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In this study, the protective effect of a fermented wheat germ extract (FWGE) against LPS-induced inflammation and oxidative
stress in IPEC-J2 porcine intestinal epithelial cells was studied. Enterocytes were treated with LPS derived from Salmonella
enterica ser. Typhimurium and Escherichia coli O55:B5, O111:B4, and O127:B8 strains. Intracellular ROS level and extracellular
H2O2 level were followed up by two fluorescent assays (DCFH-DA and Amplex Red). The effect of FWGE on the intestinal
barrier integrity was determined by transepithelial electric resistance measurements and using a FD4 fluorescent tracer dye. IL-6
concentration of supernatants was also measured by the ELISA method. Our data revealed that FWGE had a significant
lowering effect on the inflammatory response especially related to oxidative stress. Treatment with FWGE (1-2%) significantly
decreased the level of intracellular ROS compared to LPS-treated cells. Furthermore, LPS-triggered partial disruption of
epithelial integrity was reduced after FWGE application.

1. Introduction

The intestinal epithelium serves as a primary physical barrier
against invading bacteria, toxins, and various environmental
pollutants; however, it also plays an active role in the mainte-
nance of absorption, regulation of barrier function, and
immune homeostasis [1]. Gut-derived infections may be trig-
gered by lipopolysaccharide (LPS) release from Gram-
negative bacteria such as Salmonella spp. and E. coli. LPS
can induce inflammatory responses, predominantly medi-
ated by the activation of the NF-κB pathway, contributing
to proinflammatory cytokine (e.g., IL-6, IL-8, and TNF-α)
overproduction, and it triggers the production of reactive
oxygen species as well [2]. Infections caused by pathogenic
bacteria and consequent inflammatory responses can cause
human disease and can result in significant economic losses
in animal industry.

In human healthcare, it is essential to promote prudent
antibiotic use by preventing nosocomial infections and
reduce overprescribing of antimicrobials. Most of the classes
of antibiotics used for the treatment of bacterial infections in

humans are also used in animals [3]. Misuse and overuse of
antimicrobials in the treatment of human diseases and in
animal husbandry can lead to bacterial resistance against
clinically relevant drugs [4]. Therefore, the use of natural
ingredients to improve gut health is of high importance.
Gut health and intestinal barrier integrity could be improved
and maintained with proper selection of feed additives
which prevent pathogen invasion and inflammation, fur-
thermore stimulating growth of useful microorganisms.

Food and feed supplements derived from plants often
demonstrate various beneficial effects—they could have
significant anti-inflammatory and antibacterial activity. A
fermented wheat germ extract (FWGE) is a natural non-
toxic substance which is already used in the human med-
icine as a supportive therapy in cancer patients under
radiotherapy and chemotherapy [5]. The two major com-
ponents to which beneficial effects are related, namely, 2-
methoxy-benzoquinone and 2,6-dimethoxy-benzoquinone
[6], are found in high concentrations in these extracts.
FWGE has immunomodulatory [7], antiproliferative, anti-
metastatic, and antiangiogenic effects, and also, it can
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induce apoptosis in certain tumour cells like breast, colon,
lung, and prostate cancer cells [8]. Lee et al. found that
FWGE can promote apoptosis in different types of cancer
cell lines such as SNU-5, MKN-45, SNU-620, SNU-1, and
SNU-16. FWGE has significant antiproliferative effects and
kills tumour cells by the induction of apoptosis via the
caspase-poly (ADP-ribose) polymerase pathway [9]. Com-
bined treatment of FWGE and 5-fluorouracil or dacarbazine
resulted in a synergistic effect in the HCR-25 human cancer
cell line and B16 murine melanoma cell line [6]. The effect
of Avemar, which is a commercial dietary FWGE supplement
for cancer patients, was also studied. Apoptosis induction in
many Jurkat T leukaemia tumour cells [10], HL-60 human
promyelocytic leukaemia cells [11], and tumour B and T cells
[12] was also observed. FWGE has been also studied in auto-
immune diseases. The anti-inflammatory effect of the FWGE
extract was examined in rat adjuvant arthritis. It has been
found that the FWGE treatment regulated inflammation-
induced COX-1 and COX-2 expression and showed an addi-
tive effect with diclofenac [13]. Avemar can mitigate the
clinical signs of systemic lupus erythematosus in mice via
inhibiting Th2 response [14]. Although several studies have
been performed on tumour and immune cells, the effect of
this natural extract in the healthy gastrointestinal system is
poorly examined.

IPEC-J2 cells are isolated from the jejunum of neonatal
nonsuckled piglets [15]. These intestinal columnar porcine
epithelial cells are noncancerous; therefore, they mimic the
human physiological circumstances more closely compared
to other transformed or tumorigenic cell lines. Using IPEC-
J2 cells is a great tool to investigate epithelial integration,
status of the antioxidant defense system, inflammation, and
effects of pro- and prebiotics and other nutrients [16–18].
These cells can express and produce different types of
inflammatory proteins (e.g., IL-6 and IL-8), cytokines
(GM-CSF, TNF-α), receptors (toll-like receptors, F4 fimbrial
receptors), and mucins [15]. Because swine and human intes-
tinal functions are closely related, investigations performed
on IPEC-J2 can provide reliable information regarding the
pathogenesis of human intestinal infections [19].

In this study, our aim was to examine the anti-
inflammatory and antioxidant effect of FWGE in jejunal epi-
thelial cells under lipopolysaccharide stimulation. Moreover,
the impact on the intestinal paracellular permeability of
FWGE was also observed. To our knowledge, this is the first
study, where an effect on reactive oxygen species and influ-
ence on the intestinal epithelial barrier of FWGE are studied
on healthy intestinal epithelial cells.

2. Materials and Methods

2.1. Chemicals. FWGE was manufactured by Biropharma
(Kunfehértó, Hungary) under the trade name Immunovet,
and lipopolysaccharides (LPS) (derived from Salmonella
enterica ser. Typhimurium, Escherichia coli O55:B5, E. coli
O111:B4, and E. coli O127:B8, suitable for cell culture)
were purchased from Sigma-Aldrich–Merck (Darmstadt,
Germany).

2.2. Cell Line and Culture Conditions. The IPEC-J2 cell line
was derived from the jejunum of a healthy neonatal piglet
[20]. The cell culture was grown in the 1 : 1 mixture of Dul-
becco’s Modified Eagle’s Medium and Ham’s F-12 Nutrient
Mixture (DMEM/F12) (plain medium) augmented with 5%
foetal bovine serum (FBS), 5μg/ml insulin, 5μg/ml transfer-
rin, 5 ng/ml selenium (ITS), 5 ng/ml EGF, and 1% penicillin-
streptomycin (Sigma-Aldrich–Merck). IPEC-J2 cells were
grown at 37°C in a humidified atmosphere of 5% CO2.

For the experiments, IPEC-J2 cells between passages 48
and 52 were seeded onto six-well polystyrene cell culture
plates (Corning Inc., Corning, NY, USA), at a density of 1:5
× 105 cells/ml (the volume of medium was 2ml in each well
according to the manufacturer’s prescription). Cells were fed
every second day until confluence was achieved.

2.3. Cell Viability Measurement by the Neutral Red Uptake
Assay. Influence of FWGE on the viability of IPEC-J2 cells
at different concentrations (1%, 2%, and 4%) and different
durations of treatment (1 h, 2 h, and 24h) was tested. The
viability of the cells was also investigated at different concen-
trations (1, 10, and 20μg/ml) of the Salmonella LPS strains.
FWGE was dissolved in distilled water, filtered with a
0.22μmmembrane filter (Sigma-Aldrich–Merck, Darmstadt,
Germany), and diluted in cell culture medium. LPS were
freshly dissolved in plain medium. IPEC-J2 cells were seeded
in a 96-well plate and incubated with FWGE for 1, 2, and
24 h, respectively. LPS strains were tested for a 1 h treatment
period. The percentage of living cells was determined after
24 h of treatment by neutral red assay following the method
of Repetto et al. [21].

2.4. Incubation of Enterocytes with LPS and FWGE. After
IPEC-J2 monolayers have reached confluency, they were
washed twice with plain medium. LPS derived from different
bacterial strains (Salmonella enterica ser. Typhimurium,
Escherichia coli O55:B5, E. coli O111:B4, and E. coli
O127:B8) was used to evoke oxidative stress and inflamma-
tion. Control samples were treated with DMEM/F12 plain
medium. LPS solutions were added to the plain medium at
10μg/ml concentration [17]. FWGE solutions were dissolved
in distilled water and filtered with a 0.22μmmembrane filter;
thereafter, the solutions were diluted in the plain medium in
two different concentrations (1% and 2%). After 1 h incuba-
tion with LPS, FWGE test compounds, and their combina-
tions, cells were rinsed with plain medium and cultured for
additional 24 h for redox status and inflammation studies.

2.5. Measurement of Intracellular ROS and Extracellular
H2O2 Levels in IPEC-J2 Cells. IPEC-J2 cells were treated with
the four different types of LPS (10μg/ml), the FWGE (1%,
2%), and their combinations in phenol red-free medium on
twenty-four-well culture plates. Extracellular measurement
of H2O2 was performed using the Amplex Red Hydrogen
Peroxide/Peroxidase Assay Kit (Thermo Fisher Scientific,
Waltham, USA) following the manufacturer’s instruction
[22]. Fluorescence intensity was measured at an excitation
wavelength of 560nm and an emission wavelength at
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590nm (Victor X2 2030 fluorometer, PerkinElmer, Wal-
tham, MA, USA).

Change in the intracellular redox state of enterocytes was
determined using a 2′,7′-dichloro-dihydro-fluorescein dia-
cetate (DCFH-DA) dye (Sigma-Aldrich–Merck, Darmstadt,
Germany). Intracellular ROS oxidize nonfluorescent
DCFH-DA to the highly fluorescent dichlorofluorescein
form (DCF) [23]. IPEC-J2 cells were treated with the LPS
of different bacterial strains (10μg/ml) and with the FWGE
(1%, 2%) in phenol red-free DMEM/F12 for 1 h. DCFH-DA
(10μM) was added to IPEC-J2 cells for 30 minutes. Cells
were rinsed with medium, scraped, and centrifuged for 10
minutes at 4500 rpm at 4°C. Fluorescence was determined
with a Victor X2 2030 fluorometer at an excitation wave-
length of 480 nm and an emission wavelength of 530nm.

2.6. IL-6 ELISA. IPEC-J2 cells were treated with the four
different types of LPS (10μg/ml), the FWGE (1%, 2%),
and their combinations in phenol red-free medium on
twenty-four-well culture plates for 1 h. After 1 h treatment,
solutions were removed and cell culture medium was added
to the IPEC-J2 cell. Supernatants were collected after 6 h,
and IL-6 concentrations were measured from 100μl of
samples. Each sample was measured twice. The level of
IL-6 secretion (pg/ml) was measured with porcine-specific
IL-6 ELISA kits (Sigma-Aldrich–Merck, Darmstadt, Ger-
many) following the manufacturer’s guide.

2.7. Paracellular Permeability Measurement. IPEC-J2 cells
were seeded on 6-well polyester membrane inserts and were
grown to confluent, differentiated monolayers. LPS derived
from S. Typhimurium was added at 10μg/ml concentration
for 1 h to cells, and transepithelial electric resistance (TEER)
values were measured prior to and 2, 4, and 24 h after LPS
treatment. Simultaneously with LPS administration, cells
were treated with 1mg/ml fluorescein isothiocyanate-
dextran 4 kDa (FD4) tracer dye (Sigma-Aldrich, Darmstadt,
Germany) with different incubation times (2, 4, and 24 h).
Medium samples from the basolateral chambers were
collected, and the FD4 concentration was determined by a
fluorescent method at excitation 485nm and emission
535nm (PerkinElmer, Victor X2 2030 fluorimeter).

2.8. Statistics. Statistical analysis of our data was performed
with R 3.3.2 (2016) software (R Foundation, Vienna, Aus-
tria). Differences between means were determined by two-
way ANOVA, with data of normal distribution, and
homogeneity of variances was also confirmed. To analyse
treated groups to controls, the Dunnett post hoc test was
applied and the Fisher LSD test was used to compare dif-
ferent treatments. Differences between treatment groups
were considered proven if p values were <0.05.

3. Results

3.1. Viability of IPEC-J2 Cells. To select the proper concentra-
tion of LPS for the experiments without reduction of cell via-
bility, the neutral red uptake assay was performed. There was
no significant reduction regarding cell viability after treat-
ment with the highest LPS concentration (20μg/ml) of E. coli

O55:B5, O111:B4, and O127:B8 (data not shown). LPS from
S. Typhimurium did not cause any significant alteration in
cell viability at concentration of 10μg/ml which was also true
in the case of different E. coli strains (Figure 1). Based on the
abovementioned results, 10μg/ml LPS concentration was
chosen for further experiments.

FWGE showed no significant reduction in cell viability
(Figure 2); moreover, in the case of the 2% FWGE 24h treat-
ment, the number of living IPEC-J2 cells was higher com-
pared to that of the control. For further experiments, 1%
and 2% FWGE was used for 1 h.

3.2. ROS Production in IPEC-J2 Cells after Treatment with
FWGE. Stimulation of the IPEC-J2 cells with different LPS
types caused significant increase in intracellular ROS level
compared to the control group except for E. coli O55:B5
LPS treatment (Figure 3). FWGE per se in both applied con-
centrations (1% and 2%) significantly decreased the intracel-
lular quantity of reactive oxygen species compared to the
control group. Significant decrease in intracellular ROS level
was also observed after the combined treatment of LPS from
all E. coli types and FWGE. Only 1% FWGE did not cause
significant reduction in the elevated ROS level after S. Typhi-
murium LPS treatment.

Extracellular H2O2 levels are shown in Figure 4. Treat-
ment with different LPS types did not indicate significant
increase in H2O2 compared to the control group. FWGE with
combinations of different types of LPS could not influence
the extracellular hydrogen peroxide quantity in the samples.

3.3. IL-6 Production in IPEC-J2 Cells after Treatment with
FWGE. The LPS types derived from different E. coli strains
did not provoke a significant elevation of IL-6 concentration
in IPEC-J2 cells (Figure 5). LPS derived from S. Typhimur-
ium slightly increased the IL-6 concentration (p = 0:09)
compared to the control group. The combination of LPS
of S. Typhimurium and E. coli O111:B4 origin with FWGE
significantly decreased the IL-6 concentration. Interestingly,
LPS from E. coli O55:B5 caused significant decrease in IL-6
concentration per se, as well as its combinations with
FWGE. LPS of E. coli O127:B8 origin did not influence
the IL-6 concentration.

3.4. Paracellular Permeability of IPEC-J2 Cells after LPS and
FWGE Treatment. After 2, 4, and 24 h LPS treatment, partial
disruption of the epithelial cell layer was observed. FD4 fluo-
rescence intensity in the basolateral chamber was signifi-
cantly increased in the LPS-treated samples compared to
the untreated samples (Figure 6). The fluorescence intensity
was not altered significantly after treatment with FWGE
(1% and 2%) only. After simultaneous treatment of IPEC-
J2 cells with LPS (10μg/ml) and FWGE in different concen-
trations (1% and 2%), the presence of the FD4 tracer in the
basolateral compartment significantly decreased. TEER
values were also measured before and after LPS treatment
to check the integrity of the polarized IPEC-J2 monolayer.
It was observed that neither LPS nor FWGE affects TEER
values significantly (data not shown).
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4. Discussion

In recent years, avoiding unnecessary use of antibiotics in
human and veterinary medicine is becoming increasingly
important. Low-dose dietary antibiotics, in the context of
growth promotion in livestock, have been banned because
of cross resistance against human critically important anti-

microbials. Considering the abovementioned facts, there is
a growing interest to replace antibiotics in the veterinary
practice with certain natural alternatives. Fermented plant
extracts are common subjects of these studies because of their
many positive effects on bacteria-induced inflammation and
intestinal barrier impairment. Among others, Bose and Kim
demonstrated that fermented preparation of Rhizoma
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atractylodis macrocephalae reduced COX-2, IL-1β and IL-6,
and TNF-α expression in P. aeruginosa LPS-treated macro-
phages [24].

FWGE is becoming a frequently applied dietary supplement
in human cancer patients. Application of FWGE is increasing
not only in the human but also in the veterinary medicine in
order to improve the animal immune system. It is supposed that
its active ingredients have anti-inflammatory and antioxidant

activity. In lipopolysaccharide-induced mouse macrophages,
treatment with FWGE in combination with citric acid resulted
in decreased secretion of inflammatory cytokines TNF-α, IL-
6, and IL-12 and reduced synthesis of COX-2 via the inhibi-
tion of phosphorylation of NF-κB and p38, while FWGE per
se decreased IL-12 production only. Both treatment types
increased the level of the anti-inflammatory cytokine IL-10
and heme oxygenase-1 significantly [25]. Phagocytic activity
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as means with standard deviation (n = 6/group; #p < 0:1; ∗p < 0:05; ∗∗p < 0:01; ∗∗∗p < 0:001) and are compared to those of the control group.
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Figure 6: Penetration of FD4 from the apical to the basolateral compartment of IPEC-J2 cells after LPS treatment (10 μg/ml, treatment time
1 h, detection after 2 h, 4 h, and 24 h). Effect of FWGE on the paracellular permeability. Data are shown as means with standard deviations
(n = 3/group; ∗∗p < 0:01; ∗∗∗p < 0:001) and are compared to those of the control group.
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and phagocytic index were significantly enhanced in the case
of growing pigs fed with FWGE [26]. The effect of fermented
wheat germ was tested in an experimental rat model of car-
diovascular remodelling. Treatment with Avemar improved
cardiac function and attenuated the increased plasma level
of the oxidative stress marker malondialdehyde [27].

Nevertheless, there is not enough data available about the
anti-inflammatory effect of this product, and the mecha-
nisms behind the positive effects are not known. Moreover,
there is not enough available information about the efficacy
of FWGE on a healthy intestinal epithelium. The intestinal
wall is the first protecting layer against the microbes or harm-
ful toxic substances. The protection is performed by the
physical barrier which contains epithelial cells and the tight
junction connection between them, the immune cells, and
the mucin layer [28]. In our examination, we modelled oxi-
dative stress in healthy porcine epithelial cells challenged
with lipopolysaccharides derived from different Gram-
negative bacteria.

Our study showed that FWGE in different concentrations
(1%, 2%, and 4%) resulted in no cell death; moreover, in 2%
concentration after 24 h treatment, improved cell viability
can be observed. Concentration-dependent increase in via-
bility in IPEC-J2 cells can be observed after treatment with
natural plant compounds such as Hippophae rhamnoides
polysaccharides [29] or rosmarinic acid [30].

It has been proven that under in vitro conditions,
FWGE has an antioxidant effect in porcine epithelial cells
when oxidative stress is triggered by LPS from S. Typhi-
murium and different E. coli (O55:B5, O111:B4, and
O127:B8) strains. Intracellular ROS level was reduced sig-
nificantly by the FWGE; therefore, this dietary supplement
can protect the intestinal cells from oxidative stress caused
by a Gram-negative bacterial wall component. There was
no difference in the antioxidant activity of different FWGE
solutions in the case of E. coli LPS-provoked inflammation;
however, in the case of S. Typhimurium LPS treatment, we
found that 2% FWGE reduced intracellular ROS level more
effectively than 1% FWGE treatment. Extracellular hydro-
gen peroxide concentration did not show evaluable alter-
ation neither with FWGE nor with different types of LPS
treatment.

It is known that not only the immune cells but also the
intestinal epithelial cells play a crucial role in the mucosal
immune response [31]. We found that LPS from S. Typhi-
murium could slightly induce IL-6 secretion in IPEC-J2 cells.
In the presence of 2% FWGE (combined treatment with LPS
S. Typhimurium), reduced IL-6 production can be observed
(p < 0:001). E. coli LPS did not cause a significant elevation
in IL-6 concentration in porcine epithelial cells. The explana-
tion of this phenomenon requires further experiments, but
unresponsiveness of the IPEC-J2 cell line for some stimuli
can be sometimes observed. For example, after S. Typhimur-
ium LPS treatment, the mRNA level of TLR-4 was not chan-
ged [16]. This result refers to those found in the case of some
human epithelial cell lines, which show a low-level expres-
sion of TLR-4. This phenomenon was explained by their rel-
ative resistance to the permanent exposure to Gram-negative
commensal bacteria [32].

Tight junctions are multiprotein complexes between
adjacent epithelial cells; they control the paracellular trans-
port and maintain cell polarity. Altered tight junction struc-
ture can result in the disruption of the intestinal barrier and
loss of cell polarity and leads to facilitated translocation of
bacteria and bacterial products from the lumen to the gut
[33]. In this study, LPS treatment resulted in an increased
quantity of the FD4 fluorescent dye in the basolateral com-
partment without influencing TEER values of the IPEC-J2
cell layer. The same fact was observed in our previous
research [34]. It can be concluded that two paracellular path-
ways exist: an ionic charge-selective small-pore system carry-
ing most of the electrical current (reflected in TEER) and
larger barrier discontinuities lacking charge and size discrim-
ination in epithelia. Disruption of the epithelial layer caused
by S. Typhimurium LPS treatment was stopped by the appli-
cation of FWGE treatment in the IPEC-J2 cells.

5. Conclusions

We described first that FWGE has many beneficial activities
in the intestinal cells in case of LPS-evoked oxidative damage.
FWGE did not cause cell death in different concentrations
(1%, 2%, and 4%), and it can decrease intracellular ROS level
after LPS-induced oxidative stress. In addition, it has a pro-
tective effect on cell layer integrity in the case of S. Typhimur-
ium LPS treatment. Our results suggest that FWGE could be
a promising compound in the prevention and treatment of
intestinal impairment caused by bacteria in both human
and veterinary medicine.

Data Availability

All the data used to support the findings of this study are
available from the corresponding author upon request.

Conflicts of Interest

The authors declare that there is no conflict of interests
regarding the publication of this paper.

Funding

The study was funded by the NKFI-PD-121346 grant.

Acknowledgments

The research described here was supported by the European
Union and cofinanced by the European Social Fund (grant
agreement nos. EFOP-3.6.2-16-2017-00012 and EFOP-
3.6.3-UK-2020-1). We are grateful to Dr. Jody Gookin
(Department of Clinical Sciences, College of Veterinary
Medicine, North Carolina State University, Raleigh, NC,
USA) for providing the IPEC-J2 cells.

References

[1] L. W. Peterson and D. Artis, “Intestinal epithelial cells: regula-
tors of barrier function and immune homeostasis,” Nature
Reviews Immunology, vol. 14, no. 3, pp. 141–153, 2014.

7Oxidative Medicine and Cellular Longevity



[2] M. T. Abreu, “Toll-like receptor signalling in the intestinal epi-
thelium: how bacterial recognition shapes intestinal function,”
Nature Reviews Immunology, vol. 10, no. 2, pp. 131–144, 2010.

[3] S. A. McEwen and P. J. Collignon, “Antimicrobial resistance: a
one health perspective,,” Microbiology Spectrum, vol. 6, no. 2,
article 29600770, 2018.

[4] T. R. Walsh, “A one-health approach to antimicrobial resis-
tance,” Nature Microbiology, vol. 3, no. 8, pp. 854-855, 2018.

[5] N. G. Imir, E. Aydemir, and E. Şimsek, “Mechanism of the
anti-angiogenic effect of Avemar on tumor cells,” Oncology
Letters, vol. 15, no. 2, pp. 2673–2678, 2018.

[6] T. Mueller and W. Voigt, “Fermented wheat germ extract -
nutritional supplement or anticancer drug?,” Nutrition Jour-
nal, vol. 10, no. 1, p. 89, 2011.

[7] M. Hidvégi, E. Rásó, R. T. Farkas, K. Lapis, and B. Szende,
“Effect of MSC on the immune response of mice,” Immuno-
pharmacology, vol. 41, no. 3, pp. 183–186, 1999.

[8] T. Mueller, K. Jordan, and W. Voigt, “Promising cytotoxic
activity profile of fermented wheat germ extract (Avemar®)
in human cancer cell lines,” Journal of Experimental and Clin-
ical Cancer Research, vol. 30, no. 1, p. 42, 2011.

[9] S. N. Lee, H. Park, and K. E. Lee, “Cytotoxic activities of fer-
mented wheat germ extract on human gastric carcinoma cells
by induction of apoptosis,” Journal of Clinical Oncology,
vol. 23, supplement 16, pp. 4254–4254, 2005.

[10] B. Comín-Anduix, L. G. Boros, S. Marin et al., “Fermented
wheat germ extract inhibits Glycolysis/Pentose cycle enzymes
and induces apoptosis through Poly(ADP-ribose) polymerase
activation in Jurkat T-cell leukemia Tumor cells,” The Journal
of Biological Chemistry, vol. 277, no. 48, pp. 46408–46414,
2002.

[11] P. Saiko, M. Ozsvar-Kozma, S. Madlener et al., “Avemar, a
nontoxic fermented wheat germ extract, induces apoptosis
and inhibits ribonucleotide reductase in human HL-60 pro-
myelocytic leukemia cells,” Cancer Letters, vol. 250, pp. 323–
328, 2007.

[12] R. Fajka-Boja, M. Hidvegi, Y. Shoenfeld et al., “Fermented
wheat germ extract induces apoptosis and downregulation of
major histocompatibility complex class I proteins in tumor T
and B cell lines,” International Journal of Oncology, vol. 20,
no. 3, pp. 563–570, 2002.

[13] A. Telekes, A. Resetar, G. Balint et al., “Fermented wheat germ
extract (Avemar) inhibits adjuvant arthritis,” Annals of the
New York Academy of Sciences, vol. 1110, no. 1, pp. 348–361,
2007.

[14] M. Ehrenfeld, M. Blank, Y. Shoenfeld, and M. Hidvegi, “AVE-
MAR (a new benzoquinone-containing natural product)
administration interferes with the Th2 response in experimen-
tal SLE and promotes amelioration of the disease,” Lupus,
vol. 10, no. 9, pp. 622–627, 2016.

[15] H. Vergauwen, “The IPEC-J2 cell line,” The Impact of Food
Bioactive on Health, K. Verhoeckx, P. Cotter, I. López-Expó-
sito, C. Kleiveland, T. Lea, A. Mackie, T. Requena, D. Swia-
tecka, and H. Wichers, Eds., pp. 125–134, 2015.

[16] O. Farkas, G. Mátis, E. Pászti-Gere et al., “Effects of Lactobacil-
lus plantarum 2142 and sodium n-butyrate in
lipopolysaccharide-triggered inflammation: comparison of a
porcine intestinal epithelial cell line and primary hepatocyte
monocultures with a porcine enterohepatic co-culture sys-
tem12,” Journal of Animal Science, vol. 92, no. 9, pp. 3835–
3845, 2014.

[17] O. Farkas, O. Palocz, E. Paszti-Gere, and P. Galfi, “Poly-
methoxyflavone apigenin-trimethylether suppresses LPS-
induced inflammatory response in nontransformed porcine
intestinal cell line IPEC-J2,” Oxidative Medicine and Cellular
Longevity, vol. 2015, Article ID 673847, 10 pages, 2015.

[18] O. Palocz, E. Paszti-Gere, P. Galfi, and O. Farkas, “Chlorogenic
acid combined with Lactobacillus plantarum 2142 reduced
LPS-induced intestinal inflammation and oxidative stress in
IPEC-J2 cells,” Plos One, vol. 11, no. 11, article e0166642, 2016.

[19] A. J. Brosnahan and D. R. Brown, “Porcine IPEC-J2 intestinal
epithelial cells in microbiological investigations,” Veterinary
Microbiology, vol. 156, no. 3-4, pp. 229–237, 2012.

[20] P. Schierack, M. Nordhoff, M. Pollmann et al., “Characteriza-
tion of a porcine intestinal epithelial cell line for in vitro stud-
ies of microbial pathogenesis in swine,” Histochemistry and
Cell Biology, vol. 125, no. 3, pp. 293–305, 2006.

[21] G. Repetto, A. del Peso, and J. L. Zurita, “Neutral red uptake
assay for the estimation of cell viability/cytotoxicity,” Nature
Protocols, vol. 3, no. 7, pp. 1125–1131, 2008.

[22] J. G. Mohanty, J. S. Jaffe, E. S. Schulman, and D. G. Raible, “A
highly sensitive fluorescent micro-assay of H2O2 release from
activated human leukocytes using a dihydroxyphenoxazine
derivative,” Journal of Immunological Methods, vol. 202,
no. 2, pp. 133–141, 1997.

[23] H. Wang and J. A. Joseph, “Quantifying cellular oxidative
stress by dichlorofluorescein assay using microplate reader,”
Free Radical Biology and Medicine, vol. 27, no. 5-6, pp. 612–
616, 1999.

[24] S. Bose and H. Kim, “Evaluation of in vitro anti-inflammatory
activities and protective effect of fermented preparations of
Rhizoma Atractylodis Macrocephalae on intestinal barrier
function against lipopolysaccharide insult,” Evidence-Based
Complementary and Alternative Medicine, vol. 2013, Article
ID 363076, 16 pages, 2013.

[25] H.-Y. Jeong, Y.-S. Choi, J.-K. Lee, B.-J. Lee, W.-K. Kim, and
H. Kang, “Anti-inflammatory activity of citric acid-treated
wheat germ extract in lipopolysaccharide-stimulated macro-
phages,” Nutrients, vol. 9, no. 7, p. 730, 2017.

[26] P. Rafai, Z. Papp, L. Jakab et al., “The effect of fermented wheat
germ extract on production parameters and immune status of
growing pigs,” Journal of Animal and Feed Sciences, vol. 20,
no. 1, pp. 36–46, 2011.

[27] A. Iyer and L. Brown, “Fermented wheat germ extract (Ave-
mar) in the treatment of cardiac remodeling and metabolic
symptoms in rats,” Evidence-Based Complementary and Alter-
native Medicine, vol. 2011, Article ID 508957, 10 pages, 2011.

[28] K. R. Groschwitz and S. P. Hogan, “Intestinal barrier function:
molecular regulation and disease pathogenesis,” Journal of
Allergy and Clinical Immunology, vol. 124, no. 1, pp. 3–20,
2009.

[29] L. Zhao, M. Li, K. Sun, S. Su, T. Geng, and H. Sun, “Hippophae
rhamnoides polysaccharides protect IPEC-J2 cells from LPS-
induced inflammation, apoptosis and barrier dysfunction
in vitro via inhibiting TLR4/NF-κB signaling pathway,” Inter-
national Journal of Biological Macromolecules, vol. 155,
pp. 1202–1215, 2020.

[30] J. Pomothy, R. F. Barna, Á. Szóládi, and E. Pásztiné-Gere, The
beneficial effects of rosmarinic acid on a non tumorigenic epi-
thelial cell line, vol. 7, no. 1, 2020Gradus, 2020.

[31] C. M. Galdeano, S. . I. Cazorla, J. . M. L. Dumit, E. Vélez, and
G. Perdigón, “Beneficial effects of probiotic consumption on

8 Oxidative Medicine and Cellular Longevity



the immune system,” Annals of Nutrition and Metabolism,
vol. 74, no. 2, pp. 115–124, 2019.

[32] M. T. Abreu, P. Vora, E. Faure, L. S. Thomas, E. T. Arnold, and
M. Arditi, “Decreased expression of Toll-like receptor-4 and
MD-2 correlates with intestinal epithelial cell protection
against dysregulated proinflammatory gene expression in
response to bacterial lipopolysaccharide,” Journal of Immunol-
ogy, vol. 167, no. 3, pp. 1609–1616, 2001.

[33] R. Y. Lu, W. X. Yang, and Y. J. Hu, “The role of epithelial tight
junctions involved in pathogen infections,” Molecular Biology
Reports, vol. 41, no. 10, pp. 6591–6610, 2014.

[34] E. Paszti-Gere, G. Matis, O. Farkas et al., “The effects of intes-
tinal LPS exposure on inflammatory responses in a porcine
enterohepatic co-culture system,” Inflammation, vol. 37,
no. 1, pp. 247–260, 2014.

9Oxidative Medicine and Cellular Longevity


	Beneficial Effect of a Fermented Wheat Germ Extract in Intestinal Epithelial Cells in case of Lipopolysaccharide-Evoked Inflammation
	1. Introduction
	2. Materials and Methods
	2.1. Chemicals
	2.2. Cell Line and Culture Conditions
	2.3. Cell Viability Measurement by the Neutral Red Uptake Assay
	2.4. Incubation of Enterocytes with LPS and FWGE
	2.5. Measurement of Intracellular ROS and Extracellular H2O2 Levels in IPEC-J2 Cells
	2.6. IL-6 ELISA
	2.7. Paracellular Permeability Measurement
	2.8. Statistics

	3. Results
	3.1. Viability of IPEC-J2 Cells
	3.2. ROS Production in IPEC-J2 Cells after Treatment with FWGE
	3.3. IL-6 Production in IPEC-J2 Cells after Treatment with FWGE
	3.4. Paracellular Permeability of IPEC-J2 Cells after LPS and FWGE Treatment

	4. Discussion
	5. Conclusions
	Data Availability
	Conflicts of Interest
	Funding
	Acknowledgments

