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Cytotoxic Activity of Baccharis trimera (Less.) DC.
Essential Oil in Tumor Cell Lines and its Role in
Associated Death Mechanisms
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This study evaluated the potential of Baccharis trimera essential oil (EO) and its components in cancer therapy
through the application of cytotoxicity and cell death assays. Using gas chromatography analysis, the major
components of the aerial parts of the essential oil were identified as (£)-caryophyllene (18.9%), bicyclogermacrene
(15.6%), and germacrene D (10.5%). Baccharis trimera essential oil (5.8 pg/mL) and a-humulene (7.8 pg/mL)
presented strong cytotoxic activity, while (£)-caryophyllene (11.5 pg/mL) and caryophyllene oxide (> 100.0 pg/mL)
showed moderate and low activities, respectively, against MCF-7 cell lines. Against HepG2 cell lines, B. trimera
essential oil (10.4 pg/mL), ashumulene (17.1 pg/mL), and caryophyllene oxide (19.4 pg/mL) exhibited moderate
activity, while (£)-caryophyllene (52.3 pg/mL) displayed low activity against HepG2 cell lines. The selectivity index
values of EO (MCF-7 and HepG2), a-humulene and (£)-caryophyllene (MCF-7), and caryophyllene oxide (HepG2)
were found between 1.1 and 2.8, compared with MCF-10A cells. The annexin-V and Hoechst / propidium iodide
assays performed with essential oil, (£)-caryophyllene, a-humulene, and caryophyllene oxide showed apoptosis
and necrosis mechanisms for all cell lines. Based on these findings, B. trimera essential oil and its components
can be considered as potential therapeutic agents against cancer.
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1. Introduction

Over 19 million new cancer cases were recorded in 2020.
Breast cancer incidence was the highest recorded, while lung
cancer caused the highest amount of deaths among cancer
patients (1.8 million) [1]. Cancer therapy is mainly based on
surgical procedures, radiotherapy, and chemotherapy [2];
however, these therapies have been found to affect both
tumor cells and healthy cells. To help tackle this underlying
problem, over the past few years new therapies which are
selective to tumor cells have been developed, such as natural
antioxidants, gene, targeted, and nanoparticles-based
therapies [3].

Plants are a great source for the discovery of compounds
which are effectively useful for preventing or reversing
carcinogenic processes [4]. Baccharis trimera (Less.) DC.
(Asteraceae) or “carqueja” is a Brazilian native shrub that is
widely used in folk medicine for the treatment of digestive
disorders, liver diseases, inflammation, rheumatism, and
diabetes [5]. Pharmacological studies have shown that B.
trimera leaves possess anti-inflammatory, antiulcerogenic,
antioxidant, hepatoprotective, and antileishmanial properties
[6, 7]. The main secondary metabolites which have been
identified in B. trimera leaves include flavonoids (e. g.
eupatorin, quercetin, rutin, hispidulin, and apigenin), clerodane
diterpenes, quinic acid and gallic acid derivatives, as well as
saponins. In addition, B. trimera essential oil (EO) has also
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been found to contain mono- and sesquiterpenes, including
carquejyl acetate, B-pinene, a-cadinene, a-cadinol, (E)-
caryophyllene, caryophyllene oxide, germacrene D, and
bicyclogermacrene [6, 8, 9, 10].

Here, we investigated the potential of B. trimera EO
components in cancer therapy by evaluating their cytotoxic
activity in tumor (MCF-7 and HepG2) and normal (MCF-10A)
human cell lines and their role in related cell death
mechanisms.

2. Results and Discussion

The main components identified in the EO of B. trimera
leaves included the following: (E)-caryophyllene (18.9%),
bicyclogermacrene (15.6%), germacrene D (10.6%), and 6-
cadinene (6.7%) (Table 1). According to reports in the
literature, the main components of B. trimera leaves (CPQBA1
cultivar, Campinas State University) are germacrene D
(15.3%), (E)-caryophyllene (14.8%), and bicyclogermacrene
(14.7%) [11]; interestingly, a study conducted by Suzuki et al.
[10] also showed that the main components of B. trimera
leaves include B-pinene (23.4%), carquejyl acetate (19.0%),
(E)-caryophyllene (6.4-16.1%), a-cadinene (11.6%), a-cadinol
(8.5%), bicyclogermacrene (7.8%), caryophyllene oxide (6.1-
7.5%), and germacrene D (5.0%).

Table 1. Chemical composition of the essential oil of the B. trimera aerial parts identified by GC-MS (mass spectra) and GC-FID (retention

index and standards).

Components RT (min)? Rlexp” { Content (%)
ni 6.72 977 - 1.7
ni 6.99 987 - 1.2
ni 8.88 1043 - 1.1
a-copaene 22.55 1377 1377 1.6
B-cubebene 23.14 1391 1390 1.6
(E)-caryophyllened 24.52 1424 1420 18.9
ni 25.07 1438 - 1.2
a-humulene? 25.20 1441 1448 2.3
aromadendrene 25.81 1456 1455 2.4
germacrene D 26.99 1485 1485 10.6
ni 27.18 1489 - 0.8
bicyclogermacrene 27.63 1501 1500 15.6
a-gurjunene 28.17 1514 1519 1.2
6-cadinene 28.51 1523 1522 6.7
ni 30.70 1579 - 3.0
ni 30.79 1582 - 1.0
caryophyllene oxide? 31.09 1589 1592 5.5
viridiflorol 31.37 1597 1594 37
rosifoliol 31.72 1606 1603 1.7
cubenol 32.52 1629 1623 0.8
ni 33.11 1643 - 1.6
ni 33.21 1646 - 1.8
a-cadinol 33.68 1659 1656 4.0
Sesquiterpene hydrocarbons 60.9
Oxygenated sesquiterpenes 15.7
ni 13.4

aRetention time evaluated using the Rtx-5MS capillary column; PRetention index evaluated relative to n-alkanes (Cs-Cao); °Retention index
based on a comparative analysis of reports in the literature [12, 13]. “‘Compounds identified through a comparative analysis of the retention

times of the standards. ni: not identified.

The ICso values (Table 2) for MCF-7 and HepG2 cell lines
were, respectively, 5.8 and 10.4 pyg/mL (EO), 7.8 and 17.1
pg/mL  (a-humulene), 11.5 and 523 pug/mL ((E)-
caryophyllene), and >100.0 and 19.4 ug/mL (caryophyllene
oxide). Based on the National Cancer Institute (USA) guideline

protocol, which considers ICsy values

<

30.0 pg/mL as

considerably relevant for plant derivatives, the results
obtained for the compounds indicate a highly promising
cytotoxic activity against MCF7 and HepG2 cell lines [14]. It
should also be noted that, considering that the IC5q values for
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cytotoxicity are commonly classified as strong (< 10 pg/mL),
moderate (10 to 50 pg/mL), low (50 to 100 pg/mL), and
inactive (> 100 pg/mL) [15]. The cytotoxicity observed for the
aforementioned compounds ranged from strong to inactive.
Although the selectivity indices (Table 2) for healthy (MCF-
10A) and tumor cell lines were higher than 1.0 for (E)-
caryophyllene and a-humulene (MCF-7), caryophyllene oxide
(HepG2), and EO (MCF-7 and HepG2), with special reference
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to the EO (MCF-7) index (2.8), a-humulene and (E)-
caryophyllene were found to be more toxic to non-neoplastic
MCF-10A cell line than to HepG2 cells (SI < 0.5). In a related
study reported in the literature, the authors showed that (E)-
caryophyllene increased the cytotoxic effect of other EO
components and contributed to the anti-cancer activity of
paclitaxel [16].

Table 2. Cytotoxic action (ICso and 95% Cl) of B. trimera EO and its components against MCF-7, MCFA-10A, and HepG2 cell lines.

MCF-7 HepG2 MCF-10A
Samples ICso0 o ICso o ICso o SI? Sk
(ug/ml) 95% ClI (ug/ml) 95% ClI (ug/ml) 95% ClI
EO 5.8 14.0-18.6 10.4 9.0-12.0 16.1 14.0-18.6 2.8 1.6
a-humulene 7.8 6.3-9.1 17.1 12.9-22.6 89 6.9-11.4 1.1 0.5
(E)-caryophyllene 11.5 9.6-139 52.3 36.0-76.0 17.5 13.7-21.2 1.5 0.3
caryophyllene oxide >100.0 nd 19.4 16.4 - 23.0 26.1 13.6-50.4 nd 1.3

Positive control: 20.0 pg/mL doxorubicin; nd: not determined. Selectivity index between the ICso against MCF-10A versus MCF-7;

bSelectivity index between the ICso against MCF-10A versus HepG2.

The results from the HepG2 annexin-V assay (Fig. 1a)
showed a higher percentage of early apoptotic cells for
caryophyllene oxide treatment at 12.5 and 50.3 pg/mL, and
necrotic cells for a-humulene at 15.0 and 30.0 pg/mL, (E)-
caryophyllene at 50.0 and 100.0 pg/mL, and high incidence of
necrosis for EO at 7.5 ug/mL. Necrosis was observed for
caryophyllene oxide at 50.0, 100.0, and 200.0 pg/mL, and for
(E)-caryophyllene at 4.0 and 16.8 pg/mL MCF-7 cell line
treatments (Fig. 1b), while a-humulene and EO presented
necrosis at 10.0, 5.0, and 15.0 pyg/mL, respectively. We also
observed the prevalence of early apoptosis for caryophyllene
oxide at 37.5 and 150.8 pg/mL and a-humulene at 5.0, 10.0,
and 20.0 pg/mL against the MCF-10A cell line (Fig. 1c). The
earlier the occurrence of apoptosis, the lower the damages the
adjacent tissues will experience. On the other hand, necrosis
causes an intense inflammatory process and tissue
destruction.

Despite the cytotoxic activity of the samples, we observed
the prevalence of early apoptosis for caryophyllene oxide
when this compound was tested against HepG2 (Fig. 2a) and
MCF10, resulting in cell death and minor secondary damage
effects to adjacent tissues. Some studies reported in the
literature have shown that some sesquiterpenes are
apoptosis inducers in several types of tumors through various
hyperactive pathways in cancer [17]; these sesquiterpenes are
able to inhibit cell proliferation by interfering in the cycle
stages, as well as in the genetic material mechanisms, or via
metastasis damage, thus, playing an influential role in
angiogenesis or in drug resistance [18].

Hoechst / propidium iodide assays conducted against
MCF-7 cell line (Fig. 2b) showed higher necrotic cells after
treatment with caryophyllene oxide at 100.0 and 200.0 pg/mL,
and (E)-caryophyllene at 16.0 pg/mL; in addition, we noted the
prevalence of early apoptotic cells following the treatment
with a-humulene at 2.5 and 5.0 pg/mL, and EO at 3.8, 7.5 and
15.0 pg/mL (though, no statistical significance was
presented). For the MCF-10A cell line (Fig. 2c), we noted the
predominance of early apoptosis, especially following the
treatments with caryophyllene oxide (37.5 pg/mL) and (E)-
caryophyllene (7.5 pg/mL), as well as with a-humulene at 5.0,
10.0, and 20.0 yg/mL and EO at 5.0 and 10.0 pg/mL.
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Fig. 1. Annexin-V assay: An outline of viable cells, early
apoptosis, late apoptosis, and necrosis based on the
application of Annexin-V assays after using EO, a-humulene,
(E)-caryophyllene, and caryophyllene oxide for the treatment of
HepG2. 1a. MCF-7, 1b. MCF-10A, and 1c. cell lines. Controls
evaluated: vehicle control (DMSO 1%); necrosis positive
control (doxorubicin 20.0 pg/mL); and apoptosis-positive
control (curcumin 53.0 pg/mL).
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Fig. 2. Hoechst / propidium iodide assays: An outline of viable
cells, early apoptosis, late apoptosis, and necrosis based on
the application of Hoechst/Pl assays after using EO, a-
humulene, (E)-caryophyllene, and caryophyllene oxide for the
treatment of HepG2. 2a. MCF-7, 2b. MCF-10A, and 2c. cell
lines. Controls evaluated: vehicle control (DMSO 1%); necrosis
positive control (20.0 pg/mL doxorubicin); and apoptosis-
positive control (53.0 pg/mL curcumin).

The results from our analysis showed a decrease in MCF-
10A necrosis death dose dependence (Fig. 1 and 2) for EO.
Regarding the HepG2 cell line (Fig. 1a), the application of
lower concentrations of EO led to a reduction in early
apoptosis and an increase in necrosis. The MCF-7 cell line
(Fig. 1b) exhibited necrosis at 15.0 pg/mL and apoptosis at
7.5 pg/mL. Reports in the literature have shown that
caryophyllene oxide exhibited a prevalence of apoptosis.
Sousa [17] reported anti-angiogenic activity associated with
increased apoptosis relative to angiogenesis inhibition for the
P13k pathway and inhibition of the p65 of NF-kB, which
triggered anti-angiogenic and pro-apoptotic responses.

3. Material and Methods

3.1 Plant material
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B. trimera aerial parts were collected at the Chemical,
Biological and Agricultural Pluridisciplinary Research Center
(CPQBA) of the Campinas State University (UNICAMP),
Paulinia-SP, Brazil, on October 20t 2014 (22°47'42.347" S,
47°6'40.061” W). The voucher specimen was deposited at the
CPQBA Herbarium, Campinas, under the reference number
1286; access to the genetic heritage was registered under the
reference number A742C6E (SisGen, Brazil).

3.2 Essential oil extraction

The dried aerial parts (100 g) of the B. trimera were
subjected to hydrodistillation in a Clevenger-type apparatus
for 4 h [19], and this yield 0.4% (v/w) EO.

3.3 Gas chromatography analysis

Gas chromatography-mass spectrometer analysis was
performed using Shimadzu® QP2010 Plus system equipped
with an AOC-5000 autosampler and Ritx-5MS fused silica
capillary column (5% diphenyl and 95% polydimethylsiloxane
30m, 0.25 mm, and 0.25 ym film thickness). The analysis was
conducted using the following conditions: i) Helium
(99.9999%) was employed as carrier gas at 1.3 mL/min flow
rate; ii) injection volume applied: 1.0 pl (1.0 mg/mL, hexane);
and split ratio: 1:60. The injector and ion source temperatures
were set at 250 and 280 °C, respectively. The oven
temperature was set to rise from 60 to 240 °C (3 °C/min).
Electron ionization mass spectra analysis was performed
using the following conditions: potential of 70 eV, scan
interval of 0.5 s, and mass range of 40 to 600 Da.

Gas chromatography-flame ionization detector analyses
were performed using Varian® CP3800, equipped with
Supelco® SPB-5 Rtx-5MS column (5% diphenyl and 95%
polydimethylsiloxane 30 m, 0.25 mm, and 0.25 pm film
thickness). The analyses were performed using the following
conditions: H, was employed as the carrier gas at 1.0 mL/min
flow rate; injection volume applied: 1.0 pl (1.0 mg/mL,
hexane); and split ratio: 1:60. The injector temperature applied
was 250 °C; the oven temperature was set to rise from 60 to
240 °C (3 °C/min).

The EO components were identified based on the linear
retention indices relative to a homologous series of n-alkanes
(Ce-Cqo Sigma-Aldrich®) and the retention times of (E)-
caryophyllene, a-humulene, and caryophyllene oxide
standards (Sigma-Aldrich®) [12, 13]. The mass spectra were
computer-matched with the NIST 08, WILEY 7, and FFNSC 1.2
spectral libraries.

3.4 Biological assays

To conduct the biological assays (Sulphorrodamine B,
Annexin-V, and Hoechst Pl), the cells were cultured in
Dulbecco’s low glucose modified Eagle medium (DMEM,
Sigma Chemical®) supplemented with 10% fetal bovine serum
(Sigma Chemical®) and kept at 37 °C, with 5% CO,. 1% DMSO
was used both as vehicle and control. The cell lines tested
included the following: HepG2 (ATCC® HB-8065™), MCF-10A
(ATCC® CRL-10317™), and MCF-7 (ATCC® HTB-22™).
Compounds a-humulene, (E)-caryophyllene, and
caryophyllene oxide were acquired from Sigma-Aldrich®.

3.5 Sulphorhodamine B (cytotoxic assay)

The cytotoxic assay was performed using 5 x 10*
cells/well in 96 well plates. After 24 h of cell adhesion, the
media were acidified with trichloroacetic acid (TCA, 100
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pL/well). After keeping the media at rest for 1 h at 4 °C, TCA
was removed and 0.4% Sulforhodamine B (Sigma-Aldrich®)
was added to the media and bound to the amino acid protein
of the cells. Absorbance was quantified in a plate reader
(Synergy II'™, BioTek Instruments Inc., Vermont, USA) at 570
nm [20]. The cells were treated for 24 h using EO and its
components (a-humulene, (E)-caryophyllene, and
caryophyllene oxide). The survival cell was calculated using
the average absorbance of the blank (MAbsBI) and vehicle
(MabsVC), where each concentration of the tested
substances (MabsT) and positive control (MabsPC) was
considered: % survival = [[MAbsT - MAbsBI) / (MAbsVC -
MADbsBI)] x 100. 20.0 ug/mL Doxorubicin (Sigma-Aldrich®)
was used as positive control. Cytotoxicity analysis of the cell
lines was conducted using selectivity index (SI) through the
application of the ICsp of MCF-10A and tumor cells (HepG2
and MCF-7). The concentrations employed in the death tests
were determined based on the ICs; value through the
cytotoxicity assay.

3.6 Annexin-V and Hoechst PI (cell death assays)

Cell death was analyzed through the application of the
Annexin-V and Hoechst IP assays. The analyses were
conducted using Annexin V, FITC (fluorescein isothiocyanate),
PI (propide iodate), Hoechst FDA (3.5 ug/mL) and propidium
iodide (2.5 pg/mL) (acquired from Thermo Fisher Scientific®),
and Hoechst 33342 (obtained from Invitrogen™). The Annexin
V assay [21]: after cell adhesion, the plates were washed with
PBS, and annexin-V binding buffer (Hepes® 10 mm, NaCl 140
mm, and CaCl; 2.5mm) containing 1.3 pg/mL of annexin-V
conjugated with FITC (Life technologies®) and 1.6 pg/mL of
Hoechst (1.0 mg/mL) were added to the mixture; subsequently
the mixture was subjected to incubation for 15 min. The
images related to the assay were captured by the IN Cell
Analyzer 2200 (GE Healthcare Life Sciences®). Fluorochrome
exclusion assay with Hoechst/Propide iodate [22]: the
distinction between apoptotic and necrotic cells was made
using staining cells with a solution composed of 3.5 pg/mL
fluorescein diacetate, propide iodate 2.5 pg/mL, and Hoechst
1.5 pg/mL (HO) 33342 (Invitrogen®). After the period of
treatment, the plates were centrifuged, washed, and stained
(0.100 mL/well) with the fluorochromes for 10 min in the dark.
After the incubation period, the images were acquired and
analyzed using the IN Cell Analyzer 2200.

Regarding Annexin-V and Hoechst, the IP assays were
performed in 5 x 10* cells/well plates, and the cells were
subjected to treatment for 12 h. In the case of the controls,
53.0 pg/mL curcumin (Sigma-Aldrich®) was used as
apoptosis-positive control, while 20.0 pg/mL doxorubicin
(Sigma-Aldrich®) was employed as necrosis positive control.
The cells were treated using the EO and its components (a-
humulene, (E)-caryophyllene, and caryophyllene oxide).

3.7 Statistical analysis

One-way analysis of variance (ANOVA) and Tukey's post-
test considering p > 0.05 were performed using GraphPad
Software 5 (GraphPad Software, San Diego, California, USA).
The assays were carried out in triplicate, and the results were
expressed as mean plus standard error.

4. Conclusions

The EO of the aerial parts of B. trimera presented
significant therapeutic potential against cancer, exhibiting
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considerable cytotoxic activity against tumor cell lines and
lower cytotoxic activity against healthy cells. The major
components found in the EO of B. trimera included the
following:  (E)-caryophyllene, bicyclogermacrene, and
germacrene D. Although the EO components, namely, (E)-
caryophyllene, caryophyllene oxide, and a-humulene also
exhibited cytotoxic activity against the cell lines, they were
found to be less cytotoxic than EO and with lower selectivity
indices. Necrosis and apoptosis were observed for all cell
lines treated with EO, (E)-caryophyllene, caryophyllene oxide,
and a-humulene.
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