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EDITORIAL COMMENT 

 
     Symposium “Coherence and Electromagnetic Fields in Biological Systems” is focused on 
two main areas of research: One concerns biophysical principles and mechanisms of 
organization of living matter and the other the effects of external electromagnetic fields on 
living matter. Mechanisms of organization are still not well understood. It is assumed that 
organization forces and mechanisms are of electromagnetic nature. The majority of proteins 
are electrically polar and represent electric dipoles and/or multipoles. Strong electrically polar 
character of biological constituents makes possible longitudinal oscillations generating 
electric field. Some protein structures  (such as e.g. microtubules in the cytoskeleton) are 
excited by energy supply from metabolic sources. H. Fröhlich formulated hypothesis of 
coherent vibrations in biological systems as their fundamental biophysical property. Some 
vibration modes are excited far from thermal equilibrium but the majority of modes in the 
system remain close to thermal equilibrium. Coherent excitation of some polar vibration 
modes  can generate endogenous electromagnetic field with dominant electrical component. 
The endogenous electromagnetic field seems to be important for biophysical mechanism of 
organization.  
     External electromagnetic field can change some properties of living matter. There is  no 
uncertainty concerning the effects of the electromagnetic fields producing thermal effects.  
The main question of the effects of electromagnetic fields on  biological systems concerns  the 
exposure to the fields not producing thermal effects. The understanding of the mechanisms of 
non-thermal effects is far from comprehensive. Many authors claim that both adverse and 
beneficial responses are found. Electromagnetic field may affect chromatin conformation in 
living cells. Ions are transported along the DNA chain during polarization.  Nonspecific pores 
in cellular membranes are formed by the electromagnetic fields. The process of pore 
formation may exhibit certain biological selectivity (the membranes of some cells are more 
liable to pore formation than the membranes of others) and special drugs can be transported 
through the pores inside cells (e.g. in cancer treatment). Immune system may be sensitive to 
the magnetic field. We cannot overwiev all effects and problems in this comment. 
Nevertheless, I would like to mention  a highly controversial theme: the influence of external 
electromagnetic  fields on the properties of water in the context of molecular biology. It is 
claimed that special structures might be formed in water and that the structures have effects 
on biological processes. I do not want to discuss here the measurement methods and results 
concerning this matter from biological point of view. I assume that physical measurements of 
properties of water based on theoretical analyses of model structures are necessary to prove or 
disprove existence of special structures which are anticipated to be connected with altered 
properties of water after exposure to the electromagnetic fields.  
 
     This “Abstract Book” contains abstracts of  contributions that we received. The authors are 
responsible for the content of their abstracts. 
  
                                                                                                                                                                             Editor
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THE LIVING AND THE NON-LIVING: 
DIFFERENT COMPOSITION MODES OF BASIC IMMATERIAL 

CONNECTEDNESS 
- THE PHYSICAL BASIS OF LIFE - 

 
Hans-Peter Dürr 

Max-Planck-Institut für Physik, Werner-Heisenberg-Institut  
Föhringer Ring 6, D-80805 München, Germany 

 
     In classical physics the world is considered as a matter-based reality, an arrangement of  
spatially separated particles, the paths of which in time are uniquely determined by certain 
dynamic laws. By contrast, modern quantum physics reveals that matter is not composed of 
matter, but reality is merely potentiality. The world has not an ontic structure, admitting 
answers to questions like: What exists?, but rather a holistic, process-type structure, based on 
fundamental immaterial relations, referring only to questions like: What happens? Material 
objects and their small constituents, elementary particles, are replaced by ‘haps’, small 
immaterial happenings, which superimpose each other in a complex wave-like fashion and 
proceed in time in an open, indeterministic but still non-random way. In this more flexible 
quantum dynamic framework, the macroscopic living and the non-living are fundamentally 
alike but differ in the superpositions of large aggregates of the ‘pre-living’ immaterial ‘haps’. 
In situations close to static stable configurations effectively all the uncertainties, 
characterizing the basic ‘pre-living’ quality, are statistically averaged out, thus exhibiting the 
well-known unique and deterministic behavior of ordinary non-living matter. In the case, 
however, of statically instable but dynamically stable configurations, the “pre-lively” features 
of the underlying quantum structure, supported by a coherent superposition of the ‘haps’, have 
a chance to surface to the macroscopic level and to be connected with the feature we observe 
as the phenomenon of life. This supposition can be more explicitly treated and clarified by 
identifying the electric dipole moment of biomolecules as the ordering parameter of the 
corresponding macro-quantum system. This has important consequences for biology and 
medicine. In particular, it suggests the existence of a “software” to be essential for the 
logistics of biological processes, functioning as a hidden guide behind the material hardware, 
which in the conventional approach. is considered to be the only important process factor. 
Herbert Fröhlich performed pioneering work in elucidating the decisive role of quantum 
physics for understanding the phenomenon of life. 
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COHERENT QUANTUM ELECTRODYNAMICS (QED)  
IN LIVING MATTER 

 
Emilio Del Giudice1, Antonella De Ninno1, Martin Fleishman2, G. Mengoli1, Marziale 

Milani3, Getullio Talpo4, Giuseppe Vitiello5 

1 Istituto Nazionale Fisica Nucleare, via Celoria 16, 20133 Milano, Italy 
emilio.delgiudice@mi.infn.it 

2 Bury lodge, Duck Str., Tuisbury, UK 
3 Dip. Scienza dei Materiali, Università Milano Bicocca, Via Cozzi 53, 20125 Milano, Italy 

Tel: +39 (0)2 64485175, marziale.milani@mater.unimib.it  
4 Padova Ricerche, Padova , Italy 

getalpo@katamail.com 
5 Dipartimento di Fisica, Università degli Studi di Salerno, Italy 

 
     Coherence has been suggested by Herbert Fröhlich to be an essential feature of the 
dynamics of living matter. In this presentation we wish to analyse how the coherence emerges 
and works in biological matter, following an approach developed in the 1990’s together with 
Giuliano Preparata. 
The main points of the presentation are:  

1. It is recalled a result derived in the frame of QED, namely that a system of N 
particles, having a multilevel internal spectrum and mutually coupled by 
electromagnetic (e.m.) interactions, above a critical particle density N/V and below a 
critical temperature T, are no longer describable as a set of independent particles by a 
density matrix of individual wave functions where the phase is undefined, the system 
enters into a quantum state, described by an unique wave function, which is an eigen-
state of the phase, where all components oscillate in phase between two well defined 
states of their internal spectrum, synchronously with an e.m. coherent field self-
trapped within a “coherence domain” (CD) whose size is the wavelength of the 
excitation connecting the two states involved in the coherent oscillation; 

2. It is shown that, at room temperature and pressure, liquid water is a mixture of  a 
coherent and a non coherent fractions. The evanescent tails of the coherent e.m. fields 
present in the CD’s produce selective forces able to connect molecules coresonating 
with the fields; 

3. By using the above QED scheme it is shown that an “intelligent biochemistry” can 
emerge in the ensemble of biomolecules suspended in water. In particular the role of 
the enzymatic activity is analysed;  

4. The onset of coherence in a more complex system made up of both water molecules 
and biomolecules is addressed; it is shown that the emergence of the spatial order 
involved in the protein folding could be the consequence of the onset of coherence; 

5. The problem of the propagation of ions in living matter, in particular along helicoidal 
paths lying on the outer surfaces of the tubes of vicinal water surrounding the long 
macromolecular chains, is addressed; it is shown that a non-ohmic conductivity, 
based on a Josephson-like mechanism could be at work; 

6.  In the frame of the above mechanism the role of the magnetic field in driving 
selected ion species is discussed. 

 

mailto:emilio.delgiudice@mi.infn.it
mailto:getalpo@katamail.com
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NEW THEORETICAL TREATMENT OF ION RESONANCE BIOLOGICAL 
PHENOMENA 

 
C. Vincze, A. Szasz, A.R. Liboff* 

Biotechnics Dept, Szent Istvan University, Budapest, Hungary 
*Center for Molecular Biology and Biotechnology, Florida Atlantic Univ., Boca Raton, 

Florida, USA 
 
     Although the experimental evidence for ion cyclotron resonance (ICR) effects in biological 
systems is rather convincing [1], the theoretical basis for this phenomenon is far from 
satisfying. One important theoretical requirement involves predicting changes in this effect as 
a function of the intensity of the AC magnetic field. The models that have surfaced in this 
regard [2,3] do not made use of Lorentz forces per se but suggest that changes in ionic 
binding probability are responsible for what is observed, with transitions occurring at the 
cyclotronic frequency between very closely spaced high frequency states.  This type of 
approach, referred to as parametric resonance, results in an ICR dependence on the AC 
magnetic field that varies in terms of Bessel functions Jn( f [BAC,Ω] ), where BAC is the AC 
magnetic field intensity and Ω the cyclotronic frequency. In the following we approach this 
question in a completely different manner, making use of classical Drude-Lorentz theory to 
derive an alternative expression for the variation of particle motion with BAC.  This new 
model details the changes in ionic mobility under resonance conditions as a function of the 
ratio of AC to DC magnetic field. 
     Consider a particle with charge-to-mass ratio q/m moving under the influence of an 
electric field directed along the x-axis Ex = E’m/q and the magnetic field Bz along the z-axis, 
where Bz consists of a magnetostatic component Bo and a time-varying component varying as 
BAC cos ωt.  If Ω = qBo/m is the cyclotronic frequency , τ = 1/2β is the collision rate, and ε is 
the ratio of AC to DC magnetic fields, BAC/BDC , the differential equation for the complex 
velocity v* = vx + ivy is given as 
 

        ( )* *{2 1 cos } ' 0dv v i t E
dt

β ε ω+ + Ω + − =                (1)  

     It is readily shown that the general solution to Eq. (1) consists of two parts, one resulting 
from the solution to the homogeneous equation, which is simply a transient, and the second, a 
sum over Bessel functions: 
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     The first term on the right, vi*(t), disappears very quickly under the usual experimental 
conditions, and the second term can be decomposed into stationary and periodic parts: 
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     The first term in Eq. 3 is stationary. When k = 0, this corresponds to the Hall effect 
response to the electric and magnetic fields. When k = -1, a resonant response occurs in the 
vicinity of ω =  Ω the effect of which is to increase the ionic mobility to (q/m) (ε2/2β). For 
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larger values of the ratio ε this mobility will be greater than ordinarily obtained (without B).                 
This model also predicts the occurrence of subharmonics in the mobility as well as higher 
harmonics. Note that the Bessel function formalism previously found by Lednev (2) and 
Blanchard (3) is now broadened to include the dependence on frequencies ω not necessarily 
equal to the cyclotronic frequency Ω. This implies the possibility of improving the design of 
ICR experiments for purposes of theoretical verification. In addition, the present approach 
makes it unnecessary to invoke parametric-like transitions between binding states as an 
explanation for the effects that have been reported. 
 
References 
[1] A.R. Liboff: The charge-to-mass ICR signature in weak ELF bioelectromagnetic effects, 
In: Advances in Electromagnetic Fields in Living Systems, Vol. 4,  J. Lin , Ed. Kluwer/ 
Plenum, New York, 2005 
[2] V.V. Lednev:  Possible mechanism for the influence of weak magnetic fields on biological 
systems, Bioelectromagnetics 12: 71-75, 1991. 
[3] J.P. Blanchard and C.F. Blackman: Clarification and amplification of an ion parametric 
resonance model for magnetic field interactions with biological systems, Bioelectromagnetics 
15: 217-238, 1994. 
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A MODEL FOR THE AVIAN MAGNETIC COMPASS INVOLVING CENTRALLY-
MEDIATED MAGNETIC FIELD TRANSDUCTION 

 
Kenneth A. Jenro, Abraham R. Liboff* 

Henry Ford Health Sciences Center, Detroit, MI 48202, USA, nskje@neuro.hfh.edu 
*Center for Molecular Biology and Biotechnology, Florida Atlantic University, Boca Raton, 

FL 33431, USA, arliboff@aol.com 
 
     During the evolution of complex multicellular organisms, selective pressure likely resulted 
in the sensory organs for most physical stimuli being positioned at or near the periphery; 
however, since magnetostatic fields are not attenuated by biological tissues, a putative 
magnetoreceptor would not have been subject to this selective pressure. Thus, if the processes 
associated with such a receptor were initially independent of those for other physical stimuli, 
the transduction of DC magnetic fields may have remained internalized within the central 
nervous system.  
     It is well established that many terrestrial vertebrates utilize the earth’s magnetic field for 
navigation, however, the anatomical and physiological basis for the underlying 
magnetoreception remains unclear [3, 20]. On the basis of numerous behavioral and 
physiological investigations at least two distinct forms of magnetic transduction have been 
proposed for migratory birds: one mediated by magnetite crystals [3], and the other mediated 
by a receptor that is both light-dependent [15] and affected by the spectral characteristics of 
light [18, 20]. Magnetite-mediated transduction may play a role in ‘map’ orientation, in which 
subtle variations in the geomagnetic field (GMF) are imprinted, enabling determination of 
geographic position. Light-dependent transduction has been most directly implicated in 
‘compass’ orientation, in which a sensory process permits information derived from the total 
GMF vector to be used to enable migration over long distances along a fixed direction (1).  
     Seminal investigations by Wiltschko et al. [16, 19] have elucidated the characteristics of 
the AMC on a behavioral basis. As mentioned above, the AMC appears to require the 
presence of light in order to function [15] and is also affected by the spectral characteristics of 
light (18, 20). Inexperienced birds become disoriented if they are transported in total darkness 
[15], and the AMC becomes ineffective if ambient light is restricted to the red portion of the 
visible spectrum [18, 20]. The AMC is also known to function as an ‘inclination compass’. It 
is apparently insensitive to field polarity, and instead uses the angle of inclination of the total 
GMF vector to distinguish between north and south directions [14, 16, 19]. The AMC has a 
relatively narrow range of response centered about the local GMF intensity. Abruptly 
increasing or decreasing this field intensity (by more than 30 %) renders the AMC 
temporarily useless [17]. The AMC can adapt its range of response to this abrupt change of 
field intensity; however, this adaptation requires a minimum of 72 hours before birds regain 
the use of their compass [17]. Finally, the AMC is apparently ineffective in purely horizontal 
magnetic fields [14].  
     The dependence of the AMC on light has led many to conclude that this form of 
transduction occurs within retinal photoreceptors [5, 11, 13]. Theoretical discussions 
regarding the biophysics of magnetoreception associated with the AMC have largely focused 
on biochemical radical pair reactions involving excited state macromolecules. Recent 
experimental data have been used to support the hypothesis that magnetic fields within the 
range of the GMF can affect radical-pair reaction product yields [11]. Such reactions are 
presumed to be associated with photopigments located within retinal photoreceptors [5, 11, 
13]. Using this approach, Ritz et al [11] have recently proposed a model that accounts for 
many of the observed characteristics of the AMC. This model postulates that the orientation 
of radical pairs generated by photo-induced electron transfer within a subpopulation of retinal 

mailto:nskje@neuro.hfh.edu
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photoreceptors is fixed, such that they are everywhere normal to the retinal surface. The 
proposed transduction of the GMF manifests as an orientation specific enhancement (or 
diminishment) of photo-induced reaction product, which selectively biases the output of the 
photoreceptors. This field-induced biasing is presumed to be combined with visual sensory 
input, and perceived by the bird as a discrete circular zone within its visual field, which 
translates across the retina and visual field as the head is rotated relative to the GMF. 
However, the radical pair hypothesis suffers from uncertainties about both the sensitivity of 
radical-pair formation at GMF intensities [21] as well as the manner in which anisotropic 
hyperfine coupling occurs [22]. 
     In previous work [7], we suggested that an alternative form of magnetic transduction, 
involving electric field ion cyclotron resonance (EICR), may occur within the avian optic 
tectum (TeO), and that the TeO might therefore serve as the magnetoreceptor for the AMC. 
Here we present a generalized extension of this model in which EICR transduction of the total 
GMF results in a symmetrical pattern of excitation (or inhibition) across the approximately 
hemispheric geometry of the TeO, thereby providing the necessary orientational requirement 
for the compass. The oscillating electric field required for EICR transduction is hypothesized 
to derive from radially-aligned neurons in the superficial lamina of the TeO. These neurons 
receive the primary retinal projection and have been shown to exhibit sustained gamma 
oscillations in response to visual stimulation, producing an oscillating (20-50 Hz) electric 
field Er that is everywhere normal to the tectal surface [9,10]. Transduction of the GMF 
within the TeO is hypothesized to involve EICR coupling between Er and the GMF, where it 
is assumed that coupling will occur wherever the component of the GMF tangential to the 
surface of the TeO satisfies the resonance condition ω = (q/m)B [6]. It is further hypothesized 
that this resonance coupling primarily involves the calcium ion, because it is the only 
physiologically relevant ion for which resonances can occur over the entire range of the GMF. 
Such coupling within the TeO would give rise to orientation specific patterns of excitation (or 
inhibition) among tectal neurons that would bias their responses to visual input from the 
retina. These patterns contain information regarding the inclination angle, but not the polarity, 
of the total GMF, as well as the orientation of the head in relation to the north-south GMF 
axis, and would rotate and translate within the TeO as the birds head moves relative to the 
GMF. We postulate that the patterns produced by EICR coupling of the GMF are interpreted 
along with visual and other sensory data for navigational purposes.  
     Similar to the radical pair transduction model [11], this EICR transduction model accounts 
for most of the observed characteristics of the AMC. The light dependency of the AMC is 
explained by the fact that visual input is required for the generation of Er within the TeO, and 
its sensitivity to the spectral characteristics of light may reflect a dependency of the 
oscillatory behavior within the TeO on input from specific subpopulations of photoreceptors. 
The nature of the EICR coupling within the TeO accounts for the insensitivity of the AMC to 
field polarity, since only the inclination angle of the total GMF is represented in the resultant 
pattern. The disruptive effect produced by abruptly shifting the intensity of the GMF is 
explained by the fact that such a shift would produce a similarly abrupt shift in the 
morphology of the pattern produced by EICR coupling within the TeO. We postulate that the 
remarkably slow adaptation (for a sensory system) of the AMC to such pattern shifts reflects 
processes analogous to those associated with functional plasticity within the cortex, which are 
of similarly long duration. Finally, the failure of the AMC in purely horizontal magnetic fields 
may be explained, in part, by the fact that the inclination angle is 0º, making it impossible to 
distinguish between north and south. Both the radical pair and the EICR models of AMC 
transduction require that the bird also has access to vestibular information, which can be 
derived directly from the vestibular organ or, as we have suggested previously, indirectly by 
visually aligning with the horizon [7].  
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     Visual information is conveyed from the retina to the telencephalon by two main visual 
pathways: through the principal optic nuclei via the thalamofugal pathway, and through the 
TeO via the tectofugal pathway [12]. If magnetic transduction occurs in the retina, it might be 
expected that magnetic stimulation within the range of the GMF would increase glucose 
utilization within both of these pathways; however, when the horizontal component of the 
GMF is experimentally inverted, glucose utilization is increased selectively in the TeO and 
other nuclei associated with the tectofugal pathway [8]. The TeO is also bisected into upper 
and lower halves by a zone corresponding to the horizontal meridian of the retina, suggesting 
that the visual reference to the horizon may be explicitly represented within the TeO [2]. 
More generally, the TeO is known to function as a multimodal integration center within the 
avian central nervous system, containing superimposed and topographically organized 
representations of visual and auditory space, and is involved in guiding orientation behavior 
[4]. Collectively, these observations provide indirect support for the hypothesis that the avian 
TeO may function additionally as the magnetoreceptor for the AMC. Experimental 
verification will require further investigations using electrophysiological and/or imaging 
techniques aimed at elucidating the oscillatory behavior of the TeO under different lighting 
conditions, and the patterns produced within the TeO by static magnetic fields of different 
orientations and intensities.    
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ARE THERE HOLISTIC PHYSICAL LAWS IN BIOLOGY? 
 

A.R. Liboff 
Center for Molecular Biology and Biotechnology, Florida Atlantic University, Boca Raton, 

FL, USA.  
 
     Despite abundant evidence [1] indicating biological sensitivity to ion cyclotron resonance 
(ICR)-tuned magnetic fields, there is to date no reasonable explanation for this phenomenon. 
Recent work by Mikhail Zhadin [2] and Emilio DelGiudice [3] points towards an ICR-
induced change in the state of water, which, because of its critical importance in living things, 
would undoubtedly account for the biological effects that are observed. Equally important, 
DelGiudice has finessed the kT energy problem, dispensing with Maxwell-Boltzmann 
statistics by suggesting an approach based on quantum electrodynamics. 
     Even though the theoretical basis of the biological effects due to ICR is still nebulous, a 
number of interesting facts have emerged from the many experimental observations. First, it is 
clear that there is a remarkable range of organisms in which these effects are seen. Of course, 
this is immediately explained if there is indeed a weak-field ICR effect in water. But, whether 
water-related or not, we are apparently dealing with an effect that, in the language of biology, 
is highly conserved. That is, the ICR effect probably represents an original biological 
adaptation that is so old in evolutionary time that it is found in simpler organisms as well as in 
more complex systems. This is consistent with the fact that this phenomenon is clearly tied to 
the earth’s magnetic field (GMF), and that the presence of the GMF preceded the beginning 
of life by many hundreds of millions of years.  
     There are other generalizations as well, but the one that may be the most intriguing is 
illustrated in Table 1. Starting with S.D. Smith’s work on the motility of diatoms, a number of 
observers have reported that the physiological response to the magnetic field can undergo a 
totally opposite shift as one goes from one tuning condition to another.  
 
           Table 1.     Opposite responses resulting from shifts in frequency or field 
 

MODEL SYSTEM REFERENCE f  
(Hz) 

  B 
(μT) 

ION RESPONSE  

Diatom motility Smith et al (4) 16 
16 

20.9 
41.0 

Ca2+ 
K+ 

Motility ↑ 
Motility ↓ 

Embryonic bone Smith et al (5) 
Regling et al (6) 

16 
16 

20.9 
40.7 

Ca2+ 
K+ 

Growth ↑ 
Growth ↓ 

Plant growth Smith et al (7) 60 
60 

78.3 
153.3 

Ca2+ 
K+ 

Growth↑ 
Growth ↓ 

Rat Behavior Lovely et al (8) 60 
60 

48 
27 

Mg2+ 
Ca2+ 

Learning ↑ 
Learning ↓ 

Rat behavior Zhadin et al (9) 63 
38 

50 
50 

Mg2+ 
Ca2+ 

 

Activity↑ 
Activity ↓ 

Gravitropic response 
 

Belova & Lednev 
(10) 

35.8 
54.7 

46.5 
46.5 

Ca2+ 
K+ 

Response↑ 
Response ↓ 

Glycosaminoglycans 
(GAGs) concentration 

Regling et al (6) 16 
16 

20.9 
40.7 

Ca2+ 
K+ 

GAGs ↑ 
GAGs ↓ 

 
     For example, diatoms will have their motility enhanced for Ca2+ but inhibited for K+. 
Similar reversals, but not necessarily for the same combination of ions, are found in 
embryonic bone growth, in rat behavior and in plant growth, among others. This is a true 
resonance effect in that the simple ICR expression, ω/B = q/m, is followed: one can vary 
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either the frequency f, or the magnetostatic field B, as long as the ratio corresponds to the 
charge-to-mass value for a specific ion. 
     This is consistent with what is known in cell metabolism, for example the balance between 
transport by ion channels and by ion pumps that enables ionic concentrations to be 
maintained. By moving one type of cation into the cytoplasm, charge balance requires that 
there will be an efflux of the same or another cation. This similarity in behavior is a good 
argument for considering the ion channel as the site for the ICR interaction. What is 
surprising about the data in Table 1, however, is their sharpness. Obviously the living 
organism requires physiologically opposite end-points in countless ways: up or down, laugh 
or tremble, advance or retreat. But the biochemical paths to these end-points are far more 
complex than what is indicated in Table 1. Instead of the usual cascade of activated proteins, 
what is happening here is the result of merely a small change in an already small magnetic 
field. One can suggest that this magnetically controlled up-or-down response is related to the 
connection of the ICR mechanism in living things to the GMF, and that it reinforces the 
notion that ICR was “captured” by biology at an early evolutionary time.  
     The results shown above also suggest that there may be alternate pathways from the ones 
that are known to happen biochemically.  The author has argued [11] for the existence of an 
electromagnetic description for living things that reflects the present biochemical approach 
but is more universal, in that it also allows for the possibility of a transformation between the 
genome and an intrinsically generated electrogenomic field, thereby avoiding the pitfalls of 
anthropomorphic descriptions based on the so-called visible characteristics. We have 
expressed this intrinsic field [12] in terms of the Hertz electric polarization vector Π = Π(Φ, 
A, t). The source of this vector is the electric polarization P, itself dependent on the charge 
density ρ and the current density J.  Each is obviously rather complicated, depending on 
contributions from untold numbers of protein bonds, enzymes, membranes, interstitial and 
extracellular regions, organ structures, as well as the more coherent activities such as found in 
the heart, the brain, and the gut. Although this might make it appear that the specification of 
Π is daunting, there may be other avenues available.  For example, a first order equation 
describing the evolution of different species can be written as dΠ/dt = K, where K is a 
constant proportional to the mean mutation rate. Borrowing from what biologists describe in 
words (Ernst Haeckel: ontogeny recapitulates phylogeny), we can write the present-day Π as 
a layered sum equal to ΣamΠm, where early organisms, with lower-numbered m, are weighted 
less than are recent versions. We suggest that the ICR phenomenon, because of its 
dependence on endogenous electric fields (13) may reflect an early iteration of the electric 
polarization that still is preserved in the present-day vector field Π.  
     This leads to an interesting question. To date, ICR effects in biological systems have 
always been regarded in local terms. Because the vector field Π that we have proposed is 
clearly holistic, describing the entire system, it is tempting to ask whether one can find any 
corresponding holistic measure of the ICR phenomenon. 
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1. Introduction 
     To explain remarkable dielectric properties of biological cells and putative generation of 
weak electro-magnetic radiation by them, H. Fröhlich put forward a semi-phenomenological 
model of an open system  consisting of an ensemble of N collective oscillators (modes) 
receiving energy from a source (pump) and exchanging it with a heat bath. The population 
dynamics is described by the set of  rate equations [1]: 
 
 
 
 
 
  
 
 
with ni, νi, and si the occupancy, frequency, and pumping rate of the ith mode; coefficients Φi  
and Xij describing, respectively, the linear and nonlinear interaction of modes with the 
reservoir. (Symbols h, k, and T have their usual meaning.)   
 In our previous work [2,3] we studied the causal structure of (1) and described 
quantitatively the feedback relationships implicit in these equations using diagrammatic 
representation described in [4].  [The basic convention here is that the differential relation 
between two quantities, δy = txyδx is represented by the diagram x → y. The quantity txy (or, 
sometimes t(xy), is termed the transmission function of the oriented edge xy.]  Ensembles 
encompassing small numbers of modes (N = 2 and N = 3) were investigated to avoid 
combinatorial growth of complexity; higher-N systems were shown to behave qualitatively 
alike. In these studies, it was assumed that all modes have access to the full capacity of the 
pumping source, si = s, for all i.  Here this assumption is replaced by the concept of the 
capacity of individual modes to absorb the disponible excitation s being the function of their 
occupancy ni. We feel this is more realistic for biological objects such as microtubules or 
protein molecules whose configuration and hence dipole attributes can change in consequence 
of the excitation process.  
 
2. Modified kinetic equations for the case of two modes and their representation 
     Assuming Φ1 = Φ2 = Φ and X12 = X21 = X, the steady-state form of (1) for two-mode 
system is 
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with pi = exp(hνi/kT).  The modal pumping levels are fractions of the full disponible pump s: 
 
 
 
     These functions are proportional to ni at small occupancy (and, hence, pumping) values; 
they saturate at the full values of s for large occupancy numbers.  Parameters ai determine the 
location of the interval of  ni  values at which this transition occurs. 
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Choosing  the disponible pump s, the modal pumping levels s1, s2, and the occupancy 
numbers n1, n2 as the leading variables, and following procedure outlined in [4],  we get the  
representation of (2) and (3) shown in Fig. 1. The diagram contains two paths connecting 
input vertex s with the output n1, namely path1(sn1) ≡ ss1n1 and path2(sn1) ≡ ss2n2s1n1.  It also 
includes three closed paths – feedback loops, namely loop1 ≡ n1s1n1, loop2 ≡ n2s2n2, and loop3 
= n1s2n2s1n1.  Transmission function of the whole diagram between vertices s and n1 is given 
by (4) and forms the right-hand side of the differential equation of the input-output 
characteristic, n1 versus s: 

 
Fig. 1.  Diagram depicting the causal relationships implicit in (2) 
and (3).  It corresponds to situation in which an input δs is 
injected at the input port s; the signal propagates along the 
properly oriented paths and produces an increment δn1 observable 
at the output port n1.  

 
 
  
 
 
 
3.  Numerical results and discussion 
     Equation (4) was evaluated using Runge-Kutta routine. The parameter values are inset in 
the figures; room temperature was assumed. Figures 2 and 3 show dependences of occupancy 
numbers and of the feedback loop terms in the denominator of (4) on the pumping level s for 
various values of the “saturation parameters” a1 and a2.  In Fig. 2 the well-known 
phenomenon of selective channelling of energy flow can  

be observed: at sufficient pumping level s, the 
lowest- 
order (i = 1) mode is preferentially driven.  One 
can see that introduction of the modal pumping 
levels (3) shifts the onset of  selective channeling 
to higher disponible pumping levels  while making 
it, at the same time, more abrupt. 
 
Fig. 2.  Dependence of the modal occupancy 
numbers on available pumping level for selected 
values of parameters a1 and a2. 
 

 This comportment is to be correlated  with the s-dependences of the feedback loop 
terms in Fig. 3. One can see that the difference between the case of direct  

access to pumping source (a1 = a2 = 0) and that of 
modulated pump (3) is significant in the middle 
portion of the s scale, i.e. near the onset of the 
selective channeling.  This is due to the bell-
shaped form of the thransmission functions 
t(loop1) and t(loop2) centered in this region (not 
shown here) whereas t(loop3) rolls off 
monotonically (curve labelled a1 = a2 = 0).  One 
can see that influence of   
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Fig. 3.  Dependence of  the feedback loop term in the denominator of  (4) on available 
pumping level for selected values of parameters a1 and a2. 
 
the two loops contributed by the concept of  modulated pumping levels can, in the “onset” 
region of s values, become dominant.  
     As suggested by topology of the feedback loops in Fig. 1, the feedback mechanisms are by 
their very nature composite phenomena, each of them created by synergy of several simpler 
processes.  Together, the three feedback mechanisms control, in accord with  (4), the overall 
properties of the Fröhlich systems. 
 
4.  Conclusions 
     Substitution of the assumption of equal pumping of individual modes in the assembly of 
intracellular collective oscillators by the more general notion of occupancy-dependent energy 
intake leads to the appearance of two additional feedback loops in the diagrammatic 
representaton. These can modify in a profound way the characteristics of the system. In 
particular, the onset of the selective channeling  is shifted to higher disponible pumping  rates 
and becomes steeper.  This could have serious  repercussions in biological processes 
describable by Fröhlich model. 
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     Coherence has been suggested by Herbert Fröhlich to be an essential feature of the 
dynamics of living matter. Coherence as a property of living systems has since then been the 
object of a large debate, especially devoted to the identification of the physical observables 
that can keep trace of coherence appearance and evolution. 
     In this presentation we show that a real system made of an ensemble of yeast cells can be a 
good prototype for the discussion of the concept of coherence, for the classification of the 
concept of ordered states, and for probing the potentialities of coherence for the description 
and prediction of the behaviour of interacting systems. Some guiding ideas can be found also 
in the presentation of Del Giudice. The main points of the presentation are: 
1. Experiments show that yeast cells among others exhibit under proper conditions a 

typically quantum electrodynamical behaviour that relates currents, voltages and 
(absorbed and emitted) electromagnetic field according to a scheme typical of 
Josephson ac effects. The presence of differently ordered domains in space give the 
ruling parameters of the dynamics.  

2. A metabolism monitoring technique has been settled to identify metabolically 
sustained time dependent processes in cell suspensions. This time evolution can be 
traced back to the role of initial conditions (preparation procedures), internal 
parameters for the cell systems (cell density, nutrient concentration, temperature) and 
external ones, such as exposures to chemical or physical agents (xenobiotics). 

3. CO2  concentration variations inside sealed test-tubes containing cell suspensions are 
measured by differential pressure sensors; pressure variations are converted in 
voltage. 

4. Focusing our attention onto S. cerevisiae, in the form of a cell suspension in a 
minimal medium (deionized water and glucose), it can be observed that different 
regimes appear in this curve for a time lapse of 120 h: an initial growth up to a 
maximum, followed by a decrement that leads to a typical “depression” (pressure 
value inside the test-tubes is lower than the initial one) after about 35 h from the 
beginning in the selected experimental set up. The curve is reproducible within an 
experimental error of 4%. 

5. Systematic investigations show that on the average the following function y=y(t) 
faithfully describe the process: 

      y(t) = -[at3+bt]/[t4+c] ;    a>0, b<0, c>0 a,b,c: parameters of the experiment 
      y(t): sample averaged pressure increase over the control value; t: experiment absolute  
      time 
6. The batch culture can be seen as a whole system, built up of a collection of identical 

subsystems, open as far as energy is concerned and closed as far as matter is 
concerned. 

7. The number of subsystem is constant since the minimal medium does not allow any 
cell division process and cell vitality remains constant along the whole experiment. 
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8.  Actually the system can receive or release energy under the form of thermal energy 
since it is coupled to the thermal bath. On the other way no chemicals can be 
exchanged with the exterior. We have to take into account the fact that the system is 
not in its lowest energy state since the presence of glucose provides the presence of a 
certain amount of energy in the initial state. In the typical dissipative structure 
language, the glucose is the energy supply “or pump” that is delivered to the cell 
ensemble in a time-dependent self-driven way. 

9. The different cells start their glucose driven activity in a synchronous way as can be 
expected from the triggering role of hydration of the liophilized cells. 

10. Each cell can be characterized by a wave function with the symmetry of a boson 
state. The whole set of cells is therefore like a set of independent oscillators that are 
coupled by their synchronous feeding on the common minimal medium. 

11. The coupling is dictated by an order parameter that is dependent on cell 
concentration, sugar molecule concentration, initial synchronization and geometry 
factors. 

12. The simplest and most powerful description of this system is therefore a boson 
condensate, whose states are the eigenstates of a macroscopic oscillator. At the 
equilibrium the ground state will be a coherent state that has the shape of a gaussian 
function. 

13. Being in the presence of an external energy supply (the glucose dissolved in the 
suspension) we then can figure out that the system will not be in a ground state but in 
the first excited state of the macroscopic oscillator. 

14. Finally there will be a damping factor during time evolution of the state that is 
dictated by the metabolically generated thermal energy dissipated toward the external 
thermal bath with the role of temperature controller. 
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Introductory remarks  
     Microtubules (MTs) are ubiquitous proteinaceous complexes found in eukaryotic cells. MTs are 
involved in diverse cell physiological processes such as segregation of genetic material, intracellular 
transport, or maintenance of cell shape; the irreversible elimination or functional inactivation of MTs 
causes cell death.  
     MTs are hollow cylinders with an outer diameter of about 25 nm, they are constituted of 
protofilaments (in mammalian cells typically 13) which are formed by longitudinal association of the 
heterodimeric bi-globular αβ-tubulin of about 8 nm length. MT lengths vary from a few to some tens 
of micrometers. 
     Because of the strict alternation of α- and β-tubulin, one end of the protofilament resp. of the MT is 
terminated by an α-subunit and the opposite one by a β-subunit providing a certain kind of polarity.  
     Due to the constituting amino acids and depending on the environmental buffer conditions, the 
tubulin is electrically charged whereby the charges are asymmetrically distributed forming electric 
dipoles that superimpose in tubulin assemblies.  
     To understand the complex behaviour of MTs in electric fields not only the tubulin sequence and 
protein folding but also some other components have to be considered to contribute to the dipole 
moment formation in and around a microtubule: 
• the dipole moment obtained as a result of net charge neutralization by counter charges in 

neighbouring monomers. 
• the induced dipole moment arising from the motion of mobile electrons (or protons) between 

equivalent locations inside the tubulin, against the opposite charge background. Assuming 1 to 2 
mobile elementary charges per subunit multiplied by a charge distance of 4 nm (in relation to the 
diameter of the α- and β-tubulin monomers), an induced dipole moment per dimer of p ~ 200 to 
400 Debye has been estimated.  

• the dipole moment of the highly negatively charged C-terminal tail of the α- and β-tubulin 
subunits sticking flexibly out of MT surface. 

     Applied external electric fields may interact with microtubules in relation to the dipole status, the 
general surface charge, the surrounding buffer conditions, especially ionic strength, pH values, and the 
mode of the electric field. The chemical polarization of the buffer constituents by electric fields 
reduces the effective forces exerted on MTs. Special field and electrode configurations allow MT field 
interactions resulting in MT transport and alignment. 
 
MT movement in constant electric fields 
     Electric fields (field strength:  5 - 20 V/m; electrodes inside the sample) applied to suspended MTs 
at a physiological pH (about 6.8) move MTs to the positive electrode indicating a negative effective 
charge. An electrophoretic mobility (B = v / E ; v: velocity; E: electric field strength) of about 2.6 x 
10-4 cm2/Vs was determined. The net charge of the tubulin dimer within microtubules has been 
estimated to 0.19 elementary charges per dimer on average. It is striking that this value is at least about 
50 times lower than that calculated for the tubulin dimer on the basis of the crystallographic data 
(Nogales et al., 1998). MTs maintained within a cell at nearly neutral pH and especially the C-terminal 
regions are known to be surrounded by numerous monovalent cations tending to neutralize the charges 
(Wolff et al., 1996). Measurements at increasing ionic strengths from 3 mM to 120 mM reduce the 
electrophoretic mobility corroborating this hypothesis. 
     Decrease of the buffer pH from 6.8 to 4.2 drops the electrophoretic mobility of (taxol-stabilized) 
MTs to zero indicating a net charge neutralization of the MT (reflecting the isoelectric point) by the 
protons, i.e. the isoelectric point of MTs is remarkably lower than that of the tubulin α- and β-
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monomers found at pH 5.45 - 5.65 and pH 5.30 - 5.45, respectively (Detrich and Overton, 1986; 
Linhartová et al., 1993). The tubulin assembly obviously results into both conformational changes 
with a modified charge distribution and shielding of proton-binding amino acids of tubulin predicting 
higher proton concentrations for net charge neutralization of the tubulin monomers. 
Visual observation of the moving MTs did not show any tendency to a preferential orientation of the 
MT axis to the field or any other direction, also not at the highest field strength used (about 20 V/cm). 
The potential energy of a 5-µm long MT dipole in an electric field of E = 10 V/cm was calculated by 
Wdipole = E pMT (W: potential energy, E: electric field strength, pMT: dipole moment) to be Wdipole = 8.3 
x 10-21 Ws (dipole moment vertical to field direction). The energy of the dipole-field interaction is 
only by a factor of about 2 higher than the thermal energy at room temperature, which is obviously not 
sufficient for a detectable alignment in electric fields of moderate strength as our experimental results 
showed. 
 
Orientation of actively driven MTs in constant electric fields 
     MTs are used inside cells as rails for transporting organelles. The energy is provided from ATP 
hydrolysis by so-called motor proteins, e.g., kinesin. Kinesin is also active under cell-free conditions 
and is used to drive MTs on technical surfaces. The video-enhanced DIC-microscopy allows a direct 
MT visualization. Constant electric fields were applied to MTs driven by kinesin immobilized to glass 
surfaces. The majority of gliding microtubules also migrated preferentially to the positive electrode. 
Switching field direction turns direction of movement within 5 min. At adequate microtubule length 
and kinesin density, the leading ends of gliding MTs are forced to turn into direction of the anode. 
This field-caused mechanism seems to be suited to regulate the gliding direction. Based on our 
measurements performed on suspended microtubules, an electric force of 0.2 pN was calculated for a 
5-µm long microtubule at 10 V/cm. The force exerted by only one kinesin molecule is about 4 - 8 pN 
(e.g., Hunt et al., 1994), i.e. 20-40 times greater than the value exerted by the electric field. While the 
electric field acts constantly (DC) on the microtubule, motor proteins provide bursts of activity only 
over 1-5% of the time of the mechanochemical cycle (Vale and Milligan, 2000), the motor molecules 
provide roughly the same time-averaged force as the electric field effect on the microtubule. 
In the case of gliding microtubules thermal effects do not play a significant role because they are 
bound to the substrate by kinesin molecules. But, for the orientation efficiency of MTs gliding across a 
kinesin-coated glass surface in constant electric fields, the influence of the electroosmotic flow (that is 
strongest near the glass surface where the MTs move) counteracting the field effect has to be 
considered. Electroosmotic flow is regarded to be a main cause why the orientation of the 
microtubules in the field is not complete. 
 
MT alignment in high-frequent strong alternating fields  
     As clearly demonstrated, strong high-frequent alternating fields are able to align suspended 
MTs (length ~ 5 µm, pH 6.8) within some few seconds parallel to the field. The field strength 
(rms value) found to be sufficient was 140 kV/m (the maximum field strength applied was 
210 kV/m) at a frequency of 200 kHz at the chemical conditions used. Increasing frequency to 
2 MHz allows alignment at somewhat lower field strengths. 
     In regions of inhomogeneous fields, the parallel alignment is superimposed by a movement 
of MT in field direction. Such a movement in inhomogeneous fields is generally known as 
dielectrophoresis. 
     The effect of MT orientation in strong high frequency fields can be understood as a interaction of 
the induced electric dipoles with the high frequent alternating field due to the different dielectric 
constants of MTs and surrounding molecules.  
 
Summary  
     We demonstrated that suspended and kinesin-driven MT are transported and oriented, respectively, 
by constant electric fields to the positive electrode. The space orientation of the MTs in relation to the 
fields is random for the suspended MTs and preferred parallel to the field for the kinesin-bound MTs. 
In homogeneous high frequency alternating fields microtubules become stationary and are aligned 
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parallel to the field. These phenomena are explained in terms of MT surface charges and dipoles 
properties. 
     This work has been supported by the Deutsche Forschungsgemeinschaft grant Un82/5-1. Research 
support for the Canadian group was generously provided by NSERC, MITACS and a Consciousness 
Studies grant administered by the University of Arizona. 
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     A recently developed model of nonlinear dynamics for microtubules is further expanded 
based on the biophysical arguments involving the secondary structure of the constitutive 
protein tubulin and on the ferroelectric properties of microtubules. It is demonstrated that kink 
excitations arise due to GDP hydrolysis that causes a dynamical transition in the structure of 
tubulin.The presence of an intrinsic electric field associated with the structure of a 
microtubule leads to unidirectional propagation of the kink excitation along the microtubule 
axis. This mechanism offers an explanation of the dynamical instability phenomenon in terms 
of the electric field effects. Moreover,a possible elucidation of the unidirectional transport of 
cargo via motor proteins such as kinesin and dynein is proposed within the model developed 
in this paper. Within the framework of our model proposed in this paper,microtubules are not 
only passive tracks for active transport in the cell but also signal relays for electrical, 
mechanical, and chemical stimuli that may be transduced over distances compared to the cell 
size. 
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     Sequential spatial patterns of neural activity with high information content are found in 
sensory cortices of trained animals between onsets of conditioned stimuli and conditioned 
responses. They resemble cinematographic frames. The large size, rapid formation, variety of 
detail, and perceptual remoteness from sensory input of normal frames could not be explained 
within the context of classical physics. A model for dealing with such neuroactivity is 
provided by field theory from condensed matter physics [1]. 
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     The idea that brain processes depend on switching between the on- and off- states is an old 
one. The units in which this switching is performed are neurons. In them, at the synaptic 
junctions begin reversals of electric polarity of neural membranes and its propagation along 
them. The electrical activity of brain is considered to be a sum total of multitude processes 
stemming from the activities involving changes in ionic and membranes in individual and 
group of neurons, as well as in the glial cells. When physical plasma (seen as  a transient 
collectivized state of aggregation of charged particles) that begins and ceases  to exist in some 
micro-spaces of the brain is taken into account, a broader picture of  the dynamics of that 
organ emerges. In it, ionic activity still plays essential, yet a secondary role. Primary role is 
played by coupling between elementary plasma-spaces, the characteristics of which (as: the 
size, frequencies, anisotropy, duration of existence) are tied to physiological, emotional and 
mental activities of the brain.  
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     We study the nonlinear mechanism of energy supply in alpha-helical proteins with three 
polypeptide spines, taking into account the helicity of proteins in the presence of electron-
phonon interaction which results in the self-trapping of excitations in a localized soliton-like 
state [1]. We elucidate the important role of the helical symmetry of a macromolecule for the 
formation, stability and dynamical properties of Davydov's solitons. It is shown that the 
soliton with the lowest energy has an inner structure with the many-hump envelope. The total 
probability of the excitation in the helix is characterized by interspine oscillations with the 
frequency of oscillations, proportional to the soliton velocity. The radiative life-time of a 
soliton is calculated and shown to exceed the life-time of an excitation on an isolated peptide 
group by several orders of magnitude.  
 
     The energetical spectrum of quasiparticles in an alpha-helical macromolecule, stabilized 
by three polypeptide chains of hydrogen bonds, is shown to contain three energy bands. The 
upper band is nondegenerate and has the minimum in the centre of the Brillouin zone. The 
lower band in the energy spectrum is degenerate into two bands which have minima at 
nonzero values of wave-vectors, symmetrically shifted with respect to the centre of the 

Brillouin zone, by the values 
aLJ

Lk
)18(

33
0 +

±=± . Here J and L are, respectively, intra- and 

inter-chain exchange energies, a is hydrogen bond length.  
 
     We show that the corresponding system of nonlinear equations admits several types of 
stationary soliton solutions: one-band solitons which are energetically split from the 
corresponding energy bands, and hybrid soliton which is formed by the hybridization of 
quasiparticle states from the two lowest degenerate energy bands. The hybrid soliton breaks 
spontaneously the local translational and helical symmetries. It possesses the lowest energy as 
compared with other type solitons, and has an inner structure which can be described as a 
modulated multi-hump amplitude, Pj(n), distributed on individual spines, shown in Fig.1. 
 

 
 
Fig.1. Probability distributions of a hybrid soliton, Pj(n), in the three individual spines of 
alpha-helix, j=1,2,3 (three lower curves). Upper curve corresponds to the total probability, 
Ptot(n)= P1(n)+ P2(n)+ P3(n). 
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     The total probability of the excitation on the j-th spine is given by the expression 
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χκ is the localisation parameter of a hybrid soliton, χ  is the electron-

phonon coupling, w is the elasticity coefficient, proportional to the elasticity of a hydrogen 
bond. We see from [1] that the probability of the excitation on a given spine is an oscillatory 

function of time with the period of oscillations, determined by the soliton velocity: 
Vk

Th
0

π
= . 

For instance, for the soliton velocity equal to 3/8 of the sound velocity [2] for an AMID-I 
excitation in alpha-helix (J=1.55 10-22  Jole, L=2.46 10-22  Jole, k0a=0.422), we obtain the 
value Th=2 10-12 s. Altogether, these results explain a soliton structure,  interspine oscillations 
and their frequency, previously observed numerically by A.C. Scott [2]. These helical 
oscillations get mixed up with the oscillations that arise from the influence of the lattice 
discretness on the soliton dynamics which leads to the appearance of the Peierls-Nabarro 
potential. The period of these longitudinal oscillations is also determined by the soliton 

velocity [3]: 
V
aTl = , which is one order of magnitude smaller than Th.  

     In the processes of charge transport such a soliton is formed by a self-trapped electron, 
and, therefore, has a charge. The oscillating propagation of the electrosoliton is accompanied 
by electromagnetic radiation [4]. This radiation constitutes the endogenous electromagnetic 
field with characteristic resonant frequencies. The superposition of the longitudinal and 
helical oscillations of the electrosoliton results in a more complex spectral structure of this 
field with components of various polarization properties and radiation patterns. Namely, the 
longitudinal oscillations due to the Peierls-Nabarro periodical relief in a discrete chain cause 
the plane polarized radiation which can be described as the radiation of some effective 
dipoles, oriented along the helix axes [4]. Meanwhile, the component of radiation due to the 
helical oscillations caused by the helical structure of a peptide, has circular polarization.  
     The other type three solitons are formed by single-band electron states. They preserve 
helical symmetry and break the translational symmetry. Such solitons posses higher energy 
than the hybrid soliton described above, and are dynamically unstable: once formed, they 
decay rapidly when they propagate, transforming into a hybrid soliton with the lowest energy. 
     A central problem of bio-energetics is the question about the life-time of excitations in 
proteins. Note, one of the main mechanisms of relaxation in proteins is related to the dipole-
active excitation radiation. To study this, we calculate the probability of photon emission due 
to transition of a protein from an excited hybrid soliton state into the ground one. The 
radiative life-time of a hybrid soliton, hτ , related to the transition is given by the expression. 
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     Here 0τ  is a lifetime of an isolated excitation of a peptide group, ϑ  is an angle between 
the orientation of the dipole momentum of an excitation and helix axis. For the parameters of 
an AMID-I excitation in alpha-helix we have aκ =0.176, o30=ϑ , which gives 

9
0 108.5/ ⋅=ττ h . The radiation lifetime of a hybrid soliton in a helical structure is much 
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bigger than the lifetime of an AMID-I soliton, sτ , in a three-spine model with zero helicity [5] 
(in this case 00 =k ): 3102/ ⋅=sh ττ .  
     Therefore, the helicity of a protein significantly increases the radiative life-time of AMID 
excitations in proteins. This conclusion agrees with recent experiments of Austin et al. [6], 
which show that the life-time of an excitation in myoglobin, that is essentially alpha-helical 
protein, is much bigger than in isolated aminoacid such as L-alanine. According to [6], such 
an excitation in myoglobin has necessarily the nonlinear nature. In our opinion, this nonlinear 
nature can originate from the electron-phonon interaction and anharmonicity of proteins, 
leading to the self-trapping of excitations and electrons in soliton-like states, which have 
significantly bigger life-time. Moreover, such solitons generate complex endogenous 
electromagnetic radiation of characteristic frequencies leading to synchronization of charge 
transport processes, which, in its turn, provides the coherence of the guiding electromagnetic 
field and self-regulation of metabolism [4]. 
 
References 
[1] L.S. Brizhik, A.A. Eremko, B. Piette, W.J. Zakrzewski: Phys. Rev. E 70 (2004) 031914.  
[2] A.C. Scott: Phys.Rev. A 26 (1982) 578. 
[3] L. Brizhik, L. Cruzeiro-Hansson, A. Eremko, Yu. Olkhovska: Phys. Rev. B 61 (2000) 

1129. 
[4] L.S. Brizhik, A.A. Eremko: Electromagnetic Biology and Medicine 22 (2003) 31. 
[5] A.S. Davydov, A.A. Eremko, A.I. Sergienko: Ukr. J. Phys. 23 (1978) 983. 
[6] A. Xie, L. van der Meer, W. Hoff, R.H. Austin: Phys. Rev. Lett. 84 (2000) 5435. 



 32

STOCHASTIC DYNAMICS OF MAGNETIC NANOPARTICLES IN BIOLOGICAL 
CELLS 

 
V.N. Binhi, D.S. Chernavskii* 

A.M. Prokhorov General Physics Institute RAS. 38 Vavilova St., Moscow 119991, Russian 
Federation, 1@biomag.info 

*P.N. Lebedev Physics Institute RAS. 53 Leninsky Av., Moscow 119991, Russian Federation 
 

     There are many hypothetical mechanisms suggested to explain the biological effects of 
weak low-frequency magnetic fields. A brief review of the mechanisms may be found in [1] 
and the detailed discussion in [2]. At the same time, the physical nature of these effects 
remains unclear. The basic problem is that the interaction energy of biologically active 
molecules and the MF at the geomagnetic level is very small. It is much smaller than the 
energy of thermal fluctuations kT ~ 4×10-14 erg at physiological temperatures.  
     However, many organisms are well known to contain submicron magnetic particles. The 
energy of their turn in a weak magnetic field H is substantially greater than kT. For single-
domain magnetite particles of radius r = 100 nm in the geomagnetic field the energy μH 
equals approximately 24 kT.  
     The cytoplasm near cell membranes features such visco-elastic properties that the turning 
of a microparticle may serve as a stimulus to cell division or ignite a nerve impulse. Magnetite 
particles found in the brain tissues of animals and humans are of particular interest; they are 
found to have a biogenic origin, i.e. they appear over time as a direct result of the 
crystallization in brain matter. Biogenic magnetite particles are often called ‘magnetosomes’; 
they were first discovered in bacteria that displayed magnetotaxis [3]. Magnetosomes were 
used repeatedly to explain biological effects of weak magnetic fields and in particular the 
avian magnetic navigation [4]. 
     The density of magnetosomes in the human brain is more than 5×106, and in meninges 
more than 108 crystals per gram [5].  
     The energy of the magnetosome in the geomagnetic field is about 24 kT; when exposed to 
an additional variable magnetic field h, its regular changes are about (h/Hgeo)24kT. If these 
changes exceed thermal fluctuations kT/2, they can cause a biological response. This sets a 
natural constraint on the MF magnitude capable of affecting a biophysical or biochemical 
system appreciably: h > 1–2 μT. However, in the special case of magnetosomes bound to a 
visco-elastic medium so that they move within a double-well potential, the thermal 
fluctuations work to facilitate rather than impede the capability of a weak magnetic stimulus 
to cause a response. Then the limit value of h might be less. 
     We consider the dynamics of a magnetic nanoparticle embedded in the cytoskeleton. This 
fixes the position of the magnetosome and constrains its rotation to some extent. The 
stationary orientation of the magnetosome generally does not follow the constant MF 
direction. The balance of the elastic and ‘magnetic’ torques determines the orientation now.  
     The idea is to study the dynamics of a magnetosome predominantly oriented in a direction 
opposite to that of a constant MF. The potential energy of a magnetosome for not too large 
turns has two potential wells. Within each of the wells, the motion of the magnetosome 
demonstrates no peculiarities. This sort of motion has been repeatedly considered in literature. 
At the same time, due to thermal disturbances, the transitions appear from well to well even 
with no ac MF signal. Given that, the stochastic turns of the particle take place with 
considerable angular displacements. A deterministic external force, the ac MF in our case, 
causes such transitions to be somewhat ordered, the maximum order attained just at the 
optimal level of the noise. It is essentially the phenomenon of the so-called stochastic 
resonance first introduced in [6] to explain some geophysical processes.  
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     So far, the probable manifestation of the SR in the dynamics of magnetosomes has not 
been investigated. Several SR theories are known; we use the results of [7], where the general 
expression has been derived for the power spectrum of oscillations of a bistable system 
agitated by regular and random signals. The signal-to-noise ratio is determined as the ratio of 
the spectrum amplitude at the frequency of the regular signal, to the level of noise at the same 
frequency.  
     This function attains its maximum at the optimal level of noise. This means there is an 
interval in the value of noise, where the signal-to-noise ratio unexpectedly increases along 
with increasing noise power — it is this that is the signature of SR.  
     We calculated the signal-to-noise ratio function at various ac MF amplitudes and values of 
the noise parameter, which depends on the size of the magnetosome. A marked interval of the 
elasticity parameter of the bond magnetosome–cytoskeleton appeared to exist, wherein the 
signal-to-noise ratio is close to unity. The 100-nm magnetosome fixed in the cytoskeleton 
with plausible elasticity in the 13-μT ac MF and 46-μT geomagnetic field regularly turns at 
angles of the same order as the chaotic rotations. It is particularly evident for 50-nm particles: 
almost all of them are in the SR conditions. 200-nm particles make regular turns at relatively 
small MFs about 4.6 μT. Although in each of these cases there is no gain in the magnitude of 
the effective ac MF as compared to the case of a single-well motion, it is important that the 
rotation excursion is an order higher, about π/2. With such excursions it is easier to account 
for the influence of the magnetosome’s rotations on biochemical processes.  
     Since the parameter of the elasticity depends on the constant MF, the ‘resonance’ will 
show itself also as a ‘window’ in constant MF values when the effect is possible. When the 
MF decreases, the potential function transforms into a single-well one and large rotational 
excursions are no longer possible. When the MF increases, the potential barrier grows and the 
magnetosome finally remains within one of the two wells. This case also rules out stochastic 
resonance manifestations. 
     Apparently, for a portion of magnetosomes, large angular chaotic turns take place in the 
absence of an ac MF also. If some biochemical reaction depends on these turns, it is evident 
that it must be sensitive to the condition of a ‘magnetic vacuum’ h << H << Hgeo. 
Furthermore, the reaction must be sensitive to small variations of the constant MF, since the 
probability of transition W from well to well exponentially depends on the barrier height. 
What is of interest is the relative value of the changes in this probability at small variations of 
the constant MF, i.e., the quantity  

 

)/d(
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geoHH
W
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     The sensitivity S computed at several likely values of the elasticity of the bond between a 
mean magnetosome and cytoskeleton is equal to 10–20. This means a 1% MF change causes 
10–20% changes in the transition probability. Thus, the limit of detectable values of the 
constant MF variations is found to be 200 nT, the level of geomagnetic fluctuations. Taking 
into account that the MF produced by a magnetosome may attain dozens mT and the changes 
in its mean level induced by those weak variations are the same 10–20%, we arrive to a 
‘magnetic stochastic biological amplification’ of order of 104 functioning due to thermal 
disturbances. 
     The rate of the transitions and the probability of magnetosomes to be in the different states 
depend as well on the magnetic field direction with respect to an averaged magnetosome’s 
orientation. This effect explains the ability of migrant birds to orient themselves faultlessly in 
long-term passages in the absence of the direct visibility of optical reference points. The 
sensitivity to deviation from an ‘ideal’ orientation is estimated to be 1–2 degrees.  
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     Organization of living matter depends on energy supply from metabolic sources but 
mechanism of transformation of chemical energy into useful work is still not elucidated. 
Frauenfelder et al. [1] claim that physical mechanisms of organization are of  electromagnetic 
nature. This statement is supported by the fact that the majority of biological molecules and 
structures (in particular proteins) are electrical dipoles and/or multipoles. Intensity of the 
electromagnetic field can exert forces on charges, dipoles, and on neutral particles through 
dielectrophoretic effects. The electric field may be static, quasi-static, and oscillating whose 
amplitude may be large if vibrations generating the field are exited. Froehlich put forward a 
hypothesis of coherent vibrations and formation of a state far from thermodynamic equi-
librium. Coherent vibrations of the  plasma membrane of yeast cells  were measured recently 
[2]. 
     Cytoskeleton has importanf function in forming the structure and in organization of 
eukaryotic cells. The fundamental structure of the cytoskeleton is formed by microtubules 
composed of tubulin heterodimers. Microtubules are continuously depolymerized and 
polymerized by the mechanism of dynamic instability (in the interphase) and of treadmilling 
(in the M phase). Energy is supplied to microtubules by hydrolysis of GTP (guanosine 
triphosphate) to GDP (guanosine diphosphate) in the heterodimers after polymerization. 
Power supply is about 10-14Wcm-1 in the interphase and more than one order greater in the M 
phase. Large deformability, formation of ionic charge layer, and proteins attached to the 
microtubule surface  are important for formation of  slip boundary conditions for diminishing 
damping by viscosity effects. Microtubules satisfy conditions for excitation of vibrations, 
energy condensation, and generation of the electromagnetic field [3]. 
     Mass and charge transport conditions biological activity. Electron can be carried by small 
diffusible molecule or transferred along the molecular chain. The biological molecules may 
have quasiperiodic or correlated potential profiles and electron behavior may be similar to that 
of conductivity electrons in semiconductors but with deformed conductivity band. Random 
transport driven by the thermal motion is isotropic if conditions for symmetry breaking are 
not satisfied. Directed transport may be pointed to certain target  region and can contribute to 
the organization of chemical reactions. Transport along the microtubules is strictly directed to 
a region over a cell size distance but its rate is not hight. Transport mediated by 
electromagnetic fields might be important over smaller distances but its rate might by high. 
Random motion of the Brownian type may be described by the Wiener-Lévy process. The 
Wiener-Lévy process may also describe directed transport if the random walk steps are 
dependent on direction (symmetry breaking) or if a force acting in certain direction is 
included [4,5]. We used the Wiener-Lévy process with inclusion of a deterministic force for 
analysis of one, two, and three dimensional models of directed motion.  
     We evaluated probability density f(x;t) and probability P for transport of spherical particles 
(molecules) driven by the thermal motion and by deterministic force. Fig. 1 shows probability 
density f(x;t) of finding a particle with radius r at a distance x [5]. Time t is a parameter. f(x;t) 
is spreading with increasing time. The dotted line (with short segments of vertical lines) 
denotes a path with length of 15nm. No deterministic force is assumed (F = 0). Effect of 
deterministic force is shown in Fig. 2  (F = 1pN)  [5]. The deterministic force is directed from 
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the point 0 to the point 15nm and the probability density curve is shifted in the direction of 
action of the force. The target is assumed to be positioned at the point 15nm  and the curve 
f(x;t) moves to the target point. The integral of the part of the probability density curve behind 
the full line at 15nm denotes the probability that the particle reaches the target. Fig. 3 shows 
probability (P as a function of time t) that the particle can reach the target [5]. d denotes the 
length of the path. The dashed and the full curves denote motion driven by thermally and 
motion driven by deterministic forces and thermally, respectively The probability of a particle 
driven by a deterministic force to reach the target is greater than that for no deterministic 
force when the particle is driven only by random thermal motion. Fig. 4 shows probability P 
as function of time t that electron will reach the target region at a distance d [5]. The distance 
d is a parameter. Intensity of the electrical field is 107V/m. Electron may be shifted over a 
distance about 20nm by the electrical field within the time interval less than 10ps with 
probability near to 1. One dimensional models were used. 
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     Electrical polar structures inside the cell with energy supply (such as microtubules) can get 
excited and generate endogenous electric field. Endogenous electric field can have dominant 
effect on directed transport of molecules and electrons. 
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     By means of Infrared Spectroscopy (FLIR Systems, Therma CAMTM, PM 290) there has 
been shown evidence of light channels in the body (Schlebusch et.al. 2004, 2005). These 
channels are following just the lines which are known from tradiational Chinese medicine as 
the “meridians”. They appear in the range from 3.4 to 4 micrometer and can be evoked by 
moxibustion which provides in addition to longer wavelenghts excitation of electronic states 
in this wavelength-range from about 3 to 5 micrometer. Similar observations on plants 
(Mandoli and Briggs, 1982) and also on  the human body (Hu et.al. 1996) have been reported 
already since many years. Clear non-local biophoton emission of the human body which has 
been found by S.Cohen in 2002 (publication in preparation) is a further striking example of 
light channels in the living tissues. 
     We used the rather general differential equations of R.N.Thomas (1961), in order to find a 
possible explanation of this phenomenon which could be described in terms of soliton-like 
functions of the type 
 
I(s) = I(0)exp(-ßs2), 
 
where ß is a positive constant parameter and s the vertical distance from the pipe 
(“meridian”).  
 
     It turns out that without moxibustion under rather special conditions the same meridians 
can be observed, but now not warmer but colder than their surroundings, following the 
solution 
 
I(s) = I(0)(1-exp(-ßs2)) 
 
     The analysis shows that the formation of thesechannels has to be traced back to excitations 
of electronic, vibrational, rotational and/or even translational states at the threshold between 
chaotic and  coherent regimes. By transition from the one to the other, the properties of the 
biological matter may change dramatically, where a strong change of entropy results from 
rather small energy contributions. The physical basis can be truthfully described in terms of a 
permanent balance of photon trapping (“sucking”) and “emitting” regions due  to 
“destructive” and “constructive” interference in corresponding cavities and waveguides. The 
mechanism is principally independent on the wavelength. It can be expressed in terms of a 
Hamiltonian that describes the formation and conservation of coherent states, and it may 
govern the biological system in all spectral parts down to the ULF-range. The interpretation 
confirms a rather general mechanism of the interaction of elmf´s and living tissues (Popp and 
Chang, 2000). 
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     My group has been involved in computational cell biophysics research over the past 
decade or so. In this talk I'll give an overview of our quantitative understanding of the key 
cellular protein, tubulin, and its cylindrical polymers called microtubules. Since 1998 when 
the Berkeley group of Ken Downing was able to crystallize tubulin, our focus shifted to the 
application of molecular and Brownian dynamics of tubulin in the quest to understand the 
relationship between atomic resolution structure and biological function. We have now 
concentrated our efforts entirely on one key issue, i.e. a rational drug design targeting tubulin 
with molecules that would interfere with the formation of mitotic spindles during cell 
division. In collaboration with biochemists and oncologists from the University of  Texas our 
group is using computational methods applied to rational drug design of anti-mitotic 
compounds with specific preferences for tubulin isotypes. I'll describe our results in the early 
stages of this exciting research project. New promising compounds will be presented that 
represent a class of taxane derivatives with better targeting and binding properties. In 
addition, our better understanding of mechanical properties of microtubules has led to the 
design of new treatment modalities based on the use of ultrasound, laser action and magnetic 
fields. 
 
Acknowledgments 
 This research has been supported by grants from NSERC, MITACS, PIMS, US Department 
of Defense and Technology Innovations LLC. 
 
 

TRANSITIONS IN MICROTUBULE C-TERMINI CONFORMATIONS  
AS A POSSIBLE DENDRITIC SIGNALING PHENOMENON 

 
Avner Priel 

Department of Physics, University of  Alberta,  
Edmonton, Alberta, T6G 2J1, Canada, e-mail: apriel@phys.ualberta.ca 

 
     In this talk I'll describe a dynamical model of the states of the C-termini of tubulin dimers 
that comprise neuronal microtubules. We use molecular dynamics and other computational 
tools to explore the time-dependent behavior of conformational states of a C-terminus of  
tubulin within a microtubule and assume that each C-terminus interacts via screened Coulomb 
forces with the surface of a tubulin dimer, with neighboring C-termini and also with any 
adjacent microtubule-associated protein 2 (MAP2).  
     We find that the preferential orientation of each C-terminus is away from the tubulin 
surface but binding to the surface may also take place, albeit at a lower probability.  
     The results of our model suggest that perturbations generated by the C-termini interactions 
with counter-ions surrounding a MAP2 may propagate over distances greater than those 
between adjacent microtubules. Thus, the MAP2 structure is able to act as a kind of 
"biological wire" transmitting local electrostatic perturbations resulting in ionic concentration 
gradients from one microtubule to another. Implications the current dynamic modeling may 
have on synaptic activation and potentiation will be discussed briefly. 
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     In the last few years the small-polaron model has been widely exploited as a theoretical 
framework for the understanding of various phenomena in a wide class of very important 
substances such as high-temperature superconductors, colossal magnetorestricitve 
manganites, highly conducting polymers and molecular chains like acetanilide (ACN) and 
biological macromolecules, &-helix and DNA, for example. In most of the theoretical studies 
on the polaron problem, the main attention is focused on the study of the electric properties of 
these materials while the possible changes of the vibrational spectra due to polaron-phonon 
interaction have been the subject of just a few studies. 
     The influence of the small-polaron effect on the vibrational properties as investigated in 
[1]. It was found that polaron-phonon interaction may cause a noticeable renormalization of 
the phonon spectra. We also found that the rise of the small-polaron effective mass as a 
function of the coupling constant should be considerably moderated than that anticipated 
without taking into account the modification of the vibrational spectra, which may have 
important consequences for small-polaron transport properties, conductivity [2] for instance. 
    In the present paper, the model that accounts for the influence of small-polaron induced 
phonon spectra modifications of linear macromolecules on spectral function has been 
presented. Experiments, of the class of Raman or neutron scattering or radiation absorption, in 
active biological systems are particularly difficult. For that reason, the comparison of the 
theory with experiment is done in the case of organic polymer (acetanilide and related 
hydrogen-bonded molecular chains), which constitutes a good  mimic of biopolymers. For 
that purpose the method of double-time Green function at finite temperatures was utilized. 
The main advantage over the previous approaches is the inclusion of the terms of the first 
order in polaron-phonon interaction, which were not accounted in previous models. Taking 
into account such a modified phonon spectra we estimated the shift of IR (infrared) absorption 
maximum, as well as the change of its intensity, in comparison with the results published 
before [3]. In addition, we emphasized the temperature dependence of intensity and position 
of absorption maximum.  
     From the obtained results we can see substantial influence of frequency modification. This 
modification is significant at low temperatures and decreases as temperature rises. 
Analogously, in small-polaron picture within Davydov model as a theoretical framework [3], 
changed values of Debye-Waller factor and small polaron binding energy, which depend on 
phonon frequency, will have an important influence on spectral function, or, respectively, on 
the intensity and position of IR radiation absorption maximum. 
     Presented model enables more accurate IR absorption spectra modeling in hydrogen-
bonded molecular chains.  
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     Bioeffects under the electromagnetic radiation have been studied more than 100 years. 
Working in this sphere  physicists understand that the clearness is achieved only for 
electromagnetic radiation  thermal processes and some isothermal bioeffects of visible light 
(human vision, plant photosynthesis, photomovement of protozoa). Every isothermal bioeffect 
of electromagnetic radiation has been studied  independently of one another. They have not 
had the general base. This situation will be changed in XX1 century, so far as  the 
thermodynamic theory of the system under electromagnetic radiation has been worked out in 
second part of XX century.  
     Thermodynamic theory of the systems  under electromagnetic radiation was made on base 
of  papers  of  L. Landau (1946) and  I. Prigogine (1947). At the present time  this theory is in 
outline [1, 2].  This  theory gives the efficiency of electromagnetic energy conversion. This 
theory was developed for technical  devices  (luminescent lamps and solar  cells),  but it is 
valid  for  isothermal processes in living systems  too. It was shown that the deductive method 
of thermodynamics of irreversible processes is very useful for study  electromagnetic 
radiation effects of bioobjects, which can be considered as a open systems in the 
thermodynamic sense. 
    The most important and interesting result of this theory is the  existence of two regions of 
the    electromagnetic  energy into Helmholtz free energy conversion in scale  from 0  to 1022 
Hz  of electromagnetic radiation.  These regions are well known  from the equilibrium  
radiation theory:  W. Wien region (visible light, ultraviolet, X-rays,  γ - radiation) and  
Rayleigh-Jeans  region (radiofrequencies and extremely low frequencies). Infrared radiation is 
the boundary. The efficiency dependence of bioeffects  on the absorbed power is sharply 
disparate  in these regions. In Wien region the efficiency and absorbed power have the 
logarithmic relationship. In Rayleigh-Jeans region this dependence  is very strong  until it 
flattens out on a plateau, where any dependence on the absorbed power in general disappears. 
     This theory shows that the main law of  the subjective sensory physiology (Weber-Fechner 
law) is the experimental display of the general  principles of thermodynamics. The same is 
right for photomovement of protozoa. This theory provides insight into: 1) the  cause  of  the   
Purkinje  (Purkyne) effect  existence, 2) Tchizhevsky  cycles in   epidemiology  and    
heliobiology,  3) the reason of sensitivity absence of bioobjects in infra red region,   4)  new 
aspects in  difference between the living systems and the inorganic  ones. 
     This theory gave an insight into why the replicability of bioeffects under weak 
radiofrequency radiation is poor.  This theory give the hope and way out. There are the 
experimental data in support of  this theory.  
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     Questions of safety of electromagnetic (EM) fields should be based on relevant biological 
properties, i.e., specific cellular reactions to potentially harmful stimuli. The stress response 
is a well documented protective reaction of plant and animal cells to a variety of 
environmental threats, and it is stimulated by both ELF and RF EM fields. It involves 
activation of DNA to initiate synthesis of stress proteins. Thermal and non-thermal stimuli 
affect different segments of DNA and utilize different biochemical pathways. However, both 
ELF and RF stimulate the same non-thermal pathway. Since the same biochemical reactions 
are stimulated in different frequency ranges with very different specific absorption rates 
(SAR), SAR level is not a valid basis for safety standards. Studies of EM field interactions 
with DNA and with model systems provide insight into a plausible mechanism that can be 
effective in ELF and RF ranges. 
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     Various biological responses to non-thermal microwaves (MWs), including both adverse 
and beneficial effects, have been described by many groups over the world. MWs of 
extremely high frequency (EHF, 30-300 GHz), which are often called millimeter waves 
because of wavelength in vacuum, 1-10 mm, have been applied for treatment of various 
diseases in the former Soviet Union since nineteen eighties [1]. There is strong evidence that 
non-thermal biological effects of MWs on cells depend on many physical parameters and 
biological variables, which must be controlled in replication studies [2]. Important features of 
these non-thermal MWs include:  
• Effects of resonance type within specific frequency windows.  
• Dependence on type of signal, modulation, and polarization. 
• Resonance effects are observed in specific intensity windows including super-low power 

densities (PDs) down to 10-17 W/cm2 and without evident threshold in intensity. 
• With decrease in intensity, narrowing of the resonance windows and splitting of the 

resonances into symmetrical sub-resonances with specific efficient circular polarization 
(helicity rules) occurs. 

• Non-linear dependences of effects on duration of exposure and PD are observed. The 
effects are more sensitive to the duration of exposure than to the PD in the range of 10-17-
10-6 W/cm2. Decreasing of PD by orders of magnitude can be compensated by several-fold 
increasing of exposure time. Therefore, the concept of dose seems to be not applicable to 
the effects of MWs at low intensities and duration of exposure has significantly larger role 
as compared to PD. 

• The effects depend on physiological conditions during exposure. 
• The effects depend on cell density suggesting cell-to-cell interaction during response to 

MWs. Theoretical modeling of experimental data suggested that electromagnetic field is 
involved in this intercellular communication and that cell density in tissues is determined 
by effective intercellular electromagnetic communication between cells in the millimeter-
infrared frequency range. 

• Genomic differences influence response to MWs. 
• Radical scavengers/antioxidants have a potential to abolish MW effects.  
     The fundamental question is how MWs at so low intensities affect living cells. Our 
previous studies have shown that these effects should be considered using quantum-
mechanical approach [3]. This is in line with the fundamental mechanism that has been 
suggested by Fröhlich [4]. Our data indicated that chromosomal DNA is the target for 
interaction with MWs [5, 6].  The quantum-mechanical physical model for primary reception 
of MWs in DNA has been proposed [7]. Based on the experimental data and theoretical 
considerations we proposed that genomic DNA contain two different codes. The first one is 
well-known genetic triplet code for coding of genes. The second one is a “physical code” that 
determine the spectrum of natural oscillations in chromosomal DNA including electromag-
netic, mechanical and acoustic oscillations which are responsible for regulation of gene 
expression at different stages of ontogenesis [8]. The physical model describing these coupled 
oscillations in chromosomal DNA has been developed [6]. This model helps to resolve so-
called C-paradox that addresses the issue of genome size, so-called C-value. In almost all 
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eukaryotic genomes only few percent of DNA encodes genes. The same amount is involved in 
regulation of gene expression by biochemical mechanisms. The function of the rest of DNA 
that does not depend on complexity of eukaryotic species and is represented by uncoding 
repetitive DNA sequences is not understood in molecular biology providing a basement for 
speculations such as “junk DNA”. The function of this major part of genomic DNA became 
clear given that the whole genomic DNA is responsible for the natural spectrum of 
oscillations as previously described [6]. 
     The understanding of mechanisms for non-thermal MW effects is far away from 
comprehensive.  Many questions remain to be addressed such as whether resonance effects of 
MWs depend on electromagnetic noise and static magnetic field during exposure. 
     Beside fundamental importance, the development of comprehensive mechanisms is 
socially important for two main reasons. The first one is development of new medical 
treatment modalities using MWs [9]. The second reason is possible adverse health effects of 
MWs. The effects of MWs of mobile communications such as GSM and UMTS are of major 
concern because of increased exposure in many countries. Based on extrapolation from the 
EHF data, the values for half-width of resonances at the GSM/UMTS frequency range (0.9–2 
GHz) might be 1-10 MHz depending on PD [2, 10]. Dependence of adverse effects of non-
thermal MWs from GSM/UMTS mobile phones on carrier frequency and type of signal has 
recently been revealed in experiments with human lymphocytes [10, 12-14]. So far, most 
laboratory and epidemiological studies, including recent European REFLEX program, did not 
control important features of non-thermal MW effects as described above and therefore, only 
limited conclusion can be drawn based on these studies. Further investigations with human 
primary cells under optimized conditions of exposure, including control of several parameters 
of MW exposure as previously described [2], are urgently needed to elucidate possible 
adverse effects of MW signals that  are currently used in wireless communication, especially 
in GSM/UMTS mobile telephony.  
     The data about effects of MWs at super low intensities and significant role of duration of 
exposure in these effects [2, 3]  along with the data showing that adverse effects of non-
thermal MWs from GSM/UMTS mobile phones depend on carrier frequency and type of the 
MW signal [10, 12, 14, 15] suggest that MWs from base-stations/masts can also produce 
adverse effects at prolonged durations of exposure and encourage the mechanistic in vitro 
studies of these effects on human primary cells using real signals from base stations/masts 
under well-controlled parameters of exposure as previously described [2].  
     The dependence of adverse effects of non-thermal MWs from GSM/UMTS mobile phones 
on carrier frequency and type of signal should be taken into account in settings of safety 
standards and in planning of in vivo studies. One important conclusion stemming from the 
available mechanistic studies is that the epidemiological studies should not be given priority 
before proper design of these studies will be available as based on mechanistic understanding 
of non-thermal MW effects. This conclusion is based on two principle arguments. First, it is 
almost impossible to select control unexposed groups because whole population in industrial 
countries is exposed to wide range of MW signals from various sources such as base 
stations/masts, WILAN, wireless phones and given that duration of exposure (must be at least 
10 years for cancer latency period) may be more important for adverse health effects of non-
thermal MWs as compared to PD. Second, the adverse effects of “detrimental” signals are 
masked because people are exposed to various signals/frequencies including non-effective or 
even hypothetically beneficial. At this point, the epidemiological studies are either non-
conclusive, if negative, or underestimate significantly the hazard of using specific signals, if 
positive. Identification of those types and frequency channels/bands for mobile 
communication, which do not affect human cells, and study of possibility to minimize the 
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adverse non-thermal MW effects using different approaches, is urgently needed as the high 
priority task. 
     Financial support of Swedish Council for Working Life and Social Research, the Swedish 
Radiation Protection Authority, Russian Foundation for Basic Research is gratefully 
acknowledged. 
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     There is an increasing concern that weak, sinusoidal and extremely low frequency 
magnetic fields (ELF-MFs) may represent a substantial ecological hazard. This is mainly 
because these fields have become a very widespread constituent of the environment: humans 
in the modern world are constantly exposed to low levels of sinusoidally varying magnetic 
fields, generated by high-voltage electric lines as well as by electric applicances. Recently 
considerable evidence has been accumulated with regard to the biological effects, both in vivo 
and in vitro, of ELF-MFs in different plant models. In particular, several works have reported 
their influence on the processes of seed germination [1-4], plant growth [5-6], and other 
physiological and biochemical processes in plant cells [7-8], plants [9-10], and roots [11]. 
     The present study was designed to evaluate the effects of ELF-MFs in a plant-based 
bioassay, represented by tobacco plants reacting to tobacco mosaic virus (TMV) with an 
hypersensitive response. This defence mechanism consists of rapid cell death (hypersensitive 
lesions) at the infection site and is associated with restricted pathogen multiplication and 
spread [12]. The higher the resistance level, the quicker the defence response, expressed by 
fewer and smaller necrotic lesions [13].   
     The exposure system consisted of a solenoid coil, powered by a signal generator. It can 
produce sinusoidal magnetic fields of frequencies between 3 and 38Hz and their flux densities 
can be regulated from 0 to 100μT. A highly uniform magnetic field can be generated in the 
centre of the coil when it is energized. Tobacco plants or leaf disks were either directly or 
indirectly exposed for 8 or 24h to magnetic fields with intensity of 50μT (frequencies of 38, 
16 or 10Hz) and 100μT (frequency of 10Hz). In direct treatments, plants were directly 
exposed to ELF-MFs either before or after TMV inoculation; in indirect ones, leaf disks were 
treated by water previously irradiated. The working variables were the area and the number of 
local hypersensitive lesions per cm2 of leaf or per leaf disk. All the experiments were 
performed using a blind protocol. Weak intensity magnetic field with frequency of 38Hz did 
not induce any significant result with respect to control, both in direct and indirect 
experiments; frequency of 16Hz showed a signficant increase in the lesion area in direct 
experiment and an increase in lesion number in indirect ones. Finally, frequency of 10Hz 
always gave significant results, inducing in both kind of experiments a decrease in lesion area 
and number (i.e. resistance increase). 
     Moreover, in order to check whether ELF-MFs induce changes at a biochemical level, two 
enzyme activities involved in resistance mechanisms were analyzed: i) ornithine 
decarboxylase (ODC) which synthesizes the aliphatic polyamine putrescine from ornithine 
[14-15] and ii) phenylalanine ammonio-lyase (PAL) which catalyzes the biosynthesis of trans-
cinnamic acid [16-17]. An increase of ODC activity following ELF-MF irradiation was 
already reported [18-19]. In our experiments, the analysis of ODC and PAL activities was 
performed by radiometric and spectrophotometric methods,  respectively [20-21]. Leaf 
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samples previously treated with magnetic fields at 50 and 100μT (frequency of 10Hz) for 8 
and 24h and a non-treated sample (control) were used. The whole results showed a significant 
increase of ODC and PAL activity, in particular for 100μT (24h) treatment (three-fold 
increase with respect to control). In conclusion, ELF-MFs seem effective on the 
hypersensitive response of tobacco to TMV, as shown by lesion area and number decrease 
and changes in ODC and PAL activities, confirming the reliability of plant models in the 
study of the bio-electromagnetic interactions. 
  
References 
[1] C. Celestino, M.L. Picazo, M. Toribio: Influence of chronic exposure to an 
electromagnetic field on germination and early growth of Quercus suber seeds: preliminary 
study. Electro and Magnetobiology 19:115-120, 2000. 
[2] S.I. Aksenov,  T.Yu. Grunina, S.N. Goryachev: Characteristics of low frequency magnetic 
field effect on swelling of wheat seeds at various stages. Biofizika, 46(6): 1127-1132, 2001. 
[3] S.I. Aksyonov, A.A. Bulychev, T.Yu. Grunina, S.N. Goryachev, V.B. Turovetsky:  Effects 
of ELF-EMF treatment on wheat seeds at different stages of germination and possible 
mechanisms of their origin. Electro and Magnetobiology, 20: 231-253, 2001. 
[4] K. Takimoto, H. Yaguchi, J. Miyakosci: Extremely low frequency magnetic fields 
suppress the reduction on germination rate of Arabidopsis thaliana seeds kept in  saturated 
humidity. Biosci Biotechnol Biochem. 65(11): 2552-2554, 2002.  
[5] M.L. Picazo, E. Martinez, M.V. Carbonell, A. Ray, J.M. Amaya, J.L. Bardasano:  
Inhibition in the growth of thistles (Cynara cardunculus L.) and lentils (Lens culinaris L.) due 
to chronic exposure to 50 Hz, 15 µT electromagnetic fields. Electro and Magnetobiology, 18: 
147-156, 1999. 
[6] R. Ruzic, I. Jerman: Weak magnetic field decreases heat stress in cress seedlings. 
Electromagnetic Biology and Medicine 21 (1):69-80, 2002. 
[7] M.P Piacentini, E. Piatti, D. Fraternale, D. Ricci, M.C. Albertini, A. Accorsi:  
Phospholipase C-dependent phosphoinositide breakdown induced by ELF-EMF in Peganum 
harmala calli. Biochimie 86: 343-349, 2004. 
[8] G.-M. Shang, J.-C. Wu, Y.-J. Yuan: Improved cell growth and Taxol production of 
suspension-cultured Taxus chinensis var. mairei in altelrnating and direct current magnetic 
fields. Biotechnology Letters 26: 875-878, 2004.  
[9] M.P. Piacentini, D. Fraternale, E. Piatti, D. Ricci, F. Vetrano, M. Dacha’, A. Accorsi: 
Senescence delay and change of antioxidant enzyme levels in Cucumis sativus L. etiolated 
seedlings by ELF magnetic fields. Plant Science 161: 45-53, 2001.  
[10] E.B.I. Monselise, A.H. Parola, D. Kost: Low-frequency electromagnetic fields induce a 
stress effect upon higher plants, as evident by the universal stress signal, alanine. Bioc. and 
Bioph. Research Comm., 302: 427-434, 2003. 
[11] B.C. Stange, R.E. Rowland,  B.I. Rapley,  J.V. Podd: ELF magnetic field increase amino 
acid uptake into Vicia Faba L. roots and alter ion movement across the plasma membrane. 
Bioelectromagnetics 23 (5):347-354, 2002. 
[12] E. Kombrink, E. Schmelzer: The hypersensitive response and its role in local and 
systemic disease resistance. Eur J Plant Pathol 107:69-78, 2001. 
[13] Y. Takahashi, T. Berberich, A. Miyazaki, S. Seo, Y. Ohashi, T. Kusano: Spermine 
signalling in tobacco: activation of mitogen-activated protein kinases by spermine is mediated 
through mitocondrial dysfuncion. The Plant Journal 36: 820-829, 2003. 
[14] P. Torrigiani, A.L. Rabiti, G. Bortolotti, L. Betti, F. Marani, A. Canova, N. Bagni: 
Polyamine synthesis and accumulation in the hypersensitive response to TMV in Nicotiana 
tabacum. New Phytologist 135: 467-473, 1997. 



 50

[15] F. Marini, L. Betti, S. Scaramagli, S. Biondi, P. Torrigiani: Polyamine metabolism is 
upregulated in response to tobacco mosaic virus in hypersensitive, but not susceptible, 
tobacco. New Phytologist 149: 301-309, 2001. 
[16] L. Pellegrini, O. Rohfritsch, B. Friting, M. Legrand: Phenylalanina ammonia-lyase in 
tobacco. Molecular cloning and gene expression during the hyersensitive reaction to tobacco 
mosaic virus and the response to a fungal elicitor. Plant Physiol 106: 877-886, 1994.  
[17] R.A. Dixon, N.L. Pavia: Stess-induced phenylpropanoid metabolism. The plant cell 7: 
1085-1097, 1995. 
[18] T. Kumlin, L. Alhonen, J. Janne, S. Lang, V.M. Kosma, J. Juutilainen: Epidermal 
ornithine decarboxylase and polyamines in mice exposed to 50Hz magnetic fields and UV 
radiation. Bioelectromagnetics 19: 388-391, 1998. 
[19] M. Mevissen, M. Haussler, W. Losher: Alterations in ornithine decarboxylase activity in 
the rat mammary gland after different periods of 50Hz magnetic fields exposure. 
Bioelectromagnetics 20: 338-346, 1999. 
[20] P. Torrigiani, D. Serafini Fracassini, N. Bagni: Polyamine biosynthesis and effect of 
dicyclohexylamine durino the cell cycle of Helianthus tuberosus tuber. Plant Physiology 84: 
148-152, 1987. 
[21] M.Y. Li, W.Z. Lan , C. Chen L.J. Yu: The effects of oligosaccharide and spores from 
Aspergillus niger on the defence responses of Taxus chinensis leaves in vitro. J 
Phytopathology 151: 540-545, 2003. 
 
 
 
 
 
 
  
 
 

 

 

 

            

 
 
 
 
 
 
 



 51

 LOW-FREQUENCY MAGNETIC FIELD EFFECTS ON DIFFERENT STRAINS OF 
BACTERIA 

 
Luděk Strašá1, Lukáš Fojt1,2, Vladimír Vetterl,1,2, David Šmajs3 

1Institute of Biophysics, Academy of Sciences of the Czech Republic, Královopolská 135, 
Brno 612 65, Czech Republic  

2
Centre of Biophysics, Faculty of Science, Masaryk University, Královopolská 135 

Brno 612 65, Czech Republic 
3Department of Biology, Faculty of Medicine, Masaryk University, Tomešova 12 

Brno 602 00, Czech Republic 
 
      Low-frequency magnetic fields are indivisible part of our environment. According to 
WHO they are in the category 2B - possible carcinogens for human. There is a lot of different 
results of biomagnetic effects. The distance still to travell is enormous to understand the 
possible mechanisms of magnetic field effects to the living organisms. Our previous study 
showed that 50 Hz magnetic fields with induction up to 10mT and duration of exposure till 
24min affects the growth and metabolic activity of different strains of bacteria Escherichia 
coli, Paracoccus denitrificans and Staphylococcus aureus. Our contemporary study compares 
magnetic field effects on the other different bacterial strains.   
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     Biological effects of non-thermal microwaves (MWs) occur dependent on several physical 
parameters including carrier frequency [1]. Here, we investigated whether non-thermal MWs 
from a GSM (Global System for Mobile Communication) mobile phone at various carrier 
frequencies induce stress response or double strand breaks (DSBs) of DNA in human 
lymphocytes. Contrary to monochromatic GSM signal, mobile phones of the 3rd generation 
irradiate UMTS (Universal Global Telecommunications System) wide-band signal. MWs 
representing wide-band signal may result in higher biological effects because of eventual 
“effective” frequency windows.  
     Lymphocytes were obtained from periphery blood of 26 healthy persons and 17 persons 
who reported hypersensitivity to electromagnetic fields. Exposure to MWs was performed 
during 10 min - 2 h in two identical transverse electromagnetic transmission line cells (TEM-
cells). Lymphocytes were exposed to GSM MWs at frequencies in-between 895 - 915 MHz 
and UMTS MWs (1947.4 MHz, middle channel), all standard modulations included, output 
power being the same, 0.25 W, using GSM and UMTS test-mobile phones [2]. Changes in 
chromatin conformation, which are indicative of stress response and DNA damage, were 
measured by the method of anomalous viscosity time dependencies [3]. 53BP1 and γ-H2AX 
proteins that co-localize with double strand breaks (DSBs) of DNA in distinct foci were 
analyzed by immunofluorescence confocal laser microscopy [3]. The effects were compared 
by non-parametric tests. Heat shock, camptothecin and γ-rays were used as positive controls.  
     Frequency-dependent effects of GSM MWs on chromatin conformation were observed. 
These effects depended on duration of exposure and saturated at 30-60 min and were similar 
to stress induced by heat shock. Exposure at 915 MHz induced statistically significant 
decrease in 53BP1 and γ-H2AX foci in cells from all tested donors. In contrast, exposure to 
905 MHz induced either decrease or increase in 53BP1 and γ-H2AX foci suggesting induction 
of either stress response or DSBs, respectively, dependent on donor. The effects of MWs at 
905 and 915 MHz on foci were statistically significantly different. UMTS MWs affected 
human lymphocytes stronger or in the same manner as GSM MWs. Remarkably, the effects 
of UMTS and GSM MWs on 53BP1/γ-H2AX foci persisted up to 72 h following exposure of 
cells indicating severe stress response. No significant differences in effects between groups of 
healthy and hypersensitive subjects were observed.  
     In conclusion, GSM microwaves from UMTS and GSM mobile phones affect DSB-co-
localizing 53BP1 and γ-H2AX foci and chromatin conformation in human lymphocytes. 
These persistent effects suggest severe stress response and/or DNA damage. Adverse effects 
of non-thermal MWs from GSM/UMTS mobile phones depend on carrier frequency and type 
of signal. This dependence should be taken into account in settings of safety standards and in 
planning of in vivo and epidemiological studies. Our data encourage identification of those 
frequency channels/bands for mobile communication, which do not affect human cells.  
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     The mobility of the counter-ions allows DNA to become polarized in an electric field. The 
conventional polarizability αe (electron polarizability) is based on the mobility of electrons in 
relation to the atomic skeleton of the molecule. With polyelectrolytes like DNA we encounter 
a new polarizability αi (interfacial polarizability) based on the mobility of counter-ions in 
relation to the polyion (DNA) chain.   The later polarizability is about 1010 larger than the 
electron polarizability of small organic molecules. The corresponding induced dipole moment 
in the electric field of 1kV.cm-1 = 100 kV.m-1 may reach the value of up to 5 000 debye (1 
debye = 3.336 x 10 –30 C.m). The time constant of the polarization of the ionic atmosphere is 
about 10 ns [1].  
     At the field strength higher than about 100V.cm-1 the orienting force of the field acting on 
the induced dipole moment can overcome the disorienting tendency of the thermal motion and 
a partial orientation of the DNA molecules with their long axis parallel to the electric field 
strength E occurs. The time constant of the orientation is in the range between 10 – 1000 ns 
depending on the field strength and chain length of DNA [1]. 
     The main mechanism of the polarization is the transport of the positive counter-ions from 
the one end of DNA to the other end. A consequence of the resulting depletion of the counter-
ions from the one end of the DNA molecule is the reduction of the screening of the Coulomb 
repulsion forces between the negatively charged phosphate groups of the opposite DNA 
chains. The enhanced repulsion between the phosphate groups may overcome the attraction 
due to hydrogen bonds and stacking forces and strand separation (i.e. partial denaturation of 
DNA) can take place. Strand separation (denaturation of DNA) starts to occur at field 
strengths higher then a certain threshold value Et which is higher with shorter DNA fragments 
and at higher ionic strengths [1].  
     Nucleic acids are adsorbed at the hydrophobic electrode surface [2]. At sufficiently high 
negative electrode potentials the disturbance of the double helical conformation of native 
DNA was observed [2]. At negatively charged electrode some segments of DNA molecule are 
adsorbed at the electrode surface by bases, while other unadsorbed segments are repulsed 
from the electrode electrostatically due to the negatively charged phosphate groups. DNA is 
thus subjected to considerable strain which could result in the disruption of the double helix. 
     Nucleic acids are diamagnetic molecules and due to their magnetic anisotropy can be 
oriented in magnetic field. The origin of the magnetic anisotropy of nucleic acids is the 
diamagnetic anisotropy of bases. A double helical DNA is in magnetic field oriented with 
long axis in a plane perpendicular to the direction of the vector of magnetic field induction B. 
The degree of orientation of nucleic acids in a magnetic field is very low, contrary to the 
orientation in an electric field [1]. 
 
References 
[1] V. Brabec V. Kleinwächter and V.Vetterl V., Structure, chemical reactivity and 
electromagnetic properties  of nucleic acids. Bioelectrochemistry: Principles and Practice  
(Editor in Chief G.Milazzo),Vol.5:Bioelectrochemistry of  Biomacromolecules (Editors G. 
Lenaz and G. Milazzo), Chapter  1., Birghäuser Verlag, Basel,1997, p.1-104. 
[2] E. Paleček, M. Fojta, F. Jelen and V. Vetterl, Electrochemical analysis of nucleic acids., in 
Encyclopedia of Electrochemistry (Editors in Chief Allen J.Bard and  Martin Stratman), 
Vol.9. Bioelectrochemistry (Editor George S.Wilson), Chapter 13, Wiley-VCH Verlag, 
Weinheim, 2002, p.365 – 430.            



 55

NEURONAL CHANGES IN HEALTHY AND DEFECTIVE MOUSE BRAIN AFTER 
HIGH-FREQUENCY ELECTROMNAGNETIC FIELD EXPOSURE 

 
J. Barcal, J. Cendelín, I. Korelusová, V. Štenglová, F. Vožeh, V. Žalud 

Charles University in Prague, Faculty of Medicine in Pilsen, Department of Pathophysiology, 
Lidická 1, 301 66 Plzeň, Czech Republic 

 
Introduction 
     The possible biological effects of short-term, repetitive, or long-term exposure to radiation 
from cellular phones remain unclear and controversial. Among experimental results using 
different animal species, exposure levels (producing either thermal or non-thermal effects), 
different measuring and evaluation techniques cause ambiguous explanations. Some 
experimental studies showed that high-frequncy electromagnetic field (HF EMF) can 
influence membrane transport of ions [1], activity of neurotransmitter systems [2], changes of 
learning and memory abilities [3]. In humans symptoms as headache, blood pressure changes, 
memory and attention defects can occur after mobile phone use. Other consequencies both as 
prolongation of reaction time [4] and as shortening [5] were decribed. HF EMF can induce 
changes in EEG as increase of slow frequencies in people during sleep [6] or increase of 
frequencies around 10 Hz and higher after GSM signal influencing [7] and also changes of 
evoked potentials [8]. Recent experimental studies found significant neuronal damage in 
hippocampus, cerebral cortex and basal ganglia after short-term exposure [9], on the other 
hand no significant effect of long-term radiation on hippocampal structures was published 
until now.[10]. 
     The aim of this work was to study the effect of HF EMF on neuronal activity in healthy 
and Lurcher mutant mice, which represent a natural model of genetically determined 
olivocerebellar degeneration caused by inborn mutation in the δ2 glutamate receptor gene 
[11]. Heterozygote individuals (+/Lc) suffer from postnatal complete loss of cerebellar 
Purkinje cells (excitotoxic apoptosis), decreased number of granule cells and inferior olivary 
neurons (secondary to the loss of Purkinje cells). Lurcher mutants exhibit signs of cerebellar 
ataxia and deterioration of some cognitive functions including spatial learning. Affected 
homozygots (Lc/Lc) are not viable. Unaffected homozygots, wild type mice (+/+) are 
completely healthy. We investigated mice derived from two different strains - C3H and 
C57Bl/7. In spite of the fact the animals of both strains suffer from the same type of 
neurodegeneration they differ in some cognitive functions [12,13]. 
 
Methods 
     Lurcher mutant and wild type mice of both sexes were used. Experimental mice were 
exposed to HF EMF of frequency 870-880 MHz, similar to the range used by mobile phones. 
As a source of the HF EMF a high-frequency generator with a high-frequency amplifier were 
used. The power output was 10 W. CNS excitability was tested using the audiogenic epilepsy 
method. The mouse was placed into a plastic box covered with a transparent lid. Inside the 
box was an electric doorbell which served as a source of sound stimulus of 90 dB intensity. 
The sound was switched on for 60 s and the reaction of the animal was observed. CNS 
inhibition was induced by intraperitoneal application of Pentobarbital in doses 50 and 80 
mg/kg of the body weight. The length of barbiturate sleep and mortality were assessed. 
Spatial learning was tested using Morris water maze. After these experiments, brains of 
selected animals were subjected to histochemical (detection of NADPH-diaphorase) and 
immunocytochemical (c-fos protein expression) examination. Spontaneous EEG and 
hippocampal activity during HF EMF exposure were also evaluated. 
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Results 
     The long-term exposure did not significantly change CNS excitability in any group of 
mice. Slight decrease of mean reaction was observed only in adult wild type mice. Generally, 
Lurchers showed more intensive reaction than wild type mice did. Acute exposure also had no 
effect on CNS excitability. In the dose of 80 mg/kg Pentobarbital induced deep sleep in all 
tested animals. The mortality was lower in HF EMF exposed animals. The difference was 
higher in wild type mice than in Lurchers but it was not statistically significant. The dose of 
50 mg/kg was not lethal in any animal. Barbiturate sleep was longer in HF EMF exposed wild 
type mice than in controls, however without statistical significance. The examination of a 
spatial learning revealed only gentle changes between neurodefective animals and controls of 
both strains. Higher density of NADPH-d positive cells as higher activity of nitric oxide 
synthase was depicted after long-term HF EMF exposure in mice of C57Bl/7 strain which 
revealed generally higher NADPH-d positivity than C3H strain. C-fos positive neurons were 
described only in some irradiated wild type mice. Final evaluation of electrophysiological 
examination showed distinct shift of cortical activity to lower frequencies during HF EMF 
exposure as well as higher differences in wild type. Both types of animals revealed changes in 
spontaneous hippocampal activity, especially in theta oscillations. 

 
Conclusions 
     Taken together, main importance of this study was that neurodefective animals and their 
healthy littermates (as ideal controls) were used and most of experiments were realized in two 
different strains. Despite our experimental paradigm (i.e. whole-body HF EMF exposure 
characterised by lower amount of absorbed energy in comparison with human brain during 
cellular phone usage), presented results suggest that some brain functions by HF EMF are 
gently affected. 
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     This article is devoted to simulation of effects of microwave (MW) field on the nerve cell 
membrane excitability. The effects of continuous (CW) and modulated (pulse modulated, 
amplitude modulated) microwave fields have been investigated. 
     The research of MW health effects, especially the effects of wireless communication 
devices on the nervous processes, has become more and more important in the last decade 
[1] - [3]. The MW field effects on excitable nerve membranes have been theoretically and 
experimentally investigated, e.g. in [4], [5] and [6]. For frequencies below approximately 
100 kHz, the presence of field may result in direct stimulation of excitable nervous tissue, i.e. 
in generation of nerve impulses (action potentials). Values of current density thresholds 
needed for generation of action potentials rise with frequency. For frequencies above 
approximately 100 kHz, the threshold values would be higher than those equivalent to energy 
absorption rate of about 1 W/kg [7], what is the level of significant thermal effects. 
     The simulations of an effect of low frequency stimulation signal applied on nerve cell 
membrane simultaneously with MWs are performed in this article. 
     The Hodgkin-Huxley (HH) model of unmyelinated nerve fibre [8] or more complex 
membrane models [9] have been used for the simulations. The time change of membrane 
potential difference V across the membrane (see Fig. 1) is dependent on membrane capacity 

mC , ionic currents ionicI  (nonlinear membrane conductivity) and on stimulation current )(st tI : 

 )(stionicm tII
td
VdC =++ . (1) 

 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. The HH model of the unmyelinated nerve fibre membrane. 

In the HH model, the ionic current ionicI  consists of the sodium, potassium and leakage ions 
flows: LKNaionic IIII ++= , since there are independent sodium, potassium and nonspecific 
channels in the membrane. Because it is more convenient to use the current densities rather 
than currents, we use the following settings: 

 xdiI Δstst π= , xdiI Δionicionic π=  and xdcC Δmm π= , (2), (3), (4) 

where d is the diameter of nerve fibre, xΔ  is the nerve fibre length and mc  is the capacity 
per cm2 of membrane. Thus Eq. 1 becomes: 
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     The ionic channels are voltage-gated (voltage-dependent), e. g. in the HH model: 
 ( ) ( ) ( )LLK

4
KNa

3
Naionic VVgVVngVVhmgi −+−+−=  (6) 

where activation (m, n) and inactivation (h) gating variables are given by differential 
equations with right sides dependent on variable V. The other parameters used in the HH 
model are constants. 
     We consider that the membrane is stimulated by low frequency electrical signal )(ESst ti  
and that it is additionally exposed to the external MW field, which induces in the membrane 
the current density )(MW ti : 
 )()()( MWESstst tititi += . (7) 
The external MW field )(MW ti  can be described as: 

 ( )( )MWstartMWMW 2sin)()(
M

Ttftiti −= π , (8) 

where f is frequency of MW field, tTMWstar  determines time synchronization with )(ESst ti  and 
)(

MMW ti  is a modulation signal in the case of modulated MWs or constant)(
MMW =ti  for CWs. 

     The numerical solution of the set of differential equations describing membrane model 
have been performed in the MATLAB environment. The modificated ode23 MATLAB-
function (named ode23mod [10]) was used to adjust an evaluation step to features of signal: 
during the "quick" processes (in presence of MWs) the maximum step of evaluation was 
lower in several orders than during the "slow" processes (without presence of MW signal). 
     Additionally, there has been set relative tolerance parameter RelTol = 10-6, absolute 
tolerance parameter AbsTol = 10-8 for V variable and absolute tolerance parameter 
AbsTol = 10-9 for m, h, n variables. 
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Introduction 
     Audio-visual stimulation (AVS) is a simple method for external influence on the brain. 
The source of rhythmic stimulation such as light and sound synthesizers delivers the AVS 
signal to the brain through peripheral nerves. Headphones and glasses with light-emitting 
diodes are usually utilized. 
     During AVS adaptation of dominant EEG frequency to external stimuli may be observed. 
This kind of resonant phenomena is known as entrainment of the brain waves. 
     Audio-visual stimulation has been reported to influence sleep and learning disorders, 
neurological disorders, addictions, tension, anxiety, premenstrual syndrome, migraine 
headaches, etc.. AVS has become popular mainly for assumed induction of relaxing effects 
and altered states of consciousness. The main purpose of this study was to investigate the 
effects of AVS on the EEG on the long-term basis. Up to now, most of the EEG research on 
AVS has focused on direct and short-term effects of AVS (during and shortly after the 
stimulation). Moreover, we have utilized both linear and nonlinear approaches for EEG 
analysis of the AVS effects.  

 
Materials and Methods 
     Six right-handed healthy subjects (2 females and 4 males) volunteered for the  AVS 
training. Overall training of each subject from the test group consisted of 25 AVS program 
sessions, each of 20-minute length. AVS was provided by commercially available light and 
sound synthesizer. We chose a program described as suitable for AVS beginners to make 
acquaintance with different "mind states" according to their frequency profile performed. The 
program stimulated the brain at following frequencies: 18 Hz during first 3 minutes, then 18-
10-8 Hz at min. 4-8, 8-5 Hz at min. 8-9, 5-4 Hz at min. 9-12, 4-2 Hz at min. 13, 2 Hz at min. 
14-17, 5,9, and 15 Hz at min. 18-19. As we were interested in changes of resting EEG, data 
from 3-minute period were recorded before each AVS session. Monopolar EEG montage 
comprised eight channels with electrodes placed on F3, F4, C3, C4, P3, P4, O1, O2 locations 
according the International 10-20 system. The reference electrode was located at Cz and the 
ground electrode at Fpz point. 

 
Measures 
     To uncover objective changes from obtained EEG data, we computed the following 
characteristics: (1) Spectral measures: total power, frequency band powers, and spectral edge 
frequency, spectral entropy; (2) nonlinear complexity measures: histogram based entropy, and 
correlation dimension; and (3) interdependency measures: linear correlation coefficient, 
mutual information, and coherence. Volunteer's subjective perception of the training process 
was also monitored. 

 
Results 
     Our aim was to uncover statistically significant trends in examined measures. Evolutions 
of test group averages during the course of the AVS training were calculated for each 
individual measure. Linear regression model was derived, and its significance was tested by 
an ANOVA F-test.  
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     Frequency spectrum was divided into 9 bands: delta-1 (0.5-2 Hz), delta-2 (2-4 Hz), theta-1 
(4-6 Hz), theta-2 (6-8 Hz), alpha-1 (8-10 Hz), alpha-2 (10-12 Hz), beta-1 (12-16 Hz), beta-2 
(16-30 Hz), and gamma (30-45 Hz).  
     Significant increase of power in theta-1, theta-2, and alpha-1 band was observed in frontal 
and central regions. While theta-1 and theta-2 displayed significant increase in F3C3, C3P3, 
and C4P4 locations, alpha-1 showed increase in all four locations F3C3, F4C4, C3P3, C4P4.  
     Total power (0.5-45 Hz) increased significantly in central region. We detected left-right 
asymmetry of total power distribution in central cortex locations as well. During the training 
weeks the dominant activity of dipole sources in frequency interval 6-10 Hz moved from the 
left side to the right side of the cortex.  
     Spectral entropy as a linear compexity measure significantly increased in C3P3 channel 
during the training period. Increase in histogram-based entropy estimators was obtained in 
F3C3 location. 
     It has been mathematically established that, if we can measure any single variable of a 
dynamical system with sufficient accuracy, then it is possible to reconstruct the state portrait, 
topologically equivalent to the original system. In this context, complexity of the system is 
often estimated by correlation dimension (CD)[1]. The CD may indicate chaos or identify 
low-dimensional determinism and estimate the minimum number of variables that must be 
considered in the description of the dynamics. Topographically wider changes occurred in the 
CD that decreased in all six channels, significantly in three of them: F3C3, F4C4, and C4P4. 
     Both linear correlation coefficient and mutual information significantly decreased in 
parieto-occipital parts. The concept of mutual information was firstly established in the field 
of communications theory, later it was adopted to EEG analysis for evaluating certain 
nonlinear correlation between two time series. In fact, mutual information measures the 
amount of information shared between two time series. 

     Coherence analysis revealed significantly increased coherence in the alpha-1 band in 
frontal regions, while theta-1 and theta-2 coherences displayed opposite trends in this region. 
     While general well-being before each day relaxation period displayed no significant trend, 
subjective measure which evaluated general release accomplished during the relaxation 
interval showed significantly increasing trend towards better performance. 

 
Discussion 
     Our results show that regular training with AVS does induce changes in the cortex 
functioning, such as those commonly reported to be features specific to relaxation or altered 
states of consciousness. 
     As a contribution to linear characteristics, we found significant trends in the behaviour of 
some non-linear measures. Nonlinear complexity measures might represent new possible 
indicators of dynamical changes of resting EEG, or these changes might be indexed better by 
a combination of linear and non-linear EEG variables. 
     We can not exclude a possibility that certain contribution to increased relaxation effects 
could come from repetitive relaxation training itself, regardless the use of AVS. Subjects 
might adapt gradually to experimental conditions and develop some progress reflected in 
trends of studied measures. 
     Despite our findings about the measurable influence of AVS, we are very skeptical 
regarding the declarations found in various manuals of popular AVS machines claiming that 
after some training (minimally 30 repetitions) one may learn to distinguish among beta, alpha, 
theta and delta "states" and even to induce these states voluntarily when desired. 
      Gathered evidence in a form of trends of certain linear and nonlinear measures indicates 
that AVS training may serve as useful tool for evoking long-term changes in resting EEG and 
in the improvement of relaxation abilities. However, further research is needed to support 
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extensive clinical applications of AVS technology. For future studies we suggest investigation 
of long-term AVS with simultaneous recording of other relevant physiological parameters 
(e.g. electrodermal resistance, respiratory rate) for determination purposes, and post 
measurements after longer time-period from completion of long-term AVS experiment. 
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     It has previously been shown that microwaves (MWs) and extremely low frequency (ELF) 
magnetic fields (MF) at low intensities affect conformation of nucleoids in cells of different 
types [1,2] . Recent data have shown that MWs from mobile phone affect nucleoids in human 
lymphocytes [3,4] . Effects of ELF MF depended significantly on collinear static MF [5]. 
Experimental evidence has indicated that the MW effects have also been dependent on static 
MF [2] . The physical model was developed to describe effects of weak static and alternating 
magnetic fields [6]. Here, we present the model of slow nonuniform rotation of the charged 
DNA domain for combined effects of static magnetic field and microwaves. The oscillation of 
the center of mass zyx ,, of the charged nucleoid (DNA domain) in static MF  TB μ60= , and 
high frequency electric fields, )sin()( 0 tEtE ω= :  
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where k  is elasticity coefficient , r  is resistance coefficient, )(tQ - a charge of nucleoid,  
)(tm - its mass, mVE /2000 = -amplitude, and 11010 −= sω -frequency of an electric field. The 

axis z is directed along a vector of a magnetic field and passes through a place of fastening of 
nucleoid, the axis x is directed along an electric field. The mass and a charge of nucleoid 
slowly and periodically change in due course as a result of interaction with proteins and ions. 
From first two equations for complex coordinate iyx +=ξ we shall receive one equation: 
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where average value of the damping coefficient is equal   .10)2/( 8 smr ==γ  Average natural 
frequency is ./2

0 mk=ω The specific charge is equal   
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0 kgcoulmQq ==  1q -a variable specific charge, qω - its 
frequency. The Larmor frequency of nucleoid in a magnetic field is equal   

,cos)( 10 tt qωΩ+Ω=Ω where average Larmor frequency is ,6.0 1
00

−==Ω sBq variable 
Larmor frequency  is .11 Bq=Ω  
     The solution of the equation of the constrained oscillations can be written as  
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where nJ - Bessel functions, K  - a constant of integration.  
     This solution suggest that combined static MF and microwaves result in slow nonuniform 

rotation of nucleoid around of an axis z  with angular speed tqωcos
22

10 Ω
+

Ω
. This rotation 

may affect binding of DNA with structural proteins and enzymes resulting in the 
experimentally observed  effects. The predictions of this model are:  
1. Amplitude of the electric field should be large enough to induce oscillations of   
            nucleoids . 
2. Effect should be observed only at specific frequencies of MWs. 
3. Effect should be observed in specific intensity flux densities of static MF. 
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     Paracoccus denitrificans CCM 982 (NCIB8944) (Czech collection of microorganisms), 
are anaerobic soil bacteria.  Their metabolic activity connected with respiratory process can 
be determined in the presence of duroquinone (DQ) by reducing nitrate and/or nitrite 
electrocatalytically (denitrification). We measured the denitrification activity by 
electrochemistry using pencil graphite, pyrolytic graphite and glassy carbon electrodes. 
Bacteria were exposed to low-frequency magnetic field (50Hz, 10mT, 24min). The reduction 
peak of I-E curves that represents denitrification activity of the cells significantly decreased 
after magnetic field exposure in comparison with the control samples.    The decrease of peak 
current was about 25%.  
     We can conclude that magnetic field changed respiratory activity of culture of  P. denitri-
ficans. The change is probably due to less number of bacteria in culture after magnetic field 
exposure. 
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     There is a lot of epidemiological studies showing possible effects of magnetic fields on the 
living systems. The ICNIRP limit for maximal magnetic field exposure was established by 
WHO to protect people before not-fully understanding and not-fully proven harmful magnetic 
field effect on human. 
     The public transportation is a place where we can meet magnetic fields. We measured 
magnetic fields in tramways, trolleys and buses in Brno city, tramways, trolley and buses in 
Ostrava city and subway and tramways in Prague. In addition the intercity trains (including 
express Pendolino) were measured. 
     Our results stated no going overshooting of ICNIRPs limit. 
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Introduction 
     Radio frequency electromagnetic fields (RF EMF) can increase the temperature of 
biological material and cause damage of exposed tissue. These EMFs may also produce non-
thermal biological effects [1] but the exact mechanisms are still unknown and some of them 
include the possible involvement of free radicals. 
     Plants are essential components of a healthy ecosystem but they are also useful test 
organisms because they are eucaryotic multicellular organisms and many of them are 
sensitive to different kind of stresses and are easy to grow in aseptic and controlled laboratory 
conditions [2]. Since there is still a lack of investigations of radio and microwave frequency 
field effects on well-known model organisms including plants, in present study we 
investigated if the non-thermal exposure to the 400, 900 and 1800 MHz EMFs could increase 
the level of free radicals and cause oxidative stress in model plant Lemna minor.  
 

Measurements 
     Exposure to the RF EMFs was carried out in the Gigahertz Transversal Electromagnetic 
(GTEM) cell (Fig. 1), a transmission structure based on a TEM-cell approach [3]. Plants in 
plastic Petri dishes were exposed to the fields of 400 and 900 MHz frequencies at different 
field strengths (23, 41 and 120 V/m) for two hours and to 400, 900 and 1800 MHz at 10 V/m 
for two and 14 hours. At field strength of 23 V/m the effect of longer exposure (four hours) 
and field modulation (80% AM 1 kHz sinusoidal) was tested also. Oxidative stress was 
evaluated by measuring the level of lipid peroxidation and H2O2 content.  
 

 
 
 

Fig. 1. GTEM-cell 
 

 

 

Power input  
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Fig. 2. The level of lipid peroxidation, as total lipid peroxides (A) and the content of H2O2 (B) 
in Lemna minor plants exposed to 400, 900 and 1800 MHz at different field strengths and 
exposure times. Control is expressed as 100 %. Significantly different value between exposed 
plants and control at P ≤ 0.05 is marked with * (Student t-test). 
 
Results 
     The exposure of plants to the field of 900 MHz at field strength of 10 V/m for two and 14 
hours and at 41 V/m for two hours as well as exposure to 400 MHz at 23 and 120 V/m for two 
hours increased the level of lipid peroxidation (Fig. 2A). Increase was significant in 
comparison with the control for longer exposure to the smallest field strength of 900 MHz and 
for the highest field strength of 400 MHz. The H2O2 content was less sensitive parameter 
because only the exposure to 400 MHz at 23 V/m for two hours and to the less extent 
exposure to 900 MHz at 41 V/m increased the content of H2O2 (Fig. 2B).  
Our results showed that the exposure to the investigated RF EMF could cause oxidative stress 
in Lemna minor plants therefore indicating the possibility that radiofrequency electromagnetic 
fields could increase the level of free radicals. 
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TUNNELING PROCESS AS A POSSIBLE MECHANISM OF MICROWAVE 
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MEMBRANES 
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     It is well known that tunneling transfer of electrons plays an important role in processes 
taking place in an organism at cellular level. Cellular bioenergetics depends in a great amount 
on a correlated transport of electrons and protons through a mitochondrion membrane. This 
transfer fulfilled along proteins embedded in the membrane. Electrons move from a donor site 
to an acceptor one which are parts of a protein molecule. The lowest unoccupied states on the 
donor and acceptor fragments are separated from one another by a bridge that has electronic 
states with different energy. For short bridges (5÷10 Å), the process of coherent resonant 
tunneling dominates [1]. This process becomes very effective when the tunnelling particle 
energy coincides with the energy of localised state in the bridge. The observed conductivity 
[2] in molecular junctions usually differs radically from the Ohmic one and resembles a 
coherent transport in mesoscopic structures. In organic molecules containing paramagnetic 
atoms, a quantum effect known as a Kondo-resonance has been observed [3] that allow 
identifying them with quantum dots. It was shown in Ref. [4] that the current through a 
molecule of rotaxane placed between two metallic electrodes is determined by the process of 
resonant tunneling through electronic states of the molecule. Bistable states with high and low 
transparency differed by the current level in 15-30 times have been found. 
     Thus, it can be supposed that throughout the electron movement along fragments of a 
respiratory chain there are the sites in which a transport process can be modeled as the process 
of resonant tunneling in the system with one potential well. The process of resonant tunneling 
through the quantum well confined by two barriers was described in Refs. [5, 6] with the help 
of Schrödinger equation with an account of electron interaction in the Hartree approach. Due 
to the electron interaction the tunneling process becomes nonlinear. In this case, some 
interesting effects appear such as bistability, self-oscillations, and also a deterministic chaos. 
The necessary condition for the transition of the tunneling process to chaotic regime is, as was 
shown in Ref. [7], the periodic modulation of the incident electron flow. Using numerical 
simulation, we have shown [8] that when the electron flow 0T  is modulated in the form 

2
0 0 sin ( )T h tω=  where 0h  is the amplitude of the modulation and 2ω  is its frequency, the 

transfer to chaotic regime is carried out through the Feigenbaum cascade of period doubling. 
The chaotic system differs from the regular one by sensitivity to initial conditions, namely, an 
infinitesimal small initial excitation leads to an absolute different behavior compared to 
unexcited one. Exactly, the high sensitivity of chaotic states to external forces causes 
increased interest to such states in biological objects. 
     It is known that a chaotic process in systems affected by a periodic force can be stabilized 
by means of a weak electromagnetic field of definite frequency. We have investigated the 
process of stabilization of the chaotic tunneling process with the help of this method [8]. It 
was shown that acting by a weak harmonic field 0 sin( )w w t= Ω , where Ω  is the frequency 
and 0w  is the amplitude, the system is stabilized in a wide range of parameters. 
     In the paper [10], the process of controlling chaos was investigated quantitatively by 
means of Lyapunov exponents which are related [11] to how chaotic a system is. Any system 
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having at least one positive characteristic exponent is considered to be chaotic and the value 
of the maximal exponent gives a quantitative measure of sensitivity to initial conditions, i.e. 
the measure of exponential in time divergence of nearby trajectories.  
     Caring out the computation of the maximal characteristic exponent λ  by the method of 
Benettin and Galgani [12], we have obtained that in some ranges of system parameters the 
value of the exponent is positive. This is an evidence of the chaotic dynamics for the 
considered process. The dependence of the Lyupunov exponent λ  on the frequency of the 
driving signal has been obtained at those values of parameters when the system was in the 
chaotic state without the signal. These results confirme the suppression of chaos (λ  becomes 
negative) at the resonant frequency of excitation ωΩ =  when the amplitude of excitation 
exceeds some threshold value. This value was about 0.25 of the incident flow modulation 
amplitude 0h . The maximal influence on the system dynamics has been observed at the 
resonant value of the driving frequency (at which λ  was the smallest) while at frequencies 
near the resonant value the driving field also decreases the Lyupunov exponent but by smaller 
degree. The dependence of the maximal Luapunov exponent on the amplitude 0w  of the 
driving field has been obtained. 
     By our opinion, the controlling effect of electromagnetic field on the tunneling processes 
can be one of the mechanisms that explain the therapeutic effect of the weak microwave 
emission on a human organism. It is connected with the harmonic field effect on the charge 
transport taking place in cellular membranes. Considering that the pathology of biological 
objects at cellular level is the result of a disbalance of metabolic processes causing by the 
instability of tunneling transport, we suppose that microwave emission can stabilize the 
transport processes conditioned by the resonant tunneling. 
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     Biological effects of radiofrequency (RF) fields, particularly those that might be relevant 
for human health, have been much debated for many years. Present exposure limits in effect 
in most Western countries (IEEE and ICNIRP) are based on avoiding excessive heating of 
tissue, i.e. thermal effects. Establishing reliable exposure guidelines based on nonthermal 
effects requires some understanding of the underlying mechanisms to allow scientists to 
predict potentially hazardous exposure conditions. In addition, formulating and testing 
hypotheses about mechanisms helps scientists to interpret the frequently inconsistent reports 
of "nonthermal" effects and to design experiments to clarify their nature. In the past two 
years, several groups of investigators in the United States, under support of MMF (an industry 
group), have undertaken a new examination of possible mechanisms of interaction between 
RF fields and biological systems, in search of potential mechanisms for nonthermal effects 
under exposure conditions that might be allowed by present-day (IEEE and ICNIRP) 
exposure guidelines. Mechanisms considered include coherent excitation of vibrational modes 
of macromolecules, "microthermal" heating, disturbance of the counterion layer surrounding 
macromolecules, and quantum interactions. This talk will review the major findings of this 
research. The general conclusion from these studies is that a wide variety of interaction 
mechanisms is conceivable, but that quantitative analysis of the proposed mechanisms, taking 
into account dissipative effects, generally leads to thresholds for causing observable changes 
in biological systems by RF fields that are above those needed to produce thermally 
significant changes. 
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The aim of the project  
     were in vivo studies of a potential influence of chemical: inorganic manganese (Mn) 
and/or physical factor: high frequency electromagnetic field (EMF) on the  rat´s brain. The 
problem was to follow the fate of a marker (Mn) on its way across blood-brain barrier (BBB). 
Manganese - essential element, with neurotoxic potential when in excess in the brain. In the 
focus of interest there was  potential modification of BBB for Mn entry into the brain by the 
exposure to simulated mobile phone radiation. 
 
Methodical data 
     biological material - Wistar female rats (220-250g, n=8/10 for acute/subchronic tests) were 
used in depicted tests. There were 4 test groups  in acute or subchronic tests: C (without any 
exposure), C1 (exposure to Mn), C2 (exposure to EMF) and EX (exposure to Mn + EMF). 
     There were two experimental protocols: acute (Mn dose, 24 hours later a single 30 min. 
exposure to EMF and 24 hours later analysis of Mn within the brain) and subchronic (a dose 
of Mn, then repeatedly 30 min. exposures to EMF for 6 or 12 weeks and then Mn analysis 
within the brain). Dosage with Mn marker was identical: a single dose of manganese  was 
2.88 mg Mn2+/kg b.wt. for both protocols. It was applied intratracheally at the start of test/s. 
     Difference could be observed in EMF exposures: within acute test a single exposure to 
EMF of 900 MHz, irradiated power 1W, but in subchronic test rats were exposed twice a 
week for 6 or 12 weeks. At the end of 12 weeks rats were observed by a series of 
neurobehavioural tests to detect possible influence of factor/s applied.   
     Penetration of Mn in the brain of rats was detected at the end of acute or subchronic tests 
after sacrificing the rats and isolation of brain tissues by means of atomic spectrometry. 
 
 Results 
     a) acute tests 
     Significant Mn retention (P<0.05) within the brains of Mn treated animals: C1 and EX was 
observed as compared to Mn untreated control rats (C or C2). Moreover within the first acute 
test significant difference (P<0.05) was observed between EX and C1 groups, implicating 
influence of  EMF on BBB. This was not confirmed within following 2 repetitions, only a 
tendency for such results. 
     b) subchronic test 
     Significant Mn retention (P<0.05) within the brains of Mn treated animals: C1 and EX was 
observed at the period of 6 weeks exposures, as compared to Mn untreated control rats (C or 
C2). No positive influence of EMF on Mn increase in rat´s brains was detected. 
     Neurobehavioural observations after 12 weeks of exposures (according to protocol) 
enabled to detect significant changes (P<0.001) in a series of neurobehavioural parameters for 
all 3 exposed groups: C1, C2 as well as EX. 
 
Conclusion  
     Both factors under study succeeded to demonstrate certain influences on brain tissue, 
meaning acute test: Mn retention and subchronic test: neurobehavioural changes. 
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     In the paper a new method for the detection and measurement of the endogenous 
electromagnetic field (EEMF) and its structure is discussed. The method is distinguished by at 
least three characteristics: 

(a) it directly samples and visualizes the signal that originates from the observed 
biological system's EEMF, 

(b) it uses widely available and relatively inexpensive electronic and optical 
equipment and 

(c) it has harmless effects on the observed biological system. 
     Related methods, which base on the Kirlian photography, are able to indirectly detect 
certain properties of the biological systems' EEMF. The contact of (a part) of a biological 
system with a plate that is under the high frequency, high voltage, ultra low current electrical 
energy, produces the corona discharge, which is captured by a camera. Some diagnostic 
systems have also been developed according to these principles (Mandel, Korotkov). On 
general, Kirlian photography has been extensively studied and has shown quite consistent 
correlations with many emotional and physical states. Its main disadvantages are: 

(a) the necessity of a contact photography and, consequently, indirect estimation of 
the EEMF properties of other parts of the observed biological system and 

(b) the sensitivity to physical conditions of the parts of the system that are in touch 
with the electrified plate (like skin humidity and thickness, length and thickness of 
finger nails, etc.) and to physical conditions of the environment (temperature, 
humidity, etc.). 

     Fröhlich already proposed that collective modes of both electromechanical oscillations 
(phonons) and electromagnetic radiations (photons) extend over macroscopic distances within 
the organism and perhaps also outside the organism [1]. This theory has been extended by a 
number of theoretical physicists (e.g. Vitiello, Giudice, Duffield), who show that such 
coherent excitations can arise under the most general conditions of energy processing 
(pumping and sharing), and that once established, they are stably maintained [2]. 
     Czech group of scientists, lead by Pokorny, have been measuring radiations from the 
EEMF within organisms, which confirm Fröhlich's predictions, although at somewhat lower 
frequencies [3]. 
     Popp is one of the pioneers in detecting ultra-weak photon emission from living systems. 
He and many others since, have found that all organisms emit light ('biophotons') at ultra-
weak intensities, which are strongly correlated with the cell cycle and other functional states 
[4]. 
     In accordance to these research approaches, from our experiments it can be inferred that 
the EEMF of the biological system influences, with some sort of a near-field effect, the 
environmental light particles [5][6][7]. The reach of this influence was observed to be from a 
few mm to 10 cm from the organism. Under this influence the environmental photons form 
clusters, although they should normally follow random noise patterns. Clusters appear in 
irregular time frames, and can be visualized in appropriate lighting conditions when captured 
by the camera and processed with certain computer image processing algorithms (Fig. 1).  
      Resulting pixel formations have been analyzed by means of the spatial statistics for point 
patterns and it has been shown that they deviate significantly from the random (Poisson)  
formations up to the before-mentioned distance from the organism.  
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Fig. 1: The red lines denote regions of interest, where captured photons form streamer-like 
shapes stemming from the hand. Image colours result from the controlled lighting (red and 
blue spectra) and from the image processing methods (differentiation, contrast and Gaussian 
blur).  

 

         We believe the described method can lead to more holistic approaches towards EEMF 
detection and analysis, and towards better understanding of its real nature and principles. 
     Much has to be done yet, at least in the following directions: 

(a) to amplify the EEMF signal in relation to the various types of noise present; 
(b) to dampen the disturbing effect of biological system's movements and lighting 

properties (oscillations, shadows, etc.); 
(c) to explore the principles of the near-field effect of EEMF on the environmental 

photon particles,  
(d) to prove the coherence of the EEMF influenced photon clusters and 
(e) to prove the correlations of the EEMF with the biological system's functional 

states. 
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Introduction 
     An endogenous, possibly coherent, electromagnetic field of organisms was first postulated 
by Fröhlich [1] and then further elaborated by Italian scientists on the basis of the quantum 
field theory [2 – 4]. Indirectly, through the phenomenon of dielectrophoresis, it was 
empirically corroborated by Pollock and Pohl [5] and directly by recent measurements done 
by the Czech group around Pokorny [6]. The endogenous EM field may therefore be 
considered as a fact, it is only not yet clear whether such field is coherent or not, which is 
theoretically predicted but not yet proved. 
     In our experiments we investigated the electric properties of organisms from somewhat 
different perspective. We measured the influence of organisms, through the near field 
influence, on the electric potential of different sensors. The near field influence can be 
established either through the vicinity or through a direct nonconductive contact. The results 
we obtained were quite surprising and differed markedly from the expected behaviour, 
especially if one considered the organisms only as simple dielectric/conductive bodies with 
given mass, volume, composition of water, ions, and other substances, and certain average 
electric properties. 
 
Measuring system 
     Our system consisted of different sensors whereby we measured changes in the electric 
potential (they work as some sort of antenna). The sensors were made of conductive material 
inside a nonconductive outer part. The signal from the sensor is fed through a high impedance 
stage, amplified as necessary and measured electronically with an appropriate PC controlled 
integrated circuit, which enables real-time measurements and displaying of the results on the 
computer. The substance in which the electric potential is changed can be ordinary water or 
mixture of different substances, electrolytes etc. (the best composition of the sensors with 
maximum response is still under the investigation).  
     The sensors are also very sensitive to the direct electrostatic influence. We studied such 
cases thoroughly by performing static influences or by depositing static charges onto the 
sensors in order to be able to distinguish such effects from the near field ones. Static 
influences have a distinct behaviour; they generally quickly fade away, since there occurs the 
equalization of the potential across the input stage with its high (but finite) impedance. We 
observed also anomalously slow increasing of signals that cannot be attributed to the normal 
(fast) response of the usual dielectrics and conductors. Three typical examples of sensors’ 
responses after placing the objects on them are shown in Fig. 1 below. 
     The sensors can also pick up the environmental noise, mostly from the 50Hz electric grid. 
In such cases we have observed that such external fields can interact with the organism’s field 
and may be attenuated or amplified, with very different responses between different 
organisms. From such experiments we deduce, that there might be two processes at work, 
since we performed the experiments, where static part of the signal decreases, when an object 
was exposed to the additional time varying EM field, while the AC part of the signal 
increases. Such an example is shown in Fig. 2. 
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Results 
     We performed most of our experiments with human beings. Although the experiments 
with human beings are often avoided due to too many unknown parameters, in our case we 
found a rich variety of responses, to what a certain meaning can be attributed. We made also 
experiments with other organisms, as for example with apples, where we tried to find if there 
could be found some differences between different sorts or different states of apples (healthy, 
partly rotten) etc. 
 

 

Fig. 1: In the diagram on the left is seen normal (quick) response of the sensor (in all three 
diagrams look at the black curve). In the middle is a typical response where there is some 
static charge on the object (a spike, superimposed on the normal signal, that quickly fades 
away). On the right is an example of an unusually slow increasing of the signal. 
 

 

Fig. 2: An example of a signal, when an object is exposed to the additional AC EM field. 
Static part of the signal decreases while the amplitude of the oscillations increases. 
 

 
Fig. 3: Diagram shows measured signals of 9 persons, before and after two phases of 
relaxation. Persons feeling extrovert and energetic (marked with +) usually calm and relax  
and so does the signal, while persons not feeling very good (marked with -) usually regenerate 
during the relaxation and the signal increases. 
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    In one type of experiments, persons were measured at the beginning of the experiments and 
later after the two phases of relaxation. We consistently found that persons that were 
exhausted on that day, were not well refreshed, or did not sleep well etc., had initial readings 
low, which improved later after the relaxation, as if the person regenerated him/her/self. On 
the other side the extrovert persons with a lot of energy at the beginning, had their initial 
readings higher, which later got lower, as a sign of calming and relaxation (see Fig. 3). In 
other experimetns we found that persons can strongly alter (usually increase) the readings, 
when performing some physical excerises before. 
     Thus it seems that through near field measurements of organisms we can somewhat know 
something about their physiological state in a completely new and non-invasive way. We 
assume that their endogenous electromagnetic field is concerned. The investigations are 
proceeding. 
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     Experiments with phospholipid vesicles in external AC electric field show that the field 
tends to deform flaccid phospholipid vesicles in aqueous solution into approximately 
spheroidal shapes. Their axis of symmetry is aligned with the direction of the applied field. At 
low frequencies, the deformation is prolate. We found out experimentally that if the frequency 
is increased, the shape changes into oblate spheroid. We tried to find a suitable theoretical 
explanation for this phenomenon. 
     Both the aqueous solution inside and outside vesicle are modelled as lossy dielectrics. The 
vesicle membrane is  modelled as an anisotropic lossy dielectric, where the permittivity along 
the phospholipid molecules – or perpendicular to the membrane surface – is different to 
permittivity perpendicular to it. Membrane  permittivity  is thus characterized by an 
anisotropic permittivity tensor. The electric potential inside and outside the vesicle is obtained 
by solving the Laplace equation for a spherical shell immersed in a medium with different 
electrical properties (conductivity, permittivity). Due to the anisotropic permittivity of the 
phospholipid membrane, a different differential equation – but similar to Laplace equation – 
is obtained and solved for the spherical shell. Maxwell stress tensor is then calculated from 
the electric potential. The Maxwell stress tensor, evaluated on both the inner and the outer 
membrane-water boundary in the direction perpendicular to the boundary, amounts to the 
surface density of the force with which the electric field is acting on the membrane. Its scalar 
product with the local membrane displacement, integrated over the total membrane area, 
yields the work of electric forces acting on the vesicle. Equilibrium vesicle shape at given 
external parameters (vesicle size, electric field strength, frequency, conductivities and 
permittivities of both the aqueous medium and the membrane and the membrane bending 
constant) is then calculated by minimizing the total free energy, consisting of the membrane 
bending energy and the energy of the electric field.  
     Described theoretical model predicts  that the vesicle shape depends on the frequency in 
the same manner  as was observed in the experiment. The transition frequency between the 
prolate and the oblate shape shows most pronounced dependency on  two parameters: it 
increases with the conductivity of the aqueous medium and decreases with the vesicle size. 
Furthermore, comparing the model predictions with experiments allows an assessment of the 
ratio of the components of membrane permittivity tensor. 
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     Information in biological assemblies (plant leaves) is determined by the morphology and 
by the physiological activity of an assembly. The information sent by a biological system (a 
plant leaf) can be connected with the electromagnetic spectra (luminescence spectra)  emitted 
by the leaf. The quantity of information being emitted is specific for a biological assembly. 
The change of the information will condition the increase of our knowledge on the changes in 
a biological system. 
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     Adherence properties of leukocytes (prepared from peripheral blood) are understood to 
correlate with the cell-mediated immunity. An in vitro quantitative technique widely used to 
monitor cell-mediated immunity is the leukocyte adherence inhibition (LAI) assay based on 
observation of adherence of leukocytes to solid substrates in the presence or absence of 
antigens (an overview is e.g. in [1-3]). Antigen is bound to its corresponding receptor at the 
plasma membrane and consequently changes the cell adherence properties. Adherence 
properties of leukocytes can be changed by other agents of chemical and physical nature. 
Magnetic field is one of the physical agents that are capable of changing the leukocyte 
behavior [4,5]. 
     Specific antigen is an immunoactive fraction prepared from malignant tumor of the same 
type as that of the patient the blood was taken from. Organs with cancer were taken during 
surgery. Nonspecific antigen was an immunologically functional fraction prepared from the 
serum of inbred laboratory mouse strain C3H infected with the virus (LDV) enhancing the 
lactate dehydrogenase isoenzyme. Antigen was mixed with the suspension just before 
exposure to the magnetic field at a ratio of 1 part of antigen to 4 parts of T cell float. A 
comprehensive description of the preparation methods of the antigens is in [2]. 
     Suspension of T cells in the test tubes from green Sial glass was positioned in the center of 
a coil generating magnetic field. Exposure time was 60min as we wanted to compare the 
results after exposure to the magnetic field with the standard LAI assay results. The test tubes 
of the sham experiments without exposure to the magnetic field was positioned in the same 
coil but with no magnetic field just after the exposed experiment ended (i.e. after 60min). The 
measurement method is described in detail in [2].  
     The coil producing magnetic field is 30cm in diameter and 33cm in length. The axis of the 
coil is oriented vertically. Magnetic induction was measured by the magnetometer 
(Gauss/Teslameter) model 7030, Sypris (F.W. Bell) with Hall probes [6].   
     The number of nonadherent T cells in suspension was counted after exposure and with no 
exposure to the magnetic field. The results of the LAI assay can be expressed as a relative 
number of nonadherent cells M (in percent), as an index of positivity IP (a normalized value 
of M), and as a nonadherent index NAI representing difference in adherence with the specific 
and with the nonspecific antigen. 
     We investigated effects of exposure to the AC magnetic field 50Hz - 0.1 and 0.05mT and 
to the DC magnetic field 0.1mT on human T lymphocytes. Fig. 1 and Fig. 2 show the mean 
values of the relative number M of nonadherent cells and of index of positivity IP (a), and of 
the nonadherent index NAI (b) for magnetic fields 0.1 and 0.05mT, respectively. T 
lymphocytes were taken from healthy humans (H1 and H2) and from cancer patients before 
(Ca before - CaB) and after (Ca after - CaA) medical treatment. The T lymphocytes were 
taken from the same patients before and after the medical treatment (about 3-4 months after 
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treatment). The groups of healthy humans (H1 and H2) were investigated simultaneously with 
the groups of patients before and after medical treatment, respectively. Statistical significance 
was evaluated using ANOVA method (analysis of variance) and two groups  t-test (TGt). 
Statistical significance of the difference between the mean values of M  with no exposure and 
with exposure to the magnetic field 0.1mT is 0.0001. For 0.05mT the differences between the 
mean values of M for the group CaB are not statistically significant as the variance after 
exposure is to great. Further data on the statistical significance of the results are given in Tab. 
1 and Tab. 2.  
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     The magnetic field with induction 0.1mT has similar effect as that with 0.05mT. Induction 
0.05mT very likely does not represent a threshold for detectable effects. Nevertheless, 
variances of M and of NAI values for T lymphocytes taken from cancer patient before 
medical treatment (CaB) after exposure are great (Fig. 2). 
    
Tab. 1  Statistical significance of the results at 0.1mT 
 

H1xCaBxH2xCaA     H1xCaB     CaBxCaA    H2xCaA  Antigen  Mag. Field 
       ANOVA        TGt        TGt       TGt 

No          0.0001      0.001       0.001      0.001     Ca 
 0.1mT          0.0001      0.001       0.01      0.1 

No          0.0001      0.001       0.001      0.001    LDV 
0.1mT          0.0001      0.001       0.001      0.05 

        
Tab. 2  Statistical significance of the results at 0.05mT (NS – no significance) 

 
H1xCaBxH2xCaA H1xCaB H2xCaA Antigen Mag. Field 

ANOVA TGt TGt 
No 0.01 0.01 0.05 Ca 

0.05mT NS 0.05 NS 
No 0.01 0.01 0.05 Ca-LDV 

(NAI) 0.05mT NS 0.05 NS 
 
     Effects of DC magnetic field 0.1mT are measured using the same coil where AC 
experiments were carried out. Comparison of the results of exposure to the  AC and to the DC 
magnetic field is given in Fig. 3. There is no statistically significant difference between 
effects of  the AC and of the DC magnetic field. 
      Exposure of T lymphocytes to the magnetic field  0.1 and 0.05mT elicits effects that are 
similar to those of the field 0.5-10mT [2,3]. The effects (increase of adherence) support 
suggestions that a weak magnetic field  comparable with the earth magnetic field can change 
the immune function in humans. 
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     Nonlinear DNA dynamics can be studied using different models. This work relies on the 
Peyrard-Bishop-Dauxois (PBD) model [1], which is an extended version of the PB model [2]. 
The model assumes only transversal displacements of nucleotides [1,2]. This transverse 
interaction, i.e. the potential of a pair of the nucleotides, is modeled by a Morse potential: 
 

( )21−= − xa
M eDV  

 
     Possible intervals for the parameters a  and D  were recently estimated according to both 
experiments and theory [3].  
     According to the PBD model, a modulated solitonic wave  
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moves along the DNA chain [1,2,4]. This function, as well as its envelope, is shown in the 
figure for a particular value of t . One can define a density of internal oscillations (density of 
carrier wave oscillations) as a number of wavelengths of the carrier wave contained within the 
length of the envelope [5]. Obviously, two definitions are possible: κΘDo =  and 

ωΩΓ o = . 
     It is suggested, in this work, that the optimal value of the parameter a  can be obtained 
from the requirement oo ΓD = . This is corroborated by the fact that the equality of those 
functions ( oo ΓD = ) represents the mode when phase velocities of both the envelope and the 
carrier signal are equal. This is a sort of a coherent mode, meaning that the wave is unchanged 
in time, i.e. the patern shown in Fig. 1 is the same at any position n  of the DNA molecule. 
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     Fröhlich's theory of coherent excitations in biological systems predicts vibrational modes 
in metabolically active systems like cells and cell organelles. Well known periodic 
phenomena on the level of single cells are, e.g., calcium waves and glycolytic oscillations, 
which, however, are of chemical origin and exhibit characteristic periods of seconds or even 
minutes. Fröhlich excitations are expected at much higher frequencies in the GHz and THz 
region. This, and the fact of being longitudinal vibrations, makes their experimental 
investigation a demanding task. Later theoretical work by other authors has demonstrated that 
effects at much lower frequencies might be possible. 
     Indirect evidence of vibrational modes stems, e.g., from studies on the rouleaux formation 
of erythrocytes showing long range cell-to-cell interactions. Long range interactions also have 
been observed for spatially separated bacterial cell cultures. In cell suspensions of yeasts and 
algae highly polarizable particles are attracted towards the cells by dielectrophoretoc forces 
rendering information about the spatial distribution of the electromagnetic field. Recently 
mechanical vibrations of yeast cells in the kHz range have been recorded by atomic force 
microscopy. 
     The most promising approach for the experimental investigation of Fröhlich's theory is the 
direct, electronic detection. Because of uncertainties on the theoretical side such a detection 
system should be i) very sensitive, ii) span a wide frequency range and iii) should exhibit a 
temporal resolution of seconds or less. Obviously, the amplifier should exhibit a good signal-
to-noise level over a wide frequency range. Investigating single or few cells calls for a high 
impedance input. At the frequencies of interest this translates to a low input capacitance. 
Similar arguments hold for the coupling between biological object and the electronics, which 
can be done either by electrodes or by magnetic means like microcoils and SQUIDs. The 
registration and presentation of data is performed preferentially in the frequency domain. For 
this purpose analog signal analysis by spectrum analyzers or parallel filter arrays is feasible. 
Alternatively the signal is to be digitized and analyzed by Fast Fourier Transformation or 
specially developed algorithms. 
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     Life on the Earth is imbedded in an „electromagnetic ocean” of terrestial, cosmic and man-
made electomagnetic fields. However, all living systems (biosystems) themselves, regardless 
of differences in the biological hierarchy, create and emit very weak quasi-stationary 
electromagnetic fields  of the power less than 10−16  W/cm2 or 103 photons/s cm2 in the 
spectral range 180-1500 nm or 2.1014 - 1015 Hz [1,2].  This ultraweak endogeneous 
electromagnetic emission (UEE) is associated with the production of electronic excited 
molecules in the exergonic steps of metabolic processes. Biosystems exposed to detrimental 
conditions i.e with the perturbed homeostasis, show changes in the parameters of UEE; 
usually an increased intensity, spectral shifts  and a non-stationary kinetics of UEE. Lethal 
doses of stress factors that cause an irreversible perturbation of homeostasis and death of  the 
organism evoke an enhanced  „necrotic” UEE. Such an irreversible emission announces a 
decline of the living state [3-10]. 
     Modern optoelectronic devices and computer software allow to record and analyse UEE. 
To record the time-dependent intensity variation in the UEE, the single photon counting 
(SPC) method  exploiting a low-noise and a broad-wavelength photomultiplier tube  was 
used. In this method one can obtain a collective signal from the whole sample in the time 
intervals longer than ca μs; a precise time moment after which there occurs a reaction of the 
tested biosystem to an applied stimulus (perturbation of homeostasis). The spectral 
distribution of the emitted radiation was analyzed combining the SPC method with a set of 
cut-off optical filters covering the wavelength range λ   from 300-850 nm. Two-dimensional  
imaging of the UEE was done by accumulating the photons over a given period of time 
(seconds, minutes or hours) by means of an ultrasensitive slow-scan charge coupled device 
(CCD) camera Molecular Light Imager „Night Owl”. In this SPC-imaging method one can 
record the emission changes from the particular fragments ( region of interest, ROI) of the 
object under study and to construct pseudo-coloured 2-D maps of UEE. The time-dependent 
intensity of UEE for chosen ROI were obtained by calculating the number of photocounts 
from  selected ROI pixels taken during the exposure time (usually min-h). For this purpose 
and in order to avoid artifacts and disturbances caused by reflections, meniscus and the  vessel 
edge, special computer programs were elaborated [11,12].   Several examples of UEE from 
lower and higher plants, animal cells cultures and whole organisms exposed to the action of 
detrimental physical and chemical factors applied in lethal doses will be presented. 
     UEE from yeast cells - a well defined eukaryotic type cell was extensively investigated [4-
6]. Lethal concentrations of formaldehyde and trichloracetic acid - strong poisons that 
denaturate proteins - elicited a distinct increase in the intensity of UEE (a „necrotic peak”) 
and spectral alterations (the spectral shift from the red  λ > 675 nm  to λ = 540 nm for alive 
and dead cells, respectively). In the case of HCHO- elicited necrotic emission the oxygenation 
of cells enhanced UEE. The emission of coherent oscillations from synchronously dividing 
yeast cells centered around 8.5 MHz was also recorded [13]. 
     The response of gigantic Chara  and  Nitella algae cells to local anaesthetics like procaine  
at different temperatures manifested as „necrotic” peaks correlated with the amount of 
alive/dead cells. A distinct oscillatory pattern of UEE from 30 cells reveals a cooperative, 
non-linear behavior of the cells during the dying process. Additionally, the rate of cytoplasmic 
streaming and conduction of action potentials was studied [8,9]. The SPC-two-dimensional 
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imaging of  UEE dynamics observed by a Night Owl revealed morphological destructions 
after the anaesthetic treatment [10].  Several experiments with the delayed photosynthetic 
emission from Acetabularia acetabulum also shown an increased  intensity from perturbed 
samples and changes in decay kinetics of UEE [14].  
Many experiments on the effect of organic solvents, toxins, brine, acids and temperature on 
higher plant tissues revealed the existence of enhanced PE in the form of  a necrotic 
maximum [15]. 
     UEE from domestic animals spermatozoa cells exposed to the ascorbate—Fe(II) redox-
cycling peroxidation system also shows an enhanced intensity which correlates (r = − 0.95 - 
0.82, P = 0.05) with the vitality  (number of alive/dead cells) and motility of the cells. UEE 
spectra from spermatozoa cells determined by the SPC-cut-off filters method covers the λ 
region 350-800 nm and are not a species characteristic [7]. 
Organs, tissues and the whole organisms of several lower animals treated with different toxic 
chemicals  in lethal doses exhibited  increased UEE [3].  
     Vital cells from rat brain homogenates or pig oligodendrocytes after disintegration emit 
radiation which is independent of external oxygen and not amplified by chemiluminescent 
probes. It is suggested that this cellular UEE represents a biophysical radiation which 
originates from the interruption of an intermolecular radiationless energy transfer [16]. In 
recent Japanise works two-dimensional SPC imaging was used to monitor UEE from an 
exposed rat’s cortex in vivo without adding any chemical agent or employing external 
stimulation. It was shown that the UEE intensity correlates with the electroencephalographic 
activity of the cortical surface and is associated with the cerebral blood flow and hyperoxia 
[17].  
     Recent investigations with mice intoxicated with formaldehyde, acetone or barbiturates 
observed by SPC-imaging have shown an increased UEE during the dying process [18].    
Properties of UEE  are derived from biochemical and physiological  excitation processes. One 
can expect that  properties of the primary excitations are transferred directly to those of the 
UEE. Therefore the multiparametric analysis of SPC and 2D-imaging of UEE might be used 
to elucidate mechanisms of the stress,  toxin-organism interaction, to evaluate lethal doses, the 
resistance and adaptation capacity  of biosystems. It is worthy to emphasize that these 
techniques are completely non-invasive and provide information on energetics and kinetics of 
physiological processes in real time. They offer an unique chance of tracing and recognizing 
perturbation of biosystems in a variety of scenarios. 
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     The prompt spreading of the different applications of radio techniques raised the interest 
for the interaction of high-frequency electromagnetic fields with biological objects. Any 
laboratory work in this field demands the measurement of the intensity of the field, preferably 
within the biological object, or at least in phantom. In this paper the high frequency electric 
field measuring probes developed in the Research Institute for Technical Physics and 
Materials Science will be presented. 
 
The probe should meet to the following requirements:  
 
- Small size, ensuring good resolution in space. 
- The scattering of the field from the probe and the connecting wires etc. should keep as 

small as possible. 
- The isotropic reception can be important in some cases, i.e. the sensitivity should not 

depend on the polarisation of the field. 
 
     The probes are constructed from short dipole antennas mounted with a detector diodes in 
the gaps and connected to the amplifier with highly resistive leads. The dipole antenna senses 
the electric field component parallel to it. One dimensional and three dimensional probes were 
fabricated.The 3D probes contain three mutually orthogonal dipoles, ensuring the isotropic 
sensitivity. The dipoles are connected to the amplifier with the resistive transmission lines, 
which attenuate effectively the longitudinal propagation of the high frequency signal.  
     The probes are fabricated by thick film technology on 125 µm thick polyester substrate. 
The conductive parts are screen-printed: the dipoles from silver paste, the resistive lines from 
carbon paste. The detectors are zero bias diodes. Isolating lack covers the printed circuits. The 
typical widths of the probes are between 5 and 8 mm, the length – the distance between the 
probe and the amplifier – is typically 30 cm. The probes can be immersed into aqueous 
solutions, so the measurement within biological material or in phantom jelly is possible.  The 
three dimensional probe is prepared from 3 equivalent parts, each of them consist of a dipole 
sensor tilted with an angle of 54.74o to the to the probe axis. The three individual parts are 
placed together at the long edges forming a cross section of a regular triangle. This 
construction is self-sustaining, so no any holder and outer tube are necessary. The probes are 
not fragile, they can be slightly deformed elastically. The inner part of the probe is empty; the 
jelly of the phantom or even the biological material can penetrate into this hole.  
     The detector diodes work in the square-low regime, i.e. the output voltage is proportional 
with the square of the electric field. Therefore the summing of the signals of the three 
orthogonal detectors will give the square of the total field in that point. 
     The measurement and calibration of the probes are performed in a cylindrical waveguide 
with inner radius R. The fundamental TE11 mode is used at 900 MHz. Therefore R=109 mm 
was chosen. The waveguide is cut into two parts that can rotate relative to each other. A muff 
ensures the good electric contact between the two parts. The waveguide termination is a 
pyramidal absorber. The microwave power is feed to an N type connector. Its lengthened 
central conductor couples the signal into the waveguide. The reflection is minimized by the 
tuning screw, at least S11 = –30dB can be achieved at each measuring frequencies within the 
bandwidth of the TE11 mode. The homogeneity of the E-field in the central region is utilized.      
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In the region extending to 0.1*R around the axis the maximum difference in the magnitude of 
the electric field is only 1.27 % and the orientation differs only with 0.24 degree. This 
theoretical statement was checked by measurements too. The probe is put into the waveguide 
trough a hole, it can revolve around its axis, and also the two parts of the cylinder containing 
the probe and the feed in point can rotate against each others. As a combination of these 
rotations the antenna characteristics can be determined along three perpendicular axes. The 
absolute sensitivity of the detectors can be measured in the same cylindrical waveguide too.  
     The frequency dependence of the probe sensitivity is flat within 20% in the range of 
0.5…2.0 GHz; below 300 MHz the sensitivity decreases drastically. The outputs of three 
detectors of the isotropic probes were summed and amplified (X200) by operation amplifiers 
having extra low bias currents (0,1 pA). The probe-amplifier system has an integrating time 
constant of 90 ms. This filtering decreases the noise arising mainly from the resistors and the 
disturbing 50 Hz scatter from the mains. The Johnson noise is suppressed in the microvolt 
range, however the most of the noise is the 1/f noise of the granulated carbon prints. The 
experienced noise levels at the output of the amplifier differ from probe to probe; they vary in 
the 1-5 mV range. The sensitivity of the probes is about (5…7)*10-4 V*/(V/m)2 , where V* 
means the voltage output of amplifier. The direct measurements the SAR sensitivity in brain 
phantom liquids resulted the values about 20 and 10 mV/(W/kg) for 900 MHz and 1800 MHz 
phantoms respectively.. 
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Background: There has been an increase in research on human body ultraweak photon 
emission (UPE) for isolated cells and tissues. There are only limited data on measurements of 
UPE from whole body.  
 
Objective: The goal of the present study was two-fold. At first, to describe a protocol for 
management of subjects that a) avoids interference with light-induced long-term delayed 
luminescence, and b) includes the time slots for recording photon emission. Secondly, to 
study photon count distribution, and analyse fractal properties of photon emission.  
 
Technology:  A specially selected low noise end window photomultiplier was utilized for 
detection of ultraviolet / visible light (200-650 nm) photon emission. For multi-site recording 
it was manipulated in three directions in a dark room with a very low count rate.  
 
Results: Twenty-nine body sites are selected such that the distribution in UPE can be studied 
as right-left symmetry, dorsal-ventral symmetry, and the ratio between the central body part 
and extremities. Although data demonstrate the variability in patterns between subjects, the 
data suggest that a “typical” human emission pattern exists. The thorax-abdomen region emits 
lowest and most constant emission. The upper extremities and the head region emit the 
highest levels and increase during the day. It seems that  generally the fluctuation in photon 
counts over the body is lower in the morning than in the afternoon. Spectral analysis of low, 
intermediate and high emission from the superior frontal part of the right leg, forehead and 
palms of left and right hand in the sensitivity range of the photomultiplier (200 – 650 nm) 
show the major spontaneous emission at 470-570 nm.  
     Photon emission was characterized by kurtosis and skewness values of the photon count 
distribution. In addition data were characterized by the Fano factor [F(T); variance over mean 
of the number of photoelectrons observed within observation time T]. All data were compared 
to surrogate data sets which were constructed by random shuffling the data sets. Data 
indicated that commonly F(T) increased with observation time, significantly at window sizes 
above 6s.  
 
Conclusion: Examples of multi-site UPE recordings and spectral analysis demonstrate the 
individual patterns and dynamics of the spontaneous UPE over the body, and the spectral 
differences over the body. The spectral data suggest that measurements might well provide 
quantitative data on the individual pattern of peroxidative and anti-oxidative processes in vivo.  
     Fano factor analysis demonstrates that the time series do not represent a simple Poisson 
process, the UPE has characteristics of a fractal process, showing long-range correlations.  
We expect the measurements provide physiological information to be useful in clinical 
examination. 
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     It is known, that all physical bodies including biological objects, absorb, reflect and pass 
electromagnetic waves in a wide range of frequencies. Intensity of electromagnetic radiation 
of object depends on his structure, temperature, condition of a surface, frequency of radiation, 
and also biochemical processes which proceed in the object [1]. Together with equilibrium 
radiothermal radiation in biological objects nonequilibrium radiation which is shown in a 
narrow range of frequencies takes place also. As a source of nonequilibrium radiation the non-
uniform field of temperatures, gradients of concentration of substances, leading of energy 
from local sources, metabolic processes in an alive organism can act. To a nonequilibrium 
component of radiation carry also the phenomenon of secondary radiation by biological 
objects in a long-wave part of a spectrum. Such nonequilibrium radiation takes place in a 
decimetres range of lengths of waves at an irradiation of the researched biological 
environment low intensive (<10-6 W/sm2) electromagnetic waves of a millimetres range. The 
mechanism of his occurrence is in details considered in [2]. As secondary radiation which is 
observed, is superfluous above radiothermal radiation, it carry to a radio-frequency 
luminescence [3].  
     Experience of resonant therapy unequivocally shows, that the greatest influence on the 
person is carried out with electromagnetic fluctuations in a range of frequencies 40...70 GHz. 
The final medical effect which is easily fixed clinically, testifies that effective transformation 
of energy of chemical communications at a cellular level took place. There is an idea, that 
these transformations under influence of millimetres lengths of waves cause the phenomenon 
of secondary radiation in a decimetres range.  
     Authors develop the device, allowing to measure a level of secondary radiation of  

 
biological objects under influence low intensive radiation of millimetres lengths of waves. 
Structure of the device offered by authors shown on Fig. 1.  
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     The device the microwave amplifier 3, a key 4, replaceable attenuator 5, the square-law 
detector 6, the low-frequency amplifier 7, the synchronous detector 8, the filter of the bottom 
frequencies 9, the voltmeter 10 and the generator 11 low frequencies contains the aerial of 1 
decimetres range, the switchboard 2. The structure of the device also includes the aerial 12, 
the generator 13 millimetres ranges, a key 14 and the power supply 15. A position 16 the 
designated researched biological object.  
     With the help of the device offered by authors it is possible not only to predict efficiency 
of resonant therapy in each concrete case, and to carry out wide researches on influence of 
change of capacity and frequency of electromagnetic fluctuations irradiating object.  
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     Direct measurement of the electromagnetic fields generated by living cells may deliver 
strong support for Fröhlich´s theory of coherent oscillations in biological systems [1]. We 
have exerted in our laboratory in recent years some experimental effort to realize direct 
measurements of cellular fields in rather broad frequency range. Our interest is attracted now 
by the interaction of living cells with mm-wave fields. 
     The published results of investigation in this region are rather contradictious. Grundler et 
al. [2] observed resonant interactions of the external fields in the 42GHz region with yeast 
cells (frequency dependent growth of yeast cells during exposure over three growth cycles). 
Non-thermal effects at 40 and 50GHz on living cells are described in [3]. Measurements of 
Gandhi et al. [4] did not disclose the spectral resonances of biological samples and the authors 
concluded that spectral resonances in the mm-wave region reported by others are likely to be 
in error. 
     We assume that electromagnetic field generated by subcellular structures has character of 
the near zone field and could be measured in the near vicinity of the cell. As a model system 
for experimental investigation we have used cold-sensitive β-tubulin mutants tub2-401 of 
yeast cells Saccharomyces cerevisiae. At the restrictive temperature (below 14˚C) the mutant 
tub2-401 has no microtubules. The yeast cells are at the boundary between the G2 and the M 
phase. After recovery of the arrested mutant tub2-401 at the permissive temperature (above 
25ºC) microtubules were polymerized and mitotic spindles were formed (at about 20min from 
the initial time). After 40min of cultivation the majority of cells were in the anaphase A and 
some of them were in the anaphase B. Within 60min of cultivation the mitotic spindles of the 
majority of cells were in the anaphase B and some of them completed it. These data were 
verified by fluorescent microscopy [5]. 
     We designed a laboratory equipment for the measurement of living cells activity in the 8 
mm wave region. A block diagram of the measurement system of electromagnetic oscillations 
of living yeast cells is shown in Fig. 1. The sensor is formed by a fin-line structure. We 
described its configuration in [6]. The sensor with cells is screened against spurious fields. 
Preamplifier Spacek SL406-34-4 in the frequency band 37-43GHz is used followed by the 
spectrum analyzer Agilent E4448A. Measured sensitivity of the system for 300Hz analyzer 
resolution bandwidth is -140dBm. The frequency band 4MHz at 41-42GHz is divided into 20 
subbands of 200kHz and is scanned during 60s. The system is controled by computer and 
measured data are stored in the computer memory for evaluation and for statistical processing. 
During measurement the temperature of the fin-line sensor with cell suspension is kept at 28 ± 
0.2 0C using a computer controlled system. 
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    Fig 2 shows measured signal in the subband 41.6996-41.6998GHz (reproduced from the 
data stored in the computer memory). Critical level for evaluation is about 5.5dB above the 
average level of the noise (detector of the maximum values is used). We evaluated sum of 
power of the spectral lines exceeding the threshold level in 5min intervals as a function of 
time. Data in the Grundler-Keilmann frequency range (41–42GHz) evaluated from 
measurements on synchronous cells, on the same mutant of yeast cells cultivated at 30ºC 
(nonsynchronous yeast cells), and on the  sucrose solution will be presented. Experimental 
data are compared with  the evolution of the M phase. 
 

 
 

  
 
 
 
 
 
 
 
 
 
                                          Fig. 2                                  
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Introduction 
     Among hypotheses concerning the nature of the living state of organisms is also the one 
that is built around the concept of the plasma state of ionic matter within and around 
organisms first proposed by Inyushin [1,2] and later elaborated by Zon and other researchers 
[3,4]. Inyushin suggested the existence of a bioplasma energy field composed of ions, free 
protons, and free electrons. He assumes that the bioplasma energy field is a fifth state of 
matter (besides the known four states: solids, liquids, gases, and plasma). The bioplasma 
particles should be constantly renewed by chemical processes in the cells and would be in a 
constant motion. There should be a balance of positive and negative particles within the 
relatively stable bioplasma. A severe shift in this balance should cause a change in the health 
of the organism. At the same time, some of this bioplasma should be radiated into space. 
 
Preliminary research methodology 
     We developed a measuring device that is very sensitive to electric fields (potentials). Its 
distinctive feature is that  while measuring the electric potential it consumes almost no electric 
current. Thus, it may measure even electric potential differences whose energies are almost 
negligible. With the device, we could measure small differences in electric potential of plants 
throughout the day (circadian rhythms). But it interested us most if there were differences 
between living and dead leaves of the plants (a leafy shoot of Setcreasea purpurea, one leaf of 
Begonia rex) while subjecting them to a stream of ions stemming from a fire. Our hypothesis 
was that due to its bioplasma the living leaf should compensate some portion of incoming ions 
or electrons while the dead one would not accomplish this.  

     The leaves (or shoots) were cut from the original plant and fixed on the wooden frame. 
During measurements a special device and a program detected the voltage of leaves in 
arbitrary units (the values were amplified) every second. The shape of the curves or its slope 
can be further analysed. The dead leaf (or shoot) was obtained by dipping them into boiled 
water for a few seconds.  
 
Results and discussion 
     The results of our preliminary research confirm the hypothesis, namely, the living leaf is 
electrified a little slower than the dead one (see Figs. 1 and 2). As is seen in Figs. 1 and 2 the 
(almost completely linear) slope of the gaining of the negative charge is smaller with the live 
leaf than with the dead one. The experiments on this line are in progress. 
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Fig. 1. Absolute difference in the slope of the voltage lines of live shoot of Setcreasea and the 
same dead one. 
 

 
 
Fig. 2. Comparison of the slopes of the voltage curves of live leaf and the dead one. The plant 
was Begonia rex.  
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DELAYED LUMINESCENCE APPLICATION IN ALGAE AND HIGHER PLANTS 
 

Alexis Zrimec, Maja Berden Zrimec,  Luka Drinovec 
Institute of Physical Biology, Velika Loka 90, 1290 Grosuplje, Slovenia; alexis@ifb.si 

 
     Delayed luminescence (DL), also termed delayed fluorescence or delayed light emission, 
is a long-lived light emission by plants and cyanobacteria after a short illumination [1]. In 
contrast to rapid fluorescence, which is light emission on the nanoseconds time-scale, the 
characteristic times for DL are from milliseconds to seconds. It has a hyperbolic decay 
kinetics in the first seconds after illumination, which is sometimes followed by a more or less 
pronounced peak, sometimes called the afterglow peak [2]. 
     The main source of DL is photosystem II (PSII) in the thylakoid membrane of 
chloroplasts. DL originates from the repopulation of excited states of chlorophyll a from 
stored energy after charge separation [3]. 
     DL kinetics depends on the physiological state of organism and is influenced by stress and 
injury [4]. In physiological studies, delayed luminescence intensity (DLI) is frequently used 
as a parameter. DLI represents the integral under the DL decay curve. DLI was reported to be 
a measure of photosynthetic activity and living algal biomass in field studies [see ref. in [2]. 
Yacobi et al. [5] have analyzed natural phytoplankton samples using DL excitation spectra 
and were able to detect taxonomical changes in the algal communities. This technique is 
currently used in monitoring freshwater phytoplankton [6].  
 
Delayed luminescence measurement 
     DL is measured in a custom made photon-counting luminometer. The apparatus includes 
an illuminator for photo-excitation, a thermostated sample holder and a light detector. A 20 W 
halogen lamp is used as an illuminator, providing light intensity of 40 mmol m-2 s-1 PAR at 
the sample position. The sample holder for 5 ml cuvettes is thermostated. For light detection, 
a red-light-sensitive photomultiplier tube (Hamamatsu R1104) with a Hamamatsu C3866 
Photon Counting Unit for signal conditioning and amplification is used, coupled to a personal 
computer for data collection. Background noise is measured prior to each DL measurement. 
The samples are than illuminated for 3 seconds and DL is measured in the interval between 1  
to 60 seconds after the illumination.  
 

 
Species specificity 
     DL kinetics is a useful tool for taxonomic and growth phase determination of 
phytoplankton, especially during algal blooms when one algal species predominates [2]. The 
DL decay is hyperbolic in the first few seconds, and then the curves diverge markedly for the 
various algae (see the Figure above).  
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Living cell concentration 
     DL can be used as for determination of living algal cell concentration (minimum detection 
limit of approximately 10 cells/ml in our luminometer) and biomass. The relationship between 
DLI and algal cell concentration is linear, allowing concentration measurements of natural 
samples [7]. 
Influence of external parameters 
    DL kinetics is influenced also by different temperature regimes and illumination intensity 
[8]. The intensity and onset of the afterglow peak vary due to the external parameters. 
 
Delayed luminescence as a tool for toxicological tests on plants 
     DL measurement is nondestructive, simple and fast compared to the standardized 
toxicological tests and allows rapid monitoring of physical or chemical factors that affect 
photosynthesis. Many toxicity endpoints in algae or higher plants require 1-2 weeks of 
exposure to xenobiotics before significant changes are detected [9]. 
    Effects of heavy metals on DLI of Lemna minor can be seen already after 24-hours as 
opposed to the standard Lemna growth test (ISO 20079) which lasts 7 days. Exposure to 
different metal concentrations allows calculation of standard toxic parameters, like ECx 
(effective concentration). The afterglow peak is even more sensitive to chemicals affecting 
photosynthesis than DLI. For example, peak can be diminished already 25 minutes after 
adding DCCD (ATP-synthase inhibitor). 
     Comparison of DL and growth measurements of unicellular algae Scenedesmus 
subspicatus, exposed to a toxic substances in a standard procedure, showed the differences 
were more pronounced with the DL measurements. 
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P. Vitovič, M. Weis, P. Tomčík, J. Cirák, T. Hianik 

Laboratory of Biophysics, FMFI UK, Mlynská dolina F1, 842 48 Bratislava, Slovakia 
Department of Physics, FEI STU, Ilkovičova 3, 812 19 Bratislava, Slovakia 

 
     We studied the electrical and mechanical properties of monolayers composed of pure 
model peptide gramicidin A (GRA) as well as lipid monolayers contained various mole ratio 
of GRA/Phospholipid. The area-pressure isotherms were measured both at gel and in a liquid–
crystalline state. The measurements of area-pressure isotherm of monolayers of a pure GRA 
confirmed previously obtained results by other authors. However, in addition to these studies 
we for the first time measured the changes of Maxwell currents flowing between the surface 
of monolayer and ground and caused by reorientation of dipole moments of the monolayer. 
We have shown, that after initial growth of the current during compression of monolayer and 
at relatively large area per molecule, the growth was changed by decrease of the current at 
area per molecule around 4.7 nm2. This effect evidence of the changes of orientation of dipole 
moments of GRA and of the changes of secondary structure of the molecule, that switch to 
double helix conformation. GRA affect the mechanical and thermodynamical properties 
dimyristoylphosphatidylcholine (DMPC) monolayers. On the base of measurement L-B 
isotherms of mixed DMPC-GRA monolayers below and above phase transitions of 
phospholipids, we confirmed that aggregation of GRA exists both in liquid-crystalline and in 
a gel state of the monolayer and take place at DMPC:GRA mole ratio 3:1. These results are in 
agreement with that obtained recently [Giociautti et al. Biophys. J. 82 (2002) 3198] on a 
mixed dipalmitoylphosphatidylcholine (DPPC) monolayers in a gel state. Our results reveal 
that aggregation of GRA took place also in a liquid-crystalline state of the bilayers.   
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     Monolayers of surfactants at the ait/liquid interface (Langmuir films) exhibit very 
interesting physical properties attributed to low-dimensional systems as well as provide 
promising applications as models of biological membranes for studying lipid-protein 
interactions. Recently much attention has been paid to the dynamic behaviour of the cell 
memebrane (change of molecular orientation or conformation). Many various experimental 
techniques have been designed to the order parameter (molecular tilt) investigating in organic 
monolayers on the water surface, however only a few of them are suitable for the study of 
time-dependent orientational properties. The method of Maxwell‘s displacement current 
(MDC) measurement was developed by Iwamoto and Majima [1-2]. Partly modified 
Iwamoto's MDC setup appeared in [3] and was tested by measuring stearic acid (SA) and 
diacetylene (DA) monolayers. The further introduction of non-continuous compression, 
regularly interrupted [4-5] allowed to follow the relaxation processes during which the system 
of molecules reaches the equilibrium state after a stop of the barrier. 
 

  

β

 
 

Fig. 1. (left up) Schematic view of the experimental setup for displacement current 
measurement. Rod-like polar molecules execute precessional motion on the water surface 
with maximal tilt angle  θA (A and  μ stand for the area per molecule and the dipole moment 
of molecule, respectively). Electrical shielding of the top electrode is not drawn. (left down) 
The course of compression was interrupted at four positions characterized by four selected 
areas per molecule. (right) Time recording of the MDC across the SA monolayer in the course 
of a step compression characterized by the compression rate β. 
  
    The experiment is based on a short-circuited capacitor being formed by two parallel plates 
between which the Langmuir monolayer is situated. Maxwell's displacement current (MDC) 
is here generated by the change in dielectric polarization provided mechanically. The 
schematic view in Fig. 1 shows basic components of the experimental setup. More details 
about the experimental device (NIMA Technology, UK) are described in [5]. Compression of 
the monolayer is provided by a movable barrier, and it results in the change of the surface 
concentration of the molecules as well as in the orientational change of direction of the 
molecular electric dipoles. The change of the orientational polarization vector can be 
expressed as Maxwell's displacement current flowing through the monolayer. 
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     As we showed in our previous studies [6] the current flowing in the outer circuit can be 
expressed as a time change of the induced charge 
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where μ is the dipole moment of one molecule, N is the number of molecules under the top 
electrode and G is the geometrical factor depending only on the distance between the top 
electrode and the top plane of the monolayer, and on the radius of the circular electrode. 

Θcos  stands for the statistical mean value Θcos , where Θ  is the angle between the dipole 
moment vector and the vertical z-axis and is defined by a relationship 
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where dΩ is the solid angle in which the molecule is situated and U  is the mean value of the 
interaction energy. The potential energy was determined according to our previous model of 
the monolayer [6]. The mutual pair interaction between molecules consists of dipole-dipole 
interaction and Buckingham's modified potential. For all our calculations a spatial averaged 
value of the cluster potential energy is used. For the mean value of the interaction energy we 
can obtain 
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where C, 0r and B are constants and r is the center-to-center separation of the particles.  
     The molecules have a tilt AΘ∈Θ ,0   from vertical axis, where the maximum possible tilt 
angle AΘ  is a function of the area per molecule and is defined by the relation 

CA AA /1cos −=Θ  ( CA  is the critical area for the molecule lying on the water surface) [7]. The 
system has a spontaneous trend to expand, therefore we assume that the molecules have tilt 

AΘ=Θ . In the spherical coordinates, where one molecule is at the centre of the system, for a 
generalized variable Θ  the Lagrange motion equation of a cluster of n molecules has form 
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The kinetic energy consists of rotation, precession and translation energy. The latter one 
consists of mean value kTi

2
, where i is degree of freedom (constant value for given 

temperature T; disappears by time differentiation) and its change 2
2
1 rm& . By substituting the 

kinetic energy change into Eq. (4), it is possible to express the angular acceleration 
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where J  is the moment of inertia and m  and l  is the molecule mass and the molecule length, 
respectively. It can be shown that the second term in the denominator can be neglected. 
Because the observed relaxation phenomena remind of the inner resistance of the environment 
to the motion, we apply a friction term ( )Θξ′− &  to the motion equation. Eq.(5) is rewritten as 
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where CA2/ξ=ξ′ . For a numerical solution Eq. (6) was used in the form 
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with 1016.0 −= kga , 11.0 −= sb . These theoretical calculations satisfactorily fit the experimental 
data (Fig.2). 
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Fig. 2. (up) Detailed analysis of the relaxation process following a stop of the barrier in 
compression (left view) and expansion mode  (right view). (left down) Development of 
designed potential energy, markers represent selected areas for experiment. Potential energy 
minimum is shown in the insert. (right down) Curves represent our calculations using 
Lagrange's equation. 

 
     Imperfect gas approximation for Langmuir films as a cell membrane models is a new view 
at a membrane. The analysis of the molecular motion by the Lagrange equation explains the 
observed orientation-translation relaxation process in the monolayer after stopping its 
compression at various molecular concentrations. Overshoots in expansions as a rapid return 
to zero (for low areas per moelcule) is caused by the determination of the maximum possible 
area per molecule with the barrier position. 
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CONDUCTING POLYMERS IN BIOMEDICAL SENSORS 
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     Many chemical substances in industrial processes, medical care and environmental 
monitoring are still evaluated by offline measurements. Appropriate sensors, which allow for 
online monitoring, are scarcely available.  There is an urgent need of sensors for medical 
diagnostic industry, environmental monitoring, and food industries. A new class of polymers 
known as intrinsically conducting polymers or electroactive-conjugated polymers has recently 
emerged. There has been an increased interest in the research and development of conducting 
polymers that can be used for application to biosensor devices. This is because biosensor is 
likely to have significant impact on industrial and economic activity of the developing and 
developed world. In the near future biosensing devices in the broadest sense pertains to the 
implementation of materials, molecular devices, circuit and architecture as encountered in life 
sciences into molecular circuits and systems and miniaturized techniques and also to bring 
technology down to atomic scale (bio-chip). In this context it has recently been shown that it 
is possible to use receptors, enzymes, antibodies, organelles and plants cells and many other 
biological materials as the molecular recognition elements of sensing devices [1-2].   
Electrically conducting polymers have considerable flexibility in the available chemical 
structure, which can be modified. Moreover the polymer itself can be funtionalized to bind 
protein molecules. This paper will briefly describe the overview of construction, designing 
and molecular architecting of biosensors. 
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BIOELECTROCHEMICAL METHODS FOR CANCER RESEARCH AND 
THERAPY 

 
Hermann Berg 

  Laboratory Bioelectrochemistry,  Campus Beutenberg 
Jena , Germany, hbergjena@hotmail.com 

 
     Nearly the whole reservoir of electrochemical methods has been applied against cancer 
cells in vitro: d.c.(constant, pulsed) and a.c. (capacitively or inductively coupled) in the 
frequency regions 1 Hz up to THz . The main breakdown effects are  : 
-electrolytic cell destruction ,electroporation of membranes by d.c.application, 
-changes of metabolism (e.g.inhibition of proliferation,HSP expression, apoptosis induction, 
and necrosis) by various a.c. treatments. 
 
     All these effects can be strengthened synergistically by hyperthermia(up to 44°C), 
hyperacidity(down to  pH6), photodynamic action(500-800 nm), and addition of cytotoxic 
agents(actinomycin,doxorubicin) or antisense oligodesoxynucleotides (AS-ODN) . Examples 
for these combinations on the cellular level will be presented  and data evaluated [1].Using 
Helmholtz-coils in the region of extremely low frequencies the magnetic flux densities of 10-
15 mT yield optimal efficacy. 
     The tumor therapy of animals( mostly mice) has been tested  for d.c.techniques and 
pulsating electromagnetic fields (PEMF), sometimes combined with cytotoxic agents 
(mitomycin, cis-platinum) orAs-ODN [2]. In most cases significant  tumor  necrosis and 
inhibition of angiogenesis have been found.  
     Treatment of different tumor patients occurs mostly by the Nordenström d.c.electrode 
method. Depending on the kind of neoplasmic tissue about 15 000 patients in China showed 
more or less regressions. In contrast to these d.c. applications the noninvasive PEMF 
solenoid-technique is unfortunately still in the very beginning [3]! Nevertheless, this 
induction of apoptosis and cell necrosis  by PEMF variations last not least in the high 
frequency region - combined with static magnetic fields  and agents mentioned -  will be the 
adjuvant noninvasive therapy in the future. 
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     The aim of this paper is a review of clinical experience with hyperthermia combined with 
cytotoxic chemotherapy in thermosensitive liposomes. Hyperthermia is a therapeutic modality 
that uses heating of tissue to 41-43o C, and can be performed locally, regionally or 
systemically. Hyperthermia alone has limited antineoplastic activity, but enhances efficacy of 
chemotherapy and radiotherapy. Preclinical and clinical studies indicate that hyperthermia 
may enhance the efficacy of variety of anticancer agents by increasing intratumoral drug 
concentration, membrane transport, oxygen free radical production and by inhibiting the 
reparation. Several cytotoxic drugs have demonstrated additive or synergistic effect in 
combination with hyperthermia, including (doxorubicin, cisplatin, nitrosoureas, 
cyclophosphamide, bleomycin, mitomycin C and gemcitabin). The first thermosensitive 
formulation of liposomes was proposed by Yatvin et al in 1978 [1]. In vitro studies 
demonstrated that combination of hyperthermia and thermosensitive liposomes augment drug 
delivery and antitumor effects of thermosensitive liposome encapsulated drugs as compared 
with free drug or thermosensitive liposome encapsulated drug that is administered under 
normothermic conditions. Hyperthermia increases extravasation of liposomes in the tumor 
vessels and increases cytotoxic drug release from thermosensitive liposomes. There is also 
direct cytotoxic effects of hyperthermia on tumor cells and synergistic or supra-additive 
effects of hyperthermia combined cytotoxic agents. In clinical practice, intravenous 
administration of cytotoxic chemotherapy is followed by application of local or regional 
hyperthermia using a hyperthermic device [2]. The clinical experience with the combination 
of hyperthermia and cytotoxic chemotherapy in thermosensitive liposomes is limited. In phase 
I/II clinical study 15 patients with locally recurrent breast cancer, previously treated with 
radical mastectomy and conventional radiotherapy, were enrolled on a protocol combining 
initial re-irradiation, monthly infusions of liposomal doxorubicin and local hyperthermia, 
using waveguides, with a rectangular or circular aperture (National Technical University of 
Athens), working at a frequency of 433 MHz [3]. All patients showed an objective 
measurable response and 3 patients (20%) had complete response. In another phase I/II study 
23 patients with breast cancer metastatic to the chest wall were treated by sequential 
hyperthermia via 16-element planar array microwave or ultrasound applicators and liposomal 
doxorubicin [4]. All patients had prior radiotherapy and chemotherapy. Objective response 
was observed in 12 out of 20 evaluable patients, indicating that sequential hyperthermia and 
liposomal doxorubicin is effective and may be safely administered over multiple cycles. We 
have earlier reported a complete response in a patient with skin metastasis of breast carcinoma 
treated with intravenous infusion of liposomal doxorubicin in combination with local 
hyperthermia by Sonotherm® 1000 Ultrasound Therapy System, working at a frequency of 
3,4 MHz [5]. Each treatment cycle consisted of intravenous administration of liposomal 
doxorubicin followed by 2 fractions of hyperthermia 41 to 43oC for 45 minutes 1 and 48 
hours after infusion. We have observed a partial response in a patient with advanced 
inoperable hepatocellular carcinoma of the liver treated with liposomal doxorubicin in 
combination with regional hyperthermia of the liver by Sonotherm® 1000 Ultrasound 
Therapy System, working at a frequency of 1 MHz [6]. Each cycle consisted of intravenous 
administration of liposomal doxorubicin followed by 2 fractions of hyperthermia 41oC to 
43oC for 45 minutes 1 and 48 hours after infusion. No toxicity was observed. Combination of 



 109

hyperthermia with cytotoxic chemotherapy in thermosensitive liposomes is technically 
feasible and well-tolerated treatment that should be further tested in prospective randomised 
clinical trials.   
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Introduction 
     We have more than 30 years experience of using magnetic or electromagnetic fields 
(EMF) in treating approximately 20 000 patients with various diseases or traumata of support-
motor apparatus, blood circulation and nervous system's disturbances. 
     The development of fundamental science of magnethotherapy is very necessary, but the 
application of these studies in practical medicine is as well important. Our investigations 
serve the latter tendency. 
 
Objective 
     The aim of this study was to investigate the possibility of application of EMF with specific 
frequency: 
1)   for treatment of various diseases; 
2)   for prognosis and prophylaxis; 
3)   for diagnostics of  diseases and functional situations. 
 
Methods And Results 
     Our activities in electromagnetic therapeutics were developing gradually. In 1970-ies our 
laboratory elaborated and handed over to production “Pulsar”, which generated pulsate low 
frequency EMF. 
     During our research work we tested different frequencies, not all of them were effective. 
The best effect we acquired applying EMF in 80 Hz scope. 
     Regarding the information of different authors about the influence of EMF with various 
frequencies, we improved our apparatus “Pulsar” with changeable frequencies in order to find 
out the most effective EMF frequencies for different diseases. 
     We considerably broadened the usage of specific frequencies electromagnetic fields in 
therapeutics after 2000, when we obtained serial production apparatus “Deta” (Russian), 
which generates EMF with a wide scope of frequencies and programs for treatment of 
different diseases. Effective specific frequencies for different organs are from 1-2 and 6-7. 
     This method may be put into practice not only in medical institutions but  also at home. 
Approximately 200 patients have been treated in our out-patient department as well as at 
home under our super vision. 
     The majority of patients improved their health. Some of them felt the improvement after 
the first procedure, while some of them received a positive affect only after 1-2 months. 
     We have achieved improvement or even facts of healing for a group of patients who were 
suffering from such diseases as: bronchial asthma, podagra, rheumatic arthritis, psoriasis. 
     In order to define the affects of specific frequency EMFs, we used a bioelectromagnetic 
diagnostic device “VitaTest” (Russian), which registered and analysed EMF specific 
frequencies  generated by different cells and organs. 
     The base of the method is to make use of virtual magnetic resonance between the sick and 
the healthy man's EMF frequencies. 
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     With the help of this method we can identify pathological changes in several organs, as 
well as the general state of health, diagnosing disease before and after the course of 
therapeutics and if it is necessary, during the course of healing. 
     This apparatus is very sensitive. It is possible to identify small details of several organs 
(f.e. the nucleus of hypophese's hypotolamus). It shows small organic and functional changes, 
so it is possible to begin prophylactic methods hindering the development of the disease. 
     With the help of this method it is possible to make a prognosis of different medicine's 
positive influence. 
     It is important, that this examination shows some medicine's negative influence on the 
health of the patient, the medicine's, which has been recommended as very positive for the 
given pathology. 
     It is possible to identify and to compare the intensity of influence of separate medicine and 
so to recommend more effective methods of treatment. 
 
Conclusion 
     Our experience allows us to conclude that the application of EMF with specific 
frequencies gives the best results in treatment of various diseases and organs. 
     A very significant effect can be achieved by using apparatus which makes use of virtual 
electromagnetic fields resonance with the patient's generated electromagnetic fields in order 
to treat, to diagnose, to prognoses and to suggest prophylaxis for the patient. 
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INTENSITY ELECTROMAGNETIC RADIATION OF MM-RANGE 
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     Working out of new methods of treatment which based on results of fundamental 
investigation is necessary requirement at present. Quantum medicine and its main technology 
– microwave resonance therapy (MRT) which used medical properties of low intensity 
electromagnetic waves of milimeter range is one of  such methods [1]. The level of irradiation 
signals may ranges from 10-6…10-12 W/cm2 for the monochromatic to 10-15…10-21 
W/(Hz·cm2) for noise generators within diapason of frequencies 37,5-78,3 GHz. Such 
generators are “AMRT-02”, “ARIA-SC”, “Ramed-expert”, “Porog-1”, “Porog-3” (Ukraine), 
“Artsakh” (Armenia), “Yarmarka”, “Stella-2” (Russia), “MU-2001” (Switzerland) etc. [2]. 
MRT have an influence on biochemical processes in organism, normalizes of metabolism 
without adding any exogenous chemicals. In other words the effects of MRT realizes on those 
levels of biological organization, when doesn’t yet appear changes which are specific for 
various nosologies. That meaks that MRT is a nonspecific method of treatment of common, 
normalize character. Just because this peculiarity  MRT  is effective method of treatment for 
diseases of various etiology and pathogenesis, and its effect is universal [1].  
     The positive effect of MRT is proved for treatment more than 60 various diseases: of 
digestive tract (stomach and intestine ulcers, gastritis, duodenitis, cholangitis); of respriratory 
system (chronic bronchitis, bronchial asthma); of locomotor apparatus (degenerative-
dystrophy lesions of bones, articulations and vertebral column) etc. [3]. The clinical efficiency 
of MRT depends on age of patients, the nature of pathology, the stage of disease, the 
aggravation of disease symptoms, the degree of irreversible organic damages in organs, the 
character and duration of previous treatment. The question of principle is the possibility of 
MRT use as an original method of treatment. 
     MRT provides of normalization of blood microcirculation: improves of blood reological 
properties and architectonics of microvessels ets. Normalization of microcirculation provides 
to a considerable extent of metabolism renovation in affected organ, promotes lowering of 
tissue hypoxia. It is understandable the analgetic and sedative mechanism of MRT taking into 
account the active reaction of neuro-endocrine system on MRT influence, especially raising of 
endogenous opiates levels.  
     It determined that the immune system reactions on MRT in various diseases, including 
radiation and chemical injury, when the immunodeficiency’s component are available, 
consists in not only quantitative changes of immunocompetent cells’ balance, but in changes 
of the functional state of ones. The reparative processes in injured organs and tissues 
accelerate essentially after the first séance of MRT already. 
     It is important that in mechanisms of sanitation which are conditioned by MRT the 
modulation of neuro-humoral (usually hormonal) regulation of functions play an essential 
role. It is proved that low intensity electromagnetic radiation of ultra-high-frequency is 
capable to modulate of specific functions of secretory cells of the endocrine glands [4]. 
     It is most important that all enumerated positive changes which take place during treatment 
of patients with pathogenetically various processes, and intensity and direction of mentioned 
changes depends on initial state of patient’ health and to a considerable extent are determined 
by presence of irreversible organic changes in organs.  
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INFLUENCE OF THE SINUSOIDAL MAGNETIC FIELD  50Hz/0.5mT ON 
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     T lymphocytes acquired from blood of the patients with laryngeal and pharyngeal 
carcinoma demonstrate (after adding the antigen) limited adherence ability as compared with 
T lymphocytes of the check group (voluntary blood donors) when monitored with the help of 
the leukocyte adherence inhibition assay. After exposition to an external sinusoidal magnetic 
field of the induction 0.5mT the ability of the T lymphocytes acquired from the blood of the 
patients increases reaching the marginal value of adherence corresponding to that of healthy 
humans. Exposition of T lymphocytes from healthy humans increases their adherence too. 
After successful medical treatment of the cancer process the adherence properties of T 
lymphocytes are in the range of those for healthy humans. Long term following up with the 
adherence properties revealed the high adherence properties as long as the malignant process 
is suppressed.  The results of this in vitro experiments support the suggestion that magnetic 
field has significant effect on immune function in humans and that the long term evolution of 
the immunity reflects cancer treatment.      
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MEDICAL APPLICATIONS OF MICROWAVES 
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     Microwave thermotherapy is successfully applied in clinics in the Czech Republic. 
Technical support is at present from the Czech Technical University in Prague.  In this paper 
we outline new trends in microwave thermotherapy, both clinical and technical. New trends 
we can divide into two major groups:    
     - clinical trends, 
     - technical trends. 

1. CLINICAL TRENDS 
The microwave thermotherapy is currently in clinics used in more scale. In present we 
distinguish this fields: 

- Oncology:   the treatment of tumors, 
- Physiotherapy:  the treatment of sceletal problems, 
- Urology:  the treatment of Benign Prostate Hyperplasia (BPH) 

All three modalities are practised in clinics here in the Czech Republic and altogether several 
thousands of patients have been successfully treated by microwave thermotherapy. Some 
examples of this treatment will be given during the presenation. Our goal for the next clinical 
development is to support new clinical groups to learn and to begin to practice the microwave 
thermotherapy. 

2. TECHNICAL TRENDS 
Most important technical fields of microwave thermotherapy development (covered also in 
our activities) can be specified as:  

- Applicators:  development and optimisation of new applicators for more effective 
local, intracavitary and regional treatment, 

- Treatment planning:  mathematical and experimental modelling of the effective 
treatment 

- Noninvasive temperature measurement: research of the possibilities of new 
techniques (like NMR and US) for exact noninvasive 
measurements. 

Our goal for the next technical development is: 
- improve the theory of the local and intracavitary applicator design and optimisation, 
- innovate the system for the applicator evaluation (mathematical modelling and 

measurements), 
-    develop system for regional treatment. 
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     Microwave imaging is an interesting and growing research field with a number of medical 
applications.  This paper is based on the first series of experimental results using an iterative 
gradient algorithm based on the Finite Difference Time Domain method and synthetic pulses.  
Using our method, the permittivity and conductivity of an object is reconstructed layer by 
layer by minimizing a functional consisting of the difference between the measured and 
calculated electric field surrounding the object. This is done by surrounding the object with a 
number of antennas which are all in turn transmitting and receiving. The dielectric profiles 
used in the calculations are then iteratively updated until the functional is minimized. Results 
will be presented for phantoms of muscle and fat containing tumors and examples of the use 
of the method for detecting metallic and dielectric material in air and water will also be 
demonstrated. 
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TREATMENT OF CANCER WITH RADIO WAVES (PHYSIO THERAPY AND 
REHABILITATION TREATMENT) WITHOUT ANY SIDE EFFECTS 
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Electromagnetic Fields and Living Matter Neoplastic Cellular Culture 
 
Cell Fusion and Necrosis (Grade 2) 
     The possibility that weak electric or magnetic fields can send signals past the strong 
potential barrier of the cytoplasmic membrane (100 KV/cm) can be explained by the 
hypothesis of the phenomena of resonance on certain kinds of ions (101), the co-operative 
gapjunction type phenomena (102, 103), and the amplification effects explained by the set up 
of a field gradient between the inside and outside of a spherical shell made up of three layers 
of dielectric properties (95). The treated cells were examined with an electron microscope that 
showed ultrastructural alterations in the following areas: 
 
• Cytoskeleton fiber—at the structure alteration level with an increase infibers compared to 

the control and with a more irregular disposition and orientation 
• Mitochondrion—a different orientation of the mitochondrion crests and an alteration of 

the mitochondrion matrix which appears dishomogeneous and pycnotic compared to the 
contol 

• Autophages—intra-cytoplasmic bodies in many cells 
 
Moreover, the following can be noted: 
 
• Chromatin degeneration 
• Thickening of the chromatin at the nuclear membrane level 
• Nucleus vacuolisation 
• Mitochondrial degeneration 
These types of alterations, especially at the nuclear level, suggest the hypothesis that an 
apoptotic type of phenomenon was induced by the treatment. 
     The characteristic of the equipment for these studies was as follows: low power (0.25 
watts) electromagnetic waves with frequencies in the kilohertz range and magnetic fields and 
electrostatic fields specifically modulated according to the Gorgun method (GEMM: 
Modulated electro-magnetic generator). 

Hypothesised Mechanism 
     It is thought that the chromosomes, following the messages received as a results of the 
variations of potential in the cytoplasmic membrane, activate through electromechanical 
effects the emission of messages by the genes that regulate cell dynamics for normal cell 
functions or for the mitochondrial activities for ATP production. An electrical circuit 
composed of a zener diode attached to the base of a bipolar transistor is offered as a model for 
the operation of the mitochondrion. The zener diode represents the on/off pulse operation of 
some cell functions, the combined circuit impedance represents the impedance of the 
glycoproteinic sensors present on the mitochondrial membrane, and the transistor represents 
the ATP activation process. 
     It is supposed that the excessive production of ATP is related to an alteration of the glyco-
proteinic sensors present on the mitochondrion membrane with consequent lowering of the 
impedance that in turn does not discriminate between the signals in frequency and activates 
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the production of ATP in an almost continual way. The cancer cell would therefore go into 
mitosis due to the excess of ATP. Static magnetic fields and square wave pulsed electric fields 
are used to act on the mitochondrial membrane, increasing the impedance of the glycopro- 
teinic sensors through the lengthenin of the polyglycidic chain. A pulsed electromagnetic field 
in phase with the electrical signal is used to interfere with the communications between the 
genes and the protoplasmic glycoproteinic complexes involved in the promotion of cell 
mitosis. 
     It is thought that the impedance of the mitochondrial membrane to the messages coming 
from the genes increases with the electromagnetic treatment and with increases in the 
malignancy (the highest impedance for undifferentiated tumours). This is related to a greater 
alteration of the sensors of the undifferentiated tumours and therefore to their greater 
predisposition to the bond with polyglycidic chains. The undifferentiated cancer cells, because 
of the high impedance induced on the mitochondrial membrane by the electromag-netic 
treatment, stop producing ATP and therefore enter into necrosis. Following the treatment the 
differentiated cancer cells have an impedance which is still sensitive to some messages 
coming from the chromosomes promoting the normal production of ATP, so these cells 
change their state of mitosis; however, they continue to live in a quiescent state (vegetative 
form of life). 
     The normal cells are not influenced by the electromagnetic treatment as the impedance of 
their mitochondrial sensors is not modified and remain sensitive to messages that arrive from 
the chromosomes for the activation of the ATP synthesis. 

Clinical Application for the terminal cancer patients with the good results. 
     Studies recently carried out reinforce the hypothesis that different classes of proteins 
change in response to electrical field forces induces by oscillating electric and 
electromagnetic fields at predetermined frequencies and intensities, and suggest that there 
could be biological effects that might halt the mitosis of neoplastic cells. The use of a static 
magnetic field of 5 mT for 50 to 60 minutes has changed the lectinici bonds of specific sites 
on the membrane surface of erythrocytes with a consequent alteration of the ATP content 
(104). The variation of the lectinici bonds is considered by the changes of the glycoproteinic 
complex. 
     Pulsed square wave magnetic fields with a frequency of 10 Hz and an intensity of 10 mT 
on animals in vivo modified some biochemical blood parameters and produced significant 
effects on the erythrocyte count and the concentration of haemoglobin, calcium, and plasmatic 
proteins. The mechanisms of the observed effects are probably tied to the influence of the 
magnetic fields on the ionic permeability and capacitive reactance of the membrane due to 
changes in its lipid component, on the liquid crystalline structure, and on the enzymatic 
activity of the ionic pumps dependent on ATPasi (105). 
     Fields of 2 KV/m with frequencies from 1 KHz up to 1 MHz activate the Na+ and K+ 
pumps in the ATPasi in human erythrocytes. The authors suggest that the interactions that 
permit the free energetic coupling between the hydrolysis of the ATP and the pumping of the 
ions are of the coulomb type. 
     The results obtained indicate that only the ionic modes of transport necessary for the 
synthesis of the ATP for specific physiological conditions were influenced by the applied 
electrical field, and some types of reactions are not explicable in chemical terms but only as 
related to electrogenic effects (106). The use of pulsed square wave electric fields with an 
amplitude of 1050 volts, an impulse width of 100 microseconds, and a frequency of 1 Hz have 
strengthened the anti-neoplastic effect of the bleomicina in the growth of fibro-sarcoma SA-1, 
malignant melanoma B!6, and Ehrlich ascitic tumours (EAT) (107, 108). Electromagnetic 
fields at a frequency of 7 MHz have bees measured concomitant with cell mitosis in culture 
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yeast cells (109). It is known that the ciclines (e.g., P16 and P21) have an important role in the 
processes of mitosis on cancer cells (110). The ciclines use the terso P. of the ATP.         
     Classically this second type of interpretation has produced fundamental clinical 
instruments, such as, for example the electrocardiogram, the electroencephalogram, and more 
recently the nuclear magnetic resonance (2, 31, 32).  
     Good results obtained with this treatment from the terminal cancer patients. 
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     A microwave technique development stimulated its use not only in traditional branches 
such as broadcasting, radiolocation, radio navigation etc., but also in biology and medicine. 
For example, in medicine, low intensive electromagnetic radiation (EMR) is applied as a cure 
for treatment. Great expectations are put on the millimeter waves in medicine diagnostics with 
using of intrinsic thermal (non-coherent) emission of a human body. Thus, general 
investigation of the interaction of low intensity electromagnetic fields (EMF) with biological 
objects has a fundamental value for a science in general, and for practical application of these 
fields in biology and medicine as well. 
     One of the important parameters of the estimation of the interaction between EMR and 
different objects is a reflection coefficient on the "air – irradiated body" border. First, the 
reflection coefficient characterizes a level of EMR perception by an object, which is essential, 
for example, under estimation of a risk for a certain person in an external EMF. The saturation 
of an environment with the microwave EMR from anthropogenic sources may involve 
unpredictable consequences for living organisms, and this problem requires of a full study. 
Second, to know the reflection coefficient of a body, which is opaque in the studied frequency 
range, we can estimate it’s thermal emission capacity. In some cases, it may be an 
informational signal, but in other cases it is a constant background, which can be taken into 
account under registration of a weak useful signal [1]. In the last case, a correct consideration 
of the own thermal emission of a human body has a great importance for the correct 
interpretation of the experimental results [1]. Third, the possibility of using the reflection 
coefficient of acupuncture points and biologically active zones of a skin (which are sensitive 
to the pathophysiological changes in internals and tissues) are of a great practical interest. 
     In the present paper, methods and results of measurements of the reflectivity power 
coefficient in the range of 54÷78 GHz for some parts of a human body are given. A 
possibility of using microwave reflection coefficient in medicine diagnostics is shown. 
     Measurements were carried out using a panoramic waveguide device for measuring a 
coefficient of standing waves (CSW) by voltage and attenuations of the P2–69 type within a 
range of frequencies of 54÷78 GHz (Fig. 1). Therefore, if the surface of the investigated 
object is perpendicular to a longitudinal axis of a horn antenna, optimally matched with the 
space, then the measured waveguide coefficient of a power reflection ⏐G⏐2 is equal to an 
optical reflection coefficient Rν

  of the wave in the case of its normal incidence on the surface 
of the object under investigation (⏐G⏐2 = Rν

 ). Certain parts of the human skin surface and 
water were investigated. On Fig.2, the results of CSW measured at 60 GHz for some parts of 
the man right hand palm are shown. For the palm, the CSW values were in the range of 1.2–
1.45, and for a backside of a hand, the CSW was equal to 1.85. The differences of CSW 
values surely exceeded a measurement error. 
     Table 1 presents the values of a reflection coefficient |G|2 for the corresponding parts of a 
hand palm (Fig.1) and for water in a polyethylene package with a film thickness of about 0.2 
mm. Our results show that the measured microwave reflection coefficient values |G|2 for 
various parts of the body surely differ from one another, change in time and depend on a state 
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of a skin, especially on it’s humidity: a humid skin reflects a millimeter EMR on 5–10% 
better than a dry skin. The absorption An = 1 – |G|2 of human body in the millimeter range 
changes accordingly to |G|2. 

 
 

 
   
Fig.1.Measuring design and device parameters:  
OSI – Oriented splitter of an incident wave; OSR – 
Oriented splitter of a reflected wave; the cross-section 
of the wavequide is 3.6 × 1.8 mm; the frequency 
range is 53÷78 GHz. 

 
Fig.2. Measurements of CSW on 
a human palm. Rectangulars 
shows an area corresponding to 
the input aperture of the horn 
antenna. 

 
     The values of the microwave 
reflection coefficient for the same parts 
of a skin significantly differ for 
different patients. Thus, a human 
perception of an external millimeter 
EMF has an individual character. This 
gives a background for optimistic 
prognosis for using microwave 
reflection in medicine diagnostics. 
     Resonances in the 54–78 GHz range 
of the reflection spectra were not 
observed. The millimeter reflection 
coefficient |G|2 for different parts of a 
body doesn’t exceed 0.1. Accordingly, 
the absorption capacity Aν of a human 
body in the millimeter range approaches 

unity: human body absorbs more than 90% of an external millimeter EMF. At the same time, 
it is known [2, 3] that internals and tissues of a human body have a significant coefficient of 
bulk absorption in the mm-range. In the case of a homogenous media, it can lead to a large 
reflection coefficient [4]. For example, for water at 200 C, it is equal to 0.33 (Table 1). The 
small values of the reflection coefficient, observed in the experiments, are related with an 
"antireflection" role of the upper, drier layers of a skin as wide-band transformers of wave 
impedance. Due to this, the millimeter EMR penetrates into a human body without significant 
reflection and the resonance effects in the reflection spectra are absent. 
 
 

Tab. 1. Measurement results for a microwave 
reflection coefficient at the frequency of 60 GHz 
Investigated object CSWmeas Rν =⏐G⏐2 
Thumb nail 1.39±0.06 0.026±0.007

Soft flesh of a thumb 
1.2±0.0
5 

0.006±0.
003 

1.32±0.
05 

0.019±0.
005 

1.41±0.06 0.030±0.007
Palm of a human 
hand (Fig. 2) 

1.45±0.06 0.035±0.008

Backside of a hand 
1.85±0.
09 

0.094±0.
013 

Water, 20 0C 3.5±0.3 0.33±0.03 
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     Conception of negative flows (NF) of electromagnetic radiation (EMR) has been 
introduced by the well-known Soviet physicist B.I. Stepanov in optics. He has shown [1] that 
the regime of the so called negative excitation of an irradiated medium, resulting in transitions 
of material particles not to a higher level (as by usual excitation) but to a lower one and 
reducing the whole energy due to its capture, can be obtained with the help of NF of EMR. In 
practice for this purpose, it is sufficient to use a cooled source of a thermal emission that is 
equivalent to the irradiation of the investigating system by the NF. 
     In a microwave range of 54 ÷ 78 GHz the NF EMR have been found [2] at the research of 
an intrinsic emission from physiological and biological objects. Registration devices respond 
to the NF EMR in unusual way, namely, the going out signal increases with decreasing the 
incident one. Unlike the ordinary (positive) flows (PF), the NF are limited in magnitude. The 
maximum value of its density can be obtained if an object under the investigation were 
surrounded by the source of radiation with temperature equal to absolute zero. Experimental 
investigations of NF of microwave radiation [3] in clinic show its high efficiency. Well 
expressed therapeutic effect (especially, when treating patients with inflammatory diseases 
accompanied by the painful syndrome) was observed when NF and PF of microwave 
radiation were applied together. The effect was seen even when only NF were applied without 
the using of PF. This was demonstrated [4] by the studying the influence of NF on dynamics 
of the painful syndrome for the cases of atherosclerotic discirculatory encephalopathy and 
neurodistrophic spinal column and joints injures (osteochondrosis, arthrosis). 
     Positive results of the clinic investigations give evidence that the using of NF of millimetre 
radiation in medicine is perspective in the frame of studying the nature of pain and also for the 
creating of special methods for the eliminating of painful syndromes. 
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Introduction: Direct current (DC) delivered through implanted electrodes is used for local 
treatment of solid malignant neoplasms and metastases. The objective of the study is to 
evaluate the impact of current intensity and quantity of electricity on tumor growth in in vivo 
experiment. 
 
Materials and methods: Wistar female rats were employed. W256 was inoculated 
subcutaneously  as 1�106 tumor cell suspension. All the animals were allocated between three 
groups and a control one, 8-12 rats in each. The tumor volume was calculated by ellipsoid 
formula. There was a single electric current treatment of the tumor reaching the volume of 
300-400 mm3. Two steel needle electrodes (anode and cathode) were directly inserted into the 
tumor, through which DC was delivered with current intensity of 1 mA, 3 mA, 10 mA for 60 
min (the quantity of electricity being 3.6, 10.8 and 36 coulombs respectively). Tumor growth 
inhibition index was determined on the 7th day after the treatment, and pathologic  changes in 
the tumor and surrounding tissues were estimated. 
 
Results: 3.6 coulombs DC did not affect the course of W256 growth. Tumor growth 
inhibition index made up  35% at 10.8 coulombs DC. The delivery of 36 coulombs to the 
tumor resulted in local tissue necrosis and cure of 3 of 8 animals. Twenty-four hours after the 
treatment, colliquative necrosis was found in the tumor fragment subjected to cathode 
treatment, and coagulation necrosis  to anode exposure. Twenty-one days after the treatment, 
the excrescence of the friable fibroblastic tissue with peripheral angiomatosis and 
hemosiderosis was observed in the former tumor sites of the cured animals. 
 
Conclusion: DC causes dose-dependent growth inhibition of W256, even complete 
destruction of the neoplasm. The basic mechanism of DC direct antitumor effect is destruction 
of  tumor tissues by the acid  (HCl) on the anode and the alkali (NaOH) on the cathode which 
are produced by electrolytic processes. 
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     For evaluating the reaction of plants and seeds to external visible light and longer 
electromagnetic waves stimuli, we used bioelectric potentials (BEP) generated by plant 
organisms that reflect their physiologic state. BEP of animals and plants can be reliably 
registered by applying surface electrodes. We studied BEP while irradiating a leaf and the 
upper part of a plant stem cultivated at normal illumination and temperature conditions with a 
low-intensity (below 1 mW/cm2) laser beam, or with light from a noncoherent source 
(halogen incandescent lamp) delivered through a light-fiber bundle, or with millimeter range 
electromagnetic radiation. In the irradiated area of 5 mm in diameter, a pulse is generated on 
the background of stationary BEP with amplitude of several millivolts. This nonstationary 
BEP propagates down the stem with a speed of around 0.3÷0.7 cm/s [1]. 
     We designed a set of mathematical models enabling us to relate the processes of excitation 
of electroactive conducting bundles of cells in a plant stem. 
     We measured the action spectrum of low intensity radiation generated by lasers, narrow-
band noncoherent sources of visible light and mm-range waves in dependence on the 
wavelength (dependences of BEP on λ) in a wide range (from 380 nm to 9 mm, 35 
wavelengths overall) and suggested an explanation of the presence of a set of maxima. The 
latter correspond to the absorption spectrum in the photosynthetic range and the absorption 
spectrum of water [1]. 
     It was shown that the laser-induced BEP of the seeds can be used as an additional criterion 
for the diagnostics of major indices of the sowing qualities of seeds: germinating power, 
sprouting rate, and vitality [2]. 
     As an alternative method of vital express-diagnostics of qualitative and, possibly, 
functional state of plant objects we suggested a method of visualization and image analysis of 
electro conducting biological objects (seeds and plants of different agricultural crops)  in a 
luminous corona discharge of high-frequency electric field. Calculations and preliminary 
experiments show that the frequency range from 104 to106 Hz is most suitable for imaging the 
plants and seeds in the electric field of corona discharge. The lower limit of this range is more 
suitable for the objects with a large surface area. The amplitude of the applied alternative 
voltage should be from 5 to 10 kV. 
     Analysis of obtained images shows that the source of luminescence is the corona discharge 
near the object surface. Classification of the methods of image formation in a high-frequency 
electric field of the corona discharge allowed optimizing the instrumentation. An 
experimental prototype of a generator of high-frequency discharge luminescence was 
designed for the diagnostics of seeds and plants quality. A technique of imaging the tissues, 
organs and whole structures of plants and seeds of different crops was suggested. 
In the majority of cases, plants and seeds have dielectric conductivity dependent in time and 
space all through the in-depth structure of the object. Fluctuations of the dielectric 
conductivity are due to changes in physico-chemical processes in cells, tissues and organs of 
the organism and reactions of the object to external stimuli. Pathological changes in the 
structure of a biological object form a luminous image different from the initial one. For 
instance, images of plant leaves obtained at intact and damaged states are considerably 
different. 
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     We plan to conduct experiments with different seeds (damaged and intact) of agricultural 
crops in the electric field of the corona discharge. Such experiments are difficult because of 
the elliptic shape of these objects. 
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      The research of changing of matter physical properties under the influence of 
electromagnetic emission is of great importance due to the possibility of controlling of 
biological processes with the help of millimeter emission and especially because of high 
efficiency of microwave resonance therapy [1].  
     In this report, investigations of refractive indices variations based on the method of 
holograph interference at the wavelength λ=632.8 nm in a number of fluids (organic liquids, 
water, cell cultivations in nutritious medium) under their irradiation by an electromagnetic 
emission in a frequency range of 37.5 ÷ 78 GHz are presented. Fluid temperature was 
controlled during the process of measurement with an accuracy not less than 0.1 K by a 
copper-constantan thermo-couple having sensitivity of ∼ 40 μW/K.  
     The magnitude and dynamics of a refractivity index variation under the irradiation in the 
frequency range of 37.5 ÷ 78 GHz depend on the irradiation power and physical parameters of 
objects (molecule dipole moment, viscosity, heat capacity, and heat conductivity of fluids, 
and their thermal refractivity index) and do not depend on the mutual orientations of 
polarization vectors of millimetre and optical fields in limits of experimental errors. 
     The investigations have shown that mm-radiation with power up to 10 mW produces 
thermal variations in optical refractivity index in fluids of the order of 10–3. The variations of 
refractivity index in various fluids are different in magnitude but have the same sign – 
refraction index decreases under the irradiation. 
     At large values of an absorption coefficient αmm of mm-emission (for instance, in water, 
where αmm ≈ 22 cm–1), the optical refractivity index variations exponentially depend on the  
depth of penetration and that is an essential feature of the process of heat transfer (mm-
emission is absorbed by a thin layer of material just under a wave-guide, where the heating of 
a fluid may reach 5÷7 K). 
     In liquids with symmetric molecules having no constant dipole moments (such as CCl4 and 
benzene), mm-emission is absorbed weakly (αmm < 0.003 cm–1) and the variation in the 
optical refractivity index is insignificant. For liquids with mean absorption coefficient: 
toluene (αmm≈ 0.22 cm-1), meta-xilol (αmm≈ 0.21 cm–1), ortho-xilol (αmm≈ 0.4 cm–1), ethanol, 
butanol, and aceton, comlicated interference fields were observed caused by a bulk absorption 
of mm-emission penetrating in medium on the depth of ∼ αmm

–1. 
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Introduction 
     Frequency-depended response of microorganisms to microwave radiation caused hot 
discussions in former times. Investigating identical biological objects in the same range of 
frequencies of external radiation, some groups of researchers succeeded to observe the 
frequency dependence in biological effects, but the others received only the random 
distribution of data. 
     In our experiments, we have found that the frequency dependence of bio-objects has a 
good repeatability in a whole, but is connected with many factors. The conditions at which the 
yeast cells are maximally sensitive to microwave radiation have been defined. Our 
experiments confirmed that single impact of the radiation can be revealed in more than one 
hundred cells generations. 
     Some decades earlier, the millimeter radiation diapason was related mainly with industry 
and did not affect the everyday life of people. Today, the character of the electromagnetic 
background is greatly changed and continues to become saturated with the high-frequency 
radiation. Among the sources of this radiation are mobile communication, computers, 
microwave technique and so on. Therefore, investigation of the properties of living cells 
interaction with microwave radiation represents not only a specialized interest but also is of 
practical importance in changed electromagnetic environment. In our opinion, the response of 
living cells to nonthermal microwave radiation can not be simple and always reproducible. 
The simple objects represented below may be used as biological detectors. 
 
Materials and methods 
     Experiments were performed on the alcoholic yeasts of Saccharomyces cerevisiae of XII 
race, bakery Saccharomyces cerevisiae of 722 race, and brewing Saccharomyces 
carlsbergensis logos 5599.  
     We used a suspension of yeast cells with the concentration of (1.5 - 2.0)⋅108 cells/cm3. The 
age of cell culture (time of growth in an optimal condition before irradiation) was 24-72 h. 
Before the start of irradiation, yeasts were cooled in a thermostat at T==40C - 60C during 1 h 
or 24 h. The suspension was irradiated in Petri cups having the diameter of 7 cm. After the 
treatment, all samples were transfered in test tubes, cooled down to T=+40C and kept in the 
thermostat. After interfusion, cells suspension (5 cm3 ) from every test tube was sown on 
sterile nutrient medium (100 cm3). Growing was produced in glass retorts with wadding-
gauze corks in the thermostat at T=+300C without airing. After 20-24 h of the culture growth, 
the retorts were taken out, the suspension was mixed, and probes were taken away with the 
help of sterile pipettes. Then they were diluted with distilled water and investigated with a 
microscope in order to determine a concentration of cells.  
     Power of radiation at the output of waveguide was about 3 mWt. Frequency of radiation 
was controlled. Instability of frequency during in the experiments was ± 2 MHz. 
 
Experimental results 
     The frequency dependence in a range of 41.71—41.80 GHz was obtained after a few series 
of experiments with the cells of Saccharomyces cerevisiae. It was turned out that the most 
biologically active radiation is the radiation with the frequency of 41.747 GHz. 
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     For the determination of the influence of the radiation duration on the yeast cells growth, 
the samples with suspension were exposed by 41.747 GHz using the same method. Optimal 
duration of influence was 8-10 minutes. 
     After the determination of the most active frequency and the optimal duration of the 
radiation influence for the given culture, the direct observation of the rate of cells growth was 
performed. The samples with suspension after the irradiation were kept in a refrigerator at 
T=+40C during 13 hours. Then the samples were sown on fresh nutrient medium. The 
concentration of cells in the samples was examined after an interval of 2-3 hours. 
     To remove restrictions on food at the experiments over a long period of time, it is 
necessary to resow the cells on fresh nutrient medium. With all this going on, the difference in 
growth rate of posterity of the exposed and control groups of cells was kept constant on the 
extent of at least 100 generations. It indicates on the fact that the genetic ways of information 
transfer are affected. 
 
Discussion 
      In experiments, in which exposed and control cells were grown on a liquid nutrient 
medium, their concentration differed on average by 2.0. All cells were in this account: youth 
cells, just detaching oneself, old cells, and dead cells. 
     We suppose that the result of influence is not simply the increase of cells number, but the 
increase of those cells which are able to enter into a new cycle of division and give posterity. 
Therefore, the frequency-dependent effects observed through an optical density on a 
spectrophotometre, do not exceed 10-15%. By the visual calculation, when it is possible to 
distinguish living and dead cells, the effect can reach 100%, and, finally, by sowing on agar, 
where colonies grow from viable cells only, it is possible to get a «resonance line» most 
pronouncely. 
     Sowing the samples with suspension on a dense medium (agar) and growing during some 
days allows to receive colonies only from alive cells. Their part in population is 20-80%. At 
resonant irradiation (41.747 GHz) in combination with cooling, practically all living cells 
sown on agar give colonies.  
      Cooling the suspension to the temperature much below the optimal one, when all cells are 
in the state of rest, is the necessary condition of the observation of the influence of millimeter 
radiation on growth of yeast cells. The time of cooling is far longer than the time of radiation 
influence. The millimeter radiation can not accelerate the rate of division of young, actively 
growing cells, which is limited by the speed of biosynthesis. Apparently, the cells with slow 
or disturbed biosynthesis reactions are more sensitive to microwave radiation. The influence 
of radiation at active frequency returns them to the normal rate of division. 
     The reason of scattering of results is that the same frequency of irradiation can cause 
stimulation as well as decreasing of cells growth. The efficiency of influence of microwave 
radiation on growth of yeasts cells depends on the phase of a cell cycle. Resonance requires 
the accordance of two parts of the system: parameters of radiation and cells samples. In the 
initial stage of the experiment, one should not average the results or throw away untypical 
cases. The biological system behaves often ambiguously. It is necessary to give primary 
results taking into account all possible parameters. Single, but reliable experiments, also have 
a right to existence, as a fact that has taken a place. 
     From the point of view of the theory of bifurcations, the result of weak irradiation can be 
different depending on the moment at which signal will translate the system in the other 
dynamical state. In summary, we can say that results substantially depend on the method of 
registration of the bioeffect and the state of biosystems. 
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     69 males working and 50 males not working at personal computers (PC) have been 
surveyed. The purpose of work is to reveal specificity of a functional condition of cells 
membranes of form elements of peripheral blood of the PC users and a degree of dependence 
of the revealed shifts on the labour loading at working at PC. Erythrocytes of blood were 
chosen as a model and the permeability of cell membranes has been taken as the basic integral 
index of their function. The indices of the systems of peroxidate oxidation of lipids (POL) and 
condition of the antioxidant protection (AOP), on which the structure of a lipid phase of cells 
membranes and a degree of their permeability appreciably depends were studied in parallel. 
The condition of the systems POL - AOP were judged by the intensity of chemiluminescence 
(CL) spontaneous (SCL) and induced by Fe2+ and also by CL at loading Н2О2. The 
measurements were carried out on a domestic chemiluminescence meter, allowing to measure 
intensity of a super-weak luminescence in the range 200-600 nm. The permeability of 
erythrocytes was investigated at step by step increase (6 tests) of the concentration of urea 
(univalent anions), which was brought to tests of blood with a physiological solution. The 
point of readout was a probe with 100 % hemolysis at addition only urea to the erythrocytes 
suspension. It seemed probable that such researches may allow presenting the model of 
development of deviations in the health of the PC users at action on an organism of the factors 
of physical nature of small intensity, the significant contribution among which is brought by 
the electromagnetic fields. 
     It is established that erythrocytes of peripheral blood of the PC users have underwent the 
expressed shifts of functional condition shown as increase of their permeability at loading by 
the univalent anions. These deviations are registered at all spectrum of the investigated urea 
concentration and their expression appreciably depends on the duration and degree of the 
labour loading on an organism (number of business hours at PC per one month). 
     The degree of expression of shifts depends on the urea concentration. It is almost always 
authentic, however it is shown mostly in the levels of permeability in the average part of the 
curve (2-4 points), where its increase in the users makes from 1,5 up to 4 times in comparison 
with the indices in the similar points in the persons who do not work at PC. The revealed 
shifts can testify the increase of the functional activity of the cells of peripheral blood of the 
users as well as intensification of the metabolic reactions of an organism as a whole. 
     It is necessary to expect in such a situation, first of all, the increase of speed of free-
radicals processes flowing, among them of peroxidate oxidation of the lipids of cell 
membranes and deviation of the stability of AOP factors of an organism to this or that side. 
As the carried out researches have shown, the index of peroxidate hemolysis of erythrocytes 
undergoes the expressed changes alongside with permeability, that may specify the shifts in a 
balance of POL - AOP systems to the side of weakening of the latter. The analysis of results 
of these data has allowed establishing also significant changes in the character of the course of 
flowing of the processes of peroxidate oxidation, the main of which is the intensity POL at 
loading of the system by the bivalent iron. Thus, the increase of a CL signal of blood whey in 
1,5-2 times in various groups of the PC users was observed, testifying the accumulation of the 
most reactive forms amongst the POL products, i.e. hydroperoxide of lipids. The significant 
increase of the CL level (both flare and sum of luminescence) induced by the peroxide of 
hydrogen and indicating the weakening of the factors of antiradical protection, and also 
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accumulation of significant amount of sub-oxide products in blood was observed in parallel 
also. Obviously, these infringements have the direct relation to the very significant deviations 
of a degree of permeability and activity of the lysis of erythrocytes. 
     It is important also to note, that the revealed shifts of the investigated parameters as a 
whole, were defined appreciably by the labour loading and duration of the labour experience 
of the PC users. In particular, if the labour loading of the users does not exceed 80 hours per 
one month, the negative character of described above shifts was registered at the small labour 
loading (less than 3 years). Whereas, if the experience was more than 3 years, the shifts were 
graded appreciably and did not posses the pathological character. At the same time, the labour 
loading exceeded 80 hours, non dependent on the working experience, has promoted 
transition of a degree of shifts to the area of pathological.  
     Thus, the received results have allowed to establish features of modification of the 
biophysical properties of cells of peripheral blood of the PC users and to show one of the 
possible mechanisms of the development of these shifts. The obtained results allow to 
substantiate complex measures aimed on the recovery of an organism of the PC users.  
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     The influence of electromagnetic radiation (ER) on biological systems of different levels 
of organization is a theme of active discussion in modern literature. Physical and biological 
mechanisms of this influence are not clear now. The availability of these phenomena is put 
under doubt. Even the fact of influence ER is in discussion now. It is important to discover the 
allocation in biological objects the recipient of this radiation. But unequivocal conclusions are 
not received. Therefore represents the large interest the study of influence ER on systems of 
cells, which have properties of coherence.  
     The methodical approaches with use EHF dielectrometry allow observing the work of cell 
regulation systems in real time, in conditions, excluding their destruction. 
      The analysis of the cells answers by a method EHF-dielectrometry  at realization of 
screening  of bioregulators allows to study the  systems of communication of macromolecular 
components of cells in conditions of their maximal viability. The researches, carried out by 
this method, of cells regulation systems eukaryote and procaryote have allowed to elaborate 
the uniform approach to supervision of universal systems of functioning of cells, such as 
adenylylcyclase system (АCS) and of unique for each type of cells  - systems of cytosceleton. 
АCS is submitted in all cells of organisms and is one of systems realizing stress on cells level. 
Its structure is conservative and is well enough investigated. The stimulation of beta - 
receptors of cells results in inclusion of a complex processes, which represents ensemble 
cooperating among themselves macromolecules, carrying out transfer of signals on a way by 
G-proteins. The traditionally used test for function ACS on cAMP formation is integrated 
final parameter of functioning of very many molecular mechanisms.  
     One of major mechanisms of ACS regulation is cytosceleton, which elements are 
connected with G - proteins, beta-receptors and adenylyl cyclase. In all cells, investigated by 
us, the close connection of ACS elements with system cytosceleton is revealed [1,2]. In 
modeling experiments, in real time the processes desensitization were observed [3]. Took 
place coherence of work of elements cytosceleton in alive cells and stochastic disorder of the 
data after destruction cytosceleton. Use of model ACS in a complex with cytosceleton has 
allowed to find out essential differences on cells level in regulation systems erythrocytes and 
platelets, on the basis of which it is possible to judge risk factors of occurrence cardio-
pathologies [4] and adaptive opportunities organisms [5] in a population practically of healthy 
people.  
     Now these methodical approaches allow using various cells: erythrocytes, platelets, 
sperms, microorganisms (E coli) and yeast as biosensor controls of a different type of 
radiations. The development the system of the tests for the analysis of influence ER on key 
sites of a cells and system a cytosceleton. 
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     The electrotherapy through electromagnetism is a non-invasive technique and can be 
applied as coadjuvant in the resolution process of surgical wounds. For the treatment of 
surgical wounds, efforts should be made to ease problems which could interfere in the 
resolution process, accelerating healing in order to bring the individual back to his/her full 
functions as fast as possible, minimizing the period of inactivity and promoting a fast return to 
his/her daily activities. This project had as its objective to study the influence of electro-
magnetic therapy on the resolution of surgical cutaneous slashes in rats submitted to the 
treatment with nicotine. Were studied possible histological alterations, healing period and 
hemogram evaluations, plaquetograma and dosages of serical markers in the animals after 
exposed to a continuous and pulsating electromagnetic field of 479 + 15 Gauss, feeding 
through an alternate current of 50 Hz of frequency, with sinusoidal waves and modulated 
impulses of 60 milliseconds and dead time of 450 msec, connected to the alternate current of 
110 volts, adapted to individual cells. The application was realized during 21 days, once a 
day, in a total of 21 sessions, each session during 30 minutes. The animals from GII Control 
Group were submitted to the same procedure realized in the GI, however the apparatus was 
turned off while applied, therefore it was only a simulation of the application. The results 
obtained in the assays realized suggest a significant benefit in the healing process of surgical 
wounds, accelerating the healing process. This could be an alternative therapy to treat similar 
affections without adverse collateral effects. Its applicability still needs further studies with 
the objective of analysing its effect on tissues, its clinical efficiency and the mechanisms of 
action to be used in an efficacious and safe way in humans.  
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     New research results take advantage of complex spectrum for process stimulation of 
albumen syntez in mithachondries and it using in medicine[1].  52 patients (27 women, 25 
men)  at the age of 48-72 years with chronic cerebral circulatory impairment within the basin 
of the carotid and vertebral arteries  were treated. Before treating were used of 24 body’s 
points for real time diagnostic of human diseases. The treatment diseases are doing by help of 
complex spectrum use feedback from active body’s points for control of power lewel[2]. 
     The cerebrovascular atherosclerosis was the major factor causing  chronic cerebral 
circulatory impairment in 34 patients.  16 patients  had a long history of hypertension. The 
patients were treated with the complex therapy including vasoactive, hypotensive and 
antisclerotic drugs and complex spectrum of electromagnetic wave. An average course of 
treatment was 8-10 days. The wave was exposed for 20-40 minutes depending on the 
individual adaptation response. The patients of the control group (20 men) were treated with 
the above medications and massage in the "collar" neck area.  
     The complex spectrum of electromagnetic waves (EMW) was applied to the area of the 
shoulder joint contralateral to the site of lesion and to the sinocarotid area. During  the course 
of treatment the neurological state and the cerebral blood flow circulation in the major head 
and neck vessels were examined by the US method. Some parameters of hemostasis and 
blood viscosity were studied. The individual response type was identified using the 
lymphocytic segmental/limfacitarno-segmentarn index (LSI).  The neurological state was 
evaluated by calculating  the main parameters. It was found that the patients treated with the 
non-heating millimeter wave had much better results (89.3%) than those of the control group 
(70%).   
     Our experiments confirmed our hypothesis [1] about parametric influence of the EMW  
what able to improve biokinetic performance. 
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     It is theoretically and practically actual to allow external influences to human operator. Of 
prime importance is the allow in complex system control (guidance) area. 
     The greater parts of various influences in modern industrial countries are precisely 
electromagnetic fields (EMF). The EMF influences to functional state of operator can be 
detected in biochemical, physiology and psychology levels [1]. 
     It is necessary to note in this connection that there is important to search not only EMF 
influences in itself, but the extent of inducing interaction (interconnection) in all human 
functional subsystems as well. 
     One such promising direction is the research of correlation between separate indexes of 
human state under EMF attacks. As this take place, the research only the correlation is not 
sufficient to complete estimating of human state. 
     The authors suggest assessing the influences of EMF with not only collection of separate 
indexes, but generalized functional state index of operator. 
     The generalized index ΔP  is defined as the sum of products: 

 
∑ Δ=Δ

i
ii pBP  

 
where  
Bi is index of i-parameter influence, 
Δpi is a derivation of  i-parameter under external influences. 

     Calculation of index Bi is made by help of sensitivity theory and probability theory. The 
main directions of the generalized functional state index searching are:  

- unity of various indexes of functional subsystems; 
- ranking; 
- putting in the universal scale form. 

     In relation to linguistic form of given requirements to operator and wide variation of 
measurement scales it is suggested to use fuzzy set formalism to expresse  generalized 
functional state index. 
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     The growth of suspended cultures of bacteria with different cell membrane lipid 
composition was studied after their expose to a magnetic field  (about 0.1 mT, 0.02-2000 Hz) 
for 40 min. Three clusters of bacteria were used: a) Methylobacterium organophilum and 
Renobacter vacuolatum, whose cell membranes are rich in lecithin (to 60% of the total lipid), 
b) Arcocella aquatica and marine form Cyclobacterium marinum with high content of 
sphingolipids and ceramides, which are rare in microorganisms, c) Hyphomonas jannaschiana 
containing 95% of glycolipids and Caulobacter crescentus with 40% of glycolipids.  
     The experiments revealed three new fundamental facts. The species specificity of the 
responses of the bacteria to the application of the magnetic field was observed, which 
included both inhibition and activation. The character of the changes in the kinetics of the 
bacterial culture growth correlates with the type of the membrane lipid complex. Pre-exposed 
distilled water to the magnetic field evokes a pronounced response in the cultures, which is 
sometimes much stronger than the responses of the same cultures exposed directly in the 
cultural medium.  
     The effects obtained are frequency dependent. The culture of Caulobacter crescentus  
shows maximal inhibition at 2 Hz (78%) and 1000 Hz (71%), but at 20 Hz no reaction is 
registered. The inhibitory effect of pre-exposed water on the growth of microorganisms is also 
frequency dependent. Maximal inhibition in the experiments with pre-exposed water reach 
67%. The frequencies which result in maximal inhibition in the experiment with pre-exposed 
water correspond to minimal inhibition in the experiment with the exposed culture and vice 
versa. All the results obtained are statistically significant with the probability coefficient 
P>0.95. 
     The difference in the response  on the exposition of culture and water to magnetic field 
shows that there are at least two mechanisms of the effects on low frequency magnetic fields. 
One of them should be explained by changes of aqueous solution properties under the 
exposure to magnetic field which are essential for the development of microorganisms. 
 
The work is supported by Russian Foundation for Basic Research, grant 03-04-49160 
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     In the approach of life, molecular biology and its new-born branches such as genomics, 
proteomics and lipidomics recorded vast achievements by studying more or less separately the 
structure of a large number of components of biological systems. However, the activity of 
these components in the living cell is highly cooperative and does not follow in a simple way 
from structure. Therefore, as molecular biology did not induce or promote by itself the onset 
of a theory regarding the dynamics of living systems – or at least of its main physical 
hypotheses – complementary attempts from a more holistic perspective appeared necessary to 
account for the integrative features of life.  
     The concept of resonant and cooperative Fröhlich polarization excitations proceeds along 
this line and is able to describe rewardingly a large variety of living cell processes. Thus 
coherent oscillations occur in a dipole set with macroscopic occupation of specific modes 
provided that metabolic energy is supplied at a rate above a certain threshold, and they can be 
associated both with biopolymers and with membranes [1]. Later Fröhlich suggested also 
another type of collective excitation, by which large electric fields arising on metabolic 
energy release induce biomolecules (e.g. globular proteins) into highly excited metastable 
states with much larger dipole moments than near the fundamental state [2]. Such models 
succeeded in understanding some overall biological attributes – self-preservation by 
metabolism (or far-from-thermal-equilibrium relative stability), a characteristic type of order, 
cell division, contact inhibition – and opened the way for specific applications. These focused 
somewhat more on quasi-unidimensional structures like microtubules and microfilaments as 
well as on their interactions with cytoplasmic globular proteins [3a] than on (intra)cellular 
biomembrane systems [3b], although the latter were experimentally confirmed [4].  
     Subsequent emphasis on the microscopic level showed that the symmetry breaking of the 
electromagnetic field associated with dipole density, the corresponding Goldstone mode and 
the coherent excitations may appear most likely in spatial regions contiguous to 
inhomogeneities with electrical activity in otherwise quasi-homogenous subcellular structures 
[5]. These may include ends or surfaces of biomolecular chains, and membrane surfaces, 
folds, trans-membrane proteins with bioenergetic function, or the loci where they aggregate 
spontaneously or due to external factors. Moreover, in regions around inhomogeneities 
collective modes of water molecules with strong field gradients at the borders may emerge 
[6], leading to long-range resonant forces. We recently suggested that in the superconducting- 
or Bose-Einstein condensation in such macroscopic quantum phases, the dipolar charge pair 
oriented by an electric center may act as an analogue to the Cooper pair or to the superfluid 
pair of excitations [7]. Also, we assumed biomembrane-associated polarization modes similar 
to circular elastic membrane oscillations and examined their relevance for processes involving 
sequential aggregation of integral membrane proteins.  
     The above collective phenomena are dissipative and they create order while they release 
all the incoming energy. They have been invoked so far to understand processes involving 
separately chain-like biopolymers and membranes in their interactions with cell water and 
cytoplasmic globular proteins. Less attention has been paid, however, to systems where 
biomolecular chains come together with cell organelles formed by multiple folds of 
membranes. Here we will assume the statement of Del Giudice [8] that as far as quasi-
unidimensional structures are concerned, another non-linear, collective, but energy-
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conservative excitation – the Davydov soliton – plays also a role [9]. Implicitly, the role of the 
soliton concerted to that of the coherent oscillation modes, together with the coupling with 
radiation of local electric activity centres, is claimed essential in the feed-back control of the 
membrane- and combined membrane-biopolymer processes. In such complex systems, the 
ensemble of the above collective mechanisms should be necessary to explain features such as 
localization, selectivity, sequential functionality and self-regulatory capacity. In the following, 
several specific membrane- and membrane-biomolecular chain-associated subcellular systems 
are discussed from this perspective. 
     Indeed a number of processes at the level of membranous organelles strikingly involve the 
aggregation of many different biomacromolecules (globular membrane integral or 
cytoplasmic proteins) or of their supermolecular associations (ribosomes, messenger RNA, 
polyribosomes, microtubules and microfilaments) in well-defined space-temporal order [10]. 
Specific and sequential interactions of up to ~100 or more biopolymer units around a 
membrane center hardly could be the result of merely Brownian diffusion and short-range 
recognition, but may be expected to result by a selective arrangement at the right places and 
times due to long-range resonant forces.  
     Examples may include the supermolecular morphogenesis of nuclear envelope (NE) pores, 
of cellular gap junctions, of mitochondria (M) multienzyme complexes, and of chloroplasts 
(C) and chromatophores light reaction centers; the multi-stage “signal-sequence” polypeptide 
translocation from ribosomes through the rough endoplasmic reticulum (ER); and the 
apoptosis cascade taking place in NE, M, C and ER membranes. Such systems function by 
metabolic energy conversion, and ATPases and similar enzymes, receptor and translocator 
proteins of their membranes may represent electric activity centers, leading to the spontaneous 
self-organization of macromolecules in quasi-regular patterns. All of them exhibit central 
symmetric arrangements up to ~100 nm diameter of integral proteins and ribosomes on 
membranes, possibly driven by polarization modes similar to circular membrane oscillations. 
The redistribution of integral proteins in a hexagonal (50 nm in diameter) network-like array 
about in the core of the energized outer mitochondrial membrane [11] is a more simple case 
that might result from the equilibrium between attractive and repulsive forces. The ER 
polypeptide translocation from ribosomes as described by the signal peptide hypothesis 
(“correct in the outline but requiring additional components” [10]) is more complex. Here, a 
polyribosome (7-20 ribosomes bound to a mRNA macromolecule) forms a random coil when 
free in cytoplasm and displays a C7 to C9 or spiral symmetry when attached to the membrane. 
Thus one may suggest that a soliton in the mRNA chain triggered by the binding of the 5’ 
mRNA end to a first ER receptor protein bends the mRNA, due to coupling between the 
vibrational displacement of monomers and the chain deformation. Alternatively, the receptor 
proteins may be disposed under the action of a circularly polarized mode of the electric field, 
or both. Solitons may be involved in apoptosis as well. Here a number of proteins (Bcl-2 and 
Bax subfamilies) are membrane-localized, while the Bim and Bmf proteins are associated with 
the filamentous intracellular network. With the synchronous oscillations of water in 
microtubules as a cell clock [12], it may happen that cytoskeleton-bound proteins initiate the 
apoptosis following a soliton signal, and subsequently long-range forces activate specifically 
membrane proteins which complete the programmed cell death. 
     Note finally that all considered cell organelles show parallel double- or multimembrane 
structures, which suggest that long-range resonant forces may stabilize them against 
electrostatic repulsions between similarly charged faces. Moreover, the above phenomena do 
not occur in the single plasma cell membrane, which is different in structure (larger thickness 
and lower protein/lipid ratio) and therefore in electrical properties.  
     Thus although the above suggestions are predominantly speculative, our heuristic approach 
showed that different mechanisms of collective excitations evidence a still unexploited 
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potential for significant insight of the membrane- and membrane-biopolymer chain-associated 
cellular processes. 
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     A lot of works show the presence of non-thermal effects of weak external forces on alive 
organisms and allocated biological systems including electromagnetic and acoustic fields, 
direct current, vibration and flow through thin capillars and porous membranes. In the case of 
electromagnetic fields these effects spread from static and quasi-static fields to optical 
frequencies. The results yet published show that a large part of the effects of weak forces on 
biological systems may be explained by the influence of these factors on the properties of 
water itself. This conclusion is convincingly shown in the experiments with water previously 
exposed to an external field, keeping the acquired biological activity during enough long time. 
Besides the specific biological activity is observed in water after phase transitions, small 
variations of stable isotopes of hydrogen relative to its natural content, low and super low 
doses of different substances of organic and inorganic nature. It is true even for the so-called 
“imaginary concentrations” when formally calculated amount of dissolved molecules is less 
than the whole number.       
     The common explanations for the above biological effects are reduced to changes of 
aqueous structure. To the present time the significant number of experimental works has 
appeared, in which the changes of physical-chemical properties of water and aqueous 
solutions under the action of weak fields of electromagnetic nature and at addition of low and 
super low concentration of organic and inorganic substances are registered. First of all, it is 
necessary to attribute the studies of the optical characteristics in UV, visible and IR ranges, 
electrical and thermodynamic characteristics. 
     It is necessary to emphasize, that it is erroneous to consider water as pure substance 
consisting of H2O molecules only. Even at laboratory conditions it contains the dissolved 
gases and elements of substances of the  vessel, in which it is stored. Water contains also 
stable isotopes - deuterium and two isotopes of oxygen, which contents changes at phase 
transitions and interaction of water with other substances. As water is easily dissociated, 9 
isotope versions of molecules are submitted. Average total amount of isotopes in water is 
about 0,3 %. It would seem, such amount of isotopes can be neglected, however in a number 
of papers it is shown, that the small variations of natural isotope content can result in large 
nonlinear biological effects. The physics properties of water molecules can differ with relative 
spin orientation in atoms of hydrogen. The ratio of orto- and para-water can change under the 
action of external fields and during some chemical reactions. Water is characterized also by 
rather labile value of ox-red potential caused by occurrence of active forms of oxygen – 
radicals, peroxides and superoxides under external factors. Dissociation of water inevitably 
results in formation of hydroxonium and hydroxyl ions and, accordingly, ionic defects in 
aqueous structure. The above mentioned testifies that water should be considered as complex 
heterogeneous system with a set of variable parameters. 
     The next aspect which should be taken into account and analyzed is – water may form 
large non-equilibrium parametric structures including fractal structures consisting of 
thousands of molecules. One of the main differences between crystallographic (as ice) and 
paratetric structures is as follows. Parametric structures demand some small energy for their 
formation, but they became more stable because the distortion of this high symmetrical 
structure leads to large changes in total energy and it is more profitable to “cure” the structure 
opposite to break it. The computer modeling of such kind of structures shows enormous 
amount of possible structures formed by water molecules including rods, spirals, web net, flat 



 142

and channel structures which are well complementary to various biological molecular and 
supramolecular structures. 
     By the method of luminescent spectroscopy long evolution of spectra is found out within 
several days after preparation of a solution or field exposure. The duration of evolution 
considerably exceeds the characteristic “molecular” times, and the character of transient 
dynamics can be both monotonous, or oscillatory. The reaction of water to external fields 
essentially depends on a condition of solution and is maximal, when the system is far from 
equilibrium. The received results induce to consider water and aqueous solutions as non-
equilibrium systems with dynamic chaos capable to self-organizing. It is shown 
experimentally that the induced change of properties of water results in changes of 
thermodynamic properties of biological membranes, that results in change of a cell 
homeostasis. Thus, water should be considered as a structural - dynamic sensor and actuator 
of hydrophobic-hydrophylic balance in biological systems. 
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     In this report, we present our testing a hypothesis that biologically relevant information 
from various substances can be non-chemically transmitted to organisms by a combination of 
high voltage electric and magnetic fields that imprint information in a stable way into water or 
a water solution. In contact with organisms and under suitable conditions the stored imprinted 
information triggers a specific biological response without any chemical contact with the 
original substance. We constructed a special device whereby various experiments - using our 
well-explored biological sensor system - were performed. The biological effectiveness of the 
information transfer of electric and magnetic fields as well as three different biologically 
active substances were tested. We also tested the dependence of the biological effects on 
different types of recipient solution.  
 
Introduction 
     Biological effects of magnetically treated water has been known for long decades [1,2] but 
the existence of the so called water memory is still an object of an intensive scientific debate 
because there is still no generally accepted theory that would explain, how biologically 
effective information can be imprinted and stored in water. One hypothesis predicts changes 
in water microstructures by forming more or less permanent clusters [2, 3], the others point to 
the unusual properties of water under certain treatments; in this case thermodynamics 
methods were used [4]. Some physicists proposed that one way, in which ‘memory’ might be 
stored in water, is through the collective motions of water dipoles, which have greater 
polarisability than the solitary ones. External sources with low-frequency polarisation field 
(for example other molecules) can be imprinted into water by modulating the fundamental 
frequency of the latter [5]. Beside physics that tried to explain this phenomenon, various 
biological effects of such "informed" water were published as well as experiments with regard 
to the biophysical properties of the information transfer process [6-8]. 
     The present work was based on two hypotheses: a) that by means of a high voltage electric 
field chemical information can be imprinted into water and b) that imprinted water should 
have measurable biological effects. We were also interested in how long the information 
stored into water produced biological effects. 
 
Materials and Methods 
     The plant sensor system [9] consisted of Lepidium sativum (cress seeds) that germinated in 
Petri dishes (400 seeds for one experiment, i.e. exposed and control group). After 24 hours, 
the plants were exposed to a controlled heat stress at 42°C (to enhance the susceptibility of 
plant organism to the environmental factors). Each experiment lasted 48 hours. After that, the 
length of radicles was measured, average mean and statistical tests performed. 
     The effects of information transfer from the following (donor) compounds were tested: 
Amanita dust, herbicide Glyphosphate and cytokinin Benzylaminopurine (BAP). As recipient 
solution pure water, the Fe - Cu ion solution, 60% ethanol, 40% ethanol and 30% ethanol + 
trace minerals were tested. These informed solutions were further twice diluted with 
bidistilled water in the ratio 1:100, agitated (succused) and  used for moistening the seeds by 3 
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Fig. 1 The effect of informed vs. non- informed 
solution on the growth reaction of plant sensor 
system (seeds with high germinability) – recipient 
solution 60% ethanol. 

Fig. 2 The effect of informed vs. non- informed 
solution on the growth reaction of plant sensor 
system – recipient solution 40% ethanol. 
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ml per Petri dish. The protection gloves were used during the whole procedure. During the 
germination the Petri dishes were covered with an aluminium foil; germination thus took 
place in dark.  
     In some experiments we also tested how long from the imprinting the informed solution 
triggered biological effects. 
 
Results  
     Using pure water instead of ethanol solution for imprinting did not yield detectable effects. 
When using water mixture of added Fe and Cu ions, stimulative 8-12% statistically significant 
(0.05 > p > 0.001) effects were obtained at concentrations 3.7 and 37 μM Fe plus 0.012 μM 
Cu (same for both). The stimulative effects decreased with the time elapsed since the 
imprinting.  
     Experiments using 60% ethanol (diluted solution) showed inhibitory effects. Since the 
system is exposed to the heat stress this means that the exposure of the plant sensor system to 
electric field treated solution enhanced the stress effect of heat. When as a source of 
information pure (distilled) water was used, the average inhibition amounted to approximately 
8%, was highly stable and statistically significant. Comparison with the effects of other 
compounds as a donor of information showed, that in most cases, the informed solution 
inhibited the growth reaction of plant sensor system at a similar level; these effect was highly 
significant (see Fig.1). It is also important to note that these results were obtained with the 
seeds of high germinability. 
     Experiments using 40% ethanol (diluted solution) showed inhibitory effects for herbicide 
and stimulatory for BAP, after 7 days the same informed solutions produced inhibitory 
biological effect with either herbicide or BAP. After 14 days from the imprinting there were 
no effects left (Fig.2). 
     Experiments using 30% ethanol and trace minerals produced varied biological effects 
depending on the age of the informed solution.  
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    With a combination of a high voltage electric and magnetic fields, biologically relevant 
information from various donor substances can be non-chemically transferred and imprinted 
into water. By using such imprinted water it is possible to set up an imprinted agar medium. 
In a highly statistical significant way our experiments demonstrate that bacteria Escherichia 
coli respond to imprinted information of MgSO4 or to a surplus of MgSO4 in a molecular 
form in the same manner. The procedure of imprinting itself is not the reason for the observed 
phenomenon, namely, bacterial cells do not respond to imprinted information of distilled 
water or NH4SO4. We conclude with a proposal that information imprinted in the medium acts 
as a signal that informs bacterial cells about conditions in the environment and by inducing 
specific cell’s processes – such as adaptive mutation – relevant information can 
fundamentally affect the cell’s activity. 

Introduction 
     The water memory has no generally accepted hypothesis, though it seems that it is based 
on the quantum field theory [1, 2]. The theory shows how the collective vibrations of 
molecules in the coherent domain eventually become phase-locked to the fluctuations of the 
global electromagnetic field. In this way, long-lasting, stable oscillations could be maintained 
in water or other materials. One way in which the information imprint can be transferred to 
water is by a process of stepwise aqueous dilution and agitation (as in homeopathy) or by 
means of an electronic circuitry [3, 4, 5]. We tested the hypothesis that biologically relevant 
information from various substances can be non-chemically transmitted to water by a 
combination of high voltage electric and magnetic fields and that this imprint can have 
biological effect similar to the original substance. 
 
Material and methods 
     The hypothesis was tested with bacteria Escherichia coli K-12 strain SJ134 and the 
process we monitored was the daily distribution of adaptive mutants. We used a fluctuation 
assay [6] which always begins with a number of independent bacterial cultures, each one 
inoculated with 2000-3000 genetically identical (non-mutant) SJ134 cells. They are then 
allowed to grow on a glycerol usually for 24 hours to approximately 107 cells. The entire 
culture is then plated on the agar minimal medium with a disaccharide lactulose as the only 
source of carbon and energy and plates are incubated at 30°C for at least six days. We treated 
a medium without any supplements as the control environment. In order to test the hypotheses 
we enriched the control environment either with a defined concentration of a chosen 
substance (for example we added 4.6 mM MgSO4) or we added to the medium the electric 
field imprint of a chosen substance. By counting an everyday increase in the number of 
mutant colonies we determined the distribution of mutants for every parallel plate in the 
specific environment. Then we calculated the frequency of adaptive mutations from all 
parallel plates of the same environment after 1st, 2nd and the 3rd day of incubation. We 
combined frequencies of adaptive mutations of the same environment and after the same day 
from at least three independent experiments and test them with the student T-test against 
frequencies of adaptive mutations in the control environment. 
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Results 
     First, a thorough chemical analysis of imprinted water demonstrated no contamination of 
the receiver of information (distilled water) with the donor of information, which was an 
aqueous solution of MgSO4. Next, after first 24 hours of incubation the electric field imprint 
of MgSO4 and MgSO4 in a molecular form (final concentration was 5 mM) induced the same 
statistically significant (p<0.01) decrease in the number of adaptive mutants relative to the 
control environment (see graphs bellow). After the second day the number of adaptive 
mutants stayed accordant with the number in the control environment, the decreasing effect 
was again seen after the third day of the incubation. The electric field imprint of distilled 
water and NH4SO4 or NH4SO4 in a molecular form (final concentration was 5 mM) did not 
have statistically significant impact on the distribution of adaptive mutants in all three days of 
examination. Neither did the imprint of MgCl2 statistically significantly change a number of 
adaptive mutants although some decrease was evident. 

 
Figure 1      Figure 2 

 
Figure 3 

Figs. 1-3. Daily appearance of new mutant- colonies in the strain SJ134. Vertical bars 
represent mean values (average frequencies) of newly appearing mutant colonies at each 
interval, error bars indicate the standard errors of those values, the significance is marked by * 
(p<0.05). The mean value was calculated: for the control environment (CE) out of 14 
independent experiments (i.e.); (Fig. 1) for CE plus 4.6 mM of MgSO4 out of 5 i.e.; (Fig. 2) 
for CE plus the electric field imprint of MgSO4 out of 5 i.e.; (Fig. 3) for CE plus the electric 
field imprint of dH2O (distilled water) out of 3 i.e. 
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Discussion 
     Water can preserve information of the donor substance without any chemical contact 
between the latter and imprinted water. The imprinted information of the donor substance can 
induce a specific biological response in the bacterial cell similar to that caused by the donor 
substance itself. The fact that information is not molecular in its nature indicates that in the 
adaptive mutation process Mg2+ has a mediatory role as a signal [7]. It is much too early to 
say which cells component(s) sense the electric field imprint of Mg2+ but it is tempting to 
believe that cells communication network is involved. Namely, the adaptive mutation process 
in the strain SJ134 needs a functional bacterial two-component regulatory system PhoPQ (6) 
where the primary signal for the sensory protein PhoQ is an extracellular Mg2+.  
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     A great number of studies have reported the effects of electromagnetic fields on cellular 
processes e.g. cell proliferation, transcription, enzyme activities, calcium transport.   
     We have shown that there was a significant increase in cell growth in human epithelial 
amnion (AMA) cells, when exposed to an ELF electromagnetic field [1] or to microwave/RF 
radiation [2]. The change in proliferation rate was dependent on exposure times and field 
densities. A maximum increase in cell proliferation was only found at a specific field strength 
or absorption rate and exposure time. In other words there are "window" and adaptation 
effects.   
     One explanation of these EMF/RF effects is  that in order for a cell to respond to a constant 
exogenous electromagnetic field, the field must be coherent for a certain lenght of time.  
     So if coherence of  the EM field can be interupted, it should not be able to exert its effect 
on cellular processes.  One way to do this is to superimpose an incoherent electromagnetic 
field on the coherent EMF. Such an incoherent EMF could be electromagnetic noise. 
     It has been shown that an ELF noise field can block the biological effects, caused by 
EMFs, when superimposed on the latter [3-4]. 
     In our experiments AMA cells were exposed to a sinusoidal 50 Hz, 50 μT electromagnetic 
field, which resulted in a significant increase in cell proliferation. Varying levels of ELF noise 
fields were then superimposed on the above mentioned field. No inhibition of the coherent 
magnetic field effects were seen at low noise field intensities. Only when the noise field 
reached a level of 70 - 80% of the coherent EMF, a significant inhibition of the increased cell 
proliferation was registered. The inhibition persisted up to a noise level equal to the coherent 
electromagnetic field. No significant change in proliferation rate was seen when the cell 
culture was exposed to a noise field alone [5].  
     The same inhibition by ELF noise was observed when the cells were exposed to the type of 
microwave radiation emitted by mobile telephones [6]. 
     This effect has already found a pratical application as a radioprotective device in mobile 
telephones. 
 
References 
[1] S. Kwee and P. Raskmark, Bioelectrochem. Bioenerg. 36 (1995) 109.   
[2] S. Kwee and P. Raskmark, Bioelectrochem.Bioenerg. 44 (1998) 251.  
[3] T. A. Litovitz, C.J. Montrose, P. Doinov, K. M . Brown and M . Barber, 
Bioelectromagnetics 15 ( 1994) 105.  
[4] H. Lin and R. Goodman, Bioelectrochem.Bioenerg. 36 (1995) 33.  
[5] P. Raskmark and S. Kwee, Bioelectrochem. Bioenerg. 40 (1996) 193.  
[6] T. A. Litovitz, L. M. Penafiel, J. M. Farrel, D. Krause, R. Meister and  J. M. Mullins, 
Bioelectromagnetics 18 (1997) 422. 
 



 150
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     After Chizhevsky works an ample material was obtained on the influence of solar activity 
and magnetic bursts on the organism condition and a set of other phenomena, right up to 
social processes. According to Chizhevsky, the analysis of data of historically important 
events during XV-XIX centuries (revolutions, various mass movements and other 
phenomena) reveals the definite correlation between the times of the appearance of these 
events and the times of maximums in the solar activity. The results for 500 years of 
observations showed that 60% of aforementioned events were recorded during 3 year periods 
near maximums of solar activity within 11 year solar cycles while during 3 years of quiet sun 
only 5% of such events was recorded. The correlation between similar phenomena was 
marked during XX century too. However, in spite of abundance of data on the action of weak 
extremely low frequency EMF and solar activity on biological and other processes, this 
problem remains discussed. This was conditioned by the absence of data on mechanisms 
which would explain the sensitivity of biological processes to external fields with strengths on 
6-7 orders of magnitudes lower this value on the membranes and with energy on many orders 
of magnitudes lower than kT.  A set of other paradox phenomena for biological effects of 
magnetic bursts and ELF EMF was marked too  All these data allowed to conclude that “any 
biological effect of weak low frequency fields on the cell level must be out of the frame of 
ordinary physics” . 
     The present paper suggests a physico-chemical mechanism for the action of weak 
extremely low frequency EMF on cellular processes which is discussed and experimentally 
verified further. This mechanism allow us to explain the main features of ELF EMF action on 
organisms, including sensitivity to geomagnetic fluctuations and the diminishing of effects 
with increasing field strength. A large effectiveness of weak EMF is due to nonlinear 
processes occurring in heterogeneous medium of the cell when ions, experiencing EMF 
induced by external electric field, pass over the oscillation period a part of distance between 
cellular membranes Very weak action in spatially separate points induced by external EMF 
within the whole volume of cell, can be increased during a set periods by nonlinear processes 
and ions are concentrated in a narrow layer near the membrane. As a result, nonlinear effects 
of ion movement affect the ionic strength and pH near the membrane, causing the transitions 
of the weakly bound peripheral proteins to the water phase. This process is associated with 
elevation of the number of freedom degrees for protein molecular group movements and 
accompanied with a slight change in free energy. When the fields of higher strength are 
applied, ions affected by the voltage, induced by an external EMF, pass all distance between 
membranes and more. Then the induced current would be confined to the membranes and 
would only affect the membrane noise level. Thus, consideration of the nonstationary 
processes, related to ion movement in the intermembrane space, provides an approach to 
elucidation of mechanisms that underlie the unusual dependencies of biological effects on the 
intensity of EMF. The appearance of such effects would depend not on the amplitude but on 
the ratio of amplitude to frequency of EMF,. when extremely low frequencies are combined 
with very low amplitude of the field.  According to this assumption biological effects for 
frequencies of industrial EMF must be observed at field amplitudes 3 orders of magnitude 
higher compared with magnetic burst frequencies, that corresponds in general to published 
experimental data. 
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     Experiments presented below on the action of low frequency EMF (50 Hz, 10-30 mT) on 
wheat seeds at different stages of germination confirmed the main points of the mechanism 
suggested. We observed the release of esterase ferments and pH changes after 10-15 min  
EMF treatment of seeds during definite initial stages of imbibition. We observed also the 
stimulation of root formation when seeds were treated by EMF at an appropriate stage of 
germination, whereas the same treatment at a later stage stimulated shoot growth only. The 
results are interpreted as being due to EMF effects on the release of proteins affecting these 
stages in the genetically programmed seed germination. It was shown also that effects of 
stimulation of germination of wheat seeds after the EMF treatment depend on the degree of 
membrane tension during imbibition of wheat seeds in sucrose water solutions. These data are 
considered as additional confirmation of EMF influence on the release of proteins from the 
bound state on the membranes. As a result, the EMF treatment during these stages leads to the 
increase of germinability of wheat seeds. Such effects were immediately observed also during 
magnetic storms. Data on the germination of seeds in sucrose solutions showed also that EMF 
treatment may initiate the reaction with higher activation barrier. The similar phenomenon 
does not exclude the possibility that two subsequent reaction stages are superposed. This may  
distort the process of realization of genetic programme, especially during morphogenesis. The 
increase of similar distortions was noted by some authors in the periods of the active sun 
compared with quiet sun years. .  
     Another picture was observed in the course of continuous EMF treatment during several 
days of imbibition of wheat seeds. Such process caused suppression of seedling growth and 
even the decrease in seed germinability which can be as strong as twofold for seeds showing 
initial low germinability. These data were explained on the basis of assumption that processes, 
occurring during germination, are associated both with assembling and disassembling of 
complex structures. As a result, the desynchronization of germination processes observed 
because of stimulation of the release of proteins and inhibition of other stage – assembling of 
complex structures. It is noted also that activation of the release of proteins and inhibition of 
their binding during EMF treatment must elevate the cell excitability. The latter determines 
possible effects of influence of magnetic storms and high solar activity on the physiological 
state of organisms. It is important that similar action has the mass character. As a result, this 
action must  affect the behavior of the large people masses. On the other hand, the rise of 
creative activity with mutual influence of other people become possible. The additional load 
on organisms is the other side of such phenomena that may to aggravate  the course of various 
deceases.  
     Thus, biological effects of EMF can be related to both stimulation and disruption of the 
normal course of metabolic processes. They depend on physiological state of an organism, as 
well as on duration of field treatment, and may cause profound functional disturbances, 
particularly in the case of preexisting physiological anomalies. The suggested  physico –
chemical mechanism allows to us to explain the main biological and social effects of high 
solar activity and extremely low frequency EMF without attraction of any additional 
assumptions. On this basis, one may be also explain the effects of sensitivity of a some 
animals to the predecessor of earthquakes, which are accompanied by appearance of 
extremely low frequency magnetic fields. The elevated excitability of observers during high 
solar activity may explain more frequent registration of unknown flying objects marked in 
these periods and so on. 
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     This contribution describes new types of applicators for microwave hyperthermia with 
large effective aperture, which are used for Head and Neck cancer treatment. 
 
Introduction 
     The addition of Hyperthermia in the treatment of Head and Neck tumors has been shown 
in several randomized clinical studies. Because of specific tumor’s localization, it is very 
convenient to have a small applicator with a large effective aperture. Goal of our project was 
to develop new types of applicators with a large effective aperture. Its effective aperture has 
been compared with cases of Waveguide and EMW (Evanescent Mode Waveguide) 
applicator. 
 
     We have compared four (2 new types and 2 well known) microwave applicators operating 
at frequency 434 MHz. 1) SH (Stripline Horn) applicator, 2) SME (Stripline with Magnetic 
Excitation) applicator, 3) EMW (Evanescent Mode Waveguide) applicator, 4) Waveguide 
applicator. We have designed and optimized these applicators by aid of numerical models 
based on FDTD. Vector analyzer based on sixport measured the radiation matching. The SAR 
distribution has been measured on muscle equivalent biological tissue by using the matrix of 
thermistory probes.  
 
     SH applicator is an applicator (Fig. 1) with aperture dimensions 10x12 cm, which is filled 
by distilled water. The impedance matching was performed by capacity screw and it is shown 
on the fig. 2. Both lateral walls are made of dielectric material. It was studied that it increases 
the effective aperture.  
 

 
Fig. 1: Stripline horn applicator 
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     Due to dielectric walls the applicator doesn’t work like waveguide but it works like line. 
The excitation of TEM modes allow obtain deeper area of effective heating because of 
exponential attenuation of plane wave in electrical lossy biological tissue. 
 
     The applicator is matched at the frequency 434 MHz. The computation of s11 parameter 
was performed by FDTD software and it was compared and controlled with measurement by 
aid of vector analyzer sixport. 

 
Fig. 2: Impedance matching for SH applicator. Computation 

 
     Fig. 3 shows the SAR distribution inside agar phantom, which has the electrical parameters 
like human muscle. The depth of penetration see fig. 3 is round about 2-3 cm. 

 
Fig. 3: SAR inside biological tissue. Measurement 

 
 
     Reference Waveguide applicator with aperture dimensions 10x12 is clinically used at the 
Department of Radiation Oncology Bulovka. To decrease the cut-off frequency it is filled by 
dielectric material. For some specific tumor localization it has small effective aperture round 
about 50% of physical aperture unfortunately. Fig. 3 shows that our effective aperture for SH 

10 cm
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applicator is the same as physical aperture. It is very convenient for some specials types of 
lesions like on axilla or head and neck. 
 
     SME applicator with aperture 18x12 cm has the resonance circuit represented by two coils 
and one plate capacitor. The applicator is fed by coupling loop. (Fig. 3). With changing of 
distance of inductive elements from applicator aperture it is possible to change effective 
aperture. Effective aperture increases with increasing distance. We have designed this 
distance to obtain the effective aperture as large as physical aperture. 

 

 
Fig. 4: Stripline applicator with Magnetic Excitation. 

 
     Capacitor and coupling loop are developed as flexible elements to tune working frequency. 
It allows connect SME applicator with power generator operating at frequency 434 MHz.  
 

 
Fig. 5: Measurement of s11 parameter for SME applicator. 
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     Also this applicator works in TEM mode because it is based on strip line. It is linked with 
SH applicator mentioned above. 

 
 

Fig. 6: Computation of effective aperture of SME applicator. 
 
     New applicators were designed for large effective aperture. We have compared our new 
applicators with well-known types. The effective aperture of SH applicator was compared 
with the aperture of Waveguide applicator and the aperture of SME applicator was compared 
wit the aperture of EMW applicator. We have studied that our new types of applicators (SH, 
SME) allow obtain effective aperture as large as physical aperture in comparison with 
Waveguide applicator or EMW.  
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     The paper describes a  method for the measurement of biological tissue dielectric 
properties. For this purpose is optimal the reflection measurement method on an open-ended 
coaxial line. The real measurement situation is modelled in the electromagnetic field 
simulator. Comparision of simulated and measured data are presented as well. 
 
Introduction 
     Measurement method on an open-ended coaxial line is based on the reality that the 
reflection coefficient of an open-ended coaxial line depends on dielectric parameters of 
material which is attached to this one. For calculation of biological tissue dielectric 
parameters from the measured reflection coefficient it is necessary to use an equivalent circuit 
of an open-ended coaxial line. The values of elements in the equivalent circiut depend on the 
dielectric properties of the material attached to the end of coaxial line. To determine the 
values of elements in an equivalent circuit we use calibration by means of material with 
known dielectric properties. The measurement of unknown material parameters then passes 
through the second measurement cycle. From the measured complex reflection coefficient or 
admittance it is possible to determine the values of dielectric parameters of measured 
material. 
 

 
 

Fig. 1: Measurement circuit 
 
     Our measurements (Fig. 1) were made by aid of sixport reflection measurement system in 
the frequency range 20 to 2000 MHz. Measured material were two samples of the biological 
tissue: 

• sample A: biological tissue of beef ("in vitro") 
• sample B: values measured on author's arm ("in vivo") 

 
     For this measurement method we have developed a new type of coaxial measurement 
probe. This  sensor (probe) was created from the standard N - connector. In the Fig. 2 an 
equivalent circuit of the open-ended coaxial line is shown. This circuit is specificated by the 
equation  

02
5

0 GCjY rr εωε +=  



 157

where 
• C_0 is kapacity 
• G_0 is conductivity of the open-ended coaxial line in vacuum. 
 

 
 

Fig. 2: Equivalent circuit, sensor and model of the senzor 
 

 
Fig. 3 Simulated model 

 
Results 
     With increasing frequency the wave lenght of the electromagnetic wave lambda on 
measurement sensor is decreasing. In the animation (Fig. 4) we can see two maximum points 
of lambda. 
 

 
 

Fig. 4: Time distribution of electromagnetic field 
 
     From the theoretical analysis the reflection coefficient of the electromagnetic wave R of 
lossy dielectric should decrease with increasing frequency. In Fig. 5 we can see that the 
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parameter R is constant when measured by the sixport, but shows changes when modelled by 
the simulator of the EM field.  
 

 
 

Fig. 6: Measured reflection coefficient 
 
     At low frequencies (below 100 MHz) the reflection coefficient decreases according to 
hypothesis, but rises from the value of 0,35 to 0,78. In the graph there is the difference in 
phases, most of all at frequency 600 MHz, the difference being  phi = 21. 
 
     Complex permittivity is heavily frequency dependent quantity. At low frequencies is the 
real part of complex permittivity about value of 200 and with increasing frequency it has 
hyperbolic falling to value of 50. 
 

 
 

Calculated permitivity and loss factor 
 
Conclusion 
     The reflection method of an open-ended coaxial line is relatively exact method of the 
determination dielectric parameters of biological tissue. Explore of the mathematic and 
physical model of the reflection coefficient measurement on the interface biological tissue and 
measurement sensor we can make measurements more accurate. And by modelling of 
electromagnetic field we can in the measurements eliminate inconvenient step of the 
calibration measurement sensor by materials with known values of complex permitivity. 
Finaly it will rationalize total accurate of determination of complex permittivity epsilon.  
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     This paper deals with applicator for local thermotherapy, which works on the frequency 
434 MHz. Applicator is a composed from feeding waveguide and strip horn, which has got 
lateral faces from PVC. Applicator was designed, made and measured. The impedance 
matching and the SAR thermal distribution was measured in the agar phantom. The results of 
simulations and measurements are compared as well. 
 
Introduction 
     Microwave applicators are being used for local thermotherapy to treat cancer. The 
microwave energy is used for warming the biological tissue up to level 41°C - 45°C. Healthy 
cells can survive higher temperature than tumour tissue. After warming-up on temperature 
higher than 42°C the healthy tissue begins to defend next increase of the temperature. Tumour 
tissue has no defensive mechanism. 
 
Applicator for microwave thermotherapy 
     Applicator consists of feeding waveguide and strip horn. Electromagnetic field is excited 
in feeding waveguide on the frequency 434 MHz, which is set by the parameters of feeding 
waveguide. N connector has been used to connect power generator to feeding waveguide. The 
horn of the applicator is created by the strip horn, which has lateral faces made from PVC  �r 
= 4 and thickness 3 mm. A dielectrical cone from the same material as the lateral faces has 
been inserted into the aperture of the horn to achieve larger warming-up surface. These 
parameters of the feeding waveguide are optimized by 3D simulator of electromagnetic field. 

Fig. 1 describes the impedance matching of the simulated and the real applicator. 
 

Fig.1: Simulated (left) a measured (right) course of the parameter S11. 
 

     Simulated impedance matching S11= -29,15 dB and measured S11= -43,31 dB . There is a 
clear exhibit of influence of the cone on the thermal distribution in agar phantom – peaks lays 
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around perimeter of the cone (Fig. 2). There are also denotation of the surface aperture and 
surface warming-up in biological tissue (100x110 mm) in the Fig. 2. 

 
Fig. 2:  SAR distribution in agar phantom in aperture of the applicator. 

Fig. 3: Measured (top) and simulated SAR distribution (below) at the same cutting plane. 
 
For measurements a method of thermal incrementa in time period (time interval 6 – 9 
minutes) has been used. 
 
Conclusion 
     The cone achieve larger thermal distribution in the treatment areas. We achieve the same 
warming-up  surface with the  smaller dimensions of the hybrid applicator. Hybrid applicator 
was designed by aid of 3D simulator of electromagnetic field, made and measured. Simulated 
and measured courses are in very good agreement. 
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Introduction 
     The biological effects of exposure to electromagnetic fields (EMF) have been brought 
sharply into focus by the enormous expansion of modern technologies. There is no clear 
agreement to the effects of long-term exposure to extremely low frequency (ELF) 
electromagnetic fields (50/60 Hz) [1]. There are conflicting evidences about whether the 
exposure to ELF field can directly alter cell biostructures and functions. The significance of 
oxidative stress has become increasingly recognised to the point that it is now considered to 
be a component of virtually every disease process. Recently, some significant in vitro and in 
vivo studies have pointed to direct or indirect effect on DNA. Several in vitro investigations 
into the biological consequences of EMF exposure effects were performed to estimate the risk 
of genotoxicity of EMF and to elucidate the underlying mechanisms [2]. Exposure to EMF 
may affect molecules associated with the signal transduction pathway, leading to an alteration 
of gene expression [3]. ELF fields have direct effect on enzyme damage in many tissues, 
especially in liver. The possibility of direct effects of EMF on the conformation of 
macromolecules has been investigated [4]. It has been shown that long-term exposition to 
EMF induces toxic effect on hepatocites [5]. The effect has been explained by a resonance 
interaction of EMF with paramagnetic molecules of biological tissues, which activate free 
radicals and initiate auto-supporting and auto-intensifying of chain chemical reactions.  
     The aim of this study was to examine the influence of 50Hz electromagntic field in vivo on 
the oxidative modification of lipids, proteins and DNA in liver.  
 
Material and Methods 
     In this experiment we used Wistar rats from the same clutch. The rats were 3 months old at 
the beginning of experiment and they were divided into two groups: I-experimental group and 
II-control, both with 7 female and 7 male animals. All animals from control group were suited 
in the same room with daylight and without near sources of EMF, in the cages 30x40x40cm 
(WxLxH). Experimental group was continually exposed to 50Hz EMF (B = 48 μT; E = 50 
V/m) for 45 days. The source of electromagnetic field was a power cord longitudinaly 
orientated beside the wall of the cage. Blood samples were collected from abdominal aorta.  
     Malondialdehyde (MDA) concentration (secondary product of lipid peroxydation) was 
measured by the modified method with thiobarbituric acid in 10% homogenates of liver tissue 
(the method of Ohkava et al.) [6]. Protein carbonyls and protein nitrotyrosine were measured 
in 10% homogenates of liver tissue according to the method of Oliver et al [7]. The extraction 
of liver DNA was performed according to the method of Wannermacher, and 
spectrophotometricaly scanning [8].  
 
Results and Discussion 
     The only histopathological finding in exposed rats was a slightly increased number of 
micronuclei and discrete perivenular fatty changes. The ELF-EMF exposed rats developed 
oxidative stress in hepatocites as evidenced by a significant increase in malondialdehyde level 
(MDA). The lipid peroxide level (MDA) significantly increased about 68% in exposed 
animals (2.24±0.28 vs control 1.53±0.21 nmol/mg prot.) which may be harmful by 
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accelerating the loss of plasma membrane integrity. Carbonyl group level was also 
significantly increased (8.23±1.31 vs 6.80±1.34nmol/mg prot. p<0.05), capable of  altering 
many cellular functions. After the DNA purification and spectrophotometrical scanning, 
neither increased oxidative modification of purine bases (appearance of oxoguanine peak) nor 
the oxidative modification of deoxyribose (MDA/deoxyribose Ext ratio 0.60±0.14 vs 
0.55±0.12 – non significant) was detected. It indicates that DNA might not be an appropriate 
biomarker or primary target of EMF-induced oxidative injury. But, variation in DNA 
configuration shifting from normal and stabile ″B-DNA″ to non-stabile ″Z-DNA″, which has 
been seen in our experiment, indicates to consequent DNA impairement and breaking after 
exposition. These findings suggest, that ELF exposure seems to have a negative impact on 
DNA repair mechanisms.  
     Long-term exposition increases apoptosis process, which is expresed by slightly increased 
number of micronuclei and discrete perivenular fatty changes, as it has been seen in our study. 
Lipid peroxidation of unsaturated fatty acids is an unfavorable process that is followed by 
disturbances of lipid membranes and other cellular lipid structures. This process leads to 
massive generation of free radicals and induced membranes protein autooxydation. Results in 
our study show significant increasing of lipid peroxydation as a direct indicator of hepatocite 
injury. EMF radiation causes the activation of cellular stress responses, presumably reflecting 
increased levels of protein structural alteration. In hepatocites this cause changes in the 
conformation of biologically active macromolecules and induce disturbance in transport of 
biomolecules, decreasing detoxycation and cell adaptive mechanisms. Structural alteration of 
hepatocites in experimental animals also include increased contents of carbonyl group, which 
present sign of altered proteine structure and oxydative stress. Both acute and chronic 
exposures to EMF radiation alter the function of the rat canalicular membrane with decreasing 
permeability. Significant increase in ALT activity indicates citotoxic effect of non-ionizing 
radiation on hepatocites inducing apoptosis and necrosis [9]. This is another possible 
explanation for mechanism of rats hepatocites injury and DNA damage by EMF. 
 
Conclusion 
     The capacity of 50Hz EMF to interfere with the weakness of liver is relevant because of 
incresing exposure in modern life. Functional abnormalities of hepatic cells membranes 
accompanied by increasing lipid peroxidation support the hypothesis that the liver is one of 
the major organ targets of EMF citotoxicity. Observed results support the view that 50Hz 
EMF stimulates oxidative stress response and that the possible functional liver disorders 
during prolonged exposure may be in part due to oxidative modification of biomolecules. 
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Introduction 
 
     Microwave thermotherapy is presently used as an adjuvant to the radiation therapy in the 
treatment of certain types of cancers. The goal of hyperthermia treatment is to raise the 
temperature of a localised cancerous tumour to a therapeutic level without overheating 
surrounding normal tissue. In hyperthermia applications, adequacy of efficient treatment can 
be related to the extent to which the tumour is enclosed by surfaces of 50% of SAR (Specific 
Absorbtion Rate) produced by applicator. 
     One approach for providing the deep hyperthermia is to use an array of radiators placed in 
a circumferential array about the patient, relying on constructive wave interference to 
selectively heat the tumour. The deep of the heating depend on generated waves frequency 
which is moving between 27 - 434 MHz. 
 
Set up of applicator and Results 
 
     The applicator consists of an array of the radiators orientated around the patient, which 
distributes the EM energy into the body. We used non-magnetic metallic sheets of minimized 
dimensions to create the conductive elements of the applicator. The applicator itself is created 
by 2 - 8 inductive loops tuned to resonance by capacitive element.  
     The applicator operates at 434 MHz and focuses EM field in the phantom of biological 
tissue which has diameter of 10 cm. The dielectric parameters of this phantom are same as 
those of muscle tissue (εr = 56.85, σ = 0.8 S/m). Between the phantom and excited elements is 
placed a water bolus with a thickness of 1 cm. 
 
 

 
Fig. 1: SAR distribution in the phantom  
along axis z for 8 elements 
 
      
 
 
 
 

 
 

 
Fig. 2: SAR distribution after change of the           
position of connectors, case of 4 radiating 
elements. 
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     In the pure simpliest configuration, when we used two excited elements, distance between 
them was too long and the resulting the EM field was quite mild. The distribution of SAR was 
in the best case less than 10% of maximal value on the surface of the phantom.  
     Better results were obtained by applying four elements situated symmetrically around the 
phantom.  We achieved symmetricaly SAR distribution in z axis cut. Simulation shows very 
good focusing of the EM power in center of the phantom, when 90% of SAR is achieved on 
the surface of the phantom. 
 Finally, we used applicator containing eight elements. The level of absorbed energy (Fig. 
1) was as large that this applicator could be usable for efficient treatment of parts with a 
diameter of 15 - 20 cm. Additionally, the focusing of the EM power was better and 
distribution of SAR was more homogenous then in the previous case.  
 However, SAR was absorbed in a large area and could have inflict overheating of any part of 
body. Accumulated energy was clearly caused by connectors of elements. Thus displaced 
connectors of elements for reducing this area. Figure (Fig. 2) depicts that area of focusation 
was dispart to a main area under exciting elements and two added areas on the sides of 
phantom. This was evoked by basic principle of phantom, which was acting on as resonator 
structure. Maximum of SAR achieve insignificant values and in practise will be limited by 
distribution of heat.  
 
Conclusions 
 
     In this paper we have discussed a regional applicator for a deep-seated tumour treatment in 
a neck and limbs which is compatible with non-invasive thermometry utilizing various 
number of radiators. 
     We attain very good focusing of the EM energy by using 4 and 8 radiating elements. 
Especially, in the case of applicator containing 8 elements the distribution of SAR was 
extremely favourable. By transposition of connectors was improved SAR distribution in the 
center of phantom. Actually, associated areas on the sides of phantom attain neglectable 
values, nevertheless we dealing continually with this problem.  
 Concurrently we solve situating of the focused EM energy in an arbitrary part of the body 
by amplitude and phase shift. 
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We report the results of numerical modelling of a quasiparticle (electron, hole, excitation 
etc) in the field of chain deformation in one-dimensional molecular chains that model alpha-
helical polypeptide macromolecules, DNA, RNA etc.  Taking into account the interaction of a 
quasiparticle with both acoustical and optical phonon modes, we generalize the model of 
molecular solitons suggested by A.S. Davydov and based on the account of quasiparticle 
interaction with acoustical phonons [1]. We have got the nonlinear system of equations which 
admit special, soliton-like localized solutions, that can move along the chain and are 
dynamically stable.   

Here we analyze the stability of such a soliton depending on the parameters and different 
initial conditions, including random initial conditions for phonons. The numerical modelling 
shows that in a broad interval of the parameters of a system a large class of initial conditions 
evolves in time into soliton-like states which are bound states of a quasiparticle and 
deformation and which propagates along the chain with finite velocity.  

 

 
 

Fig. 1: Dependence of the average soliton velocity on the wave vector k for different values of 
the exchange constant, j. 

  
 

We have found that in systems with random initial conditions for optical and acoustic 
phonons, a big enough energy impulse creates a self-consistent deformational well, in which it  
gets self-trapped and propagates from one site of the chain to another in the form of a 
localized soliton-like excitation, with minimal energy loss. The efficiency of such energy 
transfer can reach more than 80% and hundreds of angstroms can be overcome.  

We calculated the dependence of soliton velocity on the wave vector k and analyzed the 
influence of Peierls-Nabarro barrier on soliton dynamics. Velocity of a soliton and its 
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amplitude are characterized by oscillations. Time behaviour of the maximum on-site value of  
a soliton shows that the propagation of a soliton is a superposition of two periodic 
propagations: propagation in the periodical field of optical phonons, and periodical 
propagation in the Peierls-Nabarro periodic barrier. According to Maxwell equations, this 
periodic character of soliton dynamics in the case of charged soliton (self-trapped electron) 
results in the emition of electromagnetic radiation, similar to conventional Davydov’s soliton 
[2].  

 

                  
 

Fig. 2: Distribution of the amplitude of soliton wave function on chain sites, n, at time t=50 
for k=0.45, j=1.2. 

 
 
 

 
 

Fig.3: Random deformation potential as the initial condition. 
 
 

Thus, the results of numerical modelling prove the possibility of the energy storage and 
charge and energy transport in biopolymers in the form of self-trapped states, as it has been 
suggested by A.S. Davydov for α-helical proteins, taking into acount the interaction of a 
quasiparticle with acoustical phonons only. 
 



 169

 
Fig. 4: Soliton c.m.c. (curve with smaller amplitude) and maximum probability coordinate 

(curve with greater amplitude) as a function of time in a chain with periodic boundary 
condition at the initial deformation condition represented in Fig. 3. 
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