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Abstract Thermogravimetry (TG) and differential scan-

ning calorimetry (DSC) are useful techniques that have

been successfully applied in the pharmaceutical industry to

reveal important information regarding the physicochemi-

cal properties of drug and excipient molecules such as

polymorphism, stability, purity, and formulation compati-

bility among others. In this study, lovastatin was studied by

TG, DSC, and other techniques such as Fourier transform

infrared spectroscopy, optical microscopy, X-ray diffrac-

tion, chromatography, and mass spectrometry. Lovastatin

showed melting point at 445 K and thermal stability up to

535 K. It presented morphological polymorphism, which in

the drug has the same unit cell, but with different crystal

habits. Preservative excipient butylhydroxyanisole (BHA)

causes amorphization of lovastatin crystallites and, there-

fore is incompatible with lovastatin. Degradation by

hydrolysis was observed under neutral, acid, and basic

conditions. The active degradation product, lovastatin

hydroxyacid, was obtained after neutral and basic

hydrolysis.
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Introduction

Several reports in the literature demonstrate the importance

of thermal analysis by thermogravimetry (TG) and differ-

ential scanning calorimetry (DSC) in the characterization,

polymorphism identification, purity evaluation of drugs,

compatibility studies for the pharmaceutical formulation,

stability, and drugs thermal decomposition [1–12].

Hypercholesterolemia is characterized by elevated plasma

levels of low-density lipoprotein-cholesterol (LDL-c). This

results in premature atherosclerosis and in increased risk of

cardiovascular disease, which is the major cause of morbidity

and mortality around the globe [13–15]. The chance of

developing a coronary event without effective management in

men and women was at least 50 and 30% higher, respectively

[16]. Therefore, diagnosis and treatment of hypercholester-

olemia with statins is important for cardiovascular risk

reduction [17]. In fact, the antilipemic statin drugs are widely

consumed in Brazil and most of them are chemically derived

from lovastatin (I) with minor chemical modifications.

Lovastatin, C24H36O5, is a white crystalline powder with

a melting point at 447.5 K, under N2 atmosphere. It presents

maximum UV absorptions at 231, 238, and 247 nm in

acetonitrile. It is quite soluble in chloroform (350 mg/mL),

soluble in acetone (47 mg/mL), sparingly soluble in

acetonitrile (28 mg/mL), methanol (28 mg/mL), ethanol

(16 mg/mL), and n-propanol (11 mg/mL) [18]. Lovastatin
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is practically insoluble in water (0.4 mg/mL) and has

a partition coefficient, Log P (octanol/water), of 4.26

[18, 19].
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Drugs as lovastatin, with low solubility and high per-

meability belongs to the Class II in the biopharmaceutics

classification system (BCS), in which, dissolution process

is the rate-limiting step for the absorption, and IVIVC (in

vivo–in vitro correlation) can be expected [19–21]. Hence,

it is important to evaluate drug features, such as the pres-

ence of polymorphism, stability, and compatibility of the

pharmaceutical formulation, since any changes can directly

influence its bioavailability.

Therefore, the aim of this study was to evaluate the

characterization of lovastatin using a variety of techniques

including TG and DSC, thermal optical analysis (TOA),

optical microscopy, Fourier transform infrared spectros-

copy (FTIR), chromatography, mass spectrometry, and

X-ray diffraction (XRD). Formulation compatibility stud-

ies, identification of polymorphism, and degradation prod-

ucts were carried out to help understanding the solid-state

characterization, consequently, evaluate the quality control

for this important active pharmaceutical ingredient.

Experimental

Lovastatin characterization was performed using TG, DSC,

and IR. TG curves (thermobalance TGA50H, Shimadzu)

used conditions were heating rate 10 K/min, from room

temperature up to 1023 K, nitrogen flow rate 50 mL/min,

with a mass of 5.0 mg in an alumina crucible. DSC curves

(DSC50 calorimeter, Shimadzu) were obtained under

nitrogen flow rate 50 mL/min, heating rate 10 K/min from

room temperature up to 673 K. The aluminum crucible was

partially closed with about 0.5–1.0 mg of sample. The

assessment of purity by DSC was made by Van’t Hoff

equation using the Shimadzu Purity Determination Pro-

gram Software, version 2.20.

The FTIR experiments were carried out using a Spec-

trum One Perkin Elmer spectrometer. The spectrum was

obtained using the KBr disks, with resolution of 0.5 cm-1,

and 10 scans.

Compatibility studies were performed by DSC tech-

nique, considering three local market formulations con-

taining 20 mg of lovastatin: two generics (A and B) and

one reference dosage form (C). The excipients of each

formulation were (i) A—citric acid, ethanol, corn starch,

butylhydroxyanisole (BHA), indigo blue dye, magnesium

stearate, povidone 30 (Kollidor K30�), microcrystalline

cellulose, and ascorbic acid; (ii) B—BHA, lactose, starch,

microcrystalline cellulose, magnesium stearate, and

indigo; and (iii) C—lactose hydrate, pregelatinized starch,

micronized cellulose, magnesium stearate, and butylhydr-

oxyanisole (BHA).

All ingredients listed for the tablets development were

individually evaluated by DSC. In addition, 1:1 ratio binary

mixtures of drug to each excipient, the commercial phar-

maceutical formulations and placebo (of Formulation B)

were tested to evaluate lovastatin thermal behavior and the

formulations compatibility. For the search for drug–

excipient interactions in the binary mixtures 5 mg of the

drug was used with the same amount of excipient, to

maximize the probability of observing an interaction. Then,

multicomponent mixtures, as it occurs in dosage forms

were evaluated [22–24].

The search for polymorphs occurrence began with the

drug recrystallization under different conditions using the

following solvents: dichloromethane, methanol, ethanol,

water, acetone, and hexane; room (303 K) and cooled

(263 K) temperatures; saturated and diluted solutions were

used. Analysis was performed by DSC, thermo-optical

analysis (TOA) (FP90 and FP82OA Mettler Toledo),

optical microscopy coupled with camera (Siedentopf), and

X-ray powder diffraction (XRD). For the XRD experi-

ments, a Geigerflex Rigaku diffractometer with cobalt tube

(CoKa), operating voltage at 32.5 kV and 25.0 mA current

was used. A D5000 Siemens diffractometer (CuKa tube,

40 kV and 30 mA) equipped with graphite monochromator

for sample under spinning, 60 rpm, with steps of 0.01�/2h
with constant time of 20 s per increment was used to obtain

crystal refinement by the Rietveld method [25–27].

Chromatographic studies using HPLC/UV-DAD (HP12

00, Agilent) and HPLC/MS–MS (Quattro LC, Micromass)

in the electrospray ionization (ESI) positive mode were

performed. The search for identifying degradation products

after drug stress conditions could possibly be correlated

with the degradation products from the incompatibilities

found by thermoanalytical studies of DSC. The stress

conditions (intrinsic stability) of lovastatin was systemati-

cally investigated after 4 h of exposure under distinct

conditions: (i) dry heat at 378 K, (ii) reflux over steam bath

in water, (iii) in NaOH 1 M, (iv) in HCl 1 M, (v) in

aqueous solution of H2O2 3%, and (vi) UV light (254 nm).
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HPLC/UV-DAD method used was developed and opti-

mized according to lovastatin monograph described in the

United States Pharmacopeia [25]. Chromatographic con-

ditions used were: column RP8 (OS, 250 9 4 mm, 5 lm,

Merck), mobile phase: acetonitrile/phosphoric acid 0.1%

V/V (65:35); 1.5 mL/min, injection volume of 10 lL; UV-

DAD detection: k 238 nm, 303 K, samples concentration

40 lg/mL in acetonitrile [28–30].

Results and discussion

After DSC and TG drug characterization, lovastatin (Fig. 1,

bottom; Fig. 2, curve 1, respectively) showed melting point

at 445 K with characteristic endotherm peak and fusion heat

(DH) of 87.6 J/g, and the thermal decomposition begins

after fusion and showed thermal stability up to 503 K. The

infrared spectrum showed no wavenumber displacement

compared to the reference spectrum, registered in British

Pharmacopoeia, and displayed major bands at 1603, 1590,

1564, 1248, 1188, and 1109 cm-1 [19, 31].

Generally, in compatibility studies, thermal analysis

techniques allow the prior choice of more stable phar-

maceutical formulations at very short time. This can be

observed through by the evaluation of the interactions that

may occur, first in their binary mixtures and afterward in

their multicomponent mixtures. The quality of the

provided information along with the speed of analysis is

welcome and desirable for the pharmaceutical industry,

but it does not substitute conventional stability studies

implied by regulatory agencies [32]. The DSC curves

profile from compatibility studies may show changes in

the fusion range, shape or area of the peaks, as well as,

appearance or disappearance of thermal events after

mixing two components. They may indicate interactions

or chemical reactions that must be confirmed by other

analytical techniques.

In the DSC curves for the binary mixture of lovastatin

with each described excipient (Fig. 1), changes at the
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melting point of the drug were observed for the corre-

spondent lovastatin/BHA and lovastatin/citric acid mix-

tures. In the mixture lovastatin:BHA (1:1), the drug

melting point disappeared, indicating a possible drug

incompatibility. For the lovastatin/citric acid evaluation

using TOA, it was observed that this excipient melts

around 428 K, before that of the lovastatin. Because lov-

astatin dissolves in it, this can explain the disappearance of

the drug melting peak for such binary mixture by DSC.

This observation does not characterize itself as an incom-

patibility neither as a chemical reaction. For the other

excipients tested, the drug full merger remained the same

with a small change in DH (J/g). However, the most sig-

nificant thermal event occurred in the same temperature

range, with little change according to the curves presented

in Fig. 1, these small changes may indicate the occurrence

of weak interactions in lovastatin tablets. When pharma-

ceutical formulations or multicomponent mixtures were

analyzed by DSC, the event of lovastatin fusion disappears

as happened to the mix lovastatin/BHA.

In order to better assess the drug interaction with BHA,

a new evaluation by TG (Fig. 2) were conducted. However,

the events of mass loss in the TG of the mix lovastatin/

BHA did not show any incompatibility, as a result of the

sum of the individual events, suggesting that there is no

chemical reaction.

Analyzing the lovastatin/BHA mixture by XRD (Fig. 3),

it was observed that there was a drug amorphization after

physical contact for a short time period of 10 days in 1:1

ratio. It suggested that the BHA does not have a chemical

reaction with the drug, but, there is a chemical interaction

between them. Similarly, the amorphization process of

antilipemic simvastatin is already known after contact with

PVP (poly(N-vinyl pyrrolidone)) [33]. However, as the

concentration of BHA (0.2%) in the dosage form is very

small, it may explain the fact that the pharmaceutical

product does not present amorphization in larger scales.

The search for identification of lovastatin polymorphism

began with DSC analysis at different temperature rates.

Heating rates of 2 and 20 K/min under nitrogen atmosphere,

from room temperature up to 453 K, revealed no crystalline

transition events and there were no double melting peaks. In

principle, this discharges the presence of polymorphs in

lovastatin. Recrystallization was performed under different

conditions, such as different solvents, temperatures, and

solution saturations. By optical microscopy, differences in

crystal morphologies were observed. The crystals obtained

from water and from acetone presented a tabular form,

while the crystals from methanol and from ethanol pre-

sented an acicular (needle) form (Fig. 5, in box).

With the aim of identifying the polymorphic forms, DSC

curves were obtained (Fig. 4) to acicular and tabular forms,

no crystalline transition events and there were no double

melting peaks, indicating no polymorphism. It can be

observed that the crystals have the same melting point and

temperatures with purity exceeding 99% for acicular and

tabular crystals, according to Van’t Hoff equation [34–36].

By powder XRD analysis it was possible to observe that

there were differences between the crystallographic mate-

rial from the acicular and tabular crystals type (Fig. 5).

There are differences regarding the intensity in specific

plans for reflection, showing the same crystal unit cell with

some preferred orientation in the development of macro-

scopic crystallites in different ways.

The experimental diffraction patterns were fitted by

Rietveld algorithm, and the structure due to both diffrac-

tion experiments is the tabular crystal form for lovastatin

(Fig. 6, Table 1). Lovastatin did not show the classic

polymorphism, nevertheless, it presented a distinctive

morphology. It presented the same unit cell dimensions

under different crystal habits, indicating that different

solute–solvent interactions occur during the preferential

crystallization process. This polymorphism does not alter
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its physicochemical properties. Both forms have the same

stability, solubility, and reactivity.

A HPLC/UV-DAD method was validated for lovastatin

in the presence of degradation product: capacity factor (k0)
of 11.96, peak symmetry (As) of 1.04, theoretical plates/

column (N) of 5089, repeatability and intermediate preci-

sion (RSD less than 2%), accuracy intra-day and inter-days

with percentage recovery of 100.04 and 100.31% were

satisfactorily obtained. Linear correlation coefficient

(r) was greater than 0.99 in the range of 1–60 lg/mL.

Detection limit of 0.05 lg/mL and quantification limit of

0.15 lg/mL. Selectivity studies, performed after drug stress

conditions, and robustness were appropriate.

The chromatograms of lovastatin obtained before and

after exposure to each stress conditions can be seen in

Fig. 7. Authors have reported that lovastatin undergoes

hydrolytic degradation in acid and basic conditions, pro-

ducing more than one product in each condition and these

products present an UV spectra quite similar to that of the

drug, suggesting that the structure of the drug chromophore

still remains after its degradation [37]. Generally, as the

retention time of an analyte peak is located as close as

possible to the retention time of a reference peak, as well as,

it shows spectra with similarity index (SI) greater than 0.99,

the peaks refer to a similar compound [38].
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Fig. 5 XRD results obtained for lovastatin crystals in (a) acicular and

(b) tabular form, and images obtained by optical microscopy (1009)
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Table 1 Fitted X-ray parameters for lovastatin by Rietveld method

Parameter Results

Lattice Orthorhombic

Space group P21 21 21

a 22.59364 ± 0.04907

b 17.65434 ± 0.03816

c 6.08425 ± 0.01322

a 90.00000�
b 90.00000�
c 90.00000�
Final Rwp 9.46%

Final Rp 7.19%
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Fig. 7 Lovastatin chromatogram before (bottom) and after stress

conditions: neutral hydrolysis; acid hydrolysis; basic hydrolysis;

oxidation; exposure to UV light; and exposure to temperature (dry heat)
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As shown in Fig. 7, lovastatin presented degradation when

subjected to neutral, acid, and basic hydrolysis, as reported in

[38]. The retention time (tR) peak at 1.351 min, shown after

oxidation, refers to the peak of hydrogen peroxide. Spectra of

possible degradation products peaks were compared to lova-

statin spectrum using the SI. In Fig. 8a, the sample under

neutral hydrolysis shows a degradation product in tR
3.438 min, which has an identical spectrum to that of lova-

statin (tR 5.182 min). Its similarity index (SI) 0.9997, indi-

cating that both chromophores are the same. The samples

under acid hydrolysis degraded, and tR at 6.62 min does not

refer to chromophore structure similar to the lovastatin, as it

presents SI 0.0250 to lovastatin (Fig. 8b). There were no

observed degradation products peaks with spectra similar to

the drug, as reported in [38]. For the sample under basic

hydrolysis, which was also completely degraded, the degra-

dation products peaks related to tR at 1.578 and 3.494 min

showed SI 0.9501 and 0.9995, respectively, to lovastatin

(Fig. 8c, d).

After intrinsic stability tests and observations on hydro-

lytic degradation of lovastatin, the drug was subjected to

physical contact (4 h, 333 K) with BHA and citric acid

excipients, which were given incompatible by DSC, to

assess and identify a possible degradation product by

HPLC. However, no degradation product peak was formed

and there was no reduction of lovastatin peak area, showing

that no chemical reaction between lovastatin and BHA or

citric acid occurred in these conditions.

Analysis by HPLC/MS–MS was performed using the same

analytical conditions than those for the validated method,

except that phosphoric acid was replaced by formic acid

because equipment adjustments. The degradation product

peak under neutral hydrolysis at tR 3.438 min and under basic

hydrolysis at tR 3.494 min, refers to lovastatin hydroxyacid

(II) M/Z (M* ? 1) 423.6 g/mol. Lovastatin hydroxyacid has a

higher polarity than lovastatin, what explain its lower reten-

tion time in chromatographic analysis using a reversed phase

column. The ultraviolet spectra similarity of the hydroxyacid

with lovastatin is due to the presence of the same chromophore

structure (diene) in both molecules.
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Fig. 8 Overlay of UV spectra of lovastatin (tR 5.18, k0 11.96) before

(—) and after stress conditions (_ _ _) obtained for degraded solutions

under (a) neutral hydrolysis (tR 3.4, k0 7.5), (b) acid hydrolysis (tR
6.62, k0 15.55), (c) basic hydrolysis (tR 1.6, k0 3.0), (d) basic

hydrolysis (tR 3.5, k0 7.75)
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Conclusions

Lovastatin pro-drug showed thermal stability up to 503 K,

melting point at 445 K, and total degradation at 535 K. The

drug was compatible in the presence of all evaluated ex-

cipients, except for BHA, which triggers a process of

amorphization. Lovastatin does not show classic polymor-

phism, however distinctive morphology, with the same unit

cell and different crystal habits may occur. This morpho-

logical polymorphism does not alter its physicochemical

properties and, thus, both forms, crystalline tabular or

needle, have the same stability, solubility, and reactivity.

Lovastatin degrades under neutral, acid, and basic hydro-

lysis. The active degradation product under neutral and

basic hydrolysis is the lovastatin hydroxyacid.
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