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| ABSTRACT

Hypolipidemic agents have been shown to be helpful in the primary and secondary prevention of cardiovascular disease. Statins
are frequently administered to treat hyperlipidemia. Although there are many statins on the market today, atorvastatin is the one
that is most frequently recommended. The medications must meet the required physical qualities and contain the right quantity
of active medicinal components. The primary goal of the study was to assess the value of several brands of atorvastatin calcium
tablets sold in Irag.Methods: In this study, the in vitro dissolving test, disintegration, friability, and hardness tests of the innovator
product coded as (AT-1) and the generic brands (coded as AT-2) of atorvastatin tablets 20 mg available in Iraq were assessed.
Drug analysis was done using a spectrophotometric technique. At a 240 nm wavelength, atorvastatin was found. The researched
products released more than 90% of the atorvastatin in 30 minutes, per the findings of the dissolving testing. In under 30 minutes,
the brands AT-1 and AT-2 showed a release of atorvastatin of over 95% and 86%, respectively. Our research revealed that the
generic brand AT-2 and the innovator atorvastatin (AT-1) were of high pharmaceutical grade. In vitro dissolution, friability,
disintegration, and hardness tests required by the pharmacopoeia were all passed by generic and innovator of atorvastatin tablets
sold in the Iragi market. Therefore, it was concluded that these generics might be utilized interchangeably by focusing on their
in vitro release characteristics.
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1. Introduction

Statins represent a major portion of the global market for lipid-lowering medications. The drug atorvastatin is the most frequently
prescribed of these [Arca, 2007]. The medication consistently ranks at the top of the list of best-selling medications [Taylor, 2015].
Fluvastatin, lovastatin, pravastatin, rosuvastatin, simvastatin, and pitavastatin are additional medications in the statin medicine class
[Kogawa, 2019; van Leuven, 2005]. The chemical formula for atorvastatin calcium (Fig. 1) is C66H68CaF2N4010, and its molecular
weight is 1155.363 g/mol [Lennernas et al. 2003]. It is very marginally soluble in acetonitrile, distilled water, phosphate buffer with
a pH of 6.8, and methanol. It is easily soluble in methanol[Shaker et al. 2020]. It falls under class Il due to its strong permeability
and low soluble content [Paidi, 2015]. The brand-name medication, known as LipitorTM (atorvastatin calcium), was approved by
the "United States Food and Drug Administration (USFDA)" in 2001. It is sold in the market in four strengths (10 mg, 20 mg, 40
mg, and 80 mg) [White, 2015]. Patients with hypercholesterolemia, heterozygous familial hypercholesterolemia, and patients at
high risk of experiencing their first cardiovascular incident should take atorvastatin[Schachter, 2005].

These lipid-lowering medications lower blood cholesterol by inhibiting 3-hydroxy-3-methylglutarylcoenzyme A (HMG-CoA)
reductase, an enzyme that serves as a catalyst in the formation of numerous compounds in the body, including cholesterols, from
mevalonates [Chong, 1997]. Statins also serve as an anticancer sensitizing agent by preventing the development, growth, and
spread of tumors[Chan et al., 2003].
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In the liver, the "cytochrome P450 (CYP)" isoenzyme CYP3A4 mostly breaks down atorvastatin into its two active forms, 2-hydroxy-
atorvastatin acid and 4-hydroxy-atorvastatin acid, which have a bioavailability of about 14% [Khan et al. 2011]. Due to presystemic
clearance in the gastrointestinal mucosa and/or first-pass metabolism in the liver, which is its primary site of action, it has poor
absolute bioavailability. It has a 98 percent binding affinity for plasma proteins [Posvar, 1996]. In circulation, atorvastatin has a
half-life of about 14 hours, but due to the influence of active metabolites, the inhibitory action on HMG-CoA reductase lasts for
20 to 30 hours. Atorvastatin is primarily eliminated in the bile as metabolites[Cilla et al. 1996].
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Fig. 1 Chemical structure of atorvastatin calcium

Numerous investigations on the in vitro drug release of various types of commercial tablets in various nations have been reported
[Zhou et al., 2021]. However, there is a paucity of literature regarding atorvastatin's marketing in Iraq. Because of its significance
in predicting drug bioavailability and product quality, locally available atorvastatin tablets were chosen for the assessment with a
focus on the dissolving property.

Ulla et al. (2018) previously evaluated the consistency of generic atorvastatin calcium tablet brands sold in the Asir region of Saudi
Arabia. Along with the innovator product, three generic brands were mentioned in the analysis and were put through quality
control tests like hardness and friability, as well as assays using UV spectrophotometers at wavelengths of 246 nm. These tests
included the disintegration test, invitro dissolution (medium pH 1.2 HCl, 37 0.5 °C, and 100 rpm), and disintegration test. More
than 90% of the medicine is released within an hour, according to in vitro drug dissolution profiles of both innovator and generic
brands[Rahamathulla, 2018].

In a different study, Tariq et al. (2014) compared the innovator brand's in vitro bioequivalence to that of six generic atorvastatin
brands sold in Pakistan. The medium for the dissolution experiment was phosphate buffer pH 6.8 at 37 0.5°C and 75 rpm. The
results indicate no resemblance in five of the six generics examined when the similarity factors f1 and f2 are measured. For all of
the brands, the drug content was well below acceptable limits. The generic brands evaluated various quality control examinations
and found significant variations [Tarig et al. 2014]. An evaluation of three atorvastatin generics available in Bangladesh in
comparison to the innovator product was previously published by Popy et al. It comprised an in vitro bioequivalence examination
in three distinct media (pH 1.2, pH 4.5, and pH 6.8). Due to the fact that all generic brands released more than 85% of the drug
within 15 minutes, the results show that all of the brands demonstrated similarity in pH 6.8 without calculating the similarity factor
f2. The results of dissolving research done in a media with a pH of 4.5 reveal a resemblance when using the similarity factor 2;
however, the similarity disappears in a medium with a pH of 1.2. There were no differences between innovator and generic products
in terms of crushing strength, friability, or weight uniformity, according to the investigation [28]. In the past, Oliveira et al. (2012)
established a strategy to contrast an innovator atorvastatin product with a generic version offered in Brazil [de Oliveira, 2012].

The formulation and production processes of pharmaceutical formulation systems largely impact how effective they are; hence
dosage system quality may vary. According to earlier research [Akinleye et al., 2012], several atorvastatin generic products did not
adhere to pharmacopeial requirements. Therefore, in this setting, it is crucial for researchers to carry out independent
bioequivalence assessments of marketed pharmacological products. Product performance tests are intended to evaluate the
performance of the product and frequently address dissolution [Dickinson et al., 2008]. Therefore, the goal of the current analysis
was to assess how well the innovator AT-1 and the generic AT2 products sold in Iraq performed as drug goods. Friability, hardness,
dissolution, and disintegration tests were also taken into account [Hammami, 2020].
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2_Materials
Table 1: Materials Used in the Study.
Materials Supplier
hydrochloric acid Thomas baker, India
Sodium hydroxide Merck- Darmstadt, Germany
Potassium dihydrogen Riedel-De Haen AG- Seeize, Germany,

2.1 Sampled drug products
The products were coded as AT-1 (innovator) and AT-2 (generic). The generic products (AT-2) were compared against the innovator
product AT-1.

2.2 In vitro disintegration test

The disintegration time (DT) of the AT was determined using 0.1N HCl as a disintegration medium. The DT was estimated by using
special apparatus for disintegration testing (Copley Scientific, UK) with a basket rack assembly containing six open-ended tubes.
One tablet was sited in each tube, and the basket with the bottom surface made of a stainless-steel screen (mesh no. 10) was
immersed in the 900 ml 0.1N HCI kept at 37 £0.5 °C. The time wanted for the total disintegration of the tablet in each tube was
estimated by using a stopwatch [Lachman, 1987].

2.3 Friability test
The tablet friability tester (Erweka, Germany) was employed in this study to conduct the friability test. The difference between the
tablet weights before and after the test was quantified. The friability tester has a 4 minute timer with a 25 rpm speed setting.

2.4 Hardness test
A hardness test was done using YD-1.Beijing. China, an average of hardness test results was obtained, and the standard deviation
was calculated.

2.5 Dissolution test
Utilizing potassium dihydrogen phosphate in purified water to create the dissolving media (0.05 M phosphate buffer), sodium
hydroxide was used to adjust the pH to 6.8, and a digital PH meter (Hanna-Italy) was used to measure the pH.

For an objective evaluation, choosing the right dissolving medium is essential. The Indian Pharmacopoeia, which specifies
phosphate buffer as a dissolving medium, lists atorvastatin calcium as an official component. As a result, dissolving was carried
out in 900 cc of pH 6.8 phosphate buffer at 37 0.5 °C and 75 rpm [Popy et al. 2018]. The dissolution equipment was connected to
an auto sampler that was set up to remove and replace 5 ml of the dissolution media at 5, 10, 15, 20, 25, and 30 min

3. Results and discussion

3.7 Hardness test

A hardness test showed that all of the brands are resilient enough to withstand pressure without losing any of the tablet's
constituent parts during handling and packaging. Our findings showed that the generic product (AT2) displayed hardness values
(equal to or more than 4 Kg) that were comparable to the innovator product (Table 2).

3.2 Friability test

To evaluate the tablets' resistance to abrasion, the friability test is used. Friability is currently included as a compendia test in the
USP, 1995 [Qishi, 2011]. One percent of compendia is required for the friability test. For all of the atorvastatin brands that were
examined in our investigation, the results of the friability test were determined to be less than 1%. (Table 2).

3.3 In vitro disintegration test
Brand and generic products had the fastest in vitro disintegration times, releasing all of the medication within 30 minutes at 0.1 N

Hcl (Table 2).

Table 3 Evaluation of disintegration time, Friability and hardness of different products of atorvastatin tablets

Product code AT1 AT2
disintegration time (min) 1.31 1.55
Frability % Mean (n=20) 0.5 0.9
Hardness Kg Mean +STD (n=3) 11.78 +£0.29 9.06+£0.28
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3.4 Dissolution test

Dissolution studies have grown in importance as a technique for analyzing batch-to-batch variance and drug release [Alkufi, 2019].
Drugs that are poorly soluble, like atorvastatin, must dissolve from their solid dose form in order to be bioavailable. Poorly soluble
medications will not be as quickly available in the body system for the desired therapeutic effect because they do not have
acceptable dissolving profiles, which is the first step in determining the rate of absorption. The amount of medicine that is available
for absorption following oral delivery can be determined with the use of dissolution studies [Molavi et al., 2020].

The products AT-1 showed 94.06% drug release within 30 minutes of the dissolution research, according to the results of the
dissolution test (Fig. 2). ProductAT-2 displays 85.45% (Fig. 2). Every single generic tablet that was tested showed quick
disintegration and released more than 85% of the atorvastatin content in within 30 minutes. Regulatory agencies require proof of
similarities between the generic and innovator brands before they will give a generic a marketing licence. Tablets that dissolve very
quickly are regarded as being substantially similar.
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Fig2: Dissolution profiles of the atorvastatin tablets (AT-1) and their generic counterparts (AT-2) at pH 6.8.

4. Conclusion

The findings of the current study showed that the atorvastatin tablet (20 mg) generics under investigation are of good
pharmaceutical quality and are comparable to the innovator product. According to the dissolution profile, the innovator product
and analyzed generic brand tablets quickly decomposed and released more than 85% of the medication in under 30 minutes. Also,
the result obtains from hardness, friability, and disintegration tests give acceptable value for both generic and innovator products.
The results of the current investigation demonstrate that generic drugs and innovator products are interchangeable. A generic
medicine is typically less expensive than a brand-name medication. Therefore, switching to generic medicines will help patients
save a significant amount of money. So you will save an amount of money in the future for the patient and the hospital. In vivo
bioavailability studies are essential to confirm whether the results achieved in this investigation can be extrapolated to the in vivo
conditions.
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