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ABSTRACT

A reverse phase HPL C method was devel oped and validated for the simul-
taneous determination of two antiviral drugs viz. lopinavir and ritonavir.
Chromatography was carried out on C18 Column, Inertsil (150 x 4.6 mm, 5 )
with mobile phase of Buffer: Methanol: Acetonitrile (30:60:10v/v/v) pH 6.5,
at aflow rate of 0.6 mi/min and detection wasmade at 226 nm. The different

KEYWORDS

RP-HPLC;
Ritonavir;
Lopinavir;
Method development;
vaidation.

analytical performance parameters such as linearity, precision, accuracy,
specificity, limit of detection (LOD), limit of quantification (LOQ) and ro-
bustness were determined according to ICH guidelines. The linearity for
each analyte in the desired concentration range was good (r2 >0.9). The
recovery of the method was 99.86% and 100.16% for ritonavir and lopinavir
respectively. Hence the proposed method was sensitive, precise and accu-
rate and it can be successfully apply to estimate the amount of ritonavir and
lopinavir in the formulations by easily available low cost materials.

© 2014 TradeSciencelnc. - INDIA

INTRODUCTION

Inrecent years, thetreatment of humanimmunode-
ficiency virus(HIV)-1infection and AIDShasbeen ad-
vanced by thedevel opment of highly activeantiretrovird
therapy.

Lopinavir inhibitstheHIV vird proteaseenzyme.
Thispreventscleavage of the gagpol poly proteinand,
therefore, improper viral assembly results. Thissubse-
quently resultsinnon-infectious, immeaturevird partides.
Combination therapy withthe HIV proteaseinhibitors
lopinavir and ritonavir has been shownto be effective
againgt drug-resistant HIV-13. These agentsare me-

tabolized by cytochrome P-450 (CY P) 3Aintheliver.
Whenlopinavir isadministered withritonavir, ritonavir
inhibitsthe CY P3A- mediated metabolism of lopinavir,
thereby providingincreased plasmaleve sof lopinavirt.
Lopinavirischemically designated as[1S-[ 1R*,
(R*), 3R*, 4R*]]-N- [4-[[(2,6-dimethylphenoxy)
acetyl] amino]-3-hydroxy-5-phenyl-1- (phenylmethyl)
pentyl] tetrahydro-a pha-(1-methyl ethyl)-2-oxo-1(2H)-
pyrimidineacetamide. Its molecular formula is
C,H,N,O,, anditsmolecular weight is 628.801.
Ritonavir ischemically designated as 10-Hydroxy-
2- methyl-5-(1-methyl ethyl)-4-thiazolyl]-3,6-dioxo-
8,11-bis(phenylmethyl)-2,4,7,12-tetraazatridecan-13-
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oic acid, b5-thiazolylmethyl ester, [5S-
(5R*,8R*,10R*,11R*)]. Its molecular formula is
C, H,N.O.S, anditsmolecular weight*4is720.95.
Thestructuresof Lopinavir and Ritonavir are depicted
infigure 1.

Ritonavir

“ Figurel: Sructuresof Lopinavir and Ritonavir

Toandyzethesedrugs, severd determination meth-
ods have been reported. Theseincluded high perfor-
manceliquid chromatography- mass spectrometry (LC/
MBS matrix-assisted laser desorption/ionization,
time-of-flight (MALDI-TOF)®, high-pressurethinlayer
chromatography (HPTLC)™, Ultraperformanceliquid
chromatography (UPL C)® and immunoassay meth-
ods’®

Literature al so reveal ed some of the methods by
high-performanceliquid chromatography (HPLC)24
invariousdosageforms,

The present paper deals with a HPLC assay of
lopinavir and ritonavir ssmultaneoudly. Benefitsof this
method areimproved sensitivity and recovery compared
to all other methods available in the literature. The
present HPLC method iswell suited for studiesgener-
ating largenumber of samples. Inaddition, muchim-
proved sengtivity wasachieved withlower limit of quan-
tification (LLOQ) of 0.075 pg/ml for lopinavir and 0.3
pg/ml for ritonavir. Recoveries were about 99.86% and
100.16% for ritonavir and lopinavir respectively. The
proposed method was subjected to validation accord-
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MATERIALSAND METHODS

Materialsand reagents

Ritonavir and Lopinavir werekindly supplied asa
gift sampleby Hetero drug pvt Ltd. AP. other reagents
such asAcetonitrile, Methanol, Potassium dihydrogen
Phosphate and water used were of HPLC and milli-g
grade. All other chemicaslikeglacia acetic acid used
wereof AR gradefrom Merck chemicals, Mumbai.

Chromatogr aphy conditions

chromatography separation was performed on a
HPLC (Younglinwith UV detector) at thewavel ength
of 226 nm. A reverse phase Inertsil C18, (150 X
4.6mm, i.d., 5 um particle size) columnwasused. The
mobile phasecons gtsof Buffer: Methanol: Acetonitrile
(30:60:10v/viv) withflow rate 1.2 ml/min. injectionvol-
umewas 20ul and the chromatographic runtime of 15
minwasused.

Preparation of buffer solution

Buffer wasprepared by dissolving 2.7218g of Po-
tass um dihydrogen orthophosphatein 27000 mL of water
and adjuststhe pH 6.5+ 0.02 with Ortho Phosphoric
acid followed by the degassing of the solution.

Prepar ation of mobilephase

1000 mL of mobilephasewas prepared by mixing
300ml of Potassium dihydrogen orthophosphate
(0.02M), 250ml of Methanol and 450ml of Acetoni-
trile

Prepar ation stock solutions

Accurately weighed and transferred about 10mg
of Ritanovir and Lopinavir into aseparate 10 mL volu-
metric flasks. 5mL of Acetonitrilewasadded to each
volumetric flask and kept in an ultrasonic bath until it
dissolved completely. Madethevolumeuptothemark
with methanol and mixed well. Thisyidded solution of
1000pg/ml concentration.

Prepar ation of sandar d solution

Spiked accurately about 0.4 mL of Ritanovir and
1.6 mL of Lopinavir stock solution and transfered it
into a10ml volumetric flask. Madethevolume up to
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themark withmobilephaseand mixedwdl. Thisyieded
solution of 40ug/ml and 160pg/ml concentrations.

Method validation

Validation experimentswere performed to demon-
strate System suitability, precision, linearity, Accuracy,
Limit of detection and Limit of quantification.

Precision

The precision of the method waseva uated by car-
rying out Six independent asses of test sampleagainst a
qualified reference standard and the %RSD of assay
was calculated (% RSD should not be morethan 2%).

Accuracy

Accuracy for theassay of Ritanovir and Lopinavir
determined by applying themethod intriplicate samples
towhichknownamount of Ritanovir and Lopinavir stan-
dard is added at different levels (50%, 100%, and
150%). Each solution wasinjected thrice (n=3) into
HPL C system and the average peak areawas cal cu-
lated from which Percentage recoverieswere cal cu-
lated. (% Recovery should be between 98.0to 102.0%).
Linearity

TheLinearity of detector responsewas established
by plotting a graph to concentration versus area of
Ritanovir and Lopinavir standard and determining the
correlation coefficient. A seriesof solution of Ritanovir
and Lopinavir standard sol ution in the concentration
ranging from about 5 - 60ug/ml of Ritanovir and 20 -
240ug/ml of Lopinavir respective levels of the target
concentration were prepared and injected into the
HPLC system.(Correlation coefficient should benot less
than 0.999.)

Limit of Detection (LOD) Limit of Quantification
(LOQ)

LOD and LOQ for thewere determined at signal
tonoiseratiosof 3:1and 10:1, respectively by injecting
seriesof dilute solutionswith known concentrations.

RESULTSAND DISCUSSION

M ethod development

Different chromatographic conditionswere experi-
mented to achieve better efficiency of the chromato-
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graphic system. Parameters such asmobile phasecom-
position, wavel ength of detection, column, columntem-
perature, and pH of mobilephasewere optimized. Sev-
era proportionsof buffer, and solvents (water, metha:
nol and acetonitrile) wereevauated in order to obtain
suitable composition of the mobile phase. Choice of
retentiontime, tailing, theoretica plates, and runtime
were the major tasks while developing the
method.Bufferslikesodium dihydrogen orthophosphate
and disodium hydrogen orthophosphatedid not yield
desired results. The composition of mobilephaseAc-
etonitrile: Methanol: Buffer (50:30:20v/v/v) of pH 3.5
with flow rate of 0.8ml/min and detection at 210nm of
runtimeof 6min shown merging of twodrugs. Thecom-
position of mobilephaseAcetonitrile: Methanol: Buffer
(60:30:20v/v/v) of pH 3.5 with flow rate of Iml/min
and detection at 226nm of runtime of 15 minyielded
peakswith non-sink inthe baselinewith unstablere-
tentiontimes.

AtAcetonitrile Methanol: Buffer (45:25:30v/v/Iv)
of pH 6.5with flow rate of 1.2ml/min and detection at
226nm of runtimeof 12min, aperfect chromatogram
was el uted. Thetypical chromatogram obtained from
final HPLC conditionsaredepictedin Figure 2.
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Figure2: typical chromatogram of Ritonavir and L opinavir
by proposed method

Method validation

Based on Internationa Conferenceon Harmoniza
tion (ICH) guiddines, themethod isvalidated with re-
gardto systemsuitability, linearity, accuracy, precision,
LOD and LOQ asfollows.

() system suitability

The system suitability parameter tailing factor for
the proposed HPLC method from the standard injec-
tion of Ritonavir and Lopinavir are 1.03and 1.02 re-
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spectively. Theoretical Plates Obtained from the stan-
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TABLE 1: Resultsof precision

dardinjection of Ritonavir and Lopinavir are 5350.4 Inj ection Ritonavir L opinavir
and 6140.8 respectively. Theresultsproved that the | per (40ng/ml) (160pg/ml)
optimized HPL.C method fulfilstheserequirementswithin Peak Area Peak Area
the USP accepted limits. ! 416238 Lr227l
o 2 415725 172418
(I1) Precision 3 415852 171989
The% R.S.D. of Ritonavir and Lopinavir assay 4 415715 172184
during the method precision was found to be 5 415625 172103
0.052948% and 0.089858% respectively, indicating 6 415936 172319
excellent precision of themethod. Theresultsaresum- MEAN 415848.5 172214
marizedinTABLE 1. % RSD 0.052948 0.089858
TABLE 2: Summary resultsof accuracy for ritonavir and lopinavir
RITONAVIR
. Standard Injections
Recovery Level  Resultant solution (ng/ml) . . o . % Recovery  %RSD
inj-1 inj-2 inj-3 inj-4
50% 20 205254 206363 205263 2056267  98.68485  0.310125
100% 40 415852 416365 416536 416251 99.8841 0.085517
150% 60 633524 629524 631334 6314607  101.0174  0.317202
LOPINAVIR
50% 80 85289 84767 85134 85063.33 98.91545 0.315152
100% 160 172045 171742 172157 1719813 99.9938 0.124839
150% 240 259674 263745 262914 262111 101.5981 0.820651
TABLE 3: Reaultsof Robustness (| | |)Accuracy
RITONAVIR , Percent recovery of Ritonavir samplesranged from
Chromatography changes Area R?tr?rlf;on %RSD  98.0% to 101.5%, and the Percent recovery of
Flow rate (ml/min) Lopinavir samples ranged from 98.0% to 102.0%
06 496786 9.08 032 ghowingthegood accuracy of themethod. Theresultis
0.7 416077 8.26 0.28 ShOWI’] | nTABLE 2.
0.8 345577 7.46 0.42
Change in organic composition (|V) Limit of Detection (L OD) Limit of Quantifi-
in the mobile phase cation (L OQ)
(Buffer: Methanol: Acetonitrile) . . . .
0569.5.125 287958 206 0.50 TheLOD of Ritonavir and Lopinavir werefound
(30:60:10) 216077 8.26 028 tobe0.02ug/ml and 2pug/ml respectively. The LOQ was
35:57.5:7.5 466750 8.65 0.52 005ug/ml and 1 ug/ml for Ritonavir and Lopinavir re-
LOPINAVIR gpectively. Sincethe LOQ and LOD vauesof Ritonavir
Flow rate (mi/min) and Lopinavir achieved a avery low level, thismethod
0.6 248443 1111 048 canbesuitablefor cleaning vaidationinthe pharma-
0.7 174020 9.97 1.08 ceutlod industry.
0.8 104625 8.85 0.66
Change in organic composition (V) Linear |ty
nthemobilephase Thelinearity of the calibration plot for themethod
(235”;':; lv'ziha”c": Acetonitrile) s s ous  WasODt@inedoverthecalibrationrangestested, e, 5-
(30:60:10) 174020 007 108 60 ug/.ml for Ritonavir and 20-240 Hg(ml for Lppinavir
3557575 204960 1041 042  threetimes and thecorrelation coefficient obtained was
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0.9998 and 1 for Ritonavir and Lopinavir respectively,
thusindicating excellent correl ation between peak ar-
eas and concentrations of theanal ytes.

(VI)Robustness

Indl thedeiberately varied chromatographic con-
ditionsinthe concentration rangefor the eva uation of
robustness 5- 60 pg/ml for Ritonavir and 20-240 pg/
ml for Lopinavir (n=3). It can be concluded that the
variationinflow rateand thevariationin 10% Organic
compodition do not affect themethod S gnificantly. Hence
itindicatesthat the method isrobust even by changein
theflow rate+10% and change in the Mobile phase
+10%. The results are summarized in TABLE 3.

CONCLUSION

The new, s multaneous RP-HPL C method proved
to besimple, linear, precise, accurate, robust, rugged
and rapid. The devel oped method was capabl e of giv-
ing faster € ution, maintaining good separation morethan
that achieved with other available HPL C methods. The
short retentiontimesalowstheandysisof alarge num-
ber of samplesinashort period of timeandistherefore
more cost-effectivefor routineanaysisinthe pharma:
ceutical industries. It issuitablefor rapid and accurate
quality control of ritonavir and lopinavir in combined
dosageforms.
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