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ABSTRACT

Anisocratic reverse phase liquid chromatographic (RP-L C) assay method
was devel oped for the quantitative determination of lopinavir in bulk drug
and in pharmaceutical dosageform, used to treat antiviral. The developed
method is also applicable for the related substances determination. The
chromatographic separation was achieved on Agilent Zorbax SB- C18
250x 4.6mm, 5um. The LC method employs solution A as mobile phase.
The solution A containsamixture of phosphate buffer pH 4.0: acetonitrile
(55:45, viv). Theflow ratewas 1.5 mL min‘tand the detection wavelength
was 210 nm. In the developed HPLC method the resolution between
lopinavir and itspotentia impuritiesnamely Imp-1, Imp-2, Imp-3 and Imp-
4was found to be greater than 10.0. The drug was subjected to stress
conditions of hydrolysis, oxidation, photolysis and thermal degradation.
Considerable degradation wasfound to occur in thermal, UV, acid medium
and oxidative stress conditions. The stress samples were assayed against
a qualified reference standard and the mass balance was found close to
99.7%. The devel oped RP-L C method was validated with respect to linear-
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INTRODUCTION

lopinavir, (2S, 3S, 5S5)-2-(2, 6-dimethyl phenoxy
acetyl) amino-3-hydroxy-5-[2S-(1-tetrahydropyrimid-
2-onyl)-3-methylbutanoyl] amino-1, 6-diphenylhexane
isknownto haveutility for theinhibition of antiviral.
lopinavir preventscleavage of the Gag-Pol polyprotein,
resulting inthe production of immeature, non-infectious
vira particles. lopinavir isparticularly effectivefor the
inhibition of antivird with ritonavir. Invitroexperiments
with human hepatic microsomesindicatethat lopinavir
primarily undergoes oxidative metabolism. lopinavir is
extendvely metabolized by the hepatic cytochrome P450
system, dmost exclusively by the CY P3A isozyme.

Few chromatographic methods have been ap-

pearedintheliterature. for thedetermination of lopinavir,
in human plasmd™4. Onegtability indicating LC method
gppearedinliteraturefor thelopinavir sort gelatin cap-
sules®. Sofar, to our present knowledge thereisno
stability indicating LC method for there ated substance
determination and quantitative estimation of lopinavir
for bulk drug samples. This paper describesthe assay
and rel ated substances method vaidation for accurate
quantification of lopinavir and al 4impuritiesin bulk
samples and in pharmaceutical dosage forms also.
(TABLE?7).
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lopinavir
[1S[1R*, (R*), 3R*, 4R*]]-N-[4-[[(2,6-
dimethylphenoxy) acetyl]amino]-3-hy-
dr oxy-5-phenyl-1-(phenylmethyl) pentyl]
tetr ahydr o-alpha-(1-methylethyl)-2-oxo-
1(2H)-pyrimidine acetamide
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Imp-3
N-[1-Benzyl-4-[2-(2,6-dimethylphenoxy)-
acetylamino]-5-phenyl-pent-3-enylidine]-3-
medhyl-but-1-enimidic acid

C&LN

B O

Imp-1
2S-(1-Tetrahydro-
pyrimid-2-onyl)-3-me-
thyl-butanoic acid

> 0 CHs
HoN X J\/o
COOH = Oy
CH3

Imp-2

(2S,3S,59)-2-(2,6-Dimethylphenoxyacetyl)
amino-3-hydroxy-5-amino-1,6-diphenyl
hexane

Imp-4

(2S,35,59)-2-(2,6-Dimethylphenoxyacetyl)amino-3-
hydroxy-5-trifluromethylcarbonylamino-1,6-
diphenylhexane

Figurel: Chemical structuresand labelsof lopinavir and itsimpurities

Samples of lopinavir its related impurities and
200mg lopinavir tablets were received from Hetero
group India(Figure 1), HPLC grade acetonitrilewas
purchased from Merck, Darmstadt, Germany. Analyti-
cal reagent grade potassium dihydrogen phosphate
monohydrate and orthophosphoric acid were purchased
from Merck, Darmstadt, Germany. High pure water
wasprepared by using MilliporeMillig pluswater puri-
fication system.

Equipment

The LC System, used for method devel opment,
forced degradation studies and method validation was
Waters 2695 binary pump plusauto sampler and a2996
photo diodearray detector. Theoutput Signa wasmoni-

tored and processed using empower software on
Pentium computer (Digital equipment Co).
Chromatogr aphicconditions

The chromatographic column used wasAgilent
Zorbax SB- C18 250x4.6mm, 5um particles. Mobile

phase containsamixture of phosphate buffer pH 4.0:
acetonitrile (55:45, v/v).Theflow rate of themobile
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phasewas 1.5mL min. The column temperaturewas
maintained a 25°C and the detection was monitored at
awavelength of 210 nm. Theinjection volumewas
20uL .. mobile phasewasused asdiluent.

Prepar ation of solutions
1. Preparation of standard solutions

A stock solution of lopinavir (2.0 mg mL*) was
prepared by dissolving gppropriateamount inthediluent.
Working solutions of 1000 and 100ug mL*werepre-
pared from above stock solution for rel ated substances
determination and assay determination, respectively. A
stock solution of impurity (mixture of Imp-1, Imp-2,
Imp-3 and Imp-4) at 0.0015 mg mL* was also pre-
pared indiluent.

2. Preparation of samplesolution

Twenty tabletswere wei ghed and the content trans-
ferred into aclean and dry mortar, grinded well. Then
equivaent to 200 mg of drug wastransferred to 100mL
volumetricflask, 70 mL of diluent added and kept on
rotatory shaker for 10minto dispersethemateria com-
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pletely and sonicated for 10 min and diluted to 100mL
(500 ug mL%). Theresulting solution was centrifuged
at 3,000 rpmfor 5 min. Supernant solution wastaken
10 mL and diluted to 200mL with diluent (200ugmL2).
Thiswasfiltered using 0.45unylon 66-membranefilter.
Specificity

Specificity istheability of the method to measure
theanayteresponseinthe presence of itspotentia im-
puritieg®. Stresstesting of the drug substance can help
toidentify thelikely degradation products, which canin
turn hel p establish the degradation pathwaysand the
intring c stability of themoleculeand vaidatethe stabil-
ity indicating power of theanaytical proceduresused.

The specificity of the developed LC method for
lopinavir wasdetermined inthe presenceof itsimpuri-
tiesnamely Imp-1, Imp-2, Imp-3, Imp-4 and degra-
dation products. Forced degradation studieswerea so
performed onlopinavir to provideanindication of the
stability indicating property and specificity of the pro-
posed method®9. The stress conditionsemployed for
degradation study includeslight (carried out asper ICH
Q1B), UV light 254 nm, heat (105°C), acid hydrolysis
(2.0M HCI), base hydrolysis (1.0M NaOH), water
hydrolysis, oxidation (30% H,0,). For theabove stud-
ies, study period was48 hours. Peak purity of stressed
samplesof lopinavir was checked by using 2996 Photo
diodearray detector of Waters(PDA). Thepurity angle
iswithinthepurity thresholdlimit obtainedinall stressed
samples demonstratesthe anal yte peak homogeneity.
All stressed samplesof lopinavir[UV light 254 nm, heat
(105°C), acid hydrolysis (1.0M HCI), base hydrolysis
(1.0M NaOH), water hydrolysis, oxidation (30%
H.,0,)] werestudied for extended runtimeof 100 min
(with 90% acetonitrilein mobile phase) to check the
late d uting degradants

Assay studieswere carried out for stress samples
against qualified reference standard and the mass bal -
ance (% assay+% of impurities + % of degradation
products) was cal cul ated. Assay was a so calcul ated
for bulk samplesand drug product by spiking al four
impurities (Imp-1, Imp-2, Imp-3 and Imp-4 ) at the
specification levd (i.e. 0.15% of andyte concentration
whichis1000ugmL?).

Method validation

= Fuyl] Paper
1. Precision

The precision of therelated substance method was
checked by injecting six individual preparations of
(1000ug mL1) lopinavir spikedwith 0.15% each Imp-
1, Imp-2, Imp-3 and Imp-4. The % RSD of areafor
each Imp-1, Imp-2, Imp-3 and Imp-4 was cal cul ated.

The intermediate precision (ruggedness) of the
method wasa so eva uated using different analy<t, dif-
ferent column and adifferent instrument in the same
laboratory.

Assay method precisonwasevauated by carrying
out six independent assays of test sample of lopinavir
agangt qudifiedreference standard. The% RSD of six
assay values obtained was cal cul ated.

2. Limit of detection (L OD) and limit of quantifica-
tion (LOQ)

TheLOD and LOQ for Imp-1, Imp-2, Imp-3 and
Imp-4were estimated at asignal-to-noiseratio of 3:1
and 10:1 respectively, by injecting aseriesof dilute so-
lutionswith known concentration™. Theprecision study
wasalso carried out at the LOQ level by injecting six
individual preparations of Imp-1, Imp-2, Imp-3 and
Imp-4 and cal culated the % RSD for the areas of each
impurity.
3.Linearity

Linearity test solutionsfor assay method werepre-
pared from stock sol ution at seven concentration levels
from 25to 200% of assay analyte concentration (25,
50, 75, 100, 125, 150 and 200ug mL1). The peak
areaversusconcentration datawasperformed by least-
squareslinear regresson anadysis.

Linearity test solutionsfor rd ated substancemethod
were prepared by diluting theimpurity stock solution
(2.4) totherequired concentrations. The solutionswere
prepared at six concentration levels. From LOQ to
200% of the permitted maximum level of theimpurity
(i.e. the LOQ , 0.015%,0.0375%, 0.075%, 0.15%,
0.225% and 0.3% for an analyte concentration of
1000ug mL?). The correlation coefficient, lopeand
Y-intercept of thecalibration curve werereported.

4. Accuracy

Theaccuracy of the assay method was eval uated
intriplicate at three concentration levels, i.e. 50,100
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and 150pg mLtin bulk sampleand drug product. The
percentages of recoverieswere ca cul ated.

The bulk sample does not show the presence of
Imp-1 and Imp-2, it shows0.03% of Imp-3, 0.05% of
imp-4. Thestudy wascarried out intriplicate at 0.075%,
0.15% and 0.225% of the analyte concentration
(1000ug mL%). The percentage of recoveriesfor Imp-
1, Imp-2, Imp-3 and Imp-4were cal cul ated.

5. Robustness

To determine the robustness of the developed
method, experimental conditions were deliberately
changed and theresol ution between lopinavir, Imp-1,
Imp-2, Imp-3 and Imp-4waseva uated. Theflow rate
of the mobile phase was 1.5 mL min. To study the
effect of flow rateon theresolution, 0.2 unitschanged it
from 1.3to 1.7 mL min™. Theeffect of pH on solution
of impuritieswasstudied by varying+ 0.1 pH units (at
3.9and 4.1 buffer pH). Theeffect of columntempera
ture on resolution was studied at 20°C and 30°C in-
stead of 25°C. In the all above varied conditions, the
componentsof the mobile phasewereheld constant as
stated in Section 2.3.

6. Solution stability and mobile phase stability

Thesolutionstability of lopinavir intheassay method
was carried out by leaving both the test solutions of
sampleand reference standard in tightly capped vol u-
metric flasks at room temperaturefor 48h. Thesame
samplesolutionswereassayed for 6 hinterva uptothe
study period. The mobile phase stability was also car-
ried out by assaying thefreshly prepared sample solu-
tionsagainst freshly prepared reference standard solu-
tionsfor 6 hinterva upto 48 h. Mobilephaseprepared
waskept constant during the study period. The% RSD
of assay of lopinavir was cal cul ated for the study pe-
riod during mobile phase and sol ution stability experi-
ments.

Thesolution stability of lopinavir anditsimpurities
intherdated substance method was carried out by leav-
ing spiked sample solutionintightly capped volumetric
flask at room temperaturefor 48 h. Content of Imp-1,
Imp-2, Imp-3 and Imp-4were determined for every 6
hinterval up tothestudy period.

Mobile phasestability wasa so carried out for 48 h
by injecting thefreshly prepared sample solutionsfor
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every 6 hinterval. Content of Imp-1, Imp-2, Imp-3
and Imp-4were checked in thetest solutions. Mobile
phase prepared was kept constant during the study

period.
RESULTSAND DISCUSSION

M ethod development and optimization

Thetarget of the chromatographic method isto
get the separation of impurities, namely Imp-1, Imp-2,
Imp-3 and Imp-4 from lopinavir and each other. The
tailing factor of thelopinavir ishigh, by using different
stationary phaseslike C18, and C8 and different mo-
bile phases containing bufferslike phosphate, sulphate
and acetate with different pH (2-8) and using organic
modifierslikeacetonitrile, methanol and ethanol inthe
mobile phase. pH of thebuffer to 4.0 hasplayedasig-
nificant rolein achieving the separation betweenimpu-
ritiesand the symmetry of |opinavir peak.

The chromatographic separation wasachieved on
Zorbax SB-C18 (250x4.6) mm with Sum particles.
Themobile phase containsamixture of pH 4.0 phos-
phate buffer and acetonitrilein theration of 55:45(v/v)
Buffer consist of 0.01mM potassium dihydrogen
orthophosphate, pH adjustedto 4.0+ 0.05 using ortho
phosphoricacid.

Theflow rate of themobile phasewas 1.5mLmin.
The column temperature was maintained at 25°C and
the detection was monitored at awavelength of 210
nm. Theinjection volumewas 20ul . mobilephasewas
used asdiluent. Therewasnointerferenceof blank with
impurities (Imp-1, Imp-2, Imp-3 and Imp-4) and
lopinavir. Theinterference of excipients(Lactose, mi-
cro crystalline cellulose and magnesium stearate) was
also checked by injecting sampl e solutions of excipi-
ents. Therewasno interference of excipientswith Im-
purities(Imp-1, Imp-2, Imp-3 and Imp-4) and | opinavir
peak. Intheoptimized conditionslopinavir, Imp-1, Imp-
2, Imp-3 and Imp-4 were well separated with areso-
|ution of greater than 10 and thetypical retention times
of Imp-1, Imp-2, Imp-3, lopinavir and Imp-4 were
about 1.2, 7.1, 15.3,23.1and 64.8 min respectively.
The system suitability resultsaregivenin TABLE 1.
The developed LC method was found to be specific
for lopinavir anditsfour impuritiesnamely Imp-1, Imp-
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TABLE 1: System suitability report

Compound USP resolution (Rs) USP tailing factor

—= Fyll Poper

TABLE 5: Resultsof robustnessstudy

Resolution(Rs) Resolution(Ry)
S.no Parameter Variation between Impl between Imp 3

and Imp-2  and Lopinavir
. (Tf'go%er(f‘ft‘g(a) At20°C 240 191
(b) At 30°C 232 19.1
temperature)
(a) At 1.3
2 ¢ N 'C‘)"é"n:ﬁtif mi/min 25.0 193
the set flow) (b) At 1.7 23.2 19.1
ml/min
pH(+0.1unit (a) At3.9 25.0 181
of setpH) (b) At4.1 25.0 18.1

Imp-1 -- 13
Imp-2 25.08 12
Imp-3 20.76 0.9
Lopinavir 10.40 1.0
Imp-4 30.84 1.1
TABLE 2: Summary of for ced degradation results
M ass balance
Stress % Assay (YoAssay +% Remarks
condition Time of active impurities+% (Major
substance Degradation degradant)
products)
Acid
hydrolysis Imp-2, Imp-
(LoM Hcl, 2h 980 9.7 3, Imp-4
reflux)
Base
hydrolysis .
(1OMNaOH, 2h 99.6 99.8 Impurity-4
Reflux)

Oxidation Unknown
(30% H0,) 2h 91 98 impurities
Water No
hydrolysis o degradation
(Reflux at 2h  99.7% 99.8 products
60 deg) formed
Thermal Unknown

(105°C) 48hrs  99.6 99.9 impurities
wligt 24 o087 998  |mpurity-2,
nm Impurity-4
Light
(photolytic KlLZ 8?( 99.4 100.0 Impurity-2
degradation)
TABLE 3: Resultsof accuracy study for drug substance
Added (ug)(n=3) Recovered (ug) % Recovery
50 49.7 99.4
100 99.5 99.5
150 148.2 98.8

n =3, Number of determinations
TABLE 4: Resultsof accuracy study for drug product

Added (ug)(n=3) Recovered (ug) % Recovery

50 49.9 99.8
100 100.6 100.6
150 147.6 98.4

n =3, Number of determinations
2, Imp-3and Imp-4 (TABLE 2).

Analysiswas performed for different batches of
bulk drug samples(n=3) and for pharmaceutical dos-
ageforms(n=3). ResultsweregiveninTABLE 7. Sta
bility study resultsasper ICH Q1A (R2) for lopinavir®
weregiveninTABLE8and TABLEO.

M ethod validation

1. Precision

The %RSD of assay of lopinavir during assay
method precision study waswithin 1.0% and the%oRSD
of areaof Imp-1, Imp-2, Imp-3 and Imp-4in related
substance method precision study werewithin 4.5 %.
Confirming the good precision of themethod.

The %RSD of assay resultsobtainedinintermedi-
ate precision study waswithin 1.0% and the %RSD of
area of Imp-1, Imp-2, Imp-3 and Imp-4 were well
within 5.0 %, confirming the ruggednessof themethod.
(TABLEG®)

2. Limit of detection and limit of quantification

Thelimit of detection of Imp-1, Imp-2, Imp-3and
Imp-4 were 0.006, 0.007, 0.007 and 0.008% (of
andyte concentration, i.e1000ug mL ) respectively for
20 uL injection volume. Thelimit of quantification of
Imp-1, Imp-2, Imp-3 and Imp-4 were 0.02, 0.018,
0.023, and 0.022% (of analyte concentration, i.e.
1000ug mL™?) respectively for 20uL injection volume.
Theprecision at LOQ concentration for Imp-1, Imp-
2, Imp-3 and Imp-4were below 2%.

3.Linearity

Linear calibration plot for assay method was ob-
tained over the calibration rangestested, i.e. 25-200ug
mL‘and the corre ation coefficient obtained was greater
than 0.999. Theresultsshow that an excellent corrda
tion existed between the peak areaand concentration
of theandyte. Thedopeand Y-intercept of thecalibra-
tioncurvewere 79 and 145 respectively.

Linear cdlibration plot for rel ated substance method
was obtained over the calibration rangestested, i.e.
LOQ to 0.3% for Imp-1, Imp-2, Imp-3 and Imp-4.
The correl ation coefficient obtained was greater than
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TABLE 6: Resultsof intermediate precision

o % RSD %RSD Resolution Resolution
Sno  Parameter Variation for assay for related between between Imp 3
substances Imp-1and Imp-2 and lopinavir
1 Different system (a) Waters 2695 Alliance system 0.1% <5.0% 238 19.0
(b) Agilent 1100 series VWD system  0.2% <5.0% 235 20.2
> Different column (a) B.No: USCL 019544 0.2% < 5.0% 23.7 19.2
(b)B.No: USCL 019484 0.2% < 5.0% 23.2 20.2
. (a) Analyst-1 0.2% < 5.0% 23.8 194
3  Different analyst (b) Analyst-2 02%  <50% 236 20.3
TABLE 7: Batch analysis
. Purity
gﬁfgm%: Imp-1 Imp-2 Imp-3 Imp-4 by AI-S|SSKbe bue: Hlak
HPLC o oo
Batch#l ND ND 0.08% 0.05% 99.80% 99.9% < = g
Batch#2 0.04 ND 0.08% 0.04% 99.82% 99.8% 3 i
Batch#3 ND ND 0.06% 0.02% 99.88% 100.2% s o : : : ;
Drug product B.No# " TEomEooaERmmoomm o me
Batch#1 ND ND 0.06% 0.06% 99.80% 99.8% : s Minute o .
Barch#2 001 ND 0.04% 0.04% 99.72% 99.8% | 9ure2 Typical chromatogram of lopinavir spiked with
Bach#3 002 ND 0.06% 0.05%99.78% 99.7%  'mpuritiesat0.15% level

Where ND = Not Detected
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Figure3: Typical chromatogram of lopinavir sampleand stressed lopinavir

0.999. Theresultsshow that an excellent correlation  samplesranged from 98.81099.5 (TABLE 3) andin
existed between the peak area and concentration of  pharmaceutical dosage forms ranged from 98.4 to
Imp-1, Imp-2, Imp-3 and Imp-4. 100.6 % (TABLE 4). The percentagerecovery of Imp-
1, Imp-2, Imp-3 and Imp-4 in bulk drugs samples
o ranged from 93.5to 106.2. HPL C chromatogram of
The percentagerecovery of lopinavirinbulk drug  giked sampleat 0.15%level of all four impuritiesin

HAnalytical CHEMISTRY o
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TABLE 8: Acceler ated stability data (storage conditions: 40°+2°C / 75+ 5% RH)

B,Ell:)l:l?agtrgr?#l Temperature 40 + 2°C, Relative Humidity 75+ 5%
. Total Assay by

Duration Imp-1  Imp-2 Imp-3 Imp-4 impurities HPLC Remarks

Initial ND ND 0.03%  0.05% 0.18% 99.8% No significant change observed
1st month ND ND 0.03%  0.05% 0.30% 99.8% No significant change observed
2nd Month ND ND 0.03%  0.06% 0.36% 99.8% No significant change observed
3rd Month ND ND 0.03%  0.06% 0.12% 99.9% No significant change observed

Drug Product, B.No: Batch#1

Duration Imp-1  Imp-2  Imp-3 Imp-4 im;l(ﬁ?tlies Aﬁ‘{ gy Remarks

Initial ND ND 0.06% 0.06% 0.20% 99.80%  No significant change observed
1st month ND ND 0.05% 0.05% 0.24 % 99.85%  No significant change observed
2nd Month ND ND 0.05% 0.07% 0.22% 99.78%  No significant change observed
3rd Month ND ND 0.04% 0.07% 0.25% 99.75%  No significant change observed

Where ND = Not Detected

TABLE 9: Long stability data (storage conditions: 25° +2°C/60 + 5% RH)

B E:\l‘i)'_kBgtrcﬁl Temperatur e 25+2°C, Relative Humidity 60+ 5%

Duration Imp-1  Imp-2 Imp-3 Imp-4 im;t?:?tlies Aﬁzgy Remarks

Initial ND ND 0.03 0.06% 0.12% 99.9% No significant change observed
1st month ND ND 0.04%  0.05% 0.14% 99.8% No significant change observed
2nd Month ND ND 0.04% 0.07% 0.22% 99.8% No significant change observed
3rd Month ND ND 0.04% 0.07% 0.25% 99.7% No significant change observed

Drug Product, B.No: Batch#1

Duration Imp-1  Imp-2 Imp-3 Imp-4 im;t?:?tlies A|_s|s§|)_/cl:3y Remarks

Initial ND ND 0.06%  0.06% 0.20% 99.80% No significant change observed
1st month ND ND 0.04%  0.05% 0.18% 99.78% No significant change observed
2nd Month ND ND 0.04%  0.05% 0.18% 99.72% No significant change observed
3rd Month ND ND 0.06%  0.05% 0.22% 99.69% No significant change observed

Where ND = Not Detected
lopinavir bulk drug sampleare showninfigure2.
5. Robustness

Indl thedeliberate varied chromatographic condi-
tions carried out as described earlier (Flow rate, pH
and Column temperature), the resol ution between im-
purities, namely Imp-1 and Imp-2, Imp-3 and lopinavir
wasgreater than 10.0, illustrating therobustness of the
method (TABLEDS).

Solution stability and mobile phasestability

The %RSD of assay of lopinavir during solution
stability and mobile phase stability experimentswas
within1%. No significant changeswereobservedinthe
content of Imp-1, Imp-2, Imp-3 and Imp-4 during so-
|ution gtability and mobile phase experimentswhen per-
formed using rel ated substances method. The solution
stability and mobile phase stability experiments data

confirmsthat sampl e solutions and mobile phase used
during assay and rel ated substance determination were
stableupto 48h.

Resultsof forced degradation studies

Degradationwasnot observed inlopinavir stressed
sampl esthat were subjected to water and basehydroly-
sis. Thedegradation of drug substance was observed
under light, heat, acid hydrolysisand oxidative condi-
tions(Figure3). lopinavir ishighly sensitivetowards
acid and light. Considerabl e degradation of thedrug
substance was observed under Thermal and oxidative
conditionsleadsto theformation of some unknown
degradation pesks. Pesk purity test resultsderived from
PDA detector, confirmed that thelopinavir pesk isho-
mogeneous and pure in all the analyzed stress
samples. Peak purity resultsfor degraded peaksfrom
PDA detector confirm that lopinavir peak and all-
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degradant peaksare homogeneousand purein all ana-
lyzed stress samples. No degradants were observed
after 30 minintheextended runtimeof 200 minfor al
thelopinavir ssmpleq UV light 254 nm, heat (105°C),
acid hydrolysis (1.0M HCI), base hydrolysis (1.0M
NaOH), water hydrolysis, oxidation (30% H,O,) with
90% acetonitrileas mobile phase.

Themassbalance of stressed sampleswascloseto
99.7%(TABLE 2). Theassay of lopinavir isunaffected
in the presence of Imp-1, Imp-2, Imp-3 and Imp-4
and itsdegradation products confirm the stability indi-
cating power of the developed method. (TABLE 8)
(TABLED9).

CONCLUSIONS

Theisocratic RP-LC method devel oped for quan-
titative and rel ated substance determination of lopinavir
in both bulk drug and pharmaceutical dosageformis
precise, accurate and specific. The method was com-
pletely validated showing satisfactory datafor al the
method validation parameterstested. The developed
method is stability indicating and can be used for the
routineanaysisof production samplesand d soto check
thestability of samplesof lopinavir.
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