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Abstract LPSF/GQ-130 is a drug candidate, according to

reports about its significant anti-inflammatory activity and

non-toxicity demonstrated in an acute preclinical study.

Despite this, knowledge of its physical–chemical properties

is insufficient for the development of medicines. Thus, this

work aimed to characterize the raw material at its molecular,

particle, and agglomerate level as well as evaluate its thermal

compatibility to pharmaceutical excipients. Through spec-

trometric techniques the molecular structure of the substance

was confirmed. For thermal analysis its melting (171.3–

176.5 �C) and degradation (238.3–297.4 �C) ranges, besides

its purity (99.37 %), were determined. The kinetic non-iso-

thermal degradation supplied the order of thermal reaction

(0), the activation energy (96.14 kJ mol-1) and the fre-

quency factor (3.130 9 10-7 min-1). The diffraction of

X-rays presented well defined signs in the angles 5.5�, 16.3�,

and 44.18� 2h, suggesting crystalline structure. Scanning

electronic microscopy exhibited needle morphology. LPSF/

GQ-130 presented Type-III isotherm adsorption/desorption,

with a superficial area of 81.3529 m2 g-1 and water content

calculated at 1 % using the Karl Fisher method. Laser

granulometry calculated its granulometry between 11.65 and

13.10 lm, thus it was characterized as a very fine powder.

The prototype was classified as insoluble in water

(\0.0187 lg mL-1) and soluble in acetone and acetonitrile,

and exhibits instability in basic pH (100 %) and oxidative

conditions (30–70 %). In thermal compatibility the excipi-

ents PVP K-30, Compritol� 888 ATO, and MYRJ� 59 seem

to exercise a protective thermal activity for the prototype.
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Introduction

Thiazolidinediones (TDZs) were first developed by Japan in

1980, in the midst of research around the thiazolidine ring,

which presented great scientific interest due to its chemical

properties and biological activities [1]. Due to its insulin-

sensitizing action, TDZs were initially exploited for the

treatment of type II diabetes [2, 3]; however, subsequent

studies have detected the neuroprotective action of some

TDZs against cerebral ischemia and intracerebral hemorrhage

[4–7], suggesting, therefore, its anti-inflammatory activity.

Pharmacologically, these molecules act as agonists for

peroxisomal proliferator-activated receptors of the gamma

subtype (PPAR-c), a transcription factor involved in

metabolism and cellular regulation and differentiation [8].

Although originally believed that PPAR-c would only

influence in the differentiation of adipocytes and glucose

homeostasis [9], its role, recently discovered, in the

inflammatory response has been shown to be sufficiently

important. According to Chung et al. [10], this receptor

inhibits the expression of inflammatory genes, modulating,

among other ways, the action of NF-kb, AP-1, signal

transducers, and activators of transcription. Additionally,

besides its role as a transcription factor, the activation of
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Laboratório de Tecnologia dos Medicamentos, Universidade

Federal de Pernambuco, Recife, PE, Brazil

K. E. R. da Silva (&)

Instituto de Ciências Exatas e Tecnologia, Universidade Federal

do Amazonas, Itacoatiara, PE, Brazil

e-mail: ramos.keyla@gmail.com

M. do Carmo Alves de Lima � S. L. Galdino � I. da Rocha Pitta
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PPAR-c provokes a transrepression performance of mac-

rophage inflammatory genes [11].

Thus, a great volume of preclinical studies have been

published this decade exploring this activity, as pointed out

in the systematic review carried out by White and Murphy

[12]. In this context, the Laboratório de Planejamento e

Sı́ntese de Fármacos of the Universidade Federal de Per-

nambuco, Brazil, synthesized LPSF/GQ-130, TDZ that

demonstrated, through in vitro studies in mice, inhibition of

the inflammatory process in up to 75.1 % and low acute

toxicity of the molecule [13], thus presenting itself as a

powerful candidate for a medicine.

However, since it is a new chemical entity (NQE), the

physical–chemical properties of LPSF/GQ-130 are practi-

cally unknown. Thus, before providing any technological

intervention aiming at the rational description of the

pharmaceutical formularization, its identification becomes

vital, beginning with its physical–chemical characteriza-

tion, besides studies that guide issues of stability [14], with

the objective to establish a standard of molecule identifi-

cation, guaranteeing its quality, safety, and effectiveness.

Aiming to achieve this objective, characterization

studies of the prototype at the molecular, particle, and

agglomerate levels were carried out. For certification of its

chemical structure, nuclear magnetic resonance techniques

(NMR) 1H and 13C, along with absorption spectrometry in

the Fourier transform infrared (FTIR) and mass spec-

trometry (MS) were used. Preliminary stability studies of

the NQE were carried out by means of forced degradation,

in oxidative and hydrolytic conditions. In the ambit of

particle thermal analysis techniques, X-ray diffraction

(XRD) and scanning electron microscopy (SEM) were

used. For agglomerate characterization, laser granulometry

(LG) techniques and determination of the amount of sam-

ple humidity using the Karl Fischer method were used.

Finally, NQE compatibility to different pharmaceutical

excipients was carried out by thermogravimetry.

Materials and methods

LPSF/GQ-130

LPSF/GQ-130, 5-(4-chloro-benzidilene)-3-(2,4-dicloroben-

zil)-thiazolidine-2,4-dione, were granted by the Laboratório

de Planejamento e Sı́ntese de Fármacos (LPSF), situated in the

Departamento de Antibióticos, Universidade Federal de

Pernambuco.

Solvent and reagent

The solvents: Vetec� methyl alcohol P.A. and ethyl alco-

hol P.A. (lots 1007904 and 1002744, respectively),

Dynamic� acetone P.A. and dichloromethane P.A., (lots

42061 and 1002744, respectively), Carlo Erba� acetonitrile

(lot V9E853259E). The water used in the experiments was

ultrapure (MILLI Q�). The solvents used for the prepara-

tion of the mobile phase and samples destined for the study

of forced degradation were filtered in Millipore� filter

membranes with a porosity of 0.22 lm and with 0.45 lm

of cellulose. The substances: Vetec� sodium hydroxide,

potassium phosphate dibasic, hydrochloric acid, and

hydrogen peroxide.

Characterization of LPSF/GQ-130 raw material

Molecular characterization

Fourier transform infrared (FTIR) The infrared spectra

were obtained using PerkinElmer� (Spectrum 400) equip-

ment with an attenuated total reflectance (ATR) device

(Miracle ATR, Pike Technologies Spectroscopic Creativ-

ity) with a zinc selenide crystal. The samples to be ana-

lyzed were transferred directly to the ATR device

compartment. The spectra were obtained with scans from

4,000 to 650 cm-1 in a resolution of 4 cm-1.

Nuclear magnetic resonance The LPSF/GQ-130 samples

were prepared in penicillin tubes and solubilized in deu-

terated chloroform, and were analyzed in a 400 MHz

nuclear magnetic resonance device (Varian�).

Mass spectrometry MS was carried out in a Shimadzu�

mass spectrometer and its samples were prepared for direct

infusion ESI (negative mode) MS analysis. The sample of

LPSF/GQ-130 was first solubilized in acetonitrile (HPLC

grade) and injected in small aliquots into the equipment.

Acetonitrile, methanol, and water as a mobile phase were

used; its retention time was 0.647 min.

Preliminary study of forced degradation The previous

studies of hydrolytic degradation were conducted with

LPSF/GQ-130 raw material, using solutions of HCl,

NaOH, ultrapure water, and HPLC grade acetonitrile for

verification of hydrolysis acid, basic, and neutral, respec-

tively, room temperature and with protection from light.

For hydrolysis verification, the samples were solubilized in

a 0.01 M solution of HCl and NaOH, 0.1 and 1 M of

acetonitrile/water (60:40), evaluating behavior by HPLC

after 72 h of exposure. Neutral hydrolysis was evaluated,

varying only the time of exposure to the aqueous solvent,

also after 72 h of exposure. Oxidative degradation was

conducted using a hydrogen peroxide solution of 1, 3, and

9 % in a solution of acetonitrile/water (60:40) and evalu-

ated for its behaviors for HPLC–DAD after the same time

of exposure used for hydrolyses.
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Since the prototype does not possess an indicative

method of stability that determines the prototype contents

and its related substances, we opted to use the conditions

suited for rosiglitazone and pioglitazone, molecules struc-

turally similar to LPSF/GQ-130, described in the works of

Gomes [15] and Varanasi et al. [16]. Thus, the authors used

column C18 reverse phase, with an acetonitrile/dihydrogen

phosphate mobile phase in the ratios of 55:45 and 35:65

(v/v), respectively. The final pH of this mobile phase was

adjusted to around 6.0. The analysis was carried out under

a flow of 1.2 mL min-1 and an oven temperature of 25 �C.

For verification of the degradation percentage, an LPSF/

GQ-130 calibration curve in the concentrations of 25, 50,

and 100 lg mL-1 in a solution of acetonitrile/water 60:40

were obtained, which showed r2 = 0.999. The peaks

observed in the HPLC had its pureness guaranteed by LC

Solution 1.0 Shimadzu� software, in Shimadzu� equip-

ment equipped with a quaternary system of LC-20ADVP

pumps, degasifier Model DGU-20A, PDA detector model

SPD-20AVP, oven model CTO-20ASVP, automatic

injector model SIL-20ADVP, and controller model SCL-

20AVP.

Particle characterization

Determination of the melting point and purity The DSC

curves for LPSF/GQ-130 were obtained by means of a

Shimadzu� calorimeter, Model DSC-60 under a

50 mL min-1 atmosphere of nitrogen flow, the sample

masses were analyzed at around 2 mg (±0.1), packed in

aluminum hermetically-sealed sample holders. The DSC

curves for thermal characterization and determination of

the pureness of the prototype were obtained, respectively,

at a heating rate of 10 and 2 �C min-1, until the temper-

ature of 300 �C was reached, in triplicate. Before assay

DSC calibration was carried out by means of the melting

point of indium (156.6 ± 0.3 �C) and zinc (419.6 ± 0.3).

The heat flux and enthalpy were calibrated by means of the

melting point of indium (18.59 ± 0.3 J g-1), under the

same conditions as the samples. The thermoanalytical data

were analyzed by means of Shimadzu� TA-60WS�

(Thermal Analysis) version 2.20 software.

Thermal degradation TG/DTA curves as well as the first

one derived from TG (DTG), were used for characteriza-

tion of the prototype and analysis of the degradation

kinetics by means of a Shimadzu� thermal balance, Model

DTG-60H, in a nitrogen atmosphere with a flow of

50 mL min-1, the mass of the samples analyzed at around

3 mg (± 0.2) packed in aluminum sample holders. Char-

acterization was carried out by heating the samples to a

temperature range from 25 to 600 �C at the heating rate of

10 �C min-1. Before testing, instrument calibration, using

a sample of monohydrate calcium oxalate, was verified

with defined losses of mass, and for temperature calibration

and melting enthalpies indium and zinc were used as a

reference.

The non-isothermal kinetic study was carried out

according to Ozawa’s method [17], heating samples up to

600 �C, and with heating rates (A) from 5, 10, 15, and

20 �C min-1. For data handling, the model proposed by

Ozawa was used [17], utilizing the software previously

described above. The angular coefficient (slope) of the

graph that correlates log A versus 1/T (K-1) provides the

process to Ea. The values of the factor frequency (A) and

order of reaction are also obtained in this kinetic study,

from the graph that correlates the residual mass of the

sample by the reduced time in minutes [18–20].

X-ray diffraction The prototype diffractogram was

obtained in a SIEMENS Diffractometer (X-ray diffrac-

tometer, D-5000) equipped with copper anode. The sam-

ples were analyzed at the interval angle 2�H of 2–60 to a

digitalization speed of 0.02�2H s-1. The samples were

prepared in glass supports with a fine layer of powdered

material without any solvent.

Scanning electron microscopy The samples were moun-

ted on double-faced carbon ribbon, and metallized with

gold for 15 min. The analyses were carried out on an FEI�

microscope, model Quanta 200F, with 200 kV of acceler-

ation voltage, low vacuum (0.5 Torr), FEG, and secondary

electrons emitter as a way for image acquisition.

Determination of quantitative solubility in water Excess

LPSF/GQ-130 was placed in a test tube which was filled

with 10 mL of MilliQ� water. The mixture was kept in a

bain-marie with magnetic agitation and a temperature of

37 �C for 24 h. The samples, previously filtered in a Mil-

lipore filter�, were read according to the described method

in the preliminary study of forced degradation. The anal-

ysis was carried out in quintuplicate. The method’s quan-

tification limit was calculated according to Eq. 1.

LD ¼ 10� S=s: ð1Þ

Determination of the qualitative solubility in organic sol-

vents Seven milligrams of LPSF/GQ-130 were added to

three test tubes, to which was added 1 mL of ethanol,

acetonitrile, and acetone, with subsequent sonication last-

ing 5 min. The procedure was repeated until reaching the

necessary amount of solvent for the attainment of a limpid

solution. Solvents that were necessary in lesser amounts

were linked to greater power of solubilization of the pro-

totype [21]. Measurements were carried out using a UV-

mini (Shimadzu�) spectrophotometer, using distilled water

previously filtered through a Millipore filter� as a baseline.
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Characterization of the agglomerates

Laser granulometric analysis The experiment was carried

out by wet means, using ethanol as a means of dispersion.

The preparation of the LPSF/GQ-130 suspension in ethanol

underwent agitation by ultrasound for a 5 min duration. The

analysis was carried out in a particle-size distribution ana-

lyzer (Microtac�, S3500), with an SDC measurement mod-

ule, 70 % flow rate and the Fraunhofer diffraction model.

Determination of superficial area and particle poros-

ity The measurement of specific superficial area and

porosity was obtained by physical adsorption of nitrogen to

powder material, by means of the Brunauer–Emmett–

Teller (BET) method. Therefore, an analyzer of superficial

area, Micrometrics� ASAP 2440, was used, equipped with

software to determine the superficial area (SBET).

Approximately 100 mg of the samples were weighed

which were degasified for 48 h at 110 �C to remove any

adsorbed material on the surface. The samples of the LPSF/

GQ-130 prototype were analyzed with an atomization

temperature of 160 �C in an air flow of 350 mL h-1.

Determination of the raw material humidity content The

determination of the moisture by the volumetric method

was based on aquametry with Karl Fisher reagent, in Schott

Titroline� alpha equipment. The moisture content was

estimated by taking as a base the amount of CombiTitrant 5

reagent (Brand: Merck; Lot: HX083818), with its respec-

tive correction factor, necessary to titrate the water present

in the aliquot of the assayed sample. Dry methanol was

used as a solvent. The calculation of the moisture content

was carried out using Eq. 2.

%moisture ¼ v� cfð Þ =AASð Þ � 100: ð2Þ

where v volume of the Karl Fisher reagent spent to titrate

the water present in the aliquot of assayed sample; cf

correction factor of the equivalent in water capable of

being neutralized by the Karl Fisher reagent; AAS aliquot

of the assayed sample; 100 calculation percentile factor.

Thermal compatibility

The study of the thermal compatibility of LPSF/GQ-130 to

different pharmaceutical excipients was carried out in a

Shimadzu� Thermal Analyzer, model DTG-60H, in a

nitrogen atmosphere with a flow of 50 mL min-1, where

the mass of the samples analyzed were around 3 mg (±0.2)

and 6 mg (±0.2) for pure substances and their physical

mixtures, respectively. All of the samples were packed in

platinum sample holders and subjected to a 10 �C min-1

rate of heating, from 25 to 600 �C. For evaluation of the

results the variation of the initial melting temperatures

(TonsetF) and degradation (TonsetD) of the physical mixtures

(PM) in relation to the pure LPSF/GQ-130 were taken into

consideration. The PM were obtained at the ratio of 1:1

(w/w) with PVP K-30, Starch 1500, Tablettose, Neusilin

FH2, PEG 6000, Compritol 888 ATO, MYRJ 59 (poly-

ethylene glycol 100 stearate), and Polysorbate 80. The

choice of excipients aimed at the attainment of solid dis-

persions and was based on the works of Chowdary et al.

[22], Mishra et al. [23], and Amhed [24], who had obtained

these systems for Pioglitazone.

Results and discussion

Molecular level characterization

The LPSF/GQ-130 molecule (Fig. 1) was elucidated by

means of FTIR, NMR of 13C and 1H, and MS. Beginning with

the first technique the axial deformation band of the C=O

(k = 1,670 cm-1) bond is evident; the typical absorption

bands of the C–N (k = 1,108.86 and 1,085 cm-1) bond,

added to the absence of bands in the typical region of vibration

of the N–H (3,700–3,400 cm-1) bond, showing clearly the

amide function; the bands of aromatical C=C (1,606 cm-1);

besides bands in characteristic frequencies of benzene 1,4

disubstituted (k = 813.28 cm-1); benzene 1,2,4 trisubstituted

(k = 929.12 cm-1); axial deformation of aryl chloride

(k = 1,146.21 cm-1); sulfonamide e (k = 1,332.90 cm-1)

(Fig. 1).

The spectrum obtained from the NMR1H showed vinylic

hydrogen (7.871 ppm); aromatical hydrogens (agglomer-

ated signs in chemical displacements between 7.153 and

5.455 ppm, which when added include an integral area of

seven); and hydrogens bonded to Csp3 (5 ppm, with an

integral area of two). In the NMR spectrum 13C, the

presence of Csp3 (42.534 ppm); two bonds C=O (166.968

and 165.683 ppm); and aromatical carbons (relative to 12

signs between the chemical displacements from 129.636 to

136.932 ppm) can be confirmed. Presently, MS negative

ionization (Fig. 2) allowed for the identification of depro-

tonated (M-1, m/z = 398.74) and decarboxylated (M-29,

m/z = 369.93) LPSF/GQ-130.

The preliminary study of forced degradation of LPSF/

GQ-130 was carried out in conditions of hydrolysis and

oxidation, since these are the most common due to the

presence of oxygen and humidity in the atmosphere [25].

Thus, in acid hydrolysis (HCl 0.01, 0.1, and 1 M) there was

degradation of around 10 % of the prototype in a 72-h

exposure period, not demonstrating a relationship to the

acid concentration, suggesting that the generated instability

is due to the acid catalysis of the hydrolysis reaction,

probably due to the displacement of the balance of disso-

ciation of the water in the reaction.
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On the other hand, in the same exposure period, the

percentages of degradation shown in the basic conditions

(NaOH 0.01, 0.1, and 1 M) demonstrated a well-known

instability, since in all the concentrations of NaOH used;

approximately 100 % of the prototype underwent degra-

dation. The neutral condition did not present a significant

degradation percentage (\10 %) in 72 h of analysis, where

NQE was stable in these conditions.

Particle level characterization

The thermal profile of LPSF/GQ-130 crystals was deter-

mined from the sum of information obtained through DSC

and DTG/DTA curves. Thus, the acute endothermic peak

shown in the DSC curve (Fig. 3) in a temperature of

171.3–176.5 �C (–123.02 J g-1) can be related to its

melting peak, since there was no event of mass loss in the

TG/DTA curves (Fig. 4) at the same range of temperature.

Additionally, the curves obtained demonstrate that the

degradation of the prototype occurs in the range of

238.3–297.4 �C, with 98.6 % loss of mass (Dm). In this

way, the temperature range can be identified in which the

prototype shows itself thermally stable.

According to Oliveira [26], it is possible to calculate the

pureness of the samples from the linearization of the

melting event observed in the DSC curve. This mathe-

matical artifice is reached through the application of the

Van’t Hoff (Eq. 1) equation, where it calculates the mole

fraction of the material impurities, thus allowing for the

indirect calculation of its purity. This method is very

important, above all for drug prototypes because it does not

need a model for its execution and interpretation [27].

This equation corresponds to a melting temperature of

the impurities in the melting process (Ts); the melting

temperature of 100 % pure analyte (at Kelvin) (To); the

mole fraction of the impurities in the liquid phase (X2); the

melting heat of the pure sample (DH); and the gas constant

R (8.3143 J K-1 mol-1).

For this analysis, Araújo [27] affirms that a heating

range of up to 2 �C min-1, in virtue of the reports of sci-

entific literature that point to the increase of the heating

range as a critical point with respect to the reduction of the

purity. This parameter is required because Van’t Hoff’s

equation is only valid for balanced conditions, and there-

fore lower ranges are recommended. Thus, the purity of

99.37 ± 0.19 % and the impurities correlation factor of

11.13 % for the sample of LPSF/GQ-130 were obtained,

the lot used was able to be considered as pure.

Since the TG curves presented a variation of mass, it was

possible to calculate the kinetics of the non-isothermal thermal

degradation of the LPSF/GQ-130 by applying the Ozawa

model [28–30]. According to Soares-Sobrinho et al. [30], the

knowledge about the physical–chemical properties and ther-

mal drug and excipient decomposition comprises one of the

requirements for development of new pharmaceutical prod-

ucts. Sovisi et al. [31] emphasize that, among determined

parameters by this method, activation energy (Ea) possesses

the most interest to evaluate the stability of pharmaceutical

compounds, able to be used for the establishment of a com-

parative profile among various drugs and their associations by

means of the obtained Ea values, the more activation energy,

the more thermal stability of the compound.

Thus the method described by Ozawa, obtained by linear

approximation based on integral calculus beginning with

Arrhenius’ equation is very much used [17, 19, 20, 32–34].

As visualized in Fig. 4, the NQE presents thermal stability

until approximately 238 �C and melts in the range of

171.3–176.5 �C, without alteration of mass. This verifica-

tion is important in view of some substances, such as dic-

lofenac sodium, which can undergo decomposition and/or

cyclization before reaching the melting temperature

depending on the heating rate and the atmosphere of the

assay and, as a consequence, can have errors in the deter-

mination of its melting point [35].

In the assays of non-isothermal kinetic analysis with

rates of heating (A) 5, 10, 15, and 20 �C min-1 TG curves

were obtained that provided the correlation of log A versus

1 K-1(Fig. 5), from the model proposed by Ozawa [17].

The data proceeding from TG curves make possible the

determination of the Ea (96.14 kJ mol-1) and of the factor
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Fig. 2 Mass spectrometry of LPSF/GQ-130 obtained by direct

infusion ESI (negative mode)
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frequency (3.130 9 10-7 min-1), beyond the order of the

reaction of the thermal decomposition process of LPSF/

GQ-130, calculated at zero. In accordance with the last

result, the reaction of the loss or thermal decomposition of

the prototype can be inferred independent of the reagent

concentration and is constant with regard to the time [36].

All the data were obtained through the graph that correlates

sample residual mass by the reduced time (Fig. 5b). The

graph in question demonstrated a good correlation of the

assays carried out under four heating rates.

Agglomerate level characterization

LG gave evidence of the average diameter of the

agglomerate particle of the prototype at 12.48 lm. This

technique was established as an international standard [37]

for generating results comparable to those obtained by the

method indicated in the Brazilian Pharmacopeia 5th edition

[38]. Additionally, it was possible to determine, from the

granulometric distribution curve (Fig. 6), the range of the

average prototype granulometry at 11.65–13.10 lm, the

result used as a parameter for future quality studies to be

carried out on other lots of this material. Such results define

this material as a fine powder, according to the Brazilian

Pharmacopeia 5th edition.

According to Castellanos et al. [39], particles that pos-

sess a diameter below 30 lm present dominant interpar-

ticular cohesiveness. Such a phenomenon intensely

compromises the raw material flow properties, and this

represents a critical point in diverse unitary processes of

production of pharmaceutical forms, such as mixture,

compression, adequate filling of the matrices, and trans-

position of scale, among others [40, 41].

According to Torrado and Torrado [42], the knowledge

of the crystalline form of the material in question is

essential for the rational planning of the development of a

pharmaceutical form, because the geometry in which

crystals present themselves can signal how easily this can

be formulated, also the ambit of the flow properties

[42, 43].

According to Nery et al. [44], spherical particles present

compression behavior and foreseeable flow for relatively

simple models. Meanwhile, deviation from the spherical

form or, difficult forms to be described by simple geo-

metric figures, present difficulties in the forecast of its

productive performance.
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Fig. 3 DSC curve of LPSF/

GQ-130 under a 50 mL min-1

atmosphere of nitrogen flow and

at a heating rate of 10 �C min-1
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Fig. 4 TG/DTG and DTA

curves of LPSF/GQ-130 under a

50 mL min-1 atmosphere of

nitrogen flow and at a heating

rate of 10 �C min-1
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Thus, in accordance with the results obtained by scan-

ning electronic microscopy and XRD, the crystalline

behavior of the prototype can be verified, since the XRD

presented well defined peaks in angles 5.5�, 16.3�, and

44.18� 2h (Fig. 7), besides the absence of characteristic

signals of an amorphous state, found in the 0�–10� region.

However, it is possible that there exists only small amor-

phous fractions, in an inferior ratio of 1 % (Nery et al.)

[44], given the equipment sensitivity. Additionally,

micrographs emitted by the SEM (Fig. 7b) suggest needle

geometry of the crystals. The crystalline structures

presented adsorption/desorption isotherm type-III (Fig. 8),

related to non-porous solids associated with mesopores

(pores with a diameter of 20–500 Å) [45], as usually cited

by the scientific literature. The superficial area was deter-

mined to be 81.3529 m2 g-1. The water content of the

sample was around 1 %.

According to Saifee et al. [46], crystalline structures in

the needle form present inadequate properties of flow when

compared with particles of cubical or rounded morphology,

where the intervention of excipients is necessary to submit

them to diverse industrial processes destined for the

attainment of medicines. Thus, the material is presented, a

priori, inadequate for production of pharmaceutical forms,

and the necessity of technological intervention of this

material is evident, in order to avoid mixture heterogeneity

and eventual problems of production.

The accurate quantification of the aqueous solubility of

the prototype cannot be calculated, because it presents

itself as inferior to the limit of quantification of the method

used by HELC. Thus, it can be affirmed that this parameter

assumes a value of \0.0187 lg mL-1. The aqueous

insolubility of the NQE represents one of the most chal-

lenging aspects in the development of pharmaceutical

forms administered orally [47]; and therefore, several
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techniques have been used to develop the hydrosolubility

of pharmaceutical compounds, and thus to get profiles of

adequate dissolution and biodisponibility [48]. According

to Alves et al. [48], the attainment of solid dispersions

represents a work of major industrial application because it

deals with one simple low cost technique, besides supply-

ing satisfactory results.

In the evaluation of qualitative solubility in organic sol-

vents it was proven that LPSF/GQ-130 is more easily soluble

in acetone and acetonitrile than in ethanol (Table 1). How-

ever, although acetone presents satisfactory parameters, its

use is not diffused in molecules with similar chemical

structure of the prototype in question, besides absorbing UV

radiation near the classic wave length of organic molecules

50
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Fig. 8 Absorption and

desorption isotherm of LPSF/

GQ-130

Table 1 Amounts required of solvents for solubilizing the LPSF/GQ-130

Solvent used Requisite amount

of solvent/mL

Wavelength/nm Absorbancea T0 Absorbancea T24

Acetonitrile 6 327 0.287 0.276

Acetone 2 327 0.347 0.332

Ethanol 35 328 0.363 0.355

a From 5 lg mL-1 LPSF/GQ-130 solution

40.00

Endo

20.00

0.00

–20.00

–40.00

–0 100 200
Temperature/°C

300

DTA
uV

LPSF/GQ–130

PM LPSF/GQ–130 + HPMC 1:1

PM LPSF/GQ–130 + PVP K–30 1:1

PM LPSF/GQ–130 + Tabletose 1:1

PM LPSF/GQ–130 + PEG 6000

PM LPSF/GQ–130 + Myrj 1:1
PM LPSF/GQ–130 + Compritol 888 ATO
PM LPSF/GQ–130 + Neusilin FH2

PM LPSF/GQ–130 + Starch 1500

PM LPSF/GQ–130 + Polysorbate 80

Fig. 9 DTA curves of PM (1:1)

under a 50 mL min-1

atmosphere of nitrogen flow and

at a heating rate of 10 �C min-1

2346 A. C. Q. de Medeiros Vieira et al.

123



and rarely being used in high efficiency liquid chromatog-

raphy with diode ray detection (HELC-DAD). Additionally,

acetonitrile was used as much as a component of the samples

as it was a mobile phase in diverse studies carried out with

rosiglitazone, a structurally similar substance to LPSF/GQ-

130 [15, 49]. For this reason, acetonitrile seems to be ideal as

a solvent and/or co-solvent in the preparation of samples in

solution of this prototype.

Thermal compatibility

Figures 9, 10, and 11 present, respectively, DTA, TG, and

DTG curves of LPSF/GQ-130 and its PM. DTA curves

demonstrate that all excipients provoke variations in the

initial melting temperature of the prototype; however, the

majority of them are insignificant variations. DTA curves

of the PM with PVP K-30, PEG 6000, MYRJ 59, and

DTG
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Fig. 10 DTG curves of PM
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Fig. 11 TG curves of PM under

a 50 mL min-1 atmosphere of

nitrogen flow and at a heating

rate of 10 �C min-1

Table 2 Values of the initial melting temperature (TonsetF) and degradation (TonsetD) LPSF/GQ-130 against the evaluated excipients

Sample TonsetF/�C DTonsetF/�C TonsetD/�C DTonsetD/�C

Pure LPSF/GQ-130 171.3 – 270.51 –

PM LPSF/GQ-130 ? HPMC 165.45 –5.85 277.98 ?7.48

PM LPSF/GQ-130 ? PVP K-30 158.41 –12.89 307.09 136.59

PM LPSF/GQ-130 ? Neusilin FH2 162.51 –8.79 270.48 –0.02

PM LPSF/GQ-130 ? PEG 6000 149.22 –22.08 270.48 –0.02

PM LPSF/GQ-130 ? Starch 1500 165.59 –5.71 279.73 ?9.73

PM LPSF/GQ-130 ? Tabletose 164.70 –6.6 273.64 ?3.14

PM LPSF/GQ-130 ? Myrj 59 147.10 –24.2 298.76 128.25

PM LPSF/GQ-130 ? Compritol 888 ATO 159.01 –12.29 287.24 116.73

PM LPSF/GQ-130 ? Polysorbate 80 161.08 –10.22 270.50 ?0.01

Bold values indicate the most discrepant results that was obtained
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Compritol 888 ATO demonstrate considerable anticipation

of the melting of LPSF/GQ-130 (Table 2). This fact reflects

that, in the presence of these excipients, the NQE crystals

weaken; since, a lesser amount of energy is necessary to

undo the crystalline network (melting), suggesting an

interaction between substances involved [50]. On the other

hand, to weaken the crystalline structure also reflects an

increase of aqueous solubility of the substance, this being a

beneficial consequence for LPSF/GQ-130 that presents a

very low solubility in water. In accordance with the TG

curve and its derivative (DTG) (Figs. 10, 11) it is possible

to perceive that, although the anticipation of the initial

melting temperature, there was retardation in the initial

temperature of degradation for the excipients PVP K-30,

MYRJ 59, and Compritol 888 ATO (Table 2). In this case,

thermal stability was prolonged; since, the PM needs higher

temperatures to initiate the process of thermal degradation

of the prototype. This protection phenomenon of the active

substance on the part of the polymer derives from the

incorporation of the melted prototype in the polymer [31].

Additionally, the DTA curve demonstrates a significant

reduction of the intensity of the melting peak of LPSF/GQ-

130 in the PM with PEG 6000. This can be attributed to the

partial solubilization of the prototype when the polymer is

melted [51]. On the other hand, it is perceived that PEG

6000 kept the initial temperature of degradation of the

prototype, where it was able to affirm that this excipient

promotes an increase of solubility of the medicine, how-

ever it does not protect it thermally. The total solubilization

is frequently observed in the diverse PM of other medicines

with PVP K-30, and ibuprofene, naproxene, captopril, and

cetoprofene [52]. However, for LPSF/GQ-130 the solubi-

lization in melted PVP K-30 only seems to be partial,

related to the saturation concentration of the prototype in a

polymer, probably due to the difficulty of the formation of

hydrogen bonds between substances, since both possess

only acceptor points of hydrogen bonds, thus not possess-

ing a donor for the establishment of the interaction.

Conclusions

The sum of information supplied by NMR of 1H, 13C,

absorption spectrometry in the IR region and MS allowed

for the identification of the molecule proposed by Santos

et al. [13]. Thermal analysis proved very useful, because it

was possible to determine its melting range, initial degra-

dation temperature, thermal stability, prototype-excipient

compatibility and, above all, the determination of its purity

derived from Van’t Hoff’s equation, since the prototype

does not yet possess an established standard. The set of

physical–chemical techniques, such as granulometry,

superficial area, and porosity, showed LPSF/GQ-130

properties as inadequate for medicinal development, where

the necessity of technological intervention to bypass these

problems has clearly become necessary. Finally, the pre-

liminary study of forced degradation demonstrated the

instability of LPSF/GQ-130 to basic and oxidative condi-

tions (hydrolysis). The percentage of degradation through

neutral hydrolysis was not significant.
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