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Abstract In this work, TG/DTG and DSC techniques

were used to the determination of thermal behavior of

prednicarbate alone and associated with glyceryl stearate

excipient (1:1 physical mixture). TG/DTG curves obtained

for the binary mixture showed a reduction of approxi-

mately 37 �C to the thermal stability of drug (TMax
dm=dt¼0 DTG).

The disappearance of stretching band at 1280 cm-1 (mas C–

O, carbonate group) and the presence of streching band

with less intensity at 1750 cm-1 (ms C–O, ester group) in

IR spectrum obtained to the binary mixture submitted at

220 �C, when compared with IR spectrum of drug sub-

mitted to the same temperature, confirmed the chemical

interaction between these substances due to heating.

Kinetics parameters of decomposition reaction of predni-

carbate were obtained using isothermal (Arrhenius equa-

tion) and non-isothermal (Ozawa) methods. The reduction

of approximately 45% of activation energy value (Ea) to

the first step of thermal decomposition reaction of drug in

the 1:1 (mass/mass) physical mixture was observed by both

kinetics methods.
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Glyceryl stearate � Compatibility study � Kinetic study

Introduction

Chemical kinetic concepts were originally based on

empirical studies of homogeneous reactions in the gas

phase. Solid-state kinetic concepts did not develop sepa-

rately. However, applying these concepts was justified in

the solid-state because of similarities to some homoge-

neous reactions [1]. The main objective of kinetic studies

of chemical reactions is to determine kinetic parameters

that can be used to predict the stability of some chemical

species. Thermal analysis has been widely used for studies

kinetics of solid-state reactions in order to determine

kinetic parameters such as activation energy (Ea) and

reaction order [2–9].

When the reaction involves mass loss (Dm) as a function

of heating, the kinetic study may be performed by ther-

mogravimetry (TG). The kinetic study of solid-state reac-

tions also can be performed by differential scanning

calorimetry (DSC), based on heat evolved or consumed.

The kinetic of thermally stimulated reaction is usually

studied under conditions of isothermal or non-isothermal

heating. Conventional method of isothermal study by TG

uses the Arrhenius equation to determine these kinetic

parameters. Ozawa’s method, originated by linear

approximation based on integral calculus from Arrhenius

equation, is widely used in non-isothermal study, allowing

also determine the kinetic parameters of the reaction [2, 3,

5, 8, 10].

It were presented in this work, the results obtained in

compatibility study between prednicarbate and glyceryl

stearate excipient, and the results obtained in kinetic study

of the first step of thermal decomposition reaction of drug

alone and associated with glyceryl stearate (1:1 physical

mixture). Prednicarbate is a potent corticosteroid, double-

ester derivative of prednisolone (Fig. 1). This drug has a
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low potential in causing skin atrophy, being frequently

used in the treatment of atopic dermatitis [11–16]. Glyceryl

stearate excipient is an emulsifier frequently used in semi-

solid pharmaceutical form. The kinetic parameters deter-

mination of drug decomposition reaction was performed by

isohtermal and non-isothermal methods using, respectively,

Arrhenius equation and Ozawa’s method.

Materials and methods

Materials

The prednicarbate, a drug used to accomplish the kinetic

studies by isothermal and non-isothermal methods, was

obtained from the Hawon Biochemical Science Co., Ltd,

lot number HW05PDC002. This compound (Fig. 1) has a

molecular mass and formula of 488.58 g mol-1 and

C27H36O8, respectively. The glyceryl stearate was obtained

from Oxiteno Industry, lot number 050917M12676.

Methods

Preparation of the binary mixture

The prednicarbate and glyceryl stearate excipient were

ground separately in a mortar for 15 min until obtaining

finely divided powder. The 1:1 (mass/mass) homogeneous

physical mixture between them was obtained by the mix-

ture of equal quantities of these substances (powders).

Thermal analysis

The DSC curves of prednicarbate, glyceryl stearate and

binary mixture between them were recorded using Shi-

madzu model DSC-50 under dynamic N2 atmosphere

(50 mL min-1) and at a heating rate (b) of 10 �C min-1 in

the 25–550 �C temperature range, using aluminum

crucibles partially closed and weighed approximately 2 mg

of each samples. DSC cell was calibrated with In0

(DHfus = 28.57 J g-1; m.p. = 156.6 �C) and Zn0 (m.p. =

419.6 �C) standards. The TG/DTG curves of these

same samples were obtained with a thermobalance

Shimadzu model TGA-51 under dynamic air atmo-

sphere (50 mL min-1) and at b = 10 �C min-1 between

25–900 �C, using platinum crucibles with approximately

25 mg of sample loads.

Isothermal thermogravimetric studies were performed

using the drug alone and 1:1 physical mixture between

prednicarbate and glyceryl stearate. The experiments were

carried out using the same equipment and conditions of the

dynamic TG, however, the samples were heated to 10 �C

lower than Ti (where Ti is the isothermal temperature) at a

b of 20 �C min-1 and that at 2 �C min-1 to reach Ti. The

initial value of Ti was determined in the DTG curve for

both the samples, corresponding to the maximum temper-

ature that dm/dt had become different of zero. From this

temperature (TMax
dm=dt¼0 DTG, Table 1), other values were

determined with temperature increases of 5 to 5 �C,

allowing the construction of the Arrhenius plot. Thus, the

drug samples in isothermal study were kept at 195, 200,

205, 210, and 215 �C, to 10% of mass loss. For the binary

mixture, other Ti values were used (Table 1): 150, 155,

160, 165, and 170 �C, also to 10% of mass loss. The

Arrhenius plot (ln t, min vs. 1/T, K-1) was constructed

with the experimental data obtained for both samples,

based on 5% of mass loss [2, 5, 8, 10, 17].

Ozawa dynamic method was applied to the samples of

drug alone and associated with glyceryl stearate (1:1

physical mixture), using TG kinetic analysis program

installed in Shimadzu data acquisition system. The exper-

iments were carried out using the same conditions and

equipment of the dynamic TG, however, five different

heating rates (b) were used: 2.5, 5.0, 10.0, 15.0, and

20.0 �C min-1 [5, 8, 17].

IR spectroscopy

IR spectra of prednicarbate, glyceryl stearate and 1:1

(mass/mass) physical mixture between them were recorded

in equipment model MB102 (Bomem), at room temperature

in the 4000–400 cm-1 range in KBr pellets.
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Fig. 1 Chemical structure of prednicarbate

Table 1 Tonset TG and TMax
dm=dt¼0 DTG values at first step of thermal

decomposition process of prednicarbate alone and associated with

glyceryl stearate (1:1)

Sample Tonset TG/�C TMax
dm=dt¼0 DTG/�C

Prednicarbate 243 195

Glyceryl stearate/prednicarbate/1:1 173 158

394 H. Salvio Neto, J. R. Matos

123



Results and discussion

Compatibility study between prednicarbate

and glyceryl stearate by TG/DTG, DSC

and IR spectroscopy

TG/DTG curves of the prednicarbate sample (Fig. 2)

showed no mass loss up to 200 �C. Above this temperature,

four mass loss steps were observed. The DSC curve

(Fig. 2) showed an endothermic event in the 175–200 �C

temperature range; however, the TG/DTG curves showed

no mass loss in this temperature interval. The sharp

endothermic peak corresponded to melting process

of prednicarbate (Tonset = 182.7 �C; Tpeak = 186.2 �C;

DHfus = 75.6 J g-1). The second thermal event observed

in the DSC curve was endothermic and began immediately

after the melting process and it corresponds to the first step

of thermal decomposition of the drug. This first mass loss

event occurred in the 207–291 �C (Tonset TG = 243 �C;

TMax
dm=dt¼0 DTG = 195 �C; Tpeak DTG = 264 �C) temperature

range and it represents 20.7% (Dm1) of mass loss [18]. The

third event observed in the DSC curve is an exothermic one

(Tpeak = 332.5 �C) and it corresponds to the second step of

thermal decomposition observed in TG/DTG curves

(Dm2 = 28.4%, Tpeak DTG = 339 �C). The third and fourth

mass loss steps (Dm3 = 7.6% and Dm4 = 42.6%, respec-

tively) correspond to the secondary thermal decomposition.

Regarding to glyceryl stearate sample, its TG/DTG

curves (Fig. 3) showed no mass loss up to 100 �C. Above

this temperature, two mass loss steps were observed, cor-

responding to thermal decomposition events of this sub-

stance (Tpeak DTG = 253.4 �C and Dm = 17.2%, Tpeak

DTG = 403.4 �C and Dm = 79.1%, respectively). The DSC

curve obtained for this same sample (Fig. 3) showed two

endothermic events in the 25–75 �C temperature range;

however, the TG/DTG curves showed no mass loss in this

temperature interval. An exothermal event was observed in

DSC curve after 400 �C (Tpeak = 437.4 �C), temperature

interval that TG/DTG curves showed mass loss, being

assigned to this event a new thermal decomposition step.

The DSC curve obtained to 1:1 (mass/mass) physical

mixture between prednicarbate and glyceryl stearate did

not show the drug melting event, being assigned to this

observation a previous dissolution of drug in the melt of

excipient (Fig. 4). The changes observed in thermoanalyt-

ical profile of the prednicarbate in DSC curve demonstrated

a sort of interaction due to heating. The TG/DTG curves of

this binary mixture (Fig. 5) showed that the beginning of

the first thermal decomposition step of drug was shifted

towards a lower temperature (TMax
dm=dt¼0 DTG) [19]. The value

observed to this temperature was 37 �C lower than the

value obtained to the corresponding event in TG/DTG

curves from drug alone (Table 1) [6, 20].

The IR spectra of prednicarbate and 1:1 (mass/mass)

physical mixture samples submitted at 220 �C (Fig. 6)

demonstrated a sort of interaction between these substances

due to heating, according to the results obtained by thermal

analysis. The IR spectrum of prednicarbate sample, before

heating (Fig. 6), showed absorption band assigned to C=O

group (mC=O) at 1752 cm-1 that is characteristic of the

ester (C22) and carbonate (C25) groups. Furthermore,

absorption bands at 1282 and 1083 cm-1 assigned to

asymmetric stretching of C–O (mas C–O) in carbonate

group and symmetric stretching of C–O (ys C–O) in ester

group can be also observed. The presence of these repre-

sentative bands in the IR spectrum of prednicarbate treated

at 220 �C confirms its thermal stability up to this temper-

ature. The disappearance of stretching band at 1280 cm-1

together with the presence of stretching band with lower

intensity at 1750 cm-1 in the IR spectrum of 1:1 (mass/

mass) physical mixture between drug and glyceryl stearate

treated at 220 �C (Fig. 6) showed a supposed interaction in

the drug–excipient mixture, indicating some changes in the

chemical structure of prednicarbate [19].
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Determination of the kinetic parameters of thermal

decomposition reaction of prednicarbate by TG using

the isothermal and non-isothermal methods

Figures 7, 8, 9, and 10 show the TG curves obtained in the

isothermal kinetic study of the first step of thermal

decomposition reaction of prednicarbate alone and associ-

ated with glyceryl stearate, and the Arrhenius plot (ln t,

min vs. 1/T, K-1) constructed with these results. Figures 7

and 8 illustrate TG curves obtained under isothermal con-

ditions, showing the correlation between mass loss (Dm, %)

and temperature. The larger the temperature used, smaller

the time necessary, so that the same mass loss occurs (5%).

From the linear regression method, it were constructed

Arrhenius plot and their equations were obtained (Figs. 9,

10). The activation energy (Ea) could be calculated by the

multiplication of slope value (Arrhenius equation) by the
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molar gas constant (R = 8.314 J mol-1 K-1). Table 2 lists

the values of Ea and linear correlation coefficient

(r) obtained for both samples in the isothermal study.

The superposition of TG curves obtained in non-iso-

thermal study (Ozawa’s method) to different heating rates

(b), for the first thermal decomposition step of prednicar-

bate alone and associated with glyceryl stearate, is shown,

respectively, in Figs. 11 and 12. In these figures were

presented the respective graphics ln b versus 1/T (K-1),

which demonstrated a fairly good correlation at five heat-

ing rates. Activation energy (Ea) to this thermal decom-

position step of drug was also calculated by Ozawa’s

method for both the samples. Table 2 lists the values of Ea

(kJ mol-1), reaction order and reaction frequency factor

(A, min-1) obtained by non-isothermal kinetic study.

The percentage reduction of Ea value obtained by the

Ozawa’s method to the first step of the thermal

decomposition reaction of drug associated with glyceryl

stearate (81 kJ mol-1) when compared with Ea observed

to the drug alone (145 kJ mol-1), was in good agreement

to the results of isothermal kinetic analysis (from 302 to
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160 kJ mol-1), being approximately equal to 45%. These

results confirmed the lower thermal stability of drug in the

presence of glyceryl stearate, according with results

obtained in the compatibility study performed by thermal

analysis and IR spectroscopy.

Conclusions

The results obtained in the compatibility study between

prednicarbate and glyceryl stearate by thermal analysis and

IR spectroscopy presented a modification of the thermal

stability of drug in the presence of excipient (DTMax
dm=dt¼0 DTG

= 37 �C), showing there was a strong chemical interaction

between these substances due to heating. The comparative

assessment of Ea value obtained to the first step of thermal

decomposition reaction of prednicrabate alone and associ-

ated with the excipient, by isothermal (Arrhenius equation)

and non-isothermal (Ozawa’s method) kinetics studies,

confirmed the results from compatibility study. The

reduction of approximately 45% of Ea value obtained by

both kinetics methods for this thermal decomposition step

of drug when in the presence of excipient, showed a lower

thermal stability of drug.

Table 2 Activation energy (Ea), reaction frequency factor (A) and reaction order values obtained by non-isothermal study (Ozawa’s method),

and Ea and r obtained by isothermal study using the Arrhenius equation

Sample Non-isothermal Isothermal

Ea/kJ mol-1 A/min-1 Reaction order Ea/kJ mol-1 r

Prednicarbate 145 4.537 9 1013 Zero 302 0.9950

1:1 Physical mixture 81 9.516 9 107 Zero 160 0.9942
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Thus, the compatibility and kinetics results showed that

the association of the prednicarbate with glyceryl stearate

to develop a semi-solid pharmaceutical form is not rec-

ommended. It was also noted that the kinetic study per-

formed by thermogravimetry can be a fast alternative or a

complementary method to assess the stability of drugs,

especially in the presence of excipients during the devel-

opment of pharmaceutical formulation.
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