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ABSTRACT
Clusia fluminensis Planch. & Triana (Clusiaceae Lindl.) is a native species found in regions of high luminosity 
and water restriction. The aim of this study was to evaluate the antioxidant activity of Clusia fluminensis 
crude extracts through the scavenging of the stable free radical DPPH, and the determination of flavones and 
flavonols content in these extracts. The fruit acetonic extract showed the lowest EC50 value (2.71 ± 0.34 g 
extract / g DPPH), the lowest percentage of remaining DPPH at the concentrations of 125 and 250 μg/mL 
(about 4% in both), and also the greatest percentage of flavones and flavonols (13.93 ± 0.21 %). Statistical 
analysis suggests a positive correlation between the presence of flavonoids and the antioxidant activity of 
this extract. From the obtained results it can be inferred that the acetonic extract of C. fluminensis fruits is an 
interesting target for the search of substances with antioxidant activity, especially flavonoids.

Key words: aluminum chloride, Clusia fluminensis, DPPH, flavonoids.

due to their role in the neutralization or scavenging 
of free radicals (Spencer et al. 2008), since their 
structure allows the donation of a proton to a free 
radical, interrupting the mechanism of oxidation. 
Because of this, the phenolic derivatives are 
transformed into free radicals. However, these 
radicals can be stabilized without promoting or 
propagating reactions (Ramalho and Jorge 2006).

Flavonoids and phenolic acids are classified 
as mixed antioxidants (Ramalho and Jorge 2006) 
because they are able to donate protons to free 
radicals, and are still capable of preventing the 
formation of reactive oxygen species (ROS) either 
by the inhibition of enzymes involved in the process, 
and by chelating metal traces involved in their 
production (Pietta 2000). The role of flavonoids 
as antioxidants has attracted interest to their 

INTRODUCTION

In recent years, a growing number of evidences 
suggests the role of free radicals and other oxidants 
as the major cause of aging and degenerative diseases 
associated with it, such as cardiovascular diseases, 
inflammation, cerebral dysfunction and cancer (Ames 
et al. Aruoma 1994, zarena and Sankar 2009). This 
led to an increasing interest in natural substances with 
antioxidant properties aiming to replace the synthetic 
antioxidants, which have been restricted due to their 
carcinogenic potential and because that can lead to 
increased liver mass and proliferation of endoplasmic 
reticulum (Degáspari and Waszczynskyj 2004).

Phenolic substances are characterized as na-
tural antioxidants and have received much attention 
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pharmacological properties, especially those related 
to protection against cardiovascular diseases (Hertog 
et al. 1993, kondo et al. 1996, Mazur et al. 1999).

Clusia fluminensis Planch. & Triana is an 
endemic species of the Brazilian Atlantic Forest, 
occurring in the states of Bahia, Espírito Santo and 
Rio de Janeiro (Bittrich 2010). It is found in regions 
of high luminosity and water restriction, being 
widely used as an ornamental plant. It belongs to 
the Clusiaceae (Lindl.) family, which stands out 
by the description of it uses in folk medicine and 
by its great representativeness in Brazil (Fenner et 
al. 2006, Bittrich 2010, Reveal and Chase 2011). 
Among the main phenolic substances present in 
the species of the genus Clusia, flavonoids stand 
out, especially bi-flavonoids (Delle Monache 1991, 
Castro et al. 1999, Compagnone et al. 2008).

This study aimed to evaluate the antioxidant 
activity of Clusia fluminensis extracts through 
the scavenging of the stable free radical DPPH 
(1,1-diphenyl-2-picrylhydrazyl), as well as to 
determine the flavones and flavonols content in these 
extracts in order to verify the existence of a possible 
relationship between them.

MATERIALS AND METHODS

REAGENTS AND EQUIPMENTS

All solvents used were of analytical grade and 
obtained from VETEC, Brazil. The DPPH radical and 
rutin were purchased from Sigma, and commercial 
BHT (butylated hydroxytoluene) was obtained from 
Purifarma. Recordings were made by a UV-VIS 
spectrometer Biospectro SP-220 (Curitiba, Brazil).

PLANT MATERIAL

For the present study, leaves and stems from a male 
individual and fruits from a female individual of 
Clusia fluminensis Planch & Triana were collected 
at Forte Barão do Imbuhy, Niterói, in Rio de Janeiro 
State, Brazil. Leaves, stems and partially ripe fruits 
were collected in the autumn, and completely ripe 

fruits were collected in the winter. The plant material 
was identified by Dr. Marcelo Guerra Santos, and a 
voucher specimen was deposited at the herbarium 
of the Faculdade de Formação de Professores, 
Universidade do Estado do Rio de Janeiro (RFFP), 
Brazil, registered under the number 9213.

PREPARATION OF PLANT EXTRACTS

Leaves, fruits and stems of C. fluminensis were dried 
in an oven at 40°C and subsequently fragmented. 
The methanolic extracts of leaves, stems and fruits 
and the acetonic extracts of fruits and stems of 
C. fluminensis were obtained by static maceration 
of plant organs with the respective solvents at room 
temperature for 30 days for methanolic extracts 
and 15 days for acetonic extracts. The solvent 
was renewed at each seven days and followed by 
evaporation under reduced pressure.

DETERMINATION OF TOTAL ANTIOXIDANT ACTIVITY

Total antioxidant activity (TAA) was evaluated 
by spectrophotometric method based on the 
scavenging of the free radical DPPH (1,1-diphenyl-
2-picrylhydrazyl) according to the methodologies 
proposed by Mensor et al. 2001 and Rufino et al. 
2007, with some modifications.

Construction of the calibration curve of DPPH

It was prepared a solution of the radical DPPH 
0.3 mM in methanol, which was then diluted 
providing solutions with final concentrations of 30, 
60, 120, 150 and 180 µM. In a dark room, an aliquot 
of each solution of DPPH obtained was transferred 
to the spectrophotometer cuvettes, and the readings 
were performed at 518 nm. Methanol was used 
as blank to calibrate the spectrophotometer. 
The calibration equation was obtained by linear 
regression of plots, where the abscissa represented 
the concentration of different solutions and the 
ordinate the corresponding absorbances.
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Readings of sample absorbances

Sample stock solutions of the extracts (1.0 mg/mL 
in methanol) were diluted providing solutions with 
final concentrations of 250, 125, 50, 25, 10 and 5 
µg/mL. 1.0 mL of DPPH solution (0.3 mM) was 
added to aliquots of 2.5 mL of different solutions 
of each extract. The mixture was homogenized in 
a vortex agitator. It was used 2.5 mL of methanol 
and 1.0 mL of DPPH solution as negative control, 
and 2.5 mL of a diluted solution from each extract 
with 1.0 mL of methanol as blank. The absorbance 
was read at 518 nm and monitored at every 5 
minutes during 30 minutes, when it was performed 
the reading of the final absorbance to calculate the 
concentration of sample required to reduce in 50% 
the initial concentration of DPPH (EC50), expressed 
as g sample / g DPPH, as described by Rufino et al. 
2007. It was used BHT (butylated hydroxytoluene) 
as positive control, which was submitted to the 
same procedures mentioned for the extracts. All 
procedures were performed in triplicate.

Determination of EC50

After the readings, the value corresponding to half the 
absorbance of the negative control was replaced in the 
calibration equation in order to find the consumption 
of DPPH (μM) corresponding to a reduction of 
50% in its initial concentration, and then this value 
was converted to g/L of DPPH using the following 
formula: [DPPH] (g/L) = [DPPH (μM)]/1.000.000) x 
394.3 (molecular weight of DPPH).

It was obtained a new equation by linear 
regression of plots for each extract where the abscissa 
represented different concentrations of solutions from 
plant extracts and the ordinate the corresponding 
absorbances. Only the points that were within the 
range of linearity (at least 3 points) were used.

To calculate the TAA, the value corresponding 
to half the initial absorbance of the negative control 
was then replaced in each extract equation in order to 

find the concentration of extract required to reduce 
in 50% the initial concentration of DPPH (EC50).

The EC50 value found (μg/mL) was divided by 
1.000 in order to obtain the value in g/L of extract, 
and then it was divided by the value found in g/L 
of DPPH to obtain the final result expressed in g 
extract/g DPPH:

EC50 (extract (g) / DPPH (g) = EC50 (μg/mL) / 1.000

DPPH (g/L)

Evaluation of reaction kinetics

The kinetic behavior of the reaction with DPPH was 
evaluated by a dose-response curve related to the 
decrease in the percentage of remaining DPPH in 
function of time for each extract concentration. The 
average of the absorbances read in triplicate at each 
5 minutes was converted into the concentration of 
remaining DPPH [DPPHrem] using the calibration 
equation of DPPH. The initial concentration of 
DPPH [DPPH0] was obtained from the absorbance 
of the negative control using the same equation. 
These values were then used to obtain the percentage 
of remaining DPPH (%DPPHrem) according to the 
formula: %DPPHrem = [DPPHrem] / [DPPH0] x 100.

DETERMINATION OF FLAVONOIDS CONTENT

The content of flavonoids, expressed as flavones 
and flavonols, was determined in the methanolic 
and acetonic extracts of Clusia fluminensis using 
the colorimetric method involving reaction with 
aluminum chloride, as described by Chang et al. 
2002, with modifications.

Construction of the calibration curve

It was prepared a stock solution of rutin (1.5 mg/
mL in 95% ethanol), which was diluted providing 
solutions with final concentrations of 30, 60, and 
90 μg/mL. It was added 1.5 mL of 95% ethanol, 
0.1 mL of potassium acetate 1M, 2.8 mL of 
distilled water and 0.1 ml of aluminum chloride 
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(10% in distilled water) to an aliquot of 0.5 mL 
of each prepared solution. The reaction mixtures 
were homogenized in a vortex agitator, and after 
30 min of incubation at room temperature they had 
their absorbances read in a spectrophotometer at 
415 nm. For the blank, the volume of aluminum 
chloride 10% was replaced by distilled water. 
The calibration equation was obtained by linear 
regression of plots, where the abscissa represented 
different concentrations of rutin and the ordinate 
the corresponding absorbances.

Sample preparation

10 mg of each extract were dissolved in 2.5 mL 
of 95% ethanol and then stirred for 5 minutes in a 
vortex agitator. The resulting solution was filtered 
and the solid residue dissolved in 2.5 mL of 95% 
ethanol, and again stirred for 5 minutes and filtered. 
The volumes of the filtrates were combined, and 
the final solution volume was adjusted to 5 mL 
with 95% ethanol.

Readings of sample absorbances

An aliquot of 0.5 mL of each extract solution was 
subjected to the same procedure applied to the 
rutin solutions, as described above. Readings were 
performed in triplicate.

Calculation of flavonoids content

After the readings, the absorbance values of 
each extract solution were replaced in the rutin 
calibration equation, providing the content of total 

flavonoids expressed as rutin equivalents in μg/mL. 
To express the results as a percentage of flavonoids, 
it was used the formula:

% Flavonoids =

mass of extract (μg) x 100

[flavonoids] (μg/mL) x total volumn 
of ethanolic extract (mL)

STATISTICAL ANALYSIS

The results were expressed as mean ± standard 
deviation of three independent experiments, and the 
comparison among the three means was performed 
using the one-way analysis of variance (ANOVA). 
ANOVA test was also performed among the results 
obtained for each sample. Pearson’s correlation test 
was performed between the percentages of the total 
antioxidant activity and flavonoid content.

RESULTS AND DISCUSSION

Although it does not represent similar conditions 
to the processes that occur in vivo, the colorimetric 
method to evaluate the ability of scavenging the 
stable free radical DPPH represents a simple and 
rapid method to detect the presence of substances 
with antioxidant properties in crude plant extracts 
in order to become targets of bioguided assays, 
aiming the isolation of such substances.

Table I shows the EC50 values and flavonoid 
content found for the extracts of C. fluminensis. The 
curves obtained by linear regression showed a good 
coefficient of determination (r2 > 0.80), and the 
statistical treatment of data by ANOVA showed no 
significant differences among the three independent 
experiments performed for each extract (p ≥ 0.05).

Samples EC50 ( g extract/g DPPH ) Flavonoid content (%)
Leaves methanolic crude extract 3.48 ± 0.13 8.07 ± 1.70
Fruits methanolic crude extract 4.84 ± 0.40 10.68 ± 0.58
Stems methanolic crude extract 3.28 ± 0.20 9.82 ± 0.53

Fruits acetonic crude extract 2.71 ± 0.34 13.93 ± 0.21
Stems acetonic crude extract 4.56 ± 0.26 9.12 ± 1.14

TABLE I
EC50 values and flavonoid content of Clusia fluminensis crude extracts.
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The analysis of Table I shows that EC50 
values of all extracts are greater than the value 
found for BHT (0.53 ± 0.04 g BHT/g DPPH). 
However, it is important to emphasize that they are 
crude extracts composed by various substances, 
and the antioxidant activity can be a response to 
both a synergistic effect of these substances and 
the presence of a specific substance with high 
antioxidant capacity.

From the point of view of reaction kinetics, 
it was observed that all extracts showed an almost 
instantaneous response at each concentration tested 
since the percentage of the remaining DPPH at the 
beginning of the reaction remains almost constant 
during the thirty minutes of monitored reaction. 
This is a different pattern from the one observed 
for BHT, which only behaves this way in the two 
highest concentrations analyzed (Figure 1).

Fig. 1 - Reaction kinetics. (A) Methanolic crude extract of leaves of C. fluminensis with DPPH; (B) methanolic crude extract of fruits of 
C. fluminensis with DPPH; (C) methanolic crude extract of stems of C. fluminensis with DPPH; (D) acetonic crude extract of fruits of C. fluminensis 
with DPPH; (E) acetonic crude extract of stems of C. fluminensis with DPPH; (F) BHT with DPPH.
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The analysis of Figure 1 shows that at the 
concentration of 25 μg/mL BHT reaches after thirty 
minutes its maximum antioxidant activity, with 
approximately 10% of remaining DPPH, and this 
maximum value is maintained at the concentrations 
of 50, 125 and 250 μg/mL with a decrease just in 
the time required to achieve it as the concentration 
increases. Among the extracts analyzed (Figure 1), 
the fruit acetonic extract showed not only the 
lowest EC50 value, but also the lowest percentage 
of remaining DPPH at 125 and 250 μg/mL (about 
4% in both). The methanolic extracts of leaves and 
stems reached approximately 10% of remaining 
DPPH at 125 μg/mL, and 4 and 5% respectively 
at 250 μg/mL. The fruits methanolic extract and 
stems acetonic extract also showed a percentage of 
remaining DPPH lower than that of BHT at 250 μg/
mL (5 and 7%, respectively).

The DPPH assay is based on the scavenging 
of the free radical 2,2-diphenyl-1-picrylhydrazyl 
(DPPH), which is reduced after the reaction with 
proton donor substances (Sánchez-Moreno 2002). 
The methanolic and acetonic extracts have high 
and mean polarity character, respectively, which 
favors the presence of phenolic substances such 
as flavonoids, whose antioxidant activity has been 
largely investigated in recent years (Chen et al. 
1996, Van Acker et al. 1996, Cao et al. 1997, Heim 
et al. 2002, Seyoum et al. 2006).

The principle of the method used for the 
determination of the flavonoid content consists 
in the fact that aluminum chloride forms stable 
acid complexes with the carbonyl group at C4 and 
hydroxyls at C3 (flavonols) and C5 in flavonols and 
flavones, besides forming labile acid complexes with 
hydroxyls in the ortho position in A or B rings of 
flavonoids (Chang et al. 2002).

Chang and coworkers (2002) also showed that 
the presence of an unsaturation between C2 and 
C3 in the C ring of flavonoids favors a maximum 
absorption of the complex formed with aluminum 
chloride in the range of 415-440 nm, since the 

complexes formed with flavanones and flavanonols, 
which have no such unsaturation, result in a very 
low absorbance at this wavelength range. Similar 
results were demonstrated for isoflavones, whose 
complexes also showed no significant absorbance. 
This same unsaturation is also responsible for a 
better antioxidant activity of flavones and flavonols 
because it favors the conjugation between C and B 
rings, and the carbonyl group at C4, contributing to 
the stabilization of the flavonoid radical formed by 
the abstraction of a hydrogen atom from a hydroxyl 
group that is usually in the position 4 of the B ring 
(Pietta 2000, Seyoum et al. 2006).

The ANOVA test performed between the 
samples showed no significant differences between 
the EC50 values of stems methanolic extract 
and fruits acetonic extract, which showed the 
best antioxidant activity as presented in Table I, 
However, a greatest percentage of flavones and 
flavonols was found in the fruits acetonic extract 
(13.93 ± 0.21%). The statistical analysis also 
showed that a significant difference was observed 
when comparing the flavonoid content of the fruits 
acetonic extract with the leaves methanolic extract, 
stems acetonic extract and fruits methanolic 
extract. The Pearson’s correlation test showed 
a slight positive correlation between the total 
flavonoid content and the antioxidant activity of 
the extracts of Clusia fluminensis. zarena and 
Sankar (2009) evaluated the antioxidant activity of 
different extracts of the fruits pericarp of Garcinia 
mangostana L. (Clusiaceae), and demonstrated that 
acetone and ethyl acetate were the most effective 
solvents in the extraction of substances with 
antioxidant activity. The results obtained for Clusia 
fluminensis showed no significant differences 
between the total flavonoid content of the acetonic 
and methanolic extracts of the fruits. However, 
there was a very significant difference between the 
EC50 values of both extracts, in which the acetonic 
extract showed an EC50 value of almost 2 times 
smaller than the methanolic extract. These results, 
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together with the results mentioned above, suggest 
that the substances with best antioxidant activity 
in fruits of species of Clusiaceae have probably an 
intermediate polarity character.

It was observed a different situation with the 
extracts of stems. The methanolic extract showed 
no significant differences in the percentage of 
flavonoids (9.82 ± 0.53%) when compared with 
the acetonic extract (9.12 ± 1.14%). However, they 
showed a significant difference in the EC50 values, 
with a lower EC50 value for the methanolic extract 
(Table I), showing that in stems of C. fluminensis 
the substances with the best antioxidant activity 
have probably a high polarity character.

The methanolic extract of leaves showed 
the lowest percentage of flavonoids among the 
analyzed extracts (8.07 ± 1.70%). However, this 
difference is only significant when compared with 
the acetonic extract of fruits. It showed the third 
better EC50 value for the antioxidant activity, 
which is statistically similar to the value obtained 
for the methanolic extract of the stems (second 
best value for EC50). It suggests that in this case 
the antioxidant activity is not directly related to the 
concentration of flavonoids, and might be a result 
of the type of flavonoid involved or the presence 
of other substances with antioxidant activity not 
represented by flavonoids.

CONCLUSION

This study showed that the extracts of Clusia 
fluminensis are sources of substances with free 
radicals scavenger activity. The results were 
compared with the percentage of flavonoids in 
these extracts, and the statistical analysis showed 
a positive correlation between these parameters. 
Among all the extracts analyzed, the fruits acetonic 
extract was found to be the most effective in terms 
of antioxidant activity, and also the extract with 
the highest percentage of flavonoids. This suggests 
that acetone is an efficient solvent in the extraction 

of antioxidant substances, and makes this extract 
a target for further studies aiming at the chemical 
characterization of such substances.
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RESUMO

Clusia fluminensis Planch. & Triana (Clusiaceae Lindl.) 
é uma espécie nativa encontrada em regiões de alta 
luminosidade e restrição hídrica. O objetivo deste estudo 
foi avaliar a atividade antioxidante dos extratos brutos 
de Clusia fluminensis através do sequestro do radical 
livre estável DPPH, e a determinação do conteúdo de 
flavonas e flavonóis nesses extratos. O extrato acetônico 
dos frutos apresentou o menor valor de EC50 (2,71 ± 
0,34 g extrato / g DPPH), o menor percentual de DPPH 
remanescente nas concentrações de 125 e 250 μg/mL 
(aproximadamente 4% em ambos), e também o maior 
percentual de flavonas e flavonóis (13,93 ± 0,21 %). 
Análise estatística sugere uma correlação positiva entre 
a presença de flavonóides e a atividade antioxidante do 
extrato. A partir dos resultados obtidos pode ser sugerido 
que o extrato acetônico dos frutos de C. fluminensis é 
um alvo interessante para a busca de substâncias com 
atividade antioxidante, especialmente flavonóides.

Palavras-chave: cloreto de alumínio, Clusia fluminensis, 
DPPH, flavonóides.
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