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ABSTRACT

A simple, economic, and time-efficient stability-indicating, reversed phase
liquid chromatographic (RP-L C) method has been devel oped for the analy-
sisof rosiglitazone maleate in the presence both of related impuritiesand of
degradation products generated by decomposition. The drug was sub-
jected to stress conditions of hydrolysis, oxidation, photolysis and thermal
degradation. Considerable degradation was found to occur in akali and
oxidative stress conditions. The drug was found to be stable to other stress
conditions attempted. The stress samples were assayed against a qualified
reference standard and the mass balance was found close to 99.5%. The
method was validated with respect to specificity, linearity, accuracy, preci-
sion, robustness, limit of detection and quantitation. The method issimple,
rapid, selective, accurate and stability indicating, useful in the quality con-
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trol of bulk manufacturing.

INTRODUCTION

Thechemical nameof rosiglitazone maleateis 5
[[4-[2-(methyl-2-pyridinylamino)ethoxy] phenyl] me-
thyl]-2,4- thiazolidinedionemdeateisapotent and oraly
activeinsulin sensitizing agent that wasshown toim-
proveglycemiccontrol inanima modelsof NIDDM. It
was derived from ametabolite of ciglitazoneand was
found to be much more potent than other classes of
thiozolidinedionessuch aspioglitazone, ciglitazoneand
englitazond¥. Rosiglitazoneisan anti-diabeticdrugin
thethiazolidinedioneclassof drugs. Itismarketed by
the pharmaceutical company GlaxoSmithKlineasa
gtand-adonedrug (AVANDIA) andin combinationwith
metformin (AVANDAMET) or with glimepiride
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(AVANDARYL).

Thedifferent anaytica techniquesreported sofar
for the determination of thisdrug and itsmetabolitesin
biologica samplesaswell asin pharmaceuticalsfor-
mulation include simultaneous determination of
ros glitazone and acombination drugslike gemfibrozil,
N-desmethyl rosiglitazone, metforminand glipizidein
human plasmaare previoudy published in?¥, Thede-
termination of rosglitazonein coated tabletsby MEK C
and HPLC®, in human plasmaby LC and LC-MS-
M S7%3 and that in rat and dog plasmausing fluores-
cence detection™ were al so reported. Most of the
reported methods?*® are for the quantitation of
rosiglitazonein plasmaand urineusing different tech-
niques and no method is suitablefor the separation of
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related impurities in bulk drug. However, T.
Radhakrishna et al. described a chromatographic
method*® for quantitation of rosiglitazonein bulk and
pharmaceutica formulation. Themain focusof thestudy
isquantitation of drugin adosageform, usngindoleas
aninternal standard, wherein the author considered
only twoimpuritiesnamely compound Il and compound
[11. Moreover, compound Il isastarting materia and
compound Il isaprecursor of compound Il1. In the
present study, other related impuritiesnamely Imp-A,
Imp-B, Imp-C, Imp-D and ROS-11 (Starting mate-
rid) wereconsidered for thevalidation. Although com-
pound |1, described in the publication®®, isastarting
materia, separation of thisimpurity withal the others
has been achieved.

Organicimpuritiescan ariseduring themanufactur-
ing process and storage of the drug substance and the
criteriafor their acceptance upto certainlimitsare based
on regulatory guidelines'” or known safety data. Itis,
therefore, essentia toisolate and characterizeimpuri-
tiesrelated to thedrug sample. During the devel opment
of ananalytical procedure, the LC method was devel -
oped for the determination of in-house synthesized
rosiglitazonemaeateand therelated impuritiesarising
during its manufacturing. In the method, devel oped,
herein, dl therdatedimpuritieswerewell resolved and
eluted before 20 min. Finally, the method was thor-
oughly validated asper the|CH guiddines®®.

EXPERIMENTAL

Chemicalsand reagents

Referencestandard of rogglitazonemdeateandfive
impuritiesnamely Imp-A, Imp-B, Imp-C, Imp-D and
ROSHII (Starting materid) were synthesized and char-
acterized in M/s SMS Pharma Research Centre,
Hyderabad, India. The commercial samples of
rogglitazonemadeateared so manufactured by M/sSMS
PharmaceuticalsLimited. Theserelated impuritiesare
shownin Figure 1. HPL C grade acetonitrile was ob-
tained from Merck, India. Anaytical grade sodium
dihydrogen phosphate dihydrate, triethylamine, ortho-
phosphoric acid and maei ¢ acid were purchased from
SD Finechem., India. High purity water was prepared
by usng Milli-Q Elix and thenusing Milli-QAcademic
purification system (Millipore, USA).
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Figurel: Thechemical structuresof rosiglitazone maleate
and impurities

Equipment

TheL C system wasequipped with quaternary gra-
dient pump, auto sampler, and acol umn oven connected
with a photodiode array detector (Prominence,
Shimadzu, Japan). Theoutput Signa wasmonitored and
integrated using L C-Sol utions chromatography man-
ager software.

Prepar ation of standard solutions

A stock solution of rosiglitazone maeate (5.0 mg/
mL) wasprepared by dissolving appropriateamount in
the mobile phase. Working solutions of 200 and 1000
pg/mL were prepared from the above stock solution
for assay and re ated substances determinations. A stock

Au Tudian Yournal



ACAIJ, 9(1) March 2010

A.Phani Kumar et al.

125

solution of impurity mixture (Imp-A, B, C, D and ROS-
[11) at 1.0 mg/mL was a so prepared in mobile phase.
Asper theapproved in-house protocol, different dilu-
tionsweremadeto eva uate Specificity, precison, LOD,
LOQ, linearity, accuracy and robustness.

For ced degradation samplesfor specificity study

For acid degradation, rosiglitazone maeate sample
wasrefluxed with 5N HCI at 80°C for 1 hour and the
solution wasfurther diluted to required concentration
with the mobile phase. For basic degradation,
rogglitazone ma estesamplewastreated with IN NaOH
a RT for 1 hour and the solution wasfurther diluted to
required concentration with mobile phase. For oxida
tivedegradation, rosiglitazonemal eate samplewasre-
fluxed with 5% hydrogen peroxide sol ution at 80°C for
60min. and then diluted to required concentration with
mobile phase. For photo and thermal degradations,
rosiglitazone mal eate samplewas exposed to ultravio-
let light (254 nm) for 24 hoursand another samplewas
kept at 105°C temperature for 24 hours respectively.
These samples solutions were prepared to required
concentration with mobile phase.

Chromatogr aphicconditions

A Waters X TerraRP-18 analytical column (150
mm x 4.6 mm, 3.5um) was used. The mobile phase
was pumped through the column at aflow rate of 1.0
mL/min. Thesampleinjection volumewas10 uL. The
photodiode array detector was set to awavel ength of
248 nm for the detection. A mixture of aqueous0.05M
sodium dihydrogen phosphate dihydrate (pH of the
buffer adjusted to 6.8+0.1 with triecthyl amine) and ac-
etonitrileintheratio of 70:30, (v/v) wasused asmobile
phase. It wasfiltered through a0.45um nylon mem-
branefilter prior to use.

Validation of themethod
Specificity

The specificity of the developed LC method for
rosiglitazone mal eatewas carried out inthe presence of
itsimpuritiesnamey Imp-A, Imp-B, Imp-C, Imp-D and
ROSHII. Stressstudieswere performed for rosglitazone
maleate bulk drugto provideanindication of the stabil-
ity indicating property and specificity of the proposed
method. Intentiona degradationwasattempted to stress
condition of photolytic (UV light at 254 nm), heat (at
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105°C), acid (5.0 N HCl at 80 °C), alkali (1.0 N NaOH
at RT) and oxidation (5% H,O, a 80°C) to evaluate
the ability of the proposed method to separate
rogglitazonefromitsdegradation products. For therma
and photolytic studies, the study period was 24 hours,
for theacid, akali and oxidation thestudy period was 1
hour. Pegk purity test wascarried out for therogglitazone
peak by usingaPDA detector in stresssamples. Assay
studies were carried out for stress samples against a
qudified rosiglitazone ma eate reference standard.
Precision

The precision of the assay method was eval uated
by carrying out six independent assaysof rosglitazone
mal eatetest samplesagainst aqudified referencestan-
dard and cal culated the %RSD of the assay.

Theprecison of therelated substancesmethod was
checked by injecting six individual test preparations of
rosiglitazone maeate (1.0 mg/ mL) spiked with 0.15%
of eechimpurity with respect torosiglitazone mal eate
andyte concentration. The%RSD of thearearesponses
of eechimpurity wascal cul ated.

Similarly, theintermediate precision of the method
was demonstrated by different analyst on different day
using different instrument in the samel aboratory.

L imit of detection and limit of quantification

The LOD and LOQ concentrations were deter-
mined by measuring the magnitude of ana ytica back-
ground. TheLOD and LOQ concentrationswere cal-
culated fromthelinearity datausing residual standard
deviation of theresponse and slope of the calibration
curvefor eachimpurity. TheLOD and LOQ valuesfor
al fiveimpuritiesweredetermined by injecting aseries
of dilute solutionswith known concentrations.
Linearity

Linearity test solutionsfor the assay method were
prepared from rosiglitazone maleate stock solution at
six concentration level sfrom 25 to 150% of the assay
anal yte concentration (25, 50, 75, 100, 125 and 150
ng/mL). The peak area versus concentration data was
trested by |east-squareslinear regression analysis.

Linearity test solutionsfor therel ated substances
method were prepared by diluting theimpurity stock
solution to therequired concentrations. The solutions
wereprepared from LOQto 150% of pecificationlevel.
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Accuracy

Theaccuracy study of impuritieswascarried outin
triplicate at four concentration levelsi.e. 0.025, 0.05,
0.1and 0.15% of therosglitazone mal este anal yte con-
centration (1000 pg/mL). The %mean recoveries for
al thefiveimpuritieswere cacul ated.

Robustness

To determine the robustness of the developed
method, experimenta conditionsweredeliberately a-
tered and the resol ution betweenrosiglitazoneand all
fiveimpuritieswererecorded.

The flow rate of the mobile phase was 1.0 mL/
min. To study the effect of flow rateon theresolution,
flow was changed by + 0.1 units as 0.9 and 1.1 mL/
min. The pH of the buffer was 6.8. To study the effect
of pH of the buffer on the resolution, buffer pH was
changed by + 0.2 units as 6.6 and 7.0. The mobile
phase composition was buffer:acetonitrile 70:30 (v/v).
To study the effect of themobile phase compositionon
theresol ution, thecompositionwaschanged by +2.0%
absolute, as68:32 and 72:28 (v/v).

Solution stability

Thesolution gability of rosiglitazonema eateinthe
assay method was carried out by leaving both solutions
of sampleand reference tandard intightly capped volu-
metricflask at room temperaturefor 24 hours. Thesame
solutionswereassayed for 6 hinterva supto the study
period. The%RSD for the assay of rosiglitazonemale-
atewascd culated during solution stability experiments.

The solution stability of rosiglitazonemaleateand
itsimpuritiesin therel ated substances method was car-
ried out by leaving spiked sample solutionsintightly
capped volumetric flasks at room temperaturefor 48
hours. The content of each impurity was determined
for every 6 hoursinterval up to the study period.

RESULTSAND DISCUSSION

Method development

Themain objectiveof thechromatographic method
isto separaterosiglitazonemaeatefromitsrelated im-
purities. Different mobile phasesand columnswereem-
ployed to achieve the best separation and resol ution.
Finally, themobile phase cong sting of aqueous0.05M
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sodium dihydrogen phosphate dihydratewithapH 6.8
and acetonitrileintheratio of 70:30 (v/v) at aflow rate
of 1.0mL/minusing Waters X TerraRP-18, 150 x 4.6
mm, 3.5 um column was found to be appropriate, al-
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Figure2: Chromatogramsobtained from (A) Rosiglitazone
maleate bulk sample, (B) Bulk sample spiked with all the
impurities(0.15%), (C) & (D) Samplesobtained from stress
studies.
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lowing good separation and symmetrical peaks.
Rosglitazonemaleateanditsprocessrel ated impurities
show significant UV absorbancea wave ength 248 nm.
Hencethiswave ength hasbeen chosenfor detectionin
theandyss. The peak shapeof rosglitazonewasfound
to be symmetrical. In optimized chromatographic con-
ditionsrogglitazone, maleaicacid, Imp-A, Imp-B, Imp-
C, Imp-D and ROS-111 were separated with aresolu-
tion greater than 2, typical retention timeswere about
14.14, 1.48, 5.56, 4.70, 8.35, 6.89 and 18.18 min,
respectively (Figure2).

Thesystemsuitability resultsaregivenin TABLE 2
and the developed L C method was found to be spe-
cificfor rosglitazonemaeateanditsfiveimpurities.
Specificity

No degradation wasobservedinrosiglitazonemde-
ate sampleswhen subjected to stress conditionslike
hest, photolytic and acidic medium. Rosiglitazonewas
degraded under alkali and oxidativemedia(Figure?2).
Peak purity test results obtained by using aPDA de-
tector confirmed that the rosiglitazone peak ishomog-
enousand purein al theanayzed stresssamples. The
assay of rod glitazone maeateisunaffected inthe pres-
enceof al thefiveimpuritiesand itsdegradation prod-
uctsconfirmthestability indicating power of themethod.
Thesummary of forced degradation studiesisgivenin
TABLE 1. The LC chromatogramsof bulk sampleand
thebulk samplespiked with 0.15%of dl fiveimpurities
areshowninFigure?2.

TABLE 1: Summary of forced degradation results

Time Assayof TI Mass balance (%)
Stress condition (% assay +
(hours) API (%) (%) % impurities)
Real sample Initial 99.7 0.07 99.77
Thermal (105°C) 24 995 0.06 99.56
Photolytic
(UV & 254 nm) 24 99.7 007 99.77
Acid hydrolysis
(5N HCl) at 80°C 1 99.7 007 99.77
Alkali hydrolysis
(2N NaOH) at RT 1 88.1 10.68 98.78
Oxidation 1 926 663 99.23

(5% H,0,) at 80°C

Precision
The %RSD of the assay of rosiglitazone maleate

during the precision study waswithin 0.07% and the
%RSD for the arearesponses of eachimpurity inthe
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rel ated substances during the precis on study waswithin
1.0%. Theoveradl %RSD of theassay resultsobtained
intheintermediate precision study waswithin 0.09%
and the overal %RSD for the arearesponses of each
impurity waswell within 1.2%, conforming good preci-
sion of themethod. Resultsare shownin TABLE 2.

TABLE 2: Sysemauitability report and validation data

System Suitability Report

_ Tailing Relative
# Name RT RRT  Resolution Factor Response
Factor
1 Imp-B 4.70 0.33 12 0.40
2 Imp-A 5.56 0.39 41 1.2 0.70
3 Imp-D 6.89 0.48 5.2 10 0.87
4 Imp-C 8.35 0.59 47 11 11
5 Rosiglitazone 14.14 1.00 13.6 1.2 1.0
6 ROSHII 18.18 1.29 7.0 11 15
Validation Data
Parameter Imp-B Imp-A Imp-D Imp-C  ROS-1I
Linearity (0.005 - 0.15%)
gg;f: i‘ltgt‘ 09998 09999 09997 09998  0.9996
Slope 10891.7 1898.8 255549 276943 47940.2
Y -Intercept -55.5 38.6 -64.2 -304.8 94.9
Limit of detection and quantitation (%)
LOD 0.0045 0.0029 0.0032 0.0032 0.0034
LOQ 0.0149  0.0096 0.0106 0.0108 0.0112
Accuracy (% recovery)
0.025 (n=23) 101.1 96.6 9.4 95.2 93.7
0.050 (n=73) 94.4 99.5 95.4 92.8 96.0
0.100 (n=13) 99.4 95.8 9.1 93.2 96.9
0.150 (n=13) 98.7 96.5 101.6 105.9 99.3
Precision (% RSD)
Intra-day (n = 6) 0.76 0.81 0.70 0.97 0.55
Intermediate Precision (% RSD)

Inter-analyst (n = 6) 0.35 0.59 0.53 0.36 0.66
Overdl (n=12) 1.19 0.78 0.62 0.69 0.70
Inter-day (n = 6) 0.66 0.80 0.33 0.64 0.38
Overdl (n=12) 0.96 1.07 0.57 1.00 0.45

Limit of detection and limit of quantification

Thelimit of detection of acompoundisdefined as
thelowest concentration that can bedetected. Thelimit
of quantification isthelowest concentration of acom-
pound that can be quantified with acceptable precison
and accuracy. A typical S/N ratio of 2-3and 9-10 are
generally considered to be acceptable for LOD and
LOQ respectively. The precision at the LOQ concen-
trationsfor dl thefiveimpuritieswerebe ow 5.4%. LOD
and LOQ vauesfor dl thefiveimpuritiesareshownin
TABLE2.
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Linearity

Thelinearity cdibration plot for the assay method
was obtained over the calibration rangestested, i.e.,
25-150 pg/mL and correlation coefficient was 0.9999.

Linear caibration plot for the rel ated substances
method was obtained over the calibration rangestested,
i.e, LOQ1t00.15% for eachimpurity. The correlation
coefficients obtained were greater than 0.9996. The
result showsthat an excellent correl ation existed be-
tween the pesk areaand concentration inboth themeth-
ods. Resultsareshownin TABLE 2.

Accuracy

The percentage mean recovery (n=3) of theimpu-
ritiesImp-A, Imp-B, Imp-C, Imp-D and ROS-111 in
rosiglitazone mal eate samplevaried from 96-100, 94-
101, 93-106, 95-102 and 94-99% respectively. Re-
sultsareshownin TABLE 2.

Robustness

Indl thedeliberate varied chromatographic condi-
tions(flow rate, pH of buffer and composition of mo-
bile phase), the resol ution between thecritica pairs,
i.e. Imp-A andimp-B wasgreater than 2.3, illustrating
therobustnessof themethod. Therdativeretention of
al theimpuritieswith respect torosiglitazoneareshown
inTABLE2.

Solution stability

The%RSD (n=6) of theassay of rosglitazonemae-
ate during solution stability experimentswerewithin
0.8%. No significant changes were observed in the
content of thefiveimpurities during solution stability
experiments. Thesolution stability experiment datacon-
firmsthat the sampl e sol utions used during assay and
the related substances determination were stablefor at
least 48 h.

CONCLUSION

The RP-LC method devel oped for assay and re-
lated substances determination of rosglitazonema eate
isprecise, accurate, rapid and specific. The method
wasfully validated, stability indicating and can be con-
veniently used by qudity control departmentsto deter-

minetherelated substances and assay in production
samplesaswdll asstability samples.

REFERENCES

[1] Drug Data Rep., 16(8), 744 (1994).

[2] Xin Kang, Feng Wang, Zhihong Xie, Huande Li;
J.Chromatogr.B, 877, 645-648 (2009).

[3] Grace O’Maille, Sudhakar M.Pai, Xiaolu Tao,
George T.Douglas Jr., Rand GEnkins; J.Pharm.
Biomed.Anal., 48, 934-939 (2008).

[4] LuZhang, Yuan Tian, Zunjian Zhang, Yun Chen;
J.Chromatogr.B, 854, 91-98 (2007).

[5] ZhongpingJohnLin, DakshaDesai-Krieger, Linyee
Shum; J.Chromatogr.B, 801, 265-272 (2004).

[6] Patricia Gomes, Juliana Sippel, André Jablonski,
Martin Steppe; J.Pharm.Biomed.Anal ., 36, 909-913
(2004).

[7] J.He, Y.F.Hu, L.F.Duan, Z.R.Tan, L.S.Wang,
D.Wang, W.Zhang, Z.Li, J.Liu, J.H.Tu, Y.M.Yao,
Hong-Hao Zhou; J.Pharm.Biomed.Anal., 43, 580-
585 (2007).

[8] Pattana Sripalakit, Penporn Neamhom, Aurasorn
Saraphanchotiwitthaya; J.Chromatogr.B, 843, 164-
169 (2006).

[9] Chi-Chi Chou, Maw-Rong Lee, Fu-Chou Cheng,
Dar-Yu Yang; J.Chromatogr.A, 1097, 74-83
(2005).

[10] Matthew W.Hruska, Reginald F.Frye; J.Chromatogr.
B, 803, 317-320 (2004).

[11] Kyoung-AhKim, Ji-Young Park; Biomed.Chroma-
togr., 18, 613-615 (2004).

[12] B.L.Kolte, B.B.Raut, A.A.Deo, M.A.Bagool,
D.B.Shinde; J.Chromatogr.B Anal.Tech.Biomed.
Life Sci., 788, 37-44 (2003).

[13] A.-M.Muxlow, S.Fowles, PRussell; J.Chromatogr.
B, 752, 77-84 (2001).

[14] M.H.Gaffney, GD.Allen, R W.Abbott, N.J.Deeks,
F.J.Bollis, GRhodes; Methodol Surv.Bioana .Drugs,
23, 251-254 (1994).

[15] R.W.Abbott, GD.Allen, GRhodes; Methodol Surv.
Bioanal .Drugs, 23, 255-256 (1994).

[16] T.Radhakrishna, J.Satyanarayana, A.Satyanarayana;
J.Pharm.Biomed.Anal., 29, 873-880 (2002).

[17] ICH Q3A(R2); Guidelines on Impurities in New
Drug Substances (2006).

[18] ICH Q2(R1); Guidelines on Validation of Analyti-
cal Procedures: Text and Methodology (2005).

Hnalytical CHEMISTRY o
A Tndéan W



