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Abstract 

We evaluate the antioxidant potential of crude extract from stem bark of Pterodon pubescens, a typical 

plant of the Brazilian Cerrado, using Electron Paramagnetic Resonance (EPR) at X-band. The 

measurements were performed in different concentrations of the crude extract diluted in the 1.0 

mmol.L-1 ethanol solution of the free radical DPPH (2,2´-diphenyl-1-picrylhydrazyl). The analysis was 

taken to obtain the material capability to neutralize the action of the DPPH radical. We observed a 

clear relation between the extract concentrations and how the EPR signal decrease. We also observed 

that small amount of extract, about 14.4 mg.L-1, was enough to reduce the radical DPPH in the 

solution by 50%, indicating that the crude extract of Pterodon pubescens has a great antioxidant 

property. Some secondary metabolites, such as aurones, chalcones, coumarins, flavanones, phenols, 

tannins and triterpenes were identified in the sample using the phytochemical analysis. The strong 

antioxidant activity can be related to the phenolic compounds found in the sample.  
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Resumo 

Avaliamos o potencial antioxidante do extrato bruto da entrecasca do caule de Pterodon pubescens, 

uma planta típica do Cerrado Brasileiro, usando a técnica de Ressonância Paramagnética Eletrônica 

(RPE), em Banda-X. As medidas foram realizadas em diferentes concentrações de extrato bruto, 

diluídos em solução etanólica do radical livre DPPH (2,2´-difenil-1-picrilhidrazil) (1,0 mmol.L-1). As 

análises foram realizadas no sentido de obtenção da capacidade do material em neutralizar a ação do 

radical DPPH. Observamos uma nítida relação entre a concentração do extrato e o decréscimo no sinal 

de RPE. Também observamos que uma pequena quantidade de amostra, cerca de 14,4 mg.L-1, foi 

suficiente para reduzir o radical DPPH na solução em 50%, indicando assim que o extrato bruto das 

cascas de Pterodon pubescens apresenta grande potencial antioxidante. Alguns metabólitos 

secundários, como auronas, chalconas, cumarinas, flavanonas, fenóis, taninos e triterpenos foram 
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identificados no extrato por triagem fitoquímica. O elevado potencial antioxidante pode estar 

relacionado à forte presença de compostos fenólicos na amostra. 

 

Palavras-chave: Antioxidante; RPE; Pterodon pubescens. 

 

Introduction 
 

 

There is a growing interest in the properties of natural antioxidants that can prevent the harmful 

effect of free radicals in metabolic reactions [1,2]. Some studies indicate that a regular ingestion of 

fruits and vegetables, that are naturally rich in antioxidants, can help the human body to fight against 

many diseases, including heart diseases, inflammatory diseases and cancer. There is a large quantity of 

compounds that can be used as an antioxidant substance, such as vitamins, minerals, natural pigments. 

Many of these compounds are obtained from stems, bark, leaves, fruits and seeds. In this work we 

investigated the antioxidant activity from the stem bark of Pterodon pubescens, a typical Brazilian 

plant commonly known by the locals as sucupira branca. This plant is easily found in the Cerrado, in 

the central area of Brazil. 

The Cerrado is the second largest Brazilian biome that is second only to the Amazon. With a 

great biological biodiversity, it presents a wide diversity of its flora, with about 12 thousands listed 

species, occupying 21% of the Brazilian territory [3,4].  

In the Brazilian Cerrado, there is a great diversity of vegetal species from which the locals 

usually collect some material to produce domestic medicine [5]. As a matter of fact, many species of 

plants in this ecoregion have a great pharmacological potential, which is explored in abundance by 

natives of the region, for the prophylaxis, due to its analgesic, antimicrobial, anti-ulcer, anti-

inflammatory and anti-tumor effects [6-8]. However, research in this area is still scarce.  

Materials collected from the Pterodon pubescens has been regularly used as a popular medicine 

against many diseases because of their anti-rheumatic, analgesic, and anti-inflammatory properties. 

Some phytochemical studies have revealed that Pterodon pubescens contains some natural compounds 

that can be related to the healing process [9]. However, it is still not clear which of these compounds 

are responsible for the healing process and how they work in the human body. Although it is not clear 

which compounds are involved in the healing process, somehow it involves a radical reduction. It is 

known that there is some correlation between the antioxidant activity and many physiological 

mechanisms, since the antioxidants reduce the oxidative stress in cells [10].  

 

In this work we evaluate the antioxidant potential of the crude extract of Pterodon pubescens, 

using Electron Paramagnetic Resonance (EPR). The EPR technique is very useful to quantify free 
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radicals in samples. It is because the technique is highly sensitive to a small quantity of radicals. The 

EPR has already been applied to investigate antioxidant properties of other Brazilian species [11]. In 

addition, the phytochemical analysis was performed to find some secondary metabolites which might 

be associate to the antioxidant activity.  

 

 

Experimental 
 

Materials and methods 

 
   The vegetal material was obtained in the Brazilian Cerrado from the stem bark of Pterodon 

pubescens. The tree is found at 15o55´8.9´´ S and 52o16´43.0´´ W.  After the taxonomy identification, 

the material was put into a desiccator at 40oC without any incidence of light. The dried material was 

milled, and the resulting powder was separated to process the crude extract.  

  Following some strategies for the preparation of the crude extract [12], about 1.0 Kg of the 

powder was immersed into a hydroethanolic solution at room temperature for 10 days. The solution 

was prepared using 4.8 L of ethanol and 1.2 L of distillated water. To facilitate the extraction, the 

powder solution was agitated occasionally. Then the solid material was filtered, and the solvent was 

recovered using a rotary evaporator under vacuum at 60oC. The crude extract was stored in a desiccator 

at 50-60oC, and the mass reduction was monitored for seven days. Since there was no longer reduction, 

the sample was removed from the desiccator and stored at 7-10oC.  During all the preparation of the 

samples, the material was protected from bright light to avoid any degradation. The collected stem 

barks yielded 85 g of the crude extract, as it is shown in Figure 1.   

 

 

Figure 1: The crude extract obtained from the stem bark of Pterodon pubescens. 

 

  To investigate the secondary metabolites, the method described by Matos (2009) [13] was 

followed, with some adaptations, which is based on color change or precipitate formation. It was 

prepared two samples of extracts, one hydrophilic and another lipophilic.  For the hydrophilic sample it 

was used 700 mL of ethanol 70% (v/v), while for lipophilic sample it was used 570 mL of chlorophorm 

(CHCl3) as solvent. Then 10 g of the dried bast was added to both solvents.  
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  The antioxidant activity test was realized in an X-Band EPR spectrometer (Miniscope MS300 - 

Magnettech). The samples were prepared using a solution of DPPH (2,2´-diphenyl-1-picrylhydrazyl) at 

1.0 mmol.L-1, and at different concentrations of vegetal extract. It was prepared six samples with 200, 

150, 100, 75 and 25 mg.L-1 of the extract. All samples were prepared from the same DPPH solution that 

is called in this work as the reference sample. In order to make reproductive EPR measurements, the 

samples were put into sealed capillaries. The antioxidant effect was observed by measuring the signal 

amplitude as a function of the time. 

 

 

Results and Discussion 
 

 
 The EPR of DPPH dissolved in ethanol provides a signal that is shown in the Figure 2.  

 

330 332 334 336 338 340 342

Magnetic field (mT)

 

 

Figure 2: A typical EPR signal of the DPPH diluted in ethanol. The signature is related to the nitrogen 

hyperfine couplings. 

 

  This signal has a typical signature characterized by the well-reported nitrogen hyperfine 

couplings [14]. Our study is based on the capacity of the extract scavenge the radical. When some 

amount of the radical is scavenged, the EPR signal is reduced proportionately. In this reduction, the 

line shape remains the same. Therefore, there is a direct relation between the decreased amplitude peak 

to peak and the scavenged DPPH radical. 

  The Figure 3 shows the antioxidant effect of the vegetal extract on the 1.0 mmol.L-1 DPPH 

solution. The amplitude peak to peak (App) was monitored for each five minutes, starting from the 

reference sample.  
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Figure 3: The signal amplitude peak to peak (App) of DPPH solution. The amplitude decreases because 

the reaction between the DPPH and the extract. The exponential decay is a function of the 

concentration of the extract. 

 

  As can be seen in the Figure 3, the signal amplitude decays very quickly. It is necessary only 

few minutes for the signal achieve steady states. Since each magnetic field scan longs one minute, it is 

inappropriate to use time interval much less than five minutes. 

 

  An exponential curve was fitted for each set of data as are shown in Figure 3. The exponential 

function used is each fitting obeys the following function: 

 

                    (Eq. 1) 

  

where A(x,t) is the signal amplitude and it is a function of the extract concentration x and time t; while 

k represents the decay constant. For long time, the amplitude A becomes equal to the parameter B of the 

fitting curve. Thus, the parameter B represents the stabilized signal related to the reactions under the 

equilibrium condition. As there are many compounds in the vegetal extract that can contribute to the 

scavenging, it is not possible to understand detailed kinetic reactions in the process. 

  The Table 1 shows all the parameters of the curve fitted in the experimental data.  

 

Table 1: Fitting results. The exponential curves (see Eq. 1) were fitted to the EPR amplitudes for each 

concentration x of the plant extract in the 1.0 mmol.L-1 DPPH solution. The parameter B represents the 

amplitude of the signal for a long time of reaction. 

x (mg.L-1) B C k (min-1) 

25 1567 3271 0.49 

50 1140 3694 0.36 

75 926 3911 0.42 

100 890 3997 0.44 

150 805 4032 0.41 

200 636 4204 0.60 
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  As can be seen, the decay constant does not change very much. It is important to consider that 

the first ten minutes of the reaction are very determinative to the decay constant. However, the few data 

in this time region do not allow us to determine the decay constant precisely. Not surprisingly, the 

parameter B also decays exponentially as the extract concentration increases. The Figure 4 shows the 

parameter B as a function of the concentration, and the related fitting curve. We found that our 

stabilized signal can be modeled as: 

 

 
 

 
Figure 4: The amplitude of the stabilized signal according to the fitting results. This amplitude is 

modeled as an exponential decay.  

 

 

  This result allows us to determine the IC50 of the extract. The IC50 is the amount of material 

necessary to reduce the radical quantity by 50%. Thus the IC50 can be determined only by interpolating 

the above function at B(0)/2. In this work, we found IC50 for the extract is equal to 14.4 mg.L-1. The 

small value for the IC50 indicates that the crude extract of Pterodon pubescens has a great antioxidant 

potential.  

  Some secondary metabolites that were found in the sample by phytochemical analysis are 

shown in Table 2. As can be seen, there were found aurones, chalcones, coumarins, flavanones, 

phenols, tannins and triterpenes. 
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Table 2: Chemical analysis of the secondary metabolites of the sample of Pterodon pubescens. 

Secondary metabolites Hydrophilic extract Lipophilic extract 

Aglyclones - flavonoids ( - ) ( 0 ) 

Aglyclones - steroids and terpenoids  ( - ) ( 0 ) 

Alkaloids ( + ) ( - ) 

Anthocyanins and anthocyanidins ( - ) ( - ) 

Anthranols ( - ) ( - ) 

Aurones and chalcones ( + ) ( - ) 

Catechetical tannins ( + ) ( + ) 

Coumarins ( + ) ( + ) 

Flavanones ( + ) ( - ) 

Flavones, flavonoids, flavononols and xanthones ( - ) ( - ) 

Flavones, flavonoids, flavononols and xanthones - 

Confirmation 

( - ) ( - ) 

Free steroids ( + ) ( - ) 

Leukanthocyanidins ( - ) ( - ) 

Pentacyclic triterpenoids ( + ) ( - ) 

Phenols ( + ) ( - ) 

Pyrogalic tannins ( - ) ( - ) 

Quaternary bases ( + ) ( - ) 

Quinones ( - ) ( - ) 

Resins ( + ) ( 0 ) 

Saponins ( + ) ( 0 ) 

Strong fixed acids ( + ) ( - ) 

Legend: ( + ) = positive ;  ( - ) = negative  ;  ( 0 ) = not accomplished. 

 

  As discussed by other authors [15,16], the secondary metabolites in the crude extract obtained 

from the Pterodon pubescens can explain the great antioxidant capacity of the sample. As it is shown in 

the phytochemical analysis, the sample is rich in phenolic compounds. The antioxidant activity can be 

promoted by flavonoids, tannins and other metabolites that scavenge free radicals and act as metal 

chelator [17]. Each phenolic compound can exert antioxidant activity in a particular way. However, it 

was not possible to investigate the detailed mechanism for the radical reduction. 
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Conclusions 
 

  In this work we used the Electron Paramagnetic Resonance to evaluate the antioxidant property 

of the crude extract of Pterodon pubescens, a typical Brazilian plant that is used by the local population 

for domestic medicine. We found that IC50 for this extract is equal to 14.4 mg.L-1, which is the amount 

necessary to scavenge 50% of the radical DPPH. This result indicates that extract of Pterodon 

pubescens has a great antioxidant potential. The phytochemical analysis provides important 

information about the presence of some secondary metabolites such as flavonoids and tannins that can 

be related to the strong antioxidant activity of the sample. Although it was not possible to correlate 

each natural metabolite to the antioxidant mechanism, this work provides some information that can be 

useful for many pharmacological purposes.  
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