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Abstract Primaquine (PQ) is the drug of choice for the

radical cure of Plasmodium vivax malaria, and currently

being administered in solid dosage form. In this study, the

compatibility studies were carried out using differential

scanning calorimetry (DSC), thermogravimetry (TG), and

fourier transformed infrared (FT-IR). Non-isothermal and

isothermal methods were employed to investigate kinetic

parameters under nitrogen and air atmospheres using TG.

The DSC investigations obtained by physical mixtures

showed slight alterations in the melting temperatures of PQ

with some excipients. The FT-IR confirmed the possible

interactions obtained by DSC for the physical mixtures

with PQ and lactose, magnesium stearate and mannitol.

The results showed that the thermal decomposition fol-

lowed a zero order kinetic in both atmospheres in non-

isothermal method. The activation energy in both methods

using nitrogen atmosphere was similar, and in air atmo-

sphere the activation energy decreased.
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Introduction

Primaquine (PQ) (Fig. 1) that corresponds to 8-amino-

quinoline is used to prevent relapses of malaria and in

prophylaxis of individuals returning from malaria’s

areas. It is the drug of choice for the radical cure of

Plasmodium vivax malaria, although has serious side

effects, for example, acute hemolysis in patients with

glucose 6-phosphate dehydrogenase deficiency, methemo-

globinemia, and severe gastrointestinal disturbances [1, 2].

Thus, the development of controlled release dosage form

has been investigated to improve the treatment efficacy and

reduce the limitations of existing therapies [3–6].

The successful formulation of a stable and effective

solid dosage form depends on careful excipients selection.

The most drugs intended for oral administration requires

formulation with excipients to allow adequate administra-

tion, to facilitate the product manufacture, to increase the

formulation stability and for aesthetic reasons [7, 8].

The thermal analysis is a routine method applied for

drugs characterization and is useful in the pre-formulation

stage in the development of solid dosage forms [9–14].

Thermogravimetry (TG) and differential scanning cal-

orimetry (DSC) techniques gives important information

about the physical properties, kinetic analysis, polymorphic

forms, and stability of materials, as well as to assess its

compatibility with excipients [15–19] during processing

and storage [9, 11] as a function of temperature.

The thermal decomposition of drugs is interesting to

predict the degradation rates at marketing temperatures

from data collected on accelerated processes that are

studied at elevated temperatures. The temperature may

increase the chemical reactions, providing sufficient energy

(activation energy) required to break chemical bonds and

starts the decomposition process [20, 21].

The main purpose of the present study was to evaluate

the compatibility of PQ with common pharmaceutical

excipients used in solid dosage forms as well to investi-

gate the influence of different methods (isothermal and
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non-isothermal) under nitrogen and air atmosphere

involved in PQ degradation.

Experimental

Materials

The PQ raw material was kindly donated by Fundação

Oswaldo Cruz/Far-Manguinhos (state purity: 98.5%).

The excipients used were hydroxypropylmethylcellulose

(HPMC) of viscosity grade K15M (Methocel K15 M Pre-

mium), acryl-eze�, microcrystalline cellulose (Avicel

Ph-102), starch, magnesium stearate, lactose, colloidal

silicon dioxide (Aerosil, Galena), poly ethylene oxide

(POE) of molecular weight grade 8.106 Da (Sigma–

Aldrich), talc, stearic acid, tribasic calcium phosphate,

glyceryl monostearate, mannitol, povidone, sodium stearyl

fumarate, and stearyl alcohol.

Methods

Differential scanning calorimetry analysis (DSC)

The DSC curves were obtained in a DSC-60 cell (Shima-

dzu) using aluminum crucibles with about 2 mg of sam-

ples, under dynamic nitrogen atmosphere (50 mL min-1).

The temperature range was from 298 K to 873 K at heating

rate of 283 K min-1. An empty aluminum pan was used as

reference. DSC analysis have been performed using sample

of PQ, single excipients, binary physical mixtures formed

by PQ and only one excipient 1:1 (w/w) with all excipients

samples. The DSC cell was calibrated with indium (melting

point: 429.6 K; DHfus = 28.54 J g-1) and zinc (melting

point: 692.6 K).

Thermogravimetric analysis (TG)

The TG experiments were measured on Shimadzu ther-

mobalance TGA – 50 in temperature range from 298 K to

873 K, using platinum crucibles with approximately 4 mg

of sample, under dynamic N2 atmosphere (50 mL min-1).

TG analysis have been using sample of PQ, single excip-

ients, binary mixtures formed by PQ and only one excipient

1:1 (w/w) with all excipients samples. The equipment was

previously calibrated with calcium oxalate standard.

Fourier transformed infrared spectroscopy (FT-IR)

FT-IR spectra was recorded on a Perkin-Elmer Model 1600

apparatus using KBr discs in the range of 4000–400 cm-1.

The sample of PQ and the excipients (1:1) used were lactose,

magnesium stearate, stearyl alcohol, sodium stearyl fuma-

rate, glyceryl monostearate, mannitol, and stearic acid.

Kinetic studies

The non-isothermal kinetic study was performed by appli-

cation of Ozawa method [22]. In dynamic experiments,

the heating rates used were 275.5, 278, 283, 288, and

293 K min-1 to target temperature of 873 K under nitrogen

and air atmosphere with the flow rate of 50 mL min-1.

The isothermal studies were evaluated by holding dif-

ferent samples isothermally at 493, 488, 483, 478 and

473 K under nitrogen and air atmosphere at flow rate of

50 mL min-1. The isothermal holding was monitored

based on the time to mass loss of 8% degradation and the

experimental data were treated applying linear regression

analysis. The heating rate used was 283 K min-1.

Results and discussion

The DSC curve of PQ shows a single sharp endo-

thermic peak corresponding to the melting event in the

range between 474 and 481 K (Tpeak = 479.57 K and

DHfusion = -83.93 J g-1) [23, 24], followed by decom-

position process. The result was confirmed by TG analysis

and can be better visualized by applying the first derivative

(DTG), which the thermal decomposition process occurs in

three stages in the following temperature range and mass

loss: 481–531 K (Dm = 3.3%), 531–643 K (Dm = 33%),

and 580–1173 K (Dm = 38.6%) (Fig. 2).

Compatibility studies

The selection of adequate excipients for the formulation

should be based on the characteristic of the drug and its

compatibility and stability with other components.

The DSC and TG curves of binary mixture (1:1) of drug

and the following excipients: HPMC, colloidal silicon

dioxide, talc, starch, tribasic calcium phosphate, acryl-

eze�, POE, povidone, and microcrystalline cellulose are

showed in Figs. 3, 4, 5 and 6.

The thermal profiles of the mixture can be considered as

a superposition of the curves of the PQ and excipients. The

DSC and TG curves showed an endothermic peak

H2N
CH3

2H3PO4

H3CO

H

NH

N

Fig. 1 Structural formula of primaquine
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corresponding to the PQ’s melting point followed by

exothermic events characteristic of decomposition process.

The thermal behavior of PQ was not modified in the binary

mixtures, suggesting no interaction with these excipients.

The compatibility study of the drug and the following

excipients: lactose, magnesium stearate, stearyl alcohol,

sodium stearyl fumarate, glyceryl monostearate, mannitol

and stearic acid are showed in Figs. 7 and 8. The DSC

curves demonstrated differences in the thermal profile of the

PQ, such as absence of drug’s melting event. The TG curves

demonstrated that excipients influence the decomposition

process of the PQ by displacing the Tonset of the first mass

loss event at a lower temperature than the isolated drug.

The interactions between PQ and lactose might be

physical in nature which can be attributed to similar

melting’s temperature ranges (478–488 K). In this binary

mixture, the melting point of the drug was decreased from

273

1.00mW/mg

Endo

DTG

TG

100%

DSC DSC
H

ea
t f

lo
w

/m
W

/m
g

373 473 573

Temperature/K

673 773 873

Fig. 2 DSC and TG/DTG curves of PQ under nitrogen atmosphere
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Fig. 3 Stacked overlay of DSC curves of physical mixtures:

(a) PQ/HPMC; (b) PQ/colloidal silicon dioxide; (c) PQ/talc;

(d) PQ/starch; (e) PQ/tribasic calcium phosphate
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Fig. 4 Stacked overlay of TG curves of physical mixtures:

(a) PQ/HPMC; (b) PQ/colloidal silicon dioxide; (c) PQ/talc;

(d) PQ/starch; (e) PQ/tribasic calcium phosphate
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Fig. 5 Stacked overlay of DSC curves of physical mixtures:

(a) PQ/acryl eze; (b) PQ/POE; (c) PQ/povidone; (d) PQ/microcrys-

talline cellulose
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Fig. 6 Stacked overlay of TG curves of physical mixtures:

(a) PQ/acryl eze; (b) PQ/POE; (c) PQ/povidone; (d) PQ/microcrys-

talline cellulose
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Fig. 7 Stacked overlay of DSC curves of physical mixtures:

(a) PQ/lactose; (b) PQ/magnesium stearate; (c) PQ/stearyl alcohol;

(d) PQ/sodium stearyl fumarate; (e) PQ/glyceryl monostearate; (f)

PQ/mannitol; (g) PQ/stearic acid
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481 to 393 K. In fact, similar results were observed for

other amines and amides, such as glimepiride [9], glipizide

[25], and glibenclamide [26].

Differences in the thermal curves of other drugs with

magnesium stearate were described by others authors [14,

26, 27].

The drug’s endothermic peak was extended in the DSC

curves with the excipients stearyl alcohol, sodium stearyl

fumarate and stearic acid, which were attributed to PQ

dissolution in the melted excipient.

The TG and DSC dates obtained in the compatibility

studies were demonstrated in Table 1.

The FT-IR spectroscopy was used as supplementary

technique in order to investigate the possible chemical

interaction between drug–excipient and to confirm the

results obtained by the thermal analysis [28].

The FT-IR spectrums obtained with the PQ and the

excipients sodium stearyl fumarate, glyceryl monostearate,

stearic acid, stearyl alcohol (Fig. 9) demonstrated that the

characteristic PQ stretching bands were maintained, indi-

cating that no occurs chemical interactions between PQ and

these compounds.

In Fig. 10 the FT-IR spectrums of physical mixtures

between PQ and lactose, magnesium stearate and mannitol

can be observed. The band in 1050 cm-1, characteristic of

axial deformation C–O of PQ, expanded or moved about

10 cm-1 in physical mixtures of drug and these excipients,

indicating an intermolecular links and possible chemical

incompatibility. The FT-IR spectrums for the physical

mixture between PQ/lactose and PQ/mannitol suggest

chemical interactions. The amine group presented in PQ

can react chemically with OH group presented in these

excipients by hydrogen bonds.

Kinetic studies of PQ

One of the main purposes of kinetic analysis of solid

decomposition is to determine reaction mechanisms. The

results obtained in the PQ kinetics investigation using

isothermal and non-isothermal methods were similar.

However, a rather difference was observed in the activation

energy obtained under nitrogen and synthetic air demon-

strated that the atmosphere involved in assay presented

influence on the data.

The non-isothermal kinetic data were determined by

plotting mass loss versus temperature of five TG curves at

different heating rates in both atmospheres. The results

demonstrate that TG curves in nitrogen and air atmosphere
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Fig. 8 Stacked overlay of TG curves of physical mixtures:

(a) PQ/lactose; (b) PQ/magnesium stearate; (c) PQ/stearyl alcohol;

(d) PQ/sodium stearyl fumarate; (e) PQ/glyceryl monostearate; (f)

PQ/mannitol; (g) PQ/stearic acid

Table 1 Onset and peak temperatures of fusion events and onset

temperature of decomposition observed in the DSC and TG curves of

PQ and binary mixtures with excipients

Samples DSC TG

Tonset

(decomposition)/

K

Tonset

(fusion)/

K

Tpeak

(fusion)/

K

Drug

Primaquine (PQ) 474.1 479.6 481.1

Drug/excipients – – –

HPMC 473.4 477.6 482.1

Colloidal silicon dioxide 472.6 479.1 483.1

Talc 472.6 476.6 486.1

Starch 473.9 478.1 486.8

Tribasic calcium

phosphate

474.6 479.1 487.5

Acryl-eze� 465.6 474.1 480.3

POE 8.106 Da 473.9 476.6 482.1

Povidone 466.6 474.2 483.1

Microcrystalline

cellulose

472.7 477.3 482.1

Lactose * * 393.7

Magnesium stearate * * 423.5

Stearyl alcohol 474.0 477.4 413.1

Sodium stearyl fumarate * * 463.0

Glyceryl monoestearate * * 413.3

Mannitol * * 457.2

Stearic acid * * 428.1

* Values not calculated due to absence of drug’s melting event or

undefined peak
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Fig. 9 FT-IR spectra of physical mixtures: (a) PQ, (b) PQ/sodium

stearyl fumarate; (c) PQ/glyceryl monostearate; (d) PQ/stearic acid;

(e) PQ/stearyl alcohol
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are shifted for higher temperatures when heating rates

increases with a good correlation in Ozawas plot at five

heating rates in nitrogen (Fig. 11) and a low correlation in

air (Fig. 12).

The order of reaction and the activation energy (Ea) of

process were determined by Ozawa’s method in which

plots slope of log heating rate versus 1/T [22]. The kinetics

parameters obtained in non-isothermal method for the first

stage of thermal decomposition was around 481–531 K

(Table 2).

Under isothermal conditions, the curves (Fig. 13 and 14)

showed that the mass loss variation depends on the

temperature. As higher the temperature in the assay the

smaller will be the time necessary for the same mass loss to

occur. The curves were used to obtain the graphic of lnt

versus 1/T (K - 1) at a constant conversion level. The

regression linear equation, correlation coefficient, and Ea

were represented in Table 3.

The comparison between isothermal and non-isothermal

methods in nitrogen atmosphere shows good agreement for

both values of activation energy. The decomposition

kinetics for both methods occurs in constant rate, zero

order, and it is independent of the reactants concentrations.

In the other hand, using air atmosphere in both methods

the activation energy values was lower than nitrogen. In

fact, PQ has a chemical group that suffers oxidation,

therefore, under synthetic air atmosphere undergoes

acceleration in the decomposition process.
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Fig. 10 FT-IR spectra of physical mixtures: (a) PQ; (b) PQ/lactose;

(c) PQ/magnesium stearate; (d) PQ/mannitol
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Fig. 11 TG curves and Ozawa’s plot of PQ obtained at five heating

rates under dynamic nitrogen atmosphere in non-isothermal method
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Fig. 12 TG curves and Ozawa’s plot of PQ obtained at five heating

rates under dynamic air atmosphere in non-isothermal method

Table 2 Kinetic parameters obtained in non-isothermal method

under both atmospheres

Atmosphere Activation

energy (Ea)

Frequency

factor (A)

Order reaction

Nitrogen 132.49 kJ mol-1 1.490 9 1011 min-1 Zero (n = 0)

Air 120.34 kJ mol-1 1.141 9 1010 min-1 Zero (n = 0)
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Fig. 13 Isothermal TG curves of PQ obtained between at 493, 488,

483, 478 and 473 K under nitrogen atmosphere
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Fig. 14 Isothermal TG curves of PQ obtained between at 493, 488,

483, 478 and 473 K under air atmosphere
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Conclusions

In the compatibility studies, the results demonstrated the

applicability of DSC as a fast screening tool for excipients

at the early stages of a preformulation process. The FT-IR

completes the DSC studies. The excipients, lactose, mag-

nesium stearate, and mannitol, showed a possible chemical

incompatibility. The present work will contribute to select

the appropriate excipients in order to formulate a safe and

stable PQ solid dosage form.

The thermoanalysis confirmed to be a suitable technique

to evaluate the order of decomposition process of PQ. The

decomposition kinetics for non-isothermal and isothermal

methods occurs in constant rate, zero order, and is inde-

pendent of the concentration of the reactants. Therefore,

under air atmosphere in both methods the activation energy

values was lower than nitrogen, demonstrating that the PQ

has a chemical group that suffers oxidation.
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