Reviews

The polymorphism of statins and its effect on their physicochemical properties
Marta Karaźniewicz-ŁadaA–F, Karina BąbaB-D, Filip DolatowskiB–D, Alicja DobrowolskaB–D, Marlena RakickaB–D
Department of Physical Pharmacy and Pharmacokinetics, Poznan University of Medical Sciences, Poland
A – research concept and design; B – collection and/or assembly of data; C – data analysis and interpretation;
D – writing the article; E – critical revision of the article; F – final approval of the article

Polymers in Medicine, ISSN 0370-0747 (print), ISSN 2451-2699 (online) 

Address for correspondence
Marta Karaźniewicz-Łada
E-mail: mkaraz@ump.edu.pl

Funding sources

The review was supported by the Polish National Science Centre
(grant No. 2014/15/B/NZ7/00869).

Conflict of interest
None declared

Received on September 24, 2018
Reviewed on December 5, 2018
Accepted on January 16, 2019

Polim Med. 2018;48(2):77–82

Abstract
Polymorphism of pharmaceutical substances has a significant impact on their physicochemical properties,
durability, bioavailability and consequently on their pharmacological activity. Solid dosage forms may exist in both crystalline and amorphous forms. Amorphous varieties are characterized by higher solubility
and dissolution rates, while crystalline forms show greater purity and storage stability. The choice between
the crystalline or amorphous form of a drug is extremely important to ensure effective and safe pharmacotherapy. Statins − the most commonly used group of drugs in the treatment of lipid disorders − are
an example of drugs that occur in many crystalline and amorphous forms. Statins belong to class II in the
biopharmaceutical classification system (BCS), which means that they are poorly soluble, but permeate
biological membranes well. The bioavailability of statins shows considerable variation, which is associated
with the first-pass effect in the liver and the accumulation of the drug in the hepatocytes. The improvement
of bioavailability after oral administration of poorly soluble medicinal substances remains one of the most
challenging aspects of the drug development process. A specific polymorphic form is obtained by applying
appropriate conditions during the process of its preparation under industrial conditions, including the use
of a suitable solvent, a specific temperature or rate of crystallization. The article provides a comprehensive
update on the current knowledge of the influence of polymorphic form on statin solubility and bioavailability. Research is still being carried out to obtain new polymorphic varieties of statins that are characterized by
better physicochemical and pharmacokinetic parameters.
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Introduction
Polymorphism is the occurrence of different crystalline
forms of the same chemical substance. These forms differ
in the geometry of a single cell that repeats in the 3 dimensions of the crystal. There are many medicinal substances
that exhibit polymorphism. The same drug substance
may exist in several polymorphic forms, depending on
the distribution of molecules in the crystal lattice, which
means individual variants may differ in their properties
and activities. Therapeutic substances may also exist in
amorphous forms, in which there is no regularity in the
distribution of the structural elements and the molecules
are arranged chaotically, like in liquids.1,2
Individual polymorphic forms of the same drug substance may differ in their physical properties such as
chemical reactivity, solubility and dissolution rate, stability, melting and sublimation temperature, density, hardness, adsorption, hygroscopicity and refractive index.1,2
Crystalline forms are thermodynamically more stable
than amorphous varieties, which are high energy systems
with a high free enthalpy. Amorphous substances demonstrate a tendency toward crystallization, which is a transition to an energy-beneficial system. The solubility and
dissolution rate of crystalline forms are less than those
of amorphous materials. The crystallites are also less hygroscopic. The better solubility of amorphous varieties
results in their higher bioavailability, which is the fraction
of the administered dose of the drug that gets into systemic circulation at a specific rate, and is a factor determining
the pharmacological activity of the drug.3
The polymorphism of medicinal substances can be
crucial in the production of a drug in the form of tablets
under industrial conditions. Amorphous forms create
problems at the formulation stage: they mix less and have
worse rheological properties than crystalline systems.4
Among crystalline varieties, the most readily formulated
into tablets are those with a symmetrical structure (e.g.,
tetragonal or regular), while substances that crystallize in
the monoclinic system cause problems during tablet formulation.
The literature contains several examples of drugs that
can occur in crystalline as well as in amorphous forms,
including indomethacin,5 paracetamol,6 phenobarbital
and nifedipine.7 Moreover, there are many poorly soluble
drugs for which differences in polymorphic form solubility are crucial in terms of drug bioavailability, e.g., chloramphenicol palmitate, oxytetracycline, carbamazepine,
ritonavir, phenylbutazone and rifaximin.8
Statins are the most commonly used group of drugs
in the treatment of lipid disorders.9 They are inhibitors
of 3-hydroxy-3-methylglutarylcoenzyme A (HMG-CoA)
reductase, which is involved in the conversion of HMGCoA to mevalonate, the primary substrate in the synthesis of cholesterol. Inhibition of this enzyme leads to
a reduction in total cholesterol, low-density lipoprotein
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(LDL) cholesterol and triglyceride (TG), and increases
the concentration of high-density lipoprotein (HDL)
cholesterol.10 Moreover, statins have various pleiotropic
effects resulting from cholesterol-independent mechanisms of action, statins’ ability to affect several tissue
functions and the modulation of specific signal transduction pathways. The beneficial effects of statins include
anti-inflammatory and antioxidant activity, improvement
of endothelial function, increased bioavailability of nitric
oxide and inhibition of the progression of atherosclerotic
plaques.11 Statins are classified into 3 categories based on
their increasing potency and efficacy in lowering plasma
LDL concentrations. First-generation statins included
lovastatin, pravastatin and fluvastatin. Simvastatin and
atorvastatin belong to the second generation, and rosuvastatin and pitavastatin to the third generation of statins.12
Many clinical studies have shown that from 13% to 75%
of patients fail to achieve their target levels of LDL-cholesterol and total cholesterol.13,14 The underlying causes
of statin resistance are multifactorial. It appears that both
medication-specific and patient-specific factors contribute to the variability of cholesterol-lowering activity. The
effectiveness of therapy with statins differs among compounds and may be decreased as a result of variability in
the pharmacokinetics of this group of drugs. This variability may be caused by the different lipophilic properties of statins and their solubility. Statins belong to class II
of the biopharmaceutical classification system (BCS),
which means that they are poorly soluble, but they permeate biological membranes well. For low-solubility BCS II
drugs, various oral formulation technologies, including
salt formation, particle-size reduction, the use of lipid
vehicles and co-solvents in the form of liquid-filled capsules, complexation, and more recently amorphous solid dispersions are designed to maximize the availability
of the active pharmaceutical ingredient (API) in the gastrointestinal tract. Statins are an example of drugs that
exist in an amorphous state and many crystalline forms,
differing in their physical properties and pharmacological activity. Therefore, the polymorphic form of certain
statins may significantly impact their bioavailability and
in consequence their cholesterol-lowering effects.
In the current article, a comprehensive review of the
available evidence regarding the effects of polymorphic
form on statins’ solubility and bioavailability is presented,
including the possible clinical implications.

Polymorphism of statins
Atorvastatin
Atorvastatin is one of the most widely prescribed
drugs in the world, and the most widely prescribed
statin.15 It is the most effective statin in lowering cholesterol in LDL, non-HDL and other lipoproteins.16 Atorv-
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astatin is usually marketed as its calcium trihydrate salt,
which allows it to be conveniently formulated in pharmaceutical formulations. Like other statins, atorvastatin
belongs to BCS class II. Its molecules have a lipophilic
character; it is insoluble in aqueous solutions at pH ≤4,
and very slightly soluble in water and phosphate buffer
at pH 7.4.17 However, atorvastatin penetrates the intestinal membrane very easily at the intestinal pH 6–6.5,
and it absorbs into the blood quickly, achieving maximal concentration (Cmax) after 1–2 h. About 30% of the
administered dosage is absorbed in this way. However,
due to the first-pass effect in the liver and intestine, and
elimination by the mucous membrane of the stomach
and intestine before reaching systemic circulation, the
absolute bioavailability of atorvastatin is 14%.18 The
bioavailability of the drug is one of the key parameters
for many therapeutic indications. It is dependent on
the form of the atorvastatin in the pharmaceutical formulation. More than 70 polymorphic forms of atorvastatin are known, among which crystalline forms are
the majority, and at least 2 forms are amorphous (referred as “form 23” and “form 27”).19 The crystalline
forms of atorvastatin have strictly defined properties;
their solubility depends on the structure of the crystal
network and the size of the molecules. These forms are
more permanent in the thermodynamic sense than the
amorphous forms; their solubility and dissolution rates
are lower, which leads to lower bioactivity. On the other
hand, atorvastatin in amorphous form has significantly
more specific surface area, more substantial capacity to
absorb solvents and is more reactive than the crystalline
forms, which results in better solubility and bioavailability.17 Several techniques are commonly used for the
transformation of the crystalline drug to the amorphous
state, including supercritical anti-solvent precipitation
and the spray drying process.20–22
Numerous authors have characterized polymorphic
forms of atorvastatin based on crystallographic and
spectroscopic techniques. Shete et al. performed solidstate characterizations of commercial crystalline and
amorphous atorvastatin samples available in the Indian
market using X-ray powder diffractometry (XRPD), differential scanning calorimetry (DSC), thermogravimetric analysis, Karl Fisher titrimetry, microscopy, contact
angle, and intrinsic dissolution rate (IDR).23 The authors
found that all the crystalline samples were stable form I,
which had previously been characterized.24 Amongst the
amorphous atorvastatin samples, XRPD demonstrated
that 5 samples were amorphous “form 27”, while one
matched amorphous “form 23”.25 The samples of amorphous atorvastatin had higher wettability and IDR than
the crystalline samples, which may impact the performance and stability of the dosage form.23 Kim et al. prepared amorphous atorvastatin hemi-calcium using the
spray-drying and supercritical antisolvent (SAS) processes and compared its physicochemical properties
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and oral bioavailability with the crystalline form after
administration of both forms in 25 mg/kg doses to male
rats.20,21 The oral absorption of amorphous atorvastatin
calcium nanoparticles was higher compared with crystalline atorvastatin calcium, which was reflected by greater
AUC and Cmax values. The AUC0–12 h of the amorphous
atorvastatin was 2.1 times that of the crystalline form.21
The enhancement in oral bioavailability of amorphous
atorvastatin was attributed to a combination of higher
apparent solubility and a higher dissolution rate due to
its amorphous nature.

Rosuvastatin
Rosuvastatin is more effective at reducing LDL and
TG levels in the blood plasma than statins of the first
generation, including lovastatin or pravastatin, and its
activity is 7 times greater than atorvastatin.26 In contrast to atorvastatin, a molecule of rosuvastatin has
a hydrophilic character, which determines the different
pharmacokinetic properties of the drug in the body. After oral administration of rosuvastatin, Cmax is obtained
after 3–4 h, and the absolute bioavailability amounts to
about 20%.27 Rosuvastatin is converted to a slight degree
(about 10%) into water-soluble derivative by the CYP2C9
isoenzyme, and its half-life amounts to about 19 h.
In pharmaceuticals, rosuvastatin occurs in the form
of a monohydrate calcium salt. At least 4 crystalline
forms of rosuvastatin (A, B, B-1 and C) and 1 amorphous
form are known. Form A is a pure crystalline compound;
forms B and C are hydrated crystallines; and form B-1 is
a dehydrated compound. When comparing the physicochemical properties of the crystalline forms, it was reported that forms B and C are much more soluble in water than form A and that this property may increase their
bioavailability. Moreover, they are more thermostable
than the amorphous form, which is less resistant to temperature changes, and in consequence less stable during the formulation process.28,29 The amorphous form
of rosuvastatin is manufactured by the spray-drying and
freeze-drying processes.30 It is present in the medication
called Crestor®.

Simvastatin
Simvastatin, along with atorvastatin and rosuvastatin, is
one of the most commonly used statins in Poland.31 It is
very well absorbed after oral administration (>90%) with
Cmax obtained after 1–2 h. Its bioavailability is very low
(<5%), which is associated with the extensive metabolism
of simvastatin by the isoenzyme CYP3A4.27 Currently at
least 3 crystalline32 and 2 amorphous forms of simvastatin
are known.33 When comparing the amorphous forms, it
was found that they significantly differ in the size of molecules, physicochemical properties and stability. These
differences come from distinct methods in the produc-
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tion process of amorphous forms, including cryo-milling
(CM) and melting and quench-cooling (QC). Zhang et al.
reported that the solubility of the amorphous forms prepared by these 2 methods was enhanced compared to the
crystalline form, and that the QC form was more soluble
than the CM form.34 In terms of physical stability, a higher
crystallization rate was observed for the CM form, while
the QC form exhibited lower molecular mobility and
higher chemical degradation.34
The superiority of amorphous simvastatin over the
crystalline forms was confirmed by Singh et al.35 The authors prepared an amorphous form of simvastatin by the
process of fused dispersion. They observed an improvement in the dissolution rate at pH 6.8, with a maximum
release of 99% of the amorphous drug in comparison to
21% release of the crystalline form. Moreover, the pharmacodynamic effect after the administration of both
forms to rats with induced hypercholesterolemia was
compared. Rats treated with amorphous simvastatin presented a 2.5-fold decrease in total cholesterol, a 1.5-fold
increase in TG, a 1.4-fold decrease in LDL, a 2.4-fold
decrease in VLDL, and a 1.3-fold increase in HDL-cholesterol compared to the rats treated with the crystalline
form. These effects could be attributed primarily to the
improved solubility and dissolution associated with the
amorphization of the drug.35

Pitavastatin
The potency of pitavastatin is dose-dependent and appears to be equivalent to that of atorvastatin. Pitavastatin
is well absorbed from the gastrointestinal tract (>80%)
and achieves Cmax about 1–2 h after administration. The
absolute bioavailability of the drug is relatively high (about
60%).27 It is available in pharmaceuticals in the form of sodium, calcium and magnesium salts. Several polymorphic
forms of pitavastatin (designated as A, B, C, D, E, F and K)
are known, as well as amorphous varieties. In the manufacturing process, the final crystalline form of pitavastatin
is affected by the conditions of the crystallization process,
which can be accelerated by adding the appropriate form
of crystals in an amount not exceeding 5%.36 Form K,
compared to the other crystalline varieties, is characterized by better physical and chemical stability, which is
extremely important in pre-formulation processes such
as drying, grinding or granulation. There was no conversion of this form to another crystalline variety during the
manufacturing or storage of the drug.37 To obtain amorphous pitavastatin, concentrated solutions of the crystalline form in organic solvents, including 1,4-dioxane,
tetrahydrofuran and ethyl methyl ketone, are exposed
to non-solvents such as heptane or methyl-t-butyl ether.
Lyophilization of an aqueous solution of pitavastatin calcium is also performed.36 There is no data available on the
differences between crystalline and amorphous forms in
in vivo conditions.
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Fluvastatin
Fluvastatin has about 33% of the efficacy of atorvastatin
in lowering cholesterol in LDL, non-HDL and remnant
lipoproteins.16 Fluvastatin attains Cmax about 1–2 h after
oral administration, and its bioavailability is 20–30%.25 In
pharmaceutical formulations, it occurs as the crystalline
sodium salt in the form of a racemic mixture of the (3R, 5S)
and (3S, 5R) enantiomers. Numerous crystalline forms
(designated as A, B, C, D, E, F, JF, JF1, JF2 and JF3) and
amorphous forms are currently distinguished. Individual
forms differ from each other in terms of physicochemical properties. Form B is characterized by a lower hygroscopicity than form A and the amorphous form, which
improves the handling and storage of the compound.38,39

Pravastatin
Pravastatin, similarly to rosuvastatin, is a hydrophilic
compound and it is metabolized to a small extent by cytochrome P450 enzymes. It is quickly absorbed from the
gastrointestinal tract, obtaining Cmax after about 1 h, and
its bioavailability is about 18%.27 In pharmaceutical formulations, it is present as the crystalline form of the sodium salt. At present, at least 12 crystalline pravastatin
varieties (known as A, B, C, D, E, F, G, H, I, J, K and L)
are known to have similar physicochemical properties.40
Chun et al. described a method for obtaining an amorphous form of the drug: they prepared crystalline pravastatin sodium solid dispersions using various bile salts and
observed the complete conversion of the crystalline form
into an amorphous form.41 The permeation flux of amorphous pravastatin from the solid dispersion was much
higher than that of the crystalline form from physical
mixtures and commercial tablets,41 which may improve
the bioavailability of the compound in pharmaceutical
formulations.

Lovastatin
Lovastatin is a crystalline powder that is practically insoluble in water (0.4 mg/mL); it has a partition coefﬁcient
(logP) of 4.26. Lovastatin is absorbed from the gastrointestinal tract (30%) and Cmax is attained after 2–4 h.
As a result of the first-pass effect in the liver, the absolute
bioavailability of the drug is only 5%.27 Lovastatin does
not show classic polymorphism. However, it is possible
to distinguish crystals characterized by identical dimensions of elemental cells but with a different orientation.
It has been found that depending on the crystallization
conditions, 2 differing morphologically crystalline forms
can be obtained, having the form of either plates or needles. This type of polymorphism does not have a significant effect on the physicochemical properties of the drug.
Both forms have the same melting point, similar stability, solubility and reactivity. Yoshida et al. reported that
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the preservative excipient butylhydroxyanisole causes
amorphization of lovastatin crystallites and that the compound is therefore incompatible with lovastatin.42 Patel
and Patel observed a decrease in the crystalline fraction
of lovastatin and an increase in the amorphous fraction in
solid dispersions of the drug prepared using polyethylene
glycol 4000 and polyvinylpyrrolidone K30.43 Lovastatin
prepared in both polymers showed a better dissolution
profile than that of the pure crystalline form.

Conclusions
Due to the differences between the crystalline and
amorphous forms of drug substances, which affect not
only their solubility and dissolution rates but also their
storage stability, the choice of the appropriate form is extremely important to ensure effective and safe pharmacotherapy. It is particularly crucial for statins, which are
poorly soluble and have low bioavailability. The low total
bioavailability of statins creates the need for new polymorphic forms that will increase the therapeutic effect and
reduce the dose of the drug taken by the patient. Based on
the available scientific reports, it can be concluded that
amorphous forms of statins create the possibility of increasing the solubility and bioavailability of this group
of drugs, which in turn is an opportunity to increase their
effectiveness in the treatment of cardiovascular diseases.
ORCID iDs
Marta Karaźniewicz-Łada  https://orcid.org/0000-0003-4091-7035

References
1. Sykuła A, Łodyga-Chruścińska E, Zakrzewski M. Impact of Polymorphism on Pharmaceutical Substances [in Polish]. 2006. http://
repozytorium.p.lodz.pl/handle/11652/230. Accessed June 14, 2018.
2. Stańczak A, Stańczak C. Polimorfizm substancji farmaceutycznych.
Lek w Polsce. 2013;23:50–58. http://m.lekwpolsce.pl/download.
php?dokid=52a06a0ef11fb. Accessed October 31, 2018.
3. Omar M, Makary P, Wlodarski M. A Review of polymorphism
and the amorphous state in the formulation strategy of medicines and marketed drugs. UK J Pharm Biosci. 2015;3(6):60.
doi:10.20510/ukjpb/3/i6/87837
4. Lu J, Rohani S. Polymorphism and crystallization of active pharmaceutical ingredients (APIs). Curr Med Chem. 2009;16(7):884–905.
5. Kasten G, Nouri K, Grohganz H, Rades T, Lobmann K. Performance comparison between crystalline and co-amorphous
salts of indomethacin-lysine. Int J Pharm. 2017;533:138–144.
doi.org/10.1016/j.ijpharm.2017.09.063
6. Sibik J, Sargent MJ, Franklin M, Zeitler JA. Crystallization and phase
changes in paracetamol from the amorphous solid to the liquid
phase. Mol Pharm. 2014;11(4):1326–1334. doi: 10.1021/mp400768m.
7. Aso Y, Yoshioka S, Kojima S. Explanation of the crystallization rate
of amorphous nifedipine and phenobarbital from their molecular
mobility as measured by (13)C nuclear magnetic resonance relaxation time and the relaxation time obtained from the heating
rate dependence of the glass transition temperature. J Pharm Sci.
2001;90(6):798–806.
8. Censi R, Di Martino P. Polymorph impact on the bioavailability and
stability of poorly soluble drugs. Molecules. 2015;20(10):18759–18776.
doi:10.3390/molecules201018759.
9. Ramkumar S, Raghunath A, Raghunath S. Statin therapy: Review of
safety and potential side effects. Acta Cardiol Sin. 2016;32:631–639.

81

10. Istvan ES, Deisenhofer J. Structural mechanism for statin inhibition of HMG-CoA reductase. Science. 2001;292(5519):1160–1164.
doi:10.1126/science.1059344
11. Wang C-Y, Liu P-Y, Liao JK. Pleiotropic effects of statin therapy. Trends
Mol Med. 2008;14(1):37–44. doi:10.1016/j.molmed.2007.11.004
12. Maji D, Shaikh S, Solanki D, Gaurav K. Safety of statins. Indian J Endocrinol Metab. 2013;17(4):636–646. doi:10.4103/2230-8210.113754
13. Shepherd J, Blauw GJ, Murphy MB, et al. Pravastatin in elderly individuals at risk of vascular disease (PROSPER): A randomised controlled trial. Lancet Lond Engl. 2002;360(9346):1623–1630.
14. Reiner Ž, Tedeschi-Reiner E. Prevalence and types of persistent dyslipidemia in patients treated with statins. Croat Med J.
2013;54(4):339–345.
15. Adams SP, Tsang M, Wright JM. Lipid-lowering efficacy of statin.
Cochrane Database Syst. Rev. 2015;12:CD008226.
16. Schaefer EJ, McNamara JR, Tayler T, et al. Comparisons of effects
of statins (atorvastatin, fluvastatin, lovastatin, pravastatin, and
simvastatin) on fasting and postprandial lipoproteins in patients
with coronary heart disease versus control subjects. Am J Cardiol.
2004;93(1):31–39.
17. Maurya D, Belgamwar V, Tekade A. Microwave induced solubility
enhancement of poorly water soluble atorvastatin calcium. J Pharm
Pharmacol. 2010;62(11):1599–1606. doi:10.1111/j.2042-7158.2010.01187.x
18. Lennernäs H. Clinical pharmacokinetics of atorvastatin. Clin Pharmacokinet. 2003;42(13):1141-1160. doi:10.2165/00003088-200342130-00005
19. Discovering new crystalline fo - Titel - Elektronische Hochschulschriften.
http://digital.bibliothek.uni-halle.de/id/1390128. Accessed June 14,
2018.
20. Kim J-S, Kim M-S, Park HJ, Jin S-J, Lee S, Hwang S-J. Physicochemical properties and oral bioavailability of amorphous atorvastatin
hemi-calcium using spray-drying and SAS process. Int J Pharm.
2008;359(1–2):211–219. doi:10.1016/j.ijpharm.2008.04.006
21. Kim M-S, Jin S-J, Kim J-S, et al. Preparation, characterization and in
vivo evaluation of amorphous atorvastatin calcium nanoparticles
using supercritical antisolvent (SAS) process. Eur J Pharm Biopharm.
2008;69(2):454–465. doi:10.1016/j.ejpb.2008.01.007
22. Zhang H-X, Wang J-X, Zhang Z-B, Le Y, Shen Z-G, Chen J-F. Micronization of atorvastatin calcium by antisolvent precipitation process.
Int J Pharm. 2009;374(1–2):106–113. doi:10.1016/j.ijpharm.2009.02.015
23. Shete G, Puri V, Kumar L, Bansal AK. Solid state characterization of commercial crystalline and amorphous atorvastatin calcium samples. AAPS
PharmSciTech. 2010;11(2):598–609. doi:10.1208/s12249-010-9419-7
24. Briggs CA, Jennings RA, Wade R, et al. Crystalline [R- (R*,R*)]-2(4-Dfluorophenyl)-β,δ-dihydroxy-5-(1-methylethyl)3-phenyl4-[(phenylamino)carbonyl]-1H-pyrrole-1-heptanoic acid hemi calcium salt (atorvastatin). October 1999. https://patents.google.com/
patent/US5969156A/en/und. Accessed July 17, 2018.
25. Zallen R. The Physics of Amorphous Solids. John Wiley & Sons; 2008.
26. Luvai A, Mbagaya W, Hall AS, Barth JH. Rosuvastatin: A review of the
pharmacology and clinical effectiveness in cardiovascular disease.
Clin Med Insights Cardiol. 2012;6:17–33. doi:10.4137/CMC.S4324
27. Karazniewicz-Lada M, Glowka A, Mikolajewski J, Przyslawski J.
Genetic and Non-Genetic Determinants of the Pharmacological Activity of Statins. http://www.ingentaconnect.com/contentone/ben/
cdm/2016/00000017/00000009/art00006. Published November 2016.
Accessed July 17, 2018.
28. Blatter F, Schaaf PAVD, Szelagiewicz M. Crystalline forms of rosuvastatin calcium salt. April 2011. https://patents.google.com/patent/
US7932387B2/en. Accessed July 17, 2018.
29 Wizel S, Niddam-Hildesheim V, Shabat S. Crystalline rosuvastatin calcium. March 2008. https://patents.google.com/patent/
WO2008036286A1/en. Accessed July 17, 2018.
30. Kumar Y, Rafeeq M, De S, Sathyanarayana S. Process for the preparation of amorphous rosuvastatin calcium. August 2007. https://patents.
google.com/patent/US20070191318A1/en. Accessed July 17, 2018.
31. Wożakowska-Kapłon B. Terapia hipercholesterolemii w schorzeniach układu sercowo-naczyniowego – jaki cel, jaka statyna, jaka
dawka? Folia Cardiol. 2014;9(1):55–66.
32. Tan NY, Zeitler JA. Probing phase transitions in simvastatin with terahertz time-domain spectroscopy. Mol Pharm. 2015;12(3):810–815.
doi:10.1021/mp500649q

82

33. Graeser KA, Strachan CJ, Patterson JE, Gordon KC, Rades T. Physicochemical properties and stability of two differently prepared amorphous forms of simvastatin. Cryst Growth Des. 2008;8(1):128–135.
doi:10.1021/cg700913m
34. Zhang F, Aaltonen J, Tian F, Saville DJ, Rades T. Influence of particle
size and preparation methods on the physical and chemical stability
of amorphous simvastatin. Eur J Pharm Biopharm. 2009;71(1):64–70.
doi:10.1016/j.ejpb.2008.07.010
35. Singh H, Philip B, Pathak K. Preparation, characterization and pharmacodynamic evaluation of fused dispersions of simvastatin using
PEO-PPO block copolymer. Iran J Pharm Res IJPR. 2012;11(2):433–445.
36. Schaaf PAVD, Blatter F, Szelagiewicz M, Schoening K-U. Crystalline forms of pitavastatin calcium. December 2014. https://patents.
google.com/patent/US20140364614A1/en. Accessed July 18, 2018.
37. Kljajic A, Trost S, Pecavar A, Zupet R. Polymorphic form of pitavastatin calcium. July 2014. https://patents.google.com/patent/EP2751081A1/en.
Accessed July 18, 2018.
38. Van DSPA, Marcolli C, Szelagiewicz M, Burkhard A, Wolleb H, Wolleb A.
Crystalline forms of fluvastatin sodium. February 2003. https://patents.
google.com/patent/WO2003013512A2/en. Accessed July 18, 2018.
39. Chavhan B, Awasthi AK, Aggarwal R, et al. Polymorphic forms
of fluvastatin sodium and process for preparing the same. September 2010. https://patents.google.com/patent/US7795451/en.
Accessed July 18, 2018.
40. Keri V, Szabo C, Aryai E, Aronhime J. Novel forms of pravastatin
sodium. December 2005. https://patents.google.com/patent/
US20050288370/en. Accessed July 18, 2018.
41. Chun IK, Lee KM, Lee KE, Gwak HS. Effects of bile salts on gastrointestinal absorption of pravastatin. J Pharm Sci. 2012;101(7):2281–2287.
doi:10.1002/jps.23123
42. Yoshida MI, Oliveira MA, Gomes ECL, Mussel WN, Castro WV,
Soares CDV. Thermal characterization of lovastatin in pharmaceutical formulations. J Therm Anal Calorim. 2011;106(3):657–664.
doi:10.1007/s10973-011-1510-0
43. Patel RP, Patel MM. Physicochemical characterization and dissolution study of solid dispersions of lovastatin with polyethylene
glycol 4000 and polyvinylpyrrolidone K30. Pharm Dev Technol.
2007;12(1):21–33. doi:10.1080/10837450601166510

Karaźniewicz-Łada M, et al. Polymorphic forms of selected statins

