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Background: Using cell lines to explore the function of organic compounds is fundamental in biotechnol-
ogy. Evaluating new additives intended to improve animal production is challenging due to the complex-
ity and uncertainty of in vivo testing. This study investigated the action of a compound with antioxidant
properties using cells from terrestrial (LMH cells line) and aquatic vertebrates (CHSE-214).
Results: The results of our study provide reassuring evidence of the compound’s safety for use in animal
production. The compound demonstrated no adverse effects on cell viability, indicating its potential for
safe application. Furthermore, the compound’s antioxidant properties were evident, with a 100% recovery
in both cell lines when exposed to hydrogen peroxide 0.1 mM. It also effectively reduced cellular ageing
caused by metabolic processes, as measured by the TBARS formation in both cell lines, from 5 MDA lM/
mg protein to 2.5 MDA lM/mg protein when used at 0.05 or 0.5 g/L. Notably, this action did not increase
cell membrane oxidation, further supporting its safety profile.
Conclusions: These findings indicate that the compound has an antioxidant effect and can be used inde-
pendently or in combination with metabolic stimulants in the diets of production animals. Applying this
additive and its possible synergy with other compounds could help reduce oxidative stress and improve
growth in animal production. The data generated in this study provide a solid basis for designing diets
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incorporating this additive to observe improvements in animal production based on activity observed at
the cellular level.
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1. Introduction

Cellular models, as screening systems for innovative products,
are widely used to evaluate novel molecules, vaccines, and cellu-
lar mechanisms [1,2]. Several models are available to study vari-
ous cellular mechanisms, such as using murine cells to investigate
ethanol’s effects and studying Alzheimer’s disease, among others
[3]. The use of cell lines as an indicator of productive effective-
ness in industry continues to be innovative. For example, studies
carried out with salmonid cells have directly led to precision
adjustments of additives in diets by indicating that including
compounds such as nucleotides improves development under
fasting conditions in production plants [4]. In another study, syn-
ergy was observed between two different molecules used as
antioxidants in diets, leading to further optimisation of their
dosages in salmon diets [5]. Without these advances, diet devel-
opment would consume more resources and have a less signifi-
cant impact on production. In addition, these models provide us
with a detailed understanding of oxidation–reduction processes
at the cell membrane level and of cellular responses. These pro-
cesses lead to alterations in the membrane that result in ageing
[6,7] and lead to the generation of biochemically quantifiable
metabolites, such as thiobarbituric acid reactive substances
(TBARSs), in membranes [6]. These molecules in the membrane
can used as an ageing indicator preliminarily and can combine
with cell viability to understand the effects of the oxidate stress
in the cells [7,8].

Antioxidant agents help restore the balance of reactive oxygen
species (ROS) [9,10]. These molecules are produced as part of the
normal metabolism of cells and fulfil a physiological function by
acting as signals of cellular catabolism [11]. However, under condi-
tions of excess nutrients or rerouting to alternative biochemical
pathways, more ROS are generated, overwhelming the protection
mechanisms and giving rise to a toxic environment for both cells
and organisms [12,13]. This situation occurs frequently in inten-
sive farming; however, introducing additives or molecules to
reduce the concentration of free radicals and improve the cellular
response [14,15] has increased animal growth and health [16]. As
in the previous report for our group, we used similar models to
explore the cell effects of additives [17]. In this work, we can show
evidence that solergy has an effect on the metabolic function of the
hepatic cells, and improves the performance of the cells in stress
conditions [17].

A growth stimulation model requires energy [18], but this stim-
ulation also generates metabolic residues, including free radicals,
which, in turn, cause oxidative stress. Molecules that promote
growth are metabolically active and generate ROS [19,20]. The
adverse effects of energy-rich diets have been described in fish,
including resistance to lipid transport, inflammation, and patholo-
gies such as cataracts [21,22].

The objective of this study was to demonstrate that the com-
pound ENTAN acts as an additive with antioxidant properties. To
this end, a series of experiments was carried out to evaluate its
effectiveness in reducing the concentration of oxidants in vitro
and its ability to protect cells in culture and use in the future for
animal production diet.
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2. Methodology

2.1. ENTAN molecule

The molecule of ENTAN was provided by Igusol to our lab to test
the different effects, and the ENTAN is described as a Natural pro-
duct based on grape extracts, rich in a mixture of various polyphe-
nols, including a high concentration of flavonols, anthocyanins and
proanthocyanidins, making a natural plant bases antioxidants
activity. The molecules were used in the concentration previously
described for formulated animal production diets, diluted in the
cultured media at concentrations of g/L described in curve concen-
tration form 0.01 g/L to 1 g/L, at some experiments at 0.05 g/L or
0.5 g/L relative to a used in diet to animals.

2.2. Cell culture and cytotoxicity analysis

This study used two cell lines: CHSE-214 cells derived from
Oncorhynchus tshawytscha embryos and LMH cells derived from
Gallus gallus hepatocytes. Cell culture media and handling proce-
dures were adapted from those described by Olivares et al. [4].
They will be cultured in DMEM/F12 + GlutaMAx (Gibco), supple-
mented with 10% foetal bovine serum (Gibco) and antibiotic–an-
timycotic solution (Corning). The cell cultures were subjected to
controlled exposure to the additive as a function of time and con-
centration. A modified approach based on previous research was
used to evaluate any toxic effects and establish safety thresholds
for the additive [4].

2.3. Pharmacological tests to evaluate antioxidant power

Two strategies were implemented to evaluate the additive’s
antioxidant power, one was based on similar pharmacological
approaches previously used with compounds such as silymarin
[5,23]. In the first strategy, hydrogen peroxide (H2O2) was applied
directly to cell cultures to induce controlled oxidative stress for
24 h. An H2O2 concentration curve (0.1 lM to 1000 lM) was devel-
oped and compared to a mean concentration of the compound,
which had previously been validated in the safety test. In the sec-
ond strategy, a constant concentration of H2O2 was maintained
(100 lM), and the concentration of the compound was increased.
In this way, it was possible to determine the concentration at
which the additive effectively protected cells against oxidative
damage.

2.4. Assessment of cellular ageing

The analysis of cellular ageing was carried out using the Abcam
TBAR kit. Two hundred microliters of thiobarbituric acid (TBA)
reagent were added to each standard and sample. The absorbance
was measured at 535 nm (in a range of 525 to 545 nm); the inten-
sity of the colour was proportional to the concentration of oxidised
lipids. This measurement indicated the degree of cellular oxidation.
The same cytotoxicity curves from the other stages of the study
were used to correlate mortality with cellular ageing. This is an
approach for measured cell ageing in vitro [24].
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2.5. Statistical analysis

The results are presented as the mean ± standard error of the
mean (SEM). Statistical comparisons were carried out using Stu-
dent’s t test or analysis of variance (ANOVA). A probability value
(p) less than 0.05 was considered a significant difference.

3. Results

3.1. Evaluation of toxicity and recommended doses

A safety curve was generated to verify the activity and recom-
mended dose for the use of the additive. CHSE-214 cells from trout
embryos and LMH cells from rooster hepatocytes were exposed to
increasing concentrations of ENTAN for 24 h. Subsequently, a cell
count was performed to determine the number of cells per area,
and cell viability was calculated. As seen in Fig. 1A, the LD50 was
10 g/L, which indicates that the recommended doses were below
the lethality threshold. Doses significantly higher than 50 g/L
resulted in a decrease in viability, suggesting that the compound
possesses biological activity (Fig. 1A). We investigated whether
ENTAN affected cell ageing by measuring the change in TBARS
levels in CHSE-214 and LMH cells exposed to increasing concentra-
tions of the compound (Fig. 1B). Under these conditions, an
increase was observed only at very high doses, an effect that may
be related to the increase in cell mortality observed at these con-
centrations in both cell models.

3.2. Antioxidant effect

Because a baseline effect of ENTAN was identified, we evaluated
whether the additive protected at the cellular level. For this, cells
were exposed to a toxic concentration of H2O2, and increasing con-
centrations of ENTAN were added. The curves in Fig. 2A and Fig. 2B
indicate that the viability of cells improved when the cells were
incubated with ENTAN, indicating that the additive protected
against damage caused by oxidation in trout (Fig. 2A) and rooster
(Fig. 2B) cells. Recognising that H2O2 is an agent that induces cell
death and ageing, we evaluated whether ENTAN reduces these
effects to provide information on its mechanism of action. Fig. 2C
and Fig. 2D show the change in TBARS concentration in the cell
membranes of both models and how ENTAN protects trout cells
(Fig. 2C) and rooster hepatocytes (Fig. 2D).
Fig. 1. Safety curve. Curves for CHS-E214 cells (trout embryo) and LMH cells (rooster h
suggests an LD50 of 15 g/L, which would be 3 times higher than the recommended dose f
50 g/L and the concentration of TBARS in both cell lines. The curves represent 3 independ
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3.3. Antioxidant power of ENTAN

ENTAN protected the two cell types studied from oxidative
attack. However, it is unknown whether ENTAN blocks the effect
of oxidation in production models. To address this issue, cell cul-
tures were exposed to increasing concentrations of H2O2, and the
mean lethal dose (LD50) of peroxide was determined, both in the
presence and in the absence of two concentrations of ENTAN
(Fig. 3). Fig. 3A shows the change in LD50 in trout embryonic cells,
and in Fig. 3B, a similar effect is observed in LMH cells, with the
effects in both cell types being concentration dependent. In
Fig. 3C, curves for ENTAN and H2O2 were used to evaluate the mean
value of the effect in salmonid cells. In addition, in the photomicro-
graphs in Fig. 3D, changes in the density of the cultures can be
observed in the experimental conditions evaluated. These data
indicate that ENTAN can minimise the increase in the concentra-
tion of free radicals in cell models, thus protecting cells, and sug-
gest that these results can be extended to the level of animal
production.

3.4. TBARS values

The decrease in mortality observed due to oxidative stress in
the cell lines suggests a cellular protection mechanism based on
the antioxidant effect of ENTAN. To evaluate this trend, a TBARS
concentration curve, because other cell studies used this model
for ageing in cells [24,25], was constructed a TBARS curve, when
cells were exposed to an increasing concentration of H2O2, both
in the presence and absence of ENTAN at two different concentra-
tions, as shown in Fig. 4A and Fig. 4B. Both concentrations reduced
membrane oxidation, which resulted in a lower rate of cellular age-
ing and an increase in the viability of the cultures, even under con-
ditions of metabolic stress. These findings indicate that ENTAN
reduces oxidative stress following a dose–effect relationship,
which resulted in less lipid oxidation in both cell models and
improved the quality of the membranes, allowing for an increase
in culture viability, even under conditions of metabolic stress, such
as those found in animal production models.

4. Discussion

The data obtained suggest that ENTAN has antioxidant and
protective properties at the cellular level, with possible applica-
epatocytes). In (A), a curve for increasing concentrations of ENTAN from 0 to 50 g/L
or ENTAN (0.5 g/L). In (B), a curve shows increasing ENTAN concentrations from 0 to
ent experiments, each with 3 replications, and the points represent the mean ± SEM.



Fig. 2. Antioxidant effect. In (A), the number of CHSE-214 cells was quantified after 24 h of culture in 0.1 mM H2O2 in the presence of ENTAN from 0 to 50 g/L. (B),
quantification of the number of LMH cells after 24 h of culture in 0.1 mM H2O2 in the presence of ENTAN from 0 to 50 g/L. (C) quantification of TBARS in CHSE-214 cells after
24 h of culture in 0.1 mM H2O2 in the presence of ENTAN 0 to 50 g/L. (D) quantification of TBARS in LMH cells after 24 h of culture in 0.1 mM H2O2 in the presence of ENTAN
from 0 to 50 g/L. The graphs are representations of 3 independent experiments, with three replicates each. Each point represents the mean ± SEM.
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tions in animal production [1]. In previous work, we used cell
models to explore the metabolic y oxidant status; we used solely
another compound for metabolic activation and presented [17],
but in another report, the cell models are used to explore addi-
tives effect in salmon cells, for example [5] or test the toxic effect
of invasive algae [25], the results from solergy are useful for diet
design. Now, we explored other additives for use in the diet. The
safety curves presented in Fig. 1 indicate that the recommended
doses are safe for animals at the cellular level. This finding is sig-
nificant because it indicates that ENTAN is a compound devoid of
adverse effects at low doses and only shows biological activity at
high concentrations, which supports its biologically active
capacity.

ENTAN is effective in reducing the damage caused by oxidative
stress at recommended doses. This is evidenced in Fig. 2, where a
significant decrease in cell mortality induced by hydrogen peroxide
is observed in the presence of ENTAN. These results suggest that
the additive can reduce cell mortality by reducing cell oxidation.
This observation is further reinforced in Fig. 3, showing that the
concentration of TBARS in cell membranes, a marker of lipid oxida-
tion, increases with increasing concentrations of hydrogen perox-
ide. However, this increase in the marker concentration was not
observed in the presence of ENTAN. These findings allow us to con-
clude that ENTAN is an effective antioxidant that prevents cell oxi-
dation in two cell lines, which translates into improving cell
viability [16].
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Taken together, the results from our experiments suggest that
the additive ENTAN is of great relevance to improving animal pro-
duction processes. In addition, this raises the possibility that it can
act synergistically with other compounds present in the diets, as
has been observed in previous studies exploring other additives
[5]. The results of our study allow for an understanding of the
action of this molecule in a short period and have provided infor-
mation on its expected mechanism of action in diets. In addition,
we have explained some of the mechanisms at the production level
that have already been described for similar molecules [18,19]. The
results of this study not only offer new perspectives for the animal
production industry but also highlight the value of in vitro models
in research. While it is important to recognise that in vitro models
cannot address all the unknowns related to cellular processes
within animal production, we should not underestimate their
value. These models, such as those used in our research, can signif-
icantly reduce the need for more extensive and expensive in vivo
testing. Our research represents an important step in evaluating
the beneficial properties of ENTAN in the context of animal produc-
tion. The compound ENTAN, identified as an effective antioxidant
agent, has significant potential to improve the health and growth
of animals in intensive production environments. As demonstrated
in this study, its ability to reduce oxidative damage at the cellular
level suggests that it could contribute to the optimisation of animal
diets, mitigating the adverse effects of metabolic stress and pro-
moting healthier growth. In addition, the demonstrated safety at



Fig. 3. Curve of concentration values. Curves for CHSE-214 cells (trout embryo) and LMH cells (rooster hepatocytes). In (A), a curve for increasing concentrations of
hydrogen peroxide for both cell lines in the presence or absence of ENTAN at concentrations of 0.05 and 0.5 g/L. (B) quantification of the number of LMH cells after 24 h of
culture in H2O2 at increasing concentrations in the presence of ENTAN at 0.05 and 0.5 g/L. In (C), curves for ENTAN against peroxide and peroxide against ENTAN. In (D), the
image illustrates ENTAN and antioxidant data in CHSE2-214 cells. The curves represent 3 independent experiments, each with 3 replicates, and the points represent the
mean ± SEM.

Fig. 4. ENTAN effects on TBARS. In (A), a curve for the TBARS concentration in CHSE-214 cells for increasing peroxide concentrations in the presence or absence of ENTAN at
concentrations of 0.05 and 0.5 g/L. (B) a curve for the TBARS concentration in LMH cells for increasing peroxide concentrations in the presence or absence of ENTAN at
concentrations of 0.05 and 0.5 g/L. The curves represent 3 independent experiments, each with 3 replications, and the points represent the mean ± SEM.
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recommended doses is an important characteristic, indicating that
using ENTAN does not present significant risks to cells.
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