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Abstract Nitroimidazoles are heterocycle imidazoles
with a nitrogen group incorporated in its structure. The
objective of this study was to develop a model to charac-
terize possible interactions between active substances and
excipients using: Thermogravimetry, Differential Thermal
Analysis, Differential Scanning Calorimetry, and DSC
coupled to photovisual system. It was used three nitroimi-
dazoles (metronidazole, secnidazole, and tinidazole) and
two types of microcrystalline cellulose with different par-
ticle size (Microcel and Avicel). The binary mixtures were
prepared in proportion (w/w) 1:1 (nitroimidazole:excipient).
Thermogravimetric data demonstrated that the tinidazole
was the nitroimidazole with better uniformity. The nitro-
imidazoles obeyed the zero order kinetic reaction, evi-
dencing its vaporization processes. Differential thermal
analysis data showed nitroimidazoles compatibility with the
different microcrystalline celluloses studied, showing that
microcrystalline celluloses stabilized the active substances.
Calorimetric data of secnidazole showed two melting points,
characteristic of the polymorphs presented in raw material.
The vaporization constants values of nitroimidazoles stud-
ied were secnidazole > metronidazole > tinidazole and for
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the binary mixtures these values followed the order tinida-
zole > metronidazole > secnidazole.
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Introduction

Nitroimidazoles are heterocycle imidazoles with a nitrogen
group incorporated in its structure. Examples of these
compounds are metronidazole, secnidazole, and tinidazole.
These nitroimidazoles have been used to combat anaerobic
bacterial and parasitic infections [1-4]. The structures of
the three drugs are given in Fig. 1.

The compatibility studies of active pharmaceutical
ingredients with excipients are very important in the
development of formulations. The rational planning of a
pharmaceutical formulation should, therefore, to start with
the physical characterization of the active and excipients,
in order to optimize parameters of quality of the dosage
form [5-9].

Microcrystalline cellulose (MCC) is one of the best
compactable excipients used for tableting, e.g. [10, 11].
The produced tablets show already at low densification
high crushing forces. In 1964, MCC was introduced into
the market [12]. It is produced by acid hydrolysis of the
milled pulp and subsequent spray drying of the resulting
solution. MCC is partially crystalline (70%) and partially
amorphous (30%) [13-15]. Cellulose of different pulp and
origin are used to produce materials of different density
[16].

Thermal analysis is used in the pharmaceutical industry
as a quick and reliable technique for quality control and
for the development of new pharmaceutical formulations
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Fig. 1 Chemical structures of nitroimidazoles (a) metronidazol,
(b) secnidazole and (¢) tinidazole

[17-22]. The number of publications dealing with the use
of thermal analysis in pharmaceuticals increases consider-
ably in the last years [23].

The objective of this study was to develop a model to
characterize possible interactions between active sub-
stances and excipients using thermal techniques (TG, DTA,
DSC, and DSC coupled to photovisual system).

Experimental
Samples

Metronidazole (MTZ), pharmaceutical grade 99.46%;
Secnidazole (SCZ), pharmaceutical grade 99.30%; Tinid-
azole micronizated powder (TNZ), pharmaceutical grade
100.70%.

Microcrystalline cellulose (Microcel 101 (MCL 101);
Microcel 102 (MCL 102); Avicel pH 101 (AVC 101),
Avicel pH 102 (AVC 102)). The samples Microcel are
produced by Blanver Farmoquimica and Avicel by FMC
Corporation.

Binary mixtures

The binary mixtures were obtained with nitroimidazoles
and microcrystalline cellulose that were weighed individ-
ually in the quantity of 500 mg each. Physical mixtures
were prepared in proportion (w/w) 1:1 (nitroimidaz-
ole:excipient) by simple mixing during 20 min into poly-
propylene container.

Methods
Thermogravimetry (TG)

The TG dynamic curves of nitroimidazoles were performed
in a thermobalance Shimadzu model TGA-50H at a heating
rate of 10, 20, and 40 °C/min until 900 °C, in an atmo-
sphere of synthetic air and nitrogen, with flow of 20 and
50 mL min~", respectively. The mass used was 5.00 mg
(£0.05), which was put in an alumina crucible. The TG
instrument was calibrated using calcium oxalate monohy-
drate. The conditions to TG dynamic curves of mixtures
were similar, using only a heating rate of 20 °C/min.
Curves were analyzed by TASYS program from Shimadzu,
to characterize the mass loss stages.

Ozawa equation was applied using TG kinetic analysis
program installed in Shimadzu data acquisition system to
calculate activation energy (E,) and reaction order (n). Three
different heating rates were used: 10, 20, and 40 °C/min in
an atmosphere of synthetic air and nitrogen, with flow of 20
and 50 mL min~", respectively.

Differential thermal analysis (DTA)

The DTA curves of nitroimidazoles were recorded in dif-
ferential thermal analyzer Shimadzu, model DTA-50, at a
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heating rate of 10, 20, and 40 °C/min until 900 °C, in an
atmosphere of nitrogen, flow of 50 mL min~'. The mass
used was 8.00 mg (£ 0.05), which was put in an alumina
crucible. The conditions to DTA curves of mixtures were
similar, using only a heating rate of 10 °C/min. The tem-
perature and heat flow of the DTA instrument were cali-
brated by the melting point and enthalpy of indium and
zinc standards. The DTA curves were analyzed by TASYS
program from Shimadzu.

Differential scanning calorimetry (DSC)

The DSC curves of nitroimidazoles were recorded in a dif-
ferential scanning calorimeter Shimadzu, model DSC-50, in
nitrogen (flow rate: 50 mL min_l), at a heating rate of 2, 5,
10, 20, and 40 °C/min until 350 °C. The mass used was
2.0 mg (£ 0.1), which was put in an aluminum crucible then
the cell was sealed hermetically. The pictures of thermal
behavior of nitroimidazoles were obtained with DSC 50
calorimeter coupled to a photovisual system (an Olympus
microscopy connected to a Sanyo camera, model VCC-
D520). The temperature and heat flow of the DSC instru-
ment were calibrated by the melting point and enthalpy of
indium and zinc standards. The DSC curves were analyzed
by TASYS program from Shimadzu.

Results and discussion

Thermogravimetry

The thermal decomposition of nitroimidazoles raw mate-
rials (MTZ, TNZ, and SCZ) presented one major step of

mass loss corresponding to 94.60, 88.44, and 94.60%,
respectively. The second mass loss was observed in MTZ

Fig. 3 DTA curves of 000
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secnidazole (SCZ), at heating >
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and TNZ corresponding to the ash residues. In the SCZ was
observed the presence of volatile product in the beginning
of the thermogravimetric curve relative to the water loss
(Fig. 2).

The kinetic data calculated by Ozawa equation showed
that nitroimidazoles obeyed the kinetic process of zero
order, evidencing possibly that mass loss can be due to the
vaporization process of the metronidazole, secnidazole,
and tinidazole. The activation energy showed to be similar
for metronidazole and secnidazole, the obtained values
were of 88.00 kJ/mol, while to the tinidazole were of
104.50 kJ/mol.

The vaporization constant data, calculated by Antoine
and Langmuir equation [24], for secnidazole, metronida-
zole, and tinidazole were: 138034, 135569, and 124278,
respectively. The metronidazole vapor pressure showed to
be similar with data obtained by Gomes et al. [24] and
Medeiros et al. [25]. The secnidazole and tinidazole were
studied in this study and its vaporization constants when
compared in the group of nitroimidazoles presented the
vaporization constants order: secnidazole > metronidazole
> tinidazole.

The thermal decomposition of MTZ, TNZ, and SCZ
with different microcrystalline celluloses presented mass
loss values near 50.00%. The TG data are presented in
Table 1, where it is possible to verify that MTZ and SCZ
showed less uniformity in the mass loss than TNZ. The fact
can be explained due the TNZ raw material be microniz-
ated while MTZ and SCZ, in the crystalline form.

The binary mixtures of MTZ, TNZ, and SCZ showed
changes in the vaporization processes when compared with
the raw materials. The vaporization constants presented
small values in all binary mixtures for each active phar-
maceutical ingredient and they presented the vaporization
constant order: tinidazole > metronidazole > secnidazole
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evidencing that microcrystalline celluloses stabilize the
active substances. The tinidazole showed to be less stable
because its micronized form.

Differential thermal analysis

DTA curves of nitroimidazoles and their binary mixtures
are presented in Figs. 3 and 4, respectively. The MTZ raw
material showed a melting point in the temperature of
161.89 °C and heat of reaction (J/g) of —228.75. In the
binary mixtures containing MTZ and different microcrys-
talline celluloses were verified an increasing in the melting
point temperature about 3 °C and a decreasing in heat of
reaction about 137.00 J/g. This fact evidenced the more
protection of MTZ by microcrystalline cellulose. The TNZ
raw material presented a melting point in the temperature
of 128.16 °C and heat of reaction (J/g) of —170.00. In the
binary mixtures containing TNZ with different microcrys-
talline celluloses were observed the same melting point

Temperature/°C

temperature while it showed a decreasing in heat of reac-
tion about 103.00 J/g. The SCZ raw material presented a
melting point in the temperature of 76.87 °C and heat of
reaction (J/g) of —211.25. In the binary mixtures contain-
ing SCZ and different microcrystalline celluloses presented
the same melting point temperature while they showed a
decreasing in heat of reaction about 121.00 J/g. The
microcrystalline cellulose protects MTZ and SCZ more
than TNZ.

Differential scanning calorimetry

DSC curves of nitroimidazoles are showed in Fig. 5. The
MTZ raw material showed a melting point at about 159 °C
with displacement of temperature between heating rate 2
and 40 °C at about 5 °C. The TNZ raw material presented
a melting point at about 125 °C with 6 °C of displacement
between 2 and 40 °C. The SCZ raw material showed two
melting points in heating rate of 2 and 5 °C evidencing two
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Fig. 6 DSC photovisual of
nitroimidazoles metronidazole
(MTZ), tinidazole (TNZ) at
heating rate of 10 °C/min and
secnidazole (SCZ) at 2 and

5 °C/min

25.1°C

s ——
a6 = an “2as)
71.2 °C

27.1°C

% (23) &
27.2°C

polymorphs in the temperatures at about 68 and 75 °C,
respectively. In the heating rate of 40 °C showed a varia-
tion about 10 °C when compared with heating rate of 2 °C.

It was possible to determine the melting points of sec-
nidazole by DSC curves presenting the values of 68.30 and
75.50 °C, corresponding to the first and second poly-
morphs, respectively, in the heating rate of 2 and 5 °C/min.
The heating rates of 10, 20, and 40 °C/min presented only a
melting point in the DSC curves, evidencing low sensi-
bility in these heating rates to discriminate the presence of
polymorphs.

DSC coupled to photovisual system

The DSC coupled to photovisual system confirmed the
events of fusion and volatilization of the drugs (Fig. 6).
The SCZ exhibited two endothermic peaks at a heating rate
of 2 and 5 °C/min, corresponding to two different melting
points, possibly due the different crystal sizes in the sam-
ple. Through the images obtained by DSC coupled to
photovisual system in the same condition it was not pos-
sible to visualize the two endothermic events due the lower
uniformity distribution of temperature in the samples,
because this technique uses open cells. It was observed the
drug melting point at about 75 °C, temperature corre-
sponding to the second endothermic peak of conventional
DSC (Fig. 6—vpictures 17 and 18 at a heating rate 2 °C/
min; pictures 25 and 26 at a heating rate 5 °C/min).

The data comparison of the different thermal techniques
showed to be possible to difference the interactions
between different molecules of nitroimidazoles. This fact
was confirmed by vaporization constants of raw materials
and binary mixtures of nitroimidazoles with microcrystal-
line celluloses.
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Conclusions

Thermogravimetric data demonstrated that MTZ and SCZ
showed less uniformity in the mass losses than TNZ. The
nitroimidazoles obeyed the kinetic process with reaction of
zero order evidencing its vaporization processes. DTA data
showed compatibility of nitroimidazoles with different
microcrystalline celluloses. DSC data showed melting
point of secnidazole for the polymorphs present in raw
material. The vaporization constants for nitroimidazoles
raw materials studied was: secnidazole > metronida-
zole > tinidazole and for binary mixtures with microcrys-
talline celluloses the vaporization constants order was:
tinidazole > metronidazole > secnidazole.
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