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Introduction
Despite the great advances reached in the design and synthesis of 

new drugs, natural products remain the main source of new therapeutic 
molecules [1]. It is remarkable, in this context, that Amazon forest, 
despite being one of the most species-rich biome in the planet [2], is 
still poorly studied for the therapeutic potential of its plants. This work 
investigates the photodynamic activity of an Amazon plant, Arrabidaea 
chica (Verlot; Bignoniaceae, popularly known as Crajiru, Carajuru, 
Puca Panga, Chica or Pariri), against cancerous cells in vitro. To the 
authors’ knowledge, the photodynamic activity of A. chica was not 
studied by other research groups.

Photodynamic therapy (PDT) is approved by different agencies for 
the treatment of cancer [3-6]. It is based on three separately innocuous 
components, ground-state triplet oxygen (3O2), photosensitizer (PS), 
and light, which are extremely toxic to biological cells once combined. 
When the PS is irradiated by light at specific wavelengths, it becomes 
activated and converts triplet oxygen (3O2) into singlet oxygen (1O2), 
which is a strong oxidant and elicit oxidative stress if generated at 
sufficient amounts in a target cell, such as a cancerous cell [7-9]. This 
may lead to cell death or stress of therapeutic significance [10,11]. 
Intense efforts have been done in the search for new PS molecules, a 
single molecule presenting all the properties of an ideal PS for PDT is 
not known [5,7]. PS molecules are generally dyes that intensely absorb 
light at the red-near infrared region of the electromagnetic spectrum 
[8]. A. chica presents different polyphenolic and other compounds [12] 
that may, in principle, act as PS. Thus, this work aimed at investigating 
the potential of A. chica as a source of PS molecules.

Experimental
Materials

The reagents employed in this work are as follows: Dulbecco’s 
modified Eagle’s medium (DMEM, HyClone, Logan, USA); 
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Abstract
Natural products have been sources of numerous drugs over the history. However, little is known about the 

therapeutic potential of Amazon forest species. This work aimed at testing the potential of the hydrophobic extract of 
Arrabidaea chica (ACE), an Amazon plant, as a source of photosensitizers for anticancer photodynamic therapy. ACE 
was tested as a nanoemulsion (ACE-NE) produced by phase inversion temperature. It was found that ACE-NE intensely 
absorbs red light and, under photoactivation (λ 660 nm, 4.5 J/cm2), produces reactive oxygen species. Photoactivated 
ACE-NE presented, in vitro, a CC50 of 1.3 µg ACE/mL against human breast adenocarcinoma MCF-7 cells, and was 
effective in lysing MCF-7 spheroids. In the dark, ACE was toxic neither to human mammary epithelial MCF-10A cells 
nor to MCF-7 cells. On that ground, this work is the first to show that A. chica is a source of photosensitizers potentially 
useful for anticancer photodynamic therapy.

DMEM:F12 (HyClone, Logan, USA); penicillin, streptomycin and 
fetal bovine serum (Gibco, Grand Island, NY, USA); capric/caprilyc 
triacylglycerides (Polytechno, São Paulo, SP, Brazil); phosphate-
buffered saline (Laborclin, Pinhais, Paraná, Brazil); dimethyl sulfoxide 
and ethanol (Vetec, Xerém, Rio de Janeiro, Brazil). Cell lines: human 
mammary adenocarcinoma MCF-7 cells (Rio de Janeiro Cell Bank 
[RJCB], Rio de Janeiro, Brazil), and human mammary epithelial MCF-
10A cells (kindly provided by Dr. Maria Mitzi Brentani, University of 
São Paulo, São Paulo, Brazil). All other materials were purchased from 
Sigma (São Paulo, Brazil). 

Preparation of Arabidea chica extract

Aerial parts of A. chica were collected on January 2011, at Florestal 
Humaitá Reserve (9°45’18”S 67°36’50”W), 33 km from Rio Branco, 
Acre/Brazil. The aerial parts were first dried in an oven at 50ºC for 24 
h. Exactly 4,650 g of aerial parts yielded 2,300 g of dried material. Eight 
hundred grams of this dried material were manually crushed and put 
into ethanol 98º GL for 24 h. The ethanol solution was then filtered 
and evaporated under reduced pressure in the rotaevaporator. The 
recovered ethanol was reused for further extraction on the same plant 
material, and this process was repeated until no staining was observed 
in the liquid. This extraction yielded 68 g of dried ethanol extract. Then, 
68 g ethanol extract were infused in 200 mL chloroform. The solid-

Journal of
Nanomedicine & NanotechnologyJo

ur
na

l o
f N

an
omedicine & Nanotechnology 

ISSN: 2157-7439

mailto:mgarcia@unb.br


Citation: Rodrigues MC, Muehlmann LA, Longo JPF, Silva RC, Graebner IB, et al. (2015) Photodynamic Therapy Based on Arrabidaea chica 
(Crajiru) Extract Nanoemulsion: In vitro Activity against Monolayers and Spheroids of Human Mammary Adenocarcinoma MCF-7 Cells. J 
Nanomed Nanotechnol 6: 286. doi:10.4172/2157-7439.1000286

Page 2 of 6

J Nanomed Nanotechnol
ISSN: 2157-7439 JNMNT, an open access journal

Volume 6 • Issue 3 • 1000286

free chloroform extract was then dried at reduced pressure, yielding 
1.8 g of dried chloroform A. chica extract (ACE), which was used for 
experiments described in this work.

Production of nanoemulsions containing chloroform extract 
of Arrabidaea chica 

Cremophor ELP® (polyoxyl-35 castor oil) was used as surfactant 
and capric/caprylic triacylglycerides (CCT) as the oil phase. The 
nanoemulsion was produced by a phase inversion temperature (PIT) 
method [13]. Briefly, 3 g CCT and 9 g Cremophor ELP® were mixed 
under magnetic stirring at 45oC, and 350 mg ACE were added. After 
30 minutes of mild stirring the solution became homogenous, and 20 g 
distilled water at room temperature were then added. A coarse, opaque 
emulsion formed. Then, the mixture was heat up to 95oC, 20 g distilled 
water at 4oC were added, and the mixture was cooled down in an ice bath. 
The volume was finally set to 50 mL with distilled water. A translucent, 
dark yellowish green nanoemulsion was obtained, which was stored 
in the dark at 4oC until usage. This ACE-containing nanoemulsion is 
referred to as ACE-NE along the text. Blank nanoemulsions (BL-NE), 
without ACE, were produced by the same procedure.

Colloidal properties

Before measurements, ACE-NE was diluted to 140 µg ACE/mL 
with distilled water, DMEM or DMEM:F12. Hydrodynamic diameter 
and zeta potential of nanodroplets of nanoemulsions were measured 
at 25oC by photon correlation spectroscopy and electrophoretic laser 
Doppler velocimetry (ZetaSizer Nano ZS®, Malvern Instruments, 
Malvern, UK), respectively. Polydispersity index (PDI) was estimated 
from DLS measurements by the equipment software. Measurements 
were performed in triplicates.

Photophysical properties

Fluorescence intensity and light absorption were measured with a 
spectrophotometer (Spectramax® M2, Molecular Devices, Sunnyvale, 
CA, USA), at 25oC, in 96-well microplates. In all experiments, ACE-NE 
was diluted with distilled water to 140 µg/mL before measuments.

Detection of reactive oxygen species

Reactive oxygen species (ROS) were detected with the probe 
1,3-diphenylisobenzofuran (DPBF) [14,15]. Briefly, ACE-NE was 
diluted in water to concentrations ranging from 0.3 to 100.0 ng/mL. 
Then, 10 µL of DPBF (225 µg/mL in ethanol) were added to 200 µL 
of each sample in a transparent 96-well microplate. Next, absorption 
at λ 410 nm was measured at 25oC with a spectrophotometer, before 
and after irradiation of samples with light-emitting diode (LED, λ 660 
nm), with light energy densities ranging from 0.1 to 4.5 J/cm2. The same 
procedure was performed with pure BL-NE. The optical density at λ 
410 nm before irradiation was considered as 0% ROS production, while 
the lower plateau absorption values were considered as 100% ROS 
production. Results were expressed as ROS production (%) in function 
of energy density. This experiment was performed in triplicate.

Cell culture

MCF-7 cells were cultured in Dulbecco’s modified Eagle’s medium 
(DMEM), supplemented with 10% (v:v) fetal bovine serum and 
1% (v:v) antibiotic solution (100 IU/mL penicillin and 100 mg/mL 
streptomycin). MCF-10A cells were cultured in DMEM/F12 (1/1, v:v) 
supplemented with 5% (v:v) equine serum, 20 ng/mL epidermal growth 
factor (EGF), 10 µg/mL bovine insulin, 0.5 µg/mL hydrocortisone, 100 
ng/mL cholera toxin, and 1% (v:v) antibiotic solution (100 IU/mL 

penicillin and 100 mg/mL streptomycin). All cells were maintained at 
37°C in a 5% CO2 humidified atmosphere.

Subcellular distribution of ACE-NE
The subcellular localization of ACE was visualized by confocal 

microscopy. Briefly, MCF-7 cells were cultured on coverslips placed 
in 12-well plates for 24 h, accordingly to conditions described in “Cell 
culture”, at a density of 5×104 cells/well. Next, cells were exposed to ACE-
NE diluted in culture medium, at a concentration equivalent to 125 µg 
ACE/mL, for 15 minutes, at 37°C, 5% CO2 and humidified atmosphere. 
Then, cells were washed twice with PBS, stained with 4’,6-diamidino-2-
phenylindole (DAPI) for 15 minutes at room temperature, fixed with 
paraformaldehyde 4% (w:v) for 30 minutes, washed twice with PBS, 
and mounted on glass slides. Next, cells were visualized in confocal 
microscope (Leica, TCS SP5, São Paulo, Brazil). DAPI fluorescence 
was detected with excitation λ 358 nm and emission λ 461 nm. ACE 
fluorescence was detected with excitation λ 358 nm and emission λ 690 
nm.

Formation of MCF-7 cells spheroids 
Spheroids were obtained as described elsewhere [16]. Briefly, 50 µL 

low melting agarose 1.5% (w:v in distilled water) were added to wells of 
a 96-well microplate. Next, 1.5×104 MCF-7 cells processed as described 
in “Cell culture” were seeded on each well. The microplate was then 
centrifuged for 15 minutes at 1,500×g. Next, cells were kept at 37°C 
in a 5% CO2 humidified atmosphere until spheroids of ca 200 µm in 
diameter were obtained (about 6 days). Each well contained one single 
spheroid. Next, spheroids were treated as described in “Cells treatment 
design” section.

Cells treatment design
MCF-7 and MCF-10A cells maintained as described in “Cell culture” 

and received one of the following treatments: 1) only culture medium; 
2) irradiation with LED light (λ 660 nm) at energy density of 4.5 J/
cm2; 3) exposure to BL-NE dispersed in culture medium, for 15 minutes 
in the dark, at concentrations of nanodroplets (Cremophor ELP® plus 
CCT) of 17.1, 34.3 and 51.4 mg/mL – equivalent to 0.5, 1.0 and 1.5 
mg ACE/mL if compared to ACE-NE; 4) exposure to BL-NE dispersed 
in culture medium, for 15 minutes in the dark, at concentrations of 
nanodroplets (Cremophor ELP® plus CCT) of 17.1, 34.3 and 51.4 mg/
mL, and then irradiation with LED light (λ 660 nm) at energy density 
of 4.5 J/cm2, 5) exposure to ACE-NE diluted in culture medium, for 15 
minutes in the dark, at concentrations ranging from 0.02 to 1,000.00 µg 
ACE/mL, 6) exposure to ACE-NE diluted in culture medium, for 15 
minutes in the dark, at concentrations ranging from 0.02 to 1,000.00 µg 
ACE/mL, washed twice with PBS, and then irradiation with LED light 
(λ 660 nm) at energy density of 4.5 J/cm2. Next, cells were cultured for 
24 h accordingly to the protocol described in “Cell culture”, and their 
viability was then assessed by the MTT assay, as described in “MTT 
method for cell viability assessment”.

MCF-7 cells spheroids were exposed for 30 or 60 minutes to PBS 
(no ACE control), or to ACE-NE at concentrations of 60.0, 110.0 or 
230.0 µg ACE/mL. For each treatment, one half of wells containing 
spheroids was kept in the dark, while the other half was irradiated with 
LED light (λ 660 nm) at energy density of 4.5 J/cm2. Immediately after 
the treatments, the viability of cells was assessed by the quantification 
of lactate dehydrogenase activity in culture supernatant, as described in 
“Measurement of lactate dehydrogenase activity”.

MTT method for cell viability assessment

Viability of cells in monolayers was assessed by the method of 
3,4,5-dimethylthiazol-2,5 biphenyl tetrazolium bromide (MTT) [17]. In 
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a typical experiment, cells were washed twice with PBS after receiving 
their respective treatment, and then incubated with 0.5 mg MTT/mL in 
culture medium for 2.5 h at 37°C, 5% CO2 and humidified atmosphere. 
Then, cells were washed with PBS, and formazan was extracted from 
cells with 200 µL DMSO. The light absorption was then measured 
at λ 595 nm with a spectrophotometer (Spectramax M2, Molecular 
Devices, USA). This experiment was performed in quintuplicate for 
each treatment and the results were expressed as percentages relative to 
control (treated with PBS alone).

Measurement of lactate dehydrogenase activity

Lysis of cells in spheroids was assessed by the quantification of 
lactate dehydrogenase activity in culture supernatant by a colorimetric 
assay (CytoTox 96®, Promega Corp., Madison, WI, USA). Briefly, 40 
µL of spheroid culture were mixed with 40 µL of CytoTox 96® and 
maintained in the dark for 30 minutes. Next, light absorption was read 
at λ 490 nm. Results were expressed as arbitrary units (au) of lactate 
dehydrogenase activity.

Statistical analyses

All statistical analyses were performed with GraphPad Prism 5.0 
software. Statistical differences between groups were assessed by one-
way analysis of variance (ANOVA), followed by Bonferroni’s posttest 
(α=0.05). Results are expressed as mean of replicates ± SEM (standard 
error of the mean).

Results
Colloidal and photophysical properties of ACE-NE

As ACE is insoluble in aqueous media, it was nanoemulsified before 
measurements of photophysical properties and tests with cells. Table 
1 presents the colloidal properties of ACE-NE in water, DMEM and 
DMEM:F12, and BL-NE in water. HD, PDI and Zeta potential were 
not affected by the type of dispersant tested. ACE-NE presented HD 
about 29 nm, with a low PDI, showing to be monodisperse. The Zeta 
potential was only slightly negative, reflecting the neutral characteristic 
of Cremophor ELP®, the surfactant used in this work.

ACE-NE presented a peak of fluorescence emission at λ 672 nm 
when excited with light of λ 400 nm (Figure 1A). Noteworthy, it 
intensely absorbs light at λ 668 nm (Figure 1B). As expected, BL-NE did 
not presented peaks of light absorption, only a slight turbidity revealed 
by its optical density all over the spectrum. Fluorescence of BL-NE was 
also negligible. 

Production of reactive oxygen species

ACE-NE produced ROS in an ACE concentration- and light energy 
density-dependent fashion (Figure 2). The maximum production was 
reached with 30.0 and 50.0 ng/mL at the energy densities of 4.5 and 
3.2 J/cm2, respectively. As expected, BL-NE did not produce ROS when 
irradiated.

PDT mediated by ACE-NE in monolayers of MCF-7 and 
MCF-10A cells in vitro

BL-NE, in the dark or irradiated, at concentrations of 17.1, 34.3 and 
51.4 mg/mL – equivalent to 0.5, 1.0 and 1.5 mg ACE/mL if compared 
to ACE-NE –, was not significantly toxic to both MCF-7 and MCF-10A 
cells (data not shown). Moreover, LED light alone, at the energy density 
of 4.5 J/cm2, did not affect MCF-7 and MCF-10A cells viability (data 
not shown).

In the dark, it was not observed any significant trend of reduction 
in viability of both MCF-7 and MCF-10A by ACE-NE in the range of 

Figure 1: Fluorescence (A, excitation at λ 400 nm) and absorption (B) spectra 
of Arrabidaea chica extract nanoemulsion (ACE-NE, 140 µg ACE/mL, solid line) 
and blank nanoemulsion (BL-NE, discontinuous line).

 
Figure 2: Production of reactive oxygen species (ROS) by Arrabidaea 
chica extract nanoemulsion (ACE-NE, different concentrations) and blank 
nanoemulsion (BL-NE) irradiated with different energy densities.

Nanoemulsion/ 
Dispersant HD (nm) PDI Zeta potential (mV)

ACE-NE/water 29.56 ± 0.63 0.140 ± 0,01 - 3.43 ± 0.23
ACE-NE/DMEM 29.45 ± 5.54 0.189 ± 0.01 - 3.57 ± 0.82

ACE-NE/DMEM:F12 28.78 ± 3.45 0.179 ± 0.02 - 3.45 ± 0.78
BL-NE/water 27.45 ± 0.54 0.090 ± 0.02 - 4.56 ± 0.32

Table 1: Colloidal properties of ACE-NE and BL-NE in different dispersants.
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concentrations tested (Figure 3). When these cells were exposed to 
ACE-NE and irradiated, however, there was an ACE concentration-
dependent reduction in their viability (CC50 = 4.8 µg/mL, CC100 = 20.0 
µg/mL for MCF-10A; CC50 = 1.3 µg/mL, CC100 = 7.0 µg/mL for MCF-
7).

PDT mediated by ACE-NE against spheroids of MCF-7 cells 
in vitro

Nor LED light alone neither ACE-NE alone was toxic to MCF-7 
cells spheroids, as shown in Figure 4. When the spheroids were exposed 
for 30 or 60 minutes for ACE-NE and then irradiated, however, spheroid 
cells lysis was observed at all conditions tested. Irradiation of spheroids 
incubated with ACE-NE 60 µg ACE/mL for 30 minutes induced a 4.7-
fold increase in LDH release in comparison to spheroids treated with 
ACE-NE at the same concentration and incubation time in the dark. 
Irradiation of spheroids incubated with ACE-NE 60 µg ACE/mL for 
60 minutes, or incubation with ACE-NE 110 and 230 µg ACE/mL, for 
both 30 and 60 minutes, induced a 6-fold increase in LDH release in 
comparison to their respective controls in the dark.

Subcellular distribution of ACE-NE in MCF-7 cells
MCF-7 monolayer cells exposed for 15 minutes to ACE-NE 

presented intense fluorescence in their cytoplasm, as shown by Figure 
5. Their nuclei were not stained by ACE-NE.

Discussion
Since the early 1980’s, the development of new PS molecules has 

been a main line of research in PDT. Different molecules have been 
characterized for their photodynamic activity, but so far none present 

Figure 4: Lysis of MCF-7 spheroid cells expressed as arbitrary units (au) of 
lactate dehydrogenase (LDH) activity in the culture supernatant in arbitrary 
units (au). Spheroids were exposed to different concentrations of ACE-NE 
(expressed as µg of ACE/mL) for 30 minutes (A) or 60 minutes (B), and then 
kept in the dark (black columns) or irradiated (λ 660 nm, 4.5 J/cm2, white 
columns). **p<0.01 and ***p<0.001 vs dark at the same ACE concentration.

 

Figure 3: Viability of MCF-10A (A) and MCF-7 cells (B) exposed to different 
concentrations of Arrabidaea chica extract nanoemulsion (ACE-NE) for 15 
minutes, and then kept in the dark (solid line) or irradiated (λ 660 nm, 4.5 J/cm2, 
discontinuous line). Cells viability was evaluated by MTT method 24 hours after 
treatments. **p<0.01 for dark vs irradiated; ***p<0.001 for dark vs irradiated.

Figure 5: Subcellular distribution of ACE-NE (125 µg ACE/mL) by MCF-7 cells 
in vitro after 15 minutes of exposure. ACE appears in red, while nuclei are 
stained blue by 4’,6-diamidino-2-phenylindole (DAPI). A) bright field. B) cells 
nuclei in blue. C) AlPc in red. D) merge of A, B and C.

all the characteristics of an ideal PS. While some PS were obtained 
synthetically, several others were somehow derived from or inspired 
by nature [1,5,8,18]. In this context, if compared to other biomes, the 
Amazon ecosystem has been only poorly studied for the therapeutic 
potential of its species. This is also the case for the search of new PS 
molecules. In the present work, A. chica is presented as a potential 
source of new PS molecules.

ACE showed good photodynamic activity in the in vitro studies 
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presented in this work. This extract is hydrophobic, as it was 
obtained through sequential extraction with ethanol and chloroform. 
Hydrophobicity has been proved to be an advantageous characteristic 
of different PS molecules. For example, in comparison to hydrophilic 
derivatives, hydrophobic phthalocyanine derivatives, were shown to 
be more intensely accumulated by cancerous cells [19]. Therefore, this 
screening for PS molecules was focused on the hydrophobic 
molecules of A. chica. In order to perform tests in aqueous media, 
ACE was first nanoemulsified through a PIT method, giving a fine, 
transparent dispersion of nanodroplets ca 29 nm in diameter (ACE-
NE).

In water, a peak of light absorption by ACE-NE was observed at 
the red region, specifically at 668 nm. This was the first characteristic 
presented by ACE suggesting it could be a source of PS molecules. For 
PDT, the optics of biological tissues and the energy necessary for the 
photodynamic processes to happen have to be taken into account. At 
first, biological tissues absorb light intensely between 400 and 600 nm, 
but poorly between 600 and 800 nm [4,11,20]. Therefore, PS absorbing 
light between 600 and 800 nm, the optical window of biological tissues, 
are more prone to be photoactivated at deeper layers of biological 
tissues. Secondly, wavelengths longer than 800 nm do not have energy 
enough for converting 3O2 into 1O2 [21], thus, 800 nm is the higher limit 
of light absorption for PS molecules – some upconversion systems have 
been designed for PDT with wavelengths longer than 800 nm [22]. 
Therefore, as ACE absorbed light in the region of interest for PDT, 
its ability to produce ROS under irradiation, a key event in PDT, was 
investigated.

ACE-NE, even in concentrations on the order of ng/mL, produced 
ROS when irradiated at a light density of 4.5 J/cm2. This ROS production 
occurred in an aqueous medium, suggesting that the hydrophobic 
PS molecules in ACE were protected from quenching effects by the 
nanoemulsion oily phase. Generally, associating hydrophobic PS to drug 
carriers, mainly nanostructures, improves their photodynamic activity 
in aqueous media [4,7,9,23,24]. The photoactivated production of ROS 
by ACE-NE observed in vitro suggested it could present phototoxicity 
against cells in vitro. Thus, the subsequent experiments tested the in 
vitro cytotoxicity of PDT against human breast adenocarcinoma MCF-
7 cells (spheroids and monolayers), and human mammary epithelial 
MCF-10A cells (monolayers). These cells were chosen in this study 
because: a) they are reported in several works with chemotherapeutics 
in the literature, b) breast cancer has a high incidence [25], and c) a 
PDT protocol is already under clinical trial for the treatment of breast 
cancer [6]. 

ACE-NE intensely reduced the viability of MCF-7 cells in the PDT 
protocol described in this work. Noteworthy, the CC50 of photoactivated 
ACE-NE against MCF-7 cells was 1.3 µg/mL, which can be considered 
acceptable for PDT, taken into account that the whole extract was used 
in this work. For means of comparison, the in vitro CC50 observed with 
the pure PS hypericin against MCF-7 cells was 1.84 µM, or 0.9 µg/mL 
[26]. ACE-NE was also effective in lysing MCF-7 cells organized in 
spheroids. In comparison to monolayers, cells spheroids closely mimic, 
in vitro, the architecture of solid tumors observed in vivo [16,27]. 
Spheroids are more resistant to treatments than cells in monolayers, 
since in spheroids the drug has to penetrate into the cell mass to induce 
its effect in deeper layers of cells [16]. Noteworthy, the increase in LDH 
release from MCF-7 cells spheroids treated with PDT based on ACE-
NE ranged from 4.7-fold to 6.5-fold, which can be considered high if 
compared with previous results reported elsewhere [16]. Interestingly, 
at the concentration of 110 µg ACE/mL and 30 minutes of incubation, 

the maximum LDH release in comparison to the non-irradiated 
control was reached, with no further PDT-associated lysis observed 
at 60 minutes of incubation. It is thus probable that penetration of 
ACE-NE in MCF-7 spheroids was not more intense after 30 minutes 
of incubation. 

Interestingly, the cytoplasm of MCF-7 cells was intensely stained by 
ACE after only 15 minutes of exposure to ACE-NE. This is correlated 
to the efficacy of PDT in these cells. Noteworthy, the fact that ACE was 
not found in significant amounts inside the MCF-7 cells nuclei is an 
advantageous characteristic of ACE-NE. PS accumulation inside the 
nucleus may induce genome damages that could potentially induce 
chemotherapeutic drugs-resistance in cancerous cells [5].

Non-cancerous cells were also susceptible to PDT mediated to 
ACE-NE. This is expected, since PDT elicits a strong oxidative burst 
[11], which is toxic not only to cancerous cells, but also to normal cells 
[7]. In PDT, adverse cytotoxic effects can be limited by focusing the 
activating light spot onto the tumor mass [6]. Finally, ACE-NE was not 
toxic in the dark to the tested cells, in all concentrations tested, which is 
an essential characteristic for PS [5,28].

Conclusions
This work shows that the hydrophobic extract from the aerial parts 

of Arrabidaea chica is a potential source of new PS molecules. Further 
investigations have to be focused on the purification and structure 
elucidation of PS molecules present in ACE, as well as on its in vivo 
activity in experimental cancer models.
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