
Application of thermal analysis to the study of anti-tuberculosis
drug compatibility. Part 1

Edilene P. Lavor • Fátima Duarte Freire •

Cı́cero Flávio S. Aragão • Fernanda N. Raffin •
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Abstract Worldwide Brazil is among one of the 22

countries with high rates of tuberculosis placing this dis-

ease as a priority for the Government Health Policies in this

country. Studies with the main tuberculostatic drugs rif-

ampicin, isoniazid, pyrazinamide, and ethambutol, aiming

the development of fixed-dose combination formulations

(FDCs) have been performed. The aim of this study was to

evaluate the thermal behavior of these drugs by DSC, TG/

DTG, and DTA in order to predict possible physical and

chemical interactions between tuberculostatics. DSC and

DTA curves suggested incompatibility and/or interactions

among drug preparations resulting from new thermal

events, as well as the disappearance and shift of the melting

point of the drugs. TG/DTG curves of drug mixtures pre-

sented different profiles from those observed for the indi-

vidually tested drugs, supporting the evidence of drug

incompatibility and indicating that mixtures are less stable

when compared to the drugs alone.
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Introduction

According to data from the Brazilian Ministry of Health

and the World Health Organization (WHO) [1, 2], Brazil

occupies the 18th position among the countries with high

rates of tuberculosis which supports a great current interest

in the study of the tuberculostatic drugs.

Rifampicin is a first line drug recommended by WHO in

the treatment of tuberculosis, however, the reduced bio-

availability from fixed-dose combination (FDCs) products

of anti-tuberculosis drugs due to the stability issues [3] is a

problem in the treatments using this drug. The thermal

properties of a drug can be studied using a combination of

thermal analysis which detects polymorphic tendencies,

early prediction drug–drug interaction and drug-excipient

incompatibility in early stages of formulation development,

since it has direct influence on the stability of materials.

The deficiency in delivery of the drug has serious impli-

cations that can result in the therapeutic failure and hence

in the development of drug resistance [4–6].

Recent studies have focused on the development of rapid

methods for checking the compatibility of active pharma-

ceutical ingredients (API) and inert ingredients-excipients

during the early stages of the development process. These

rapid methods of analysis are based on thermal analysis.

Thermal analysis has been applied to any technique that

involves the measurement of specific properties of the

materials as a function of controlled temperature. It is used in
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s/n, Petrópolis, Natal, RN CEP 59010-180, Brazil

e-mail: moura@ufrnet.br

123

J Therm Anal Calorim (2012) 108:207–212

DOI 10.1007/s10973-011-1770-8



the pharmaceutical industry as a method fast and reliable for

quality control and development of new pharmaceutical

formulations in the pré-formulation studies [7–13].

The evaluation of drug stability and their possible physical

and chemical interaction involves the incompatibility study,

as can affect the chemical nature, the stability and bioavail-

ability of drugs and, consequently, therapeutic efficacy and

their safety. Differential scanning calorimetry (DSC) has been

proposed as a rapid method to examine the possibility of

physicochemical interactions, between drug(s) and drugs and

excipient(s), predicting eutectic behavior of drugs and ex-

cipients for preparation of a phase diagram. Differential

thermal analysis (DTA) predicting polymorphic forms and

study thermal behavior kinetic analysis through thermo-

gravimetry/derivative thermogravimetry curves (TG/DTG)

since it is often necessary to predict degradation rates at

marketing temperatures on accelerated processes studied at

elevated temperatures [14–21].

Agrawal et al. [22] characterized solid-state properties

of standard form I, form II, amorphous, and commercial

samples of rifampicin using differential scanning calorim-

etry (DSC) and thermogravimetric analysis (TG). How-

ever, studies on the thermal behavior of isoniazid and

ethambutol by DSC are scarcely found. Alves [23] studied

thermal properties of standard form I and II of rifampicin

and isoniazid using DSC, TG/DTG to verify interaction

between drugs with results indicating interaction with both

polymorphs. In this study, the TG/DTG curves showed that

the polymorph I is more thermally stable than polymorph

II. The thermal behavior of isoniazid and rifampicin and

binary mixtures of polymorphs I and II of rifampicin with

isoniazid when also studied using DSC showed that both

polymorphs of rifampicin had probable interaction with

isoniazid [15].

In addition, a DSC procedure has been developed for

quantitation of R,S diastereoisomer of ethambutol dihy-

drochloride in bulk drug samples and marketed anti-

tuberculosis formulations, involving the determination of

the enthalpy associated with polymorphic transitions of

ethambutol [24]. On the other hand, the thermal behavior

of pyrazinamide has not been reported by DSC.

Studies of thermal decomposition were executed by TG/

DTG and DTA for isoniazid, pyrazinamide, and etham-

butol. Three stages of thermal decomposition for all studied

compounds were distinguished. On the DTA curves only

endothermic peaks appeared due to the melting, however,

in some cases small weight loss occurred due to evapora-

tion of molten compounds. In the second stage of decom-

position one or more intermediate products are formed.

Propanol and ethylenediamine were formed from the iso-

niazid destruction, while pyrazine, and cyanic acid are

formed from the pyrazinamide due to the reorganization of

its structure [25].

The aim of this study was to characterize and evaluate

the thermal behavior of first-line drugs for tuberculosis

treatment and their binary mixtures by DSC, DTA, and TG/

DTG.

Experimental

Rifampicin (RIF—Novartis), isoniazid (INH—Second

Pharma), pyrazinamide (PZA—Davilson), and ethambutol

(ETA—Hildose) samples used in this study were purchased

by the Nucleus of Research on Food and Pharmaceuticals

NUPLAM, Natal, Brazil).

Samples and binary mixtures

RIF, INH, PZA, and ETA samples and their binary mix-

tures at 1:1(w/w) rate were investigated by DSC, DTA, and

TG/DTG. The powders were sieved and homogenized for

10 min using the method of geometric dilution. DSC

curves were recorded in a Shimadzu DSC-60 cell using

aluminum crucibles containing 2 mg of samples under

dynamic N2 atmosphere (flow rate: 50 mL min-1) and

10 �C min-1 heating rate at a 25–400 �C temperature

range. The DSC cell was calibrated with indium (m.p.

156.6 �C) and zinc (m.p. 419.6 �C). TG/DTG and DTA

curves were recorded using a Shimadzu DTG-60H cell.

About 4 mg of samples were placed in alumina sample

holders and analyzed under dynamic synthetic air (flow

rate: 50 mL min-1) and 10 �C min-1 heating rate at a

25–900 �C temperature range. TG/DTG and DTA cell was

calibrated with indium and zinc.

Results

Analysis of the drugs

The DSC, DTA, and TG/DTG curves obtained for the

drugs alone are presented in Fig. 1. The DSC and DTA

curves for RIF (Fig. 1a) showed a melting endotherm

(181–196 �C) followed by an exothermic event character-

istic of the solid–liquid–solid transition from the poly-

morphic form II crystal to form I (196–208 �C) according

to the literature [15, 22, 23]. The decomposition process

was indicated by two exothermic peaks at 242–269 and

346–408 �C. The TG/DTG curve for RIF showed that the

substance was thermally stable up to 190 �C and decom-

position occurred in four steps with mass loss of 5.5, 11.5,

24.3, and 54.6% at 190–222, 222–272, 272–396, and

396–609 �C, respectively. The main thermal events of the

drugs are shown in Table 1.

The DSC and DTA curves for INH (Fig. 1b) showed a

melting endothermic event from 170 to 176 �C followed by
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two decomposition endothermic peaks between 227–236

and 244–251 �C. In TG/DTG curves the thermal decom-

position started along the fusion and occurred in the fol-

lowing two stages at 170–275 �C with mass loss of 83.8%

and at 275–322 �C with mass loss of 14.4%.

The DSC and DTA curves for PZA (Fig. 1c) showed the

polymorphic transition endotherm between 147–152 �C

characteristic of the a polymorphic form [19, 26], the

melting endotherm between 188–194 �C and the decom-

position endothermic event (219–239 �C). It could be

observed in the TG/DTG curves that the decomposition

occurred in one step between 150–212 �C with mass loss of

96.2%.

The DSC and DTA curves for ETA (Fig. 1d) showed an

endothermic polymorphic transition from 72–79 �C, char-

acteristic of polymorphic transitions of the SS-isomer [24].

The melting endothermic peak occurred between

196–204 �C followed by the endothermic decomposition

(225–278 �C). In the TG/DTG curves the decomposition

occurred in two stages, with mass loss of 88.9 and 6.9%

and between 232–314 and 314–546 �C, respectively.

Analysis of the binary mixtures

The DSC, DTA, and TG/DTG curves obtained for the

binary mixtures of the tuberculostatic drugs are presented

in Figs. 2. The main thermal events of the binary mixtures

are shown in Table 2. In the DSC and DTA curves for

the RIF ? INH preparation (Fig. 2a) there was a shift of

the melting point of INH between 166–173 �C beyond the

disappearance of the RIF melting endothermic event. The

absence of the melting endothermic event of the RIF can be

attributed to the dissolution of the polymorph II in the

melted INH and/or interaction with INH during its merge,

since its melting endothermic event was shifted to lower

temperatures [23]. The thermal behavior of the mixture

suggests an interaction between the substances and indi-

cated the decreased thermal stability of the mixture
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Fig. 1 DSC, TG/DTG, and

DTA curves of the

tuberculostatic drugs:

a RIF. b INH.

c PZA. d ETA

Table 1 The main thermal events found in the DSC curves of tuberculostatic drugs

Samples DSC: transition temperature (onset–endset, �C) (enthalpy, DH = J/g)

Endotherm 1 Exotherm 1 Exotherm 2 Exotherm 3

RIF 181–196 (DH = -11) 196–208 (DH = 3) 242–269 (DH = 112) 346–408 (DH = 103)

Samples DSC: transition temperature (onset–endset, �C) (enthalpy, DH = J/g)

Endotherm 1 Endotherm 2 Endotherm 3

INH 170–176 (DH = -256) 227–236 (DH = -31) 244–251 (DH = -26)

PZA 147–152 (DH = -5) 188–194 (DH = -177) 219–233 (DH = -195)

ETA 72–79 (DH = -20) 196–204 (DH = -110) –
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compared to the drug alone [15]. The TG/DTG curves

showed different thermogravimetric profile and the thermal

decomposition occurred 24 and 44 �C below the tempera-

tures observed for INH and RIF, respectively, reinforcing

the likely interaction between the drugs. The decomposi-

tion occurred in three steps between 146–185, 185–279,

and 279–660 �C with corresponding mass loss of 6.2, 39.3,

and 53.6%. At first, this event at lower temperature can be

attributed to the displacement of the melting point of INH,

indicating a decrease in thermal stability of the mixture

compared to the drug alone [15, 23]. Moreover, the dis-

appearance of the RIF melting and decomposition events

leads to the suspicion of a eutectic mixture formation.

The DSC and DTA curves for the preparation containing

RIF and PZA (Fig. 2b) showed a melting endothermic peak

between 183–189 �C, probably due to the merge of the two
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Fig. 2 DSC, TG/DTG, and

DTA curves of the binary

preparations with

antituberculosis drugs:

a RIF ? INH, b RIF ? PZA,

c RIF ? ETA, d INH ? ETA

and INH ? ETA,

f PZA ? ETA

Table 2 The main thermal events found in the DSC curves of the binary mixtures of first-line drugs for tuberculosis treatment

Samples Thermal events [DSC: transition temperature (onset–endset, �C) (enthalpy, DH = J/g)]

Event 1 Event 2 Event 3

RIF ? INH 166–173 (DH = -92) – –

RIF ? PZA 183–189 (DH = -83) 191–200 (DH = -12) 203–232 (DH = 34)

RIF ? ETA 72–79 (DH = -8) 193–198 (DH = -51) 199–209 (DH = 7)

INH ? PZA 141–151 (DH = -221) 208–228 (DH = -235) –

INH ? ETA 72–78 (DH = -9) 140–151 (DH = -155) 200–217 (DH = 39)

PZA ? ETA 73–83 (DH = -8) 168–177 (DH = -149)
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substances, followed by the endothermic and exothermic

decomposition events between 191–200 and 203–232 �C

of PZA and RIF, respectively. The solid–solid transition

between 147–150 �C of the a polymorphic form is not

present. The TG/DTG curves showed that the thermal

decomposition occurred at 19 �C below the temperature

observed for PZA and at 59 �C bellow the one for RIF

presenting different thermogravimetric profile from that

observed for each substance. The decomposition occurred

in three steps: between 131–215, 215–263, and

263–641 �C with mass loss of 45.6, 7.9, and 44.7%,

respectively. In this analyzes the curves suggest probable

interaction between PZA and RIF, however, Bhutani et al.

[27] reported that RIF-PZA mixture shows no interaction

because the mixture showed to be physically and chemi-

cally stable.

DSC and DTA curves for the RIF-ETA mixture

(Fig. 2c) showed the endothermic polymorphic transition

event of ETA (72–79 �C) followed by a melting endotherm

from 193 to 198 �C, which can be attributed to the melting

of the substance, since in this range of temperature both

substances merge and the exothermic event of decompo-

sition of RIF (199–209 �C) as well as the endothermic

event of decomposition of the mixture occur. The curves

TG/DTG showed that the decomposition started at 170 �C,

approximately 62 �C below the temperature observed for

the ETA and 20 �C below the one for RIF alone, and

occurred in five steps between 170–213 �C (5.8%),

213–295 �C (27.2%), 295–324 �C (10.3%), 324–435 �C

(20.6%), and 435–626 �C (35.5%) (TG/DTG curves). The

curves suggest a probable interaction; however, the

hypothesis of eutectics formation should not be discarded.

On the other hand, studies of interaction studies under

accelerated conditions of temperature and humidity, where

the RIF is in combination with ETA presents 10% degra-

dation for both drugs and the identification of 3-formyl-

rifamycin as the major degradation product [27]. The TG/

DTG curves of the mixture of RIF-ETA show decompo-

sition temperature compared to the drugs alone, which

corroborate with these results, denoting that the association

of these drugs decrease stability of both.

The DSC and DTA curves for INH and PZA (Fig. 2d)

showed a melting endothermic peak from 141 to 151 �C

not characteristic to any of the substances and the second

event of decomposition of the mixture (208–228 �C). The

melting endothermic peak at lower temperatures, around 29

and 47 �C concerning INH and PZA, for onset tempera-

tures, suggests the occurrence of interaction between the

drugs or eutectic formation. The TG/DTG curves showed

three steps of the thermal decomposition between

140–222 �C (70.8%), 222–252 �C (23.1%), and 252–

284 �C (3.9%) which started at about 30 �C below the

temperature observed for INH and 79 �C below the one for

PZA reinforcing the assumption of interaction between the

drugs.

The DSC and DTA curves for the INH and ETA prep-

aration (Fig. 2e) showed endothermic polymorphic transi-

tion peak of ETA between 72–78 �C, and the endothermic

peak between 140–151 �C, which are not characteristic of

any of the analyzed substances, followed by exothermic

and endothermic decomposition events between the range

of 200–217 and 285–296 �C (DH = -19 J g-1).

The TG/DTG curves for the INH and ETA preparation

showed mass loss between 179–322 (83.3%) and

322–590 �C (14.9%). The shift of the endothermic peak in

the DSC curve, at about 30 �C concerning the INH alone

and 56 �C for ETA, the lack of fusion events of INH and

PZA and the appearance of exothermic peak (not charac-

teristic to any of the studied substances), suggest a probable

interaction between them which is reinforced by the dif-

ferent thermogravimetric profile observed. Hence, the

polymorphic a form of PZA decomposition probably

begins before the PZA melting, which shows the solid–

solid phase transitions upon heating [19]. Studies of

interaction performed by Bhutan et al. [27] and Singh et al.

[6] reported that the mixture between INH and ETA

becomes liquid under accelerated conditions of tempera-

ture and relative humidity, demonstrating physical insta-

bility due to the dissolution of the drugs upon gaining

moisture. A loss indicated by the decrease in the total

content was observed for INH and ETA in the amounts of

15 and 11%, respectively. Chemical interaction was also

observed between these two drugs.

The DSC and DTA curves for the PZA and ETA

preparation (Fig. 2f) showed the endothermic polymorphic

transition peak of ETA between 73 and 83 �C and an

endothermic peak in the range of 168–177 �C. This peak

which is not characteristic to any of the studied substances

appears at 20 and 28 �C bellow to melting endothermic

peak of the PZA and ETA, respectively. The endothermic

peak at 150 �C, characteristic of the a polymorphic form of

the PZA, could not be observed which may suggest

interaction between the drugs. The TG/DTG curves

showed thermal decomposition at about 30 I9 C below that

observed for PZA and 112 �C for ETA and occurred in

three steps between 120–215, 215–307, and 307–560 �C

with mass loss of 44.4, 45.6, and 9.2%, respectively,

showing thermal instability. Bhutani et al. [27], reported

that interaction occurred between PZA and ETA, resulting

in the loss of ETA to an extent of 12%. These results

indicate that the mixtures are less stable then each drug

alone, which can lead to problems such as reduced bio-

availability, impairment of therapy, and thus development

of drug resistance.
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Conclusions

The DSC, DTA, and TG/DTG curves for binary mixtures

of tuberculostatics drugs suggest incompatibilities and/or

interactions due to the emergence of new thermal events, as

well as the disappearance and shift of the melting point of

the drugs. These results indicate that the mixtures are less

stable then each drug alone, which can lead problems such

as reduced bioavailability, impairment of therapy, and thus

development of drug resistance. Studies to evaluate the

influence of these findings over the biopharmaceutical

problems are necessary to guarantee the efficacy and safety

of the antituberculosis medicine.
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