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ABSTRACT  

Hypolipidemic drugs are widely used to lower the lipid profile and to prevent the primary and secondary risk of 

cardiovascular diseases. Among all the hypolipidemic agents, statins are the most prescribed drugs to treat hyperlipidemia. 

There are several statins’ molecules available in the market, but atorvastatin is the most widely prescribed. Therefore, it is 

essential that the drugs should have the appropriate amount of active pharmaceutical ingredient and meet the necessary 

physical properties. The aim of the present work was to evaluate the quality of different marketed products of Atorvastatin 

calcium tablets 10 mg available in Muscat, Oman with a view to determine their interchangeability in clinical practice.  

The Quality assessment included visual examination for their organoleptic properties; official and non-official quality 

control tests, dissolution profile, and invitro bioavailability assessment. Comparison of in vitro drug dissolution profile of 

all samples shows approximately more than 90% drug release within 60 min. In vitro dissolution, friability, disintegration, 

and hardness test, all were passed by investigated generic version of atorvastatin tablets sold in the Muscat, Oman. From 

these results it was concluded that all samples of Atorvastatin calcium tablets may be interchangeable with other in Oman. 
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INTRODUCTION 

The global market is experiencing substantial growth, 

driven largely by the increasing prevalence of 

cardiovascular diseases. With the rising demand for 

cholesterol-lowering drugs, the market size is expanding, 

reflecting a growing awareness and need for effective 

treatments in managing heart health. 

The primary use of Statins in the healthcare system is the 

prevention and treatment of cardiovascular disorders by 

reducing LDL cholesterol levels. The inclusion of Statin has 

become an integral part in managing heart health, especially 

in populations those are on high risk of acquiring heart 

diseases. The latest market research report of IMARC 2023 

has reported that the current global statin market has 

reached up to US$ 15.4 Billion in 2023 and expected to 

reach US$ 20.0 Billion by 2032 with a significant growth 

rate of 2.9% during 2024-2032. This predicted forecast 
indicates the intense use of statins globally. The increased 

level of use of statin tablets in clinical practice demands the 

need to examine and assure the quality of the different 

brands available in the regional market for quality control 

assessment to facilitate the generic substitution.1 Among the 

statins, the most administered molecule is the atorvastatin. 

Since decades, Atorvastatin has been holding first place on 

the list of cardiovascular drugs with the highest sales. In 

patients with coronary heart disease and elevated 

cholesterol, atorvastatin is prescribed to lower the risk of 

stroke, heart attack and death. Atorvastatin acts by reducing 

the in vivo cholesterol synthesis and by increasing its 

elimination rate from the body.  As far as the chemistry is 

concerned, the molecular weight of atorvastatin calcium is 

558.64 g/mol with chemical formula C33 H35FN2O5. 

Atorvastatin exhibits very low or no solubility in 

acetonitrile, distilled water, phosphate buffer with a pH of 

6.8, but dissolves readily in 

methanol2.Biopharmaceutically atorvastatin is classified as 

a class -II drug due to its high permeability and low aqueous 

solubility.3 Atorvastatin is an innovator molecule of Pfizer 

Ireland Pharmaceuticals which was approved by Food and 

Drug Administration (FDA)” in 2001 under name LipitorTM 

(atorvastatin calcium) as film coated tablets. Pfizer 

launched this molecule in four strengths i.e. 10 mg, 20 mg, 

40 mg and 80 mg and indicated in patients with 

hypercholesterolemia, heterozygous familial 

hypercholesterolemia and in prevention of cardiovascular 

events in patients at high risk of cardiovascular 
complications.4-6 The objective of the present work was to 

emphasize the effective and efficacious aspects of the tablet 

as the type of pharmaceutical dosage form. All the 

ingredients used in tablet manufacturing play a vital role in 

terms of the formulation of a stable and effective tablet. The 

study investigated the certain tablet characteristics like 

friability which ensures that the tablet strength is good and 

during transportation, tablet will not lose much weight and 

the loss will be in within the pharmacopoeia limit. The 

tablet should be able to resist certain stresses encountered 
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Figure 1: Chemical structure of atorvastatin 

 

during commercial packaging, transportation, and handling, 

which can damage the physical form of a tablet.7 This study 

is quite important, as it establishes the basis to check the 

quality of a tablet on a commercial scale through official 

quality control (QC) testing. Quality control (QC) testing 

involves friability, weight variation test, disintegration test, 

dissolution test, and drug assay. In order to deliver a safe 

and effective product to the public domain, it is vital to 

ascertain the quality of a product by executing various 
quality control (QC) analysis. Quality control analytical 

report evidently ensures that the product details are accurate 

and as per the description and data stated on the drug label. 

Quality control analysis includes a comprehensive check on 

the purities and impurities in a drug, in other ingredients 

used in making dosage, as well as the drug absorption by 

the body, etc. The in vitro testing performed in this research 

determines the quality, efficacy, and effectiveness of 

atorvastatin drug as per United States Pharmacopeia (USP)8 

and British Pharmacopeia (BP)9 Atorvastatin is 3-hydroxy-

3-methylglutarylcoenzyme A (HMG-CoA) reductase 

inhibitor, an enzyme that acts as a catalyst in the production 

of cholesterols from mevalonates.10 Several studies have 

been published on the in vitro quality assessment of various 

atorvastatin tablets marketed in different parts of world  

including GCC region.11-17 But there are not many studies 

and literature available on atorvastatin tablets marketed in 
Oman. Hence, locally available atorvastatin tablets were 

chosen for the quality assessment with main focus on 

dissolution studies because of its significance in predicting 

the behavior of medicament inside the body and the 

expected invitro bioavailability. Recently a study was 

conducted in Iraq thi-Qar to assess the quality of various 

locally available atorvastatin generic products and 

compared with branded Lipitor (Pfizer ltd).   This study  

Table:1 List of atorvastatin tablets of different brands 

(manufacturers) available in Muscat, Oman 

Brand 

Name 

Strength Expiry 

date 

Dosage form 

Innovator  10 mg 12/2024 Film coated tablets 

AT1 10 mg 11/2025 Film coated tablets 

AT 2 10 mg 09/2024 Film coated tablets 

AT 3 10 mg 7/2024 Film coated tablets 

AT 4 10 mg 10/2024 Film coated tablets 

AT 5 10 mg 08/2024 Tablets 

AT 6 10 mg 6/2025 Film coated tablets 

    

concluded that all the products under investigation were 

able to release more than 90% of dose and found to be 

equally good as innovator Lipitor.  The study suggested that 

the quality of all investigated generic products supports to 

use them interchangeably to branded version.18 Like above 

study, AlMuhsin et al. (2022) also assessed the in vitro and 

physical quality of atorvastatin tablets marketed in Saudi 

Arabia, Riyadh. The study was conducted on six generic 

products which were coded as AS-1 to AS-6 and the invitro 

quality characteristics were compared with branded 

atorvastatin, coded as AT-1. According to their results, all 

generic brands of atorvastatin tablets available in the Saudi 

Arabian market met the pharmacopoeia's consistency 

checks for weight variation, friability, hardness and in vitro 

dissolution. All the tested generics released more than 90%  
of atorvastatin in 15 min. Based on their in vitro release 

properties, these generic brands could be used 

interchangeably to the Lipitor in Saudi Arabian market.19 

According to a study conducted in Sri Lanka in 2021 under 

title Comparative evaluation of weight variation, hardness, 

friability, disintegration and dissolution parameters of 

commercially available atorvastatin tablets marketed in 

Galle, Sri Lanka" it was shown that all brands of 

atorvastatin passed the weight variation, hardness, friability, 

disintegration, and dissolution tests according to the 

specifications of BP 2016. This study revealed that there 

was no significant difference of tested physicochemical 

parameters between generic and brands of atorvastatin 20 

mg tablets. In Egypt, similar study was conducted by Abou-

Taleb et al. (2020), to compare the invitro and in vivo 

quality and performance of locally manufactured 

glimepiride tablet to the innovator (Amaryl®) tablets. All 
tablets were evaluated based on dissolution testing,  

 

Table 2: Physicochemical parameters of the six different brands of atorvastatin tablets 

Brand 

code 

Average 

weight 

(n=3) 

% deviation from 

average 

weight(n=3) 

Hardness (kg) 

± SD(n=3) 

Thickness 

(mm) 

± SD(n=3) 

Friability (%) 

(n=3) 

Disintegration 

Time (min) (n=3) 

± SD 

AT1 130.1 1.85 4.50 ± 0.41 3.17 ± 0.007 0.094 1.69 

AT2 123.8 1.99 4.55 ± 0.49 3.41 ± 0.006 0.081 1.71 

AT3 152.5 2.83 3.72 ± 0.52 3.30 ± 0.011 0.065 1.78 

AT4 154.1 2.51 3.83 ± 0.84 3.45 ± 0.009 0.065 1.99 

AT5 155.4 2.79 3.15± 0.45 3.28 ± 0.007 0.09 1.37 

AT6 149 2.49 4.6 ± 0.68 3.33 ± 0.090 0.08 1.81 

Innovator 154.7 1.77 4.01 ± 0.9 3.34 ±0.012 0.064 2.82 
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hardness, content uniformity, weight variation and stability 

studies conducted for six months under stress condition The 

same brands were also investigated for in vivo behavior in 

a clinical study conducted in the Main Alexandria 

University Hospital involving 100 patients. Surprisingly the 

results indicated differences (p ≤ .05) in the in vitro and in 

vivo performance of the tested products. Innovator and 

tested generics substitution was not evident.20 Rahamatulla 

et al. (2018) assessed the quality of atorvastatin calcium  
tablet generic brands marketed and sold in the Asir region 

of Saudi Arabia.  Three generic brands mentioned in the 

analysis were compared with innovator product for 

disintegration test, in-vitro dissolution (medium pH 1.2 

HCl, 37 ± 0.5 °C and 100 rpm) hardness, friability, and 

assay using UV spectrophotometer at wavelength 246 nm. 

The findings of in vitro drug dissolution profiles of both 

innovator and generic brands indicated that more than 90% 

of the drug released in 60 min.21. Another study for 

evaluating and comparing the physical properties of generic 

and innovator atorvastatin tablets was conducted in 

Bangladesh by Nuruzzaman et al in 2018. They also 

concluded that the generic atorvastatin tablets were equally 

good as innovator product and could be used 

interchangeably.22 Tariq et al. (2014) correlated the in vitro 

bioequivalence of six generic atorvastatin brands available 

in Pakistan with the innovator brand. By measuring the 
similarity factors f1 and f2 based on dissolution profile, the 

findings suggested no similarity in five of the six generics 

products under investigation. Considerable variations in 

different quality parameters were identified among the 

generic brands, However the drug content was found to be 

within the appropriate range for all of the generic brands 

investigated.23  Previously, Popy et al. (2012) published an 

assessment study of three atorvastatin generic products sold 

in Bangladesh in relation to the innovator product, which 

included an in vitro bioequivalence analysis in three 

different media (pH 1.2, pH 4.5, and pH 6.8). The findings 

demonstrated that all the brands displayed similarity in pH 

6.8 and pH 4.5 as all the products under investigation 

released more than 85% of the drug within 15 minutes.  

Table 3: Average percentage drug release of atorvastatin 

from innovator and various generics product 

Average Percentage drug released  
Tablet 

sample  

97.25 ± 1.47 Innovator 
93.22 ± 0.087 AT 1 

91.55 ± 1.05 AT 2 

91.35 ± 0.054 AT 3 

90.45 ± 5.13 AT 4 

91.27 ± 0.98 AT 5 

90.77 ± 1.46 AT 6 

  
However, when dissolution study was conducted in medium 

with pH 1.2, the similarity was lost. The study also reported 

the characterization of crushing strength, friability, and 

weight uniformity, and found no variations between 

innovator and generic products.24  Oliveira et al. (2012) 

developed a method to compare innovator product of 

atorvastatin with one generic product available in Brazil.25 

Akinleye et al. (2012) assessed the quality parameter of 

three marketed products, one of which was an atorvastatin 

calcium tablet brand sold in Lagos, Nigeria. The quality of 

product was determined based on the following quality 

control parameters namely Drug assay, in-vitro dissolution 

test, weight variation, content uniformity, hardness, 

friability, and disintegration test. The investigated generic 

tablets were all acceptable to innovator product in term of 

quality parameters except for the dissolution results. Two 

generic products failed in dissolution study as they had 
released only 70% and 75 % of its label claim in 45 minutes 

respectively.26 The therapeutic effectiveness of any dosage 

form and pharmaceutical preparation predominantly 

depends on the formulation recipe and the manufacturing 

procedures. The different manufacturers of the same 

product usually have differences in terms of procedure and 

in type and quantity of excipients, consequently quality of 

a similar type of dosage form may fluctuate among 

manufacturers. In past few studies have exhibited that 

differences between brands of atorvastatin products and 

some products have failed also to meet pharmacopeial 

 
Figure 2: Weight variation of various atorvastatin tablets and innovator product 
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standards.16,27,28 Therefore, it is imperative for researchers 

to conduct an independent bioequivalence assessment of 

marketed drug products in this environment. Hence the 

present research work was directed to evaluate the quality 

of generic drug products, and their performance as 

compared to innovator atorvastatin (Lipitor). To carry out 
this study, six generic products available in Muscat Oman 

were collected from pharmacies and to keep the 

confidentiality they were coded as AT1, AT-2, AT-3, AT-4, 

AT-5 and AS-6).  

 

MATERIALS 

The equipment and instruments used in quality assessment 

of atorvastatin tablets included electronic weighing balance 

(Sartorius Entris® II Analytical Balances), UV visible 

spectrophotometer (UV-2600i UV-2700i); Shimadzu 

Scientific Instruments, Japan), mixer (Maxi Mix II), digital 

pH meter (Labindia Instruments Pvt Ltd, Mumbai India), 

friabilator (Electrolab EF2, Electrolab India Pvt. Ltd., 

Mumbai, India), Dissolution test apparatus (Electrolab EDT 

O8Lx; Electrolab India Pvt. Ltd.), and Disintegration test 

apparatus (Bellstone hi-tech International, type vtd-2.). 

 The materials and reagents used in the in-vitro quality 
control testing of tablets included Atorvastatin pure drug 

(Sigma-Aldrich, St. Louis, Missouri), commonly available 

generic Atorvastatin tablets (Brand AT1, AT2, AT3, AT4, 

AT5 and AT6), sodium hydroxide, potassium dihydrogen 

phosphate, and distilled water (pharmaceutical grade).  

Selected generic brands of atorvastatin 

All brands of Atorvastatin tablets (10mg) were purchased 

from private pharmacies in Muscat Oman and were coded 

as AT1-to AT6. Each product was purchased with its 
original packaging, within its expiration dates, batch 

number, manufacturer, and country of origin. However, the 

brand name and manufacturer name and batch number are 

not revealed to maintain the confidentiality (Table 1).  

 

METHODOLOGY  

All collected tablets of atorvastatin including Lipitor 

(innovator product) were tested for identification, 

uniformity of dosage units, friability, hardness, diameter, 

thickness, disintegration time, dissolution, and content 

uniformity according to the procedure described in United 

States and British Pharmacopeia Atorvastatin 

monograph.8,9 All the tests were performed in triplicate 

(n = 3), and the average value was used to report the data. 

Visual examination 

Samples were tested by visual inspection to assure the 

uniformity of shape, colour, any physical damage, 
manufacturer’s address, manufacturing date, the batch 

number, country of origin, expiry date, cracks, packaging,  

 
Figure 3: Comparative Invitro dissolution profile for all brands 
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Table 4: Difference factor (f1) and similarity factor (f2) 

values of different atorvastatin brands and innovator 

brands 

Code  Similarity factor 

f2 

Dissimilarity factor 

f1 

AT1 63.12 8.1 

AT2 66.34 6.3 

AT3 61.28 9.1 

AT4 57.23 11.34 

AT5 61.22 8.3 

AT6 52.43 13.16 

Innovator - - 

   

 

Table 5: Pharmacokinetic Parameters of Atorvastatin 

)∞-0and AUCmax , Cmax (T 

AUC 

(𝜇g/ml*min) 

 maxC 

(𝜇g/ml) 
max  T

(min) 

Brand 

Name 

1823.23 12.64 60 AT1 

1754.85 12.09 60 AT2 

1484.50 10.45 160 AT3 

2691.65 12.57 90 AT4 

1956.05 12.78 75 AT5 

1640.75 11.38 60 AT6 

1638.35 12.04 120 Innovator 

    

and the labeling information as described in the modified 

World Health Organization (WHO) checklist.29 

Weight variation test 

Weight variation between the innovator product and generic 

products was investigated as per the methodology described 

in USP.A total of 20 tablets of each brand were randomly 

selected and weighed individually on an analytical balance, 

and their average weight was determined. The average of 

all three readings was calculated, rounded off, and the 

percentage weight variation was calculated as per equation 

1. 

% 𝐷𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛 =
(𝑇𝑎𝑏. 𝑤𝑡. −𝐴𝑣. 𝑤𝑡 𝑜𝑓 𝑡𝑎𝑏) 

𝐴𝑣. 𝑊𝑡
× 100 

A graph with the percentage weight was plotted for all the 

brands. The results are depicted in Tables 2 and Figure 2. 

Friability test 

Friability is the measurement of the ability of the tablets to 

crack, crumble, or break when undergoes friction during 

handling and transportation. To determine the friability of 

tablets, twenty (20) tablets from each brand were randomly 

selected and weighed initially before undergoing a friability 

test on an analytical balance. The tablets were placed in the 

drum of the friability tester and subjected to rotation at 25 

rpm for four minutes (100 times). After the procedure was 

completed, the tablets were dedusted and weighed. The 

weights were compared with their initial weights, and then 
the percentage friability was calculated. According to the 

USP, the weight loss should not be more than 1%. The 

percentage of weight loss was calculated using Eq. 2 given 

below.7 

% 𝐹𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦 =
(𝐼𝑛𝑖𝑡𝑖𝑎𝑙  𝑤𝑒𝑖𝑔ℎ𝑡  −𝑓𝑖𝑛𝑎𝑙  𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑡𝑎𝑏𝑙𝑒𝑡) 

𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑡𝑎𝑏𝑙𝑒𝑡
× 100- 

Hardness test 

The crushing strength is the determination of tablet 

mechanical strength and ability to withstand the stress and 

handling force during packaging and breakage under the 

conditions of storage and transportation.   

The hardness of each tablet was determined by selecting ten 

tablets randomly from each brand using a Monsanto 

hardness tester. Each tablet was placed vertically between 

two jaws (fixed and movable), and force was applied by 
rotating the screw knob (Figure1). The crushing strength 

that caused the tablet to break was recorded, and then the 

mean crushing strengths were determined using Eq. (3).30,31 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 ℎ𝑎𝑟𝑑𝑛𝑒𝑠𝑠 =
𝑇𝑜𝑡𝑎𝑙  ℎ𝑎𝑟𝑑𝑛𝑒𝑠𝑠 𝑜𝑓 𝑎𝑙𝑙 𝑡𝑎𝑏𝑙𝑒𝑡𝑠 

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑡𝑎𝑏𝑙𝑒𝑡𝑠
  

Disintegration test 

Disintegration is a process in which tablets are broken up 

into granules or smaller particles and is the first step 
towards dissolution. For a tablet to become fully available 

for absorption, it must first disintegrate into fine powder and 

release the drug into the body's fluids. The disintegration 

test was carried out to determine the time required for the 

tablet to disintegrate. Six tablets were placed in a 

disintegration tester filled with distilled water and heated to 

37 ± 0.5 0C. The time required for the tablets to break was 

recorded.8, 32 

In-vitro dissolution test 

Dissolution is considered as the most relevant and reliable 

parameter to predict in vivo behavior and bioavailability of 

the drug. Although the invitro dissolution characteristics 

cannot be exactly matched with the in vivo release of the 

drug yet it can give a close prediction.  Dissolution results 

have been used to prove bioequivalence between generic 

and innovator products which is the basis of 

interchangeability. Dissolution study was conducted in USP 

apparatus 2 (paddle) using phosphate buffer pH 6.8 as 
dissolution medium. A total of 900 ml of dissolution 

medium was taken in dissolution vessel and 1% sodium 

Lauryl sulfate (SLS) was mixed with in it to facilitate the 

solubilization of released drug. The rotation of paddle was 

set at 50 rpm and the temperature was maintained to 

37 ± 0.5 °C. One tablet of each brand was dropped in 

individual vessel and 5 ml samples were withdrawn at 

predetermined time intervals of 5, 10, 15, 30, 45, and 60 

min. The collected samples were filtered and subjected to 

UV spectrophotometric analysis at maximum wavelength 

of 247 nm to record the absorbance. The test was done in 

triplicate for all the brands. 

Standard stock preparation 

10 mg of standard reference atorvastatin was accurately 

weighed and transferred to a 250 ml volumetric flask. To 

this, 100 ml of mobile phase (Phosphate buffer pH6.8 + 1 

% SLS) was added and gently shaken (to avoid foam 
formation) until the drug was completely dissolved. This 

stock solution was further diluted to 100 ml with mobile 

phase and mixed to achieve the final concentration of 10 

μg/mL  

Amount of drug in sample 

The amount of atorvastatin in dissolution test samples was 

determined using UV–Visible spectrophotometer at 247 

nm. Plain medium was used as blank. Result was calculated 

using Equation 4 given below: 

 Amount of drug = (Au/As) x Cs/L x V x 100 
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Where: Au = absorbance of the sample solution; 

AS = absorbance of the standard solution; 

Cs = concentration 

Comparison of dissolution data 

Difference factor (f1), similarity factor (f2) and dissolution 

efficiency (%DE) were calculated to compare the 

dissolution profile. Difference factor (f1) is the percentage 

difference between two curves at each point and is a 
measurement of the relative error between the two curves. 

The similarity factor (f2) is a logarithmic reciprocal square 

root transformation of the sum of squared error and is a 

measurement of the similarity in the percent (%) dissolution 

between the two curves. The following equation was used 

to calculate difference factor (f1) and similarity factor (f2). 

 

 
The f2 comparison is adopted by several FDA and EMEA 

guidelines as a criterion for estimation of the similarity 

between in vitro dissolution profiles (Paulo and Jose, 2001). 

According to USFDA33, Two dissolution profiles are 

considered similar and bioequivalent, if f1 is between 0 and 

15 and f2 is between 50 and 100.33 

Invitro-bioavailability  
In-vitro bioavailability for innovator and generic products 

was calculated using trapezoidal method and compared. 

The area under the curve (AUC) was calculated using the 

following formula:  

AUC= (C0+C1)/2  (t1-t0) + (C1+C2)/2  (t2-t1)+ (Cn-1+Cn)/2  

(tn-tn-1) 

C= the concentration at different time points, 

t= the time point of 0,10,20,30,45,60,75,90,120,145,160 

min 

The results are shown in Table 4.  

Data quality control 

The quality of experimental results was assured by 

performing system suitability tests and by strictly applying 

the procedures as described in the specified monographs of 

the pharmacopeia. 

Data processing and analysis 

The data was collected, checked for completeness, 

summarized, and tabulated. The analysis was done using 
Microsoft Excel 2010 and SPSS version 20. Comparison 

and statistical significance were determined by one-way 

analysis of variance (ANOVA). A model independent 

mathematical approach was also used to compare the 

dissolution profiles of the samples and the reference 

product using difference factor (f1) and similarity factor 

(f2). All data were analyzed at 95% confidence interval and 

P < 0.05 was considered for statistically significance. 

 

RESULTS AND DISCUSSION 

Evaluating the quality of dosage forms available in the 

market and being sold to patients is important to reduce the 

risk of having poor-quality medicines and misbranded 

products in the supply chain. In this study, we evaluated the 

pharmaceutical quality of commonly available generic 

brands of atorvastatin tablets in Muscat, Oman based on 

recommended official quality control parameters and 

specifications. All atorvastatin brands were subjected to 

various parametric QC analysis to assess their 

disintegration, friability dissolution profile and feasibility 

of interchangeability between innovator and generic 

products. 

Visual examination 

The physical inspection of tablets from all the batches 
showed that they were having enough strength to handle 

packaging, storage and transportation. All had uniform 

white color, were undamaged, and did not have any odor or 

any sign of spoilage. The packaging and labeling of all 

brands were intact and met the WHO minimum requirement 

for the packaging and labeling of pharmaceuticals, 

indicating that the tested samples did not show any signs of 

being falsely labeled, falsely packed, or falsified products. 

Weight variation: 

The weight variation test results showed that all the brands 

of atorvastatin calcium conformed to USP standards. The 

highest percentage variation was calculated for brand AT4 

where deviation was 2.84% above the mean and the lowest 

percentage variation below the mean was 1.85% for brand 

AT2.  

Friability test 

The mean friability results for atorvastatin tablet were 
between 0.064% and 0.086%. All brands exhibited less than 

1 % loss in weight, hence each brand met the USP friability 

specification (Table 2). The friability result concluded that 

the tablets were of appropriate hardness and were less 

friable. From the friability test it can be anticipated that 

these tablets shall maintain a good appearance and will 

remain intact during storage, transporting, and dispensing, 

and will have good patient acceptability in terms of good 

appearance and delivery of correct dose of atorvastatin.8, 13 

Hardness test (Crushing strength) 

All atorvastatin brands under investigation met the hardness 

test specification (Table 2). If the hardness of the tablet 

exceeds a certain limit, it ultimately affects the 

bioavailability and influences friability and disintegration 

time. A less hard tablet shows more friability and less time 

to disintegrate.8,34  

Disintegration time 
The average disintegration time of all brands of atorvastatin 

tablets was within 30 min, which fulfilled the USP 

specification. Brand AT5 had the shortest disintegration 

time (1.37 min). However, brand AT4 had the highest 

disintegration 

time (1.99 min) among the generic products. It was noted 

that generic brands were breaking down much faster than 

the innovator product, but they all were within the 

permissible limit. (Table 2). The variation in disintegration 

times among the different brands could be because of 

different excipients (binder and disintegrating agent) used 

in manufacturing. Disintegration time is an essential tool to 

predict the dissolution, absorption and bioavailability of a 

drug, which is directly coupled to therapeutic action.35,36 

In-vitro dissolution study 

The percentage release of atorvastatin at 60 min for each 

brand AT1, AT2, AT3, AT4, AT5, and AT6 was 93.22%, 

91.55%, 91.35%, 90.45 %, 91.27 % and 90.77 % 
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respectively, which is within the acceptance limit, of NLT 

75% (Q) [14]. The highest and lowest percent release 

concentrations were found in samples AT 1 (93.22%) and 

AT 4 (91.673%), respectively (Table 3). The dissolution test 

results confirmed that all the brands met USP dissolution 

limits. However, there is a slight difference in the 

percentage release of atorvastatin among different brands, 

but all brands released the drug within the pharmacopeial 
specification. The variation among the products is attributed 

to the difference in excipients used and the difference in the 

manufacturing process used by various manufacturing 

industries. All brands of atorvastatin tablets have good drug 

release profiles, which are important for their 

bioavailability and therapeutic effectiveness.8,37 The 

comparative release profile for all brands is shown in Figure 

3.  

Comparison of dissolution profile 

A model-independent approach was used to compare the 

dissolution profiles of the samples and the reference 

product, and to ascertain the interchangeability. Difference 

factor (f1) and similarity factor (f2) have been used 

frequently for in vitro bioequivalence studies by comparing 

the dissolution profiles of different brands of 

pharmaceutical dosage forms with the innovator product. 

Dissolution testing and consequently comparing the 
dissolution profiles can be used to establish the similarity of 

the generic brands to the original product. The f1 and f2 

values of all brands of atorvastatin tablets were found in the 

range of 6.3 to 13.67 and 52.43 to 66.34, respectively, which 

was found within the specification, between 0 and 15, and 

50 and 100, respectively. The result indicated that there was 

no significant difference between the dissolution profiles of 

each brand of Atorvastatin tablets and that of a comparator 

drug (Fig. 2). Similarly, Dunnett’s t-test and one-way 

analysis of variance (ANOVA) at 95% CI showed that the 

dissolution profiles of each brand of atorvastatin tablets 

were not significantly different from the innovator product. 

Therefore, it will promote the interchangeability of the 

products to achieve the desired therapeutic effect and to 

select affordable brands for the patient40 (Table 3)17. 

In-vitro bioavailability of generic brands:  

The invitro bioavailability was calculated by trapezoidal 
method. All the brands under investigation have shown a 

similar Cmax, Tmax and AUC0-∞. which further indicates that 

these brands are of appropriate quality as per the official 

specifications and can be used interchangeably. 

 

CONCLUSION 

The results of conducted studies revealed that all the 

examined generics brands of atorvastatin tablet (10 mg) are 

of good pharmaceutical quality and are comparable with the 

innovator product. The dissolution profile displayed that the 

innovator product and all the evaluated generic brands 

tablets disintegrated rapidly and presented more than 85% 

of the drug released in less than 15 minutes. The findings of 

present study show that all the generic brands are 

equivalents to innovator product with respect to the in vitro 

drug release features and hence these products could be 

used interchangeably. In general, generic versions of 

medicines are less costly than innovator product. Hence 

moving to generic prescriptions will contribute to the 

noteworthy cost saving for the patients. 
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