
Journal of CO2 Utilization 49 (2021) 101563

Available online 13 May 2021
2212-9820/© 2021 Elsevier Ltd. All rights reserved.

Use of supercritical CO2 to obtain Baccharis uncinella extracts with 
antioxidant and antitumor activity 

Aline Machado Lucas a,*, Amerícia F.M.L. Bento a, Rubem Mário Figueiró Vargas b, 
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A B S T R A C T   

The aim of the present study is to evaluate the antioxidant activity (AA) of different fractions of the supercritical 
extract of Baccharis uncinella, in addition to investigating and relating AA to the potential antitumor action in 
bladder cancer (T24) and glioblastoma cells (U87) and also its toxicity against normal cells (Vero) for the fraction 
with the highest percentage of free radical scavenging (% FRS). The extracts were obtained sequentially by 
extraction with supercritical CO2 (150 and 200 bar and 60 ◦C) using ethanol as a co-solvent. The fractionation 
was carried out by column chromatography with hexane, dichloromethane, ethyl acetate and methanol as elu
ents. AA was tested by the DPPH free radical scavenging method and cell toxicity tests were performed by the 
MTT assay. The methanolic fraction had the highest AA, with %FRS of 86.7 %, very close to the antioxidant 
standard used in the test, quercetin, with 87.9 %. The methanolic fraction was able to reduce cell viability to less 
than 50 % at a concentration of 158.8 μg/mL to T24, 213.9 μg/mL to U87 and 702.5 μg/mL to Vero cells. Ac
cording to the results, the methanolic fraction of the supercritical extract of B. uncinella has an antiproliferative 
effect for the tumor cells tested, with less effects on the normal cells evaluated.   

1. Introduction 

The Baccharis genus includes more than 500 species distributed from 
the United States of America to Argentina, 90 % of which occur in South 
America. In Brazil, there are approximately 120 described species [1]. 
Its economic importance is mainly from combating soil erosion and in 
traditional medicine [1,2]. Previous studies have reported the presence 
of phenolic compounds such as flavonoids and phenolic acids, diter
penes and saponins in their non-volatile extracts [3–5]. Its described 
biological and pharmacological properties are antiparasitic, 
anti-inflammatory, analgesic, antioxidant and antibacterial [3,4,6,7]. 

In folk medicine Baccharis are widely used in the form of tea for 
gastrointestinal problems. Such diseases are often attributed to the 
oxidative process of stomach tissues and other organs of the digestive 
system [8,9]. The proof of the antioxidant activity of Baccharis extracts 
[4] can be an empirical justification for its use in gastrointestinal 

diseases, even without scientific evidence. 
Obtainment of plant extracts generally occurs by macerating the 

plant material with organic solvents [8,10,11]. This extraction method 
leads to a later step of removing the remaining solvent [12,13,9]. An 
alternative method for obtainment is through extraction with super
critical fluid, using CO2 as a solvent. The extract obtained by this tech
nique is free of residual solvent and has been shown to be a selective 
process for phenolic compounds, according to reports from previous 
studies [4,14]. The solvent most used as a supercritical fluid is CO2 
(carbon dioxide) because it is non-toxic and has supercritical conditions 
that are easy to obtain. Supercritical CO2 has low polarity, thus the in
crease in pressure, as well as the use of co-solvents, induces an increase 
in the polarity of the system, helping to extract different compounds 
from the plant matrix [15]. 

The techniques of fractionation of plant extracts are usually based on 
the difference in polarity and solubilization power of the compounds in 
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organic solvents. Column chromatography separation is one of the most 
used techniques, being considered a preparative method that aims to 
isolate major compounds and/or decrease the number of compounds for 
further analysis, separating the extract into several fractions. Its prin
ciple of separation is based on the phenomenon of adsorption, which can 
be defined as a process in which a substance (gas, liquid or solid) is 
retained on the surface of a solid [16]. 

Various substances produced by the secondary metabolism of or
ganisms are being used in the pharmaceutical industry for the produc
tion of medicines and cosmetics. Such substances are responsible for 
species protection and environmental mechanisms [17] and are 
increasingly being studied in order to find a beneficial and sustainable 
use for human beings. Native plant species are among the most studied, 
due to their availability and sustainability, as well as being a way of 
valuing what each region can offer. One of the most researched prop
erties in recent years in plant extracts is antitumor activity [18–21]. 
Conventional chemotherapies, in addition to being toxic to tumor cells 
are also extremely toxic to normal cells, causing a series of side effects 
[22–26]. 

Cancer, along with cardiovascular diseases, is one of the main causes 
of mortality worldwide and, therefore, the subject of several studies 
aimed at the development of drugs for its treatment [27]. Currently, 
cancer treatment strategies involve agents that inhibit the initiation of 
the carcinogenic process or that inhibit the proliferation and progression 
of the disease [28,29]. Chemotherapy involves the administration of a 
synthetic compound or one or more naturally occurring chemical agents 
with potential antineoplastic action for various types of neoplasms, 
including bladder cancer and glioblastoma [27,29–31]. 

The main chemotherapy used in tumors treatment is cisplatin. 
Cisplatin is effective against several types of cancers, including carci
nomas, lymphomas and sarcomas. Its action is related to the ability to 
associate with the DNA, causing damage and leading cancer cells to 
apoptosis [32–34]. One of the main problems presented by chemo
therapy drugs is toxicity in healthy cells. To minimize adverse effects, 
combinations of drugs and even plant extracts have been tested [23,35]. 

The aim of the present study is to evaluate the antioxidant potential 
of fractions of the supercritical extract of B. uncinella, in addition to 
investigating and relating their antioxidant activity to the antitumor 
potential action of this species in bladder cancer and glioblastoma cells. 
For Baccharis species like, such as B. trimera and B. dracunculifolia, have 
reports in the literature of antitumor action. B. trimera was tested on 
cervical cancer cells and showed dose-dependent action for these cells 
[19]. B. dracunculifolia, on the other hand, has an antiproliferative ac
tion in a series of tumor cells such as leukemia, prostate cancer, cervical 
cancer, breast cancer, among others [36]. To our best knowledge, no 
reports of anti-tumor action were found for extracts of B. uncinella, 
however, the choice of this Baccharis species is based on previous studies 
[37–40], which report the biological activities of its extracts such as 
sedative, anti-inflammatory, against Chagas disease and leishmaniasis, 
and due to the abundance of this vegetation in southern Brazil. In 
addition to the anti-tumor evaluation, toxicity against normal cells will 
also be evaluated. 

2. Materials and methods 

2.1. Plant material 

Aerial parts of Baccharis uncinella were collected in January 2017, 
during the summer in the southern hemisphere, from a native popula
tion at the Pró-Mata Environmental Research and Preservation Center, São 
Francisco de Paula municipality, state of Rio Grande do Sul, southern 
Brazil. A voucher specimen (MCPUC10437) was deposited at the Her
barium of the Science and Technology Museum of the Pontifical Catholic 
University of Rio Grande do Sul (Herbarium MPUC). After collection, the 
material was dried in an oven (Tecnal) and ground in a knife mill 
(Skymsen) for subsequent extraction by supercritical fluid of the non- 

volatile compounds present in the plant material. 

2.2. Extraction and fractionation 

The procedure for the extraction of non-volatile compounds by su
percritical fluid, or supercritical extraction, is performed using CO2 as a 
solvent under two different pressure and one temperature conditions. 
The pressure and temperature conditions used were chosen in order to 
maximize the extraction of phenolic compounds based on previous work 
[39,41,42]. 

Detailed information of the extraction process and equipment can be 
found at [43]. A mass of 100 g of plant was added to the extraction vessel 
and the supercritical extraction occurred at a temperature of 60 ◦C and a 
pressure of 150 and 200 bar sequentially, that is, using the same plant 
material. Ethanol at 10 % by mass of CO2 was used as a co-solvent. CO2 
has a limited capacity to dissolve polar compounds at high pressures and 
the use of a co-solvent is justified by the increased solvency and solu
bility of the supercritical extraction process, consequently increasing the 
extraction of more polar compounds such as polyphenols [4,14,44]. 

After extraction, the extract was fractionated by polarity in a glass 
column, with vacuum to aid elution. A volume of 150 mL of each eluent 
was added to a 10 cm high silica gel bed (Merck), with a previously dry 
mass of 0.5 g extract. The eluents used were, in the elution order: hex
ane, dichloromethane, ethyl acetate and methanol (Merck). 

2.3. Polyphenols and antioxidant activity (AA) analysis 

The qualitative verification of the polyphenols was carried out 
through thin layer chromatography (TLC) using as a colored reagent an 
aqueous solution of potassium ferricyanide (1%) and ferric chloride 
(2%). Analyzes were performed on Alugram® Xtra SIL G/UV254 silica 
gel plates (Macherey-Nagel) which were eluted with dichloromethane 
(Merck). After elution, the plates were sprayed with the polyphenol- 
colored reagent and the presence of polyphenols is verified through 
the blue color of the compounds eluted. 

The analysis of the AA of the crude supercritical extract and the 
fractions obtained through fractionation was carried out using the DPPH 
free radical capture method, proposed by Brand-Williams [45,46]. This 
method is based on the capture of the DPPH radical (2,2-diphe
nyl-1-picryl-hydrazil) by antioxidant compounds, producing a decrease 
in absorbance at 515 nm of wavelength. Quercetin was used as a control 
at the concentration of 10 mg/mL. 

Solutions of 10 mg/mL of sample and ethanol (99.5 % - Merck) and a 
solution of DPPH (Sigma®) at 60 μM, also in ethanol, were prepared. A 
0.1 mL aliquot of the sample solution was placed in glass cuvettes with 
3.9 mL of the DPPH solution. The blank was performed by replacing the 
sample rate with the same volume of ethanol. Quantification was per
formed using a DPPH calibration curve, with concentrations ranging 
from 10 μM to 50 μM. The absorbance reading was performed on a 
Biospectro SP-220 spectrophotometer, at a wavelength of 515 nm and 
continued until there was no further variation in the absorbance value, 
around 60 min. 

For the fraction that showed the highest AA, a greater concentration 
range was tested to verify the relationship between AA and toxicity in 
tumor cells. The same concentrations used in the cell viability test were 
also tested for AA: 1 at 1000 μg/mL. This fraction was also tested of 1–10 
mg/mL to observe the development of the AA curve until reaching the 
maximum value. The readings were taken after 24 h of preparation, to 
simulate the incubation period in the cell viability test. 

A calculation as a percentage of DPPH free radical scavenging (% 
FRS) is presented, which indicates the percentage of DPPH consumed. 
The calculation is shown in Eq. 1:  

%FRS = [(abs control - abs sample) / (abs control)] x 100 %                  (1)  
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2.4. Cell viability assay 

In order to determinate cytotoxic effect of B. uncinella fraction with 
the highest AA, tumor cell lines including human bladder cancer cells 
(T24), human glioblastoma cells (U87), and non-tumoral African green 
monkey kidney cells (Vero) (from American Type Culture Collection) 
were used. T24 cells were maintained in RPMI cell culture medium, 
while U87 and Vero cells in DMEM, both supplemented with 10 % fetal 
bovine serum (FBS), 0.5 U/mL of penicillin and streptomycin. The cells 
were kept in a humidified cell incubator (37 ◦C, 5% CO2, and 95 % 
humidity) until the experiments, when they were lifted from the sub 
confluent cultures with 0.5 % trypsin in 5 mM EDTA, counted on a he
mocytometer, and plated at the appropriate density according to the 
experimental protocol. 

Cellular viability was assessed by MTT [3-(4,5-dimethylthiazol-2-yl)- 
2,5-diphenyltetrazolium bromide] assay. T24, U87 and Vero cells were 
plated at a density of 5 × 103 cells per well in 96-well plates. In order to 
determine toxicity, normal monkey kidney cells (Vero) were exposed to 
different concentrations of the extract that showed highest AA (10; 25; 
50; 75; 100; 200; 250; 500; 750 and 1000 μg/mL) for 24 h. To determine 
antitumor activity, tumor strains were treated with a smaller range of 
concentrations (10; 25; 50; 75; 100 and 200 μg/mL) and incubated for 
24 h. The concentrations tested in tumor cells were lower than those 
used for normal cells as they were selected from the results previously 
presented with Vero cells. Toxic concentrations for normal cells have not 
been tested for tumor cells as their effect would be more harmful than 
beneficial. Following treatment, culture medium containing the treat
ment was removed and the cells were washed twice with PBS (phos
phate-buffered saline). Then, 90 μL of culture medium and 10 μL of MTT 
stock solution (5 mg/mL in PBS) were added to each of the wells. The 
cells were incubated for 3 h and the solution was then removed from the 
precipitate. The formazan product in cells was solubilized by adding 
dimethyl sulfoxide and the level of absorbance was read by an enzyme- 
linked immunosorbent assay plate reader at 570 nm and 630 nm 
(absorbance at 570 nm minus absorbance at 630 nm). This absorbance 
was linearly proportional to the number of live cells with active mito
chondria. The results were determined as a percentage of the treated 
absorbance in relation to the group that did not receive treatment 
(control). 

The statistical test used was a one-way analysis of variance 
(ANOVA), followed by the Tukey post hoc test. Results were presented 
as the standard error of the mean. GraphPad Prism 5.0® program was 
used to generate graphs. P values < 0.05 were taken to indicate statis
tical significance.The half maximal inhibitory concentration (IC50) was 
calculated by linear regression. 

3. Results 

The total yield of extraction and fractionation is show in Table 1. 
The sum of the mass recovered in the fractionation (0.35 g) is not the 

same as the mass inserted in the column (0.5 g). This difference is due to 
the material that is permanently retained from the silica and to losses 
during the experiment, such as changing the collection flasks and in the 
drying process of the fractions. 

After extract fractionation, all fractions were subjected to qualitative 
analysis of polyphenols and to evaluation of antioxidant activity as 
follows. The results can be seen in Figs. 1 and 2 respectively. 

As can be seen in Fig. 1, only the hexane fraction did not present 
amounts of polyphenols in its composition. In the fraction of ethyl ac
etate and methanol, more polar phenolic compounds are observed that 
have not been eluted with dichloromethane. The dichloromethane 
fraction showed phenolic compounds with a greater range of polarity. 
The relationship between the qualitative analysis of phenolic com
pounds and the high antioxidant action of the fractions can be seen in 
the results that follow (Fig. 2). 

The methanolic fraction showed the highest AA, when compared to 
the crude extract and the other fractions, as can be seen at Fig. 2. The 
percentage of free radical scavenging (% FRS) for this fraction (86.7 %) 
was very close to the antioxidant standard used in the test, quercetin 
(87.9 %). The methanolic fraction was used for the tests of cell viability. 
Phenolic compounds tend to have a strong AA and are normally com
pounds with high polarity, being representative in the fraction in 
question. 

Table 1 
Yields of the crude supercritical extract and fractions obtained from crude su
percritical extract.  

Sample Mass (g) Yield (%w/w) 

Extraction results 
Crude extract 4.80 4.80 
Fractionation results 
Hexane fraction 0.0955 19.10 
Dicloromethane fraction 0.0184 3.68 
Ethyl acetate fraction 0.1984 39.68 
Methanolic fraction 0.0753 15.06  

Fig. 1. Polyphenol qualitative analysis of Baccharis uncinella fractions obtained 
by column chromatography. H-hexane fraction; A-ethyl acetate fraction; D- 
dichloromethane fraction; M-methanolic fraction. 
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For the methanolic fraction, in order to make a parallel with the 
toxicity against tumor cells, the same concentrations tested in the 
toxicity test were used in the analysis of AA. Fig. 3 shows the evolution 
of AA, expressed by percentage of free radical scavenging, in the con
centrations used in the toxicity tests until reaching its maximum value. 

In Fig. 3 can be observed that at very low concentrations (0–50 μg/ 
mL) there is a great variation in the values presented, assuming a more 
characteristic profile from 100 μg/mL. The AA value slowly increases to 
a concentration of 250 μL/mL, increasing significantly from 500 μg/mL 
until reaching its maximum peak at approximately 5000 μg/mL. As it is a 
colorimetric method and due to the fact that the sample has color, the 
variations presented by the data may be due to this characteristic of the 
sample. 

Antitumoral effect of B. uncinella methanolic fraction was evaluated 
in different tumor cell lines (T24 and U87) and also in non-tumoral cells 
(Vero). Cells were exposed to increasing concentrations from 10 to 1000 
μg/mL for 24 h and cell viability was measured using MTT assay. Results 
are shown in Fig. 4. For tumor cells, after 200 μg/mL there was a sig
nificant drop in cell viability. 

In T24, the control treatment (H2O) showed a viability of 104.5 ±
3.24 %, while for cells treated with the B. uncinella fraction at 200 μg/mL 
there was a reduction of this value to 15.07 ± 1.10 %, with IC50 about 
158.8 μg/mL. For U87, the control treatment (H2O) showed a viability of 
100.2 ± 2.69 % and there was a significant reduction at 100 μg/mL, with 

viability values of 84.87 ± 3.84 % and 50.13 ± 2.15 % for concentra
tions of 100 and 200 μg/mL, respectively. The IC50 for U87 was 213.9 
μg/mL. 

These values are in agreement with [19] who evaluated the 
anti-proliferative effect of B. trimera extracts for cervical cancer cells 
(SiHa cells), and who pointed out that IC50 concentrations from 400 
μg/mL with dose dependent effect are effective in reducing the viability 
of these cells. Higher IC50 values were obtained by Chen et al. [47] 
against leukemia cells and colon cancer cells for B. dracunculifolia su
percritical extracts, which demonstrates an effective potential of 
B. uncinella extracts in the development of new chemotherapeutic agents 
due to lower IC50 values found for the cells tested compared to other 
Baccharis species. 

The fraction of the supercritical extract of B. uncinella showed a 
better growth inhibitory action for T24 bladder cancer cells, with a 
lower IC50 value than for U87 gliobastoma cells. The values found for the 
IC50 are in accordance with the values found by Konno et al. [48] for 
mushroom extracts in T24 cells. The authors also show a relationship 
between the addition of an antioxidant element, the vitamin C, to the 
mushroom extracts that potentiated the antiproliferative effect in con
centrations that, before the combination, were not lethal to the cells. In 
other studies developed by the authors [49], a less toxic effect of vitamin 
C was observed for normal cells than for tumor cells. It was observed 
that this behavior may be related to the pro-oxidant action of vitamin C, 

Fig. 2. %FRS of the quercetin standard, crude extract and its fractions.  

Fig. 3. %FRS evaluation of the methanolic fraction in different concentrations: from 1 to 10,000 μL/mL.  
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which can be extended to studies with B. uncinella that have as their 
main biological activity the high antioxidant activity of their extracts. 

Comparing with cisplatin the values are much higher. For T24, the 
IC50 of cisplatin is around 15 μg/mL and 0.3 μg/mL for U87 [24,35]. 
These differences are expected due to complexity of extracts in relation 
to pure molecule. This fact can also be observed when a pure natural 
compound is evaluated for its antiproliferative effect [21,50]. 

Vero cells were used to investigate the effects of B. uncinella extract 
on non-tumoral cells. As can be observed at Fig. 4.c, the viability value of 
control (H2O) was 103.74 ± 6.21 % and a significant antiproliferative 
effect was perceived at Vero cells from concentration of 250 μg/mL with 
cell viability value of 53.8 ± 8.05 %. The IC50 was 702.5 μg/mL, much 
higher concentration than used in tumor cells. Making a comparison 
with cisplatin, IC50 concentration for Vero cells is 36 μg/mL [22]. This 
indicates that the fraction of B. uncinella has lower cytotoxic effect on 
normal cells than on tumor cells, which is important for antineoplastic 
agents. Selectivity is a major current factor in cancer therapy and natural 
products presenting this characteristic are favorable candidates to be 
utilized into new chemotherapeutic agents. 

Over last decades, polyphenols received considerable attention for 
their health benefits, including chemo preventive effects in cancer. 
These metabolites are considered critical components of plant defense 
against predation, particularly due their antioxidant capacity [51,52]. 
Baccharis extracts are rich in phenolic compounds, which present great 
antioxidant activity [39]. 

In this study, our data available that the cytotoxic effects on tumor 
cells are related to the concentration of the extract to which AA 
continuously increases (around 200 μg/mL). The mechanism related to 
antiproliferative effect of extracts rich in polyphenols has not been 
clearly defined. Studies suggest that ambiguous relationship between 

antioxidant and antiproliferative actions may be related to structural 
characteristics of molecules present in extracts [50]. Most of plant 
polyphenols retain both antioxidant and prooxidant properties and some 
studies suggest endogenous cooperation between prooxidant and cyto
toxic action of these compounds rather than antioxidant effect in cancer 
context [51]. 

4. Conclusion 

According to the data analyzed, it can be said that the methanolic 
fraction of the supercritical extract of B. uncinella has an anti
proliferative effect for the tumor cells tested, especially for T24 cells, 
with a less aggressive effect on the normal cells evaluated. For a more 
effective relationship between the antioxidant action and the anti
proliferative effect, more experiments need to be carried out, since the 
same extract with the same antioxidant activity showed different effects 
for the cell lines tested, which leads us to believe that the action effect is 
not the same for all cells. 
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