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ABSTRACT

(Electro)magnetic fields have been used as a tap water treatment since more than
60 years to prevent water pipe walls from the unwanted deposition of calcium
carbonate. In the meantime a lot of research has been done on the effects of magnetic
or electromagnetic treatment of water. Most of them deal with physiochemical aspects
and only a few report on biological effects on prokaryotes or cultured mammalian
cells.

Intestinal health plays a key role in respect to systemic health and the intestinal
epithelial barrier comes directly into contact with drinking water. The effect of
magnetic tap water treatment on the integrity of the intestinal epithelial barrier was
investigated by measurement of the transepithelial electrical resistance (TEER).
Moreover, the sensitivity of the intestinal epithelial barrier against oxidative stress
was investigated. Since the regeneration process of intestinal epithelial cells is
essential for the reconstitution and maintenance of the barrier integrity after injury or
traumatization in vivo, this aspect was also examined with water + magnetic treatment.
The mammalian cell line IPEC-J2 was used for the investigations. Local tap water (=
initial source water) was obtained before and after magnetic treatment with water
core magnets which show a very weak field strength with high magnetic gradients as
a special characteristic.

TEER increased by 28.5 + 6.8% after incubation with the tap water with magnetic
treatment when compared to the initial tap water (mean value + standard deviation;
p < 0.01 by the two-tailed Wilcoxon-Mann-Whitney rank sum test). Measurement
of TEER after oxidative stress showed no marked difference between both tap water
samples + magnetic treatment. In both experimental series there was a significant
reduction in TEER by more than 90 % representing a leaky intestinal epithelial cell
layer due to oxidative stress. Despite this fact, the number of cells in the initial tap
water sample was largely decreased, whereas the cell density in the treated water
samples was much higher. The magnetic treatment of the tap water improved the
regeneration of the intestinal epithelial cells by 17.4 + 7.2% (mean value + standard
deviation; p < 0.05 by the two-tailed Wilcoxon-Mann-Whitney rank sum test) when
compared with the initial tap water.

The results of the study demonstrate that the water core magnets as used here are able
to influence tap water and, subsequently, induce beneficial cellular effects on cultured
intestinal epithelial cells. Thus, the tap water with magnetic treatment might be able
to promote and maintain intestinal and systemic health in vivo.
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INTRODUCTION

The intestinal barrier has several important immunological
and non-immunological functions. The epithelial cell layer
is one of the most important non-immunological components
by providing a physical barrier between the contents of the
intestinal lumen and the rest of the body, ensuring efficient
absorption of essential nutrients from the intestinal lumen, and
producing mucus and substances with regulatory properties.
Intestinal hyperpermeability due to a reduced integrity of
the juctional complexes between adjacent epithelial cells [1]
has been shown to contribute to the pathogenesis of several
gastrointestinal disorders, thus influencing not only intestinal
health itself, but also systemic health [2-4]. Ingested materials
and microbial pathogens which disturb normal cellular
homeostasis in the intestine can induce oxidative stress and
gastrointestinal injury by an excess of reactive oxygen species
[5.6].

(Electro)magnetic fields have been used as a tap water treatment
since more than 60 years to prevent water pipe walls from the
unwanted deposition of calcium carbonate. In 1958, a first
commercial application was presented in Belgium [7]. Over
the past 40 years a lot of research has been done on the effects
of magnetic or electromagnetic treatment of water. Most of
them deal with physiochemical aspects [8-10] and only a few
report on biological effects on prokaryotes [11,12].

Prompted by this background we investigated the effect of
magnetic tap water treatment on the integrity of the intestinal
epithelial barrier as well as their sensitivity against oxidative
stress after application to cultured intestinal epithelial cells.
Moreover, we also examined the regeneration process of
intestinal epithelial cells to reconstitute and maintain the
barrier integrity after injury or traumatization in vivo.

MATERIAL AND METHODS

Magnetic treatment of local tap water

Local tap water (= initial source water) was obtained before and
after magnetic treatment with water core magnets (IPF GmbH,
Austria). These magnets show a very weak field strength
with high magnetic gradients as a special characteristic. The
water core magnets have been used in recent studies and the
magnetic field has been mapped in detail [13,14]. Only freshly
produced water was used for the investigations and was
added immediately after production to the culture medium in
concentrations as specified in the experiments described below.

Cell culture

The investigations were conducted with IPEC-J2 cells (ACC-
701; Leibniz Institut, DSMZ, Braunschweig, Germany). The
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cells were routinely grown in Dulbecco’s Modification of
Eagle’s Medium (DMEM) supplemented with 10% growth
mixture and 0.5% gentamycin and cultivated in an incubator at
37°C in an atmosphere of 5% CO, and 95% air at nearly 100%
humidity. The cells were routinely cultivated as mass cultures
and were regularly subcultured twice a week with fresh culture
medium. For the experiments, cells were taken from 80-90%
confluent mass cultures.

Examination of electrical

resistance (TEER)
IPEC-J2 cells were cultured for a total of 7 days on the surface

transepithelial

of 0.4 pm porous membranes (Transwell plates, Corning,
Sigma-Aldrich, Deisenhofen, Germany), which resulted in
two separate compartments within the cell culture dish. The
layer of cells covering the surface of the membrane (= apical
compartment = equivalent to the intestinal lumen) represents
a physical barrier to the lower compartment (= basolateral
compartment = equivalent to the blood). Transepithelial
electrical resistance (TEER) was measured by placing an
electrode in the culture medium in the apical compartment
and an electrode in the culture medium in the basolateral
compartment [15]. TEER was measured directly with a
portable voltmeter (Millicell ERS-2 voltmeter, Millipore/
Merck, Darmstadt; Germany). Only intestinal epithelial cell
layers with an electrical resistance of at least 2,000 Q/cm?
were used for the experiments, which represents an intact
physical barrier with very good integrity [16-18]. TEER of
the porous membrane without any epithelial cell barrier was
measured with values between 160 and 180 Q/cm?.

Prior to TEER measurements, epithelial cell layers were
cultured for two days with 25 vol% tap water + magnetic
treatment in the culture medium. Thereafter, TEER was
measured again and the relative increase was calculated. Three
independent experiments were conducted.

Examination of the integrity of the intestinal
barrier after oxidative stress

Since an intact intestinal epithelial cell barrier with high
integrity should be able to react less sensitive against oxidative
stress than a barrier with “normal” integrity, 2 mmol/l hydrogen
peroxide as a donor of reactive oxygen species was added to
the culture medium of the apical compartment for 24 hours. In
addition, 25 vol% tap water + magnetic treatment was added
to the apical compartment. TEER was examined again and the
relative decrease was calculated. Finally, cell cultures were
washed with phosphate-buffered saline, fixed with methanol,
stained with Giemsa’s azur eosin methylene blue solution
(Merck, Darmstadt, Germany) and air-dried.
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Examination of cell regeneration

The granulation phase, characterized by the occurrence of
migration and proliferation of epithelial cells for closing a
defect after injury, was simulated [19,20]. For this purpose,
cells were seeded at a density of 100,000 cells/ml into the
individual compartments of a silicone 4 well-culture insert
(ibidi, Grifelfing, Germany). The single compartments
of the inserts are separated by a 500 pm thick silicone bar
with an outer silicone frame of 700 pum. Due to the special
adhesion area, a silicone 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.

Uponreaching cell confluency within 48 hours after cell seeding,
the silicone frames were removed with tweezers to achieve a
sharp edge of the cell-free area between the compartments.
25 vol% of tap water = magnetic treatment was added to the
intestinal epithelial cells in the dishes. Cells were allowed to
migrate and proliferate for 18 hours. Finally, cell cultures were
fixed with 100% methanol, stained with Giemsa’s azur eosin
methylene blue solution (Merck, Darmstadt, Germany) and air-
dried. The colonized area was examined by micrographs and
calculated by a specialized software with artificial intelligence
from KML Vision, Graz, Austria (IKOSA Al software). Three
independent experimental series (n=3) were conducted.

STATISTICAL ANALYSIS

Statistical analysis of data was done using the two-tailed
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Wilcoxon-Mann-Whitney rank sum test. Significance was
assumed at p < 0.05 or p < 0.01 as indicated.

RESULTS

TEER increased by 28.5 + 6.8% (mean value + standard
deviation) after incubation with the tap water with magnetic
treatment when compared to the initial tap water. This
represents a statistically significant improvement in epithelial
barrier integrity by tap water with magnetic treatment (p <
0.01). Measurement of TEER after oxidative stress showed no
marked difference between both, tap water samples = magnetic
treatment. In both experimental series there was a significant
reduction in TEER by more than 90 % representing a leaky
intestinal epithelial cell layer due to oxidative stress. However,
as shown in Figure 1, there were morphological differences
between the epithelial cell layers of both water samples.
While the number of cells in the initial tap water sample was
decreased so that you could even see the pores of the underlying
semi-permeable membrane, the cell density in the treated water
samples was much higher. Therefore, an injured intestinal barrier
should be reconstituted much more quickly. The results on the
intestinal barrier are expanded by the regeneration data. The
magnetic treatment of the tap water improved the regeneration
of the intestinal epithelial cells by 17.4 £ 7.2% (mean value +
standard deviation; (p < 0.05) when compared with the initial
tap water. The residual cell-free space was still present in the
case of the initial tap water after 18 hours, whereas the cell-free
space was completely closed and filled with cells for the tap
water with magnetic treatment (Figure 2).
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Figure 1: Representative micrographs of the fixed and stained cell cultures after exposure to 2 mmol/l hydrogen peroxide
for 24 hours. (A) Cells in 25 vol% of initial tap water and (B) in 25 vol% of tap water with magnetic treatment. The
difference in the remaining cell density is clearly visible. Olympus IX 50 inverted microscope at brightfield illumination
with a planachromate 20x using an Olympus E-10 and 4 megapixel resolution.
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vol% of initial tap water and (B) in 25 vol% of tap water with magnetic treatment. The difference in the colonization of the
cell-free space is clearly visible. Olympus IX 50 inverted microscope at brightfield illumination with a planachromate 10x
using an Olympus E-10 and 4 megapixel resolution.

DISCUSSION

During the last years it has been shown in a number of studies
that prokaryotes respond to the magnetic treatment of water
[11,21,22]. Especially the publication of Liu et al. [12] gives
a good overview on the current knowledge of the magnetic
treatment on prokaryotes. They concluded “that magnetic field
treatment can be a sustainable method for microbial community
management”. However, the mode of action of magnetic
treatment on water still remains unclear and has led to several
hypothesis as summarized by Mosin and Ignatov [23].

Although there are many studies which demonstrate the direct
effect of (electro)magnetic fields on the growth of cultured
mammalian cells [24,25], to our knowledge, the effect of
magnetically treated water on cultured intestinal cells has
not been investigated yet. Since the intestinal epithelial wall
comes into direct contact after drinking of water, there is a high
concentration of water which might influence physiological
and biochemical reactions of the intestinal cells. Subsequently
also systemic reactions of the organism can be influenced
after water uptake. Therefore, the effect of tap water with
and without magnetic treatment on cultured intestinal cells
was investigated. Magnetic treatment was conducted by use
of water core magnets which show a very weak field strength
with high magnetic gradients as a special characteristic. The
water core magnets have been already used in recent studies
and the magnetic field has been mapped in detail [13,14].

The IPEC-J2 cell line was chosen for the examinations,
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” [26]. The
cells were originally isolated in 1989 by Helen Berschneider
at the University of North Carolina [27]. 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 [28]. 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 [6].

As demonstrated in this study, magnetic treatment of local
tap water resulted in beneficial biological effects on the
regeneration of cultured intestinal epithelial cells and on
the integrity of the epithelial barrier when compared with
untreated corresponding controls. Both cellular properties are
essential to promote and maintain the integrity of the intestinal
wall barrier. Especially regeneration plays an essential role
after intestinal injury due to food intolerance, food additives
and many other factors that might cause oxidative stress and,
subsequently, a reduced intestinal permeability and function.
Defects in intestinal barrier function play a pathogenic role in
intestinal dysfunction and disease. As reviewed by Farhadi et
al. [2], a role for reactive oxygen species “in gastrointestinal-
related abnormalities has been established for several
gastrointestinal disorders. These include ischemic injury of
the gastrointestinal mucosa, inflammatory bowel disease,
peptic ulcer disease...” and others. It is not surprising that
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oxidative stress can damage the intestinal barrier, alter its
functions and increase intestinal permeability. Therefore, in
case the intestinal barrier is strenghtened by drinking water
which has undergone magnetic treatment, it can resist more
easily oxidative stress from exogenous factors and their
unwanted injuries.

CONCLUSIONS

The investigations of the present study demonstrate very
impressively that magnetic water treatment with special water
core magnets causes significant beneficial cellular effects on
the intestinal tract. Therefore, the use of water core magnets
as used here can be highly recommended to promote intestinal
and systemic health and well-being.

REFERENCES

1. Paradis T, Bégue H, Basmaciyan L, Dalle F, Bon F (2021) Tight
Junctions as a key for pathogens invasion in intestinal epithelial
cells. Int J Mol Sci 22: 2506.

2. Farhadi A, Banan A, Fields J, Keshavarzian A (2003) Intestinal
barrier: An interface between health and disease. Gastroenterol
Hepatol 18: 479-497.

3. Camilleri M, Madsen K, Spiller R, Van Meerveld BG, Verne GN
(2012) Intestinal barrier function in health and gastrointestinal
disease. Neurogastroenterol Motil 24: 503-512.

4. Konig J, Wells J, Cani PD, Garcia-Rdédenas CL, MacDonald T, et
al. (2016) Human intestinal barrier function in health and disease.
Clin Translat Gastroenterol 7: €196.

5. Circu ML, Aw TY (2012) Intestinal redox biology and oxidative
stress. Semin Cell 23: 729-737.

6. Bhattacharyya A, Chattopadhyay R, Mitra S, Crowe SE (2014)
Oxidative stress: An essential factor in the pathogenesis of
gastrointestinal mucosal diseases. Physiol Rev 94: 329-354.

7. Vermeiren T (1958) Magnetic treatment of liquids for scale and
corrosion prevention. Corr Techn 5: 215-219.

8. Quinn CJ, Molden TC, Sanderson CH (1997) Magnetic treatment
of water prevents mineral build-up. Iron Steel Engineer 74: 47-53.

9. Alimi F, Tlili MM, Amor MB, Maurin G, Gabrielli C (2009) Effect
of magnetic water treatment on calcium carbonate precipitation:
Influence of the pipe material. Chem Eng Processing: Process
Intensif 48: 1327-1332.

10. Lipus LC, Hamler A, Ban I, Acko B (2015) Permanent magnets
for water-scale prevention. Adv Prod Eng Manag 10: 209-216.

11. Segatore B, Setacci D, Bennato F, Cardigno R, Amicosante G, et
al. (2012) Evaluations of the effects of extremely low-frequency
electromagnetic fields on growth and antibiotic susceptibility of
Escherichia coli and Pseudomonas aeruginosa. Int J Microbiol:
587293.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

80

Research Article

——D

Liu X, Pollner B, Paulitsch-Fuchs AH, Fuchs EC, et al. (2022)
Investigation of the effect of sustainable magnetic treatment on
the microbiological communities in drinking water. Environment
Res 213: 113638.

Sammer M, Kamp C, Paulitsch-Fuchs AH, Wexler AD, et al.
(2016) Strong gradients in weak magnetic fields induce DOLLOP
formation in tap water. Water 8: 79.

Paulitsch-Fuchs AH, Stanulewicz N, Dyer N, Fuchs EC (2021)
Strong gradients in weak magnetic fields affect the long-term
biological activity of tap water. Water 12: 28- 45.

Geens MM, Niewold TA (2011) Optimizing culture conditions of
a porcine epithelial cell line IPEC-J2 through a histological and
physiological characterization. Cytotechnology 63: 415-423.

Srinivasan B, Kolli AR, Esch MB, Abaci HA, Shuler ML, et al.
(2015) TEER measurement techniques for in vitro barrier model
systems. J Lab Autom 20: 107-126.

Tilvescu O, Tilvescu I, Margau d, Carpinisan L, Ghise A
(2019) Monitoring the intestinal barrier function using TEER
measurement technique. Medicina Veterinara 52: 117-122.

Kovanda LL, Hejna M, Liu Y (2020) Butyric acid and derivatives:
In vitro effects on barrier integrity of porcine intestinal epithelial
cells quantified by transepithelial electrical resistance. J Anim Sc
98: 109.

Witte M, Barbul A (1997) General principles of wound healing.
Surg Clin North Am 77: 509-528.

Wallace HA, Basehore BM, Zito PM (2019). Wound Healing
Phases. In: StatPearls. StatPearls Publishing, Treasure Island
(FL).

Strasak L, Vetterl V, Smarda J (2002) Effects of low-frequency
magnetic fields on bacteria Escherichia coli. Bioelectrochemistry
55:161-164.

Fojt L, Strasak L, Vetterl V, Smarda J (2004) Comparison of the
low-frequency magnetic field effects on bacteria Escherichia
coli, Leclercia adecarboxylata and Staphylococcus aureus. In:
Bioelectrochemistry 63: 337-341.

Mosin O, Ignativ I (2014) Basic concepts of magnetic water
treatment. Eur J Molec Biotechnol 4: 72-85.

Raylman RR, Clavo AC, Wahl RL (1996) Exposure to strong static
magnetic field slows the growth of human cancer cells in vitro.
Bioelectromagnetics: Journal of the Bioelectromagnetics Society,
The Society for Physical Regulation in Biology and Medicine,
The European Bioelectromagnetics Association 17: 358-363.

Sullivan K, Balin AK, Allen RG (2011) Effects of static
magnetic fields on the growth of various types of human cells.
Bioelectromagnetics 32: 140-147.

Vergauwen H (2015) The IPEC-J2 cell line. In: Verhoeckx K.
et al. (eds) The Impact of Food Bioactives on Health. Springer,
Cham, pp. 125-134.




81 Peter C. Dartsch Appl Cell Biol, 11(2), 2023 [76-81]

Research Article (B —

27. Berschneider HM (1989) Development of normal cultured 28. Schierack P, Nordhoff M, Pollmann M, Weyrauch KD, Amasheh

small intestinal epithelial cell lines which transport Na and Cl. S, et al. (2006) Characterization of a porcine intestinal epithelial
cell line for in vitro studies of microbial pathogenesis in swine.
Histochem Cell Biol 125: 293-305.

Gastroenterology 96: A41.

Citation: Dartsch PC (2023) Beneficial Effect of Sustainable Magnetic Treatment of Tap Water Investigations with Cultivated
Intestinal Epithelial Cells. Appl Cell Biol, 11(2), 2023 [76-81]




	Title
	Corresponding author
	References 

