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Abstract
The intestinal epithelium, which is only one cell layer thick, has two essential tasks. The first is to create a physical barrier 
between the contents of the intestinal lumen and the rest of our body. The second is to ensure an efficient absorption of 
essential nutrients from the gut lumen and to produce mucus, anti-microbial peptides and cytokines with both protective 
and immune-regulatory properties. Thus, a reduced barrier function may have consequences, not only for intestinal, but 
also for systemic health. In this study we investigated whether the use of a Mini-Rayonex device, which has been developed 
to emit a bioresonance frequency spectrum according to Paul Schmidt (BaPS), might be able to promote and maintain the 
integrity of the intestinal barrier.

Intestinal epithelial cells (IPEC-J2) were cultivated on microporous transwell plates to build up an intestinal barrier after 
exposure to a Mini-Rayonex device with the dipole antenna system (= verum). Corresponding control cultures were treated 
in the same manner but were exposed to a non-working Mini-Rayonex device without the dipole antenna system (= placebo). 
The transepithelial electrical resistance was measured as an indicator of intestinal barrier integrity. Thereafter, the achieved 
intestinal barrier from both Mini-Rayonex devices was exposed to 500 and 1,000 µM H2O2 for 30 hours and the transepithelial 
electrical resistance was measured again. Moreover, the effect of both Mini-Rayonex devices (verum and placebo) on the 
regeneration process of intestinal epithelial cells at conditions of oxidative stress was investigated via examination of the 
closure of a cell-free area.

Exposure of the cells to the actively emitting Mini-Rayonex device strengthened the intestinal barrier more than 30 % in 
comparison to the non-emitting Mini-Rayonex device. Moreover, the strengthened intestinal barrier was significantly more 
resistant by 20 % towards 500 µM H2O2 and about 30 % towards 1,000 µM H2O2 after exposure to the actively emitting 
Mini-Rayonex device than the “normal” intestinal barrier after exposure to the non-emitting device. In accordance with 
this observation was the result that the regeneration process after traumatization or injury of intestinal epithelial cells was 
increased by the actively emitting Mini-Rayonex device by more than 12 % in direct comparison with the non-emitting device.

We conclude that the use of the actively emitting Mini-Rayonex device in vivo might also result in an improved intestinal 
epithelial barrier integrity, function and regeneration, which might improve and maintain well-being and systemic health.
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Introduction
The intestine is the primary organ for food digestion, absorption 
and metabolism, which also acts as an essential physical and 
immunological barrier. Its physiological functions include nutri-
ent absorption, pathogen sensing and intestinal homeostasis [1]. 
Thus, a reduced barrier function might have unwanted conse-
quences, not only for intestinal, but also for systemic health [2].

There is some evidence that increased intestinal permeability 
underlies the pathogenesis and/or maintenance of some autoim-
mune disorders such as Crohn’s disease and coeliac disease as 
well as type 1 diabetes [3-5]. Food components and gut-derived 
bacteria can affect intestinal barrier integrity [6-9]. Oxidative 
stress as an imbalance between the production and elimination 
process of reactive oxygen species plays another essential factor 
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for many intestinal, cardiovascular and neurodegenerative dis-
eases [10-16]. 

Regeneration is another essential point which assures the integ-
rity of the intestinal epithelial barrier. Regeneration of complex 
structures such as the intestinal barrier after traumatization or 
injury requires dramatic changes in cellular behaviour. Regen-
erating tissues initiate a program that includes diverse processes 
such as wound healing, cell death and dedifferentiation. More-
over, newly regenerated tissues must integrate into preexisting 
cellular structures [17-19].

The term „bioresonance“ includes two words; the first is the 
word „bio“, which refers to the naturalness of a procedure and 
the second term „resonance“ describes the ability of two systems 
to oscillate at the same frequency, i.e. to be in resonance [20]. 
As early as 1975, engineer Paul Schmidt researched the effect of 
frequencies on humans and animals. He used a frequency gen-
erator and applied the generated frequencies to the organism via 
the skin and was able to see that this accelerated the healing be-
havior of various organs. Finally, he developed a dipole antenna 
system, today’s dipole antenna system of bioresonance accord-
ing to Paul Schmidt (BaPS), which achieved the same regulatory 
effects in the organism. There are many studies about the dipole 
antenna system which is integrated in each bioresonance device 
according to Paul Schmidt. The most important one is a clin-
ical prospective, double-blind, randomized, placebo-controlled 
study, which demonstrated the reproducible effect of the dipole 
antenna system regarding pain reduction and which was pub-
lished at the German register for clinical studies [21].

Prompted by this background we investigated whether the use 
of a Mini-Rayonex device, which has been developed to emit 
a bioresonance frequency spectrum according to Paul Schmidt 
(BaPS), might be able to promote and maintain the integrity of 
the intestinal barrier.

Material and Methods
Bioresonance Device According to Paul Schmidt (BaPS)
For application of bioresonance according to Paul Schmidt 
(BaPS) on the cells, a so-called Mini-Rayonex device was used. 
The device was kindly provided by Rayonex Biomedical GmbH, 
D-57368 Lennestadt, Germany, for the duration of the experi-
ments. The Mini-Rayonex device has been manufactured by this 
company for more than 30 years as a product to harmonize en-
dogenous and exogenous stress situations in the organism. Guid-
ed by the principles of bioresonance according to Paul Schmidt 
(BaPS), the fundamental frequency value 12.50 was integrated 
into the Mini-Rayonex using a dipole antenna system (Fig. 1). In 
line with bioresonance according to Paul Schmidt (BaPS), 12.50 
is one of the most important fundamental frequency values that 
has a very positive effect on the regulation ability of the organ-
ism when it is exposed to any kind of stress.

Figure 1: Dipole antenna system from a Mini-Rayonex device 
developed by engineer Paul Schmidt and used in the present 
study for application of bioresonance according to Paul Schmidt 
(BaPS) on intestinal epithelial cells. The construction is based 
on a fixed rod plane and an equally elaborated, but rotatable rod 
plane above it. The individual rods of the two different rod planes 
are each designed as a dipole antenna. The figure illustrates the 
inner design of the Mini-Rayonex as a portable bioresonance 
device according to Paul Schmidt.

For this study, two different kinds of Mini-Rayonex devices were 
used: (1) Verum, i.e. an actively emitting Mini-Rayonex device 
with a dipole antenna system and (2) placebo, i.e. a non-emitting 
Mini-Rayonex device without a dipole antenna system as corre-
sponding control.

Cultivation of Intestinal Epithelial Cells
The investigations were conducted with IPEC-J2 cells (ACC-
701; Leibniz Institut, DSMZ, Braunschweig, Germany). The 
cells were routinely grown as mass cultures in Dulbecco’s Mod-
ification of Eagle‘s Medium and Ham’s F12 medium (1+1) sup-
plemented with 10 % growth mixture and 0.5 % gentamycin and 
cultivated in an incubator at 37 °C in an atmosphere of 5 % CO2 
and 95 % air at nearly 100 % humidity. The cells were regularly 
subcultured twice a week.

For the experiments, cells were taken from 80-90 % conflu-
ent mass cultures and exposed to the actively emitting and the 
non-emitting Mini-Rayonex devices in two separated mini-incu-
bators (distance from each other was about 10 meters in different 
rooms to avoid any interactions of the Mini-Rayonex devices) at 
37 °C without gassing. In order to keep the pH constant at 7.4 at 
these incubation conditions, another culture medium (medium # 
2) was used for the exposure periods in the mini-incubators. This 
medium was a mixture of Leibowitz L-15 and RPMI 1640 (2+1) 
supplemented with 10 % fetal calf serum, 20 mM HEPES buffer 
and 0.5 % gentamycin.

Transepithelial Electrical Resistance (TEER)
TEER is broadly used as an experimental readout for measuring 
the integrity of epithelial monolayers cultured under static con-
ditions in vitro. IPEC-J2 cells were grown on the surface of a 0.4 
µm porous membrane (transwell plate, Corning, Sigma-Aldrich, 
Deisenhofen, Germany) which yields two separated compart-
ments within the cell culture dish. As a matter of fact, the cells 
covering the surface of the membrane (= directed towards the 
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intestinal lumen) represent a physical barrier against the low-
er compartment (= blood). TEER was measured by placing one 
electrode in the culture medium in the upper compartment and 
another electrode in the lower compartment. Electrical resis-
tance was measured by a portable voltmeter (Millicell ERS-2 
Voltmeter, Millipore/Merck, Darmstadt, Germany) as described 
in detail elsewhere [22-24].

Epithelial cells were grown for 7 days with two culture medium 
exchanges during this cultivation period to an electrical resis-
tance of about 1,000 to 1,500 Ω/cm2 representing an impaired 
intestinal barrier. Then, culture medium was changed to medium 
# 2 and cell layers were exposed for another 3 days to the active-
ly emitting and non-emitting Mini-Rayonex devices in separated 
mini-incubators. Thereafter, TEER was measured again and data 
were compared with each other. Three independent experiments 
were conducted. 

Intestinal Barrier and Oxidative Stress
After the final measurement of TEER of the intestinal barrier, 
the epithelial cell layers were exposed to 500 and 1,000 µM 
H2O2 for 30 hours in medium # 2 to the actively emitting and 
non-emitting Mini-Rayonex devices in separated mini-incu-
bators. Then, TEER was measured again as already described 
above and the results for both Mini-Rayonex devices were com-
pared. Moreover, cell cultures representing the intestinal barrier 
were fixed with 100 % methanol, stained with Giemsa’s azur 
eosin methylene blue solution (Merck, Darmstadt, Germany) 
and air-dried. Three independent experiments were conducted.

Cell Regeneration 
The granulation phase, characterized by the occurrence of mi-
gration and proliferation of epithelial cells for closing a defect, 
was simulated. For this purpose, intestinal epithelial cells were 
seeded at a density of 100,000 cells/ml into the four individual 
compartments of a silicone 4 well-culture insert (ibidi, Gräfelf-
ing, Germany) [17,18]. The single compartments of the inserts 
were separated by a 500 μm thick silicone bar with an outer sil-
icone frame of 700 μm. Due to the special adhesion area, an 
insert adheres firmly to the bottom of a culture dish and forms 
a distinct cell-free area (artificial wound), which the cells can 
colonize by migration and proliferation.

Upon reaching confluency within 48 hours after cell seeding, the 
silicon frames were removed with tweezers to achieve a sharp 
edge of the cell-free area between the compartments. The intes-
tinal epithelial cells in the dishes were allowed to migrate and 
proliferate for 6 hours in medium # 2 and exposed to the active-
ly emitting and non-emitting Mini-Rayonex devices in separat-
ed mini-incubators. Finally, cell cultures were fixed with 100 
% methanol, stained with Giemsa’s azur eosin methylene blue 
solution (Merck, Darmstadt, Germany) and air-dried. The clo-
sure of the cell-free area was examined by micrographs (4 mi-
crographs for each cell sample) and calculated by a specialized 
software with artificial intelligence from KML Vision, Graz, 
Austria (IKOSA AI software). Three parallel experimental se-
ries were conducted.
 

Data Presentation and Statistical Analysis
Data presented here are given as mean values ± standard de-
viations. For statistical analysis the non-parametric two-tailed 
Wilcoxon-Mann-Whitney rank sum test was used. Statistical 
significance was assumed at p ≤ 0.01.

Results
TEER of the intestinal barrier was measured to be 3,470 ± 269 
Ω/cm2 for the actively emitting Mini-Rayonex device and 2,605 
± 120 Ω/cm2 for the non-emitting Mini-Rayonex device. This 
difference is statistically significant (p ≤ 0.01) demonstrating 
that the actively emitting Mini-Rayonex device strengthened 
the intestinal barrier by more than 30 % in comparison to the 
non-emitting device. As a reference, TEER of the porous mem-
branes without any cellular barrier was measured to be 150 to 
180 Ω/cm2.

As shown in Fig. 2, the strengthened intestinal barrier after 
exposure to the actively emitting Mini-Rayonex device was 
more resistant against oxidative stress when compared to the 
non-emitting Mini-Rayonex device. While TEER was reduced 
to 83,8 ± 4.9 % (for 500 µM H2O2) and 79.3 ± 8.2 % (for 1,000 
µM H2O2) when exposed to the actively emitting Mini-Rayon-
ex device, it was reduced to 64.3 ± 5.4 % (for 500 µM H2O2) 
and 40.5 ± 6.7 % (for 1,000 µM H2O2) after exposure to the 
non-emitting Mini-Rayonex device. The difference was statis-
tically significant (p ≤ 0.01). This result was also documented 
microscopically on epithelial cell cultures representing the intes-
tinal barrier after fixation and staining (Fig. 3).

Figure 2: Presentation of the effect of oxidative stress on in-
testinal barrier integrity by the addition of either 500 µM H2O2 
or 1,000 µM H2O2 for 30 hours. The green columns represent 
the strengthened intestinal barrier by use of the actively emit-
ting Mini-Rayonex device in comparison to a non-emitting 
Mini-Rayonex device (red columns). The strengthened intestinal 
barrier can resist oxidative stress significantly better (p ≤ 0.01, 
Wilcoxon-Mann-Whitney test) than the untreated intestinal bar-
rier. Data represent mean values ± standard deviations of three 
independent experiments.
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Figure 3: Representative micrographs of the integrity of the intestinal epithelial barrier after exposure to 1,000 µM H2O2 for 30 
hours and after fixation and staining. (A) Intestinal barrier by use of the actively emitting Mini-Rayonex device and (B) intestinal 
barrier by use of the non-emitting Mini-Rayonex device. Note that the cell density as visualized by the number of red stained cell 
nuclei is much higher in (A) than in (B), which also reflects the higher TEER for the intestinal barrier of the actively emitting 
Mini-Rayonex device as depicted in Fig. 2.

Regeneration of intestinal epithelial cells as visualized and de-
termined by colonization of a cell-free space was significantly 
increased by exposure to the actively emitting Mini-Rayonex in 
comparison to the non-emitting Mini-Rayonex device. We mea-
sured a significantly increased closure of the cell-free area for the 
cells exposed to actively emitting Mini-Rayonex device In com-

parison to the non-emitting Mini-Rayonex device (Fig. 4). The 
closure was 95.8 ± 2.1 % for the actively emitting Mini-Rayonex 
device and 83.3 ± 3.0 % for the non-emitting Mini-Rayonex de-
vice (p ≤ 0.01). The result is also depicted in the micrographs of 
epithelial cell cultures after 6 hours of regeneration time (Fig. 5).

Figure 4: Summarized presentation of the single measurement values of three independent experiments on cell regeneration with 
exposure to the actively emitting Mini-Rayonex device (green circles) in comparison to the non-emitting Mini-Rayonex device 
(red circles). The mean values of the single values are indicated in green or red dashed lines. It can be seen that the closure of the 
cell-free area is much higher after exposure to the actively emitting Mini-Rayonex device when compared with the non-emitting 
Mini-Rayonex device.



   Volume 5 | Issue 3 | 184Adv Bioeng Biomed Sci Res, 2022

Figure 5: Representative micrographs of the regeneration process after fixation and staining of intestinal epithelial cells after 6 hours 
of regeneration. (A) Closure of the cell-free area of a representative cell culture after exposure to the actively emitting Mini-Rayonex 
device. (B) Closure of the cell-free area of the cells exposed to the non-emitting Mini-Rayonex device. Note the markedly increased 
closure of the cell-free area in the left micrograph after exposure to the actively emitting Mini-Rayonex device. Micrographs were 
taken with an Olympus IX 50 inverted microscope equipped with an Olympus Planachromate 10x and an Olympus E-10 digital 
camera at 4 megapixel resolution and bright field illumination.

Discussion
The main problem of studies on whole multi-cellular organisms 
such as experimental animals or volunteers is the complexity of 
the test systems. There are numerous unknown variables which 
are difficult to establish. In contrast, cultivation of eukaryotic 
cells can be standardized and provides the opportunity to vary 
different factors depending on the experimental needs. There-
fore, cell culture studies which focus on one single aspect of 
cell behaviour such as the integrity of the intestinal barrier in 
combination with epithelial cell regeneration are meaningful 
approaches to describe the effects of oxidative stress on the ep-
ithelial cell layer. 

In the present study this approach was performed by using cul-
tured intestinal epithelial cells which are able to differentiate and 
build an intestinal barrier of high integrity when the culture con-
ditions are adequate. The IPEC-J2 cell line was chosen, because 
“the IPEC-J2 cell line is unique as it is derived from the small 
intestine and is neither transformed nor tumorigenic in nature. 
IPEC-J2 cells mimic the human physiology more closely than 
any other cell line of non-human origin” [25]. The cells were 
originally isolated in 1989 by Helen Berschneider at the Univer-
sity of North Carolina [26]. The advantage of the IPEC-J2 cell 
line as an in vitro model originates from its morphological and 
functional similarities with intestinal epithelial cells in vivo [27]. 
The epithelial cells of the intestinal barrier have a high turnover 
rate, because they are quite sensitive against alterations of their 
endogenous environmental conditions involving a deficiency of 
the epithelium and immune/inflammation mediating cells [11].

We were able to demonstrate that the building of an intestinal 
barrier on microporous membranes via primary proliferation 
and secondary differentiation of IPEC-J2 cells was significantly 
increased by use of the actively emitting Mini-Rayonex device 
in comparison to the non-emitting Mini-Rayonex device. This 
means that the fundamental frequency value 12.50 of the biore-
sonance according to Paul Schmidt (BaPS), which was integrat-

ed into the actively emitting Mini-Rayonex device by using a 
dipole antenna system, was able to promote the development 
of an intestinal epithelial barrier with a higher integrity. At the 
same time, this strengthened intestinal epithelial barrier was able 
to resist oxidative stress much better than an intestinal barrier 
which was not exposed to this specific frequency value 12.50 
as emitted by the actively emitting Mini-Rayonex device. From 
that point of view, the statements of bioresonance according to 
Paul Schmidt (BaPS) have been fully confirmed in the present 
in vitro-study.

In addition, regeneration is another essential point which assures 
the integrity of the intestinal epithelial barrier. When regenera-
tion is promoted, the integrity of the intestinal epithelial barrier is 
reconstructed much earlier after traumatization. As observed in 
the present study, the exposure to an actively emitting Mini-Ray-
onex device resulted in an increased intestinal epithelial regener-
ation which might also increase the turnover rate of cells in vivo.

We conclude that the use of the actively emitting Mini-Rayonex 
device in vivo might also result in an improved intestinal epi-
thelial barrier integrity, function and regeneration, which might 
improve and maintain well-being and systemic health.
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