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RESUMO

As micro-ondas são radiações eletromagnéticas usadas em química como fonte de aquecimento. Alguns métodos descritos
na literatura usam micro-ondas como fonte de aquecimento em estudos de degradação forçada de produtos farmacêuticos.
Neste trabalho, avaliou-se a degradação assistida por micro-ondas (MAD) do levamisol (LEV). A solução de LEV foi
aquecida a 100º C em forno micro-ondas por 5-150 minutos. Os resultados demonstraram que cinética por MAD foi de
ordem zero e degradação em 150 min foi 73.61 %. Comparando com USP 32 (2009), o método de aquecimento por microondas reduz em 62,2 % o tempo necessário para preparação de amostras para determinação de LEV em matéria-prima ou
comprimidos.
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ABSTRACT
Microwaves are electromagnetic radiations used in chemistry as heating source. Few methods described in literature use
microwave as heating source in forced degradation studies of pharmaceuticals. In this work was evaluated microwaveassisted degradation (MAD) of levamisole (LEV). LEV solution was heated in microwave oven (closed system) in 5-150
min at 100°C. The results demonstrated that MAD kinetics was zero order and degradation in 150 min was 73.61%.
Comparing to USP 32 (2009) method microwave heating reduces in 62.2% the time required for sample preparation at
LEV determination in raw material or tablets.
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1. INTRODUCTION
Microwave radiation has been used in many research labs and routine tests for a wide variety decomposition of samples
in some matrices such as soil, hair, milk, diesel oil, biological samples, coal, coke petrochemical, foods, and
pharmaceuticals (Bizzi et al., 2011; Silva et al., 2010) . In chemical synthesis, studies involving reactions speed increase
by microwave radiation use have shown promising results (Damm et al., 2010; Lill et al., 2007). However, recent
publications have been reported in literature using microwave technologies for pharmaceuticals forced degradation/stress
studies (Madhavi et al., 2008; Sonawane & Gide, 2011). According to the ICH (International Conference on
Harmonization) pharmaceutical forced degradation should be conducted in different media (acidic, basic and oxidizing)
at elevated temperatures in order to form degradation products. The objective of this process is: (a) identify the
degradation products, (b) propose the molecule degradation route and (c) develop indicating stability methods (ICH,
2003). Furthermore, pharmaceutical forced degradation may be used to prepare solutions resolution for chromatographic
routine testing. In this condition the degraded pharmaceutical solution is injected together with the solution containing
the intact pharmaceutical and provides resolution between the peaks in a chromatographic system. The main advantage
in replacing conventional heating by microwave heating is reducing the sample preparation time. Heating by microwave
is a highly efficient process and saves considerable energy, primarily because the fundamental mechanism of microwave
involves an agitation of dipolar molecules or ions that could oscillate under the effect of an oscillating electric or magnetic
field (Yeh et al., 2007). Some parameters must be considered to propose that replacing, such as degradation kinetics,
possible changes in pharmaceutical half-life and degradation products formed (Damm et al., 2010).
The azole pharmaceuticals present in its chemical structure a five membered aromatic ring containing two heteroatoms
(where at least one of the heteroatoms must be nitrogen). The core is present in various azole pharmaceuticals and
biologically active natural products, since anti-ulcerogenic agents and antifungal agents to molecules which can be used
to treat infections. Levamisole hydrochloride (LEV) is an example of pharmaceutical azole containing in its structure an
imidazole ring associated to a thiazole ring. It has anthelmintic activity, being particularly effective in infections caused
by Ascaris lumbricoides (Rang, Dale & Ritter, 2001). According to USP 32 (2009), the method by high performance
liquid chromatography (HPLC) proposes conventional heating a basic solution for 5 hours at 100°C to obtain majority
degradation product (USP 32, 2009). This solution should be a chromatographic peak with appropriate resolution related
to intact pharmaceutical peak. However, this method is slow and uses a large volume of solvent. For routine analysis in
pharmaceutical industry, the decrease in analysis time and lower consumption of solvents are required characteristics and
which can be achieved by replacing the conventional heating by microwave heating.
This way, this paper describes LEV microwave-assisted degradation (MAD) and provides chromatographic profile
products. The aim of this study is to compare pharmaceutical degradation kinetics assisted by microwave and conventional
heating.

2. EXPERIMENTAL
2.1 Chemicals and reagents
LEV was obtained from Henrifarma Ltda. (São Paulo, SP) and tested as described in USP 32 (2009). LEV was certified
to contain 100.1% and used without further purification. All the other chemicals and solvents were purchased from
commercial sources and used without further purification.

2.2 HPLC instrumentation
All analyzes by HPLC were performed on a Shimadzu chromatograph (LC-20AT Prominence), equipped with binary
pump, auto injector, diode array detector, column oven and degasser. The analytes were separated on a reversed phase
column C18, Macherey-Nagel (MN) (150 mm x 4.0 mm x 5 mm). The mobile phase consisted of monobasic ammonium
phosphate buffer 0.05 M (0.3% triethylamine) (Rang, Dale, Ritter, 2001).

2.3 Heating equipment
MAD experiments were performed in a Microwave 3000 microwave reactor equipped with a fiber optic probe for accurate
internal temperature measurement (Anton Paar® GmbH, Graz, Austria). Conventional experiments were performed in
drying oven.
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2.4. Procedures
2.3.1 Conventional protocols
Conventional experiments were performed in drying oven at 100 °C (USP 32, 2009). LEV samples (4 mg mL-1 in 0.1 M
NaOH) were placed in closed flask and heated for 15, 30, 60, 90, 120, 150 and 300 min. Solutions were analyzed by
HPLC after dilution in 0.1 M NaOH (160 µg mL-1 theoretical concentration). The degradation products were evaluated
qualitatively.
2.3.2 Microwave experiments: preliminary degradation
Preliminary degradation was evaluated from time variation (30, 45 and 60 min) and temperature (100 °C and 130 °C) of
LEV basic solution. Solutions were analyzed by HPLC after dilution in 0.1 M NaOH (160 µg mL-1 theoretical
concentration). All experiments were conducted in triplicate. The degradation products were evaluated qualitatively.
2.3.3 Microwave experiments: forced degradation
The MAD was evaluated from variation of time (5, 15, 30, 60, 90, 120 and 150 minutes) at 100 °C of LEV basic solution.
In each heating cycle, 10 mL of basic solution were transferred to a quartz tubes, in triplicate. The samples containing
LEV basic solution were placed in the same position. In other locations, flasks containing 10 mL of 0.1 M NaOH were
used for heat homogeneous distribution. The temperature in each flask was monitored by sensors. In order to confirm
degradation products formation, the same procedure described above was carried out at 130 °C. Samples (degraded
solutions) were analyzed by HPLC after dilution in 0.1 M NaOH (160 mg mL-1 theoretical concentration).

2.3.4 Degradation kinetic assisted by microwave
Degradation kinetics at 100 °C was determined by plotting the graphs (a) concentration x time (zero order kinetics), (b)
Logarithm concentration x time (first order kinetics) and (c) inverse concentration x time (second order kinetics). The
following kinetic parameters were calculated for degraded samples: reaction order, reaction rate (k), half-life (t½) and time
to concentration get 90% (t90).

3. RESULTS AND DISCUSSION
3.1 Conventional protocols
Figure 1 shows LEV chromatogram (160 µg mL-1) before conventional heating.

FIGURE 1 – LEV chromatogram
In this condition, the chromatogram of intact pharmaceutical shows only the peak related to LEV at retention time (Tr =
5.9 min). The chromatogram of sample degraded by conventional heating (Figure 2) showed a peak LEV (Tr = 5.9 min)
and degradation products in Tr = 6.8 min (PD1) and Tr = 7.8 (PD2). In this condition LEV concentration decrease 58.62%
when compared to intact pharmaceutical.
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FIGURE 2 – LEV chromatogram after conventional heating (300 min, 100°C)
3.2 Microwave experiments: preliminary degradation
LEV was selected as model compound to evaluate the concept of performing microwave-assisted forced degradations in
closed systems. As the degradation pathways of LEV are well established and pharmacopoeial monograph is available,
analytical thoroughness and a chromatographic method validation was not the main concern in this study (Dickinson,
Hudson & Taylor, 1971; USP 32, 2009). Therefore, a precise quantification of degradation products was not carried out
rather a comparison of peak areas utilizing HPLC-UV analysis was considered sufficient for the purpose of validating the
MAD concept.
According to Brazil (2008), forced degradation test purpose is not completely degrade the compound, but to promote
degradation of a small extent (10-30%), sufficient to develop indicating stability methods and identifying degradation
products (Brasil, 2008). Thus, a preliminary study of pharmaceutical degradation was conducted to evaluate the
temperature at which this condition would be reached. In MAD at 100 °C for 30 min, was obtained 19.3% degradation
and no additional peaks were observed after analysis by HPLC. The retention time coincides with that observed previously
in LEV degraded by conventional heating. The same profile can be observed for MAD to 100 °C for 60 min, with
increased degradation rate in approximately 5%. In this condition there was formation of degradation product in Tr = 6.8
min (PD1). For MAD at 130 °C, degradation reached 80% in 60 min and there was formation of two degradation products
(PD1 - Tr = 6.8 min and PD2 - Tr = 7.8 min). In order to observe PD2 formation profile, a study was conducted at 130 °C
at different exposure times. In this condition, there was formation PD2 after 15 min and LEV total degradation in 90
minutes (data not shown). The percentage degradation achieved after preliminary degradation can be seen in Figure 3.

FIGURE 3 - LEV preliminary degradation
The results show that MAD is influenced by time and temperature, directly affecting reaction velocity. Percent degradation
equivalent to that obtained by the conventional method (41.38%) was reached for approximately 120 min at 100 °C and
15 min at 130 °C, which shows efficiency in time reduction at microwave heating. As high temperatures typically applied
in closed microwave can induce alternative degradation pathways not predictive of degradation pathways at lower
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temperatures, 100 °C was chosen for further studies in order to evaluate kinetic degradation (Prekodravak, Damm &
Kappe, 2011).

3.3 Microwave experiments: forced degradation
In MAD at 100 °C was observed 73.60% degradation at 150 minutes (Figure 4) and formation of degradation product
PD1 in 60 min (Figure 5).

FIGURE 4 – Samples degradation (%) by conventional and microwave heating at 100°C
The peak related to PD1 showed symmetry and excellent resolution in relation to LEV peak. The LEV peak showed no
overlap (purity determined by absence of overlapping peaks in chromatographic system with diode array detector). At
time 150 min were formed of second degradation product (PD2) at Tr = 7.8 min (Figure 5).

FIGURE 5 – LEV chromatograms after MAD at 100 °C in: (a) 30 min; (b) 60 min; (c) 90 min; (g) 150 min.
This result demonstrates the ability of MAD to accelerate the reaction, without the formation of new degradation products.
Compared to conventional heating, microwave heating enhances the rate of certain chemical reactions by 10 to 1,000
times and reactions are cleaner and more environmentally friendly than conventional heating methods. Microwaves heat
the compounds directly and usage of solvents can be reduced or eliminated (Gaba & Dhingra, 2011). In sequence, peak
areas are showed in Table 1
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Table 1 - Peak areas of LEV and degradation products
Peak area LEV

Peak area PD1

Peak area PD2

(6.8 min)

(7.8 min)

Time (min)

Coventional
Heating

MAD

Coventional
Heating

MAD

Coventional
Heating

MAD

0

13692926

13770783

-----

-----

-----

-----

150

11324945

3635693

899588

692301

1913226

978199

300

7968458

NR

2513468

NR

2943260

NR

3.3 Kinetic degradation assisted by microwave
Studies involving pharmaceutical degradation are useful in order to evaluate concentration decrease in different
conditions, in order to establish the shelf life and storage conditions. Thus, by reaction order determination is possible to
calculate parameters such as velocity (k), half-life (t1/2) time to concentration achieve 90% (t90). Furthermore, it is possible
by these parameters, comparing kinetics degradation established in different conditions. The values related to
concentration versus time at 100° C are shown in Table 2.
TABLE 2 – LEV kinetic degradation
Concentration (µg mL-1)

Time (min)

Conventional Heating

Microwave Heating

0

160.0

160.0

5

155.4

154.6

15

158.1

151.1

30

155.5

129.1

60

157.3

119.2

90

140.5

117.5

120

138.7

101.7

150

131.2

42.2

300

66.2

-------

Linear Equation

y = -0.3058x + 167.29

y = -0.6384x + 159.44

r

0.96

0.94

The reaction follow a zero order kinetics, with k = 0.64 µg mL-1 min-1 (t1/2 =125 min and t90 = 25 min). For conventional
heating was obtained the same reaction order with k = 0.31 µg mL-1 min-1(t1/2 =285.44 min and t90 = 76.16 min). No
changes in reaction order and formation of new degradation products were observed by MAD in place of conventional
heating, showing only increase in degradation velocity. In MAD, 113.43 min were required to achieve the same percentage
obtained in conventional heating (300 min). Thus, proposed method reduces in 62.2% the time necessary for sample
preparation of LEV tablets determination according to USP 32 (2009).
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4. CONCLUSION

The method proposed proved to be adequate for analysis of LEV pharmaceutical, with the advantage of heating time
reducing, processing of many samples simultaneously and reduced use of solvents. This methodology is presented as an
alternative to the procedures using conventional heating in studies involving forced degradation of pharmaceuticals. The
innovative use of microwave radiation for this purpose allows the automation of workstations with sampling rate higher
than the already available on the market for testing stability.
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