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Abstract: 
Background: Atorvastatin, an inhibitor of 3-hydroxy-3-methylglutarylcoenzyme-A (HMG-CoA) reductase, is 

widely prescribed in adult and pediatric patients for its potent cholesterol lowering effect. However, atorvastatin 

is only commercially available in tablet form. Therefore, pharmacists have compounded atorvastatin suspension 

making the medication available to more pediatric patients and select adults unable to take tablets. Limited 

reports on the preparation of atorvastatin suspension and lack of chemical stability data has relegated 

pharmacists to prepare a maximum 2-week supply of suspension per United States Pharmacopeia (USP) 

guidelines. 
Materials and Methods: The present study examined the stability of compounded atorvastatin suspension (80 

mg/5 mL) when stored in two different storage containers (plastic and glass) at two different temperatures (4°C 

and 25°C). Suspension was prepared according to a recipe provided from an area hospital and freely available 

online. Samples were analyzed weekly using a stability-indicating method on a reverse phase C18 column by 

high-performance liquid chromatography.  

Results: Over the 5-week study, potency remained above 90% (range 93 to 106% across all storage conditions) 

with the exception of the 35-day refrigerated glass sample (85%). 
Conclusion: Our data suggests that the chemical stability of atorvastatin, when compounded as a suspension 

using Ora-Plus and Ora-Sweet, is well within the USP guidelines–90% to 110% stated potency–for all tested 

temperatures regardless of the storage vessel for at least a 4-week period. 

Key Word: Stability; Chemical stability; HPLC; Suspension; Physicochemical properties; US 

Pharmacopeia (USP) 

 

I. INTRODUCTION 
Clinicians routinely prescribe atorvastatin (Atv), (Figure no 1), for its lipid lowering effects. This agent 

provides benefit for both primary and secondary prevention of atherosclerotic cardiovascular disease including 

myocardial infarction and stroke. It is also indicated to reduce low-density lipoprotein (LDL) cholesterol levels 

in patients with familial hypercholesterolemia, including pediatric patients 1, 2. Commercial availability of 

atorvastatin includes tablets of 10, 20, 40 and 80 mg allowing for convenient titration of oral doses and 

administration. However, a subset of patients, including pediatric patients, may experience difficulty in taking 

tablets of varying strength. Therefore, pharmacists routinely prepare oral suspensions from solid dosage forms 

to accommodate diverse patient populations.  

At present, there is no standard method for the preparation of Atv suspension nor does a standard 

formulation or concentration exist. The lack of such important guidance may limit the use of Atv in many 

patients. Adding to the absenceof standardization in Atv suspension preparation is the significant knowledge gap 

in stability data relative to other extemporaneously prepared suspensions. To date, few studies describe 

compounded Atv suspension stability. Zaid and coworkers (2016) demonstrated that compounded atorvastatin 

suspension made from crushed tablets retained at least 97% of stated potency throughout a 30-day period 

regardless of temperature 3. However, their complex formulation is not convenient for a compounding 

pharmacy, and the study was devoid of forced degradation conditions. A separate study conducted by Goel and 

coworkers (2013) examined the stability of Atv under a variety of degradation-inducing conditions and showed 

that Atv is susceptible to acid hydrolysis and slightly susceptible to degradation after exposure to an alkaline 

environment and oxidizing conditions 4. Other studies have corroborated these findings 5-7. Despite this 

informative literature, complicated formulations and variability in Atv concentrations create gaps in this 

knowledgebase for practical application. Additional questions, including the impact of the storage vessel (glass 
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vs. plastic) as well as the influence of storage temperature, remain unanswered. It is also unknown what impact 

common suspending vehicle(s) have on stability, in particular those with non-neutral pH’s.   

 

 
Figure no 1. Chemical Structure of Atorvastatin 

 

The United States Pharmacopeia (USP) states that in the absence of robust stability data, all water-

containing formulations for oral administration have a beyond-use date of no more than 14 days when stored at 

controlled cold temperatures 8. The formula used to prepare atorvastatin suspension in the present study used a 

1:1 mixture of Ora-Plus and Ora-Sweet as the suspending vehicle. This creates an aqueous environment placing 

it under this stipulation. To assess the stability of this preparation in variable storage conditions, we conducted a 

35-day study using a novel stability-indicating HPLC method.  

 

II. MATERIAL AND METHODS 
Atorvastatin standard USP (Lot: LRAC0148) was purchased from Sigma (St. Louis, USA), and 

atorvastatin 80 mg tablets (Apotex Corp. Lot: PZ7272 Exp Date: March 2022), Ora-Plus (Lot: 9248004 Exp 

Date: May 31, 2021) and Ora-Sweet (Lot: 9237914 Exp Date: May 31, 2022) from a local pharmacy wholesaler 

using appropriate licenses. Acetonitrile (ACN) (HPLC grade) and trifluoroacetic acid (TFA) were purchased 

from Fisher Scientific. Water (18 Ω) was readily available in our lab.  

 

Chromatographic Conditions 

An Agilent 1100 HPLC system consisting of a binary pump, an autosampler, and a variable wavelength 

UV detector was used for chemical separation and detection. We collected data with Agilent ChemStation 

software. The column used was an Agilent Eclipse XDB C18 (4.6 x 150 mm, 3.5 µm). The mobile phase 

consisted of a mixture of deionized water and acetonitrile 40:60 (v/v). This isocratic mixture was pumped at a 

flow rate of 1 ml min-1 for a 10-minute run at a controlled temperature of 30℃. Detection wavelength for 

atorvastatin and degradation products as well as UV-active ingredients from the suspending and flavoring agents 

was set at 254 nm. The injection volume for each sample was 5 µL. 

 

Preparation of Atorvastatin Suspension (16 mg/mL) 

A standardized formulation for preparing atorvastatin suspension is lacking. However, protocols for the 

preparation of other statin suspensions have been developed by various health systems. For this study, 

atorvastatin suspension was prepared according to a protocol adapted for the preparation of pravastatin 

suspension 9. Forty atorvastatin tablets (80 mg each) were placed in a mortar and pulverized using a pestle. 

Continuous trituration with pestle achieved maximum particle size reduction resulting in a fine powder. The 

resulting powder was wetted with a minimal amount of suspending vehicle to form a uniform paste. Then, the 

paste was geometrically diluted with suspending vehicle and brought to a final volume of 200 mL (final 

atorvastatin concentration = 16 mg mL-1).  

 

Atorvastatin Standard Curve 

Prepared atorvastatin suspension (16 mg mL-1) was used for standard curve calculations. Suspension 

was vigorously shaken, and 1 mL was removed and placed in a separate container. To each 1 mL sample, we 

added mobile phase to dilute suspension to the following concentrations for analysis: 0.5 mg mL-1,0.75 mg mL-

1, 1 mg mL-1, and 1.25 mg mL-1. Samples from the prepared dilutions were filtered through a 5-micron filter and 

placed in marked amber sample vials. Investigators then injected a sample volume of 5 µL using the 

aforementioned isocratic method. Linear regression analysis performed on triplicate samples and an R2 value of 

0.9958 suggested acceptable linearity. Concentrations of each atorvastatin sample obtained during the study 

phase were calculated using the equation y = 7553.1x – 258.73 where y = area under the curve (AUC) and x = 

sample concentration (mg / mL). 
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Atorvastatin Storage Conditions at room temperature and under refrigeration   

After preparation, atorvastatin suspension was vigorously agitated and aliquoted into three separate 

plastic and three separate glass containers. The containers were labeled and placed in dark storage at controlled 

room temperature. Similarly, prepared atorvastatin suspension was vigorously agitated and aliquoted into three 

separate plastic and three separate glass containers for storage in a scientific refrigerator maintained at 4℃ for 

the duration of the study.    

 

Sample Preparation and Analysis 

At time zero, and on day 7, 14, 21, 28, and 35, we accurately measured 1 mL, after agitation, of the 16 

mg mL-1 atorvastatin suspension from each tested storage container and temperature with a one mL oral syringe 

and transferred to a 20 mL sample vial. Given that a 30-day supply is usual and customary, the present study 

examined the degradation of Atv for up to 35 days. To each vial, we added fifteen mL of mobile phase to the 

vial and vortexed the mixture to ensure complete Atv extraction. Approximately 1.5 mL of the mixture was 

filtered and transferred to a labeled vial and loaded into the autosampler. Each sample from the study period was 

prepared in triplicate and each peak in the resulting chromatogram was compared to that of standards and 

subsequently identified based on retention time. We performed 2-way ANOVA, with Bonferroni post-hoc test, 

on time and temperature with alpha set at 0.05.  

 

Forced Degradation Studies 

To ensure adequate separation and detection of possible degradation products, atorvastatin suspension 

was subjected to forced degradation. Consistent with other studies and guidelines, suspension was combined 

with an equivalent volume of each of the following and incubated for 48 hours: hydrochloric acid (1M), sodium 

hydroxide (1M), or hydrogen peroxide (3%). Suspension was also placed in an oven and incubated at 100℃ for 

48 hours 10. 

 

III. RESULT 
Atorvastatin suspension, tested each week for a total of 5 weeks, retained well above the 90% potency 

threshold required for stability as stipulated by USP in both glass and plastic containers at both room 

temperature and refrigeration (Table 1 and Table 2) with one exception. The week 5 refrigerated sample stored 

in glass reached the lowest level of potency measured during the entire study (85%). The 2-way ANOVA did 

not demonstrate statistically significant Atv degradation over time (p = 0.16 for glass and p = 0.46 for plastic) or 

with temperature (p = 0.09 for glass and p = 0.20 for plastic). In addition, there was no statistically significant 

interaction between time and temperature (p = 0.38 for glass and p = 0.35 for plastic).  

A consistent separation was noted between the suspending agents and the active ingredient as 

illustrated in the time zero (0) chromatogram (Figure 2a). This level of separation was maintained throughout 

the entire 5-week period. No acid-induced degradation products were noted as a result of the suspending 

vehicle. Treatment with acid resulted in the formation of an atorvastatin degradation product with a 

corresponding peak retention time of 5.1 min as shown in Figure 2b. Treatment with base had little impact on 

the overall stability of atorvastatin (Figure 2c). Likewise, peroxide did not impact the overall stability of 

atorvastatin (Figure 2d). Heat led to a significant degradation of atorvastatin resulting in numerous 

chromatographic signals during the 10-minute run (data not shown). 

 

Table no 1: Average stability (percent of labeled amount) and coefficient of variation of triplicate samples from 

glass and plastic storage containers over the 5-week sampling period at room temperature storage. 

Atorvastatin Suspension 

Room Temperature - Glass 

Day 0 Day 7 Day 14 Day 21 Day 28 Day 35 

Mean API 

(% of labeled amount) 

101% 100% 106% 106% 97% 104% 

Number of replicates 3 3 3 3 3 3 

Coefficient of Variation 7.8% 7.7% 0.29% 4.4% 1.1% 1.2% 

       

Atorvastatin Suspension 

Room Temperature - Plastic 

Day 0 Day 7 Day 14 Day 21 Day 28 Day 35 

Mean API 

(% of labeled amount) 

101% 101% 102% 100% 93% 96% 

Number of replicates 3 3 3 3 3 3 

Coefficient of Variation 7.8% 1.9% 1.1% 4.0% 2.1% 1.8% 
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Table no 2: Average stability (percent of labeled amount) of triplicate samples from glass and plastic storage 

containers over the 5-week sampling period at 4°C storage as well as calculated coefficient of variation. 

Atorvastatin Suspension 

4°C - Glass 

Day 0 Day 7 Day 14 Day 21 Day 28 Day 35 

Mean API 

(% of labeled amount) 

101% 96% 101% 102% 96% 85% 

Number of replicates 3 3 3 3 3 3 

Coefficient of Variation 7.8% 1.1% 1.8% 1.4% 1.6% 12% 

       

Atorvastatin Suspension 

4°C - Plastic 

Day 0 Day 7 Day 14 Day 21 Day 28 Day 35 

Mean API 

(% of labeled amount) 

101% 96% 97% 96% 94% 98% 

Number of replicates 3 3 3 3 3 3 

Coefficient of Variation 7.8% 4.3% 3.8% 2.3% 1.0% 2.0% 

 

 
Figure no 2:Forced Degradation of Atorvastatin. (A) Time 0 Chromatogram. Using an equivalent amount of 

Oral-Plus and Ora-Sweet, atorvastatin had a consistent retention time of 3.9 minutes and the suspending vehicle 

mixture had a retention time of 2.5 minutes. Freshly prepared atorvastatin suspension was treated with an 

equivalent amount of 1 M HCl (B), 1 M NaOH (C), and 3% H2O2 (D) for 48 hours at room temperature. 

Treatment with acid (B) resulted in significant degradation of atorvastatin as demonstrated by a decrease in the 

parent molecule peak height and AUC relative to untreated samples (blue) and the appearance of a new 

degradation peak (red overlay) which is shown with a retention time of 5 minutes. Treatment with base (C) or 

peroxide (D) had little impact on the overall stability of atorvastatin.  
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IV. DISCUSSION 
The present study evaluated the stability of atorvastatin suspension at two temperatures, stored in 

different containers over a period of up to 5 weeks. Our data suggests that the adapted formulation for preparing 

suspension resulted in a stable suspension for up to 4 weeks when stored in glass at both temperatures and up to 

5 weeks when stored in plastic containers. Since a value below 90% stated potency is below the USP threshold, 

the week 5 refrigerated suspension in glass should be considered not stable and unsuitable for patient use. 

Interestingly, the suspension stored at the same temperature in plastic bottles reflected a potency of 99.1% at the 

same timepoint (week 5). While not impossible, it is difficult to explain such a significant drop in potency from 

the previous week for this sample (96% to 85% stated potency). One potential explanation is that adequate 

agitation of the suspension was not achieved for fear of cracking the glass bottle. Despite this outlier, 

atorvastatin remained remarkably stable at room temperature regardless of storage container composition for 5 

weeks. 

Our novel HPLC method provided optimal separation of Atv from chromophore-containing suspending 

agents as well as degradation products seen after forced degradation studies. When a sample of atorvastatin 

suspension was exposed to degrading environments, degradation peaks could be detected. The most caustic 

environment for atorvastatin was exposure to acid which induced a rapid degradation consistent with other 

published reports 4, 11. The described HPLC method allowed for identification of the acid-degraded peak which 

eluted at approximately 5 minutes, well separated from the suspending vehicle and the parent drug (Figure 2b). 

Prior literature has suggested that alkaline and oxidizing conditions induce minor degradation of atorvastatin 4. 

In our analysis, we observed similar results. Incubation of pure atorvastatin standard or the compounded 

suspension with 1 M NaOH or 3% H2O2 resulted in negligible degradation. Minor degradation peaks appeared 

much sooner in the chromatogram as compared to the acid degraded peak (Figure 2c and 2d) suggesting the 

formation of a more water-soluble product. Heat exposure led to near complete degradation, consistent with 

previous reports on the heat-labile nature of atorvastatin (data not shown) 4.  

It is important to note that we also extracted vehicle (Ora-Plus and Ora-Sweet 1:1) alone to determine if 

the suspending or flavoring agent would interfere with atorvastatin identification or forced degradation peak 

identification. Indeed, the mixture of the suspending and flavoring agent had no impact on Atv peak 

identification, and base and peroxide-induced products did not interfere with identification of Ora-Plus/Ora-

Sweet used in the preparation. Based on our ability to separate and detect forced degradation products, we 

concluded this new method is stability indicating.  

Previous studies have demonstrated the acid-labile nature of atorvastatin 3, 4. Interestingly, the 1:1 

mixture of Ora-Plus and Ora-Sweet is slightly acidic (measured pH = 4) while the pH of the compounded 

atorvastatin suspension was less acidic with a measured pH of 5. Despite the pH of the suspension, no acid-

induced degradation products were noted indicating that the citric acid used in Ora-Sweet and Ora-Plus has little 

impact on atorvastatin stability. Forced degradation afforded the ability to detect degradation products and 

ensure stability measurements were not adversely affected from their presence. 

Our study on the stability of compounded atorvastatin has limitations. First, it is important to note that 

the adapted suspension becomes very thick and viscous under refrigeration, making adequate agitation for 

resuspension challenging. Inadequate shaking during the course of the week may have led to difficulty in proper 

distribution of atorvastatin and may explain the aberrant result at 5 weeks at 4oC. In clinical practice, 

atorvastatin is taken on a daily basis, and therefore patients prescribed atorvastatin suspension would be 

instructed to shake the bottle every day thus preventing any profound settling. Plastic bottles are less expensive 

and much easier to agitate for resuspending compared to the glass containers. As our results indicated no 

statistically significant difference between glass and plastic containers on chemical stability, we recommend 

plastic based on ease of resuspension.  

The present study examined the impact of temperature and storage container on the stability of Atv 

suspension. Atorvastatin suspension was prepared with common ingredients and a simple formula adapted from 

local health systems to a final concentration of 16 mg mL-1. Each sample retained well above 90% potency 

throughout the study period regardless of temperature or container with the exception of the 5-week refrigerated 

glass sample. The process of preparation was straightforward and did not require sophisticated compounding 

instrumentation. The use of relatively inexpensive Ora-Plus and Ora-Sweet as suspending vehicles precludes the 

need for more elaborate and expensive agents available in many compounding pharmacies. The novel forced-

degradation aspect of our study ensures proper identification of atorvastatin as well as atorvastatin degradation 

products that could arise from acid, base, temperature, or peroxide exposure.  

 

V. CONCLUSION 

In conclusion, this study outlines a novel HPLC method capable of optimal separation of Atv from its 

degradation products and suspending vehicles. To date, few studies have reported stability data on atorvastatin 

suspension. Our stability-indicating study adds to the literature and supports that a simple atorvastatin 
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suspension, compounded as described, retains chemical stability for at least 28 days and perhaps longer. 

Additional studies to corroborate our results may further afford confidence in preparing a usual and customary 

30-day supply of atorvastatin suspension providing both a time and cost-savings benefit for both the patient and 

the pharmacy.   
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