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ABSTRACT

Antioxidants are essential for protecting the body from oxidative stress, which arises from an imbalance between
reactive oxygen species (ROS) and the cellular antioxidant capacity ///. Although ROS play vital physiological
roles, their accumulation can damage lipids, proteins, and DNA, contributing to the development of chronic
diseases such as cancer, cardiovascular pathologies, and neurodegenerative disorders /2%, For this reason, the use
of natural antioxidants is considered a crucial preventive strategy to mitigate cellular damage. Chemical studies
conducted on the fruit of the seje palm (Oenocarpus bataua var.), native to the South American Amazon, have
demonstrated that this fruit is a rich source of tocopherols, carotenoids, polyphenols, and anthocyanins 4.
However, it has been shown that the method of oil extraction significantly influences its antioxidant activity, as
it can alter the concentration and purity of these compounds %/. This information underscores the importance of
evaluating both the chemical content and the biological functionality of oils obtained through different
procedures.

The objective of the present study was to evaluate, in an in vitro model, the cytotoxic and cellular antioxidant
activities of seje oils. This approach complements previous chemical assays by incorporating biologically relevant
conditions, such as pH, metabolism, and cellular penetration capacity. To achieve this, oils were obtained using
two methodologies: Soxhlet (SOX) and supercritical fluids (FSC). Due to the oily nature of the samples, an
emulsion was prepared using soy lecithin (2%) as a vehicle, along with a PBS phosphate buffer, resulting in an
oil in water emulsion (10% oil phase and 90% aqueous phase). Cytotoxicity was evaluated in the HepG2 and
L929 cell lines, employing 10 serial dilutions (1:2) starting from 5000 uM. The results showed that neither the
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emulsions nor the vehicle were cytotoxic after 24 hours, with the FSC emulsion demonstrating higher cell viability
in both models.

Subsequently, the cellular antioxidant activity (CAA) assay was performed in the HepG2 cell line using the
DCFH-DA reagent, which allows quantification of ROS production by intracellular fluorescence. Quercetin was
used as a positive control and demonstrated a dose-dependent effect by reducing both basal ROS levels and those
induced by a prooxidant. In contrast, the FSC emulsion did not exhibit an antioxidant effect, likely due to its high
free fatty acid content, which is associated with hydrolytic rancidity and a loss of oxidative stability /9.
Conversely, the emulsion extracted by Soxhlet exhibited a significant antioxidant effect by reducing the ROS
production induced by the prooxidant, as corroborated by its low acidity (1.97 + 0.12%) and saponification
(226.97 £ 3.97%) values, indicators of a lower presence of free fatty acids.
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Figure 1. Quantification of Relative Fluorescence Units and Cellular Antioxidant Activity. (a). RFU of four 1:2
serial dilutions of quercetin starting at 2000 uM with respect to basal ROS production and induced with 600 uM
AAPH for 1 h. (b). Dose-response curve of reactive oxygen species (ROS) inhibition of the antioxidant control
(quercetin).
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Figure 2. Quantification of Relative Fluorescence Units. (a) RFU of 4 serial 1:2 dilutions of SOX starting at 5000
uM relative to basal and ROS production induced with 600 uM AAPH for 1 hour. (b) RFU of 4 serial 1:2 dilutions
of FSC starting at 5000 uM relative to basal and ROS production induced with 600 uM AAPH for 1 hour.

In conclusion, the assays demonstrate that although the oil extracted by FSC offers a superior safety profile—
evidenced by the absence of residual solvents and greater cell viability—it does not exhibit a notable antioxidant
effect. In contrast, the oil obtained via Soxhlet extraction ensures cellular safety and reduces ROS production,
positioning itself as a potential source of bioactive compounds for antioxidant applications.
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RESUMEN

Los antioxidantes son esenciales para proteger al organismo frente al estrés oxidativo, que se origina por el
desequilibrio entre las especies reactivas de oxigeno (ROS) y la capacidad antioxidante celular /. Aunque las
ROS cumplen funciones fisioldgicas vitales, su acumulacion puede dafiar lipidos, proteinas y ADN,
contribuyendo al desarrollo de enfermedades cronicas como el cancer, patologias cardiovasculares y
neurodegenerativas %3/, Por ello, el uso de antioxidantes naturales se considera una estrategia preventiva crucial
para mitigar el dafio celular. Estudios quimicos realizados en el fruto de la palma de seje (Oenocarpus bataua
var.), originaria de la Amazonia suramericana, han demostrado que este fruto es una fuente rica en tocoferoles,
carotenoides, polifenoles y antocianinas /4. Sin embargo, se ha evidenciado que el método de extraccion del aceite
influye significativamente en su actividad antioxidante, ya que puede alterar la concentracion y pureza de estos
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compuestos /. Esta informacidon resalta la importancia de evaluar tanto el contenido quimico como la
funcionalidad bioldgica de los aceites obtenidos mediante diferentes procedimientos.

El objetivo de la presente investigacion fue evaluar, en un modelo in vitro, las actividades citotoxicas y
antioxidantes celulares de aceites de seje. Este enfoque complementa los ensayos quimicos previos al incorporar
condiciones bioldgicas relevantes, como pH, metabolismo y capacidad de penetracion celular. Para ello, se
obtuvieron aceites mediante dos metodologias: Soxhlet (SOX) y fluidos supercriticos (FSC). Debido a la
naturaleza oleosa, se elabord una emulsidon con lecitina de soya (2%) como vehiculo, utilizando un buffer de
fosfatos PBS, obteniéndose una emulsion de tipo o/w (10% fase oleosa y 90% fase acuosa). La citotoxicidad se
evalu6 en las lineas celulares HepG2 y 1929, empleando 10 diluciones seriadas 1:2 a partir de 5000 pM. Los
resultados mostraron que ni las emulsiones ni el vehiculo fueron citotdxicos tras 24 horas, destacaindose una
mayor viabilidad celular con la emulsiéon FSC en ambos modelos.

Posteriormente, se realizo el ensayo de actividad antioxidante celular (CAA) en la linea HepG2 mediante el
reactivo DCFH-DA, que permite cuantificar la produccion de ROS por fluorescencia intracelular. Como control
positivo se utiliz6 quercetina, la cual evidenci6 un efecto dosis-dependiente al reducir tanto los niveles basales de
ROS como los inducidos por un prooxidante. En contraste, la emulsion FSC no mostrd efecto antioxidante,
probablemente por su elevado contenido de 4cidos grasos libres, lo que se asocia a la rancidez hidrolitica y a la
pérdida de estabilidad oxidativa /9. Por otro lado, la emulsion extraida por Soxhlet present un efecto antioxidante
significativo, corroborado por sus bajos valores de acidez (1.97 + 0.12%) y saponificacion (226.97 + 3.97%),
indicadores de menor presencia de acidos grasos libres.
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Figura 1. Cuantificacion de Unidades Relativas de Fluorescencia y Actividad Antioxidante Celular. (a). URF de
4 diluciones seriadas 1:2 de quercetina partiendo de 2000 uM respecto a la produccion de ROS basal e inducida
con AAPH 600 uM durante 1 hora. (). Curva dosis-respuesta de la inhibicion de especies reactivas de oxigeno
(ROS) del control antioxidante (quercetina).
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Figura 2. Cuantificacion de Unidades Relativas de Fluorescencia. (a) URF de 4 diluciones seriadas 1:2 de SOX
partiendo de 5000 uM respecto a la produccion de ROS basal e inducida con AAPH 600 uM durante 1 hora. (b).
URF de 4 diluciones seriadas 1:2 de FSC partiendo de 5000 uM respecto a la produccion de ROS basal e inducida
con AAPH 600 uM durante 1 hora.

En conclusion, los ensayos realizados demuestran que, aunque el aceite extraido por FSC ofrece un perfil de
seguridad superior por la ausencia de solventes residuales y mayor viabilidad celular, no manifiesta un efecto
antioxidante notable. En cambio, el aceite obtenido mediante Soxhlet garantiza la seguridad celular y reduce la
produccion de ROS, posicionandose como una fuente potencial de compuestos bioactivos para aplicaciones
antioxidantes.
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