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ABSTRACT
Mitochondrial dysfunction is a central defect in cells creating the Warburg and reverse Warburg
effect cancers. However, the link between mitochondrial dysfunction and cancer has not yet been
clearly explained. Decrease of mitochondrial oxidative energy production to about 50 % in
comparison with healthy cells may be caused by inhibition of pyruvate transfer into mitochondrial
matrix and/or disturbed H+ ion transfer across inner mitochondrial membrane into cytosol.
Lowering of the inner membrane potential and shifting of the working point of mitochondria
to high values of pH above an intermediate point causes reorganization of the ordered water layer
at the mitochondrial membrane. The reorganized ordered water layers at high pH values release
electrons which are transferred to the cytosol rim of the layer. The electrons damp electromag-
netic activity of Warburg effect cancer cells or fibroblasts associated with reverse Warburg effect
cancer cells leading to lowered electromagnetic activity, disturbed coherence, increased fre-
quency of oscillations and decreased level of biological functions. In reverse Warburg effect
cancers, associated fibroblasts supply energy-rich metabolites to the cancer cell resulting in
increased power of electromagnetic field, fluctuations due to shift of oscillations to an unstable
nonlinear region, decreased frequency and loss of coherence.
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Introduction

Biological systems are in a state far from thermody-
namic equilibrium excited and maintained by contin-
uous energy supply. The coherent electromagnetic field
is an essential condition of life (Pokorný et al., 2013b).
Energy transport, processing, parceling out into small
bits and storing into adenosine triphosphate (ATP) and
guanosine triphosphate (GTP) form a complex fermen-
tative and oxidative pathway. Energy provides ordering
of the living system. O. Warburg compared growth of
disordered tumors and ordered embryos and wanted to
find a reason for disordered growth of tumors. He
assumed that there are essential physical–chemical dif-
ferences between the two cases. Measurements of
energy processes disclosed that cancers may obtain
even more than 50 % of their ATP by metabolizing
glucose directly to lactic acid even in the presence of
oxygen (Warburg et al., 1924). This phenotype of can-
cers is known as the Warburg effect. O. Warburg
believed that this discovery would enable a cure. He
assumed that “The adenosine triphosphate synthesized
by respiration therefore involves more structure than
the adenosine triphosphate synthesized by fermenta-
tion.” (Warburg, 1956). But the structure and mechan-
ism causing the difference in organization remained
unknown—the effect of dysfunctional mitochondria

on cellular processes causing disorganization was not
revealed. The scientific world considered the disturbed
mechanism of energy production a minor, unimportant
side effect in cancer development.

Nearly 40 years after Warburg’s death Pavlides et al.
(2009) disclosed another phenotype of cancer—mito-
chondrial dysfunction in fibroblasts associated with a
cancer cell with functional mitochondria and called it
the reverse Warburg effect. Tumor growth and metas-
tases are fueled by the supply of energy-rich metabolites
such as lactate, pyruvate, glutamine and ketone BHB
(beta-hydroxybutyrate) from the associated fibroblasts.
In the reverse Warburg effect cancer, cells are overfed
by energy supply. Their common property is aggres-
siveness, early invasion and metastases. The Warburg
and reverse Warburg effect cancers correspond to the
medical classification of differentiated and undifferen-
tiated cancers, respectively. Analysis of the defects of
chemical reactions related to mitochondrial dysfunc-
tion forms an enormous complex of published data. A
few references are given as published in a special jour-
nal issue devoted to the Wartburg effect (Bartons &
Caro, 2007; Chen et al., 2007; Cuezva et al., 2007; Gillies
& Gatenby, 2007; Godinot et al., 2007; Herrmann &
Herrmann, 2007; Ma-Ho et al., 2007; Pedersen, 2007;
Semenza, 2007).

CONTACT Jan Pokorný pokorny@fzu.cz Institute of Physics, CAS, Na Slovance 2, 182 21 Prague 8, Czech Republic.

ELECTROMAGNETIC BIOLOGY AND MEDICINE
https://doi.org/10.1080/15368378.2017.1326933

© 2017 The Author(s). Published by Taylor & Francis.
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License (http://creativecommons.org/licenses/by-nc-nd/4.0/),
which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited, and is not altered, transformed, or built upon in any way.

https://crossmark.crossref.org/dialog/?doi=10.1080/15368378.2017.1326933&domain=pdf&date_stamp=2017-06-01


The Warburg effect is caused by inhibition of enzy-
matic activity of mammalian pyruvate dehydrogenase
enzymes and pyruvate transfer into mitochondrial
matrix. The enzymatic activity of mammalian pyruvate
dehydrogenase is regulated through three phosphoryla-
tion sites—serine residues Ser–264, Ser–271 and Ser–
203 (Kolobova et al., 2001). Activation is performed by
pyruvate dehydrogenase phosphatases PDP1–2 and
inhibition by pyruvate dehydrogenase kinases PDK1–
4. However, mitochondrial dysfunction may result
from a high parasitic energy consumption inhibiting
transfer of pyruvate to mitochondrial matrix (Pokorný
et al., 2016). Infection with a lactate dehydrogenase-
elevating (LDH) virus increases the level of the lactate
dehydrogenase enzymes (now classified as NAD
1.1.1.27 Oxidoreductase) in plasma and production of
lactate from pyruvate. A very interesting analysis of
mitochondrial properties was performed by Dakubo
(2010) who described the chain of oxidative energy
production and its defects. However, the properties of
the hydrogen ion layer outside the inner membrane
and its potential were not analyzed.

Biochemical methods have not disclosed the defec-
tive forces responsible for disturbed organization of
cancer cells—their type, origin and defects. The forces
should be macroscopic, with a range comparable to
cellular dimensions. Biophysical measurements of the
mitochondrial inner membrane potential have been
performed, but the analysis of the results remains
incomplete. Measured values of the electric potential
at the mitochondrial membrane do not correspond to
the mitochondrial oxidation activity. Metabolic activity
of mitochondria includes transport of H+ ions from the
matrix to the intermembrane space and cytosol and
formation of an electrochemical proton gradient with
a negative electric potential across the inner membrane
dependent on a distribution of positive and negative
charges (Klingenberg & Rottenberg, 1977). The electro-
chemical proton gradient is an important part of the
energy transformation pathway outside mitochondria
and may be affected by processes in the cytosol. A
long-term systematic study has overwhelmingly indi-
cated that the value of the mitochondrial membrane
potential measured by uptake and retention of posi-
tively charged fluorescent dyes is, respectively, lower
and higher in the fully active functional mitochondria
and in the dysfunctional mitochondria (Modica-
Napolitano & Aprille, 1987), strongly indicating an
external influence. The actual potential across the mito-
chondrial membrane depends on H+ transfer.
Accordingly, a high absolute value of the actual mito-
chondrial membrane potential should correspond to
high oxidative activity. It is obvious that the

measurement of the mitochondrial membrane potential
must be affected by another physical process. The pro-
cess must uptake and bind positively charged fluores-
cent molecules at or near the mitochondrial membrane.
We ask whether this process plays a role in cancer
initiation and development.

Our analysis of the contradictory difference between
the inner membrane potential of the functional and
dysfunctional mitochondria in living cells and the pos-
sible effect of the cytosol processes is based on pub-
lished experimental data on the electric potential of the
proton electrochemical gradient, mitochondrial mem-
brane potential in cells, water ordering and its depen-
dence on pH, release of free electrons from ordered
water layers, and the electromagnetic field generated
in living cells. The experimental methods and resulting
data are important for assessment of the acting physical
mechanisms.

Experimental background of the hypothesis

Electric potential of electrochemical proton
gradient

High-energy electrons are transported down the
respiratory chain in the mitochondrial inner mem-
brane, and the released energy is used to pump protons
across the inner membrane into the intermembrane
space and cytosol. The electrochemical gradient around
mitochondria is formed. In functional mitochondria,
the actual electric inner membrane potential of the
electrochemical gradient is about −140 mV and the
pH gradient of about −1 pH unit (Alberts et al.,
1994). Cancer cells can obtain approximately the same
amount of energy from fermentation as from respira-
tion (Warburg, 1956). Assuming a similar state for all
mitochondria in the cell, each dysfunctional mitochon-
dria produces on average about 50 % of energy in
comparison with fully functional ones. In dysfunctional
mitochondria, the actual electric inner membrane
potential is of about −70 mV.

Measurement of mitochondrial membrane
potential

Mitochondrial membrane potential in living cells is
measured by uptake and retention of positively
charged fluorescent dyes. Specific dyes are
Rhodamine (Rh) 6G and Rh 123 (Chen, 1988;
Modica-Napolitano & Aprille, 1987; O’Connor
et al., 1988; Wiseman et al., 1985). Beside Rh 6G
and Rh123, other positively charged fluorescent
dyes have been used, for example, carbonylcyanide-
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p-trifluoromethoxyphenylhydrazone (FCCP) and tet-
ramethyl Rhodamine methyl ester (TMRM) (Bonnet
et al., 2007). The potential measured by fluorescent
dyes differs from the actual membrane potential
corresponding to the electrochemical gradient, and,
therefore, it is termed the apparent potential in this
text.

Healthy cells exhibit a low uptake and retention of
positively charged fluorescent dyes, and hence, low
absolute value of the negative apparent mitochondrial
potential. Bonnet et al. (2007) proved that mitochon-
dria with a suppressed oxidative metabolism are
hyperpolarized—that is, the absolute value of the
apparent potential is increased. In the large majority
of cancer cells, mitochondria have a high absolute
value of the negative apparent potential (Chen,
1988; Lampidis et al., 1983; Summerhayes et al.,
1982). Normal monkey kidney epithelial cells CV-1
exhibit the apparent mitochondrial membrane poten-
tial of −104 ± 9 mV. Human colon carcinoma cells
CX-1 and MIP101 exhibit the apparent mitochon-
drial membrane potential of −163 ± 7 mV and
−158 ± 8 mV, respectively (Modica-Napolitano &
Aprille, 1987). The difference between the apparent
potential of healthy and cancer cells is about 60 mV.
However, some cancer cells have an apparent poten-
tial similar to healthy cells or even lower. For
instance, v-fes oncogene transformed mink fibro-
blasts change their normal state to a state of an
abnormally low apparent mitochondrial membrane
potential accompanied by a relatively high pH gradi-
ent of about three pH units (Chen, 1988; Johnson
et al., 1982).

Dependence of water ordering on pH factor

The electric field can produce ordering of water
(Zheng et al., 2006; Zheng & Pollack, 2003). At
charged surfaces, water forms ordered layers with
macroscopic thicknesses up to about 500 µm. The
layers are called exclusion zones, as charged particles
are excluded from them. Figure 1 shows a schematic
picture of the layer thickness as a function of pH.
The plotted lines are evaluated from experimental
data (Zheng & Pollack, 2003). The charged surface
with a constant charge density was formed by poly-
vinyl alcohol (PAV) gel. For pH < pH0 and pH >
pH0, particles with positive and negative charges are
excluded, respectively. The excluded particles were
positively charged carboxylate microspheres with a
diameter 2 µm and negatively charged amidine
microspheres with a diameter 1.5 µm (Zheng &
Pollack, 2003).

Release of electrons from ordered water layers

Formation of an ordered state is related to a transfor-
mation mechanism of water molecules. The process is
driven by collection of low-grade energy and its trans-
formation into high-grade energy which is able to pro-
duce electronic excitations. Energy of thermal
fluctuations is transformed into energy of the ordered
state. The energy of a molecule in the ordered state is
lower than its energy in the disordered state. All con-
stituents in the ordered state oscillate in a common
rhythm within a space termed a coherence domain
with a linear dimension about 100 nm. Theoretical
description is based on quantum electrodynamics
(Arani et al., 1995; Del Giudice & Preparata, 1998;
Del Giudice et al., 1988; Del Giudice & Tedeschi,
2009; Preparata, 1995). External electric field organizes
the coherence domains into layers. In each molecule,
coherent oscillations take place between a fundamental
state and an excited state with strongly and weakly
bound electrons whose ionization energy corresponds
to 12.6 and 0.54 eV, respectively (Del Giudice et al.,
2009). The coherent state of water has a much higher
tendency to release electrons than the non-coherent
state which rather forms H2O

− ions. Ordered water is
able to give rise to a significant electron transfer which
is beneficial to supply redox reactions in biological
systems (Del Giudice et al., 2009).

Figure 1. Thickness of the ordered water layer (exclusion zone)
above a plane charged surface as a function of pH. Positively
and negatively charged particles denoted by plus and minus
signs are excluded from the ordered water layer for pH < pH0

and pH > pH0, respectively. Vertical arrows denote orientations
of the intensity of the electric field in the ordered water layer
excluding charged particles. The intermediate value pH0

denotes a point on the pH axis where ordered water layer is
not formed. The change of the charge in the surface layer
should result in a change of the potential barrier ΔΨ in the
water and shift of the pH0 along the pH axis. Horizontal arrows
denote possible shifts of the pH0 point.
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Generation of electromagnetic field in living cells

Electromagnetic field generated in living cells and con-
ditioning biological activity is a nature of life (Pokorný
et al., 2013b). In eukaryotic cells, the electromagnetic
field is generated by microtubules composed of tubulin
heterodimers with a strong electric dipole (Pokorný
et al., 1997). Long-range order, large distance coopera-
tion, and the whole body control are significant proper-
ties of biological systems. Chemical bonds (including
covalent, ionic, hydrogen and van der Waals types)
have been commonly assumed to be dominating for
biological organization and activity. However, these
bonds represent forces acting at short distances in the
nm region. Biological systems maintain order at every
dimension scale (Pokorný et al., 2013b).

Fröhlich’s hypothesis of coherent electric polar
vibrations (Fröhlich, 1969) in living cells was gradually
proved by measurements performed on living cells.
Dielectrophoretic attraction of dielectric particles to
living cells was observed, and a corresponding fre-
quency of oscillations was assessed in the range below
10 MHz (Pohl et al., 1981). Oscillations in the fre-
quency range 1.5–52 MHz were measured (Hölzel,
2001). Increased electromagnetic activity in the M
phase (Pohl et al., 1981) was confirmed on synchro-
nized Saccharomyces cervisiae cells in the frequency
range 8–9 MHz. (Pokorný et al., 2001). Interaction
between living cells in the red and near-infrared range
depends on electromagnetic field generated by them
(Albrecht-Buehler, 1992). Elongated BHK cells on
opposite faces of thin and thick glass films were
oriented in transverse and random directions, respec-
tively. Interaction between cells is mediated by cellular
electromagnetic field in the near-infrared range
(Albrecht-Buehler, 2005). Coherent mechanical vibra-
tions of living cells were measured by atomic force
microscopy in the acoustic frequency range (Pelling
et al., 2004, 2005). Frequencies of the mechanical vibra-
tions and of the electromagnetic field generated by a
cell are equal (Jelínek et al., 2009). Vibrations of cells
are considered a signature of life (Kasas et al., 2014).

Resonant frequencies of microtubules are important
parameters for assessment of the cellular functions and
interactions with other cells in the tissue. Microtubules
are capable to generate electromagnetic field in a wide
spectrum in classical frequency bands up to 20 GHz, at
20 THz, and in the UV range (Sahu et al., 2013, 2014)
as follows from measured absorption and emission
spectra excited by external irradiation. External electro-
magnetic signals are selectively damped by some cancer
tissues at a frequency about 465 MHz and its first
harmonic (Pokorný et al., 2011; Vedruccio &

Meessen, 2004). Therefore, the fundamental biological
role of the generated electromagnetic field in living cells
is strongly supported by experimental data.

Hypothesis: Damping of electromagnetic activity

Water exhibits extraordinary properties which can
explain the observed contradictions of the measured
uptake and retention of positively charged fluorescent
dyes and the actual mitochondrial membrane potential.
Development of the ordered water layers around a
mitochondrion is similar to that at a charged surface
but the potential barrier and the intensity of the electric
field depend on transferred H+ ions. Most of the mito-
chondrial membrane potential is generated by electro-
genic pumping of H+ ions from the inner membrane.
Intensity of the electric field is about −3.5 MV/m at the
membrane and about −0.6 MV/m at a distance 2 µm
from mitochondria (Tyner et al., 2007). Formation of
ordered water layers around mitochondria is analyzed
in (Pokorný, 2012).

Figure 2 shows a model of ordered water layers
around functional and dysfunctional mitochondria.
The dashed lines denote a thickness of the ordered
water layers in functional mitochondria. Their slopes
correspond to the values in Figure 1. The working point
is at pH = 6, depending on the inner membrane poten-
tial. The mitochondrial matrix has a pH value of about

Figure 2. Model assessment of the thickness of the ordered
water layer as a function of pH at the membrane of a healthy
functional (H) and dysfunctional (Ca) mitochondrion. The
dashed lines and the dotted lines represent the thickness of
the ordered water layer of the functional and dysfunctional
mitochondrion, respectively. ΔpH denotes decrease of the num-
ber of transferred hydrogen ions from the matrix space to
cytoplasm in a dysfunctional mitochondrion. The thicknesses
of the ordered water layers are related to the absolute values of
electric potentials.
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8 (Alberts et al., 1994), which is created by pumping H+

ions out of the mitochondrion into the intermembrane
space and cytosol with a pH value of about 7. The pH
gradient resulting from pumping is ΔpH = − 1 pH unit
(Alberts et al., 1994). The molecules of the positively
charged fluorescent dyes used for measurement of the
mitochondrial membrane potential remain at the outer
rim of the ordered water layer (denoted by + signs).
The potential of the ordered water layer is subtracted
from the actual potential of −140 mV (Alberts et al.,
1994), and the apparent potential of −100 mV (Modica-
Napolitano & Aprille, 1987) is formed (Figure 3).
Dysfunctional mitochondrion producing only about
one half of ATP by respiration should have a pH
gradient ΔpH = − 0.7 pH unit. The decrease of the
absolute value of the actual membrane potential results
in a shift of the intermediate pH0 point to higher values
of pH. The apparent potential is of about −160 mV
(Modica-Napolitano & Aprille, 1987). The potential of
the ordered water layer is added to the actual potential
to form the apparent potential (Figure 3). The actual
potential of the dysfunctional mitochondria can be
about −70 mV. In this case, the absolute value of the
apparent membrane potential is about 90 mV higher.

Figure 3 visualizes a relation between the actual
potential corresponding to transfer of hydrogen ions
across the inner membrane, the apparent potential
measured by uptake and retention of positively charged
fluorescent dyes, and the potential of the ordered water
layer. The reorganized ordered water layer around dys-
functional mitochondria has a reversed orientation of
the electric field which enables transport of electrons

released from ordered water layer into cytosol. As water
occupies 70 % of the cell volume, ordered water is
capable of releasing a huge amount of electrons into
the cytosol. Free electrons increase conductivity which
causes damping of electromagnetic field. The mechan-
ism of damping electromagnetic oscillations generated
by microtubules may explain the disturbed organiza-
tion in cells with dysfunctional mitochondria.

Discussion

The presented model of the membrane potential of a
mitochondrion with ordered water layers can explain
the discrepancy between the measured apparent values
of its membrane potential and the actual values result-
ing from the mitochondrial function. The model is
based on the experimental data on ordered water layers
measured in the vicinity of charged surfaces. The value
of the shift of the intermediate point pH01 to pH02

caused by mitochondrial dysfunction is estimated; its
real position should correspond to the change of the
apparent membrane potential to about −160 mV due to
the increased negative potential of the ordered water
layer. Available experimental data prove that there is an
ordered water layer with exclusion of electrons around
dysfunctional mitochondria, supporting the assump-
tion of damping of the cellular electromagnetic field.

The model is based on the apparent potential mea-
sured by the uptake and retention of positively charged
fluorescent dyes and measurement of mitochondrial
activity transferring H+ ions from the matrix to the
intermembrane space and cytosol. However, the real
positions of the working regions and of the intermedi-
ate pH01 and pH02 points in Figure 2 might differ due
to individual arrangements and combination with other
processes. A decreased transfer of H+ ions into cytosol
decreases the actual mitochondrial inner membrane
potential and shifts the working point of mitochondria
to higher values of pH. If this shift runs across the
intermediate pH0 point, then it leads to reorganization
of the ordered water layer, release of electrons and their
transfer to the outer rim of the zone. The electrons
form a conductive region around mitochondria and
neighboring microtubules which can efficiently damp
generated electromagnetic field. Therefore, the shift has
fatal consequences for the living system regardless of
the mechanism of its origin. Any inhibition of pyruvate
transfer to the matrix, defects in electron transfer chain
or transfer of hydrogen ions across the inner mem-
brane may lead to a similar result. Production of energy
in the form of ATP and GTP cannot overcome the
effects of damping by released electrons.
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Figure 3. Potential at the inner mitochondrial membrane for
functional (Healthy) and dysfunctional (Cancer) mitochondria. A
—apparent potential, R—actual potential corresponding to the
transfer of hydrogen ions across the inner membrane, T—
combination of the actual potential and the potential across
the ordered water layer (dark grey and black columns). The
arrows denote orientations of the intensity of the electric field.
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The formulated hypothesis of damping of electro-
magnetic activity in afflicted cells is sufficiently sup-
ported by theoretical analysis and experimental data
and can be experimentally proved. The absolute value
of the actual electric potential of a layer of hydrogen
ions transported from functional and dysfunctional
mitochondria across the mitochondrial inner mem-
brane (Alberts et al., 1994), respectively, is higher and
lower than the apparent potential measured by the
uptake and retention of positively charged fluorescent
dyes (Modica-Napolitano and Aprille 1987). The
assumed additional electric potential layer can be sub-
tracted from or added to the actual potential of the
mitochondrial membrane to form the apparent poten-
tial. The assumed layer is formed by ordered water.
Ordered water layers were measured around microtu-
bules (Amos, 1979) and at surfaces of charged macro-
molecules and structures (Marchettini et al., 2010;
Voeikov 2007). Experimental proofs of water ordering
are based on measured differences of attraction or
exclusion of positively and negatively charged particles
(Zheng & Pollack, 2003) and measured spectral radi-
ance from the layer which corresponds to a very low
temperature noise equivalent (Zheng et al., 2006).

Explanation of the Warburg effect by reorganization
of the ordered water layer is supported by the analysis
of formation of ordered water layers around mitochon-
dria (Pokorný, 2012) and dependence of their proper-
ties on pH. Ordering of water in regions under a high
electric field is its general property (Zheng et al., 2006;
Zheng & Pollack, 2003). Ordered water can form layers
up to about 0.5 mm thick. Using electric field of about
500–700 kV/m, a floating water bridge 1–3 cm long can
be formed (Fuchs et al., 2007, 2008, 2009). Water
ordering results from transformation of energy of ran-
dom thermal fluctuations into energy of coherent
motion of electrons in water molecules. At “biological”
temperatures around 37 °C, water contains coherence
domains and bulk water. In coherence domains, elec-
trons of water molecules coherently oscillate between a
fundamental state with strongly bound electrons and an
excited state with weakly bound electrons. Weakly
bound electrons can be released, and therefore, the
ordered water layer can act as a donor of electrons.
We assume that the damping mechanism causing dis-
turbed organization forces in a cancer cell is similar for
cancer initiation both by mitochondrial dysfunction
and by short-circuiting by nanofibers like asbestos
(Pokorný et al., 2016).

Living cells can gradually pass from healthy to can-
cer state by decreasing transfer of H+ ions from the
matrix to cytosol due to various defects including
decreased membrane permeabilization, adaptive

processes, etc. Measurement of apparent and actual
potential points out that ordered water layers at func-
tional and dysfunctional mitochondria has an opposite
direction of the intensity of the electric field. There
should be an intermediate point pH0 where the ordered
water layer is not formed (Zheng & Pollack, 2003). The
thickness of the ordered water layer increases with
increasing shift from pH0. For high transfer of H+

ions when pH < pH0 at the outer mitochondrial mem-
brane, the electromagnetic activity is not damped and
mitochondrial function corresponds to a healthy state.
However, if the transferred amount of H+ ions across
the mitochondrial membrane decreases to the inter-
mediate point, the layer of the ordered water is not
formed. For low transfer when pH > pH0, damping of
electromagnetic activity corresponds to the cancer state.
Any defect of the high-energy electrons passage along
the respiratory chain and/or transfer of H+ ions across
the inner or outer membrane may shift mitochondrial
function to the cancer region. Hexokinase 2 bound by
the voltage-dependent anion channel (VDAC) to the
outer mitochondrial membrane is assumed to regulate
transfer of H+ ions from the mitochondrial matrix
(Pedersen, 2007) very likely by controlling membrane
permeabilization.

The model can explain a gradual development of a
cancer cell. Electrons released from the ordered water
layer increase conductivity of cytosol in the cell.
Increased cytosol conductivity is necessarily connected
with damping of the electromagnetic field generated by
vibrating microtubules. In the Warburg effect cancer
cells, the power of the electromagnetic field is lowered,
coherence disturbed and frequency of oscillations
increased. In the reverse Warburg effect cancer cells,
loss of Caveolin 1 expression in the tissue and transfer
of reactive oxygen species from a cancer cell affects the
function of the associated fibroblasts. The fibroblasts
have dysfunctional mitochondria and limited biological
activity due to damping of the electromagnetic field.
They transport energy-rich metabolites such as lactate,
pyruvate, glutamine and ketone beta-hydroxybutyrate
(BHB) to the cancer cell. The reverse Warburg effect
cancer cell has a high energy supply, and electromag-
netic oscillations are shifted to a highly nonlinear but
unstable region. Coherence is disturbed, frequency of
oscillations lowered, and organization forces are strong
but unstable.

The present knowledge about electromagnetic activ-
ity in living cells and effects of ordered water on living
processes is considerably limited. The pathway of can-
cer transformation involves disturbance of physical
processes (Pokorný, 2012; Pokorný et al., 2013a;
Pokorný & Pokorný, 2013). The missing link between
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mitochondrial dysfunction and the disturbed mechan-
ism of organization is discussed in terms of water
ordering and damping of electromagnetic oscillations
in (Pokorný et al., 2015). Breakdown of coherent states
in living cells is described in (Pokorný et al., 2014).
Energy parasitism may also result in limited pyruvate
transfer into mitochondria (Pokorný et al., 2016). Cell-
mediated immunity of a human body includes a
response to energy parasites of the type of an LDH
virus. Some diseases such as cancer, acute myocardial
infarction, schizophrenia and recurrent spontaneous
abortions without any gynaecologically apparent reason
within the first three months of gravidity reveal a con-
nection with defects of energy structures and disturbed
coherence (Jandová et al., 2015). Experimental data on
precancerous cervical lesions suggest that transforma-
tion from the healthy to the cancer state is triggered in
this stage of development (Jandová et al., 2009).
Disturbances of the coherence of electromagnetic activ-
ity are therefore processes endangering the living state.

Conclusion

Disorder in cancer cells and tissues in comparison with
healthy cells and tissues suggests that the organization
mechanism is disturbed, the acting forces changed and
their coherence weakened. The coherent electromag-
netic field is a fundamental component of the action
forces, and its disturbance can condition cancer devel-
opment. We present a physical model of transforma-
tion of the ordered water layer connected with
mitochondrial function and dysfunction, based on pub-
lished experimental data.

Reduced oxidative ATP production and transfer of
hydrogen ions from the matrix of dysfunctional mito-
chondria to the cytosol and a diminished membrane
potential result in transfer of the working point to a
higher pH region and reorganization of the ordered
water layer connected with a potential barrier formed
by a charge layer on the inner membrane. The reorga-
nized ordered water layer releases electrons which are
transferred to its outer rim at the cytosol. The electrons
form a conductive region which damps electric oscilla-
tions of microtubules. Lowered power and disturbed
coherence of electromagnetic oscillations result in a
disorder of cellular organization—the final effect of
mitochondrial dysfunction. Warburg’s reference to
“more structure” is provided by functional mitochon-
dria in healthy cells with the actual inner membrane
potential higher than certain critical value.

In a healthy cell, the absolute value of the apparent
potential of the mitochondrial inner membrane is lower
than that in a Warburg effect cancer cell. The differences

between the apparent and actual potential are caused by
the potential of the ordered water layers. In a Warburg
effect cancer cell, the ordered water layer is reorganized
and the water layer releases electrons, efficiently damping
electromagnetic activity. The electromagnetic organiza-
tion forces are weak, and coherence is disturbed. In the
reverse Warburg effect cancers, the mitochondrial dys-
function and damped electromagnetic field occur in asso-
ciated fibroblasts transporting energy-rich metabolites to
the cancer cell whose electromagnetic field exhibits high
energy with fluctuating power level and low coherence.
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