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ABSTRACT

A simple, precise, accurate, reproducible and economical reverse phase liquid chromatography method was
developed and validated for the quantitative simultaneous estimation of Atazanavir and Ritonavir in bulk and
marketed formulations. Estimation of drugs in this combination was done with a C18 column Kromasil 100-5C
column [250mm x 4.6mm].using mobile phase of composition Acetonitrile and phosphate buffer (50:50 v/v, pH
5).The flow rate was 1 ml/min and the effluents were monitored at 212nm. The retention time of Atazanavir and
Ritonavir were3.3 min and 6.2 min respectively. The method was found to be linear over a concentration range of
20-100 wg/ml for both Atazanavir and Ritonavir. The established method proved as reproducible one with a %RSD
value of less than 2 and having the robustness and accuracy within the specified limits. Assay of marketed
formulation was determined and find with 99.48% and 98.7% for Atazanavir and Ritonavir respectively. The method
was validated according to the guidelines of International Conference on Harmonization (ICH) and was
successfully employed in the estimation of commercial formulations. This liquid chromatographic method can be
applied for the qualitative and quantitative determination of selected drugs by the modern chemist.
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INTRODUCTION

Atazanavir sulfate, chemically known as 3, 12-disl(-dimethylethyl)-8-hydroxy-4, 11-dioxo-9-(phenylethyl)-6-
((4-(2-pyridinyl) phenyl) methyl)-, dimethyl esteFhe chemical structure was shown in Figure Iidgs an oral
antiretroviral Protease inhibitors used in the timemt of HIV/AIDS. ATV is an antiretroviral drug spifically
belongs to protease inhibitors class. Ritonavib, 8S, 10S, 11S)-10-hydroxy-2-methyl-5-(1-metthy8-1-[2-(1-
methylethyl)-4-thiazolyl]-3, 6-dioxo-8, 11-bis (pmd methyl)-2, 4, 7, 12-tetraazatridecan-13-oicabithiazolyl
methyl ester Figure.1lht is official in Indian Pharmacopoeia and Unitetht8s Pharmacopoeia. Ritonavir is an
antiretroviral drug from the protease inhibitorsdaused to treat HIV infection and AIDS. Ritonagirfrequently
prescribed with Highly Active Anti-Retroviral thgwg, not for its antiretroviral action, but as itibits the same
host enzyme that metabolizes other protease iongft-3].
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FIG 1: CHEMICAL STRUCTURES OF a) ATAZANAVIR b) RITO NAVIR

Extensive literature survey proved that very fewthods [4-19] were reported for the determinatiorAtdzanavir
and Ritonavir by RP-HPLC. So we attempted to dgvedm accurate, rapid, precise, stable, sensitivd an
economically viable liquid chromatographic methad the simultaneous determination of selected dingthe
present research.

MATERIALS AND METHODS

Equipment used

The chromatographic separation was performed oteAigi 120 compact liquid chromatographic systeragrated
with a variable wavelength programmable UV deteatod a Rheodyne injector equipped withuRfixed loop. A

reverse phase Cll€romasil 250mm x 4.6 miwas used. Lab India 300fbuble beam UV visible
spectrophotometer and Axis AGN204-PO electroniamheds were used for spectrophotometric determimatod
weighing purposes respectively.

Reagents and chemicals

Pharmaceutical grade pure Atazanavir and Ritongifir samples were procured from Mylan Laboratories,
Hyderabad. Marketed tablet formulations (ATOZORwRth of 300mg of Atazanavir and 100mg of Ritonawiere
procured from local market. (Mfd.by Emcure Pharnuticals Itd). HPLC grade Acetonitrile and Water wer
commercially procured from Merck specialties previmited, Mumbai.

Chromatographic conditions

Kromasil 100-5Gs column [250mm x 4.6mm] was used for the chromatphic separation at a detection wave
length of 212 nm. Mobile phase composition of Acétile and Phosphate buffer pH 5 in a ratio ofS80v/v was
selected for elution and same mixture was useliémpteparation of standard and sample solutiomsv Fhte was
adjusted to 1ml/min and the injection volume wagl20
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Preparation of Mobile phase

Phosphate buffer pH 5 was prepared by dissolvii@@ym of Potassium dihydrogen phosphate and 2 ml of
Triethyl amine in 80ml of HPLC grade water and atjuthe pH to 5.0 with orthophosphoric acid andira was
adjusted with water to producel00 ml, which is tlitared through 0.4% membrane filter and sonicated for 20
minutes.

Preparation of Standard solutions

25mg each of Atazanavir and Ritonavir were acelyaweighed and transferred into two 25ml volunteftasks
respectively and dissolved in mobile phase as meeti above and the volume was made up with the sahent
to obtain primary stock solutions A (AtazanavirBitonavir) to achieve standard of concentratioh4@0Qug/mi
of each drug. From the primary stock solutionsmllof each solution was pipette out and transtetcea 10ml
volumetric flask and the volume was made up with itiobile phase to obtain final concentrations d@f u@/ml of
Atazanavir and Ritonavir respectively and this soluis (working stock solution A).

Preparation of Sample Solution

Twenty tablets of Atazanavir and Ritonavir were giwid and crushed. Tablet powder equivalent to 306Mg
Atazanavir and 100mg of Ritonavir was weighed aatly and transferred to a 25ml volumetric flaske Tontent
was dissolved with 10ml of mobile phase and themicsted for 15min. The volume was made up withrtiobile
phase and filtered with 0.Afhembrane filter and sonicated for 20min.0.1 mlka$ tsolution was pipette out and
transferred to a 10mlvolumetric flask and the vobuwas made up with the mobile phase to obtain aesdration
of 120ug/ml of Atazanavir and 40ug/ml of Ritonaiirorking stock solution B).

Optimization of RP-HPLC method

The HPLC method was optimized with an aim to dgvedosimultaneous estimation procedure for the asfay
Atazanavir and Ritonavir. For the method optimiaatidifferent mobile phases were tried, but acd#pteetention
times, theoretical plates and good resolution wdrgerved with Acetonitrile ,Phosphate buffer pHB:f® v/v)
using Kromasil 100-5¢ column [250mm x 4.6mm].

Validation of the RP-HPLC method
Validation of the optimized method was performedoading to the ICH Q2 (B) guidelines.

System suitability

System suitability was carried out with five injects of solution of 100% concentration having10Qnpigof
Atazanavir and Ritonavir of each in to the chrorgaaphic system. Number of theoretical plates (Npimied and
calculated tailing factors (T) were reported inléab.

Linearity

For the determination of linearity, appropriategabts were pipetted out from working stock solutdto a series
of 10ml volumetric flasks and volume was made ugthwhe solvent to obtain concentration ranging fra@

100ug/ml of Atazanavir and Ritonavir. Each solutieas injected in triplicate. Calibration curves w@totted with
observed peak areas against concentration folldwetie determination of regression equations atzlizion of

the correlation coefficients. The calibration cugfer Atazanavir and Ritonavir were shown in fig@rand figure 4
their corresponding linearity parameters were givetable 2.

Limit of Detection (LOD) and Limit of Quantitation (LOQ)
The LOD and LOQ were calculated from the slope{ghe calibration plot and the standard deviatiSD) of the
peak areas using the formulae LOD =&/8and LOQ = 16/s. The results were given in table 2.

Precision
The repeatability of the method was verified bycolddting the %RSD of six replicate injections ofO%

concentration (10@0g/ml of Atazanavir and Ritonavir respectively) dretsame day and for intermediate precision
% RSD was calculated from repeated studies onrdiffedays. The results were given in table 3.
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Accuracy

Standard addition method was followed to ensureréfiability and accuracy of the method recovenydgs. A
known quantity of pure drug was added to pre-amalygzample and contents were reanalyzed by the gedpo
method and the percent recovery was reported. $dts were given in table 4.

Specificity

Specificity of a method was determined by testitajndard substances against potential interferedt¢es method
was found to be specific when the test solution wgsted and no interferences were found becaide@resence
of excipients. The optimized chromatogram of Atamanand Ritonavir without any interference waswhan
figure 2.

Robustness

Robustness of the method was verified by altefirgahromatographic conditions like mobile phase psition,
wave length detection, flow rate, etc. and the “DRshould be reported. Small changes in the operaitio
conditions were allowed and the extent to whichrttethod was robust was determined. A deviation2virg in the
detection wave length and +0.2ml/min in the flowterawere tried individually. A solution of 100% tes
concentration with the specified changes in theratpmal conditions was injected to the instrumiantriplicate.
%RSD was reported in the table 5.

Assay of Marketed Formulations

20ul of sample solution of concentration 12@/ml of Atazanavir and 4@/ml of Ritonavir was injected into
chromatographic system and the peak responses measured. The solution was injected three time® ithe
column. The amount of drug present and percentagiy pvas calculated by comparing the peak areathef
standards with that of test samples. A typical ofatogram for assay of marketed formulation was shiowfigure
5and the obtained values were reported in the tble

RESULTS AND DISCUSSION

After a number of trials with mobile phases of eiffnt composition, Acetonitrile, Phosphate buffdrgpin the ratio
50:50v/v was selected as mobile phase becausetef besolution and symmetric peaks. Atazanavir Ritdnavir
were found to show appreciable absorbance at 2i#hem determined spectrophotometrically and heneeag
selected as the detection wavelength. An optimizedmatogram showing the separation of Atazanamnd a
Ritonavir at different s was shown in figure 2.
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FIG 2: OPTIMIZED CHROMATOGRAM OF ATAZANAVIR AND RIT  ONAVIR

System suitability was carried out by injecting éplicate injections of 100% test concentration, hamof
theoretical plates, HETP and resolution were satisty. The chromatograms confirm the presencetatanavir
and Ritonavir at 3.3min and 6.2min respectivelyhaitt any interference. The parameters were giveéabie 1.

TABLE 1: SYSTEM SUITABILITY PARAMETERS (n=5)

Parameters Atazanavir | Ritonavir
Retention time (min) 3.3 6.29
Theoretical plates (N 11456 10366
Tailing factor (T) 1.2 1.4
Resolution (ks 299

[h= No. of determinants
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Concentration range of 20-100ug/ml for Atazanawvid eRitonavir were found to be linear with correbati
coefficients 0.998 and 0.999 for Atazanavir andRatvir respectively. The respective calibrationszewas shown
in Figure 3 and 4 respectively. The results wevemin table 2.
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FIG 3: CALIBRATION PLOT OF ATAZANAVIR
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FIG 4: CALIBRATION PLOT OF RITONAVIR

The limits of detection for Atazanavir and Ritormawiere found to be 0.65pg/ml and 0.54pg/ml respeltiand the
limits of quantitation were 1.99ug/ml and 1.64ugfedpectively. Values were represented in table 2.

TABLE 2: RESULTS FOR LINEARITY (n=3)

Parameter Atazanavir Ritonavir
Linearity Range (pg/ml) 20-100 20-100
Regression Equation y = 16324x+12346 y = 86676X329
Slope (m) 16324 86676
Intercept (c) 12346 37329
Regression Coefficientr 0.998 0.999
Limit of Detection (ug/ml) 0.65 0.54
Limit of Quantitation (ug/m 199 164

1= No. of determinants

The proposed method was found to be precise anddegible with %RSD of 0.42 and 0.19for Atazanaaid
Ritonavir respectively. %RSD was reported in tahle
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TABLE 3: RESULTS OF PRECISION (n=6)

Drug Intraday Precision (%RSD) | Interday Precision(%RSD)
Atazanavir 0.42 0.34
Ritonavir 0.19 0.11

[h= No. of determinants

Accuracy of the method was verified by performirgavery studies by standard addition method. Theepe
recovery of the standard added to the pre-analyaetple was calculated and it was found to be 980698.4% for
Atazanavir and 98.4 to 99.3% for Ritonavir. Thiglizates that the method was accurate. Values autaivere
given in table 4.

TABLE 4: RESULTS FOR ACCURACY (n=3)
[h= No. of determinant

Atazanavir Ritonavir
Reigsglery Amtzﬁgtmél(;ded Amount Found % Amtzﬁntmégded Amount Found %
st test (pg/ml) Recovery std Test (pg/ml) Recovery

80% 20 60 78.9 98.6 20 60 79.5 99.3
100% 40 60 99.4 99.4 40 60 98.4 98.4
120% 6C 60 119.] 99.2 6C 60 118.% 98.¢
Mean 98.6-99.4 98.4-99.3

recovery

The method was found to be robust after changiagtimditions like detection wavelength (£ 2nm) fiod rate (£
0.2 ml). %RSD was calculated for each variation mpibrted. Values obtained were given in table 5.

TABLE 5: RESULTS FOR ROBUSTNESS (n=3)

%RSD
Parameters (n=3) Atazanavir | Ritonavir
Detection wavelength at 210nm 0.12 0.38
Detection wavelength at 214nm 0.36 0.66
Flow rate 0.8ml/min 0.34 0.52
Flow rate 1.2ml/min 0.31 0.35

[h= No. of determinant

The method was found to be specific for the contimnaof interest after verifying the chromatograst®wing no
interference of the excipients present. Hence,ntleéhod was well suitable for the estimation of doenmercial
formulations of the selected combination with acpatage purity of 99.48% for Atazanavir and 98.7686 f
Ritonavir. The typical chromatogram for assay ofketed formulations was shown in figure.5 and Valobtained
were given in table 6.

FIGURE 5: A TYPICAL CHROMATOGRAM FOR ASSAY OF MARKE TED FORMULATION CONTAINING 120ug/ml OF
ATAZANAVIR AND 40ug/ml OF RITONAVIR
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TABLE 6: RESULTS FOR ASSAY (n=3) OF MARKETED FORMUL ATION (ATAZOR-R )

Drug Label claim (mg/tab) | Amount recovered | % Amountfound in drug
Atazanavir 300 298.44 99.48
Ritonavir 100 98.7 98.7

M= No. of determinants
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CONCLUSION

The RP-HPLC method developed and validated allowsmgle and fast quantitative determination of Atzavir
and Ritonavir from their formulations. All the vdiition parameters were found to be within the Braitcording to
ICH guidelines. The proposed method was found tegeeific for the drugs of interest irrespectiveto excipients
present and the method was found to be simpleraie;precise, rugged and robust. So the estadlistethod can
be employed in the routine analysis of the marké&teaulations.
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