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Abstract
Context: Simvastatin (SIM), a widely used drug for the treatment of hypercholesterolemia, is a crystalline
substance and practically insoluble in water. Its low dissolution rate leads to a poor absorption, distribu-
tion, and target organ delivery because the bioavailability of drugs with low aqueous solubility is limited
by their dissolution rates. Objective: The aim of this study was to prepare solid dispersions (SD) of SIM with
inert carriers in an attempt to improve the release profile. Methods: In this work, SIM SD with polyethylene
glycol (PEG 6000) or polyvinylpyrrolidone (PVP K15) in 1:1, 1:2, 1: 3, 1:4, and 1:5 ratios were prepared and
their stability and dissolution properties were investigated. SD were characterized by differential scanning
calorimetry and X-ray powder diffraction. Tablets containing SD SIM : PEG 6000 were developed and their
dissolution profile evaluated. Results: Drug release from all SD was significantly improved when compared
to their corresponding physical mixture or SIM alone. SD SIM:PVP showed drug degradation. The tablets
gradually released SIM with a final quantity greater than 80% in 60 minutes. Conclusions: The preparation
of SIM SD with PEG or PVP is a promising strategy to improve the bioavailability of the drug. SIM SD with
PEG are more advantageous over the dispersions prepared with PVP because they do not show drug deg-
radation during preparation.
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Introduction

Simvastatin (SIM) (Figure 3) is a potent inhibitor of
hydroxymethylglutaryl coenzyme A reductase, a rate-
limiting enzyme for cholesterol biosynthesis through
mevalonate pathway1,2.

SIM is a low-solubility high-permeability drug by the
classification of the biopharmaceutics system, class 23.
It is well known that drug release is a crucial and limit-
ing step in the rate and extent absorption of a class 2
drug from a solid dosage form4. Therefore, strategies to
increase dissolution rate are needed to improve oral
bioavailability of poorly water-soluble drugs, conse-
quently, to achieve therapeutic efficacy5–8.

Several approaches have been developed to improve
the bioavailability by increasing the drug’s dissolution

rate and solubility. They include micronization, prepa-
ration of solid dispersions (SD), complexation with
cyclodextrins, conversion of drugs from crystalline to
amorphous state, incorporation of surfactants, inclu-
sion in liposomes, formation of soluble salts, and the
use of excipients that help drug release4,5,8–13.

SD are one of the most successful strategies to
improve drug release of poorly soluble drugs. SD can be
defined as molecular mixtures of poorly water-soluble
drugs in hydrophilic carriers7,9. SD increase the dissolu-
tion rate by augmenting the drug surface area and
enhancing wettability. Most commonly used carriers for
preparing SD are polyethylene glycol (PEG), polyvi-
nylpyrrolidone (PVP), and cellulose derivatives7,9,14–16.

Previous workers report the preparation of SIM SD
using PVP K306 and PEG 40008 as carriers. However,
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high proportions of polymer to drug (10:1) as used may
favor undesirable interactions. Moreover, formulation
of high-dose tablets or capsules, for instance, in case of
SIM 40 and 80 mg dosage forms may be troublesome. In
these studies, the stability of SD was not evaluated. In
this work, the aim was to prepare SIM SD using different
polymers of different molecular weights (PVP K15 and
PEG 6000) in lower ratios of polymer (up to 1:5 drug to
carrier) and evaluate possible drug degradation.

Materials and methods

Materials

SIM (99.2%, batch 2113002/2007) raw material was gen-
erously donated by Laboratório Globo Ltda. (São José
da Lapa, Minas Gerais, Brazil) and SIM (99.1%, batch
0080/00348) working standard was a gift from Medley
S/A Indústria Farmacêutica (Campinas, São Paulo,
Brazil). Excipients used in the preparation of SD or tab-
lets were microcrystalline cellulose MC 102 Microcel®

(Colorcon do Brasil Ltda., Cotia, São Paulo, Brazil),
ascorbic acid and PVP K15 (Sigma, St. Louis, MO, USA),
citric acid, sodium starch glycolate, and Aerosil® (Hen-
rifarma, São Paulo, Brazil), butylhydroxytoluene
(InduKern do Brasil Química Ltda., Osasco, São Paulo,
Brazil), magnesium stearate and directly compressible
lactose Tablettose® 100 (Ipiranga Química, Santo, São
Paulo, Brazil), sodium lauryl sulfate (SLS) (Pharma-
copeia—Attivos Magistrais, Barueri, São Paulo, Brazil),
PEG 6000 (Labsynth, Diadema, São Paulo, Brazil),
and talc (Proquímios, Rio de Janeiro, Brazil). High-
performance liquid chromatography grade acetoni-
trile and methanol (Tedia Company, Fairfield, IA, USA)
were used. All chemicals and reagents were used with-
out ulterior purification. High-purity water was pre-
pared by using a MilliQ water purification system
(Millipore, Milford, MA, USA).

Preparation of solid dispersions and physical mixtures

Physical mixtures (PM) were prepared by accurately
weighing drug and carrier and mixing for 2 minutes for
SIM:PEG or SIM:PVP of 1:1, 1:2, 1:3, 1:4, and 1:5 ratios.
Corresponding SD ratios were prepared by means of
melting (MET), solvent evaporation (SVE), or a blend of
‘melting–solvent’ method (MET/SVE)7,9.

Melting method
After accurate weighing of drug and carrier, SD were
prepared by heating proper amounts of PEG 6000 in a
glass beaker in an oil bath at 58 ± 2°C. After total melting
of PEG, SIM was slowly added with stirring. As the
resultant dispersion was homogeneous, the mixture

was cooled in ice water. After solidification, the solid was
pulverized using a mortar and pestle. Subsequently, the
SD was stored in a desiccator (over silica gel).

Solvent evaporation method
In a glass bottle SIM and PVP were dissolved in suffi-
cient amount of ethanol and the solvent was removed
by evaporation under reduced pressure at 58 ± 2°C. The
film obtained in the glass bottle was stored in a desicca-
tor (over silica gel) for 48 hours and then crushed and
pulverized with a mortar and pestle.

Melting–solvent method
SD SIM:PEG in the 1:5 ratio was also prepared by PEG
6000 addition onto SIM ethanolic solution. The mixture
was transferred to a rotavapor and heated at 58 ± 2°C to
eliminate solvent and melt PEG at the same time, to
yield a homogeneous mixture. After complete removal
of the solvent, the mixture was cooled in ice water bath
and the solid obtained was pulverized using a mortar
and pestle. The SD was stored in a desiccator (over
silica gel).

Characterization of solid dispersion

SD were characterized by differential scanning calorim-
etry (DSC) and X-ray powder diffraction (XRPD). PM
were also evaluated for comparison.

DSC measurements were carried out in a TA-2910-
modulated calorimeter (TA Instruments, New Castle,
DE, USA). The specific heat measurement was stan-
dardized with sapphire. SIM, polymers, PM, and SD
were grounded for 2 minutes using a mortar and pestle.
The powders obtained were slightly compacted in an
aluminum pan by a steel plunger. The samples (2–4 mg)
were heated (25–250°C) at a constant scanning speed
(5°C/min) using nitrogen as purging gas (50 mL/min).

XRPD patterns for PM and SD containing SIM and
PVP or PEG 6000 were collected on a Geigerflex powder
diffractometer (Rigaku, Tokyo, Japan) with a CuKa radi-
ation at room temperature (298 K). Each sample was
scanned between 4° and 40° in 2q with 20 s/degree.

Solubility study

To evaluate the effect of SD on SIM solubility (0.03 mg/
mL in water), phase solubility studies were performed.
SIM only and their PM were also evaluated for solubility
comparison. An amount of PM or SD containing the
equivalent to 4 mg of SIM was added to 25 mL phos-
phate buffer solution (PBS, pH 7.40 ± 0.20). Samples
were maintained under magnetic stirring in water bath
at 37 ± 0.5°C. After 1 hour, the content of each flask was
filtered through 0.45 mm membrane and the filtrate was
suitably diluted and spectrophotometrically analyzed at
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239 nm (HP8453 Agilent Technologies, Santa Clara, CA,
USA). All solubility measurements were performed in
triplicate. The SIM concentration was measured through
the obtained absorbance values plotted by means of a
calibration curve (y = 0.0629x – 0.0018; r = 0.9999) in a lin-
ear range of 2.0–17.0 μg/mL.

Stability evaluation of SD

To evaluate a possible degradation of the drug during
preparation in different batches (duplicate) of PM and
SD, samples were assessed in reverse-phase liquid
chromatography (HP1100, Agilent Technologies, Santa
Clara, CA, USA) coupled to a quaternary pump and an
ultraviolet diode array detector (UV/DAD). Chromato-
graphic conditions used were C8 column (250 × 4 mm;
5 μm), acetonitrile:0.1% phosphoric acid (65:35), flow
rate 1.5 mL/min, 30°C, and UV detection λ 238 nm.
Sample concentration was 28 μg/mL in acetonitrile.

Tablet formulation

The SD containing SIM:PEG 6000 1:5 prepared by MET/
SVE method was selected for preparation of tablets. SIM
tablets formulation was SD SIM:PEG 6000 (15%), ascor-
bic acid (0.05%), citric acid (0.8%), aerosil® (0.5%), butyl-
hydroxytoluene (0.5%), microcrystalline cellulose (43%),
magnesium stearate (0.5%), sodium starch glycolate
(2.0%), lactose (36.15%), SLS (0.5%), and talc (1.0%).

The SD tablets (containing 10 mg SIM), average weight
400 mg, were prepared by direct compression on a 10-sta-
tion rotary press (Piccola, Riva, Argentina) using a 9-mm
standard concave plunger. The tablets were assessed for
weight variation (BP210D analytical balance, Sartorius,
Göttingen, Germany), tablet breaking force (TBH30
durometer, Erweka, Heusenstamm, Germany), friability
(TA3R friabilometer, Erweka, Heusenstamm, Germany),
disintegration time (ZT3 disintegrator, Erweka, Germany),
assay, content uniformity, and drug dissolution profile
(DT80, Erweka, Germany).

Weight variation, tablet breaking force, friability, and
disintegration time were evaluated according to the
methods described in the Brazilian Pharmacopeia17.

Chromatographic quantitative analyses were carried
out for assay and content uniformity in the same condi-
tions as described for stability evaluation. Dissolution
profile was assessed by derivative UV (second order, λ
248 nm, PBS, pH 7.40).

Dissolution profile of tablets

A fast and reliable ultraviolet spectrophotometric
method by second derivative was developed for the
determination of SIM release. Second-derivative
absorption of samples was recorded at λ 200–400 nm

against PBS with 0.5% SLS as blank solvent. Suitable set-
tings were slit 1 nm width and slow scan speed. The
measurements were automatically performed at λ 248
nm (HP8453 Agilent Technologies, Santa Clara, CA,
USA), second-order derivative by the zero-crossing
method.

Dissolution conditions were (DT80, Erweka, Germany)
900 mL of PBS (pH 7.40 ± 0.20) with 0.5% (w/v) SLS,
paddle apparatus stirring speed 50 rpm. The medium
was maintained at 37 ± 0.5°C. Sampling aliquots of
5 mL were withdrawn at 5, 10, 15, 30, 45, and 60 min-
utes after placing the tablets in the dissolution
medium.

The drug release was evaluated by measurements in
the second-derivative absorbance (A/nm2) found for
the aliquots and calculated by means of a calibration
curve in the concentration range 2.0–17.0 μg/mL. The
dissolution profiles were obtained plotting time versus
average percentage of drug release.

Results and discussion

Solid dispersions

SIM SD prepared in different drug to carrier ratios (1:1,
1:2, 1:3, 1:4, and 1:5) with PVP or PEG was evaluated with
regard to their effect in the drug dissolution performance.
The dissolution studies were compared between their
corresponding SIM PM ratios and SIM only.

SIM : PVP SD was prepared by SVE method at 58°C to
avoid exposure of the drug to high temperatures. SIM :
PEG SD was prepared by MET method and the polymer
was melted at 58°C. SD SIM:PEG in the 1:5 ratio was also
prepared by MET/SVE method because of the difficulty
to obtain homogeneous dispersion of the drug into the
molten polymer. By using this method, it was possible to
obtain a more homogeneous drug : carrier mixture.

Characterization of solid dispersion

The DSC thermal behavior of SIM, PEG and PVP,
SIM:polymer PM, and their corresponding SD ratios was
studied. DSC curve of SIM showed a typical pure crystal-
line substance profile with a sharp endothermic peak at
142.5°C. PEG 6000 DSC curve showed an endothermic
sharp peak near 60°C because of polymer melting
(Figure 1). On the contrary, a broad peak because of water
bonded to molecules was verified for PVP (Figure 2).

DSC curves of PM and SD containing SIM and PEG
were very similar. In PM and SD SIM:PEG 1:1 curves,
the endothermic peak because of SIM melting was
shifted to lower temperatures, accompanied by a signif-
icant decrease in the enthalpy. Otherwise, DSC curves
of PM and SD at higher proportions of PEG exhibited no
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drug endothermic peak. The absence of SIM melting
endothermic in these samples may be due to either the
solubility of the drug in PEG, during analysis in the pan,
or to the presence of amorphous drug.

DSC curve obtained for SIM:PEG 1:5 SD prepared by
MET/SVE method presented the same thermal profile
as that of SIM:PEG 1:5 SD prepared by MET method.
However, a very low enthalpy peak that shifts to lower
temperature corresponding to drug melting was
observed in the DSC curve of PM containing SIM and
PVP in 1:1 and 1:3 ratios. No endothermic event corre-
sponding to melted SIM was observed in the DSC curve of
PM containing SIM and PVP 1:5 ratio (Figure 2I). Proba-
bly, the amount of SIM in PM containing SIM and PVP 1:5
is too small to observe a melting peak.

Considering the DSC curves of SIM : PVP SD (Figure 2II),
the drug melting peak appeared in the SD 1:1 ratio only.
The absence of drug peak in SIM:PVP SD 1:3 and 1:5
ratios indicates a possible drug phase transition into the
amorphous state during SD preparation. This result was
checked by XRPD studies.

XRPD analysis was performed to evaluate the crystal-
linity of the samples as well as a possible size reduction
of the crystal particles.

The XRPD pattern of SIM (Figure 3) and PEG (Figure 4,
bottom) exhibited well-defined diffraction peaks, charac-
teristic of crystalline structures. In contrast, the XRPD
pattern of PVP alone contained no peaks, which is con-
sistent with an amorphous material (Figure 5, bottom).

Figure 1. DSC curves for the drug (a) SIM to polymer (PEG 6000)
ratios (b) 1:1, (c) 1:3, and (d) 1:5 in their (I) PM and (II) SD prepared
by melting method.
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Comparison of XRPD pattern between PM and
their corresponding SD containing SIM : PEG
revealed that the drug remains crystalline in both sys-
tems and in all ratios (Figure 4). XRPD pattern
obtained for SIM:PEG 1:5 SD prepared by the MET/
SVE method is quite similar to that of SIM:PEG 1:5 SD
prepared by the MET method. These results confirm
that the absence of SIM melting peak in the DSC
curves is due to its dissolution in the melted carrier.
Diffraction peaks were investigated for drug particle
size reduction; however, no peak width change was
observed (results not shown).

XRPD pattern of PM containing SIM and PVP, in all
ratios, presented characteristic peaks of drug indicating
that SIM was present as a crystalline material in these
samples (Figure 5). On the contrary, crystalline charac-
teristic peaks were observed only in SIM:PVP SD 1:1
ratio. Peaks of very low intensity were observed in the

diffractograms of SIM:PVP SD 1:3 ratio. No diffraction
peaks were observed in the diffractograms of SIM:PVP
SD 1:5 ratio. Such low-intensity drug peaks or the lack of
crystalline peaks suggests that either a partial drug
transformation into amorphous state, with drug entrap-
ment in the polymeric matrix, may have occurred or
SIM was present in the amorphous state. These results
are consistent with those obtained by thermal analysis
experiments.

Solubility study

The partial solubility of SIM alone determined by UV
spectrophotometry, λ = 239 nm [n = 6, relative standard
deviation (RSD) 2.76%], yielded a value of 3.03 μg/mL
(in 1 hour, sextuplicate). The percentage increase in
SIM release (triplicate) from PM or SD was determined
in comparison to the drug.

Figure 4. XRPD pattern for the drug to polymer (PEG 6000, bottom) ratios 1:1, 1:3, 1:5 in their (left) PM and (right) SD prepared by melting
method.
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Figure 5. XRPD pattern for the drug to polymer (PVP K15, bottom) ratios 1:1, 1:3, and 1:5 in their (left) PM and (right) SD prepared by solvent
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As shown in Table 1, the drug release from all SD was
remarkably improved when compared to their corre-
sponding PM or SIM itself. A direct relationship
between PEG proportion and drug percentage dis-
solved from SD was observed. A significantly higher
release was obtained for SIM:PEG 1:5 SD prepared by
MET/SVE than for that prepared by the MET method.
This is an evidence that a more homogeneous
drug:carrier mixture was obtained by MET/SVE method.

Though XRPD results have not shown the presence of
amorphous SIM but only of low-intensity peaks, drug
release was significantly increased in the SIM:PEG SD 1:5
ratio prepared by the MET/SVE method. A better wetta-
bility and dispersibility of the drug by the carrier may be
the main reason for the observed improvements.

SD prepared with PVP showed the highest improve-
ment in the dissolution rate of SIM compared to the other
dispersions. An increase of 305% in the dissolved statin
concentration was observed (Table 1). Such increment
can be explained by the presence of amorphous SIM, as
indicated by XRPD and DSC experiments. SIM:PVP 1:3
SD showed the best results of all. Unlike SD containing
PEG, the increase in PVP proportion (1:4 or 1:5) did not
result in an increment of drug release.

Stability evaluation of SD

PM and SD containing SIM and PEG or PVP were ana-
lyzed by high-performance liquid chromatography to
investigate the drug’s chemical stability. No drug degra-
dation products were detected in PM or SD containing
PEG prepared by MET or MET/SVE methods (Figure 6a).
This indicates that the drug remains stable at 58°C, dur-
ing the time interval of preparation. In contrast, drug
reduction and appearance of degradation products
could be detected in the chromatograms obtained from
samples of SIM:PVP SD (Figure 6b). The area ratio of
the degradation products peaks to SIM, 6.81% and
10.46%, increased with the increase of PVP ratio, in 1 : 3
and 1:5 SD, respectively. However, degradation prod-
ucts peaks were not observed in the chromatograms of
PM containing SIM and PVP.

These results suggest that the combination of SIM
with PVP in ethanol at 58°C favors drug degradation.
Yang and Hwang18 have reported the formation of
less-polar degradation product for SIM and lovasta-
tin, in stability studies of these statins. These studies
were carried out at 45°C in alkaline medium with dif-
ferent amounts of methanol–water. According to the
authors, the presence of degradation product is due to
a methyl ester formed after the opening of the lactone
ring. Based on these data, we assumed that the less
polar product detected in our studies can be an ethyl
ester of SIM. Therefore, the degradation reaction was
favored by the presence of PVP. The formation of deg-
radation products from SIM:PVP SD had not been
previously reported6,8. This may have been due to the
employment of UV spectrophotometric method used
for SIM quantification in the formulations, a method
not capable of distinguishing the drug from its degra-
dation products.

Table 1. Percentage increase in SIM concentration release in phosphate buffer solution pH 7.40, after 1-hour solubility study.

Statin : polymer ratio

Increase of SIM (±SD) (%)

PEG 6000 PVP

PM SD PM SDa

1 : 1 b 21.67c (0.06) 11.32 (0.03) 39.94 (0.003)

1 : 2 5.89 (0.01) 50.58c (0.02) 30.85 (0.01) 146.35 (0.05)

1 : 3 17.82 (0.03) 46.63c (0.04) 60.38 (0.03) 305.04 (0.03)

1 : 4 31.47 (0.06) 51.89c (0.05) 108.42 (0.08) 251.56 (0.11)

1 : 5 42.54 (0.06) 88.66c (0.07)a 147.51d (0.01) 52.13 (0.02) 273.31 (0.20)

aSolvent evaporation method, bnot observed, cSD prepared by melting, dmelting–solvent.

Figure 6. Chromatograms of (a) SIM:PEG 6000 1:5 SD prepared by
melting–solvent method (SIM retention time t = 7.2 minutes; reten-
tion factor K = 6.9) and (b) SIM:PVP 1:5 SD (arrows show degrada-
tion products; t = 4.4 minutes, K = 3.8 and t = 7.6 minutes, K = 7.3).
Conditions: SIM 28 μg/mL in acetonitrile, acetonitrile:phosphoric
acid 65:35 mobile phase, 1.5 mL/min, λ 238 nm.
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Tablet formulation

Based on solubility study results and stability evalua-
tion, SD SIM:PEG 1:5 prepared by MET/SVE method
was selected for use in tablet formulation.

Physicochemical characteristics of the tablets were ini-
tially evaluated. The summary of weight determination,
hardness test, friability, and disintegration time is pre-
sented in Table 2. The developed tablets met all test
requirements according to the Brazilian Pharmacopeia17.

SIM active ingredient was assayed and the unifor-
mity of content in the tablet samples determined. The
results of drug assay and uniformity of content are pre-
sented in Table 2. The tablets assay showed a drug con-
tent between 90.0% and 110.0% of the claimed value19.
For the content uniformity, all samples met general
specification for tablets (85.0–115.0%, RSD ≤ 6.0%)20.

Dissolution profile of tablets

The dissolution investigation is to provide an estimate
of the drug release from the dosage form. The second-
derivative UV spectrophotometry, λ 248 nm, was used
to quantify drug release in dissolution medium,
because it eliminates the interference from UV-absorb-
ing excipients. Dissolution studies were performed
under sink conditions in a PBS pH 7.4 with 0.5% (w/v)
SLS as similarly described in USP 3219.

The drug release amounts obtained for dissolution
profile study (Figure 7) of SIM:PEG 6000 1:5 SD tablets
were 13.34% in 5 minutes, 23.51% in 10 minutes, 33.47%
in 15 minutes, 49.73% in 30 minutes, 64.56% in 45 min-
utes, and 83.56% in 60 minutes.

It can be observed that the drug release rate from
tablets is constant throughout the study period. The
gradual release of SIM from developed tablets can be
explained by the formation of a viscous solution
because of the presence of a high molecular weight
polymer (PEG 6000), as reported by Anguiano-Igea and
collaborators14. The compaction process of powders to
form tablets may have promoted effective interaction
between the drug and carrier, which resulted in modu-
lation of its release from the polymer matrix. According
to FDA21, for poorly water-soluble drugs (class 2, BCS), a

two-point dissolution specification is recommended to
characterize a dissolution range, which means one point
at 15 minutes and another at a later point (30, 45, or 60
minutes) to ensure 85% dissolution and attest the quality
of low-solubility solid dosage form. Typical compendial
acceptance criteria (Q 75%) for the amount of drug dis-
solved should be added of 5%, as for its interpretation19.
Therefore, a total of 80% drug release should be attested
from the dosage form in 30 minutes. SIM:PEG 1:5 SD tab-
lets release profile presented 49.73% SIM dissolved in 30
minutes and 83.56% in 60 minutes. Despite the slow dis-
solution rate of SIM:PEG 1:5 SD tablets, the amount
released was greater than the minimum final quantity
required (80%) according to USP 3219 in 60 minutes.
Hence, there is a great chance to meet the recommenda-
tions by FDA21. By few formulation adjustments or a
larger sampling, it is possible to meet the requirements
for drugs of class 2. In addition, gradual release can result
in maintenance of the drug plasma level and guarantee
larger administration interval therapy with a lower dose
exposition and less side effects for the patients.

Conclusions

SD are advantageous to increase dissolution of drugs of
low solubility. However, appropriate ratios of drug to
polymer, as well as their method of preparation, must

Table 2. Results for quality parameters of SIM : PEG 6000 1 : 5 SD tablets.

Tests Specificationa Results

Weight determination 400 mgb ± 5.0% (n = 20) 411.2 mg (−2.69% to 4.46%)

Tablet breaking force Min. 30 N (n = 10) 47–60 N

Disintegration time Max. 30 minutes, water (n = 6) Max. 5 minutes

Friability Max. 1.5% (n = 20) 0.16%

Assay 90.0–110.0% (n = 6) 102.96%

Uniformity of content 85.0–115.0%; RSDc max. 6.0% (n = 10) 86.78–104.22%; 5.43%

aAccording to Brazilian Pharmacopeia17,20, except the assay specification which was adapted from SIM tablets
monograph19, btheoretical mean weight, crelative standard deviation.

Figure 7. Dissolution profile of SIM:PEG 6000 1:5 SD tablets in phos-
phate buffer solution pH 7.4 with 0.5% (w/v) SLS.
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be investigated to yield significant drug solubility
increase with no drug degradation. An SD blend
method, MET/SVE, was proven to be more adequate
than individual methods (MET or SVE) for SIM SD
preparations.

Acknowledgments

The authors are grateful to FAPEMIG for the financial sup-
port and CNPq (Brazil) for the fellowship to Silva, T.D.

Declaration of interest 

The authors report no conflicts of interest. The authors
alone are responsible for the content and writing of this
paper.

References

1. Goodman LS, Gilman A. (2003). The pharmacological basis of
therapeutics. 10th ed. New York: Macmillan Publishing Co.

2. Carvalho I, Campo LV. (2007). Estatinas hipolipêmicas e novas
tendências terapêuticas. Quim Nova, 30:425–30.

3. Yu LX, Amidon GL, Polli JE, Zhao H, Mehta MU, Conner DP, et
al. (2002). Biopharmaceutics classification system: The scien-
tific basis for biowaiver extensions. Pharm Res, 19:921–5.

4. Graeser KA, Strachan CJ, Patterson JE, Gordon KC, Rades T.
(2008). Physicochemical properties and stability of two differ-
ently prepared amorphous forms of simvastatin. Cryst Growth
Des, 8:128–35.

5. Leuner C, Dressman J. (2000). Improving drug solubility for
oral delivery using solid dispersion. Eur J Pharm Biopharm,
50:47–60.

6. Ambike AA, Mahadik KR, Pradkar A. (2005). Spray-dried amor-
phous solid dispersions of simvastatin, a low Tg drug: in vitro
and in vivo evaluations. Pharm Res, 22:990–8.

7. Vasconcelos T, Sarmento B, Costa P. (2007). Solid dispersions
as strategy to improve oral bioavailability of poor water soluble
drugs. Drug Discov Today, 12:1068–75.

8. Patel R, Patel M. (2008). Preparation, characterization, and dis-
solution behavior of a solid dispersion of simvastatin with poly-
ethylene glycol 4000 and polyvinylpyrrolidone K30. J Dispers
Sci Technol, 29:193–204.

9. Ford JL. (1986). The current status of solid dispersions. Pharm
Acta Helv, 61:69–88.

10. Kalász H, Antal I. (2006). Drug excipients. Curr Med Chem,
13:2535–63.

11. Brewster ME, Loftsson T. (2007). Cyclodextrins as pharmaceuti-
cal solubilizers. Adv Drug Deliv Rev, 59:645–66.

12. Carrier RL, Miller LA, Ahmed J. (2007). The utility of cyclodextrins
for enhancing oral bioavailability. J Control Release, 123:78–99.

13. Chen Y, Lu Y, Chen J, Lai J, Sun J, Hu F, et al. (2009). Enhanced
bioavailability of the poorly water-soluble drug fenofibrate by
using liposomes containing a bile salt. Int J Pharm, 376:153–60.

14. Anguiano-Igea S, Otero-Epinar FJ, Vila-Jato JL, Blanco-Méndez
J. (1995). The properties of solid dispersion of clofibrate in
polyethylene glycols. J Pharm Acta Helv, 70:57–66.

15. Matsumoto T, Zografi G. (1999). Physical properties of solid
molecular dispersions of indomethacin with poly-(vinylpyr-
rolidone) and poly(vinylpyrrolidone-co-vinyllactate) in rela-
tion to indomethacin crystallization. Pharm Res, 16:1722–8.

16. Mooter GV, Wuyts M, Blaton N, Busson R, Grobet P, Augustijns
P, et al. (2001). Physical stabilization of amorphous ketocona-
zole in solid dispersions with polyvinylpirrolidone K25. Eur J
Pharm Sci, 12:261–9.

17. Brazilian Pharmacopeia. (1988). 4th ed. São Paulo: Atheneu.
18. Yang D, Hwang LS. (2006). Study on the conversion of three

natural statins from lactone forms to their corresponding
hydroxyl acid forms and their determination in Pu-Erh tea. J
Chromatogr A, 1119:277–84.

19. United States Pharmacopeia. (2009). USP 32. 32 rev ed. Rock-
ville: United States Pharmacopeial Convention.

20. Brazilian Pharmacopeia. (1996). 4th ed. São Paulo: Atheneu.
21. Food and Drug Administration. (1997). Guidance for industry, dis-

solution testing of immediate release solid oral dosage forms.
Rockville, MD: Center for Drug Evaluation and Research.



Copyright of Drug Development & Industrial Pharmacy is the property of Taylor & Francis Ltd and its content

may not be copied or emailed to multiple sites or posted to a listserv without the copyright holder's express

written permission. However, users may print, download, or email articles for individual use.


