
응용 자료

Fadi L. Alkhateeb, Paul D. Rainville

Waters Corporation

Abstract

The USP monograph of atorvastatin requires adherence to strict criteria for the assay analysis of atorvastatin in 

terms of peak area/retention time precision, peak tailing, and resolution. Specifically, the monograph requires 

that the relative standard deviation (RSD) for multiple injections (between three and six) to be less than 0.6% for 

peak areas and retention time of atorvastatin. In this study, several strategies were implemented to meet the 

stipulated USP monograph criteria. These measures included using low evaporation caps for mobile phase 

bottles, utilizing non-preslit septa for vial caps, and maintaining samples at a controlled temperature of 10 °C in 

the autosampler. These precautions are in conjunction with the Alliance iS HPLC System. Resulted in very 

consistent peak areas and retention times for both atorvastatin and its related compound. Notably, the %RSD for 

the peak area and retention time of atorvastatin in six replicate injections was 0.4 and 0.1, respectively.

Benefits

The utilization of Alliance iS HPLC System allowed for highly consistent peak area and retention time of 

atorvastatin

■

Excellent control of flow rate, sample temperature, and column temperature■

Low evaporation ACQUITY™ APC Reservoir Cap mitigates the risk of evaporation when volatile solvents are 

used in the mobile phase 

■
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Introduction

Atorvastatin, a widely prescribed statin drug, is used to lower cholesterol levels and reduce the risk of 

cardiovascular diseases.1,2 To ensure the safety and efficacy of this drug, it is essential to analyze atorvastatin 

and related compounds using techniques such as High-Performance Liquid Chromatography (HPLC).3,4 The 

USP monograph for atorvastatin assay analysis using HPLC requires careful control of all aspects of the method, 

including mobile phase and sample preparation.5 The monograph's conditions make it difficult to meet the 

system suitability criteria. The volatile components in the sample and mobile phase can evaporate during the 

analysis, causing changes in the peak areas and retention times. This can lead to the method failing system 

suitability even if the column and instrument are functioning properly. The specific conditions that pose a 

challenge include the use of a highly volatile sample diluent (1:1:2 acetonitrile: tetrahydrofuran (THF): water), a 

volatile component in the mobile phase (THF at 12%), and a long analysis time (two hours).

Previously, a thorough investigation was conducted to assess the influence of these conditions on meeting the 

system suitability criteria.6 The study revealed that the effects of sample preparation and mobile phase 

composition can be effectively controlled by implementing two measures. Firstly, instead of utilizing a single vial, 

multiple vials should be employed for the replicate injections. Secondly, employing low vapor reservoir caps for 

the mobile phase reservoirs proves beneficial. These measures help mitigate the impact of sample preparation 

and mobile phase composition, contributing to improved control and reproducibility of the analysis. This study 

will demonstrate the analysis of atorvastatin according to the USP monograph using the Alliance iS HPLC 

System. Figure 1 illustrates the chemical structures of atorvastatin and its related compound used in this study. 

Figure 1. Chemical structures of atorvastatin and its related compound that were used in this study.
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Experimental

Materials and Standard Preparations

The sample preparation was carried out according to the USP monograph.5 The reference standards for 

atorvastatin and atorvastatin related compound B were both purchased from USP (Rockville, MD). The diluent 

was prepared by mixing acetonitrile, stabilizer-free tetrahydrofuran, and water in a ratio of 1:1:2. All samples were 

prepared immediately prior to analysis. The system suitability standard was prepared by dissolving atorvastatin 

calcium and atorvastatin related compound B in the diluent to a final concentration of 0.05 mg/mL and 0.06 

mg/mL, respectively. A specific volume (300 µL) of standards was aliquoted into maximum recovery vials with 

both preslit and non-preslit screw caps.
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Results and Discussion

USP Assay Results

The HPLC method for assay analysis of atorvastatin according to the USP monograph requires a very lengthy 

run time of over two hours and the use of volatile organic solvents for both the mobile phase and the sample 

diluent. The volatility of these solvents can affect the repeatability of the analysis in two ways. Firstly, the differing 
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evaporation rates of the mobile phase components can impact the elution or retention time of the analytes. 

Secondly, organic evaporation from the sample diluent can affect the concentration and solubility of the analytes, 

both of which can impact system suitability requirements (Table 1). Therefore, it is critical to follow the previously 

recommended steps to mitigate these evaporation aspects and reduce variability in the method.6 These steps 

include using low evaporation caps for solvent bottles and injecting replicate injections from separate vials each 

capped with a non-preslit cap. The samples were also maintained at a low temperature of 10 °C in the 

autosampler to control the evaporation of the diluent. Employing these steps, the USP assay for atorvastatin was 

performed successfully. Specifically, the USP criteria were met for this analysis (Table 1), including peak area and 

retention time %RSD. Figure 2 displays the overlay chromatogram of the replicate injections. It is worth 

mentioning here that the Alliance iS HPLC System employs an inline metering device to enhance injection 

precision. By flushing the flow path during acquisition, this device minimizes the formation of air bubbles.7

Figure 2. Overlay chromatogram of six replicate injections of the system 

suitability mixture. Each injection was obtained from a separate vial, with 

each vial capped using non-pre-slit septa.
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Table 1. System Suitability criteria and actual results generated in this study of the USP 

assay of atorvastatin calcium.

A Comparison of Non-Preslit Septa versus Preslit Septa

To evaluate the effect of different kinds of vial caps on evaporation, the System Suitability results for replicate 

injections made from non-preslit vial caps were compared with preslit caps. To do this, six replicate injections 

were aspired from the same vial that was capped with a non-preslit septa. The results of this experiment showed 

much larger variability in peak areas compared to separate vials with non-preslit septa. For example, as shown in 

table 2, the %RSD for the peak area was 1.0 for six replicate injections from the same vial that is capped with a 

preslit septa. This is much larger deviation from what was observed for the injections that were taken from non-

preslit septa. These findings indicate that using separate vials each capped with non pre slit septa is a very 

useful approach when dealing with volatile sample diluents.

It should be mentioned here that significant retention time shifts were not observed in any of the experiments, 

which can be attributed to the utilization of low evaporation caps (AQUITY APC) on the mobile phase bottles. 

These caps are specifically designed to reduce solvent evaporation from the bottles and are equipped with an 

outlet relief valve to release any pressure accumulation in the mobile phase bottle. Table 2 displays a summary of 

the findings from this experiment.
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Table 2. Data from six replicate injections of an atorvastatin standard. The data in the 

left side of the table represents six replicate injections of a sample taken from the same 

vial. The right side of the table shows the data obtained from six replicate injections, 

each taken from a separate vial with a non-preslit septa.
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Figure 3. Peak area data for atorvastatin and atorvastatin related compound B over a 

30-hour period. A depicts six injections obtained from a single vial, capped with a 

preslit septa, while B illustrates data from six injections using six different vials, each 

capped with non-preslit septa.

Figure 3 displays the peak area trends for atorvastatin and its related compound B over a 30-hour 

analysis period. The data shows that when using preslit septa caps, the peak areas for both analytes 

gradually increased, likely due to evaporation causing a higher concentration of analytes. In 

contrast, when using non-preslit vial caps, no clear trend in peak areas was observed, suggesting 

no evaporation occurred. It should be noted here that the peak area distribution for the six injections 

from different vials with non-preslit caps exhibited significantly smaller values on the y-axis 

compared to those observed with the preslit cap.

Conclusion

These results demonstrate the consistent peak areas, retention times, USP tailing, and resolution that can be 

obtained for the assay analysis of atorvastatin using Alliance iS HPLC System

■

Utilizing Low evaporation ACQUITY APC Reservoir Caps minimizes evaporation of volatile organic solvent in 

mobile phase allowing for very consistent retention times

■

8Analysis of Atorvastatin as per USP Monograph Utilizing Alliance™ iS HPLC System



Utilizing multiple vials, each capped with non-preslit septa, proves advantageous for samples dissolved in 

volatile diluents

■

 

 

References

T. Funatsu, H. Kakuta, H. Tanaka, Y. Arai, K. Suzuki, K. Miyata, [Atorvastatin (Lipitor): A Review of its 

Pharmacological and Clinical Profile], Nihon Yakurigaku Zasshi 117(1) (2001) 65–76.

1. 

R. Chou, A. Cantor, T. Dana, J. Wagner, A.Y. Ahmed, R. Fu, M. Ferencik, Statin Use for the Primary Prevention 

of Cardiovascular Disease in Adults: Updated Evidence Report and Systematic Review for the US Preventive 

Services Task Force, JAMA 328(8) (2022) 754–771.

2. 

N. Jain, R. Raghuwanshi, D. Jain, Development and Validation of RP-HPLC Method for Simultaneous 

Estimation of Atorvastatin Calcium and Fenofibrate in Tablet Dosage Forms, Indian J Pharm Sci 70(2) (2008) 

263–5.

3. 

A.C. Kogawa, A.E.D.T. Pires, H.R.N. Salgado, Atorvastatin: A Review of Analytical Methods for Pharmaceutical 

Quality Control and Monitoring, J. AOAC Int. 102(3) (2019) 801–809.

4. 

USP Monograph,Atorvastatin Calcium, USP43-NF38, The United States Pharmacopeia Convention, official 

June 2023.

5. 

P.R.M. Paula Hong, Patricia R. McConville, USP Method Case Study Part I: Understanding the Impact of 

Sample Preparation and Mobile Phase Stability, Waters Corporation. Produced in the U.S.A. Waters 

Application Note 720006254, AG-PDF, April 2018.

6. 

Y.D. N. Wong, E. Pedanou, and P. Hong, Strategies for Improving Injection Precision with Challenging USP 

Monographs, Waters Poster PSTR135120473 <

https://www.waters.com/waters/library.htm?cid=511436&lid=135120473&lcid=135120472> , 2023.

7. 

9Analysis of Atorvastatin as per USP Monograph Utilizing Alliance™ iS HPLC System

https://www.waters.com/nextgen/kr/ko/library/application-notes/2018/usp-method-understanding-impact-sample-preparation-mobile-phase-stability.html
https://www.waters.com/waters/library.htm?cid=511436&lid=135120473&lcid=135120472
https://www.waters.com/waters/library.htm?cid=511436&lid=135120473&lcid=135120472
https://www.waters.com/waters/library.htm?cid=511436&lid=135120473&lcid=135120472
https://www.waters.com/waters/library.htm?cid=511436&lid=135120473&lcid=135120472


Featured Products

Alliance iS HPLC System <

https://www.waters.com/nextgen/global/products/chromatography/chromatography-systems/alliance-is-hplc-

system.html>

ACQUITY UPLC Tunable UV Detector <https://www.waters.com/514228>

Empower Chromatography Data System <https://www.waters.com/10190669>

720008031, August 2023
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