypersil BDSC8
column,(USPL7 column) (150 x 4.6 mm, 5 um), using
amobile phase containing an equal quantitiesof 0.1 %
Tri ethyl amine, pH adjusted to 5.0 using ortho phos-
phoricacidand methanol respectively. Themobilephase
thus prepared wasfiltered through a0.45 um nylon
membrane and degassed with sonicationfor 5min. The
mobile phaseflow ratewas 1.0 mL min? and wave-
length 260 nm. Theinjectionvolumewas20 uL. Diluent
used during the preparation of the standard and test
samplewas mixture of water: methanol (50: 50, V/V).

Preparation of Sandard Solutions

A stock solutionof SL (0.5mgmL?*)and TD (0.5
mg mL1) was prepared by dissolving an appropriate
amount indiluent. Working sol utions containing 50 ug
mL" SL and 10 ug mL* TD were prepared fromthis
stock solution for determination of assay. Theabove
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stock solutionwasdiluted suitably to obtain aconcen-
tration of 1 uyg mL*each of TD, impl,imp2,imp 3
and 5 pg mL* each of SL andimp 4 and used as stan-
dard solution for rel ated substancestest.

Samplesolutions

Tenwholetabletswereweighed, transferred to a
500 mL volumetricflask, 10 mL of water wasadded to
were dispersethetabl ets. 300ml of diluent wasthen
added to theflask and was shaked for 30 minusing a
wrist action shaker for complete extraction of analytes.
The solution thus prepared was sonicated for 30 min
and diluted tovolumeto giveasol ution containing 1000
ug mLtof SL and 200 pg mL*of TD. Thissolution
was filtered through a0.45 um pore size PVDF sy-
ringefilter and used for determination of related com-
pounds. Thissolutionwassuitably dil uted to obtain con-
centration of 50 ug mL* of SL and 10 ug mLof TD
and used for Assay of SL and TD.

RESULTSAND DISCUSSION

M ethod development and optimization

Literature survey showed pKavaueof TD as7.1
and SL asabout 2.3. Thismade method devel opment
challenging primarily dueto widerange of pKavalue.
Selecting aparticular pH of mobilephasewould make
ather of thesedrugsexigtinionized or nonionizedforms.
If ionized, the degree of ionizationwould greetly affect
their chromatographicretentioninRPLC. Thisisso, as
typicaly theseionic form do not partition well between
hydrophobic stationary phase such as C18 and mobile
phase. Thusresultinginto sgnificantly lower k* (capac-
ity factor). Low pH suppressestheionization of most
acidicanadytesresultinginther higher retention. This
was evident asacidic mobile phases such asthat of 0.1
% glacia aceticacidinwater: methanol inratio 45: 55
(% v/ v) respectively using Waters symmetry C18,
250x 4.6 mm, 5 p column, resulted in retention of SL
and higher asymmetry with respect to peak dueto TD.
Peak modifierssuch astriethylaminewerethenintro-
duced inthemobilephaseto reducepesk tailing caused
by interaction of basic andyte TD with acidic surface
slanolskeeping the other chromatographic conditions
same. Tominimizeretention of S comparatively lower
hydrophobic stationary phase such as C8 and length,

—= Fyll Paper

150 x 4.6 mm, 5 pu column was selected. This resulted
indutionof TD invoidvolume; lessthan 2.0 min. Mo-
bile phase composition 60: 40 (% v/ v) wastherefore
tried, thisgavegood resol ution of 8.6 between TD and
SL.. Themethod devel opment involved two critica steps,
first step being basi ¢ separation of TD and SL and sec-
ond was specific separation with four studied impuri-
ties. For the second step in method devel opment, when
impurity mixturewasinjected inthisset up, it did not
show satisfactory resolution betweenimp 2and TD.
So methanol concentration waslowered to 50 % (v/v)
but still theresolution betweenimp 1 andimp 3was
unsatisfactory. Theincreasein concentration of aque-
ous phaseresulted in higher retention of SL. Mobile
phase pH was altered to achieve the desired resolu-
tion. It wasobserved that at lower pH, resolution be-
tween criticd pairimp2 and 3islower. AspH increased,
theresolution also increased. 0.1 % triethyl amine ad-
justed to pH 5.0 with OPA and 50 % methanol was
sl ected asoptimum condition which resulted in good
separation of al studied impurities and unknown
degradants. TheUV waveength, 260 nmwas selected
for detectionwhichisat theisosbestic point of SL and
itsimp 4 and also all the components found to have
reasonabl e responseto achievethe LOQ va ue below
0.1 % of test concentration.®Y. Typical chromatograms
obtained with the devel oped method areasper (Figure
2) and systemauitability parametersarelistedin TABLE
(1). Oncethecritical stepsof method development was
established, the chromatographic conditionswerechd-
lenged for specificity. Thespecificity of amethodisits
suitability for analysisof asubstancein the presence of
potentia impuritied®, Stresstesting of adrug substance
can helpidentify likely degradation products, which can
inturn, hel p establish degradation pathwaysand the
intring c stability of themolecule. The specificity of the
LC method for SL and TD wasdeterminedinthepres-
ence of four impurities and degradation products.
Forced degradation of SL and TD wasa so performed
to providean indication of the stability-indicating prop-
ertiesand specificity of themethod*34. Thetablet for-
mulation wasexposed to stressstudiesalong with ac-
tive pharmaceutica ingredients. Thestressconditions
chosento achievedegradationincluded acid hydrolysis
(0.1 M HCI/IM HCl), basic hydrolysis (0.1 M NaOH)
and oxidation (10%H,0O,) dongwithlight (conducted
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TABLE 1: Validation study Summary
Parameters RelatedCompounds Assay

Impl TD Imp2 Imp3 SL Imp4 TD SL
Retenti ontime(min) 3.7 5.1 6.9 8.7 20.5 26.6 4.8 19.5
Tailingfactor 12 10 12 10 11 10 12 12
Resol ution(USP) 52 53 4.1 15.5 5.7 204
Theoreticalplates 3862 4126 5544 4888 6693 7081 4135 4679
Linearityrange(pgmL™) 0.1-15 0.1-15 0.1-15 0.1-15 05-7.5 05-7.5 1to20 5t0100
LOD(pgmL™) 0.048 0.043 0.025 0.064 0.022 0.031 NA NA
LOQ(ngmL™) 0.14 0.13 0.08 0.18 0.65 0.94 NA NA
Slope(b) 26868.14 2318564 434344 17644.71  23623.78 24372.14 2634.4 24791.82
Intercept(a) -440.74 -462.82 -1168.34 -116.74 -3277.7  -2768.26  -5025.28  -59100.6
Correlati oncoefficient® 0.9990 0.9949 0.9977 0.9913 0.9984 0.9983 0.9999 0.9999
Residuasumofsquares(r’)  0.9981 0.9899 0.9953 0.9846 0.9968 0.9966 0.9999 0.9999
Responsefactor 1.16 10 187 0.76 10 1.03 NA NA
CorrectionFactor 0.86 1.0 0.53 131 1.0 0.97 NA NA
MeanAccuracy(%6) 100.1 NA 102.1 97.2 NA 102.1 99.8 100.0
Precision:M eanval ue(%) 99.3 99.9
Precision:RSDforn=6(%) 131 NA 3.81 171 NA 3.12 0.34 0.23

asstipulatedin ICH Q1B) and heat a 60 °C. For stud-
iesof theeffectsof heat and light the study period was
about 7 to 10 dayswhereasfor acidic, basic, and aque-
oushydrolysisand oxidation it wasabout 2 h. The pu-
rity angleislessthanthe purity threshold limit obtained
inall stressed samplesby using Waters Empower soft-
ware ensured analyte peak homogeneity asrequired
by ICH Q2R(2).The pesk purity obtained from stressed
samplesusing PDA detector confirmed method to be
stability indicating. Theassay of stressed sampleswas
cd culated againg reference tandard using externd stan-
dard method and the mass bal ance (% assay + % im-
purities+ % degradation products) was demonstrated.
When TD and SL were exposed to heat, degradation
wasnot observed. Smilarly exposureto photol ytic deg-
radation, TD did not show any degradation but SL
showed degradation with changein physical appear-
ancefromwhiteto yellow. Also Drug product exposed
to photolytic studies showed changein color fromwhite

toydlow. TD wasfound to degradein acidic hydroly-
sisaswell asin oxidationformingimp 2 a about 8 to
15% leve. The presence of imp 2 asadegradant was
confirmed by spikingimp 2indegraded samples. Stress
studieson SL inbasichydrolyss, acidic hydrolyssand
oxidation concluded that imp 4 to be oneof themajor
degradantsduring basichydrolyss. (Figure3). Themass
bal ancefor the stressed sampleswas closeto 99.6 for
TD and 99.5for SL TABLE (2).

Method validation

Method validation was carried out as per ICH
guidelinesfor parameterssuch asPrecision, linearity,
accuracy, Limit of detection and quantitation, robust-
ness, responsefactor and stability in solution.

Precision
The precision of therelated substance method was

checked by six fold analysis of tablet sample spiked
with 0.5% of each of thefour impurities. TheRSD (%)
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TABLE 2: Summary of resultsof forced degradation experiments

Assay M ass balance (%
Stress condition Time of assay + % Remarks (RRT wrt TD) Pe?k
. degradation purity
Active
product)
Torsemide
Acidic hydrolysis
(IN HCL) 2h 91 100 Imp 2 formed as a degradant. Pure
Basic hydrolysis . .
(0.1N NaOH) 2h 98 98.8 No major degradation found. Pure
Oxidation(10% Unknown imp at RRT 0.6 formed asa
H.0,) 2h 84.1 9.7 major degradant and imp 2 formed. Pure
;hggg]gl treatment 7 days 99.2 99.7 No degradation found. Pure
Light (photolytic 1‘2{’?’5
degradation) ICH miII.ion 99.5 99.7 No degradation found. Pure
Q1B lux h)
Spironolactone
Adidic hydrolysis 30 min 98.1 99.8 No major degradation found Pure
(0.1N HCI) : ' aor deg '
Unknown imp at RRT1.13 asamajor
Basic hvdrolvsis degradant formed was well separated
(0.IN NyaOH§/ 30 min 66.8 100.2 from TD. Unknown imp at RRT 1.75 Pure
' formed was closdly euting with imp 3 but
well separated. Imp 4 was a so formed.
I Unknown imp at RRT 0.71 formed was
0,
Oxidation(10% 30 min 97.1 98.6 closdly eluting with imp 1 but well Pure
H20,)
separated.
;hg(r)gwél treatment 7 days 98.8 100 No major degradation found. Pure
Light (photolytic 1%1 a2ys No major degradation found The
degradation) ICH v 96.5 98.7 physical appearance of the APl changed Pure
million .
Q1B lux h) from white to yellow.

of peak areafor each impurity which waswithin 5%
confirmed precision of themethod. The precision of
the assay waseva uated by performing six independent
assays of atest sampleand quantifying using external
standard method using reference standard. The RSD
(%) of thesix resultswere 0.34 and 0.23 respectively
for TD and SL, confirmed method to be precise for
assaying of TD and SL in presenceof itsimpurities.
Toevauaetheintermediate precison (ruggedness)
of themethod, theanaysiswas performed on adiffer-
ent day using adifferent instrument inthe samelabora
tory. RSD (%) of TD and SL inthe study of intermedi-
ateprecisonwas0.37 and 0.42 respectively confirmed
method repeatability.
Limit of detection (L OD) and quantification (L OQ)
LOD and LOQ for thefour impuritiesand anad ytes

were estimated astheamountsfor whichthesignal-to-
noiseratioswere 3:1 and 10: 1 respectively. The study
was performed by injecting aseriesof dilute solutions
of known concentrationwithinthe deve oped chromato-
graphic conditiong™®!. Thelimit of detectionfor dl stud-
iedimpuritieswasbe ow 0.03 % and limit of quantitation
was below 0.1 % of the test concentration. TABLE
(D).
Linearity

Solution for testing linearity for the related sub-
stanceswere prepared by diluting theimpurity stock
solutionto seven different concentrationsfromthe LOQ
to0 150 % of the permitted maximum level of theimpu-
rity (i.e. theLOQ and 0.10, 0.25, 0.375, 0.5, 0.6 and
0.75 % for an analyte concentration of 1000 pg mL™
SL and 200 ug mL" for TD). The correlation coeffi-
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cient, slope, and y-intercept for each impurity and
anaytesassured linearity inthestudied range. Thelin-
earity of the assay method wasdetermined at Six con-
centrationsfrom 10 to 200% of the anal yte concentra-
tion (1to 20, ug mL*for TD and 5t0 100 ug mL* for
SL) were prepared from the stock solution. Least-
squareslinear regression analysiswas performed on
peak areaand concentration data. TABLE (1).

Accuracy

The accuracy of the assay method was eval uated
intriplicateat three concentrations, 40, 50, and 60 g
mL-*for SL and 8, 10, and 12 ug mL for TD respec-
tively. % recovery within 98.0 to 102.0% confirmed
accuracy of the method. For theimpurities, recovery
wasdeterminedintriplicatefor 0.4, 0.5, and 0.6 % of
the ana yte concentration (1000 pg mL* SL and 200
ug mL*for TD) and % recovery of theimpuritieswas
calculated foundwithin 85to 115%. TABLE (1).

Robustness

To determinethe robustness of themethod the ex-
perimental conditionswere deliberately atered and
checked for the system suitability criteriaieresolution
between closdly rel ated peaks and retention of SL and
imp 4. The chromatographic conditionswhichwereal-
tered are flow rate (0.2 mL min™?; of mobile
phase(+0.2 units); methanol concentration in mobile

phase (10 % absolute). During method development
extreme pH (pH3.0) and methanol concentration (40
%) studied helped to define the design space within
which methodisrobust. TABLE 3.

Relative response factor (RRF) and correction
factor (CF) study

Response factor isarelative term, being there-
sponse of equal weights of one substancerelativeto
that of another in the conditionsdescribed in thetest.
The RRF valuefor givenimpurity astheratio of re-
sponse of peak at aparticular concentration to that of
andyte peak at that concentration. TheRRF vauesless
than 0.2 and more than 5.0 are not acceptabl e as per
European pharmacopoeia In such casesthereisaneed
for changein chromatographic parameterslikewave-
length or different method of visualization isused®.
Theextrapolation of linearity study wasdoneto deter-
mine RRF and CF*, TABLE 1.

Sability in solution

Thestability of SL and TD and their impuritiesin
solution was determined by keeping test solutions of
the sample and reference standard and spiked sample
solution volumetricflasksat room temperaturefor 72 h
at benchtop and withdrawn at regular timeintervasto
assay the analytes. The absolute difference of assay
vaueswithin 2% and impuritiesfrominitial value con-

TABLE 3: Resultsfrom Robustnessstudy

. Retention
Resolution time
Condition Variation Remarks
Impl- TD- Imp2- S Imo4
TD Imp2 Imp 3 b
Mobile phase 5.2 430 447 367 174 22 _ o
pH (£0.2 units) Method isrobust for small variations
50 4,57 4.66 3.98 18.92 2411 Atlower pH, dution of impurities of
4.8 4.43 451 3.51 1761 22.48 torsem! de gets reversed and
Elution pattern isrever sed- resolution islost.
30 Imp 2 eluted before TD 19.03 4.2
Mobile phase 55 3.4 46 18 967 1242
composition
(5% 50 457 466 398 1892 2411 Methanol concentration isvery
methanol ) critical for elution of SL and Imp 4.
45 5.36 4.68 4.72 37.77 4755
40 6.60 4.78 6.49 86.92 106.15
Flowrate(+02 450 452 350 1512 19.29 _ N
mL min) Flow rate did not affect critical
1.0 4,57 4.66 3.98 18.92 2411 resolution and dution.
0.8 4.50 4.54 3.61 227 2893
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TABLE 4: Results(%) from stability study on M ar keted sample: Dytor plus10

Related substances by HPLC Assay q
Initial Imp 1 Imp2 Imp3 Imp4 Unk max Total imp TD
BLQ 0.014 0.04 0.06 0.142 0.590 98.8 100.4
storage condition 40 + 2°C and RH 75 + 5%
1% month BLQ 0.06 0.04 0.08 0.144 0.890 98.2 99.1
2" month BLQ 0.08 0.039 0.10 0.151 0.901 98.1 99.8
3 month BLQ 0.12 0.039 0.129 0.158 0.920 98.0 99.9
storage condition 30 +2°C and RH 65 + 5%
1% month BLQ 0.02 0.040 0.08 0.147 0.840 98.9 99.8
2" month BLQ 0.04 0.04 0.08 0.145 0.860 98.2 98.2
3% month BLQ 0.05 0.038 0.108 0.149 0.860 98.8 99.8
storage condition 25+ 2°C and RH 60 + 5%
1% month BLQ 0.020 0.040 0.070 0.150 0.770 98.5 99.1
2" month BLQ 0.03 0.039 0.081 0.145 0.780 98.1 99.2
3 month BLQ 0.04 0.035 0.098 0.144 0.790 98.5 99.5

cluded solution stability for 72 h for assay however re-
lated substances wasfound stable upto 24h.

Applicationof themethodtored timegability sudies
asper ICH guidelinesconfirmsthestability indicating
power of themethod. TABLE (4).

CONCLUSION

Theisocratic RP-LC method for smultaneousde-
termination of TD, SL and rel ated substancesin com-
bination drug product i spreci se, accurate and specific.
The results obtained from the method were sati sfac-
tory. Themethod isstability indicating and can be used
for routineanaysisof production samplesand stability
sudies.
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