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ABSTRACT  

Atorvastatin calcium is a synthetic lipid-lowering agent. 

Atorvastatin (ATR) is an inhibitor of 3-hydroxy-

3methylglutaryl-coenzyme A (HMG-CoA) reductase (1). This 

enzyme catalysis the conversion of HMG-CoA to mevalonate, 

an early and rate-limiting step in cholesterol biosynthesis. 

According to the biopharmaceutical classification, Atorvastatin 

belongs under Class II (low solubility and high permeability) 

Our main objective of this study is to review the work carried 

out to improve the bioavailability of Atorvastatin Calcium (2). 

Various approaches such as solid dispersion, Nanosuspension, 

Cosolvency, were reviewed on this using hydrophilic polymers. 

and in this article, we discussed patents related to atorvastatin 

and we reviewed the analytical methods of atorvastatin (3). 
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INTRODUCTION 

Atorvastatin is a selective competitive inhibitor of HMG CoA reductase. Atorvastatin reduces 

total cholesterol, Low-Density Lipoproteins (LDL) cholesterol in patients with mixed 

dyslipidemia. It also decreases the Very Low-Density Lipoproteins (VLDL)-cholesterol and 

triglyceride(4). Atorvastatin inhibits the rate-limiting enzyme that converts 3-hydroxy-3-

methyl glutaryl coenzyme A to mevalonate, an originator of sterols, containing 

cholesterol(5). By preventing de novo cholesterol synthesis, they reduce the intracellular 

source of cholesterol Atorvastatin calcium ([R-(R*, R*)] – 2 - (4fluorophenyl) - β, γ- 

dihydroxy-5-(1-methyl ethyl)3-phenyl-4- [(phenylamino) carbonyl]-1Hpyrrol- 1heptanoic 

acid) is hemi-calcium salt. 

 Chemical structure of atorvastatin 

 

Atorvastatin is very slightly soluble in water, phosphate buffer, at pH 7.4 and acetonitrile. 

Freely soluble in methanol. The intestinal permeability of atorvastatin is high at the 

physiological intestinal pH of (6 – 6.5). However, it is reported that the absolute 

bioavailability of atorvastatin is 12% after a 40 mg oral dose(6). Therefore, it is vital to 

design effective methods to boost oral bioavailability atorvastatin. (7) Then various methods 

are adapted to increase the solubility.  
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Various Methods to Increase Solubility 

1)Chemical 

Modification 

1. Salt Formation 

2. Co-solvency 

3. Co-crystallization 

4. Hydrotropic 

5. Solubilizing agent 

6. Nanotechnology 

2) Physical Modifications 

1. Particle size reduction 

2. Modification of the crystal habit 

3. Complexation 

4.Solubilization by surfactants 

5. Drug dispersion in carriers 

a. Solid solution 

b. Eutectic mixtures 

c. Solid dispersion 

3) Other Methods 

1) Supercritical fluid method 

2) Spray freezing into liquid and 

Lyophilization 

3) Evaporative precipitation into 

an aqueous solution 

4) Solvent evaporation method 

5) Hot-melt extrusion 

6) Electrostatic spinning method 

7) Direct capsule filling 

8) Polymeric Alteration 

9) High- Pressure Homogenization 

10) Lyophilization technique 

11) Inclusion Complexes: 

a. Kneading Technique 

b. Co-precipitation 

c Neutralization 

d. Co-grinding 

e. Spray-Drying Method 

f. Microwave Irradiation Method 

Chemical modification:  narrate the modification, addition or removal, between chemical 

reaction, of any of a variety of substances or organic compounds(8). 

Salt Formation: Salt formation is the most usually and successful method of increasing 

solubility and dissolution rate of acidic and basic drugs(9). Physicochemical principles of 

salts solubility are presented with special references to the influence of the pH-solubility 

profile of acidic and basic drugs on the salt formation and dissolution(10).  

This Patent Number WO 2011/089559 Al Invention provides an improved process for the 

preparation of Atorvastatin of formula (I) or its salts, preferably hemi calcium salts with 

purity greater than 99.5% using salts of Atorvastatin such as N, N dicyclohexylethylene 

diamine salt of Atorvastatin and novel polymorph of Atorvastatin sodium salt. This invention 
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also provides a process for preparation said salts with increased purity and good yield. The 

novel salt stated to the present development is useful in the preparation of atorvastatin 

calcium. 

 

Cosolvency: is one of the most obtain approaches for improving the solubility of poorly 

aqueous soluble drugs in pharmaceutical liquid formulations(11). Cosolvents are the mixtures 

of miscible solvents often used to water which can significantly change in the solubility of 

poorly aqueous soluble drugs Weakly electrolytes and nonpolar molecules frequently have 

poor water solubility(12). Their solubility usually can be increased by the addition of water-

miscible solvent in which the drug has good solubility. And the solvents used to increase 

solubility are known as cosolvent. Cosolvent system works by reducing the interfacial tension 

between the aqueous solution and hydrophobic solute(12). 

Geetha Lakshmi et. al. They have found the co-solvent evaporated mixtures of the drug with 

MCC & HPMC was prepared in ratios of 1:1 and 1:2 using Rotary evaporation technique All 

solid dispersions of drug with MCC and HPMC were showed increases in the solubility in the 

range of Drug showed MCC (1:1) 79.7 %Drug: HPMC (1:1) 86.4% Drug: MCC (1:2) 91.8 

%Drug: HPMC (1:2) 98.3%. 

Co-crystallisation: is a comparatively new solid form of active pharmaceutical ingredient 

that offers an alternative(13) platform in improving physicochemical properties of active 

pharmaceutical ingredients Cocrystal is defined as a stoichiometric multicomponent system 

connected by non-covalent (14)interactions where all the components neutral and solid under 

ambient conditions(15). 
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D. Gozali et. al.   They have found that Atorvastatin calcium aspartame co-crystal shows 

better dissolution profile (91.62 % in 60 minutes) than Atorvastatin without cocrystals shows 

(73.54 % in 60 minutes). The characteristic peaks of ATC and aspartame were gone, although 

new peaks appeared after the slurry process.  

Physical modifications: often aim to increase the surface area(8), solubility and wettability 

of the powder particles and therefore typically focus on particle size(16). 

Particle Size: An important factor for control the dissolution rate is the particle size of the 

drug(17). The dissolution rate is directly proportional to the effective surface area of the drug 

which may be increased by physically reducing the particle size(18). Faster initial dissolution 

rates obtained by grinding or milling the drug can often be attributed to both an increase in 

the surface area as well as changes in surface morphology that lead to a higher surface free 

energy(19). 

Nanosuspension: A Nanosuspension is defined as very finely dispersed solid drug particles 

in an aqueous or organic vehicle for either oral and topical use or parenteral and pulmonary 

administration(20). The particle size distribution of the solid particles in nanosuspension is 

usually less than one micron with an average particle is ranging between 200 and 600nm(21). 

It has several advantages such as, it can be applied for the poorly water-soluble drugs, Rapid 

dissolution and tissue targeting can be achieved by intravenous route of administration, Oral 

administration of nanosuspension provide rapid and improved bioavailability, Long term 

physical stability due to the presence of stabilizers. Nanosuspensions can incorporate into 

tablets, pellets, hydrogel(22). 

Arun K et. al.: Atorvastatin calcium were successfully prepared by high-pressure 

homogenization and were evaluated for its physicochemical properties. The physicochemical 

characterization showed that crystalline atorvastatin was converted to amorphous form and 

exhibited enhanced dissolution rate and high saturation solubility due to its amorphous 

nature, in comparison with crystalline atorvastatin. The increase in drug dissolution rate and 

solubility can be expected to have a significant impact on the oral bioavailability of the drug. 

This study demonstrated the usefulness of the high-pressure homogenization technique as a 

method of enhancing the dissolution of poorly soluble drug-like Atorvastatin calcium. 
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PREPARATION OF NANOSUSPENSION 

BOTTOM-UP TECHNOLOGY: Means that one starts from the molecular level, and 

moves via molecular association to the formation of a solid particle. Classical precipitation 

techniques by reducing the solvent quality, for example, by pouring the solvent into a 

nonsolvent or changing the temperature or a combination of both(23).  

(1) PRECIPITATION METHOD) Drug is dissolved in an organic solvent and this solution 

is mixed with a miscible anti-solvent for precipitation.in the water-solvent mixture the 

solubility is low and the drug precipitates. precipitation has also been coupled with high shear 

processing(24). 

TOP-DOWN TECHNOLOGY: Top-Down approaches refers to slicing or successive 

cutting of bulk material to get nano-sized particles(25). 

PREPARATION OF WET MILLING: Milling chamber is charged with the milling media 

water or suitable buffer, drug, and stabilizer. Milling media are rotated at a very high shear 

rate(26). 

HIGH-PRESSURE HOMOGENIZATION: It is one of the most widely used methods for 

preparing nanosuspensions of many poorly aqueous soluble drugs.it involves three steps. 

• Firstly, drug powders are dispersed in a stabilizer solution to form pre-suspension. 

• Secondly, the pre-suspension homogenized in high-pressure homogenizer at low pressure 

for premilling. 

• Finally homogenized at high pressure for 10 to 25 cycles until the nano-suspensions of 

the desired size are formed(27). 
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• SOLID DISPERSION: There are various techniques for solubility improvement. Solid 

dispersion is one of the best approaches for solubility enhancement(28). The term solid 

dispersion refers to a group of solid products consisting of at least two different components, 

generally a hydrophilic matrix and a hydrophobic drug(29). The matrix can be either 

crystalline or amorphous; basically, amorphous is having good solubility than crystalline 

substance because no energy is required to break up the crystal lattice of a drug during 

dissolution process(30). Drug solubility and wettability may be increased by surrounding 

hydrophilic carriers. And it is also having several advantages such as It increases 

bioavailability, Fast absorption, Patient compliance, no shaking, no gritty particles are 

observed(31). 

• Lakshmi N et. al. Conclusion of atorvastatin was found to be the prepared solid 

dispersions were increased to various characterizations. for them, FTIR studies show there 

was no degradation of the drug. The solubility and dissolution studies showed there is a 

possibility of improved solubility of Atorvastatin Calcium through solid dispersion with 

Polyethylene glycol 6000. A maximum increase in dissolution rate was obtained with 

Atorvastatin Calcium: PEG 6000 solid dispersion with a weight ratio of 1:3 (drug: carrier). 

PEG 6000 dispersion by dropping method showed a faster dissolution rate when compared 

with that of pure drug and physical mixtures. Finally, it can be concluded that solid 

dispersion by dropping method for Atorvastatin Calcium using hydrophilic polymers would 

improve the aqueous solubility, dissolution rate and thereby enhancing its systemic 

availability. 
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PREPARATION OF SOLID DISPERSION 

1) HOT MELT METHOD OR FUSION METHOD: In this method, the physical mixture 

of a drug & water-soluble carrier was heated directly until it melted(32).  The melted mixture 

was then cooled & solidified rapidly in the ice-bath under vigorous stirring the final solid 

mass was compressing, pulverized & sieved, which can be compressed into tablets with the 

help of tableting agents(33). 

2) SOLVENT EVAPORATION METHOD: In this method, the physical mixture of the 

drug and carrier is dissolved in a common solvent(34)which is evaporated until a clear, 

solvent-free film is left. The film is further dried to constant weight(35). 

3) MELTING SOLVENT METHOD: The melting or fusion method, first proposed by 

(Sekiguchi and Obi 1961) involves the preparation of a physical mixture of a drug and a 

water-soluble carrier and heating it directly until it melted the melted mixture is then 

solidified rapidly in an ice-bath under vigorous stirring(36). The final solid mass is crushed, 

pulverized and sieved. 

4) KNEADING METHOD: Drug & carrier weighed they are mixed, use motor & pestle to 

reduce the size of both drug & carrier. Water-methanol mixture 3:1 ratio was added to the 

above mixture(37). The solution was mixed well and the slurry was collected by filtration and 

dried in a hot-air oven for 2hrs at 500C. Then dried mass was collected further dried in 

desiccated for 12hrs. Then the solid dispersion passed to sieve no:80 to obtained uniform 

particle size(38). 

5) MELT EXTRUSION METHOD: The drug or carrier mix is typically processed with a 

twin-screw extruder(39). The drug/carrier mix is simultaneously melted, homogenized and 
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then extruded and shaped as tablets, granules, pellets, sheets, sticks or powder. An important 

advantage of the hot melt extrusion method is that the drug/carrier mix is only subjected to an 

elevated temperature for about 1 min, which enables drugs that are somewhat thermolabile to 

be processed. 

PATENTS RELATED to ATORVASTATIN CALCIUM 

Patent Number Title Inventors 

US7488750B2 

Crystal forms of atorvastatin Hemi-

calcium and processes for their 

preparation as well as novel processes 

for preparing other forms 

Judith Arnhem, Ramy Bio-

Rad’s, Valerie Niddam, Revital 

Lifshitz, Shlomit Wizel. 

EP1562583A1 

The present invention relates to 

Atorvastatin Calcium Form VI or 

hydrates thereof and a process for 

preparing it 

Manmohan Singh, Baldev 

Morepen, Jujhar Morepen. 

Us7361772B2 
Process for the production of 

atorvastatin calcium 

JoyMathew, Madhavan, 

Sridharan, SambasivamGanesh, 

Tom Thomas puthiaparampil. 

US7732623B2 
The polymorphic form of atorvastatin 

calcium 

Ari Ayalon, Michal Levinger, 

Sofia Roytblat, Valerie Niddam, 

Revital Lifshitz, Judith 

Aronhime. 

US7994343B2 

Process for the production of 

atorvastatin calcium in amorphous 

form 

Yatendra Kumar, Saridi 

MadhavaDileepkumar, 

Swargam Satyanarayana. 

US20070032665A1 

The present invention relates to a 

process for the preparation of 

atorvastatin calcium crystalline Form I. 

SrinivasGudipati,Srinivas 

Katkam,Satyanarayana Komati. 
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Research work on Atorvastatin:  

Sr. 

No 
Topic Reference 

1 

Amorphous solid dispersion with increased gastric 

solubility in tandem with oral disintegrating 

tablets: a successful approach to improve the 

bioavailability of Atorvastatin(40) 

Jumah Masoud M et.al.2015. 

2 

Preparation and characterization and in vivo 

evaluation of amorphous Atorvastatin calcium 

nanoparticles using supercritical antisolvent (SAS) 

process(24) 

Min-so-Kim-et.al. 2008 

3 
Enhanced Bioavailability of Atorvastatin Calcium 

from Stabilized Gastric Resident Formulation(41). 
Furquan Nazimuddin Khan et.al.2011 

4 

Dissolution Improvement of Atorvastatin 

Calcium using Modified Locust Bean Gum by the 

Solid Dispersion Technique(38) 

Dharmila P et.al 2013 

5 

chitosan-based atorvastatin nanocrystals effect of 

cationic charge on particle size, formulation 

stability, and in-vivo efficacy(19). 

Kurakula M et.al 2015 

6 
Dissolution enhancement of Atorvastatin calcium 

by co-grinding technique(42). 
Prabhu.P et.al 2015 

7 

Coamorphous Atorvastatin Calcium to Improve 

its Physicochemical and Pharmacokinetic 

Properties(43) 

Shayanfar. A. et.al 2013 

8 

Enhanced Bioavailability and Dissolution of 

Atorvastatin Calcium from Floating 

Microcapsules using Minimum Additives(44) 

Nazimuddin.F.et.al.2011 

9 

custom fractional factorial designs to develop 

Atorvastatin self-nano emulsifying and 

nanosuspension delivery systems – enhancement 

of oral bioavailability(4). 

Fahima M et.al.2015 

10 

The studies of PLGA nanoparticles loading 

atorvastatin calcium for oral administration in 

vitro and in vivo.(41) 

Zhenbao L et.al.2016 

11 

Self-nano emulsifying drug delivery system 

(SNEDDS) for oral delivery of atorvastatin 

formulation and bioavailability studies(45). 

Venkatesh M. et.al.2013 

12 

Preparation, Evaluation, and Optimization of 

Atorvastatin Nanosuspension Incorporated 

Transdermal Patch(46). 

Subramanian.S et.al.2016 

13 
Formulation and Evaluation of Solid dispersion of 

Atorvastatin Calcium(47). 
Monika S et.al.2013 

14 
Micronization of atorvastatin calcium by 

antisolvent precipitation process(31). 
Hai-Xia Z. et.al.2009 
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HPLC METHOD OF ANALYSIS: 

Sr. 

No. 
Column Mobile phase 

Spectro-

photometer 

set 

Flow 

Rate 

Injection 

Volume 

Retention 

Time 
References 

1 

Octadecylsilane 

bonded to 

porous silica 

(5µm) 

Acetonitrile and 

Tetrahydrofuran 
246 nm, 1.8ml 20µl 20minute 

Indian 

pharmacopeia 

2018 volume 2 

page No 1287. 

2 Kromasil 

Acetonitrile and 

Orthophosphoric 

acid 0.1%(48) 

246nm 1.5ml 20µl 4.98minute 
Elasdig.H 

et.al.2015 

3 C18 column 

Acetonitrile and  

Orthophosphoric 

acid(49) 

245nm 1.5m 100µl 25 minute 
Beta S 

et.al.2006 

4 C18 column 
Phosphate buffer  

and methanol(50) 
247nm 1ml 20µl 4.02minute 

Gulam.M 

et.al.2010 

5 c18 column 

Acetonitrile and  

Ammonium 

Acetate buffer, 

Tetrahydrofuran(

51) 

248nm 1.0ml 100µl 25 minute 
Sidika 

E.et.al2003  

U.V Spectroscopic Analysis 

Sr. 

No. 
Absorbance Beer’Range 

Standard 

Deviation 

Coefficient    of 

Variance 
Reference 

1 246 nm 5-25µg/ml 0.1604 0.02573 Kailash.P et.al(52) 

2 246.5nm 5-30µg/ml 0.896 0.9992 Baldha.R.et.al(53) 

3 245nm 8-24µg/ml 0.742 0.671 Dhable.N.et.al(54) 

SUMMARY 

By this article, we conclude that The BCS II drug of atorvastatin calcium was successfully 

prepared by using conventional methods. such as solid dispersion, Particle size reduction, 

Complexation, Nanosuspension, etc. Solubility was increased significantly as compared to 

pure drug and we also reviewed Hplc method analysis and UV determinations. 
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