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According to Quantum Electro-Dynamical Theory by G. Preparata, liquid water
can be viewed as an equilibrium between of two components: coherent and incoherent
ones. The coherent component is contained within spherical so called ‘‘coherence
domains’’ (CDs) where all molecules synchronously oscillate with the same phase.
CDs are surrounded by the incoherent component where molecules oscillate with
casual phases regarding each other. The existence of coherent domain in water has
been demonstrated in a set of experiments on pure water exposed to high voltage,
under this condition the electric field concentrates inside the water, arranging the
water molecules to form high ordered structure.
Recently has been studied the influence of combined static and alternating parallel

magnetic fields on the current through the aqueous solution of glutamic acid; out-
lining the relevance of low frequency electro-magnetic field in interacting with
biological target. Additional results demonstrate that at combined static and
alternating parallel, magnetic fields matching the ion cyclotron energy resonance of
a particular charged molecule into biological tissue an intrinsic weak magnetic field
is generated by ion currents in the cell.
These results should increase the reliability and the clinical feasibility of the use of

electromagnetic field, tuned at ion cyclotron resonance of charged molecules, as a
biophysical approach to interfere with biological mechanisms. We demonstrate that
Exposure of human epithelial cell to ion cyclotron energy resonance generated by a
commercial electromedical device (Vega select 719) tuned to calcium ion at 7Hz act
as a differentiation factor, thus opening up the possibility to use particular extremely
low frequency electro magnetic field protocols, in informative medicine.

Keywords Resonance; ICR; Differentiation.

Introduction

Living organisms are complex electrochemical systems which evolved in a relatively
narrow range of well-defined environmental parameters. For life to be maintained,
these parameters must be kept within their normal range, since deviations can induce

Address correspondence to Alberto Foletti, Viale Giovanni Suzzani, 1820162 Milano,
Italy; E-mail: albertofoletti@yahoo.it
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biochemical effects. Environmental natural electro-magnetic fields are a ubiquitous
factor of nature. If nature gave certain organisms the ability to receive information
about the environment via invisible electromagnetic signals, then there must also
have been the benefit of an ability to discriminate between significant and mean-
ingless signals. The most evident example of adaptation of living creature to the
environment electromagnetic component is the visual system: the eye is a biological
tool committed to the perception of the entire visible electromagnetic spectrum.
A great variety of living organisms are able to utilize the electromagnetic energy to
regulate cellular or sensorial function such as in protein folding, circadian rhythm,
and in central nervous system function. Bearing in mind that electromagnetic field
can be perceived by living organism, we should not be surprised if they are con-
sequently able to induce biological effects. The discovery that electromagnetic signal
can be associated to specific biological function is known since the time of Galvani
and Matteucci. In the past century, several studies indicated a correlation between
some physiological and pathological processes and electromagnetic field.

Despite the fact that electromagnetic therapy is already used in clinical trial such
as in orthopaedics, debate still continues about the mechanisms of the interaction
between specific irradiation protocols and biological targets.

The Ion Cyclotron Resonance (ICR) Proposed Mechanisms

The mid-1980s was marked with the discovery by Blackman (Blackman et al., 1985)
and Liboff (1985) of a surprising phenomenon: a low-frequency alternating (AC)
magnetic field (MF) is capable of changing free calcium concentrations in nervous
tissue only in the presence of a simultaneously acting static (DC) MF. The most
prominent effect was observed at the AC field frequency close to the cyclotron
frequency of a calcium ion. The cyclotron frequency is defined (Liboff, 1985) as

fC ¼
q

2pm
Bo;

where q and m are the charge and mass of the ion, and Bo is the DC field. This works
opened a new line of research in the area of bioelectromagnetics.

There were three unexpected aspects to this phenomenon: (1) the necessity for
simultaneous application of DC and ACMFs; (2) tuning the AC and DCMFs to the
cyclotron frequency resonance condition; and (3) very small values of acting MFs,
measured in tens of mT, and extremely low frequencies of AC MFs, measured in tens
of Hz or less. Therefore, these results evoked much suspicion in the scientific com-
munity. Afterwards, however, many confirmations for these data were obtained in
works performed on different model systems and in different experimental situations
(Liboff et al., 1987; Lerchi et al., 1991; Blackman et al., 1994; Zhadin et al., 1999;
and others) which convinced the scientific community of the real existence of the
above effects.

Earlier, there were attempts to understand the physical mechanisms of resonance
action of combined MFs. Liboff (1985) considered the motion of free ions under
action of these MFs, suggesting a mechanism similar to the one working for charged
particles in free space under the influence of the Lorentz force. But at body tem-
perature this idea can be realized only in very large systems capable of including the
large radius of ion rotation, measured by meters. The idea (Lednev, 1991) that
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parametric resonance might be responsible for such effects was also not very fruitful
for lack of a necessary low frequency harmonic oscillator in living systems. Larmor
precession also does not help in this situation, because of a lack of restoring force
with proper parameters. The problem is likely solved using the quantum electro-
dynamics of condensed matter. According to the quantum electro-dynamical theory
of Preparata (1995), liquid water consists of two components: coherent and inco-
herent. The coherent component is contained within spherical, so-called ‘‘coherence
domains’’ (CDs) where all molecules synchronously oscillate with the same phase.
CDs are surrounded by the incoherent component where molecules oscillate with
random phases relative to one another. Diameters of CDs are measured in terms of
tenths of a micron, and at room temperature the total volume of domains is about
40% of the whole water media. At resonance action of the ion cyclotron frequency,
the ion is accelerated by the MFs, increasing its kinetic energy until escape from CD,
jumping into the incoherent component of the water molecule where the ion became
biologically available. This has been scientifically supported by experiments per-
formed in different laboratories studying the behavior of glutamic acid at glutamic
acid ion cyclotron resonance of 4.1Hz. Glutamic solution in an electrolytic cell
were irradiated under controlled condition at extremely low frequency and the
current flowing in the elctrolitc cell continuosly was recorded. When the resonant
conditionwere reached at 4.1Hz, a peack of dc current were recorded (Figure 1).

Calcium Ion Cyclotron Resonance to Transfer Information at Biological Level

We recently published that exposing keratinocytes cell to Calcium ICR causes rearrang-
ing of actin filaments leading to an increase in actin expression and in formation
of stress fibers that cross parallel to the cells. Since modification of cellular growth rate
and gap junction number with the consequent cytoskeleton rearrangement are impli-
cated in cells transformation, we analyzed the expression of involucrin as a differ-
entiation marker of keratinocytes. In human epidermis, involucrin is first observed
in the cytoplasm of spinous and granular layer cells. In transition cells, it is equally
distributed between the cytoplasm and the nascent corneified envelope, while in the
corneocytes it is largely corneified envelope associated. In our experiments, involucrin
expression in the exposed cells is increased compared to control (Figure 2). Since
involucrin is a keratinization-associated molecule, our observation may suggest that
the exposed cells are at an upper differentiation level than controls. Exposed cells
showed a higher number of lamellipodia, specialized structures for cell-cell contact. The
augment of cell-cell contact junctions, is also supported by the different distribution in

Figure 1. The effect of glutamic acid ion cyclotron energy resonance: the recorded current of
glutamic acid at pH 2.9 when exposed to its ICR at 4.1Hz.
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b-Catenin as reported in Figure 2. b Catenin is a protein implicated in cell-cell-
adhesion, binding cytoplasmic domain of cadherin, and in signal transduction cell
adhesion molecules and their association with actin cytoskeleton play an important
role not only in the maintenance of tissue integrity, but also in proliferation and
differentiation. The modification of cytoskeletal assept, and expression of adhesion
and differentiation markers confirm our previous data that exposed cells are at an
upper differentiation level. This is a very important point suggesting a possible
application of electrotherapy in the therapy of proliferative diseases. It would be very
interesting, for example, to analyze the possibility of using Calcium ICR electro-
therapy as non invasive chemoterapic agent. Our results strongly suggests the possi-
bility to use physical agents such as magnetic or electromagnetic field, in support to
chemotherapy to fight epithelial proliferation diseases, as well as all the diseases in
which cells are characterized to a lower differentiation state.

Bioresonance in Regenerative Medicine

For bone remodeling field, it has been suggested that bone marrow-derived
Mesenchymal stem cells (MSC) could be considered as a potential therapeutic tool.
Using the Caþþ -dependent specific differentiation potential of the ELF-MF 7Hz
ICR, we showed that exposure of human MSC to these same conditions of MF,
enhanced expression of osteoblast differentiation markers such as alkaline phospha-
tase, osteocalcin, and osteopontin, as analyzed by real-time quantitative PCR, without
affecting cell proliferation. As expected, while the differentiation marker factors were
up regulated, the ICR electromagnetic field down-regulated osteoprotegerin gene
expression, a critical regulator of postnatal skeletal development and homeostasis in

Figure 2. 7Hz Calcium ICR b Catenin and Involucrin modulation by Western Blot. In lane
1 and 2 proteins extracted in control cells non exposed cells; in lane 3 and 4, proteins extracted

in 7Hz Calcium ICR exposed cells. The profile plot is shown in the upper panel. The amount
of proteins inoculated is the same for control and exposed samples, quantitated by Lowry test.
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humans as well as mice. Exposure to the ICR-tuned low-frequency electromagnetic
field for five days resulted in changes in plasma membrane morphology (Figure 3).

Conclusions

Since the time of Galvani, evidence has accumulated indicating that living systems
make useful use of electromagnetic field. The major particles that constitute the
functional organization of living systems are associated with electromagnetic fields.
Organisms might be considered aggregates of electromagnetic fields that are
embedded within or correlated with atomic and molecular structures. Albeit elec-
tromagnetic medicine is still in its beginning, the evidence reported here, that
ICR exposure can tune eucariotic cell towards cell differentiation and maturation
influencing physiological processes, let us foresee a possible future application of
electromagnetic protocols for the treatment of human deseases.
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Bauréus Koch, C. L. M., Sommarin, M., et al. (2003). Interaction between weak low frequency

magnetic fields and cell membranes. Bioelectromagnetics 24:395–402.
Bearzi, C., Cascapera, S., et al. (2005). Characterization and growth of human cardiac stem

cells. Late-breaking developments in stem cell biology and cardiac growth regulation.

Circulation 11(13):1720.
Beltrami, A. P., Barlucchi, L., et al. (2003). Adult cardiac stem cells are multipotent and

support myocardial regeneration. Cell 114(6):763–776.

Beltrami, A. P., Urbanek, K., et al. (2001). Evidence that human cardiac myocytes divide after

myocardial infarction. N. Engl. J. Med. 344:1750–1757.
Bertani, F. R. (2001/2002). Effetti indotti da campi elettromagneici a bassa frequenza su una

linea cellulare in vitro. Tesi di laurea in Fisica, La Sapienza, Roma.

Blackman, C. F., Benane, S. G., et al. (1985). Effects of ELF (1–120Hz) and modulated (50Hz)

RF fields on the efflux of calcium ions from brain tissue in vitro. Bioelectromagnetics 6:1–11.
Blau, H. M., Brazelton, T. R., Weimann, J. M. (2001). The evolving concept of a stem cell:

Entity or function? Cell 105(7):829–841.

Boukamp, P., Petrussevska, R. T., et al. (1988). Normal keratinization in a spontaneously

immortalized aneuploid human keratinocyte cell line. J. Cell Biol. 106:761–771.
Brockes, J. P. (1997). Amphibian limb regeneration: rebuilding a complex structure. Science

276(5309):81–87.

Breitkreutz, D., Schoop, V. M., et al. (1998). Epidermal differentiation and basement

membrane formation by HaCaT cells in surface transplants. Eur. J. Cell Biol. 75:273–286.
Cai, C. L., Liang, X., et al. (2003). Isl1 identifies a cardiac progenitor population that

proliferates prior to differentiation and contributes a majority of cells to the heart. Dev.

Cell. 5:877–989.
Cai, J., Weiss, M. L., Rao, M. S. (2004). In search of ‘‘stemness.’’ Exp. Hematol. 32(7):585–598.
Canigiani, S., Volpini, M. (2003). Infarto acuto del miocardio: Biochimica del danno cellulare

e marcatori di lesione. Caleidoscopio 172, Medical Systems S.p.A. Genova.
Ceci, M., Ross, J. Jr., Condorelli, G. (2004). Molecular determinants of the physiological

adaptation to stress in the cardiomyocyte: A focus on AKT. J. Mol. Cell. Cardiol.

37(5):905–912.

Chen, S., Zhang, Q., et al. (2004). Dedifferentiation of lineage-committed cells by a small

molecule. J. Amer. Chem. Soc. 126:410–411.
Dawn, B., Stein, A. B., et al. (2005). Cardiac stem cells delivered intravascularly traverse the

vessel barrier, regenerate infarcted myocardium, and improve cardiac function. Proc.

Natl. Acad. Sci. USA 102(10):3766–3771.
Dimmeler, S., Zeiher, A. M., Schneider, M. D. (2005). Unchain my heart: The scientific

foundations of cardiac repair. J. Clin. Invest. 115:572–583.
Doevendans, P. A., Kubalak, S. W., et al. (2000). Differentiation of cardiomyocytes in floating

embryoid bodies is comparable to fetal cardiomyocytes. J. Mol. Cell. Cardiol. 32:839–851.
Dominey, A. M., Wang, X. J., et al. (1993). Targeted over expression of transforming growth

factor alpha in the epidermis of transgenic mice elicits hyperplasia, hyperkeratosis, and

spontaneous, squamous papillomas. Cell Growth Differ. 4:1071–1082.

Engel, F. B., Schebesta, M., et al. (2005). p38 MAP kinase inhibition enables proliferation of

adult mammalian cardiomyocytes. Genes Dev. 19(10):1175–1187.
Frey, A. H. (1993). Electromagnetic field interactions with biological systems. FASEB

7:272–281.

76 Foletti et al.

E
le

ct
ro

m
ag

n 
B

io
l M

ed
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
E

ur
op

ea
n 

on
co

lo
gy

 o
n 

04
/2

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



Fukunaga, M., Oka, M., et al. (2001). UV-induced tyrosine phosphorylation of PKC delta

and promotion of apoptosis in the HaCaT cell line. Biochem. Biophys. Res. Commun.

30:289(2):573–579.

Glaser, R. (1992). Current concepts of the interaction of weak electromagnetic fields with cells.

Bioelectrochem. Bioenerg. 27:255–268.

Hierlihy, A. M., Seale, P., et al. (2002). The post-natal heart contains a myocardial stem cell

population. FEBS Lett. 530(1–3):239–243.
Hinsenkamp, M., Jercinovic, A., et al. (1997). Effects of low frequency pulsed electromagnetical

current on keratinocytes in vitro. Bioelectromagnetics 18:250–254.
Hsu, M., Andl, T., et al. (2000). Cadherin repertoire determines partner-specific gap junctional

communication during melanoma progression. J. Cell Sci. 113(pt 9):1535–1542.
John, C. F., Morris, K., et al. (2001). Ultraviolet-B exposure leads to up-regulation of

senescence-associated genes in Arabidopsis thaliana. J. Exp. Bot. 52(359):1367–1373.

Jost, M., Kari, C., Rodeck, U. (2000). The EGF receptor-an essential regulator of multiple

epidermal functions. Eur. J. Dematol. 10:505–510.

Kaiser, F. (1988). Theory of non-linear excitation. In: Frolich, H., et al., eds. Biological
Coherence and Response to External Stimuli. Springer: Heidelberg, pp. 25–48.

Karabakhtsian, R., Bronde, N., et al. (1994). Calcium is necessary in the cell response to EM

fields. FEBS Lett. 301:53–59.
Korff, T., Augustin, H. G. (1998). Integration of endothelial cells in multicellular spheroids

prevents apoptosis and induces differentiation. J. Cell Biol. 143:1341–1352.

La Thangue, N. B. (1996). E2F and the molecular mechanisms of early cell-cycle control.

Biochem. Soc. Trans. 24(1):54–59.

Laemmli, U. K. (1970). Cleavage of structural proteins during the assembly of the head

bacteriophage T4. Nature 227:680–685.
Laugwitz, K. L., Moretti, A., et al. (2005). Postnatal isl1þ cardioblasts enter fully

differentiated cardiomyocyte lineages. Nature 433(7026):647–653.
Leszczynski, D., Pitsillides, C. M., et al. (2001). Laser-beam-triggered microcavitation: A novel

method for selective celldestruction. Radiat. Res. 156(4):399–407.
Liboff, A. R. (1985). Cyclotron resonance in membrane transport. In: Chiabrera, A., Nicolini,

C., Schwan, H. P., eds. Interaction between Electromagnetic Fields and Cells. London:

Plenum Press, pp. 281–296.
Liboff, A. R. (1997). Electric-field ion cyclotrone resonance. Bioelectromagnetics 18:85–87.
Liboff, A. R. (2004). Toward an electromagnetic paradigm for biology and medicine.

J. Altern. Complement. Med. 10:41–47.
Liboff, A. R., Smith, S. D., McLeod, B. R. (1987). Experimental evidence for ion cyclotron

resonance mediation of membrane transport. In: Blank, M., Findl, E., eds. Mechanistic

Approaches to Interaction of Electric and Electromagnetic Fields with Living Systems.
New York: Plenum Press, pp. 109–132.

Liburdy, R. P. (1992). Calcium signalling in lymphocytes and ELF fields: Evidence for an

electromagnetic field metric and a site of interaction involving calcium ion channels.

FEBS Lett. 301(1):53–59.
Lisi, A., Foletti, A., et al. (2006). Extremely low frequency 7Hz 100microT electromagnetic

radiation promotes differentiation in the human epithelial cell line HaCaT. Electromagn.

Biol. Med. 25(4):269–280.

Lo, D. C., Allen, F., Brockes, J. P. (1993). Reversal of muscle differentiation during urodele

limb regeneration. Proc. Natl. Acad. Sci. USA. August 1 90(15):7230–7234.

Maden, M. (2003). Regeneration: every clot has a thrombin lining. Curr. Biol. 13(13):R517–R518.
Majno, G., Joris, I. (2000). Cellule, Tessuti e Malattia. Milan, Italy: Casa Editrice Ambrosiana.
Martin, C. M., Meeson, A. P., et al. (2004). Persistent expression of the ATP-binding cassette

transporter, Abcg2, identifies cardiac SP cells in the developing and adult heart. Dev. Biol.

265(1):262–275.
Mathur, A., Martin, J. F. (2004). Stem cells and repair of the heart. Lancet 364(9429):183–192.

ELF Signals and Informative Medicine 77

E
le

ct
ro

m
ag

n 
B

io
l M

ed
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
E

ur
op

ea
n 

on
co

lo
gy

 o
n 

04
/2

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



Matsuura, K., Nagai, T., et al. (2004). Adult cardiac Sca-1-positive cells differentiate into

beating cardiomyocytes. J. Biol. Chem. 279:11384–11391.

McGann, C. J., Odelberg, S. J., Keating, M. T. (2001). Mammalian myotube dedifferentiation

induced by newt regeneration extract. Proc. Natl. Acad. Sci. USA 98:13699–13704.
Medema, J. P., Sark, M. W., et al. (1994). Calcium inhibits epidermal growth factor-induced

activation of p21ras in human primary keratinocytes. Mol. Cell. Biol. 14(11):7078–7085.
Medvinnsky, A., Smith, A. (2003). Fusion brings down barriers. Nature 422:823–825.
Messina, E., De Angelis, L., et al. (2004). Isolation and expansion of adult cardiac stem cells

from human and murine heart. Circ. Res. 95(9):911–921. Epub October 7, 2004.

Murphy, E., Mild, K. H. (1997). EMF science review symposium: theoretical mechanisms and

in vitro research findings. NIHS & EMF RAPID; see http://www.niehs.nih.gov/

emfrapid/html/Symposium1/3.htm.

Nadal-Ginard, B., Kajstura, J., et al. (2003). Myocyte death, growth, and regeneration in

cardiac hypertrophy and failure. Circ. Res. 92:139–150.
Odelberg, S. J., Kollhoff, A., Keating, M. T. (2000). Dedifferentiation of mammalian

myotubes induced by msx1. Cell 103:1099–1109.
Oh, H., Bradfute, S. B., et al. (2003). Cardiac progenitor cells from adult myocardium: Homing,

differentiation, and fusion after infarction. Proc. Natl. Acad. Sci. USA 100(21):12313–12318.
Pazur, A. (2004). Characterization of weak magnetic field effects in an acqueous glutamic acid

solution by nonlinear dielectric spectroscopy and voltammetry. Biomagn. Res. Technol. 2:8.
Peus, D., Hamacher, L., Pittelkow, M. R. (1997). EGF-receptor tyrosine kinase inhibition induces

keratinocytes growth arrest and terminal differentiation. J. Invest. Derm. 109:751–756.

Phillips, J. L., Haggren, W., et al. (1992). Magnetic field-induced changes in specific gene

transcription. Biochimica Biophysica Acta 1132:140–144.
Pilla, A. A., Markov, M. S. (1992). Bioeffects of weak electromagnetic fields. Rev. Environ.

Health 10(3–4):155–169.
Pletnev, S. D. (2000). The use of millimeter band electromagnetic waves in clinical oncology.

Crit. Rev. Biomed. Eng. 28(3–4):573–587.
Preston, S. L., Alison, M. R., et al. (2003). The new stem cell biology: something for everyone.

Mol. Pathol. 56(2):86–96.
Quaini, F., Urbanek, K., et al. (2002). Chimerism of the transplanted heart. N. Engl. J. Med.

346:5–1.

Rusovan, A., Kanje, M. (1992). Magnetic fields stimulate peripheral nerve regeneration

hypophyctiomia rats. Neuroreport 3(12):1039–1041.
Santoro, N., Lisi, A., et al. (1997). Effect of extremely low frequency (ELF) magnetic field

exposure on morphological and biophysical properties of human lymphoid cell line

(Raji). Biochimica Biophyica. Acta 1357:281–290.
Savitz, D. A., Pearce, N., Poole, C. (1987). Update on methodological issues in the

epidemiology of electromagnetic fields and cancer. Epidemiol. Rev. 15:558–566.
Schwan, A., Chiabrera, C., Nicolini, C., Schwan, H. P. (eds.). (1985). Interactions Between

Electromagnetic Fields and Cells. New York: Plenum Press.
Serway, R. A. (1998). Principi di fisica. Philadelphia: Saunders College Publishing.

Smith, R. R., Abraham, M. R., et al. (2005). 5001 electrophysiology of human and porcine

adult cardiac stem cells isolated from endomyocardial biopsies. Late-breaking develop-

ments in stem cell biology and cardiac growth regulation. Circulation 111(13):1720.
Smits, A. M., van Vliet, P., et al. (2005). The role of stem cells in cardiac regeneration. J. Cell

Mol. Med. 9(1):25–36.
Spradling, A., Drummond-Barbosa, D., Kai, T. (2001). Stem cells find their niche. Nature

414(6859):98–104.
Sussman, M. A., Anversa, P. (2004). Myocardial aging and senescence: Where have the stem

cells gone? Ann. Rev. Physiol. 66:29–48.
Szabo, I., Rojavin, M. A., et al. (2001). Reactions of keratinocytes to in vitro millimeter wave

exposure. Bioelectromagnetics 22:358–364.

78 Foletti et al.

E
le

ct
ro

m
ag

n 
B

io
l M

ed
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
E

ur
op

ea
n 

on
co

lo
gy

 o
n 

04
/2

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



Tanaka, E. M. (2003). Regeneration: If they can do it, why can’t we? Cell 113(5):559–562.

Tanaka, E. M., Drechsel, D. N., Brockes, J. P. (1999). Thrombin regulates S-phase re-entry by
cultured newt myotubes. Curr. Biol. 9(15):792–799.

Tenforde, T. S. (1995). Interaction of extremely low frequency electromagnetic and magnetic

fields with humans. In: Polk, C., Postow, E., eds. Handbook of Biological Effects of
Electromagnetic Fields, 2nd ed. Boca Raton, FL: CRC Press, pp. 185–230.

Vasioukhin, V., Bauer, C., et al. (2001). Hyperproliferation and defects in epithelial polarity

upon conditional ablation of alpha-catenin in skin. Cell 104(4):605–617.
Ventura, C., Maioli, M., et al. (2005). Turning on stem cell cardiogenesis with extremely low

frequency magnetic fields. FASEB J. 19(1):155–157.
Vescovi, A. L., Gritti, A., Galli, R. (2001). Le risorse delle cellule staminali somatiche.

Le scienze 392:42–47.
Walleczeck, J. (1992). Electromagnetic field effect on cells of the immune system: The role of

calcium signalling. Faseb. J. 6:3177–3185.

Weaver, J. C., Astumian, R. D. (1990). The response of living cells on very weak electro-
magnetic fiels: The thermal noise limit. Science 247:459–462.

Wojakowski, W., Tendera, M., et al. (2004). Mobilization of CD34/CXCR4þ , CD34/CD117þ ,

c-metþ stem cells, and mononuclear cells expressing early cardiac, muscle, and endothelial
markers into peripheral blood in patients with acute myocardial infarction. Circulation
110:3213–3220.

Wurmser, A. E., Gage, F. H. (2002). Stem cells: Cell fusion causes confusion. Nature
416(6880):485–487.

Zhadin, M. N. (2001). Review of russian literature on biological action of DC and low-frequency
AC magnetic fields. Bioelectromagnetics 22(1):27–45.

ELF Signals and Informative Medicine 79

E
le

ct
ro

m
ag

n 
B

io
l M

ed
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
E

ur
op

ea
n 

on
co

lo
gy

 o
n 

04
/2

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.

View publication statsView publication stats

https://www.researchgate.net/publication/24249640

