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ABSTRACT 
A new stability indicating RP-HPLC method was developed and validated for the determination of Atazanavir sulfate in 
bulk and capsule dosage form on Zorbax Eclipse XDB C18 (150x 4.6mm) 3.5 µm column. Elution was carried using 
mobile phase consists of phosphate buffer pH 6.5: acetonitrile (40:60 v/v) at column temperature of 30˚C. The flow 
rate of the mobile phase was maintained at 1 ml/min, and effluents were monitored by the PDA detector. Atazanavir 
sulfate was separated at the retention time of 3.9 min. The specificity of the method was determined by spiking major 
impurities like pyridinyl lactose acetal, 5-hydroxymethyl-2-furaldehyde, dealkyl atazanavir, and pyridinyl benzaldehyde 
into Atazanavir sulfate. Atazanavir sulfate was subjected to acid, base hydrolysis, peroxide oxidation, thermal and 
photolytic degradation. The stability studies indicated that Atazanavir sulfate was stable in acid, thermal, UV light while 
susceptible to alkaline hydrolysis and peroxide oxidation. Degraded products of peroxide and photolytic degradation 
coincide with the retention time of 5-hydroxymethyl-2-furaldehyde and pyridinyl benzaldehyde impurity, respectively. 
The new method is rapid, sensitive, linear, precise, accurate and without any interference of degraded products and 
excipients. Hence, the method can be successfully applied to the routine quality control of Atazanavir sulfate in bulk and 
capsule dosage form.  
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1. INTRODUCTION  
Chemically, Atazanavir sulfate is 2,5,6,10,13-Pentaa-
zatetradecanedioic acid, 3-12-bis(1,1-dimethylethyl)-8-
hydroxy-4,11-dioxo-9-(phenylmethyl)-6-[[-4-(2-pyridi-
nyl)phenyl]methyl]-dimethyl ester-sulfate [1]. Atazanavir 
sulphate is  a  HIV protease inhibitor used in combination 
with the other antiretroviral agents for the treatment of 
HIV-1 infection [2-5]. 
Literature survey revealed that various methods were 
developed and validated for the estimation of the 
Atazanavir sulfate [6-12]. Total thirteen impurities of 
Atazanavir sulfate were determined by LC-MS; the most 
prominent among them are pyridinyl benzaldehyde 
lactose acetal (PBLA), 5-hydroxymethyl-2-furaldehyde 
(5-HMF), dealkyl atazanavir impurity (DA), and 
pyridinyl benzaldehyde (PB) [6].  

International Conference on Harmonization (ICH) 
guidelines were used to interpret the stability attribute of 
the drug product under the stress conditions; acidic, 
alkaline, oxidative, UV, and photolytic degradation [13-
18]. It was evident from the literature review that 
reported methods have not documented the interference 
of the major impurities of Atazanavir sulfate. Although 
few stability-indicating RP-HPLC methods were 
reported for Atazanavir sulfate; however, methods were 
not performed on the capsule dosage form [19-22]. 
Therefore, it was thought worthwhile to develop and 
validate stability, indicating a new RP-HPLC method for 
the estimation of Atazanavir sulfate in bulk and capsule 
dosage form. The molecular structure of Atazanavir 
sulfate was given in Fig. 1. 
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Fig 1: Structure of Atazanavir sulfate  
 
2. MATERIAL AND METHODS 
2.1. Instrumentation 
Shimadzu HPLC system model 2010 AHT, connected 
with a PDA detector and operated by Lab solution 
software. The separation of atazanavir and other 
impurities was carried out on column Zorbax eclipse 
XDB C18 (150x4.6mm, 3.5µm). 
 
2.2. Chemicals and Reagents 
Pharmaceutical grade Atazanavir sulfate and Atazanavir 
sulfate capsule (500 mg) were generously gifted by 
Hetro Drugs Ltd., Hyderabad, India. Acetonitrile and 
water (HPLC grade) were purchased from Rankem, 
Mumbai. Orthophosphoric acid and triethylamine were 
purchased from Merck, Mumbai. Membrane filter (0.45 
µ) and Teflon glass membrane filter were procured from 
MDI Pvt. Ltd., Mumbai. 
 
2.3. Preparation of standard Atazanavir sulfate 

solution 
Accurately weighed 50 mg of Atazanavir sulfate API was 
dissolved in 70 ml of diluent water: acetonitrile (10:90 
v/v), and it was kept for sonication at room 
temperature. The solution was allowed to cool at room 
temperature and made up to the mark with the diluent. 
In a 50 ml volumetric flask, 4.5 ml of standard 
Atazanavir sulfate stock solution was transferred, and 
volume was made up to mark with diluent to obtain the 
concentration 45 µg/ml of the working solution. 
 
2.4. Preparation of Atazanavir sulfate capsule 

solution 
The weight equivalent to 50 mg of Atazanavir sulfate was 
dissolved in about 70 ml of diluent with intermittent 
swirling in between followed by 15 min stirring. It was 
allowed to cool and the volume was made up to the mark 

with diluent. The solution was filtered through 
0.45µTeflon and glass membrane. In a 50 ml volumetric 
flask, 4.5 ml of filtrate from the stock was diluted up to 
the mark with the diluent to obtain working solution 
(45µg/ml). 
 
2.5. Method development 
Chromatographic separation was performed on Zorbax 
Eclipse XDB C18 (150x 4.6 mm, 3.5 µm) column. The 
composition of the mobile phase was optimized by trial 
and error method. The mobile phase comprises 10 mM 
triethylammonium phosphate buffer pH 6.5: acetonitrile 
(40:60 v/v) was optimized to resolve the chromatogram. 
The mobile phase was transferred by an isocratic mode at 
a flow rate of 1 ml/min into a column maintained at 
30°C. The injection volume of atazanavir, was 5 µl. The 
effluent was sonicated, degassed, and transferred through 
0.45 µ Teflon and glass membrane filter. The effluent 
was monitored by PDA detector. The desired peak was 
integrated to obtain its λmax. The chromatographic 
parameters like peak symmetry, tailing factor, and 
retention factor was measured as per USP guidelines [15, 
23-26]. 
 
2.6. Method validation 
The optimized method was validated for its accuracy, 
linearity, precision, detection limit, quantitation limit, 
robustness, and specificity. Method validation was 
carried out as per the ICH and USP guidelines [27-29]. 
 
2.6.1. Specificity 
The specificity studies were performed by spiking the 
Atazanavir capsule sample with its known impurities. In 
25 ml of the volumetric flask, 5 ml of Atazanavir capsule 
(45µg/ml) was spiked with 1.0 ml of each impurity 
solution of Pyridinyl benzaldehyde lactose acetal (PBLA) 
0.8 µg/ml, 5-Hydroxymethyl-2-furaldehyde (5-HMF) 
0.8 µg/ml, Dealkyl Atazanavir (DA) 4 µg/ml, Pyridinyl 
benzaldehyde (PB) 0.8µg/ml.The volume was made up 
to the mark with the diluent. 
 
2.6.2. Linearity 
Atazanavir sulfate working standard 22.5, 36.0, 45.0, 
54.0, and 67.5µg/ml were analysed by RP-HPLC. A 
calibration curve was constructed using concentration 
(µg/ml) on X-axis and area under the curve (AUC) on Y 
axis. The linear regression equation and correlation 
coefficient (r2) were calculated by the LC solution 
software. 
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2.6.3. Limit of detection (LOD) and Limit of 
quantitation (LOQ) 

The limit of detection (LOD) and limit of quantitation 
(LOQ) were calculated by following formulae: LOD = 
3.3(SD)/S and LOQ = 10(SD)/S  
Where, SD= standard deviation of response (peak area) 
and S = average of the slope of the calibration curve. 
 
2.6.4. Accuracy 
The accuracy of the method was determined by recovery 
studies. The weight of placebo (excipients) equivalent to 
45µg/ml was spiked by the addition of standard 
Atazanavir sulfate 25, 50, and 75 µg/ml, respectively. 
 
2.6.5. Precision 
The precision was determined to ensure the closeness of 
the data values to each other for the number of 
measurements under the same analytical conditions. The 
system and method precision determined by six replicate 
injections of a homogeneous sample of standard 
Atazanavir sulfate (45µg/ml) and Atazanavir capsule 
(45µg/ml), respectively. Intermediate precision was 
determined by the different analyst, days, and 
instruments. 
 
2.6.6. Robustness 
The standard solution of Atazanavir sulfate (45µg/ml) 
was injected six times for each varied conditions of flow 
rate (1±0.1 ml/min), column temperature(30±5°C), 
and wavelength (250±2 nm). 
 
2.7. Forced degradation 
Forced degradation studies of Atazanavir sulfate was 
accomplished in acid, base hydrolysis, peroxide 
oxidation, thermal and photolytic conditions. In a series 
of 100 ml of the volumetric flask, a quantity equivalent 
to 50.0 mg of Atazanavir capsule was dissolved in 60 ml 

of diluent with intermittent swirling for 15 min and the 
volume was made up to the mark with the diluent. In a 
series of 50 ml volumetric flasks, 4.5 ml (500µg/ml) 
stock solution was pipetted and treated with 5.0 ml each 
5N HCl (acid degradation), 5N NaOH (base degra-
dation), 30 % H2O2 (peroxide degradation). These stock 
solutions were placed in a water bath maintained at 60˚C 
for 2 h. The mixture was allowed to cool. The acid and 
base stock solution was neutralized with 5.0 ml of 5N 
NaOH and 5N HCl, respectively. The volume was made 
up to mark with diluent to obtain working solution of 
the concentration 45 µg/ml. The photolytic degradation 
sample (45 µg/ml) was transferred in transparent, amber 
colour and flask covered with aluminum foil. The 
solution was exposed under UV and white light for 1.2 
million lux h and integrated near the ultraviolet energy 
of not less than 200 w/sq. Thermal degradation studies 
was carried by exposing the solution of Atazanavir 
capsule (45µg/ml) at 60˚C in a hot air oven for 2 h. The 
solution of the forced degradation studies was filtered 
through 0.45µ Teflon membrane filter. The initial 
volume of the filtrate was discarded to prevent minor 
adsorption of the analyte. The sample were analysed by 
optimized method. 
 
3. RESULTS AND DISCUSSION 
New stability indicating RP-HPLC method was 
developed and validated for the determination of 
Atazanavir sulfate in bulk and capsule dosage form. 
 
3.1. Development and optimization of the 

method 
RP-HPLC method was optimized in the mobile phase 
triethylammonium phosphate buffer (10 mM) pH 6.5: 
acetonitrile (40:60v/v). The tR of standard Atazanavir 
sulfate showed at 3.730 min with optimum peak 
symmetry (Fig 2). 

 

 
 

Fig 2: Chromatogram of Atazanavir capsule 
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The assay of Atazanavir sulfate was found to be 
99.1±1.20%. The peak tailing was evident with an 
increase in acetonitrile concentration beyond 70 % v/v 
and splitting of the peak was observed as the 
concentration decreased beyond 30 % v/v. 
Separation efficiency is enhanced at a lower value of 
HETP and a higher number of theoretical plates (N). In 
the proposed method, the HETP value was 25.056, N 
29567, and k' 1.11, which was obtained by LC solution 
software. A high Capacity (k') factor indicates that the 
sample is highly retained and has spent a significant 

amount of time interacting with the stationary phase 
[30]. These optimization parameters complied with the 
ICH and USP guidelines. 
 
3.2. Specificity 
The specificity studies were performed by spiking the 
impurities (PBLA, 5-HMF, DA & PB) with the 
Atazanavir capsule. The chromatogram of specificity 
study has shown in (Fig. 3), which depicts the main 
peak has well resolved from its impurities. 

 

 
 

Fig 3: Chromatogram of Atazanavir capsule spiked with impurities 
 
3.3. Linearity 
The linearity study of standard Atazanavir sulfate was 
studied in the range of 22.5-67.5 µg/ml. The 
calibration function (AUC Vs Concentration) was linear 
with five-point calibration used for quantitation by 
linear regression analysis. The regression equation was y 
=5588.578x-15303.027; with coefficient of correlation 
(r²) 0.9995. The LOD and LOQ for Atazanavir sulfate 
were 0.142 and 0.420 µg/ml, respectively. 
 
3.4. Accuracy 
Accuracy study was performed by standard addition of 
excipients into standard Atazanavir sulfate at three 
different levels 50, 100, and 150% (n=3). The 
recovery was found to be 101.3- 101.6 %, which 
indicates the accuracy of the method according to the 
acceptance criteria mean recovery in the range of 98.0 - 
102.0%. The chromatographic analysis of the spiked 
sample has not shown any interfering peak at the 
retention time of Atazanavir sulfate (fig. 3). The results 
and statistical data of the system suitability parameters 
have shown in Table 1. 
 

3.5. Precision 
The method was found to be precised for six replicates 
of standard Atazanavir sulfate. The % RSD of the 
chromatographic determination was 0.19%, which was 
well within the acceptance criteria. The % RSD values 
of intra-day and intermediate precision (n=3) were 
found to be 0.36% for each determinant Table 1. 
 
Table 1: Summary of validation and system 
suitability parameters 

Parameter (Units) Atazanavir sulfate 
Linearity range (µg/ml) 22.5-67.5 
Correlation coefficient 0.9995 

LOD (µg/ml) 0.142 
LOQ (µg/ml) 0.420 
Recovery (%) 101.46 

Precision (%RSD)  
System precision (n=6) 0.19 

Interday (n=3) 0.36 
Intraday (n=3) 0.36 

Retention Time (tR) 3.969 
Tailing factor (asymmetry 

factor) 1.31 
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3.6. Robustness 
The results of robustness studies were expressed 
relative to control (optimized parameter). The relative 
deviation caused by deliberate variation in flow rate (1± 

0.1 mL/min), wavelength (250±5 nm), and column 
temperature (30±5°C) was within the acceptable 
criteria ≤2%. Hence, the proposed method was robust. 
The result of robustness study is summarised in Table 2. 

 
Table 2: Robustness evaluation of method 

Parameters Condition Mean±SD Absolute difference 
Control Original 99.6±0.32 - 

Flow rate (± 0.1 ml/min) 
0.9 98.4±0.21 1.2 
1.1 99.2±0.25 0.4 

Change in wavelength (± 5 nm) 245 nm 100.7±0.15 1.1 
255 nm 101.3±0.13 1.7 

Column temperature (± 5℃) 
25 99.6±0.27 0.0 
35 99.7±0.12 0.1 

 
3.7. Forced degradation 
The degradation of the drug was observed by a decrease 
in peak area and an additional peak of the degraded 
product when compared with the non-degraded drug 
(control). The degradation studies indicated that the 
Atazanavir capsule was susceptible to base hydrolysis, 
photolytic (transparent container) UV radiation, and 
peroxide oxidation. However, it was stable to acidic, 
thermal, and photolytic (amber colour& amber colour 
covered with aluminum foil) conditions. 
Atazanavir sulfate was degraded in the stress condition 
of basic hydrolysis as well as peroxide oxidation. The 
maximum deviation of 18.2% was estimated in the 
basic hydrolysis compared to control. Chromatogram of 

base degradation showed tR at 4.6 and 4.8 min.The 
deviation of 6.4% was estimated in the peroxide 
oxidation compared to control. A chromatogram of 
peroxide oxidation showed tR at 1.4 coincide with the 
tRof 5-HMF impurity; hence the degraded product may 
be 5-hydroxy-methyl-2-furaldehyde.The photolytic 
degrada-tion exposed to UV and white light to 
transparent medium has shown 11.4% deviation 
compared to control with three additional peak tR at 
1.2, 2.0 and peak at tR2.6 min coincide with tR of PB 
impurity hence it may be pyridinyl benzaldehyde. 
Summary of degradation studies of the Atazanavir 
capsule has shown in Table 3. 

 

 
 

Fig 4: Chromatogram of depicting forced degradation studies 
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Table 3: Summary of degradation studies 

Conditions 
Time 

(h/day) 
% 

Assay 
Degradation 

obtained 
tR (min) of degradation 

products 
Control (acid-base degradation) - 99.2 - - 

Acid degradation at 60°C  in water bath 2 h 96.3 2.9 ND 
Base degradation at 60°C  in water bath 2 h 81.0 18.2 4.6, 4.8 

Peroxide degradation at 60°C  in water bath 2 h 92.8 6.4 1.4, 2.0 
Thermal degradation at 60°C   in hot air oven 2 h 97.5 1.7 ND 

Control - 98.6 - - 
Photolytic (Ambered) UV and white light 11 days 97.4 1.2 ND 

Photolytic (Ambered + foil) UV and white light 11 days 98.2 0.4 ND 
 
4. CONCLUSION 
The proposed stability-indicating assay method was 
simple, sensitive, accurate, precise, and repeatable for 
the determination of Atazanavir sulfate. The results 
indicated the method's suitability under various force 
degradation conditions. It may be employed for routine 
quality control analysis. 
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