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Abstract

Butia catarinensis Noblick & Lorenzi, popularly known as “beach butia”, is a species extensively used in the food
area, but little explored regarding its toxicological safety and pharmacological potential. Therefore, the aim of this
study was to evaluate whether the fixed oil of B. catarinensis (OFBc) promotes hemolysis in vitro and if it can
increase the resistance of human erythrocytes to hemolysis (anti-hemolytic activity), and also to investigate whether it
has antibacterial properties. The hemolytic, antihemolytic and antibacterial activities were described for the first time,
respectively. For the study, human erythrocytes from healthy volunteers were isolated and incubated with different
concentrations of the oil and Triton X-100 or 0, 24% NaCl as hemolysis inducers. OFBc showed low dose-dependent
cytotoxicity to human erythrocytes. None of the concentrations exhibited cytoprotective effect nor inhibitory activity
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against the bacteria tested. In conclusion, the cytotoxicity screening performed in this study using the in vitro
hemolysis assay suggests that the fixed oil of B. catarinensis may be pharmacologically safe for use in humans.
Keywords: Arecaceae; Hemolysis; Osmotic fragility; Therapeutics.

Resumo

Butia catarinensis Noblick & Lorenzi, popularmente conhecida como butia-da-praia, ¢ uma espécie extensivamente
utilizada na area alimenticia, mas pouco explorada quanto a sua seguranca toxicologica e potencial farmacolégico.
Logo, o objetivo deste estudo foi avaliar se o 6leo de fixo de B. catarinensis (OFBc) promove hemélise in vitro e pode
aumentar a resisténcia dos eritrocitos humanos a hemolise (atividade anti-hemolitica), além de investigar se possui
propriedades antibacterianas. As atividades hemolitica, anti-hemolitica e antibacteriana foram descritas pela primeira
vez, respectivamente. Para o estudo, eritrdcitos humanos de voluntérios saudaveis foram isolados e incubados com
diferentes concentracdes do 6leo e Triton X-100 ou NaCl 0, 24% como indutores de hemolise. O OFBc¢ mostrou baixa
citotoxicidade dose-dependente para heméacias humanas. Nenhuma das concentracfes exibiu efeito citoprotetor e nem
atividade inibitéria frente as bactérias testadas. Em conclusdo, a triagem de citotoxicidade realizada neste estudo
através do ensaio de hemdlise in vitro, sugere que o 6leo fixo de B. catarinensis pode ser seguro farmacologicamente
para uso em seres humanos.

Palavras-chave: Arecaceae; Hemdlise; Fragilidade osmotica; Terapéutica.

Resumen

Butia catarinensis Noblick & Lorenzi, conocida popularmente como butid-da-praia, es una especie ampliamente
utilizada en el sector alimentario, pero poco explorada en cuanto a su seguridad toxicolégica y potencial
farmacolégico. Por lo tanto, el objetivo de este estudio fue evaluar si el aceite fijo de B. catarinensis (OFBc)
promueve la hemolisis in vitro y puede aumentar la resistencia de los eritrocitos humanos a la hemdlisis (actividad
antihemolitica), ademas de investigar si tiene propiedades antibacterianas. Las actividades hemolitica, anti-hemolitica
y antibacteriana se describieron por primera vez, respectivamente. Para el estudio, se aislaron eritrocitos humanos de
voluntarios sanos y se incubaron con diferentes concentraciones del aceite y Triton X-100 o NaCl al 0, 24 % como
inductores de hemdlisis. OFBc mostrd una citotoxicidad dependiente de la dosis baja para los glébulos rojos humanos.
Ninguna de las concentraciones exhibid efecto citoprotector o actividad inhibitoria contra las bacterias ensayadas. En
conclusidn, la deteccion de citotoxicidad realizada en este estudio a través del ensayo de hemolisis in vitro sugiere que
el aceite fijado de B. catarinensis puede ser farmacoldgicamente seguro para su uso en humanos.

Palabras clave: Arecaceae; Hemolisis; Fragilidad osmética; Terapéutica.

1. Introduction

Red blood cells (RBCs) are the most abundant cells in the circulatory microenvironment whose concentration in the
blood of an adult individual can reach approximately 5 X 10° erythrocytes in 1 uL (Dzierzak & Philipsen, 2013). The main
function performed by RBCs is the transport of gases (oxygen, carbon dioxide) from the lungs to the tissues, which is vital to
the survival of organisms (Kuhn et al., 2017). These cells have a greater vulnerability to lipid peroxidation, due to the high
concentration of polyunsaturated fatty acids in their membranes and high oxygen tension driven by the gas-carrying function of
hemoglobin. Together these conditions can lead, for example, to the occurrence of Fenton and Haber- Weiss reactions related
to oxidative stress (Reddy et al., 2007; Farag & Alagawany, 2018; D'alessandro et al., 2019). Thus, agents harmful to health
capable of generating reactive oxygen species (ROS) may favor the redox imbalance of erythrocytes causing oxidative tissue
damage (Abreu-Naranjo et al., 2020).

In this context, xenobiotic substances of synthetic or natural origin can disrupt erythrocyte (RBC) homeostasis
causing structural damage to the membrane of these cells and consequent modification in their permeability, reduction in the
levels of cytoplasmic antioxidant enzymes, osmotic stress and eventually leading to hemolysis (Schon et al., 1994; Khoshbin et
al., 2015; Beni et al., 2020). On the other hand, it is also known that plant components can contribute to decrease the osmotic
fragility of erythrocytes under pathophysiological conditions by improving the redox state of their plasma membranes due to
their antioxidant properties (Beni et al., 2020; Roggia et al., 2020).

Among the plants with antioxidant action registred in the literature, Butia catarinensis known as beach butia (buita-
da-praia), is a palm tree belonging to the Arecaceae family, densely exploited for food purposes (Cruz et al., 2017; Rockett et

al., 2021; Rodrigues et al., 2022; Kumagai & Hanazaki, 2013). The species is native to the southern region of Brazil, occurring
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mainly in the state of Santa Catarina (Kumagai & Hanazaki, 2013; Dutra et al., 2021). Additionally, scientific investigative
approaches on the potential biological activities of this species are scarce, and studies on its toxicity are non-existent. In this
sense, it is essential to introduce studies for its toxicological evaluation and bioactive potential in order to guarantee its safety
and efficacy (Banerjee et al., 2018).

Based on the above information and considering that there is no scientific basis in the literature for the toxic or
antibacterial effects of the fixed oil of B. catarinensis, the present study aimed to investigate for the first time its cytotoxicity

and the influence of the oil on osmotic fragility in human erythrocytes.

2. Methodology
2.1 Collection, botanical identification and oil extraction

The fruits of the Butia catarinensis palm were collected in the Ponta da Barra community on Gravata beach
(28°28°54”’S and 48°46°56”W) in the municipality of Laguna, coast of Santa Catarina - SC. The specimen (FLOR 37972) was
deposited in the herbarium of the FLOR herbarium collection at the Federal University of Santa Catarina. The oil was

extracted from the dried butia nuts using a bench top oil extractor (Piteba®, The Netherlands).

2.2 Hemolytic activity

The preliminary toxicity of the chemical components of Butia catarinensis fixed oil (OFBc) was determined using
hemolysis assay on human erythrocytes according to the method recommended by Dacie and Lewis (2001) with adaptations.
The red cell suspension was prepared from fresh A, B, and O blood from healthy donors. The blood was collected by
venipuncture and centrifuged at 2500 rpm for 5 minutes. Afterwards, the blood plasma was discarded and the sediment was
washed with 0.9% NaCl solution. This step was repeated three times, and the final sediment was resuspended in saline
solution (0.9% NaCl) in order to obtain a 0.5% suspension. The blood samples were then incubated with different
concentrations of OFBc 10, 100, 500, and 1000 pg/mL and allowed to stand at room temperature. After 60 min, the samples
were centrifuged at 2500 rpm for 5 min. An aliquot of the supernatant was then collected and hemolysis quantified by
spectrophotometry at a wavelength of 540 nm. Triton-X 100 at 1% was used as a positive control, while the negative control

was composed of the 0, 5% erythrocyte solution. The percentage of hemolysis was calculated using the following formula:

Abs test sample

HA = X100
(%) Abs positive control

2.3 Anti-hemolytic activity or osmotic fragility

The assay was based on Dacie and Lewis (2001) with modifications. Following the previous assay, after
spectrophotometer reading, all supernatant was removed from samples with lower hemolytic index and the sediment was
resuspended in hypotonic saline (NaCl 0, 24%). Immediately after incubation for 60 min at room temperature, the samples
were again centrifuged at 2500 rpm for 5 min, and the optical density of the supernatant was measured using a
spectrophotometer at 540 nm. The positive control was the 0, 5% solution of red cells in hypotonic medium (NaCl 0, 24%).

The percentage of hemolysis was calculated as follows:

Abs test sample

AA = X100
(%) Abs positive control
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2.4 Investigation of the antibacterial activity

For the antibacterial assay the agar diffusion method per well was used, based on the technique developed by Moody
et al. (2004), using as positive control cephalexin at 100 mg/mL. The following gram-positive bacteria were selected for the
assay: Enterococcus faecalis UFPEDA 138, Staphylococcus aureus UFPEDA 02 and gram-negative: Pseudomonas
aeruginosa UFPEDA 416, Klebisiella pneumoniae UFPEDA 396 and Escherichia coli UFPEDA 224, which were kindly
provided by Prof. Dr. Keila Moreira from UFAPE - Universidade Federal do Agreste de Pernambuco.

For the determination of the antibacterial activity the microorganisms were standardized on McFarland's scale of 0, 5.
The OFBc was diluted in Tween 80 and saline, obtaining decreasing concentrations of 100, 50 and 25 mg by serial dilution.
After inoculating the bacteria in Petri dishes, 20 pL of the OFBc was added in 5 mm diameter wells. Subsequently this
procedure, the plates were incubated in a bacteriological incubator at 37°C for 24 hours. By the end of this time, the inhibitory

halos were measured using a pachymeter.

2.5 Statistical analysis
For statistical analysis, ANOVA test of variance followed by Dunnett's post-test was used, considering a significance
level of p < 0, 05. All data were expressed as mean + standard deviation of the mean in triplicate (n=3). The software used was

GraphPad Prism version 7.0.

3. Results and Discussion

In this study, the effect of Butia catarinensis fixed oil (OFBc) on induction of hemolysis, erythrocyte membrane
resistance, and bacterial cell inhibition was studied for the first time.

The cytotoxic study was performed in vitro using the RBC lysis analysis and examined for hemolytic and
antihemolytic activity. The results are shown in Figure 1. The hemolytic activity of OFBc showed a dose-dependent increase,
indicating that the oil (mainly at doses of 500 and 1000 pg/mL), is able to promote alterations in RBC integrity compared to
the negative control group (NaCl 0, 9%).
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Figure 1 - Hemolytic effect of human erythrocytes treated or not with different concentrations of Butia catarinensis fixed oil
(OFBc). Data are represented as mean = S.D. (n=3). Analysis by ANOVA followed by Dunnett's post-test. The significance
level for rejecting the null hypothesis was p < 0.5 compared to the negative control (NaCl 0, 9%). A) Blood type A (*** - p <
0.002). B) Blood type B (**** - p < 0.0001). C) Blood type O (** - p < 0.01; **** - p < 0.0001).
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Although there was a statistical difference between the groups treated with 500 and 1000 pg/mL doses of the oil and
the negative control (Figure 1A, B, C), it should be noted that, according to the results summarized in Table 1, the percentage
of lysis presented for human erythrocytes was less than 12% in all concentrations tested. That said, Rangel and collaborators
(1997) state that samples with a hemolytic rate of less than 40% are considered to have low cytotoxicity. Therefore, this assay

is indicative of the safety of the oil for use in humans as a potential drug source.
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Table 1 - Percentage of hemolysis of human erythrocytes of blood types A, B and O treated with the fixed oil of Butia
catarinensis.

Fixed Oil of Butia catarinensis - OFBc

Blood Type
10 100 500 1000
0,00% 1,00% 3,70% 6,10%
B 0,00% 0,00% 1,30% 11,80%
0,17% 0,90% 4,32% 10,45%

Source: Authors.

The hemolytic activity assay consists of an important technique capable of evaluating the cytotoxic effect and
verifying the interaction of chemical components present in plants using RBC membranes (Farag & Alagawany, 2018;
Hemthanon & Ungcharoenwiwat, 2022). In this sense, chemical compounds from vegetable oils can cause modifications in
RBC morphology as consequent hemoglobin extravasation, which can result in a clinical condition of hemolytic anemia
(Barros et al., 2016). Thus, toxicological screening is indispensable for the safe establishment of plant use.

From the results, it can also be observed that the concentrations with the lowest hemolytic potential were the doses of
10 and 100 pg/mL for both blood types (Table 1). These concentrations were selected for the following anti-hemolytic activity
assay.

Figure 2 presents the effect of osmotic fragility of blood samples treated with OFBc at concentrations of 10 and 100
pg/mL. According to these results it is possible to observe that there was little or no reduction of osmotic stress in erythrocytes
of types A, B, and O compared to the positive control group (NaCl 0, 24%). The tested concentrations were unable to reduce

the percentage of hemolysis in hypotonic medium as can be seen in Table 2.
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Figure 2 - Antihemolytic effect (osmotic fragility) of human erythrocytes treated and not treated with different concentrations
of Butia catarinensis fixed oil (OFBc). Data are represented as mean + S.D. (n=3). Analysis by ANOVA followed by

Dunnett's post-test. The significance level for rejecting the null hypothesis was p < 0.5 compared to the positive control (NaCl

0, 24%). A) Blood type A. B) Blood type B. C) Blood type O (** - p < 0.005).
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Table 2 - Osmotic fragility (Anti-hemolytic activity) of human erythrocytes of blood types A, B and O treated with the fixed
oil of Butia catarinensis.

Fixed Oil of Butia catarinensis - OFBc

Blood Type
10 100
99,54% 98,97%
B 99,66% 99,40%
98,47% 94,85%

Source: Authors (2022).

According to hypothesis substantiated by Filho et al. (2014), when the plant sample under study is not able to promote
significant changes in osmotic fragility, it may be suggestive of absence of interaction of plant compounds with the cell
membrane. This hypothesis is corroborated by the results found in this study in the hemolytic assay, which showed low
cytotoxic effect to human erythrocytes.

In this perspective, Oteiza (1994) explains that the rigidity of the erythrocyte membrane can be affected by the
interaction of chemical agents with lipid components, as a result of modifications in their distribution. Thus, the osmotic
fragility assay system is a useful tool to establish the toxicological safety of candidate substances as therapeutic agents in
biological systems, being able to measure whether a particular compound or molecule can modify the oxidative state of the
organism under disease conditions (Filho et al, 2014; Farag, et al., 2017).

Table 3 brings together the antibacterial assay results for OFBc, including the commercial antibiotic control for each
bacterial species. OFBc was not able to inhibit any of the bacterial strains under study. The inhibitory effect was observed only

with cephalexin, which showed inhibition for both gram-positive and gram-negative bacteria.

Table 3 - Average inhibitory halos (mm) of Butia catarinensis fixed oil (OFBc) against pathogenic bacteria by the agar
diffusion method per well. Legend: (-) = No inhibition; (NC) = Negative control (3% Tween 80).

Concentration OFBc (mg/mL)

Species 100 50 25 CN Cephalexin
Pseudomonas aeruginosa
- - - - 15+0,0
UFPEDA 416
Klebsiella pneumoniae UFPEDA
- - - - 17,67 +1,15
396
Enterococcus faecalis UFPEDA
- - - - 16,67 + 2,08
138
Staphylococcus aureus UFPEDA
- - - - 18,33+ 0,58
02
Escherichia coli UFPEDA 224 - - - - 17,00 £ 0,0

Source: Authors (2022).

Cruz et al. (2017) evaluated extracts of B. catarinensis seeds produced from different extracting solvents, and
observed that they showed inhibition of the growth of Escherichia coli CTT 1371 and Bacillus cereus ATCC 8739. The
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authors attributed such activity mainly to the presence of phenolic compounds. In the present study, however, the oil extracted
from the seeds caused no inhibitory effect on E. coli and other bacterial strains. This divergence may be explained by the
difference in extractive methods used in the two studies, resulting in distinct chemical composition: predominance of phenolic
compounds and fatty acids for the extracts and the oil, respectively (Busato et al., 2014; Wozniak et al., 2019). In addition, E.
coli strains may show distinct resistance profiles due to the genetic variability that may exist between strains of the same

species, thus obtaining different inhibition responses to the botanical samples (Morio et al., 2010).

4. Conclusion

The cytotoxicity screening performed in this study using the hemolysis assay suggests that the fixed oil of Butia
catarinensis may be pharmacologically safe for its use in humans. Furthermore, the oil did not exhibit antibacterial activity for
the investigated strains and was not able to reduce the osmotic fragility of erythrocytes in the study performed.

In conclusion, we emphasize that other pharmacological and toxicological in vitro and in vivo tests are necessary to
establish the therapeutic efficacy and safety of B. catarinensis fixed oil. In this direction, further studies will be conducted in

order to expand and contribute to the literature with information despite the pharmacology and biological safety of this species.
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