
Introduction

Modern thermoanalytical, as well as emerging

technologies, providing information on the calori-

metric, microscopic and spectrophotometric properties

are powerful analytical tools for the pharmaceutical

development [1–4].

Thermogravimetry is used to determine the sta-

bility and decomposition kinetic of a solid medicine,

helps in the life-time prediction of the pharmaceutical

forms from the degradation rate. Such techniques are

fast enough to make quick studies during the techno-

logical development and one can obtain information

on the quality of the formulations [3, 5].

SPDR is more commonly used to produce finely

divided powders, granules, agglomerates, products

for encapsulation, to cover, to reduce the particles and

provide a more homogeneous particle size distribu-

tion [6].

The objective of the present work was to develop

solid pre-formulated mixtures of paracetamol (PC) by

SPDR as well as to evaluate their stability and thermal

properties.

Experimental

Materials

Pharmaceutical grade of PC (Dinalab, batch:

0310005, Brazil), starch (Dinalab, Brazil), colloidal

silicon dioxide – Aerosil® (Genix, Germany), croscar-

mellose sodium (Sweden, batch: 8642100, Forlab),

lactose 80 mesh (Dinalab, batch: 0145, China), poly-

vinylpyrrolidone (PVP) (Palmares, batch:

030000233-78, Brazil), deionized water were used in

our experiments.

Sample preparation and spray-drying conditions

Preparation of conventional and SPDR mixtures

obeyed the following procedures:

Conventional mixtures

• Sample A: 1.592 g of PC drug substance, 0.159 g of

starch, 0.09 g of PVP and 0.159 g of Aerosil®, pow-

ders were homogenized and put in a dry and clean

container.

• Sample B: 0.926 g of PC drug substance, 0.926 g of

croscarmellose sodium, 0.055 g of PVP and

0.093 g of Aerosil®, powders were homogenized

and put in a dry and clean container.
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• Sample C: 0.926 g of PC drug substance, 0.926 g of

lactose, 0.055 of PVP and 0.093 g of Aerosil®,

powders were homogenized and put in a dry and

clean container.

SPDR mixtures

• Solution A: 10.0 g of PC drug substance, 10.0 g of

starch, 0.6 g of PVP and 1.0 g of Aerosil®, powders

were homogenized and added 200 mL of deionized

water.

• Solution B: 10.0 g of PC drug substance, 10.0 g of

croscarmellose sodium, 0.6 g of PVP and 1.0 g of

Aerosil®, powders were homogenized and added

200 mL of deionized water.

• Solution C: 10.0 g of PC drug substance, 10.0 g of

lactose, 0.6 g of PVP and 1.0 g of Aerosil®, pow-

ders were homogenized and added 200 mL of

deionized water.

Samples were dried in a SpDr apparatus from

LabPlant (UK) model SD-05. The experimental dry

conditions were:

• Solution A: internal temperature (Tint) 100°C, due

to gelatinization point in the case of starch,

exhaustion temperature (Texa) 65°C, feed rate of

liquid was approximately 250 mL h–1.

• Solution B: internal temperature (Tint) 145°C, ex-

haustion temperature (Texa) 85°C, feed rate of liq-

uid was approximately 250 mL h–1.

• Solution C: internal temperature (Tint) 145°C, ex-

haustion temperature (Texa) 75°C, feed rate of liq-

uid was approximately 250 mL h–1.

Solutions A, B and C were agitated and pre-

heated up to approximately 50°C and only then they

were pumped through a peristaltic pump of the SPDR

system to a nebulization chamber and atomized in

a 0.5 mm jet nozzle followed by the dry process in a

co-current system with a 1.5 bar pressure. Dry parti-

cles were collected in a container coupled to cyclone

of the SPDR system and then they were put in a dry

and clean own container to be analyzed later.

Thermal analysis

The calorimetric curves of conventional and SPDR

mixtures were recorded using Shimadzu (USA)

model DSC-50 calorimeter, calibrated with standard

indium under the same conditions as the samples were

measured. The DSC curves were recorded at a heating

rate of 5°C min–1 from ambient up to 500°C in nitro-

gen (50 mL min–1). The initial sample mass was

about 2.0 mg. The photovisual data were recorded ap-

plying a Shimadzu (USA) model DSC-50 calorimeter

coupled to a model VCC-520 photovisual system

connected to an Olympus microscope (USA) and to a

Sony (USA) camera in nitrogen (50 mL min–1) from

ambient up to 500°C. The photovisual system was

connected to a computer using Assimetrix software,

through which the images of the samples were visual-

ized at real time. Pictures were recorded according to

their DSC curves observing the phase transition of the

samples. Thermogravimetric curves were recorded in

a Shimadzu (USA) model TGA-50H apparatus cali-

brated with calcium oxalate monohydrate (the experi-

mental conditions: dynamic and isotherm curves in

nitrogen (50 mL min–1) and in synthetic air

(20 mL min–1)). Isothermal curves were recorded

at 160, 170, 180 and 190°C for 120 min. The dynamic

TG curves were recorded at a heating rate

of 10°C min–1 from ambient up to 900°C. The initial

sample mass was 5.0�0.5 mg. Thermoanalytical data

were analyzed using Tasys software from Shimadzu.

Vapor pressures of the pure PC, its conventional mix-

tures and spray-dried preformulates were calculated

from the constant of methylparaben [7] using the

Langmuir equation.

Results and discussion

According to literature, the pure PC melts be-

tween 168–172°C [8]. The obtained temperature data

for the pure PC and its conventional mixtures showed

a good correlation to the literature data. However, the

spray-dried mixtures showed a slight reduction to the

literature ones. In case of the preformulated mixtures

with starch or croscarmellose, there was an increase

in the activation energy (Ea), which was not observed

in the preformulated mixture with lactose. SPDR

technology produces particles with reduced size,

which leads to an enhancement of superficial area of

these particles. This could be responsible for the

changes in melting enthalpy of the preformulated

mixtures of PC (Table 1).

In the preformulated mixtures, besides the parti-

cle size reduction (data are not available) and the uni-

form distribution of pure PC, the reduction of the

melting temperature was also observed.

The alterations in the melting temperatures of

the preformulated mixtures showed by conventional

DSC were visually followed, too. The photovisual

DSC showed slight changes in the color of the mix-

tures in the respective melting temperatures (Fig. 1),

evidencing the fusion of pure PC, while the excipients

remained in solid phase denying the interaction be-

tween the drug substance and excipient.

Table 2 shows the dynamic TG data with the de-

composition stage temperatures and residues of pure

PC (raw material) and the conventional and SPDR

preformulated mixtures.
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Ozawa model was used in the kinetic studies with

determining the kinetic parameters (activation energy, Ea;

frequency factor, A; reaction order, n). Data showed in

Table 3 are evidencing a zero order kinetic behavior of

the pure PC (Ea: 74.07–74.25 kJ mol–1; rsd 1.76 kJ mol–1,

frequency factor 1.047�106–1.085�106 min–1 in the �10,

�20 and �30 decomposed fractions, Table 3).

Using the calculated values the Antoine constants:

A=5.23662; B=1159.34 and C= –220.03 in the

446–517 K temperature interval according to the

pressure curves obtained to the standard methylparaben

[9] following the Antoine equation (logP=A–B/(T+C))

to determine the value of ‘k’, and consequently the

Langmuir equation that may be modified to obtain the

vapor pressure values of many simple components

(P=[�–1(2�R)1/2][(T/M)1/2(dm/dt)]=k�) [10]. Applying

the constant for methylparaben at 10°C min–1 heating

rate (125413�1.774 [7]), the vapor pressure curves for

PC and its conventional and pre-formulated mixtures

were constructed. The constant determined for methyl-

paraben was used to calculate the average vapor

pressure for pure PC and for PC in each mixture. The

obtained values were: 94043.51 and 128019.77 Pa for

conventional and pre-formulated mixtures of

PC/Starch/Aerosil®, 122259.80 and 131316.69 Pa for

conventional and pre-formulated mixtures of PC/Cros-

carmellose/Aerosil® and 87502.90 and 137722.16 Pa

for conventional and pre-formulated mixtures of
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Table 1 Melting points values (m.p.) on DSC and activation energies (Ea) for PC drug substance and its conventional and
pre-formulated mixtures

Sample PC PC/Starch/Aerosil® PC/Croscarmellose/Aerosil® PC/Lactose/Aerosil®

m.p. conventional mixture/°C 170 169 169 168

Ea conventional mixture/J g–1 –152.0 –78.8 –70.4 –48.6

m.p. pre-formulated mixture/°C – 168�0.2 167.9�0.5 166.53�0.43

Ea pre-formulated mixture/J g–1 – –112.61�4.5 –99.7�19.0 –48.7�14

Results as average �sd; n=3

Fig. 1 DSC-photovisual images of � – pure PC, � – conventional and � – pre-formulated mixtures of PC and the corresponding

1 – DSC and 2 – TG curves
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PC/Lactose/Aerosil®; respectively. So, it could be con-

firmed that the first mass loss stage obeys a zero order

kinetic suggesting that the mass loss is caused by the

volatilization of PC.

From the isotherm TG data of PC and its corre-

spondent conventional and pre-formulated mixtures

the rate constants for the decomposition in the studied

temperature range were calculated according to the

Arrhenius model (Table 4). The obtained results

showed that the rate constants for the pre-formulated

mixtures are lower than the corresponding rate con-

stants for the conventional mixtures indicating that

the spray-drying made the mixtures more stable.

Conclusions

According to the results of kinetic analysis the pre-

formulates of PC obtained by spray-drying were found

more stable than its respective conventional mixtures.

Association of methodologies like thermal anal-

ysis and spray-drying made possible to evaluate sta-

bility and uniformity of the analyzed solid products.
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