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ABSTRACT

Reversed phase liquid chromatographic (RP-HPLChiettas been developed and subsequently validetete
determination of Atazanavir in pure and formulasoithe studies on selection of mobile phase amdréite basing
on peak parameters were extensively carried for dbegelopment of the proposed method. The mobilsepha
composition of buffer (pH-4.5) and acetonitrile time ratio of 750:250 v/v Atazanavir peak was eluédsoid
volume with long retention time. The regressionugafor Atazanavir was found to be 0.9964 exhibitihg
response, in the linear from range 2.0-1pdImL respectively. The % RSD for precision is <@@firming that
the developed RP-HPLC method is sufficiently peeaisd the total run time required for the methodnsy 4.007
min. for eluting Atazanavir. The accuracy of thealeped method was demonstrated at three concentrbtvels
in the range of 50-150 %. The developed methodsaiaisto be simple, selective and accurate and ésulior the
assay of Atazanavir in dosage forms and can behduremployed in the quality control analysis of koul
manufacturing and formulations units.
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INTRODUCTION

Atazanavir Sulfate (ATV) [1] methyl N(1S)-1-{N-[(2S, 3S)-2-hydroxyl-3-[(2S)-2-[(methggarbonyl) amino]-3,
3-dimethylbutanamido]-4-phenylbutyl]*N[4-(Pyridin-2-yl) phenyl] methyl} hydrazine carlnyl}-2, 2-dimethyl
propyl] carbamate (Figure-1), is an azapeptide HI\protease inhibitor (PI) with activity against Ham
Immunodeficiency Virus Type 1 (HIV-1).
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Figure-1: Molecular structure of Atazanavir Sulfate

Atazanavir selectively inhibits the virus-specifiocessing of viral Gag and Gag-poly proteins ivH} infected
cells, thus preventing the formation of matureoris. Atazanavir is also sometimes used to prevdattion in
healthcare workers or other people who were actidlgnexposed to HIV. Keeping in view of the alov
discussion, in the present study the authors htteenpted in developing of few analytical methoals Atazanavir

in pure and dosage forms using visible spectrophetry and High performance liquid chromatography as
analytical tools. Basing on the analytical survidlydate few HPLC methods [2-10] and no stabilibgicating
HPLC method was reported for the assay of Atazariavypure and dosage forms. The present studynmeaiin
development and validation of stability indicatingethod assay of Atazanavir in pure and dosage fdaynBP-
HPLC as per ICH guidelines. Metal oxides play ayvienportant role in many areas of chemistry, physand
materials science. The metal elements are ablernu & large diversity of oxide compounds. In tedbgizal
applications, oxides are used in the fabricationm@froelectronic circuits, sensors, piezoelectéwvides and fuel
cells, coatings for the passivation of surfacesragaorrosion and as catalysts [11-34]. Rao ehale reported
their work on different oxide materials in theirlgar studied35-65]. The RP-HPLC method developed by the
authors in this present investigation facilitatedgtudying the stability the Atazanavir relatidgs when exposed
to various degradation conditions (acidic, baségtrand oxidative) and would be of great applicabline analysis
of purity and pharmacokinetic studies for qualibyitrol and clinical monitoring laboratories.

MATERIALSAND METHODS

Instrumentation: The analysis of the Atazanavir was carried outH&L.C Waters system equipped with Waters
2695 separation module having maximum pressure000 Jsi, Waters 2996 photodiode array and a rseve
phase HPLC column X-terra RPg[@50 mm x 4.6 mm |.D; particle size 5 pm]. Twtput of signal was
monitored and integrated using Waters Empower Bvaoé. Electronic analytical balance (DONA) andchi
pipette (In labs, 10-10@l) were employed in the present analysis. All thasgware employed in the present
analysis were cleaned with hot water and driecbinalir oven whenever required.

Chemicals & Solvents: Ultra-pure water (Milli-Q) used for this assay wabtained from a Millipore system
(Bedford, MA, USA). Acetonitrile (HPLC grade) Orthloosphoric acid (GR Grade), Sodium dihydrogen phatp
monohydrate (GR Grade) were purchased from Quaiggt., Mumbai., India. Atazanavir (99.99 % puvegs
obtained as gift sample form Emcure pharmaceuti¢ats and ATAZOR Capsules are available for oral
administration in strengths of 300 mg of Atazdanarvocured from local pharmacy.

Preparation of Buffer: Accurately weigh and transfer about 2.72 grams ofli8n dihydrogen phosphate
monohydrate in 1000 mL of purified water and mixdjést pH to 4.5 (+ 0.05) with dilute orthophospleoscid.
Before use filter this solution through 0.45 um nbeame filter.

Preparation of Mobile Phase: The mobile phase used in the present assay isagg@pby mixing Sodium
dihydrogen phosphate buffer (pH-4.5) and acetdaitn the ratio of 700:300 v/v respectively. Befaree the
mobile phase is filtered and degassed.
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Diluent Preparation: Mobile phase is used as diluent in the presemtyass

Preparation of Standard Drug Solution (stock & working): Standard stock solution of Atazanavir was prepésed
accurately weighing and transferring 50 mg of Atemar (99.9 % pure) into a 100mL volumetric flaglo the
above flask, add 60mL of diluent and sonicatedissalve. Cool the solution to room temperature dihgted to
volume with diluent. This stock solution was funtltuted by transferring suitable aliquots intseparate 100 mL
volumetric flask and diluted up to the mark wittueint to obtain final working concentrations (2@ pug/mL) of
linearity range, respectively.

Sample Preparation: For analysis of the formulations, twenty table&STAZOR-300 mg) were weighed
individually and their average weight is determing@tiese tablets were then crushed to a fine powelander
equivalent to the weight of 50 mg [ATAZANAVIR] wasansferred to a 100 mL volumetric flask and digsdlin
about 70 mL of diluent, and sonicated for 30minwtéth intermittent shaking at controlled temperatand finally
diluted to the mark with diluent and mixed thorolygi.ater this solution was filtered through 0.48 pmembrane.
Transfer a series of aliquots of this above sofuiido a 100 mL volumetric flask and dilute to vole with the
same diluent and proceeded with the above descpitmtdure of the proposed method.

RESULTSAND DISCUSSION

Method Development: To develop a suitable and robust RP-HPLC methodtlier assay of Atazanavir the
chromatographic conditions were optimized by ddfégrmeans (i.e, using different column, differeoffér and
different mode of HPLC run). Primarily the methoeivdlopment was started with two different columrg abd
C18. Of the two columns fGand Gg|, X-terra RP-G@ (150 mm x 4.6 mm |.D; particle size 5 um) gavessattory
resolution at 5mins time with the mobile phasecddély studies on selection of mobile phase and flate basing
on peak parameters (height, area, tailing, thezalefilates, capacity factor and resolution) weremsively carried
for the development of the proposed method.

The mobile phase composition of buffer (pH-4.5) acdtonitrile in the ratio of 750:250 v/v Atazanapeak was
eluted at void volume with long retention time. Thest results was obtained by the when the molikse
composition of buffer and acetonitrile was slightlyanged to the ratio of 700:300 v/v at a flow ra@ mL/min.
With this mobile phase Atazanavir eluted at a ridentime ~ 4.0 minutes (Figure-2). Finally, avilorate of 1.0
mL/min with an injection volume of 20 pL and Wétection at 230 nm was found to be best foalyais of
Atazanavir. The chromatogram of Atazanavir standesidg the proposed method is shown in (Figures2stem
suitability results of the proposed method are gmeed in Table-1.

Table-1: System Suitability Parameters

Parameters Atazanavir
Retention time 4.007
Peak area 1571.182
USP Tailing 16

Chromatographic Conditions. The chromatographic separation was performed usitegra RP-G[150 mm X 4.6
mm 1.D; particle size 5 um] column, at ambient tengpure, eluted at the flow rate of 1.0 mL/min gsgradient
run. The mobile phase consisted of sodium di-hyeinoghosphate buffer [pH adjusted to 4.5 + 0.1 With%
phosphoric acid] and acetonitrile in the ratio @000 v/v. This mobile phase was filtered thro@45 mm
membrane filter and degassed prior to use. The leagth in the present assay was selected by saastamdard
solution of drug over 200 to 400 nm using Waterd&photodiode array detector. Analysis of Atazanass made
by injecting sample volume of 10 pL and detectib20 nm. The complete analysis of Atazanavir wardgpmed
with in the chromatographic runtime of 5 minutespectively.
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Figure-2: Validative Chromatogram of Atazanavir

Method Validation: The developed RP-HPLC method was validated fotegyssuitability, specificity linearity,
accuracy, precision, robustness and ruggednesestasl per IC norms. All the validation studies evearried out
by injecting replicate injections of the standandl #ample solutions of Atazanavir into the HPLCQuomh under the
above said optimized chromatographic conditions.

System Suitability: System suitability tests were performed as pel@hé Guidelines to confirm the suitability and
reproducibility of the system. The test was caroetiby repetitively injecting the standard soluatif Atazanavir at
the concentration level 1@y/mL. The results of system parameters [TheorefilzdEs, retention time, tailing factor]
were determined and are presented in Talkespectively.

Specificity: Specificity is the ability of the method to uneuially assess the analyte in the presence of
components, which may be expected to be preseetspécificity of the developed HPLC method for Ataavir
was carried out in the presence of its degradgtfoducts in blank (stress studies) and bulk drypguseely.

Blank Interference: A study to establish the interference of blank wesducted. Diluent was injected into the
chromatograph in defined above chromatographic iiond and the blank chromatogram was recorded.
Chromatogram of blank solutions showed no peakkeatetention time of atazanavir peak. This ingisahat the
diluent solution used in sample preparation doimetfere in the assay of Atazanavir in Atazansafrets.

Forced Degradation Studies: In order to establish the stability indicating urat of the developed method, force
degradation of Atazanavir was performed under waristress conditions. Intentional degradation wesrgpted to
stress conditions exposing it to acid (5N hydrodhblacid), alkali (SN NaOH) and hydrogen peroxi@® @o) to
evaluate the ability of the proposed method to isgpaAtazanavir from its degradation products.

From the results of degradation studies it was mieskthat upon treatment of Atazanavir with differstrengths of
base (5N NaOH), acid (5N HCI) and hydrogen peroxi@@ %) no degradation was observed and the results
chromatograms of various degradation studies afzaétavir indicating the suitability of the deymdd method to
study stability of Atazanavir under various ded degradation conditions viz. acid, base and atixie
degradation.

Linearity & Detector Response (lod & log): The Peak-area ratios of Atazanavir obtained freshected
chromatograms were utilized for construction ofilmaltion curve. The linearity of the calibrationree was
constructed by plotting the peak- area ratiessus the concentrations of atazanavir. A standange was obtained
in the concentration range of 2.0-1Q@YmL. The linear regression data, slope, interegplt correlation coefficient

[rﬁ of standard curve were calculated. The resultinglibthat with-in the concentration range mentioabdve,
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there was an excellent correlation between peak i@ and concentration of Atazanavir. LOD (defimt s/n
3:1) for Atazanavir were found to be 0.0601 respebt (Figure-3).
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Figure-3: Linearity Curve of Atazanavir

Method Precision: Repeatability of the developed method was stubBiedarrying out method precision. Method
precision was determined from results of six indelemt determinations at 100 % of the standard ctretéons of
Atazanavir. The relative standard deviation wasitbto be 1.701. The results of method precisiome dgh values
of mean assay and low values of standard deviatih % RSD studies revealing that the proposed RECHP
method is precise.

Accuracy [Recovery Studies]: To study accuracy of the method, recovery expertaes carried out by applying
the standard addition method and is expressedeapditentage of analytes recovered by the asskyown
quantity of drug substance corresponding to 50 00, % and 150 % of the label claim of drug were adde
determine if there are positive or negative inteniees form excipients present in the formulatideesch set of
addition were repeated three times. The percemtageveries of Atazanavir were found in the rangé%92 to 100
% from a series of spiked concentrations and tkalt® and their respective chromatograms are regofthese
results indicated that the proposed RP-HPLC methijhly accurate for atazanavir in pure anddsage forms
(Figure-4).
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Figure- 4: HPLC Chromatogram of Atazanavir at 50% Accuracy Level
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Robustness: In evaluating the robustness of developed RP-HRigthod a few parameters like flow rate and
temperature deliberately changed. Each of the abmrmtioned factor mentioned above was changeded thvels
(-1, 0, +1) at one time with respect to optimizeatgmeters. The results of robustness studies Atazanavir
evaluated that there is no insignificant differemén peak areas and less variability in retentiores with the
standard revealing that the developed RP-HPLQoukis robust for Atazanavir assay.

Ruggedness: The ruggedness of the proposed RP-HPLC methodewalsated by a different analyst and different
analyst and different instrument in the same latooyaThe % RSD for peak areas of Atazanavir wasulated.
These results revealed that the % RSD was witlgnltits indicating that the developed RP-HPLEthod was
found to be rugged.

Analysis of Marketed Formulation: Analysis of marketed formulation®&ZATROR-300 mg) of Atazanavir was
carried out by using the proposed method undeabiowe described optimized HPLC conditions (FigureFbe %

drug content of tablets obtained by the proposethoaefor Atazanavir was found to be 99.98 %, retpely. The

results are given in Table-2.
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Figure-5: Validative Chromatogram of Atazanavir in Formulation

Table 2: Resultsof Analysisof Tablet Containing Atazanavir

. . Amount of ATAZANAVIR* | |
Pharmaceutical Formulation Labded Found™ % of Recovery
AZATOR 300 mg 299.96 99.98 %

"All the values are the averages of three deterritnat
CONCLUSION

In the present study a simple, feasible, stabilityicating reversed-phase HPLC method has beeressitdly
developed and validated for the assay of Atazariavjpure and its pharmaceutical dosage forms. Basepeak
purity results, obtained from the analysis of fodsgraded samples using described method, it caohauded
that that the developed method is specific tfeg estimation of Atazanavir in presence @rddation products.
The regression value for Atazanavir was found t@!9964 exhibiting the response, in the linear fiamge 2.0-
10.0ug/mL respectively. The % RSD for precision is < 2dhfirming that the developed RP-HPLC method i
sufficiently precise and the total run time reqdirfor the method is only 4.007 min. for eluting 2aaavir.
Moreover, it is concluded that the results of sfigty, linearity, precision, accuracy and methoobustness
established not only the validation of the propoREFHPLC method but also exhibiting its reliability assaying
Atazanavir in pure and its pharmaceutical dosagaso
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