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IPEC-J2 cell line The aim of this study was to investigate the effects of
Rosmarinic acid rosmarinic acid (RA) on a porcine, non-tumorigenic IPEC-J2
Cell viability . enterocyte cell line. The cell viability was tested with MTS assay
:é;gf:ﬁéte“m electrical and the transepithelial electrical resistance (TER) values were

measured to determine the changes of the membrane integrity.
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xtracellular H20- The extracellular H,O, production was analyzed with Amplex
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1 Introduction

In the last few decades there has been increasing interest in the therapeutical application of
polyphenolic and antioxidant molecules. These polyphenolic compounds are secondary metabolic
products; they play different roles in the lives of the plants [6, 13, 9, 10]. The caffeic acid derivative,
rosmarinic acid (RA) has an anti-inflammatory [11, 7] and anti-mutagenic [5, 3] effects and it can
reduce the cancer [14, 16].

The small intestine has absorptive and metabolic capabilities and the intestinal epithelium
forms a physical barrier that acts as a defense line against toxins and other pathogens [15].For this
reason, integrity of the intestinal epithelial cells is utmost important for maintaining both general
health and farm animal yields.

We used a non-transformed porcine intestinal epithelial IPEC-J2 cell line (ACC 701). The
cells were isolated from mid-jejunum of a neonatal piglet. It is non-tumorigenic and widely used cell
line for modeling and testing the small intestine in vitro [1, 12]. The cells can become polarized and
form tight junctions.

In our research, we sought to find out how RA affects the cell viability and the TER of IPEC-
J2 cells and how the extracellular level of H,O, changes in the presence of RA.

2 Materials and Methods

2.1 The maintenance of IPEC-J2 cells and culture conditions

IPEC-J2 cells were cultured in 50% Dulbecco’s Modified Eagle’s Medium (DMEM) and 50%
Ham’s F12 Nutrient Mixture (Sigma-Aldrich) containing 1.5 mM HEPES, 5% fetal bovine serum
(Biocenter), 1% insulin/transferrin/sodium selenite media supplement (Invitrogen), 5 ng/ml
epidermal growth factor (Invitrogen), and 1% penicillin/streptomycin (Invitrogen).The culture
medium was refreshed every other day. IPEC-J2 cells were between passages 42-48. Seeding
density for the cells was 1 x 10* cells / well of a 96-well plate (Transwell) to investigate the
cytotoxicity with MTS assay. When studying TER and H»O: production, the cell-seeding density
was 1.5 x 10° cells / well in a 6-well polyester membrane insert containing plates (Transwell,
Sigma-Aldrich, Corning Costar).The insert containing plates had a 1.5 ml apical and 2 ml
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basolateral volume per well. The treatment was applied in the apical compartment. After 24 h of
treatments, the cell free supernatants were collected for further experiments. The IPEC-J2 cells
were incubated at 37°C in a humidified atmosphere of 5% CO..

2.2 Treatment with RA

We tested four RA concentrations in MTS cell viability assay. Cells were treated for 24 h with
the RA at 50, 100, 200 and 400 uM concentrations. The rosmarinic acid was dissolved in phenol
red-free DMEM:F12 culture medium (Lonza) and the solution was filtered (0.2 um, Acrodisc
Syringe Filters, Invitrogen) before application on the IPEC-J2 cells. For further experiments RA
was used at 50 yM concentration and the control samples were treated only with phenol red-free
DMEM:F12 culture medium.

2.3 MTS assay for cell viability

MTS reagent (CellTiter96Agueous OneSolution, Promega) is a tetrazolium inner salt which is
converted in metabolically active cells to a colored formazan product. This conversion is thought to
be carried out by NAD(P)H-dependent dehydrogenase enzymes in the mitochondria. After the 24 h
incubation, the cells were washed twice with 1% PBS before the MTS solution was added. 1.5 h of
incubation, the absorbance was measured at 490 nm using an ELISA Reader (EZ Read Biochrom
400).

2.4 TER for membrane integrity strength measurement

The confluent IPEC-J2 monolayer (above 1 kOhm TER values) was treated with 50 yM RA
for 24 h. The TER values were measured prior to the treatments (0 h), then after 18 h and 24 h
intervals using EVOM Epithelial Tissue Volt/ Ohmmeter (World Precision Instruments, Berlin,
Germany). The results were calculated as kQ x cm? by multiplying the values by the surface area
of the monolayer (4.67 cm?).

2.5 Amplex Red assay for extracellular H.O.detection

The redox status of the cells was measured by using the Amplex Red Hydrogen Peroxide
Assay Kit (Invitrogen, Molecular Probes). With this method we were able to calculate the
concentration of H.O from fluorescence intensity. The Amplex Red working solution reacts with
H.0O- in the presence of horseradish peroxidase and producing a highly fluorescent molecule, the
resorufin. 50 pl of the collected cell free supernatant was mixed with the Amplex Red working
solution according to the manufacturer’s instructions. The fluorescence intensity was measured at
590 nm with a fluorimeter (Victor X2 2030, Perkin Elmer, Waltham, MA, USA).

2.6 Statistical analysis

All data are expressed as means + standard deviations. The statistical analysis of the results
was performed by using the R Core Team (2016). R: A language and environment for statistical
computing (R Foundation for Statistical Computing, Vienna, Austria). The data were analyzed by
one-way ANOVA coupled with the post hoc Tukey test. p values <0.05 were considered to be
statistically significant (*p <0.05; **p <0.01; ***p <0.001).

3 Results
3.1 The effect of RA on the viability of IPEC-J2 cell

The MTS cell viability test, which measures the mitochondrial metabolic activity, has been
used as an indirect evaluation of viability of IPEC-J2 cells exposed to RA at 50, 100, 200, 400 yM
concentrations. A significant increase in cell viability was observed upon a 24 h exposure of
proliferating IPEC-J2 cells to 50 uM RA (Figure 1). Exposure of cells to RA at 200 and 400 uyM
concentrations resulted in significantly decreased absorbance values.
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Figure 1.The effect of RA on the viability of IPEC-J2 cells. Cells were exposed to RA at 50, 100,
200 and 400 uM concentrations and the MTS cell viability test was used. Results are
representative data of five independent experiments. *indicates a significant difference compared
to the control (*p <0.05; ***p <0.001).

3.2 The effect of 50 pM RA on the membrane integrity of IPEC-J2 cells

TER was measured to elucidate the functional integrity of the epithelial cell monolayer. When
IPEC-J2 cells were treated with 50 uM RA, the TER values significantly increased at the end of the
24 h incubation time (Figure 2). However, there was no significant effect of RA on IPEC-J2 cells
within 18 h after the starting of the treatment.
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Figure 2.Effect of RA on the cell monolayer integrity of IPEC-J2 cells. Cells were exposed to RA at
50 uM for 24 h. After 24 h incubation the treated cells show significantly higher TER values.
Results are representative data of three independent experiments. *indicates a significant
difference as compared to the control (*p <0.05).

3.3 The effect of RA on the extracellular H.O, production of IPEC-J2 cell

The extracellular H2O- is a marker of the oxidative stress. Amplex Red assay was used to
measure the changes of the extracellular H,O, levels in cell free supernatants. Fluorescence
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intensities were measured after 24 h of incubation with 50 uM RA (Figure 3). It was found that 50
MM RA did not cause significant elevation in H20- levels.
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Figure 3.The effect of RA on H2O; production of IPEC-J2 cells. Cells were exposed to RA at 50 uM
for 24 h. To detect the changes in H>O; production Amplex Red assay was used. No significant
differences were found (p> 0.05) between the control and the RA treated groups. Results are
representative values of three independent experiments.

4 Discussion

The IPEC-J2 cell line is a good model system to study the impact of supplementation of
piglet feed with dietary antioxidants [8]. The beneficial effect of RA on porcine cell survival can be
related to its specific structure [4].This molecule possess two aromatic rings and double bonds that
increase the efficacy of receiving electrons through resonance in order to stabilize free radicals
after donating a proton to the ROS [2].

The results in this study demonstrated that moderate to low concentrations of RA improved
cell viability. However, high concentrations of RA (above 200 uM) caused cell death to great
extent. It was demonstrated that 50 uM RA significantly improved the integrity of the IPEC-J2 cell
monolayer after 24 h incubation and did not cause significant changes in the extracellular H,O-
production.

5 Conclusion

In conclusion, at 50 yM RA has the capacity to increase cell viability and the membrane
integrity while it does not cause significant enhancement in extracellular H.O- level. Application of
low concentration of RA seems to be an effective way to strengthen epithelial barrier integrity.
However, further in vivo studies are needed for confirming in vitro observed beneficial effects of RA
is to establish daily application schedule of RA as porcine feed additive in the future.
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