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ABSTRACT 

Yeasts play crucial roles in natural and industrial environments, being capable of generating bioactive metabolites that may benefit 
human, animal, and plant health. Yeast bioactive compounds influence biological processes and interactions. The ease of use of 
yeasts in fermentative processes makes them promising for industrial applications, but the lack of knowledge about their bioactive 
compounds limits their use. Therefore, this work evaluated intracellular extracts produced with five yeasts isolated from different 
environments of Brazilian biodiversity and a yeast widely used in the Brazilian industry (PE-02). The extracts were obtained with 
the solvents, hexane, ethyl acetate, and butanol. The aqueous phase was also used as fractionate. The extracts were evaluated 
in vitro for cytotoxicity in two mammalian cell lineages: the macrophage-derived RAW 264.7 and the fibroblast-derived VERO. 
Furthermore, antioxidant activity was tested in macrophages and their compounds were detected. The cell extracts of three wild 
yeast strains isolated from caterpillar and bee microbiotas showed promising antioxidant activity. In these extracts, the phenolic 
compound p-coumaric acid was found at concentrations varying from 0.66 to 0.156 mg/L. Our results thus suggest that yeasts 
from Brazilian microbiota exhibit significant potential for reducing reactive oxygen species. 
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1 INTRODUCTION 

The rich biodiversity in Brazilian territory represents around 20% of all species in the world, distributed among six terrestrial biomes 
and three marine ecosystems1. In addition to the macroscopic lives that attract our attention, microbial species play a fundamental 
role in different environments, including plants and animals, with impacts that are often subtle2,3. Among the microorganisms that 
inhabit these varied environments, yeast-like fungi stand out for their wide distribution and presence4. This diversity of habitats 
suggests that these unicellular fungi can produce a wide range of bioactive metabolites, which can be applied in pharmaceutical, 
food, and other industries5,6. 

Bioactive compounds represent a diverse set of substances capable of interacting with biological processes, bringing benefits to 
human health, including medicines, nutraceuticals, and personal care products5,6. With their effective large-scale fermentative 
proliferation rates, yeasts are attractive microorganisms for industrial applications, surpassing other microscopic organisms. Its 
use is well-established in the production of food, beverages, bioethanol and even as probiotics7,8. However, the lack of knowledge 
about their roles as bioactive compounds’ producers limits their use9, although there are reports of antibacterial and anticancer 
efficacy in yeast-derived compounds5. This work aimed to evaluate the antioxidant activity and cytotoxicity of extracts produced 
from intracellular metabolites of wild and industrial yeasts in vitro. 

2 MATERIAL & METHODS 

Cell extracts were produced from the following yeast strains: CHAP-158 and CHAP-204, both isolated from intestines of 
Spodoptera frugiperda caterpillars4; CHAP-208 and CHAP-221, both isolated from Senna macranthera flowers; CHAP-243, 
isolated from Mandaguari bee (Scaptotrigona postica); and the industrial yeast Saccharomyces cerevisiae PE-210. For the 
cultivation and prior preservation of yeast cells, they were pre-cultured in YPD liquid medium (1% yeast extract, 2% peptone, and 
2% glucose) for 48 hours, with agitation at 200 rpm, at 30°C. The pre-cultivated yeasts were inoculated in Erlenmeyer flasks 
containing 200 mL of YPDXi culture medium (1% yeast extract, 2% peptone, 2% glucose, and 2% xylose) and incubated until 20–
30 of optical density (at 570 nm). Cells were then separated from the culture medium by centrifugation at 10,000 rpm for 5 min at 
4°C, followed by weighing and freezing. After that, exhaustive extraction of intracellular compounds was carried out, where the 
cell biomass was suspended in 10 mL of methanol-water (80:20 v/v) and kept in an ultrasonic bath for 1 hour. In a separation 
funnel, the cell suspension was mixed with the organic solvents in a 1:1 (v/v) ratio. The organic solvents used to extract compounds 
were, alternately, hexane, ethyl acetate, and butanol; the raffinate (aqueous phase) was also used as fractionated. The solvents 
used for the fractionations were vaporized in a rotary evaporator, and then the samples were freeze-dried until the extracts were 
completely dry.  

The extracts used in mammalian cell culture were dissolved in dimethyl sulfoxide (DMSO), and the solutions were diluted in a 
culture medium before being tested in two mammalian cell lineages: RAW 264.7, derived from murine macrophages, and VERO, 
derived from African green monkey (Cercopithecus aethiops) kidney fibroblast. The culture medium DMEM (Dulbecco's Modified 
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Eagle Medium) was used for the first lineage, while MEM (Minimal Essential Medium – Eagle) was used for the second. Both 
media were supplemented with 10% Fetal Bovine Serum (FBS). The cells were incubated in a humidified atmosphere at 37°C, 
5% CO2 in an oven. Cell subcultures were established using the enzyme trypsin in an EDTA solution. 

To determine reactive oxygen species (ROS), the antioxidant activity of intracellular extracts was measured using the protocol 
adapted from Ng and Ooi (2021)11, which is based on the indirect detection of reactive oxygen species using the 2,7-
dichlorofluorescein diacetate probe (H2DCFDA). For this, cells of the lineage RAW 264.7 were seeded at a concentration of 4,104 
cells/mL in black 96-well microplates with a transparent bottom coated with collagen matrix. The cells were acclimated at 37°C, 
5% CO2 in oven. After confluence, the cells were treated in the plate with decreasing concentrations of extracts and then incubated 
again for 24 h. As a positive test control, 100 uM of hydrogen peroxide (100 μM) was used, which was added 1 h before the end 
of the treatment. In addition, wells were also maintained without any treatment for cell control. Subsequently, the culture medium 
was removed and replaced with 30 uM of the probe in DMEM previously warmed. After 30 min, the probe was removed and 
replaced with 100 uL of DMEM. The plate was protected from light incidence, and fluorescence spectroscopy values were acquired 
using an excitation wavelength of 494 nm and an emission wavelength of 522 nm. Normalization of fluorescence values was 
performed by determining cell density. Data were subjected to analysis of variance (ANOVA) and the mean comparison test 
(Tukey test). Each experiment was carried out in triplicate and presented with a 95% Confidence Interval. The softwares used to 
carry out the analyses were GraphPad Prism 8 and Excel. A high-performance liquid chromatography (HPLC) technique was 
used to determine possible antioxidant compounds in the extracts. For this, the lyophilized samples were solubilized in methyl 
alcohol, filtered through 0.45 µm porosity membranes, and transferred to chromatographic vials for injection into a capillary column 
for phenolic compounds. 

Cell viability was analyzed using the sulforhodamine B (SRB) colorimetric assay to evaluate the cytotoxicity of the extracts, as 
described by Vichai and Kirtikara (2006)12. This assay quantified cell death caused by the applied extracts in the lineages RAW 
264.7 and VERO in 96-well plates (4x105 cells per 100 μL for RAW and 2.5x105 cells per 100 μL for Vero, for each cavity). Then, 
the cells were incubated for 24 hours until cell confluence. To determine the cytotoxicity of the extracts, the concentrations used 
were gradually decreased. Cells were fixed without removing the supernatant, adding 100 μL of 10% trichloroacetic acid (TCA) to 
each well and the plate was incubated for 1 h at 4ºC. They were then washed carefully with distilled water three times and kept 
for 24 hours to dry. Proteins from fixed cells were stained with 100 μL of sulforhodamine B and acetic acid (0.057% w/v) and kept 
for 30 minutes at room temperature. Excess dye that did not bind to proteins was discarded in three washes with a 1% (v/v) acetic 
acid solution. Then, the dye was removed with 100 μL of 10 mM Tris Base buffer (pH 10.5) in incubation with light agitation for 10 
minutes at room temperature for complete dissolution. Next, the absorbance was measured in a spectrophotometer at 510 nm. 
The absorbance values obtained in each well containing the extract were converted into a percentage of cell viability in relation 
to the cell control, where 100% represents the total viability of the cells. Through linear regression analysis, it was possible to 
calculate the concentration of each sample that reduced cell viability by 50% (CC50). The assays were composed of the average 
of independent triplicates with a 95% confidence interval. The concentration required to reduce cell viability by 50% (CC50) was 
calculated by applying non-linear regression analysis, using curves that correlate concentration to effect.  

3 RESULTS & DISCUSSION 

Among all the extracts tested, four significantly reduced ROS (CHAP-158, CHAP-204, and CHAP-243, in ethyl acetate 
fractionation, and CHAP-243, in butanol) and demonstrated antioxidant activity in murine macrophages (Figure 1). Compared to 
macrophage cells exposed to hydrogen peroxide, which has high oxidative activity, cells that were treated with extracts with 
antioxidant activity reduced cellular oxidation by approximately 0.52, 0.31, 0.0048, and 0.43 log2 fold, respectively. 

 
Figure 1 Detection of ROS in the extracts tested in macrophages. Different lowercase letters next to the bars represent significant differences. 

The control cell model is abundantly distributed throughout the connective tissue derived from fibroblasts. These cells' main 
function is to act in the synthesis and secretion of extracellular matrix, thus providing resistance, elasticity, and structure of tissues 
and organs. In addition, they act in wound healing, in the maintenance of tissues, and in the regulation of inflammation13. In order 
to test not only the antioxidant action of the extracts on macrophages, but also to check whether the extracts affect other cells 
with important functions in the body, we carried out cytotoxicity tests with fibroblast cells as well. Our results showed that the 
lineage VERO did not show cytotoxic sensitivity at the concentrations tested (Table 1). In contrast, the RAW cells showed a 50% 
reduction in cell viability (CC50) at intermediate concentrations of the extracts. The exception was the extract obtained from CHAP-
243 fractionated in ethyl acetate, which significantly reduced reactive oxygen species and did not show cytotoxicity at the 
concentrations tested for either the fibroblast or the macrophage cell model. 
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Some of the metabolites of the extracts with antioxidant activity were detected. In the extracts from CHAP-204, CHAP-243 (both 
in ethyl acetate), and CHAP-243 (in butanol), the phenolic compound p-coumaric acid was quantified at 0.156, 0.136, and 0.66 
mg/L, respectively, corroborating with Chen and coworkers14 findings. This compound is described as reducing ROS, which is 
desirable in treating pathologies such as inflammation, cardiovascular diseases, diabetes, and nervous system diseases13. For 
CHAP-204 extracts, three additional antioxidant compounds — quercetin, myricetin, and kaempferol — were detected, although 
in negligible concentrations. For CHAP-243 extracts in ethyl acetate and butanol, small amounts of epicatechin, which is attributed 
with antioxidant action, among other benefits to human health15, were also detected. Furthermore, the synergy of the compounds 
present in an extraction fraction must be considered since other compounds present can interfere with the dynamics, even if in 
small quantities15. 

Table 1 Extract concentration that reduced cell viability (CC50) of lineages VERO and RAW by 50%. 

Yeast Cell Extract VERO RAW 

CHAP-158 Butanol >200 (ND) 112.1 (101.3–124.9) 
CHAP-158 Ethyl Acetate >200 (ND) 171.9 (127.4–200.0) 

CHAP-158 Aqueous >200 (ND) 113.6 (102.5–126.0) 
CHAP-204 Butanol >500 (ND) >500 (ND) 

CHAP-204 Ethyl Acetate >200 (ND) 169.7 (160.3–180.3) 
CHAP-204 Aqueous >200 (ND) >200 (ND) 
CHAP-208 Butanol >200 (ND) >200 (ND) 

CHAP-208 Ethyl Acetate >500 (ND) >500 (ND) 
CHAP-208 Aqueous >200 (ND) 27.64 (25.06–49.25) 
CHAP-221 Butanol >500 (ND) >500 (ND) 

CHAP-221 Ethyl Acetate >500 (ND) >500 (ND) 
CHAP-221 Aqueous >200 (ND) >200 (ND) 
CHAP-243 Butanol >200 (ND) 161.6 (145.9–177.3) 

CHAP-243 Ethyl Acetate >500 (ND) >500 (ND) 
CHAP-243 Aqueous >200 (ND) >200 (ND) 

PE-02 Butanol >200 (ND) >200 (ND) 
PE-02 Ethyl acetate 130.6 (82.77–200.0) >200 (ND) 

PE-02 Aqueous 195.2 (112.2–200.0) >200 (ND) 
H202 Control - <25 (ND) 

4 CONCLUSION 

The results suggest that yeast extracts isolated from Brazilian microbiota environments exhibit significant potential for reducing 
ROS. Furthermore, three strains were shown to produce a variety of phenolic compounds, which could potentially improve human 
health disorders. Considering the growing demand for alternative sources to produce these compounds, these microorganisms 
can represent a valuable resource. Therefore, more in-depth studies on the application possibilities of these microorganisms are 
promising and relevant. 
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